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P050 - Purifi cation and characterization 
of M20, a novel endonuclease from pollen 
mitochondria 
 

QI Hui(1), MA Fei(1), HU Yufei(1), XUE Peng (2) , YANG Fuquan (2) , 
WANG Rui(3) , ZHANG Quan (1, SORDMERGEN(1) 
(1) School of Life Sciences, Peking University, Beijing, CHINA (2)  
Institute of Biophysics, Chinese Academy of Sciences, Beijing, 
CHINA(3)  School of Life Sciences, China Agricultural University, 
Beijing, CHINA 
In plant cells, mitochondria contain their own genomes that cooperate 
with nuclear genome to harmonize the plant development. In most 
angiosperm species, the quanti ti es of mitochondrial DNA (mtDNA) 
decrease during pollen maturati on. This phenomenon leads to a maternal 
mitochondrial inheritance and raises a questi on of how the mtDNA is 
regulated during pollen development. Here, we gathered abundant 
maize (zea mays) pollen, isolated highly purifi ed mitochondria and 
fi nally identi fi ed a novel 20 kD nuclease that may functi on in diminishing 
circular mtDNA in the pollen through consecuti ve steps. We obtained 
its sequence by LC-MS/MS and term this protein as M20. Bioinformati c 
annotati on revealed that M20 was a putati ve endonuclease and our 
experiments proved it a thermo-stable endonuclease which can degrade 
the linear and circular DNA with the present of Mg2+ or Mn2+. The 
signifi cant sequence feature of M20 is the H-N-H/N domain and its 
homologous protein AtM20, in Arabidopsis (Arabidopsis thaliana), was 
explored as well. AtM20 is expressed mainly in immature pollen, located 
in mitochondria and have the same nuclease acti vity as M20 in vitro. 
The obscurity of gaining effi  cient AtM20 knock-down or knock-out plants 
implies this protein unusual and maybe crucial to plants. 

P051 - Autophagic turnover of the 26S 
proteasome is mediated by the dual ubiquitin/
ATG8 receptor RPN10 
 
MARSHALL Richard(1), LI Faqiang(1), GEMPERLINE David(1), 
BOOK Adam(1), VIERSTRA Richard(1)  
(1) University of Wisconsin, Madison, Wisconsin, UNITED STATES 
Selecti ve protein turnover by the ubiquiti n-proteasome system is criti cal 
in eukaryotes, hence 26S proteasome levels are ti ghtly controlled 
by multi ple co-ordinated mechanisms. Here we demonstrate that 
proteasome levels are regulated by ATG8-mediated autophagic turnover, 
a process we have termed proteophagy. Using Arabidopsis proteasomes 
tagged with GFP, we observed their delivery into vacuoles via a route that 
requires components of the autophagy machinery. This transport can be 
separately induced by nitrogen starvati on through the ATG1 kinase sensor 
and by chemical or geneti c inhibiti on of the proteasome, implying that 
multi ple inducti on mechanisms exist. Proteasome inhibiti on sti mulates 
comprehensive ubiquitylati on of the complex, along with increased 
associati on of the ubiquiti n receptor RPN10 via these added ubiquiti n 
moieti es. The ensuing proteophagy then uses this bound RPN10, which 
can independently bind ATG8 to form a triparti te ubiquiti n-RPN10-
ATG8 bridge, to tether proteasomes to expanding autophagic vesicles. 
Collecti vely we propose that Arabidopsis RPN10 act as a selecti ve 
autophagy receptor that targets damaged or inacti ve 26S proteasomes for 
breakdown by simultaneous interacti on with ubiquitylated proteasome 
subunits/targets and lipidated ATG8 that lines the enveloping autophagic 
membranes. 

P052 - New roles for oil body oleosins during 
seed development 
 

MIQUEL Martine(1), TRIGUI Ghassen (2) , KELEMEN Zsolt(1), 
BAUD Sébastien(1), D’ANDRÉA Sabine(1), DESLANDES François 
(2) , LAROCHE Béatrice (2, TRUBUIL Alain (2) , LEPINIEC Loïc(1), 
DUBREUCQ Bertrand(1) 
(1) Institut Jean-Pierre Bourgin (IJPB), INRA, AgroParisTech, CNRS, 
Saclay Plant Sciences (SPS), Université Paris-Saclay, Centre de 
Versailles, 78026 Versailles cedex, FRANCE (2)  MAIAGE, INRA UMR 
0341, Centre de Jouy en Josas, 78352 Jouy en Josas, FRANCE 
Oil bodies (OBs) are lipid storage organelles that allow accumulati on of 
neutral lipids in seed, and sustain plantlet development aft er the onset of 
germinati on. OBs are covered with specifi c proteins embedded in a single 
layer of phospholipids. Using fl uorescent dyes and confocal microscopy, 
we monitored the dynamics of OBs in living Arabidopsis embryos at 

diff erent stages of development. Analyses were carried out with diff erent 
genotypes i.e. the wild type and 3 mutants aff ected in the accumulati on 
of various oleosins (OLE1, OLE2 and OLE4), three major OB proteins. 
Image acquisiti on was followed by a detailed stati sti cal analysis of OB 
size and distributi on during seed development in the 4 dimensions (X, 
Y, Z, and ti me). Our results indicate that OB size increases sharply during 
seed maturati on, in part by OB fusion, and then decreases unti l the end of 
the maturati on process. In single, double and triple mutant backgrounds, 
the size and spati al distributi on of OBs are modifi ed, aff ecti ng in turn 
the total lipid content, which suggests that the oleosins studied have 
specifi c functi ons in the dynamics of lipid accumulati on. Various chimeric 
oleosins are being expressed in planta, in order to get more informati on 
on those functi ons, especially with regard to the importance of the N- 
and C-termini of oleosins. We aim at modeling the dynamics of OB during 
seed development and shed light on the role of each oleosin in the oil 
accumulati on process. 

P053 (Talk) - EB1 links microtubule network 
organization and touch response in 
Arabidopsis thaliana 
 

MOLINES Arthur(1), MARION Jessica(1), CHABOUT Salem(2), 
BESSE Laetitia(3) , NICOLAS Valérie(4), DOMPIERRE Jim(3), 
MOUILLE Grégory (2), SATIAT-JEUMAÎTRE Béatrice(1), 
COQUELLE Frédéric(1) 
(1) Group “Dynamics of cell compartmentation in plant cells”, 
Department of Cell Biology, Institute for Integrative Biology of the 
Cell (I2BC), CEA-CNRS-Université Paris-Sud, Saclay Plant Sciences, 
Gif-sur-Yvette, FRANCE (2)  Group “Cell adhesion and pectine 
synthesis”, Institut Jean-Pierre Bourgin (IJPB), INRA-AgroParisTech, 
Versailles, FRANCE(3)  Ima-gif, Photonic microscopy facility, Institute 
for Integrative Biology of the Cell (I2BC), CEA-CNRS-Université 
Paris-Sud, Saclay Plant Sciences, Gif-sur-Yvette, FRANCE(4) Institut 
Paris-Sud d’Innovation Thérapeutique (IPSIT), Université Paris-Sud, 
France, Châtenay-Malabry, FRANCE 
In plants cells, the fi ne-tuning of the microtubule (MT) network 
organizati on is crucial for multi ple processes such as division and 
growth. However, the precise molecular mechanisms sustaining the 
overall MT array deployment are not well understood. We questi on here 
the involvement of AtEB1a and AtEB1b, two of the three A. thaliana 
orthologs of the +TIPs (plus-End-Tracking Proteins) EB1 (End-Binding 1), 
in the corti cal MT network architecture. Unlike animals, precise functi ons 
and regulati ons of EB1 plant counterparts are sti ll to be elucidated. We 
tackled the study of EB1 functi ons in elongati ng epidermal cells using 
chimeric lines of plants expressing GFP-fused tubulin in wild type or 
in double mutant background. Using confocal and TIRF microscopy, 
combined with anisotropy calculati on of fi bers distributi on, we observed 
a signifi cant disorganizati on of the MT network in the double mutant. 
Super-resoluti on microcopy, combined with an original image analysis 
process, revealed a marked decrease of MT bundling. Moreover, double 
mutated plants display signifi cant defects in growth tropism, underlying 
the functi onal relati onships between MTs and development. Altogether, 
our data suggest that EB1a and b contribute both to the bundling and 
to the 3D organizati on of plant MTs, the two events being possibly 
linked. We are currently investi gati ng both cell wall architecture and cell 
mechanical properti es in order to correlate the plant growth defect to the 
sub-cellular phenotype. 

P054 - Function of the deubiquitinating enzyme 
AMSH3 and an SH3 domain containing protein 
in intracellular traffi  cking in Arabidopsis 

NAGEL Marie-Kristin(1), ISONO Erika(1) 
(1) Department of Plant Systems Biology, Technical University 
Munich, Freising-Weihenstephan, Freising, GERMANY 
Endocytosis is important to regulate protein abundance at the plasma 
membrane, by which transmembrane proteins can be transported to 
and degraded in the vacuole. In many cases, ubiquiti nati on initi ates the 
endocytosis of a protein, upon which the cargo protein is transported to 
the vacuole for degradati on by the endosomal sorti ng complexes required 
for transport (ESCRT) I, II, and III. Ubiquiti nati on, and hence substrates 
stability, can be regulated by ubiquiti nati ng- as well as deubiquiti nati ng 
enzymes (DUBs). We are interested in a class of metalloprotease DUBs, 
ASSOCIATED MOLECULE WITH THE SH3 DOMAIN OF STAM (AMSH). The 
Arabidopsis genome encodes three AMSH homologs. We have previously 



65
THE 26TH 
INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

shown that AMSH1 and AMSH3 interact with subunits of ESCRT-III 
and that they are involved in the endocyti c- and autophagic protein 
degradati on pathway. To understand the molecular mechanism by which 
AMSH3 is regulati ng cellular traffi  cking events, we wanted to identi fy 
further interacti ng proteins of AMSH3 and found an Arabidopsis SH3 
domain containing protein as a yeast two-hybrid interactor of AMSH3. 
We are currently conducti ng further analyses with the aim to understand 
the molecular framework supporti ng AMSH3- and SH3 domain containing 
protein functi on in intracellular traffi  cking. 

P055 - Auxin and Rho-of-plant direct actin-
mediated polar nuclear migration in 
Arabidopsis root epidermal hair cells 
 

NAKAMURA Moritaka(1), GREBE Tobias(1), HERMKES 
Rebecca(2), IKEDA Yoshihisa (2) , GREBE Markus(1) 
(1) Institute of Biochemistry and Biology, Plant Physiology, University 
of Potsdam, Potsdam-Golm, GERMANY (2)  Umeå Plant Science 
Centre, Department of Plant Physiology, Umeå University, Umeå, 
SWEDEN 
Polar nuclear movement at the subcellular level is crucial during multi ple 
events in eukaryoti c development. In most cases, components and 
regulators of the cytoskeleton as well as nuclear envelope proteins are 
major components involved, as demonstrated by severe developmental 
disorders in respecti ve mutants. In the Arabidopsis root epidermis, the 
nucleus initi ally assumes a positi on at the inner lateral membrane during 
cell elongati on and moves towards the root hair aft er hair bulging. Except 
for its acti n-dependence demonstrated by pharmacological studies, 
litt le is known about dynamic hallmarks and regulatory mechanisms 
underlying this polar nuclear migrati on. Here, we report that nuclear 
auxin signaling and Rho-of-Plant (ROP) signaling direct acti n-dependent 
polar nuclear migrati on towards the root hair bulge. Time-lapse imaging 
reveals that the nucleus located at the inner lateral membrane starts 
its acti n-associated movement towards the outgrowing root hair in 
an ACTIN7 (ACT7)-dependent manner. Loss of ACT7 functi on as well 
as reduced or enhanced acti vati on of ROP signaling alter polar nuclear 
migrati on. High auxin concentrati on or reduced CTR1 kinase functi on 
induce nuclear mis-positi oning that is suppressed by ARF7 ARF19 loss 
of functi on, revealing that nuclear auxin signaling regulates nuclear 
migrati on. Our fi ndings establish a mechanisti c framework of auxin- and 
ROP-signaling-directed, ACT7-dependent polar nuclear migrati on in the 
Arabidopsis root epidermis. 

P056 - CO2 activation of the guard cell S-type 
anion channel is impaired in an Arabidopsis 
mutant with non-chlorophyllous stomata 
 

NEGI Juntaro(1), KUSUMI Kensuke(1), MUNEMASA Shintaro (2) , 
FUJITA Mayumi(1), SCHROEDER Julian (2) , IBA Koh(1) 
(1) Department of Biology, Faculty of Sciences, Kyushu University, 
Fukuoka, JAPAN (2)  University of California, San Diego, La Jolla CA, 
USA 
Guard cells in most plant species have photosyntheti cally acti ve 
chloroplasts. Guard cell chloroplasts have been proposed to play an 
important role in the osmoregulatory mechanisms mediati ng stomatal 
movements, although their functi on has been a subject of debate and 
remains to be confi rmed. In this study, we isolated an Arabidopsis gles1 
(green less stomata 
1) mutant that had non-chlorophyllous stomata. In this mutant, most of 
the guard cells had either chloroplasts with a faint amount of chlorophyll 
auto-fl uorescence or chlorophyll less chloroplasts, whereas normal 
chlorophyllous mesophyll cells were present. To elucidate the role of 
guard cell chloroplasts in stomatal movement, we measured the stomatal 
response to CO2, light and abscisic acid (ABA). CO2 and light dependent 
stomatal responses were severely disturbed in the nonchlorophyllous 
stomata of the gles1 mutant. Whole-cell patch-clamp experiments 
indicated that in the mutant guard cells, CO2 acti vati on of the S-type 
anion channels was impaired. On the other hand, this mutant showed 
a functi onal response to ABA. These results provide direct evidence to 
support the idea that guard cell chloroplasts are essenti al for lighti nduced 
stomatal opening and CO2-induced stomatal closure. 

P057 - Arabidopsis Lost Its Sister: Why 
Brachypodium Is a Better Model to Study PIN-
Mediated Auxin Transport in the Shoot 

O’CONNOR Devin(1), LEYSER Ottoline(1) 
(1) Sainsbury Laboratory, Cambridge University, Cambridge, UNITED 
KINGDOM 
In the Arabidopsis shoot the auxin-transport protein PIN-FORMED1 
(AtPIN1) positi ons incipient organ primordia by concentrati ng auxin into 
local maxima. From these maxima, AtPIN1 transports auxin internally, 
along paths that patt ern vasculature. We identi fi ed a PIN clade sister 
to AtPIN1, here termed Sister-of-PIN1 (SoPIN1), which is present in all 
sampled angiosperms but lost from Brassicaceae, including Arabidopsis. 
In the grass Brachypodium, SoPIN1 is highly expressed in the epidermis 
and polarized toward maxima of the DR5 auxin-signaling reporter, which 
suggests SoPIN1 functi ons to localize new primordia. In contrast, the 
duplicate Brachypodium PIN1 proteins, PIN1a and PIN1b, are expressed 
in internal ti ssues, and polarize away from epidermal DR5 maxima, 
suggesti ng a role in vascular patt erning. SoPIN1 and PIN1b co-localizati on 
shows that each protein can polarize diff erently within a single cell, 
suggesti ng their disparate polarizati on modes are protein sequence 
and not expression context dependent. Remarkably, when SoPIN1 and 
PIN1b are hetrologously expressed in Arabidopsis, only SoPIN1 is able to 
create the convergent polarizati on patt erns thought necessary to form 
auxin maxima, and accordingly, only SoPIN1 is able to rescue the naked 
infl orescence phenotype characteristi c of the Arabidopsis pin1 mutant. 
Thus in most fl owering plants multi ple PIN family members with diff erent 
functi onal properti es may mediate organ initi ati on and vein patt erning 
in the shoot. 

P058 (Talk) - AtPep1 and its plasma membrane 
receptors are internalized as a complex via 
clathrin-mediated endocytosis 
 

ORTIZ-MOREA Fausto Andres(1), LUO Yu(1), DEJONGHE 
Wim(1), DRESSANO Keini(3) , SCHERER DE MOURA Daniel(3) , 
RUSSINOVA Eugenia(1) 
(1) VIB Department of Plant Systems Biology, Ghent University, 
Gent, BELGIUM (2)  Department of Plant Biotechnology and 
Bioinformatics, Gent, BELGIUM(3)  Escola Superior de Agricultura 
Luiz de Queiroz, Universidade de Sao Paulo, Piracicaba, BRAZIL 
Recently, a growing number of small signaling pepti des have been 
discovered to play an acti ve role in a variety of biological and physiological 
responses in plants. Amongst them is the plant elicitor pepti de1 (Pep1), 
which has been shown to induce innate immune responses and to be 
expressed upon bioti c stresses. In Arabidopsis, the AtPep1 binds the 
plasma membrane receptors PEPR1 and PEPR2 with high affi  nity. Although 
a large amount of informati on about the components and responses 
triggered by AtPep1 is available, its subcellular dynamics remains largely 
unknown. In the present study, we developed a bioacti ve fl uorescently 
labeled AtPep1 to study its behavior in living cells. We found that the 
labeled AtPep1 was able to bind the plasma membrane very quickly in a 
receptor-dependent manner. Subsequently the receptor-ligand complex 
was internalized via clathrin-mediated endocytosis and traffi  cked to the 
lyti c vacuole, passing through early and late endosomal compartments. 
Impairment of AtPep1/PEPRs complex internalizati on compromised 
the innate immune responses. Our fi ndings provide the fi rst in vivo 
visualizati on of a signaling pepti de in plant cells, thus giving new insights 
on its intracellular fate and dynamics, and also serve as an excellent 
model to study the implicati ons of endocytosis in plant immunity. 
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P059 - UUAT1: an UDP-uronic acid transporter 
involved in cell wall composition 
 
SAEZ RIVERA Susana(1), RAUTENGARTEN Carsten (2) , 
SANHUEZA Dayan(1), EJSMENTEWICZ Troy(1), SANDOVAL 
Omar(1), MOLLET Jean-Claude(3) , HEAZELWOOD Joshua (2, 
SCHELLER Henrik(4), REYES Francisca(1), ORELLANA Ariel(1) 
(1) Universidad Andrés Bello, FONDAP Center for Genome 
Regulation, Santiago, CHILE (2)  ARC Centre of Excellence in Plant 
Cell Walls, School of BioSciences, The University of Melbourne, 
Melbourne, AUSTRALIA(3)  Glyco-MEV Laboratory, Université de 
Rouen, Mont-Saint-Aignan, FRANCE(4) Joint BioEnergy Institute 
and Physical Biosciences Division, Lawrence Berkeley National 
Laboratory, Berkeley, USA 
The cell wall is a complex extracellular matrix mainly composed of 
polysaccharides syntheti zed in the Golgi apparatus by glycosiltransferases 
(GTs). UDP-glucuronic acid (UDP-GlcA) is a key molecule involved in this 
process since it serves as precursor for the synthesis of polysaccharides. 
UDP-GlcA is synthesized in the cytosol and needs to be transported into 
the Golgi apparatus lumen, where the catalyti c site of the epimerases 
and GTs are located. In this process Nucleoti de Sugars Transporters 
(NSTs) are key elements. To date, no UDP-GlcA transporters have been 
identi fi ed and their role in polysaccharides biosynthesis remains unclear. 
Here we present the identi fi cati on and characterizati on of UUAT1, the 
fi rst UDP- GlcA transporter located in the Golgi apparatus. UUAT1 is 
highly expressed in seed coat, trichomes, roots, stems and fl owers. Sugar 
compositi on analyses on these organs showed that uuat1-2 mutant have 
defi ciencies in galacturonic acid and/or arabinose, two sugars derived 
from the UDP-glcA metabolism, depending on the ti ssue investi gated. 
Additi onal analyses of the seed coat showed that arabinan is reduced 
in the distal cell walls, which is concomitant with an altered mucilage 
release and an increase in the mucilage homogalacturonan methylati on. 
Our results provide evidences for the existence of a UDP-GlcA transporter, 
which provides the substrate for the biosynthesis of polysaccharides, in 
a very specifi c and highly regulated manner. Thanks: Fondecyt 3140415. 

P060 - Isolation and characterization of the 
suppressor mutants of ht1-2 in Arabidopsis 
 

SAITO Sakiko(1), NEGI Juntaro(1), MONDA Keina(1), KOJIMA 
Mikiko(2) , SAKAKIBARA Hitoshi (2) , IBA Koh(1) 
(1) Department of Biology, Faculty of Sciences, Kyushu University, 
Fukuoka, JAPAN (2)  RIKEN Center for Sustainable Resource Science, 
Yokohama, JAPAN 
CO2 is not only a carbon donor for photosynthesis but also an 
environmental signal that regulates stomatal aperture. With a high-
throughput leaf thermal imaging screen, several mutants have been 
identi fi ed that are impaired in stomatal response to CO2 concentrati on 
changes. Arabidopsis ht1 (high leaf temperature 1) is one of the identi fi ed 
mutants that are insensiti ve to CO2. The stomatal aperture of the ht1 is 
reduced under both low- and high-CO2 conditi ons. The HT1 gene encodes 
a protein kinase that is expressed predominantly in the guard cells and 
functi ons as a major negati ve regulator of CO2-induced stomatal closing. 
However, the molecular mechanisms that underlie stomatal CO2 signaling 
have remained obscure, so we att empted to isolate components of 
stomatal CO2 signaling pathway. We performed preliminary screening 
using infrared thermography from a populati on of nearly 8,000 
mutagenized Arabidopsis ht1-2 lines, and selected 6 mutant lines. While 
the ht1-2 mutant exhibits reducti on of stomatal aperture, the stomata 
of the selected 6 mutant lines opened under both low- and high-CO2 
conditi ons. These mutants showed functi onal response to abscisic acid, 
the hormone that triggers closing of the stomata, suggesti ng that they 
are specifi cally defi cient in the CO2-signaling pathway. Further analysis of 
these mutants may identi fy unknown components specifi c to the CO2-
signaling pathway. 

P061 (Talk) - Emerging role of ARP2/3 complex 
in tissue patterning 
 

SAHI Vaidurya P.(1), SCHIEBERTOVA Petra(1), MOUILLE 
Gregory(2), BABY Innu K.(3) , PETRASEK Jan(1), SCHWARZEROVA 
Katerina(1) 
(1) Department of Experimental Plant Biology, Faculty of Science, 
Charles University Prague, Prague 2, CZECH REPUBLIC (2)  Institut 
Jean-Pierre Bourgin, UMR1318 INRA/AgroParisTech, Versailles, 
FRANCE(3)  Institute of Experimental Botany ASCR, Prague 6, CZECH 
REPUBLIC 
The ARP2/3 complex consists of seven protein subunits and is well 
conserved in eukaryotes. The main role of ARP2/3 complex is well 
established in yeast and animals, where it nucleates acti n cytoskeleton 
into branched network and the loss of the ARP2/3 complex is oft en 
detrimental. The loss of ARP2/3 complex in plants results in rather mild 
phenotypes like distorted shapes of trichomes or changes in pavement 
cell morphology, as studied in Arabidopsis. However, in the present study, 
we identi fi ed new phenotypes in mutants of Arabidopsis plants lacking 
ARP2, ARPC4 and ARPC5 subunits, which include decreased number of 
cell layers in leaves and stems of mutants, thinner organs, and overall 
changes in the organizati on of cells within ti ssues. Thinner cell walls in 
cells of interfascicular ti ssues and generally reduced cellulose content in 
infl orescence stems was accompanied by changes in lignin depositi on. 
Moreover, auxin response reporter DR5::GUS as well as auxin infl ux 
carrier AUX1-YFP were reduced in the vascular bundles suggesti ng 
that auxin distributi on and transport was also altered in the mutants. 
Our results indicate that either ARP2/3-mediated acti n nucleati on 
is of primary importance for the processes of cell wall synthesis and 
localizati on of auxin carriers, or that the malfuncti on of ARP2/3-driven 
nucleati on triggers a set of compensatory mechanisms characterized by 
complex changes in ti ssue and organ morphogenesis. 

Financial support: project NPUI No. LO1417 

P062 (Talk) - Arabidopsis NEK6 depolymerizes 
cortical microtubules by tubulin 
phosphorylation during directional cell growth. 
 

TAKATANI Shogo(1), OZAWA Shinichiro(1), YAGI Noriyoshi 
(2), HOTTA Takashi (2) , TAKAHASHI Yuichiro(1), HASHIMOTO 
Takashi(2) , TAKAHASHI Taku (1, MOTOSE Hiroyasu(1) 
(1) Division of Bioscience, Graduate School of Natural Science and 
Technology, Okayama University, Okayama, JAPAN (2)  Graduate 
School of Biological Science, Nara Institute of Science and 
Technology, Nara, JAPAN 
Microtubules control cell expansion and division through its dynamic 
behavior in response to the internal and external signals. Here, we 
analyzed the functi on of Arabidopsis NIMA-related kinase 6 (NEK6) 
in phosphorylati on-dependent microtubule regulati on during cell 
growth. The nek6 mutants exhibited decreased elongati on and ectopic 
outgrowth of hypocotyl epidermal cells in associati on with microtubule 
disorganizati on. The suppression of cell elongati on and the ectopic 
outgrowth were observed in the diff erent regions along the hypocotyl. 
The estradiol-induced expression of NEK6 also suppressed cell elongati on 
and disorganized corti cal microtubules, suggesti ng that NEK6 acti vity is 
ti ghtly regulated to direct cell expansion. Live cell imaging of NEK6-GFP 
and mCherry-TUB6 demonstrated that NEK6 localized to the shrinking 
ends of microtubules. Furthermore, we identi fi ed fi ve phosphorylati on 
sites of beta-tubulin for NEK6 and analyzed their functi onal signifi cance. 
The substi tuti on of phosphorylati on sites by alanine promoted 
microtubule localizati on of GFP-tubulin, whereas the phosphorylati on-
mimic substi tuti ons enhanced the cytoplasmic localizati on of GFP-tubulin. 
These results elucidate that NEK6 depolymerize corti cal microtubules by 
tubulin phosphorylati on during directi onal cell expansion. 
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P063 - Pleckstrin Homology domain protein 1 
(AtPH1) controls the subcellular localization 
of Natural Resistance Associated Macrophage 
Protein 1 (AtNRAMP1) 
 

AGORIO Astrid(1), GIRAUDAT Jerome(1), LELIEVRE Francoise(1), 
HEYNO Eiri(1), THOMINE Sebastien(1), MERLOT Sylvain(1) 
(1) CNRS I2BC, GIF SUR YVETTE CEDEX, FRANCE 
Pleckstrin Homology domain containing proteins bind phosphorylated 
phosphati dylinositols. However, their functi ons in plant cells are 
sti ll poorly understood. We found that loss of functi on mutati ons in 
Arabidopsis Pleckstrin Homology protein 1 (AtPH1) rescued the defects 
of nramp3nramp4 mutant impaired in metal effl  ux from the vacuole. 
AtPH1 specifi cally binds phosphati dylinositol 3 phosphate (PI3P). AtPH1 
was localized in late endosomes and this associati on was disrupted by 
wortmanin, an inhibitor of PI3P biosynthesis, as well by a point mutati on in 
the PH domain. We tested the hypothesis that loss of AtPH1 functi on could 
result in the localizati on to the vacuolar membrane of a metal transporter 
which resides on a diff erent compartment in wild type cells. In agreement 
with this hypothesis, we found that AtNRAMP1, which is targeted to the 
plasma membrane to take up Mn under Mn defi ciency, accumulated at 
the vacuolar membrane in ph1 cells. In nramp3nramp4ph1, the presence 
of AtNRAMP1 in the vacuolar membrane compensates for the absence 
of AtNRAMP3 and AtNRAMP4 on this compartment. This work identi fi ed 
AtPH1 as a regulator of AtNRAMP1 and possibly other membrane proteins 
sorti ng to the vacuole. 

P064 - The dynamics of trans-Golgi network 
(TGN) in plants 
 

TOMOHIRO Uemura(1), TAKASHI Ueda(1), AKIHIKO Nakano(1) 
(1) Department of Biological Sciences, Graduate School of Science, 
University of Tokyo,, Tokyo, JAPAN (2)  Live Cell SuperResolution 
Imaging Research Team, RIKEN Center for Advanced Photonics,, 
Wako, JAPAN 
In all eukaryoti c cells, the post-Golgi organelles, such as the trans-Golgi 
network (TGN), endosomes, vacuoles, and the plasma membrane, are 
connected by a network of membrane traffi  c. The TGN is required for 
protein transport at the post-Golgi network and functi ons as a sorti ng 
stati on that directs cargo proteins to a variety of post-Golgi compartments. 
Initi ally, the TGN was defi ned as a specialized compartment on the 
most trans-side of the Golgi apparatus that is responsible for delivering 
proteins to the post-Golgi network. However, the knowledge about the 
TGN in plants is sti ll limited. To elucidate the dynamics of plant TGN, we 
established transgenic plants expressing GFP-SYP43, the ortholog of Tlg2/
syntaxin16, which is localized to the TGN in yeast and mammalian cells, 
under the control of the nati ve promoter as a TGN marker. Observati on 
by confocal laser scanning microscopy and super-resoluti on confocal live 
imaging microscopy revealed two types of TGN in Arabidopsis root: the 
GA-TGN (Golgi-associated TGN), located on the trans-side of the Golgi 
apparatus, and the GI-TGN (Golgi-released independent TGN), located 
away from the Golgi apparatus and behaving independently. The GI-
TGN is derived from a populati on of GA-TGN by segregati on, although 
the core of the GA-TGN remains even aft er the generati on of GI-TGN. We 
further found that abundance of the GI-TGN diff ers between observed 
ti ssues. Our results indicate that the dynamic features of the TGN in 
plant cells diff er from those of animal and yeast cells. In additi on, we 
have already reported that the SYP4 group regulates the secretory and 
vacuolar transport pathways in the post-Golgi network and maintains the 
morphology of the Golgi apparatus and TGN. Moreover, SYP4 proteins 
are required for bioti c and abioti c responses. In this conference, we will 
report and discuss our recent results about the TGN dynamics under the 
bioti c stress conditi ons. 

P065 - Calcium is required for auxin-regulated 
endocytosis 
 

HIMSCHOOT Ellie(1), COSTA Alex (2) , BONZA Cristina (2) , 
DE VRIESE Kjell(1), KREBS Melanie(3) , SCHUMACHER Karin 
(3, BOUDSOCQ Marie(4), BEECKMAN Tom(1), FRIML Jiri(1), 
VANNESTE Steff en(1)

(1) VIB-Plant Systems Biology, Ghent, BELGIUM (2)  Dipartimento di 
Bioscienze, Università degli studi di Milano, Milano, ITALY(3)  Center 
for Organismal Studies , Heidelberg, GERMANY(4) INRA-URGV, 
Versailles, FRANCE 

Auxin is a major decisive signal for plant growth and development. Its 
distributi on within ti ssues and organs regulates cell division, expansion 
and cellular reprogramming throughout the plants life. Criti cally 
important for such auxin distributi on patt erns is acti ve polar auxin 
transport mediated by PIN proteins which are asymmetrically localised 
in the plasma membranes. Via inhibiti on of endocytosis, auxin is believed 
to enforce PIN polarisati on and thus coordinated auxin transport across 
ti ssues. Recently, the apoplasti cally localised ABP1 has been connected 
to auxin-inhibited endocytosis via ROP and RIC signalling. Auxin is known 
to induce fast Ca2+ signals through an unknown mechanism. Here, we 
explored the origin of auxin-induced Ca2+ signals and tested the impact 
of manipulati ng Ca2+ on endocytosis. We found that Ca2+ is required for 
the inhibitory eff ect of auxin endocytosis. Conversely, increasing cytosolic 
Ca2+ by inhibiti ng Ca2+ ATPases was suffi  cient to inhibit endocytosis. These 
fi ndings are consistent with a model in which auxin inhibits endocytosis 
via acti vati on of Ca2+ signalling. However, thusfar, none of the tested 
Ca2+ signalling or transport mutants showed obvious defects in auxin-
regulated endocytosis. 

P066 - Ethylene induces microtubule 
reorientation and fast inhibition of Arabidopsis 
root elongation in a TIR1/AFBs-Aux/IAAs 
dependent manner 
 

WANG Yichuan(1), JI Yusi(1), GUO Hongwei(1) 
(1) Peking University, Beijing, CHINA 
Microtubules are essenti al regulator of plant cell shape and morphogenesis. 
Ethylene-induced microtubule reorientati on has been discovered for 
decades, and is believed to mediate the eff ect of ethylene on anisotropic 
cell expansion. However, signaling mechanism underling this long-existi ng 
observati on has rarely been touched. Here, we revealed by live confocal 
imaging and root growth kineti c assay that the ti me courses of ethylene-
induced microtubule reorientati on and root elongati on inhibiti on well 
resemble each other, suggesti ng a close correlati on between these two 
processes. Our geneti c analysis demonstrated that the eff ect of ethylene 
during these two processes is mainly transduced through the canonical 
linear ethylene signaling pathway. Functi onal ETR1, EIN2 and EIN3/EIL1 
are all required for full ethylene responsiveness, although an EIN3/
EIL1-independent modest response is observed in both microtubule 
reorientati on and root elongati on inhibiti on. We found through 
pharmacological and geneti c analysis that disrupti on of endogenous 
auxin biosynthesis and transport abolishes ethylene-induced microtubule 
reorientati on and root elongati on inhibiti on, and the TIR1/AFBs-Aux/
IAAs-ARFs auxin signaling pathway, but not the ABP1-ROP6-RIC1 signaling 
branch, is essenti al during these processes. Unexpectedly, dynamic 
imaging and 3D quanti fi cati on of the DII-Venus auxin sensor indicated 
that increasing of local auxin level is not involved in fast ethylene-induced 
responses in Arabidopsis root, suggesti ng ethylene signaling may directly 
interact with signaling components of TIR1/AFBs-Aux/IAAs-ARFs pathway 
during fast root ethylene responses. Together, we present a geneti c 
mechanism for ethylene-induced microtubule reorientati on and fast root 
elongati on inhibiti on in Arabidopsis, which involves an essenti al role of 
TIR1/AFBs-Aux/IAAs-ARFs auxin signaling pathway. 
Keywords: microtubule reorientati on, root elongati on, ethylene, auxin 

P067 - Plant Nitric Oxide Sensors - Tip of the 
Iceberg? 
 

WONG Aloysius(1), DONALDSON Lara(1), PORTES Maria 
Teresa (2) , JOSE Feijo (2) , GEHRING Chris(1) 
(1) Division of Biological and Environmental Sciences and 
Engineering, 4700 King Abdullah University of Science and 
Technology, 23955-6900, Thuwal, KINGDOM OF SAUDI ARABIA (2)  
Department of Cell Biology and Molecular Genetics, University of 
Maryland, College Park, 20742-5815, Maryland, USA 
Nitric oxide (NO) is a key signaling molecule in many plant processes 
including ferti lizati on. In pollen, NO has been identi fi ed as a signal for 
pollen-sti gma interacti on and in guiding the growing tube to the ovule. NO 
generati on in pollen has been demonstrated and intracellular regulatory 
roles for NO include acti n organizati on, vesicle traffi  cking and cell wall 
depositi on. However, sensors for NO have remained elusive. Here, we 
show that the pollen-specifi c Arabidopsis thaliana Diacylglycerol Kinase 
4 (AtDGK4) contains a domain with key residues of the heme-binding 
centers of annotated gassensing hemoproteins and demonstrate that 
AtDGK4 senses NO. This binding is signifi cantly reduced in mutants with 
altered residues in the NO-binding site. Importantly, both reducing agent 



68
THE 26TH 
INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

and NO caused rapid dose-dependent Soret peak changes diagnosti c for 
sensors. AtDGK4 has NO-dependent diacylglycerol kinase acti vity in vitro 
catalyzing the conversion of diacylglycerol to phosphati dic acid. In atdgk4 
knock-down mutants, pollen germinati on, growth rate and pollen tube 
orientati on show less NO-dependent inhibiti on consistent with a role 
as an NO signal transducer. Preliminary results of two other Arabidopsis 
candidate NO sensors harboring similar heme center moti f are also 
shown. Since this moti f is highly conserved across bacterial, plant and 
animal proteins many of which are not currently annotated as NObinding, 
we anti cipate that they also bind to and are directly regulated by NO. 

P068 - Transmembrane region of the 
Arabidopsis guard cell SLAC1 anion channel 
involved in stomatal CO2 response 
 

YAMAMOTO Yoshiko(1), NEGI Juntaro(1), WANG Cun (2) , 
SCHROEDER Julian (2) , IBA Koh(1) 
(1) Department of Biology, Faculty of Sciences, Kyushu University, 
Fukuoka, JAPAN (2)  University of California, San Diego, La Jolla CA, 
USA 
The Arabidopsis SLAC1 channel is a key component in the control of 
ABA- and CO2-induced stomatal closure. Regarding the regulati on of 
the SLAC1 channel, phosphorylati on of Serine 59 and Serine 120 in its 
N-terminal region by CPK6 and OST1 has been reported to be crucial 
for ABA-induced SLAC1 acti vati on. In contrast, the mechanism of CO2-
induced SLAC1 acti vati on remains unclear. To investi gate regions of 
SLAC1 protein involved in stomatal response to CO2 in vivo, we analyzed 
slac1 mutants transformed with N-, C- or both terminals of the SLAC1 
truncated constructs (ΔN, ΔC and ΔNC). Measurement of gas exchange of 
the transgenic plants showed that all the lines restored CO2 responses. 
However, these transgenic lines did not restore the ABA regulati on of 
stomatal movement. Furthermore, whole-cell patch clamp experiments 
revealed that in the ΔNC transgenic line, bicarbonate acti vati on of the 
S-type anion currents was restored in guard cells, whereas ABA acti vati on 
of the anion currents is completely disrupted. These results indicate 
that sites involved in stomatal CO2 response exist in the transmembrane 
region of SLAC1 and could be diff erent from the sites of ABA acti vati on. 

P069 - Temporal and Spatial Regulation of Cell 
Wall Regeneration on Arabidopsis Mesophyll 
Protoplasts 
 

YOKOYAMA Ryusuke(1), KUKI Hiroaki(1), HIGAKI Takumi (2) , 
TAKEUCHI Miwa(1), KUROHA Takeshi(1), HASEZAWA Seiichiro(2), 
NISHITANI Kazuhiko(1) 
(1) Graduate School of Life Sciences, Tohoku University, Sendai, 
JAPAN (2)  Graduate School of Frontier Sciences, University of Tokyo, 
Tokyo, JAPAN 
Plant cell wall is a complex and dynamic structure that is a highly organized 
composite of many polysaccharides and proteins. Although various types 
of structural and functi onal factors are supposed to contribute to the 
assembly and remodeling of the cell wall, the mechanism of dynamic 
regulati on of the cell wall is almost unknown. To clarify the mechanisms 
of cell wall constructi on, we developed an improved experimental 
procedure for cell wall regenerati on in isolated Arabidopsis mesophyll 
protoplast. The applicati on of imaging technique for visualizing and 
quanti fying the fi ne structure of the cell wall greatly facilitated the value 
of this experimental system. For example, the imaging and quanti fi cati on 
of cellulose orientati on during regenerati on from the protoplast showed 
that ordered cellulose depositi on is strictly regulated. We also identi fi ed 
the proteins secreted into cell wall spaces in regenerati ng protoplast by 
an integrated omics approach. Combined omics-based identi fi cati on of 
the cell wall proteins and the new experimental system for investi gati ng 
the cell wall structure will assign specifi c roles to these proteins in the 
assembly and remodeling of the cell wall in regenerati ng protoplast. 

P070 - The Distinct Functions of Individual 
Carbonic Anhydrases in CO2 Control of 
Stomatal Movements 
 

HU Honghong(1), RAPPEL Wouter-Jan (2) , YOU Lei(1) XIAO 
Chuanlei(1), SCHROEDER Julian I. (2)  
(1) Huazhong Agricultural University, Wu Han, CHINA (2)  University of 
California San Diego, La Jolla, USA 
Elevated carbon dioxide (CO2) reduces stomatal apertures. However, early 
mechanisms by which the CO2 signal is transduced remain enigmati c. 
Research has shown key functi ons of the Y-carbonic anhydrases CA1 
and CA4 (YCAs) in rapid CO2-induced stomatal movements by catalyti c 
transmission of the CO2 signal in guard cells. However, the mechanisms 
remain unclear, as initi al studies indicate YCAs are targeted to disti nct 
compartments in tobacco cells and which cellular locati on of these 
enzymes plays a key role in guard cells in CO2-regulated stomatal 
movements remains unknown. Here we show that the specifi c locati ons 
of YCA4 at the plasma membrane and YCA1 in chloroplasts each functi on 
in rapid CO2 control of stomatal movement. Combined with localizati on 
and complementati on analyses using a mammalian ΑCAII-YFP protein in 
guard cells and the mathemati cal CO2 fl ux modeling, the presented data 
suggest that intracellular HCO3- concentrati on dynamics in guard cells is a 
mechanism mediati ng CO2-regulated stomatal movements. 

P071 - Phytochrome A signalling - by taxi to the 
nucleus 
 

HELIZON Hanna(1), ROESLER Jutta (2) , GASCH Philipp(3) , 
ZEIDLER Mathias(1)

(1) University Giessen, Giessen, GERMANY (2)  University of California, 
Berkeley,CA, USA(3)  University Bayreuth, Bayreuth, GERMANY 
Phytochromes are plant red/far red photoreceptors which control growth 
and development according to environmental conditi ons. Arabidopsis 
thaliana has fi ve phytochromes, from which phytochrome A (phyA) 
is important for early seedling development. Light-acti vated phyA 
translocates from the cytoplasm into the nucleus. Nuclear localizati on 
of phyA leads to a change in transcripti on of numerous genes. However 
not all physiological responses can be explained through that mechanism 
suggesti ng the existence of cytoplasmic phytochrome functi ons. 
Translocati on of phyA requires the presence of two signaling components: 
FHY1 (far-red elongated hypocotyl) and FHL (FHY1-like), with FHY1 
playing the dominant role. Nuclear import of phyA in the fh l/fh y1 double 
mutant is undetectable. FHY1 contains a Nuclear Localizati on Signal (NLS) 
recognized by importi ns, which are involved in the classical nuclear import 
of proteins. Importi ns can use acti n fi laments to move other molecules 
into the nucleus and it could be shown that the cytoskeleton is also 
involved in phyAs nuclear import. Protein-protein binding assays suggest 
that the interacti on between FHY1 and importi n alpha 1 (IMPa1) is not 
depending on phyAs presence. Therefore the regulati on of phyA import 
by FHY1 has to rely on changing the affi  nity between phyA and the FHY1-
IMPa1 complex, possibly by light-dependent secondary modifi cati ons of 
either partner. Moreover FHY1/FHL appears to shutt le between nucleus 
and cytoplasm since FHY1 contains also a Nuclear Export Signal (NES) 
recognized by exporti ns. The mechanism of phyA transport and FHY1 
shutt ling will be discussed. 

P072 (Talk) - Fast-suppressor screening 
identifi ed SOF10 and SOF100 in FREE1-
regulated protein traffi  cking, organelle 
biogenesis and plant growth in Arabidopsis 
 

ZHAO Qiong(1), JINBO Shen(1), CAIJI Gao(1), XIAOHONG 
Zhuang(1), TANGJIN Hu (2) , HAO Ye (2) , LIWEN Jiang(1) 
(1) Centre for Cell & Developmental Biology and State Key 
Laboratory of Agrobiotechnology, School of Life Sciences,The 
Chinese University of HongKong, HONGKONG, CHINA (2)  CUHK 
Shenzhen Research Institute, The Chinese University of Hong Kong, 
ShenZhen, CHINA  
Membrane traffi  cking is essenti al for plant growth and responses to 
external signals. We have recently demonstrated the multi ple functi onal 
roles of FREE1, a unique FYVE domain containing protein, in regulati ng 
protein traffi  cking and organelle biogenesis in plants, including formati on 
of MVB, PM protein degradati on in the vacuole, vacuolar transport, central 
vacuole biogenesis, autophagic degradati on and autophagosome-vacuole 
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fusion [1-3]. To further understand why and how FREE1 depleted cells 
contain fragmented small vacuoles and how FREE1 loss-of-functi on leads 
to seedling death, we performed a forward geneti c screen for mutants 
that suppressed the seedling lethal phenotype of FREE1 RNAi transgenic 
plants. The obtained mutants are termed as suppressors of free1 (sof) 
[4]. Two candidates SOF genes (SOF10 & SOF100) have been identi fi ed 
as null mutants harboring premature stop codon mutati ons. Subcellular 
endosomal localizati on of SOF10 and SOF100 showed that these two 
genes parti cipated in membrane traffi  cking. Co-localizati on studies 
showed that both SOF10 and SOF100 positi ve endosomes correlated with 
autophagasomes and FREE1-labeled endosomes. Here we will present an 
update about our study on SOF10 and SOF100 identi fi cati on and functi on 
in Arabidopsis. Supported by grants from the Research Grants Council 
of Hong Kong (AoE, CRF and GRF) and the Shenzhen Peacock Project 
(KQTD201101). 

Keywords 
FREE1, SOF, Autopahgosome, Endomembrane traffi  cking, Arabidopsis, 
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P073 - Roles of SH3P2 in Plant Autophagosome 
Biogenesis 
 

ZHUANG Xiaohong(1), GAO Caiji(1), JIANG Liwen(1) 
(1) School of Life Sciences, Centre for Cell & Developmental Biology 
and State Key Laboratory of Agrobiotechnology, The Chinese 
University of Hong Kong, Shatin, New Territories, Hong Kong, 
CHINA (2)  The Chinese University of Hong Kong Shenzhen Research 
Institute, Shenzhen, CHINA 
Macroutophagy (hereaft er as autophagy) plays important physiological 
roles in eukaryoti c cells, but the underlying mechanisms of 
autophagosome formati on remain largely unknown in plant. Here we 
show that the Arabidopsis SH3P2, which contains a N-terminus BAR 
(Bin-Amphiphysin-Rvs) domain and C-terminus SH3 (Src homology 3) 
domain, associates with the PI3K complex and interacts with ATG8 to 
regulate autophagy. Dynamic and ultra structural analysis reveals that 
SH3P2 localizes on the preautophagosome structure throughout its 
expansion process and highlights the endoplasmic reti culum (ER) as 
a common membrane source for autophagosome formati on in plant. 
RNAi knock-down of SH3P2 is developmental lethal and suppresses the 
autophagosome formati on and autophagic fl ux. Recently, we have also 
demonstrated that SH3P2 interacts with a unique plant ESCRT component 
FREE1, which is required for multi vesicular body (MVB) protein sorti ng 
and vacuole biogenesis in plant, hence linking the possible crosstalk 
between endosome and autophagosome machinery. Taken together, 
our fi ndings provide a conclusive model for autophagosome formati on 
involved with ER membrane in plant and identi fy a novel regulator 
that mediates autophagosome biogenesis in Arabidopsis thaliana, 
which may facilitate the membrane deformati on that is necessary for 
autopahgosome membrane expansion/maturati on steps. Supported by 
grants from the Research Grants Council of Hong Kong (AoE, CRF and GRF) 
and the Shenzhen Peacock Project (KQTD201101). 
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P074 - Carotenoid derived signals alter leaf 
development 
 

LEON Patricia(1), LLAMAS Ernesto(1), ROMERO Cynthia(1), 
CORDOBA Elizabeth(1), ESLAVA Ricardo(1), MATHIONI 
Sandra(2), MEYERS Blake (2), POGSON Barry(3)  
(1) Plant Molecular Biology, Department Instituto de Biotecnología, 
Universidad de Mexico, Cuernavaca, MEXICO(2) Department of 
Plant and Soil Sciences, University of Delaware, Delaware, USA(3)  
Australian Research Council Centre of Excellence in Plant Energy 
Biology, Australian National University, Canberra, AUSTRALIA 
The functi onality of chloroplasts depends on a diff erenti ati on process 
in response to specifi c signals and in coordinati on to the ti ssue 
diff erenti ati on. The nucleus encodes the majority of the structural and 
regulatory proteins that modulate chloroplast development. However, the 
developing plasti ds also generate signals that modulate the expression 
of nuclear-encoded genes diverse signaling pathways. Experimental 
evidences have shown that the diff erenti ati on of the organelle also 
impacts the overall leaf development, but the signals responsible for this 
regulati on are largely unknown. The characterizati on of an Arabidopsis 
clb5 mutant, impaired in early chloroplast development, provided 
geneti c and molecular evidences of a novel signal that profoundly aff ects 
leaf development. We found that this signal is generated from the 
accumulati on of linear carotenoids as consequence to a defect in the zeta 
carotene desaturase (ZDS) acti vity. The observed phenotypes are specifi c 
for this mutati on as are not present in other carotenoid defi cient plants. 
Our data demonstrate that the yet unidenti fi ed signal responsible for the 
clb5 phenotypes is produced through specifi c cleavage of phytofl uene or 
z-carotenoids by the carotenoid digoxigenase 4 enzyme. Using diff erent 
strategies, including wide genome analysis, we have shown that this signal 
aff ects the expression of various nuclear-encoded genes, important for 
proper leaf development. We have demonstrated that the regulati on of 
expression depend on cis-acti ng sequences located upstream promoter 
region. To advance in the molecular events associated with the leaf 
morphological alterati ons the expression patt ern of the ZDS gene has 
been analyzed during leaf development. 

Transcriptional regulations 
Posters 075 to 096

P075 - Global identifi cation of transcription 
factors targeted by the histone 
acetyltransferase GCN5 in Arabidopsis thaliana 
 

AQUEA Felipe(1), SEWELL Jared (2) , LONG Jeff  (2)  
(1) Laboratorio de Bioingeniería, Facultad de Ingeniería y Ciencias, 
Universidad Adolfo Ibañez, Santiago, CHILE (2)  Molecular, Cell and 
Developmental Biology Department, University of California Los 
Angeles., Los Angeles, UNITED STATES(3)  Center for Applied Ecology 
and Sustainability , Santiago, CHILE 
GENERAL CONTROL NON-REPRESSIBLE 5 (GCN5) appears to be an 
important histone acetyltransferase required for gene expression involved 
in many development pathways in plants and animals. Mutati ons in 
Arabidopsis thaliana GCN5 (AtGCN5) show various pleiotropic defects as a 
consequence of aff ecti ng the acti vity meristem acti vity. Although AtGCN5 
plays an essenti al role in chromati n modifi cati on and transcripti onal 
regulati on, its mode of acti on is sti ll not understood. Proteins involved 
in chromati n remodelling control the development of plants and animals 
through directly regulati ng the expression of specifi c developmental 
transcripti on factors. In this work, we have identi fi ed a set of potenti al 
direct target genes of AtGCN5 through a chromati n immunoprecipitati on/
DNA sequencing (ChIP-Seq) approach. A global analysis revealed that 
AtGCN5 targets are enriched in specifi c biological processes including 
metabolisms, nutrient transport and transcripti on. Among these targets, 
we identi fi ed transcripti on factors belonging to diff erent families. Using 
a geneti c and chemical approach, these transcripti on factors have been 
validated as direct targets of AtGCN5. Functi onal analysis will reveal the 
role of these transcripti ons factors in plant development and their geneti c 
interacti on with AtGCN5 in arabidopsis thaliana. 
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P076 (Talk) - SERRATE interacts with subunits 
of the NEXT complex and the polyadenylation 
machinery in Arabidopsis thaliana 
 

BAJCZYK Mateusz(1), STEPIEN Agata(1), SZEWC Lukasz(1), 
SZWEYKOWSKA-KULINSKA Zofi a(1), JARMOLOWSKI Artur(1) 
(1) Department of Gene Expression, Institute of Molecular Biology 
and Biotechnology, Adam Mickiewicz University, Poznan, POLAND 
The Arabidopsis thaliana SERRATE protein (SE) is involved in two 
important pathways of RNA metabolism: miRNA biogenesis and pre-
mRNA splicing. Originally, SE was characterized as a protein involved in 
miRNA biogenesis, where together with DCL1 (Dicer like 1) and HYL1 
(HYPONASTIC LEAVES 1) form a core of the plant microprocessor. In this 
complex SE infl uences the accuracy of pri-miRNA cleavages catalyzed by 
DCL1. The Arabidopsis se null mutants are embryonic lethal that proves a 
key role of SE in plant development and growth. SE together with another 
factor involved in miRNA biogenesis, the cap binding complex (CBC), have 
been also ascribed to splicing of pre-mRNA. In order to understand this 
dual role of SE in diff erent pathways of RNA metabolism, we decided to 
search for novel proteins interacti ng with SE. To this end, we carried out 
co-immunoprecipitati on of the FLAG:SERRATE fusion protein that were 
expressed in the se-1 mutant geneti c background. The SE-bound proteins 
were identi fi ed by mass spectrometry, and the putati ve interacti ons were 
confi rmed by the yeast two hybrid system and pull-down experiments. 
Our results have clearly demonstrated that SE contacts directly both the 
NEXT complex and the polyadenylati on machinery. We suggest that these 
interacti ons are important for the quality control of miRNA precursors 
and/or degradati on of pri-miRNA fragments aft er miRNA excision. 

P077 - Role of H3K27me3 and PRC2 members 
in the regulation of NRT2.1 in response to 
nitrogen variations 
 

BELLEGARDE Fanny(1), GOJON Alain(1), MARTIN Antoine(1) 
(1) INRA montpellier IBIP BPMP, Montpellier, FRANCE 
Nitrate is an essenti al source of nitrogen for plants and also controls 
many physiological responses as a signaling molecule. Root nitrate 
transporters, such as NRT2.1, are therefore subjected to complex 
transcripti onal regulati ons by nutriti onal and developmental signals. 
In eukaryote, chromati n controls genome expression by arranging 
diff erent chromati n states allowed by chromati n marks depositi on such 
as H3K27me3 deposited by the Polycomb Repressive Complex 2 (PRC2). 
We have demonstrated previously that repression of NRT2.1 by high 
nitrogen supply (HN) is correlated with an increase in H3K27me3, a mark 
of transcripti onally silent chromati n. However, the role of H3K27me3 
enrichment in this response is sti ll unclear. Here, we show fi rst that 
NRT2.1 transcripti onal repression precedes by far H3K27me3 depositi on 
at NRT2.1 locus, suggesti ng that H3K27me3 enrichment is used to 
reinforce the repression by HN. We also use PRC2 mutants to analyze 
NRT2.1 spati otemporal regulati on, and demonstrate that H3K27me3 
is mainly involved in the developmental, rather than in environmental, 
coordinati on of NRT2.1 expression. Finally, we develop a cell-type specifi c 
approach to identi fy chromati n state variati ons in response to nutriti onal 
changes. This work will highlight the importance of chromati n dynamics 
in the adaptati on of plants to their nutriti onal environment. 

P078 (Talk) - UV-B-Responsive Association of 
the Arabidopsis bZIP Transcription Factor 
ELONGATED HYPOCOTYL5 with Target Genes, 
Including Its Own Promoter 
 

BINKERT Melanie(1), KOZMA-BOGNÁR László (2) , TERECSKEI 
Kata (2) , DE VEYLDER Lieven(3) , NAGY Ferenc (2) , ULM 
Roman(1) 
(1) University of Geneva, Geneva, SWITZERLAND (2)  Biological 
Research Centre of the Hungarian Academy of Sciences, Szeged, 
HUNGARY(3)  VIB, Ghent, BELGIUM 
Exposure to UV-B radiati on triggers responses in plants that minimize 
damage caused by UV-B. The bZIP transcripti on factor ELONGATED 
HYPOCOTYL5 (HY5) acts downstream of the UV-B photoreceptor 
UV RESISTANCE LOCUS8 (UVR8) and promotes UV-B induced 
photomorphogenesis and acclimati on. Expression of HY5 is induced 
rapidly by UV-B and HY5 protein is required for the majority of UV-B 
responsive genes. Up to now the transcripti onal framework mediati ng 

UV-B induced gene expression is not well established. Our recent work 
focuses on the regulati on of HY5 transcripti on in response to UV-B and 
the impact of UV-B on the associati on of HY5 with its target promoters. 
Using chromati n immunoprecipitati on studies we show that UV-B 
signaling regulates the dynamics of HY5 binding to the promoters of UV-
B-responsive genes. HY5 enrichment at target promoters is enhanced by 
UV-B in a UVR8-dependent manner and overexpression of REPRESSOR 
OF UV-B PHOTOMORPHOGENESIS2 (RUP2), a negati ve regulator of 
UVR8 functi on, blocks the UV-B eff ect on HY5 binding. Moreover, we 
have identi fi ed a T/G-box in the HY5 promoter that is required for its 
UV-B-responsiveness. We show that HY5 and its homolog HYH bind to 
the T/GHY5-box cis-acti ng element and that they act redundantly in the 
inducti on of HY5 expression upon UV-B exposure. We conclude that HY5 
enrichment at target promoters is an integral part of the UV-B response in 
a UVR8 photoreceptor dependent manner and that HY5 and HYH interact 
directly with a T/G-box cis-acti ng element of the HY5 promoter, mediati ng 
the transcripti onal acti vati on of HY5 in response to UV-B. 

P079 (Talk) - Nuclear control of chloroplast 
biogenesis 
 

BLANVILLAIN Robert(1), LIEBERS Monique(1), PFANNSCMIDT 
Thomas(1) 
(1) University Grenoble Alpes, Grenoble, FRANCE 
The plant life cycle depends on the swift  acquisiti on of photoautotrophy 
aft er seed germinati on and light percepti on by the seedling. The early 
steps of light responses, known as photomorphogenesis, involve 
photoreceptors transducing light signals into a geneti c response that trigger 
plasti d diff erenti ati on into functi onal chloroplasts. Plasti ds are geneti cally 
semi-autonomous organelles supporti ng photosynthesis, essenti al 
biosyntheti c pathways (amino-acids, fatt y acids, phytohormones...), and 
other diverse functi ons (immunity, pigmentati on...) depending on their 
diff erenti ati on state. They possess their own genome and a machinery 
to express it, but they highly depend on the import of nuclear-encoded 
proteins from the cytosol. Recent data including some from our team 
indicate that the major functi onal plasti d-encoded RNA polymerase 
complex (PEP complex) contains four plasti d-encoded subunits and a 
minimum of 10 nuclear-encoded proteins (called PEP-associated proteins 
or PAPs) that are essenti al for its transcripti onal acti vity. Individual geneti c 
excisions of the PAPs lead to severe albino phenotypes indicati ng that the 
PEP complex is a keystone of chloroplast biogenesis whereas very litt le 
is known about its formati on and dynamics. Our working model is that 
alterati on of any PAP leads to complex instability, masking the biochemical 
functi on of each individual component but emphasizing the importance 
of the whole. Co-expression- and promoter analysis suggest the existence 
of a master regulator of the PAPs. To identi fy this putati ve regulator in 
Arabidopsis, we are setti  ng specifi c marker lines of the PAP-expression 
patt ern in order to develop targeted mutant screens. In-depth analyses 
of PAP promoters in transgenic plants revealed common patt erns of GUS 
expression but also diverging patt erns among the diff erent PAPs. Out of 
10 potenti al marker lines PAP 2, 
5 and 8 were pre-selected as starter lines for mutagenesis. PAP2 promoter 
is acti ve as early as during embryogenesis preceding the photosyntheti c 
phase of the embryo, indicati ng light and also development-dependent 
regulati ons. 

P080 - Role of LEC2 during seed development: 
identifi cation of partners and biochemical 
characterization of the complex. 
 

BOULARD Céline(1), THÉVENIN Johanne(1), KELEMEN Zsolt(1), 
LEPINIEC Loïc(1), DUBREUCQ Bertrand(1) 
(1) INRA IJPB, VERSAILLES, FRANCE 
The ability to make seeds is a fundamental and specifi c trait of higher 
plants. Seeds are the main resource for animal and human nutriti on and 
the means for improving agricultural practi ces and managing geneti c 
resources. Geneti c studies mostly carried out in the model species 
Arabidopsis thaliana have delineated a complex network of transcripti onal 
regulators controlling gene expression programs essenti al to accomplish 
the maturati on phase (such as accumulati on of seed storage compounds 
lipids and proteins, inhibiti on of diff erenti ati on, acquisiti on of desiccati on 
tolerance&hellip;). Key transcripti onal acti vators of the maturati on phase 
include founding members of the B3 domain family of DNA-binding 
proteins, namely ABSCISIC ACID INSENSITIVE3 (ABI3), FUSCA3 (FUS3), 
and LEAFY COTYLEDON2 (LEC2). This AFL (ABI3/FUS3/LEC2) network acts 
in concert with protein homologous to the HAP3 subunit of the CAAT 
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box-binding protein called LEC1 and LEC1-LIKE. We have investi gated the 
relati onships between LEC2 and Oleo1(S3) promoter acti vity, alone and 
in combinati on with other AFLs. Our results indicate a synergeti c eff ect 
of AFLs on S3 transcripti on level and suggest the formati on of a putati ve 
complex between LEC2, ABI3 and LEC1. The objecti ve of this study is to 
validate members of the complex and will be undertaken by in vitro and 
in vivo analysis using protein-tagging approaches. Moreover, precise 
localisati on and accumulati on patt ern of LEC2 and LEC1 during seed 
development is being analysed using specifi c anti bodies. 

P081 - Analysis of cell cycle regulation by the 
SnRK1 kinase using a protoplast transient 
expression system. 
 

DEROOVER Sofi e(1), HULSMANS Sander(1), ROLLAND Filip(1) 
(1) Lab of Molecular Plant Biology, KU Leuven, Leuven, BELGIUM 
Plant carbon and energy status integrate very diverse developmental and 
stress signals, enabling opti mal growth and survival in a conti nuously 
changing environment. The exact molecular mechanisms involved are 
sti ll largely unknown. The key regulators HXK1 and TOR respond to 
sugar supply, while SnRK1 plays an important role in reprogramming 
metabolism and limiti ng growth for energy homeostasis and survival in 
metabolic stress conditi ons. Plant growth results from coordinated cell 
division, expansion and diff erenti ati on and several studies point to a direct 
and possibly conserved metabolic control of the eukaryoti c cell cycle in 
organisms from yeast to man. As studies of cell division and cell cycle 
progression are hampered by their limitati on to meristemati c ti ssues in 
multi cellular organisms and/or the complicated geneti cs of vital processes, 
we are setti  ng up a convenient experimental system reconstructi ng the 
cell cycle regulatory machinery by transient co-expression in Arabidopsis 
leaf mesophyll protoplasts. In these diff erenti ated cells, G1/S and 
G2/M phase transiti on-specifi c promoter-luciferase reporters (based 
on S phase-specifi c MCM5 and ORC2 and M phase-specifi c KNOLLE and 
CYCB1.1 gene expression) are responsive to direct upstream regulator 
co-expression. We are now expressing the enti re CYCD/CDKA-RBR-E2F-
DP (G1/S) and CYCB/CDKA-MYB3R (G2/M) pathways to identi fy the exact 
points and mechanisms of regulati on of the plant cell cycle by the energy 
sensing SnRK1 kinase. 

P082 - Bacterial LPS perception leads to 
dynamic changes in the miRNA profi les of 
Arabidopsis thaliana cells and leaf tissues 

DJAMI TCHATCHOU Arnaud Thierry(1), DUBERY Ian A(1)  
(1) UNIVERSITY OF JOHANNESBURG, johannesburg, SOUTH AFRICA 
MicroRNAs (miRNAs) are non-coding RNA molecules which have recently 
emerged as important gene regulators in plants and their gene expression 
analysis is becoming increasingly important. miRNAs regulate gene 
expression at the post-transcripti onal level by translati onal repression 
or target degradati on of specifi c mRNAs and gene silencing. In order to 
profi le the microtranscriptome of Arabidopsis thaliana leaf and callus 
ti ssues in response to bacterial lipopolysaccharide (LPS), small RNA 
libraries were constructed at 0 and 3 h post inducti on with LPS and 
sequenced by Illumina sequencing technology. Diff erenti al regulati on of 
subset of miRNAs in response to LPS treament was observed. Small RNA 
reads were mapped to the miRNA database and 358 miRNAs belonging 
to 49 miRNA families in the callus ti ssues and 272 miRNAs belonging to 
40 miRNA families in the leaf ti ssues were identi fi ed. Moreover, target 
genes for all the identi fi ed miRNAs families in the leaf ti ssues and 
44 of the 49 miRNAs families in the callus ti ssues were predicted. The 
sequencing analysis showed that in both callus and leaf ti ssues, various 
stress regulated-miRNAs were diff erenti ally expressed and real ti me PCR 
validated the expression profi le of miR156, miR158, miR159, miR169, 
miR393, miR398, miR399 and miR408 along with their target genes. 
A. thaliana callus and leaf callus ti ssues respond to LPS as a microbe-
associated molecular patt ern molecule through dynamic changes to the 
microtranscriptome associated with diff erenti al transcripti onal regulati on 
in support of immunity and basal resistance. 

P083 - Identifi cation of Regulators of 
Polypyrimidine Tract Binding Protein Splicing 
Factors in Arabidopsis 
 

DÖTSCH Tanja(1), STAUFFER Eva(1), WACHTER Andreas(1) 
(1) Center for Plant Molecular Biology (ZMBP), University of 
Tübingen, Auf der Morgenstelle 32, 72076 Tübingen, GERMANY 
Alternati ve splicing (AS) is widespread in plants, aff ecti ng more than 60 % 
of all intron-containing genes in Arabidopsis thaliana, and has been linked 
to fundamental aspects of plant development. The AS outcome depends 
on the acti on of splicing factors, only few of which have been examined 
in plants so far. Among those, the Polypyrimidine Tract Binding Proteins 
(PTBs) AtPTB1 and AtPTB2, members of the heterogeneous nuclear 
ribonucleoproteins (hnRNPs), have been demonstrated to regulate 
several hundred AS events in A. thaliana. Given that AS decisions are 
typically the result of an interplay of diverse factors, we are interested in 
the identi fi cati on of modulators of PTB acti vity. In an unbiased approach, 
we identi fi ed Transporti n1 as an interacti on partner of AtPTB2. The 
interacti on was independently validated and its impact on PTB functi on 
was addressed. Furthermore, as the Serine/Arginine-rich proteins (SRs) 
have been described as antagonists of hnRNPs, we are determining 
their eff ect on the PTB-mediated AS of a reporter construct. Current 
research aims at the identi fi cati on of common splicing targets of PTB2 
and antagonisti cally acti ng SRs. The results of these studies are expected 
to contribute to a bett er understanding of the complex mechanisms 
controlling AS, and thereby to provide novel insight into the regulati on of 
plant development and adaptati on to stress. 

P084 - Transcription factor target analysis for 
the Arabidopsis root stem cell niche 
 

HEIDSTRA Renze(1), SANTUARI Luca(1), RUTJENS Bas(1), 
TOKUDA Tsuyoshi(3) , TERPSTRA Inez(4), SOZZANI Rosangela(5), 
NAKAMURA Kenzo(3), BENFEY Philip N(6), SANCHEZ-PEREZ 
Gabino(2), SCHERES Ben(1) 
(1) Wageningen University, Wageningen, NETHERLANDS (2)  Plant 
Research International, Wageningen, NETHERLANDS(3)  Nagoya 
University, Nagoya, JAPAN(4) University of Amsterdam, Amsterdam, 
NETHERLANDS (5) North Carolina State University, Raleigh, USA (6) 
Duke University, Durham, USA 
Genes of the PLETHORA (PLT) clade of double AP2-domain transcripti on 
factors are master regulators controlling multi ple aspects of root 
development in both a dose-dependent and specifi c manner. Acti ng in 
parallel with the PLT pathway in specifi cati on and maintenance of the root 
stem cell niche are the SHORTROOT (SHR) and SCRARECROW (SCR) genes 
that belong to the GRAS family of transcripti on factors. Transcriptomics 
of niche cells was performed to assess where and how PLT and SHR/SCR 
pathways converge in stem cell maintenance. In additi on, PLT proteins 
display a gradient expression with maxima in the root stem cell niche and 
have been implicated to promote stem cells and meristemati c acti vity 
whilst inhibiti ng exit from the meristem and diff erenti ati on. Phenotypic 
analyses confi rms transcriptomics and ChIP-seq data that reveal PLT 
redundant regulati on of proliferati on and diff erenti ati on related genes. 
This is refl ected by upregulated target expression patt erns in the niche 
and meristem, whereas downregulated genes predominantly express 
beyond the gradient of PLT accumulati on. For PLT2, both SELEX/EMSA 
and bioinformati cs analysis of ChIP-seq peaks appoint the same binding 
site consensus. Modifi cati on of such predicted binding sites in target 
promoters revealed their importance in PLT directed transcripti onal 
regulati on in planta. Together, these results provide us with a handle to 
investi gate how the PLT gradient is translated into the discrete expression 
patt erns of its targets. 
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P085 - Functional analysis of bromodomain- 
containing BRD1, BRD2 and BRD13 proteins in 
Arabidopsis 
 

JAROŃCZYK Kamila(1), WAWERSKA Katarzyna (2) , PATRYN 
Jacek(3) , ARCHACKI Rafal(1), JERZMANOWSKI Andrzej(1) 
(1) Laboratory of Systems Biology, Faculty of Biology, University 
of Warsaw, Warsaw, POLAND (2)  Institute of Biochemistry and 
Biophysics, Polish Academy of Sciences, Warsaw, POLAND(3)  College 
of Inter-Faculty Individual Studies in Mathematics and Natural 
Sciences, Warsaw, POLAND 
The SWI/SNF chromati n remodeling complexes perform essenti al role 
in control of transcripti on in eukaryoti c cells. SWI/SNF complexes in 
mammals (PBAF), yeast (RSC) and Drosophila (pBAP) include proteins 
with multi ple-bromodomains (Polybromo), which are assumed to 
target complexes to specifi c chromati n sites through interacti on 
of bromodomains with acetylated lysines of the core histones [1]. 
Arabidopsis genome does not contain genes encoding proteins with 
multi ple bromodomains. It is however possible that the functi ons 
of Polybromo are fulfi lled in plants by several proteins with single 
bromodomain [2]. Arabidopsis genome encodes 29 bromodomain-
containing proteins [3]. Studies in our laboratory as well as the published 
data [4] suggested that of these proteins BRD1, BRD2 and BRD13 could 
be involved in chromati n remodeling. Here, we present analysis of direct 
protein interacti ons between BRD and the subunits of SWI/SNF complex. 
Moreover, our phenotypic analysis of brd mutants suggests that BRD 
proteins are involved in leaf development and fl owering regulati on. Our 
results provide insights into the role of these newly identi fi ed SWI/SNF 
subunits in plant development. 

[1] Thompson (2009) Biochimie 91(3): 309&ndash;319 
[2] Jerzmanowski A. (2007) Biochim. Biophys. Acta 1769, 330-345 
[3] Rao et al. (2014) Trends Plant Sci 19: 550-553 
[4] Vercruyssen et al. (2014) Plant Cell 26: 210-229 

P086 - Identifi cation of plant genes involved in 
resistance of various plant viruses based on 
transcriptome analysis 
 

JO Yeonhwa(1), CHOI Hoseong(1), CHO Won Kyong(1) 
(1) Seoul National University, Seoul, SOUTH KOREA 
Chrysanthemum plants have been widely culti vated for fl oriculture and are 
hosts for many viral pathogens causing reducti on of quality and quanti ty 
of chrysanthemum producti on. In order to generate geneti cally modifi ed 
(GM) chrysanthemums resistant to viral pathogen, we recently performed 
gene expression profi les of the chrysanthemum in response to three plant 
viruses such as Cucumber mosaic virus (CMV), Tomato spott ed wilt virus 
(TSWV) and Potato virus X (PVX) using a chrysanthemum135K microarray. 
We identi fi ed several diff erenti ally expressed genes and 33 genes were 
commonly regulated by three viruses. Of identi fi ed 33 genes, we validated 
expression of six genes including ethylene-responsive transcripti on factor 
4, protein phosphatase 2c, ribonucleoside-diphosphate reductase, basic 
7c globulin, GDSL esterase lipase, and an unknown functi on gene by real 
ti me RT-PCR. To characterize functi ons of those genes in detail, we are 
now producing transgenic Arabidopsis plants overexpressing individual 
chrysanthemum gene. The generated transgenic Arabidopsis plants will 
be tested for the virus resistance. A chrysanthemum gene showing strong 
virus resistance will be selected for the generati on of GM chrysanthemum 
resistant to various viral pathogens. Taken together, our study is the 
fi rst comprehensive chrysanthemum transcriptome analysis to identi fy 
genes involving in virus infecti on. In additi on, the functi onal study using 
Arabidopsis plants is an eff ecti ve approach to select a chrysanthemum 
gene for the GM chrysanthemum resistant to viral pathogens. 

P087 - The 5′UTR-intron of the Gladiolus 
polyubiquitin promoter GUBQ1 enhances 
translation effi  ciency in Gladiolus and 
Arabidopsis 
 

KIM Ah-Young(1), PARK Se Hee(1), KIM Hyun Min(1), MA Sang 
Hoon(1), JOUNG Young Hee(1)

(1) CHONNAM National university, Gwangju, SOUTH KOREA 
Introns have been known to aff ect both the level and ti ssue-specifi c 
expression of genes in many plants. This study characterizes the levels of 

GUS expression and levels of uidA mRNA that code for Y-glucuronidase 
(GUS) expression in leaves of Gladiolus and Arabidopsis using GUBQ1, a 
polyubiquiti n promoter with a 1.234 kb intron, isolated from the non-
cereal monocot Gladiolus, and an intronless version of this promoter. 
Gladiolus and Arabidopsis were transformed with the uidA gene that was 
under control of either the GUBQ1 promoter (1.9 kb), a 5&prime; GUBQ1 
promoter missing its 
1.234 kb intron (0.68 kb), or the CaMV 35 S promoter. Histochemical 
staining showed that GUS was expressed throughout leaves and roots 
of Gladiolus and Arabidopsis with the 1.9 kb GUBQ1 promoter. GUS 
expression was signifi cantly decreased in Gladiolus and abolished in 
Arabidopsis when the 5&prime;UTR-intron was absent. In Arabidopsis 
and Gladiolus, the presence of uidA mRNA was independent of the 
presence of the 5&prime;UTR-intron. The 5&prime;-UTR intron enhanced 
translati on effi  ciency for both Gladiolus and Arabidopsis. 

P088 - Temporal dynamics of NAC regulatory 
networks underlying leaf aging 
 

KIM Hyo Jung(1), PARK Ji Hwan (2) , HONG Sunghyun(1), KIM 
Jeongsik(1), KIM Jinhee(1), KIM Jingil(1), WOO Hye Ryun (3, LIM 
Pyoung Ok(3) , HWANG Daehee(1), NAM Hong Gil(1)  
(1) Center for Plant Aging Research, IBS, Daegu, SOUTH KOREA (2)  
Department of Chemical Engineering, POSTECH, Pohang, SOUTH 
KOREA(3)  Department of New Biology, DGIST, Daegu, SOUTH KOREA 
Aging and senescence are induced by an extensive range of developmental 
and environmental signals and controlled by multi ple, cross-linking 
pathways. Elucidati on of this complex process requires the systems-level 
understanding of molecular networks and network modules, overcoming 
the current, individual component-based view. Furthermore, aging 
and senescence are dynamic process, which are regulated by temporal 
changes of molecular networks for the functi onal and regulatory 
transiti on of cells, organs, and organisms. We previously identi fi ed the 
trifurcate feed forward pathway for age-dependent cell death involving 
EIN2, ORE1, and miR164 in Arabidopsis, which revealed fundamental 
characteristi cs of network-level control of plant aging and senescence. 
ORE1 is one of 109 NAC transcripti on factors that form heterodimers 
and transcripti onally regulate themselves. We extended this network 
structure for a bett er understanding of the aging network, through 
analyzing gene regulatory networks for leaf-expressed NAC genes along 
aging. In-depth analyses revealed that the geneti c regulatory networks 
are composed of highly linked regulatory modules and these key modules 
involving the positi ve and negati ve regulati on may have an important role 
in maintaining the balance between cell maintenance and cell death. We 
also discovered temporal changes of the key regulatory interacti ons. We, 
eventually, aim to unveil operati ng system principles for temporal design 
of functi onal network modules underlying leaf aging. 

P089 - New mechanistic links between 
Topoisomerase VI and the transcriptional 
response to photooxidative stress 
 

VRIET Cécile(1), ACHARD Dorine(1), DIMNET Laura(1), BREUER 
Christian (2) , SUGIMOTO Keiko (2) , LALOI Christophe(1) 
(1) Aix-Marseille University, Marseille, FRANCE (2)  RIKEN Center for 
Sustainable Resource Science, Yokohama, JAPAN 
Environmental stresses disrupt the metabolic balance of cells, resulti ng 
in the increased photoproducti on of reacti ve oxygen species (ROS) in 
chloroplasts. The generated ROS may then act as signalling molecules 
that are involved in plasti d-to-nucleus retrograde signalling and 
eventually acti vate nuclear genes and the plant defense responses. A 
geneti c screen aimed to identi fy new factors involved in ROS retrograde 
signalling in Arabidopsis has allowed us to disclose the central role of the 
topoisomerase VI (Topo VI) as a key regulator in the plant response to 
environmental stress conditi ons, by controling the expression of ROS-
responsive genes. Using a yeast-two-hybrid screen, we have identi fi ed 
an interacti on between Topo VI and a RNA polymerase II (Pol II) general 
transcripti on factor (TFII). This interacti on has been confi rmed in planta 
and gives the fi rst hints of possible mechanisms by which Topo VI may 
regulate gene expression, namely by directly interacti ng with the 
transcripti on machinery. Mutant lines defecti ve for each interactor are 
hypersensiti ve to photooxidati ve stress. A RNA-seq comparison of the 
gene expression profi les shows that more than 85% of the photooxidati ve 
stress-induced genes whose expression is compromised in the Topo VI 
mutant are similarly aff ected in the TFII mutant. This high similarity in gene 
expression between the two mutants is consistent with Topo VI acti ng 
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with Pol II complexes during the response of plants to photooxidati ve 
stress. 

P090 (Talk) - DOF AFFECTING GERMINATION 
2 is a positive regulator of light-mediated 
seed germination and is repressed by DOF 
AFFECTING GERMINATION 1 

LORRAI Riccardo(1), SANTOPOLO Silvia(1), BOCCACCINI 
Alessandra(1), RUTA Veronica(1), COSTANTINO Paolo(1), 
VITTORIOSO Paola(1) 
(1) Istituto Pasteur Fondazione Cenci Bolognetti, Dipartimento di 
Biologia e Biotecnologie “C. Darwin”, Sapienza Università di Roma, 
Rome, ITALY 
The Arabidopsis protein DOF AFFECTING GERMINATION (DAG2) shares a 
high degree of aminoacidic identi ty with DAG1, a negati ve regulator of the 
phytochromeB-mediated seed germinati on process. We have previously 
shown that inacti vati on of the Dof proteins DAG1 and DAG2 aff ects in 
opposite ways seed germinati on: dag2 mutant seeds required more light 
and GA than wild-type seeds to germinate, whereas germinati on of dag1 
seeds was less dependent on these factors. We also pointed out that 
DAG1 acts downstream of PHYTOCROME INTERACTING FACTOR3-LIKE 5 
(PIL5), and it negati vely regulates GA biosynthesis by directly repressing 
the GA biosyntheti c gene AtGA3ox1. More recently, we proved that DAG2, 
opposite to DAG1, functi ons as a positi ve regulator in the molecular 
pathway controlling seed germinati on, downstream of PIL5 and DAG1, 
and that it is directly repressed by DAG1. 

P091 - Characterising the Regulation Network 
of Transcription Factor MYB26 during Anther 
Dehiscence and Pollen Release in Arabidopsis 
thaliana 

MO Rui(1), SONG Jie (2) , TAYLOR Benjamin(1), WILSON Zoe(1) 
(1) University of Nottingham, Loughborough, UNITED KINGDOM (2)  
Imperial College London, London, UNITED KINGDOM 
Release of pollen and anther development aff ects the success of 
ferti lisati on and thus indirectly crop yields. During the dehydrati on 
of the anther secondary thickening, which is regulated by the 
MYB26 transcripti on factor, produces mechanical force in the anther 
endothecium layer to facilitate anther dehiscence; mutati on of MYB26 
results in a failure of anther dehiscence and functi onal male sterility. 
However the regulatory network of MYB26 remains to be fully identi fi ed. 
Two NAC domain transcripti on factors, that act redundantly, have been 
linked to the regulati on of anther secondary thickening and dehiscence, 
these are NAC SECONDARY WALL-PROMOTING FACTOR1 (NST1) 
and NST2 (Mitsuda et al., 2005). These show acti vati on by increased 
expression of MYB26, and down-regulati on in myb26 mutant. Chromati n 
Immunoprecipitati on(ChIP)-PCR results provide evidence of MYB26 
binding to promoter region of NST1 and NST2. Additi onal targets are 
being identi fi ed for ChIP screening by analysis of microarray data from 
the myb26 mutant. Preliminary results suggest that MYB26 binds to 
promoter regions of NST1 and NST2. However electrophoreti c mobility 
shift  assay (EMSA) didn”t show consistent results, possibly due to the 
requirement of additi onal proteins to facilitate MYB26 binding, thus 
protein pull-down experiment coupled with mass spectrometry and 
fl uorescence resonance energy transfer (FRET) will be adopted to study 
the MYB26 protein complex. 

P092 - Transcriptional control of four pollen 
specifi c receptor like cytoplasmic kinases 
during late pollen development and pollen 
tube growth in Arabidopsis 

PARRA Samuel(1), LUCCA Noel(1), PAVEZ Catalina(1), LEÓN 
Gabriel(1) 
(1) Universidad Andres Bello, santiago, CHILE 
In land plants, the correct growth of the pollen tube is essenti al for a 
successful reproducti on. This process requires the mature pollen grain to 
sense the recepti ve sti gma and then to grow and reach the ovule. Although 
many of these processes have been well characterised at physiological 
level, the underlaying molecular mechanisms has not been well established 
yet. Several genes have been related to transcripti onal control of pollen 

specifi c genes, however there is no universal mechanism that regulates this 
process. Here we analysed the transcripti onal control of four pollen specifi c 
receptor like cytoplasmic kinases (PS-RLCKs) by the trihelix transcripti on 
factor GT-4 and the RNP variant STEP1 as a putati ve ortholog to the Lilium
germline restricti ve silencing factor in Arabidopsis thaliana. Quanti tati ve 
real-ti me PCR shows a decrease of PS-RLCKs transcripts in GT-4 mutants 
and a slightly increase in STEP1 mutant lines. In vitro pollen germinati on of 
mutant plants showed abnormal pollen tubes suggesti ng that the decrease 
of pollen specifi c genes in the GT-4 mutant lines is correlated with the 
abnormal phenotypes and reduced seed set in these plants. 

P093 - Transcriptome of Oriental Melon 
 

KIM Hyun A(1), SHIN Ah-Young(1), AHN Jongmoon (2) , NAHM 
Seokhyeon (2) , PARK Jeong Mee(1), KWON Suk-Yoon(1) 
(1) Plant Systems Engineering Research Center, Korea Research 
Institute of Bioscience and Biotechnology (KRIBB),  Daejeon, SOUTH 
KOREA (2)  Nongwoo Bio Co., LTD., Yeoju, SOUTH KOREA 
Oriental melon (Cucumis melo L. var. makuwa) is one of six subspecies 
and culti vated widely in China, Japan, and Korea. Comparing to its 
economic importance in Asia market and the disti ncti ve geneti c features 
of oriental melon to other subspecies, there are few reports of genome 
scale researches about oriental melon. We performed RNA-sequencing 
and generated 30.5 Gbp and 36.8 Gbp raw data from female fl ower, male 
fl ower, leaf, root and fruit of two oriental melon varieti es, KM (Korea 
landrace) and NW (Breeding line of NongWoo Bio Co.), respecti vely. 
From the raw reads, 64,998 transcripts from KM and 100,234 transcripts 
from NW were de novo assembled. Assembled transcripts were used 
for detecti on of single nucleoti de polymorphisms (SNPs) and simple 
sequence repeat (SSR) markers, screening of ti ssue-specifi c genes, and 
constructi on of linkage map using the markers. Between KM and NW, 234 
SNP markers of the total 7,871 candidates and 25 SSR markers of the total 
8,502 candidates showed polymorphism in the two culti vars. Finally, 234 
SNP and 25 SSR markers were screened in 94 F2 populati on and showed 
clear co-dominant type Mendelian segregati ons. 259 markers were used 
to construct linkage map and 248 markers were distributed in twelve 
linkage groups and 11 markers were unlinked. It is promise that genomic 
sequence data and molecular markers of oriental melon in this study may 
provide useful informati on to improve the molecular breeding of oriental 
melon and other related species. 

P094 - Molecular Basis for Protein Interaction 
and the Control of Auxin Response Repression 
 

STRADER Lucia(1), KORASICK David(1), JEZ Joseph(1) 
(1) Washington University, St. Louis, UNITED STATES 
Auxin signaling guides plants through nearly every aspect of growth and 
development. PB1 domain interacti ons among AUXIN RESPONSE FACTOR 
(ARF) and AUXIN/INDOLE 3-ACETIC ACID (Aux/IAA) proteins regulate 
auxin-responsive gene transcripti on. Understanding the driving forces 
behind these protein-protein interacti ons that facilitate auxin signal 
transducti on is vital. The crystal structure of the C-terminal interacti on 
domain of Arabidopsis ARF7 reveals a Phox and Bem1p (PB1) domain that 
provides both positi ve and negati ve electrostati c interfaces for directi onal 
protein interacti on. In this work, we investi gate the att racti ve forces that 
infl uence ARF-ARF self-interacti on. We found using isothermal ti trati on 
calorimetry and NMR chemical shift  experiments that key residues on 
both the basic and acidic faces of the domain contribute to and organize 
coordinately to stabilize PB1 domain binding. Our data suggest the 
positi vely charged residues on the basic face of the PB1 domain drive the 
interacti on, whereas the less structured acidic domain face coordinates 
around these residues to anchor the binding. These thermodynamic and 
structural analyses uncover the driving forces and key residues involved 
in PB1 domain interacti ons that universally organize cellular signaling 
scaff olds. Our data suggest a revised model of auxin response in which 
ARF and Aux/IAA multi merizati on are necessary for regulati on of auxin 
response. 
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P095 (Talk) - Detailed analysis on a cis-element 
sequence of VND7, a master switch of xylem 
vessel cell diff erentiation in Arabidopsis 

TAMURA Taizo(1), YAMAGUCHI Masatoshi (2) , ENDO Hitoshi(1), 
YONEDA Arata(1), KATO Ko(1), OHTANI Misato(1), DEMURA 
Taku(1) 
(1) Nara institute of science technology, Takayamacho, Ikoma-shi, 
JAPAN (2)  Saitama university, Shimo-ohkubo, Sakura-ku, Saitama-
shi, JAPAN 
Xylem ti ssues of vascular plants contain vessel cells and fi ber cells, 
which functi on in water transport and supporti ng, respecti vely. Their 
cell diff erenti ati on processes are regulated by a certain group of NAC 
transcripti on factors including VASCULAR-RELATED NAC-DOMAIN7 
(VND7) and SECONDARY WALL&ndash;ASSOCIATED NAC DOMAIN 
PROTEIN1 (SND1). VND7 and SND1 are considered as transcripti onal 
switches for diff erenti ati on of xylem vessel cells and fi ber cells, 
respecti vely; however, molecular functi onal analysis revealed that they 
can recognize similar DNA sequences as target cis-elements, suggesti ng 
that our knowledge is sti ll not enough to understand how VND7 and SND1 
induce the diff erenti ati on of diff erent cell types. To obtain the detailed 
informati on on the binding affi  nity of VND7 or SND1 to DNA sequences, 
we established the Fluorescence Correlati on Spectroscopy (FCS)-based 
system, in which the binding affi  niti es between recombinant proteins 
and fl uorescence-labeled DNA are measured and a cis-element sequence 
can be determined at a single nucleoti de resoluti on. By using the 
promoter sequence of XCP1 gene, a well-known direct target of VND7, 
we successfully refi ned the cis-element sequence for VND7. The binding 
affi  nity of SND1 to this sequence was clearly lower than that of VND7. 
Based on the results, we will discuss if the diff erence of DNA sequence 
preference between VND7 and SND1 can simply explain their disti nct 
acti vity of cell diff erenti ati on inducti on. 

P096 - Arabidopsis MYC transcription factors 
control the jasmonate-responsive expression 
of the ORA47 gene encoding a regulator of 
jasmonate biosynthesis 
 

ZHANG Kaixuan(1), KHURSHID Muhammad(1), MEMELINK 
Johan(1) 
(1) Institute of Biology, Leiden University, P.O.Box 9505, 2300 RA, 
Leiden, THE NETHERLANDS 
Jasmonic acid (JA) and related oxylipins, collecti vely known as jasmonates 
(JAs), are key regulators of plant development and plant responses to 
abioti c and bioti c challenges. Upon herbivore or pathogen att ack plants 
produce JAs. The regulati on of their biosynthesis is not well understood 
at the molecular level. We found that overexpression of the AP2/ERF-
domain transcripti on factor ORA47 leads to elevated expression of 
all JAs biosynthesis genes and to elevated levels of JAs, indicati ng that 
ORA47 controls the positi ve feedback loop. ORA47 is itself encoded by a 
JAs-responsive gene. We explored the hypothesis that the ORA47 gene 
is regulated by the functi onally redundant JAs-responsive transcripti on 
factors MYC2, MYC3 and MYC4. Our results show that the MYC proteins 
can trans-acti vate the ORA47 promoter via interacti on with a single 
G-box. Triple knockout of MYC genes or overexpression of a stable JAZ1 
derivati ve abolished JAs-responsive ORA47 expression, demonstrati ng 
the crucial role of the MYC-JAZ module in regulati on of ORA47 expression. 

Biotic interactions 
Posters 097 to 156

P097 - The role of Argonaute 2 protein in the 
defense against viral and bacterial pathogens 
 

BROSSEAU Chantal(1), ADUROGBANGBA Ayooluwa(1), 
MOFFETT Peter(1) 
(1) Universite de Sherbrooke, Sherbrooke, CANADA 
RNA silencing is a major mechanism of consti tuti ve anti viral defense in 
plants. Arabidopsis encodes four Dicer-like (DCL) proteins and ten diff erent 
Argonaute (AGO) proteins that are specialized to functi on in diff erent RNA 
silencing-related mechanisms. To date, AGO1, AGO2 and AGO5 are known 
to possess anti viral acti vity against diff erent viruses. We have previously 
shown that AGO2 plays an important role in protecti ng plants against 

viruses, including Potato virus X (PVX) in Arabidopsis. To investi gate which 
Argonautes are required for resistance against PVX in Arabidopsis, we 
have used transient expression of AGO proteins in the suscepti ble host 
Nicoti ana benthamiana. Using this system we found that AtAGO2, but 
not NbAGO2, possesses intrinsic anti viral acti vity against PVX. Consistent 
with this, we fi nd that acti vity of NbAGO2, but not AtAGO2, is supressed 
by the PVX suppressor of RNA silencing, P25. In additi on, we have 
observed natural variati on in AtAGO2 in Arabidopsis ecotypes and found 
that certain polymorphisms correlate with the degree of suscepti bility 
to PVX. To investi gate whether these polymorphisms specifi cally aff ect 
virus resistance, we challenged Arabidopsis introgression lines carrying 
diff erent AtAGO2 alleles with Pseudomonas syringae. Our results indicate 
that natural variati on in RNA silencing components can have important 
eff ects on plant-pathogen interacti ons 

P098 - MLP124478 : Subcellular localization and 
alteration of transcriptional status 
 

AHMED Md Bulbul(1), PETRE Benjamin (2) , GERMAIN Hugo(1) 
(1) Department of Chemistry, Biochemistry & Physics, University of 
Quebec at Trois-Rivieres (UQTR), Trois-Rivieres, CANADA 
(2)  The Sainsbury Laboratory, Norwich Research Park, NR4 7UH, 
Norwich, UNITED KINGDOM 
Pathogen secrete eff ectors into the host cells to suppress host immunity 
or facilitate invasion. In plant cells, host proteins associated with eff ectors 
can be classifi ed as facilitators or targets. However, few eff ectors have 
known functi on in host cells and the host molecules they target are 
largely unknown. To address this questi on, the genome of Melampsora 
larici-populina (MLP) (poplar leaf rust) was mined and revealed over 
1200 candidate eff ectors. Confocal microscopy revealed fl uorescent 
signal of MLP124478-GFP (a candidate rust eff ector) in nucleus and 
nucleolus. Moreover, truncati on and site-directed mutagenesis was 
performed to assess the amino acids contributi ng to the nucleolar 
localizati on. Truncated proteins revealed similar localizati on. However, 
mutagenized protein (K67N and K73N) showed diminished fl uorescence 
from the nucleolus, indicati ng that these two lysine could be responsible 
for nucleolar localizati on. Ion torrent based transcriptome assay was 
performed for genes whose expression is explicitly altered in response 
to the consti tuti ve expression of 124478-GFP. TFBSs database (AthaMap, 
Pscan and PlantPan) revealed four diff erent TFs (ABF1, TGA1a, ABH5 & 
TCP16) over-represented in 73 genes with altered expression in the 
transgenic. The latt er result suggests that MLP124478 aff ects transcripti on 
to suppress the normal transcripti onal response to pathogen.</p> 

P099 (Talk) - The transcriptome of Arabidopsis 
roots infected with an oomycete identifi es 
genes required for plant defense and 
susceptibility 
 

LE BERRE Jo-Yanne(1), GOURGUES Mathieu(1), SAMANS Birgit 
(2) , KELLER Harald(1), PANABIÈRES Franck(1), ATTARD Agnes(1)

(1) INRA, Sophia-Antipolis, FRANCE (2)  Department of Plant Breeding, 
Giessen, GERMANY 
Litt le is known about the responses of plant roots to fi lamentous pathogens, 
parti cularly for oomycetes. We investi gated the overall changes in gene 
expression in A. thaliana roots challenged with Phytophthora parasiti ca. 
We analyzed various infecti on stages, from penetrati on by the pathogen 
and establishment of the interacti on to the switch from biotrophy to 
necrotrophy. We then carried out functi onal analyses, to identi fy the 
functi ons involved. The A. thaliana transcriptome displays a dynamic 
response to P. parasiti ca infecti on, from penetrati on onwards. Some genes 
were specifi cally coregulated during penetrati on and biotrophic growth 
of the pathogen. In additi on, many genes encoding DC1 domain-and VQ 
moti f-containing proteins were found to be upregulated in plant roots, 
early in infecti on. Inacti vati on of two DC1-and one VQ-genes signifi cantly 
increased suscepti bility to P. parasiti ca infecti on. These proteins thus 
contribute to root defense responses, restricti ng penetrati on and the 
biotrophic growth of the oomycete pathogen. By contrast, inacti vati on 
of another DC1 domain-containing proteins and a transcripti on factor 
showed these proteins promote P. parasiti ca development in roots. Our 
data suggest that the parti cular geneti c program specifi cally acti vated 
during penetrati on may determine the outcome of pathogen invasion. 
These results and the functi onal analysis of genes will be presented. Their 
potenti al use for plant protecti on purposes will be discussed. 
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P100 (Talk) - H2A.Z and SWR1 chromatin 
remodelling complex components have 
distinct functions in plant immunity and gene 
regulation in Arabidopsis 

BERRIRI Souha(1), KUMAR Vinod(1) 
(1) Department of Cell and Developmental Biology, John Innes 
Centre, Norwich Research Park, Norwich, UK 
In order to adapt to the environmental conditi ons, plants need 
to effi  ciently modulate their gene expression. Transcripti onal 
reprogramming is important in growth and developmental processes as 
well as in response to stresses. Gene expression regulati on is controlled 
by multi ple molecular mechanisms, especially by the chromati n structure 
dynamics. Chromati n remodeling complexes control gene expression 
by modulati ng chromati n architecture or by incorporati ng histone 
variants. The SWR1 complex (SWR1c), a Swi2/Snf2-related ATPase-
containing chromati n remodeling complex, catalyzes the incorporati on of 
the histone variant H2A.Z into nucleosomes. In Arabidopsis H2A.Z and 
homologs of SWR1c components have been shown to be important for 
the transcripti onal regulati on underlying development, thermosensory 
responses and defense. We are interested in deciphering the role of 
SWR1c/H2A.Z in Arabidopsis immunity. Through a systemati c analysis, 
we have characterized the functi on of the putati ve Arabidopsis SWR1c 
subunits PHOTOPERIOD-INDEPENDENT EARLY FLOWERING1 (PIE1), 
ACTIN-RELATED PROTEIN6 (ARP6), and SWR1 COMPLEX 6 (SWC6), as well 
as H2A.Z, in diff erent layer of immunity and in gene regulati on. Our data 
indicates that although they belong to the same complex, Arabidopsis 
SWR1c components are functi onally specialized and have non-redundant 
functi ons in plant immunity. 

P101 - A tandem affi  nity purifi cation (TAP)-
based strategy to study the Arabidopsis 
MEKK1-MKK2-MPK4 module 
 
BIGEARD Jean(1), COLCOMBET Jean(1), PFLIEGER Delphine (2) , 
PATEYRON Stéphanie(1), HIRT Heribert(3)  
(1) Institute of Plant Sciences Paris-Saclay (IPS2), Orsay, FRANCE 
(2)  Laboratoire Analyse et Modélisation pour la Biologie et 
l’Environnement (LAMBE), Evry, FRANCE(3)  King Abdullah University 
of Science and Technology (KAUST), Thuwal, SAUDI ARABIA 
Mitogen-acti vated protein kinases (MAPKs) are present in all eukaryotes. 
They functi on in signal transducti on modules where a MAPK kinase 
kinase (MAPKKK) acti vates by phosphorylati on a MAPK kinase (MAPKK) 
which in turn acti vates by phosphorylati on a MAPK. The MEKK1-MKK1/
MKK2-MPK4 module, involved notably in Arabidopsis immunity, has 
been well studied at the geneti c level and some substrates of MPK4 have 
been identi fi ed, but relati vely litt le is known about the protein regulati on 
of this cascade. Are there MAPK scaff old proteins like in yeast and 
mammals? Are there proteins implicated in the spati al distributi on of this 
cascade? To try to answer such questi ons, a tandem affi  nity purifi cati on 
(TAP)-based strategy was employed. Stably transformed plants were fi rst 
obtained where a TAP-tagged MAPK was expressed in the corresponding 
mpk knock-out geneti c background. TAP experiments with tagged MEKK1, 
MKK2 and MPK4 plant lines were then realized in several replicates and 
purifi ed proteins were identi fi ed via liquid chromatography coupled to 
tandem mass spectrometry analysis. Several putati ve interactors of 
the MAPK module were cloned and are currently tested by yeast two-
hybrid and bimolecular fl uorescence complementati on assays. In parallel, 
knock-out and tagged lines of selected components were isolated and are 
undergoing molecular phenotypic analysis in the context of Arabidopsis 
immunity. 

P102 - Large-scale screening reveals a genetic 
framework of stomatal immunity. 
 

BOURDAIS Gildas(1), ZHOU Ji (2) , MCLACHLAN Deirdre(1), 
ROBATZEK Silke(1) 
(1) The Sainsbury Laboratory, Norwich, UNITED KINGDOM (2)  The 
Genome Analysis Centre, Norwich, UNITED KINGDOM 
Stomata are microscopic pores at the surface of the leaf that regulate 
gas exchanges but they also provide direct entry points for pathogens to 
enter plant ti ssues. To prevent invasion, stomata can close in response 
to so-called pathogenassociated molecular patt erns (PAMPs) such as 
chiti n and fl agellin, through the acti on of the cognate patt ern recogniti on 
receptors. Even if a number of components required for stomata 

closure upon bioti c stress have been previously identi fi ed, we sti ll lack 
a complete understanding of the pre-invasive immunity mechanism. 
To address this questi on, we developed a high throughput method of 
stomata imaging, allowing us to measure the stomata pores for a large 
set of selected mutants (200 genotypes) in various conditi ons. The 
analysis of the responses to PAMPs, ABA and second messengers allow 
us to build bioti c and abioti c signalling networks. The method robustly 
identi fi es stomata phenotypes of known mutants in development, abioti c 
stresses and immunity, but more interesti ngly it highlights members 
of the vesicle traffi  cking pathway (CHC, VPS37, SNAREs) as being key 
regulators of stomatal movement aft er PAMP percepti on. Further analysis 
of CHC mutants reveal that clathrin-mediated endocytosis contributes 
to signalling cues important for the full deployment of plant defences 
against bacterial pathogens. This complete approach allow us to compare 
signalling networks leading to stomatal closure as well as identi fying new 
genes involved in immunity. 

P103 - Microbial sphingosylphosphorylcholine 
(lysosphingomyelin) is a potential activator 
of the innate immune system of Arabidopsis 
thaliana 
 

BUCHER Marcel(1), BUER Benjamin(1), CZERSON Matthias(1), 
VIJAYAKUMAR Vinod(1), RANF Stefanie (2) , KROL Elzbieta(3) , 
UROIC Kalle(1), LUCAS Christina(1), SCHEEL Dierk (2) , RAINER 
Hedrich(3)  
(1) Botanical Institute, Cologne Biocenter, Cluster of Excellence on 
Plant Sciences (CEPLAS), University of Cologne, Cologne, GERMANY 
(2)  Leibniz Institute of Plant Biochemistry, Stress and Developmental 
Biology, Halle, GERMANY(3)  University of Würzburg, Department of 
Molecular Plant Physiology and Biophysics, Würzburg, GERMANY 
Plants live in constant interacti on with microbes of various life styles. 
In pathogenic interacti ons the plant´s response to microbial infecti on 
is triggered by receptor-mediated recogniti on of microbe-associated 
molecular patt erns (MAMPs), i.e. bacterial fl agellin, lipopolysaccharides, 
pepti doglycans or fungal or oomycete proteins, pepti des or glucan and chiti n 
oligomers. In this study we used diverse methods to identi fy a novel putati ve 
MAMP of the class of sphingolipids, i.e. sphingosylphosphorylcholine (SPC). 
SPC is a ubiquitous molecule of plant-associated bacteria of the genus 
Sphingomonas. We show that SPC acti vates plant defense responses on 
transcripti onal and physiological levels. Upon exposure of Arabidopsis leaves 
to SPC, elevated Ca2+ levels correlated with membrane depolarizati ons, 
genes of the innate immune system were acti vated, and levels of the 
plant defense hormone salicylic acid and the phytoalexin camalexin were 
increased in wild type but not in mutants which are defecti ve in SA and 
camalexin synthesis (sid2 and pad3). Moreover, SPC enhanced resistance 
against the biotrophic pathogen Hyaloperonospora arabidopsidis. As litt le 
is known about plant immunity-related responses involving sphingolipids, 
the study of SPC can provide deeper insight into the diversity of MAMPs 
and the molecular mechanisms underlying chemical communicati on in 
plant-pathogen interacti ons and cellular outputs. 

P104 - Identifi cation of Resistance Genes 
against Albugo candida Using CRISPR-Cas9 in 
Arabidopsis thaliana 
 

CASTEL Baptiste(1), CEVIK Volkan(1), FURZER Oliver(1), 
TOMLINSON Laurence(1), JONES Jonathan(1) 
(1) THE SAINSBURY LABORATORY, Norwich, UNITED KINGDOM  
Albugo candida is an obligate biotrophic oomycete that causes white rust 
disease on many Brassicaceae including the crop species B. oleraceae 
and B. juncea. Some A. candida races can also infect the model plant 
Arabidopsis thaliana. Therefore, A. thaliana/A. candida pathosystem 
can be uti lized to clone White Rust Resistance (WRR) genes that can be 
transformed directly into various Brassicaceae crops. 
All the A. thaliana lines tested so far are resistant to the Brassica 
oleraceae-infecti ng race AcBoT. This therefore hinders geneti c studies in 
order to identi fy non-host resistance genes against this A. candida race 
in A. thaliana. Since eds1 mutants of A. thaliana are fully suscepti ble 
to this race, AcBoT resistance in A. thaliana is most likely due to TIR-
NB-LRR encoding resistance genes. We therefore developed a strategy 
to generate null alleles of TIR-NB-LRR genes using CRISPRCas9 genome 
editi ng, in order to create suscepti ble A. thaliana lines to AcBoT. We 
designed 68 gRNAs targeti ng 89 TIRNB-LRR encoding genes annotated 
from Col-0 TAIR10. Based on identi ty in nucleoti des, some gRNAs target 
more than one gene. We are currently cloning these gRNAs together with 
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Cas9 in two diff erent T-DNAs by Golden Gate cloning and transforming A. 
thaliana lines. Any AcBoT suscepti ble mutants derived from those lines 
will be used to identi fy AcBoT resistance genes. Progress in identi fi cati on 
of CRISPR-induced mutati ons will be presented. 

P105 - Roles of tomato ERF38 and ERF35 in 
stress responses 
 
WANG Ying-Ju(1), YANG Tsung-Lin(1), LIU An-Chi(1), CHENG 
Chiu-Ping(1) 
(1) Institute of Plant Biology, National Taiwan University, Taipei, 
TAIWAN 
Ethylene-response factors (ERFs) are a large family of plant-specifi c 
transcripti on factors involved in various stress responses; however, our 
knowledge about their functi ons and the involved regulatory mechanisms 
is sti ll rudimentary. In this study, fi ve uncharacterized members of tomato 
ERF group VIII (SlERF35/36/37/38/39) were studied for their roles in 
plant response to bacterial wilt (BW) caused by Ralstonia solanacearum 
and water defi cit (WD). The studied ERFs localize in nucleus and confer 
transcripti onal repression acti vity. These genes display diff erenti al 
transcripti onal expression patt erns in various ti ssues and under stress 
and hormone treatments. Transient gene silencing assays suggest their 
positi ve role in tomato defense against BW and negati ve role in the 
tolerance to WD. Furthermore, by characterizing SlERF38-overexpressor 
transgenic plants, we propose that SlERF38 may de-repress ethylene 
(ET) signaling and repress jasmonic acid (JA) signaling, leading to its 
eff ect on reproducti on and responses to diseases and WD. Moreover, by 
characterizing SlERF35-overexpressor transgenic plants, it is suggested 
that SlERF35 is involved in the chlorophyll degradati on induced by stress 
hormones and the tolerance to BW. These results reveal overlapping as 
well as diff erenti al roles of these regulators in plant development and 
stress responses. 

P106 - Negative regulation of the central 
immune regulator BIK1 by the Arabidopsis 
protein phosphatase type-2C PIB 
 

COUTO Daniel(1), NIEBERGALL Roda(1), LIANG Xiangxiu (2), 
BÜCHERL Christoph(1), SKLENAR Jan(1), MENKE Frank(1), 
MACHO Alberto(1), NTOUKAKIS Vardis(1), ZHOU Jian-Min (2) , 
ZIPFEL Cyril(1) 
(1) The Sainsbury Laboratory, Norwich, UNITED KINGDOM (2)  
Institute of Genetics and Developmental Biology, Chinese Academy 
of Sciences, Beijing, CHINA 
The Arabidopsis leucine-rich repeat receptor kinases (LRR-RKs) FLS2 and 
EFR are the immune receptors for the bacterial pathogen-associated 
molecular patt erns (PAMPs) fl agellin and EF-Tu, respecti vely. Upon 
elicitati on, EFR and FLS2 recruit the co-receptor BAK1 to initi ate PAMP-
triggered immunity (PTI). The cytoplasmic kinase BIK1 is a direct substrate 
of the receptor complex and plays a crucial role in the acti vati on of 
PTI signaling. BIK1 phosphorylates and acti vates the NADPH oxidase 
RBOHD leading to a PAMP-induced burst of reacti ve oxygen species 
(ROS). RBOHD-mediated ROS producti on is required for PAMP-induced 
stomatal closure, which is thought to restrict bacterial entry into the 
apoplast. Appropriate immune signaling initi ati on, ti ming and amplitude 
must be carefully regulated to avoid excessive acti vati on of immune 
responses, which can lead to autoimmune diseases and severe growth 
defects. However, the mechanisms that negati vely regulate PTI in plants 
are not fully understood. Here, we identi fy a protein phosphatase type-
2C, tentati vely named PIB, as a negati ve regulator of PTI. We show 
that PIB associates with and dephosphorylates BIK1. Accordingly, PIB 
overexpression compromises PAMP-triggered ROS burst, stomatal 
closure and anti -bacterial immunity. Notably, PAMP percepti on leads to 
PIB phosphorylati on and release from BIK1, which most likely enables full 
BIK1 acti vati on. Our results uncover a novel component involved in the 
ti ght regulati on of plant immune signaling. 

P107 - Identifi cation and characterization of 
desert plant bacterial endophytes inducing 
abiotic stress tolerance in Arabidopsis thaliana 
 

DE ZELICOURT Axel(1), SYNEK Lukas(1), LAFI Feras(1), ROLLI 
Eleonora (2) , SATBHAI Santosh(3) , BUSH Wolfgang(3) , GEURTS 
Rene (4), BISSELING Ton(4), SAAD Maged(1), HIRT Heribert(1) 
(1) KAUST-CDA, Thuwal, SAUDI ARABIA (2)  Institute of Plant Sciences 
Paris-Saclay, Evry, FRANCE(3)  Gregor Mendel Institute, Vienna, 
AUSTRIA(4) Department of Plant Sciences, Laboratory of Molecular 
Biology, Wageningen University, Wageningen, NETHERLANDS 
Food security is of major importance globally and harvest losses due to 
abioti c stresses amount to more than 60% of total producti vity, making 
abioti c stress tolerance the main goal of crop improvement worldwide. 
The ability of a variety of plants to cope with stress conditi ons depends 
on their associati on with rhizosphere microbes and can potenti ally help 
increase food producti on in a sustainable way. However, so far neither 
the microbial diversity nor the mechanisms of their benefi cial interacti on 
with plants are suffi  ciently understood. Our project is to isolate and 
characterize endophyte microbial strains that can help plants to survive 
and develop in harsh conditi ons. From an endophyte bacterial library 
isolated from desert plant roots of the Jizan region in Saudi Arabia, we 
have established a screening protocol to select strains that can enhance 
plant tolerance to salt stress in Arabidopsis thaliana. Using a number 
of anatomical and physiological parameters, we identi fi ed 37 strains, 
classifi ed as STPRs (Salt Tolerance Promoti ng Rhizobacteria). We currently 
characterize a dozen of these STPRs at the molecular level by determining 
their genome sequences and changing transcriptome patt erns during the 
infecti on process. Geneti c analysis and genome-wide associati on studies 
of Arabidopsis with selected STPRs identi fi ed a number of candidate 
genes that could be key regulators in the plant-microbe interacti on. Field 
trials on wheat, barley and pearl millet seem to confi rm our strategy for 
identi fying STPRs. Overall, our approach promises to not only reveal some 
of the basic physiological processes involved in the enhancement of stress 
tolerance mechanisms but also be of direct practi cal use for agriculture. 

P108 - Natural variation of nitrogen nutrition 
eff ect on Arabidopsis thaliana tolerance to 
Dickeya dadantii 
 

BUELLET Amélie(1), RIGAULT Martine(1), CLÉMENT 
Gilles(1), FAGARD Mathilde(1), CHARDON Fabien(1), 
MASCLAUXDAUBRESSE Céline(1), DELLAGI Alia(1)

(1) INRA IJPB, VERSAILLES, FRANCE 
Nitrogen ferti lizers are commonly used in agriculture as they allow an 
important increase in crop yields. However, plants cannot absorb all 
the nitrogen present in the soil. The unabsorbed amounts of nitrogen 
compounds are found in groundwater and consti tute a danger to human 
health. Pathogens cause important losses in agriculture each year and 
plant resistance can be changed by the use of nitrogen ferti lizers. Indeed 
nitrogen intake may promote or decrease infecti on depending on the 
plant species and the pathogen. Identi fying culti vars effi  cient for nitrogen 
use and resistant to a wide range of pathogens is essenti al. To do this it is 
important to understand the role of nitrogen nutriti on on plant&rsquo;s 
suscepti bility to pathogens. In this study, we investi gated the eff ect of 
nitrogen nutriti on on the suscepti bility level of a panel of Arabidopsis 
thaliana natural accessions. For this study we used the pathosystem A. 
thaliana/bacterium D. dadanti i because several reports indicated that 
infecti ons by this bacterium are aff ected by nitrogen supply on chicory. 
We used the following accessions: Col-0, Cvi-0, Bur-0, Shadara, Edi-0, Oy-
0, Can-0, Ge-0. Plants were grown under limiti ng or non limiti ng nitrogen 
nutriti on then infected with the pathogenic bacterium D. dadanti i. We 
scored symptoms, defense markers (ROS, PR gene expression) and 
metabolites. Our data indicate that these accessions have contrasti ng 
behaviors depending on nitrogen. In some accessions nitrogen nutriti on 
has a strong eff ect on suscepti bility to D. dadanti i, and on others, nitrogen 
supply does not aff ect the level of suscepti bility. These data suggest that 
it is possible to fi nd genotypes harboring stable resistance to pathogens 
whatever the nitrogen supply.Nitrogen ferti lizers are commonly used in 
agriculture as they allow an important increase in crop yields. However, 
plants cannot absorb all the nitrogen present in the soil. The unabsorbed 
amounts of nitrogen compounds are found in groundwater and 
consti tute a danger to human health. Pathogens cause important losses 
in agriculture each year and plant resistance can be changed by the use 
of nitrogen ferti lizers. Indeed nitrogen intake may promote or decrease 
infecti on depending on the plant species and the pathogen. Identi fying 
culti vars effi  cient for nitrogen use and resistant to a wide range of 
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pathogens is essenti al. To do this it is important to understand the role 
of nitrogen nutriti on on plant&rsquo;s suscepti bility to pathogens. In this 
study, we investi gated the eff ect of nitrogen nutriti on on the suscepti bility 
level of a panel of Arabidopsis thaliana natural accessions. For this study 
we used the pathosystem A. thaliana/bacterium D. dadanti i because 
several reports indicated that infecti ons by this bacterium are aff ected 
by nitrogen supply on chicory. We used the following accessions: Col-
0, Cvi-0, Bur-0, Shadara, Edi-0, Oy-0, Can-0, Ge-0. Plants were grown 
under limiti ng or non limiti ng nitrogen nutriti on then infected with the 
pathogenic bacterium D. dadanti i. We scored symptoms, defense markers 
(ROS, PR gene expression) and metabolites. Our data indicate that these 
accessions have contrasti ng behaviors depending on nitrogen. In some 
accessions nitrogen nutriti on has a strong eff ect on suscepti bility to D. 
dadanti i, and on others, nitrogen supply does not aff ect the level of 
suscepti bility. These data suggest that it is possible to fi nd genotypes 
harboring stable resistance to pathogens whatever the nitrogen supply. 

P109 - Impact of nitrogen supply on the 
resistance of A. thaliana to bacterial 
phytopathogens 
 

FARJAD Mahsa(1), TACONNAT Ludivine (2) , MEYER Christian(1), 
MARTIN-MAGNIETTE Marie Laure (2) , SOULIE Marie 
Christine(1), FAGARD Mathilde(1) 
(1) INRA-IJPB, VERSAILLES, FRANCE (2)  INRA-IPS2, ORSAY, 
Plants are confronted to a combinati on of diff erent bioti c and abioti c 
stresses that limit crop yields. Nitrogen (N) is a key mineral nutrient 
playing a crucial role in plant growth and development that infl uences 
strongly both induced and consti tuti ve resistance. Our work focuses on 
the eff ect of N on the resistance of A.thaliana to bacterial pathogens 
Erwinia amylovora and Pseudomonas syringae. We showed a decrease 
in non-host resistance of A.thaliana to E. amylovora in low N (Fagard et al 
2014). In order to understand this eff ect, diff erent aspects of the defense 
response such as defense-related gene expression, phytohormones, 
reacti ve oxygen species and plant metabolite accumulati on will be 
tested. We are interested in the geneti c basis of the impact of N on the 
responses of plants to bioti c stress. Rasmussen et al, 2013 revealed that 
61% of the transcriptome changes in response to double stresses were 
not predictable from the responses to single stresses. We therefore 
studied the transcriptome modifi cati on of A.thaliana grown in high 
and low N, inoculated by E.amylovora. Our data revealed diff erence in 
gene expression under single and double stresses suggesti ng important 
interacti ons between the two stress treatments. Groups of genes 
coexpressed under combined stresses have been identi fi ed and will be 
further studied. 

References: Fagard et al. 2014. Journal of Experimental Botany 65, 5643-5656. 
Rasmussen et al. 2013. Plant Physiology 161, 1783-1794. 

P110 - Arabidopsis MPK4 regulates immunity 
through inducing degradation of its substrate 
MKS3 
 

GAO Jinlan(1), WANG Rui(1), WANG Chengcheng(1), QIU 
Jinlong(1) 
(1) State Key Laboratory of Plant Genomics, Institute of 
Microbiology, Chinese Academy of Sciences, Beijing100101, CHINA 
Mitogen-acti vated protein kinase (MAPK) cascades are highly conserved 
signaling pathway that transduces extracellular sti muli into the nucleus 
in all eukaryotes. MAPK cascades play central roles in plant immunity. In 
response to pathogen/microbe-associated molecular patt erns (PAMPs/
MAMPs) and pathogen eff ectors, acti vati on of MAPK cascade leads to 
multi ple defense responses through phosphorylati on and acti vati on of 
varying eff ector proteins. In Arabidopsis thaliana, the MEKK1-MKK1/
MKK2-MPK4 cascade is one of the best-characterized MAPK signaling 
pathways. MPK4 was shown to be a negati ve regulator of the immune 
responses. However, how MPK4 regulates the defense responses is sti ll 
largely unknown, since only a few MPK4 substrates has been identi fi ed. 
To this end, we employed a modifi ed version of yeast two-hybrid system 
to screen for MPK4 putati ve substrates. Here, we show that MKS3 (MAP 
Kinase Substrate 3) interacts with MPK4 through its N terminal domain 
and acts as a substrate of MPK4. Phosphorylati on of MKS3 by MPK4 upon 
PAMPs percepti on leads to its degradati on, thereby down-regulates plant 
immunity. Our data provide new insights into the regulatory mechanism 
of Arabidopsis MPK4 cascade. 

P111 - Dissecting Temperature-Induced 
Defence Breakdown in Arabidopsis 
 

GARDENER Catherine(1), SOUHA Berriri(1), SREERAMAIAH 
Gangappa(1), PRAWPUN Kasemthongsri(1), VINOD Kumar(1) 
(1) John Innes Centre, Norwich, UNITED KINGDOM 
As sessile organisms, plants need to fi ne-tune growth and development to 
suit their environment and ensure reproducti ve success. Environmental 
factors such as temperature greatly modulate the growth and development 
of plants. Moderate increases in temperature accelerate growth in plants 
but can compromise their immune responses, thus increasing their 
suscepti bility to pathogens. This is one of the key determinants for plant 
disease epidemics as a result of climate change. Increased severity and 
extended ranges of crop diseases are predicted to follow local increases in 
temperature according to recent predicti ons. The molecular mechanisms 
underpinning this temperature induced disease suscepti bility are 
currently poorly understood. In this study, a forward geneti c approach 
in Arabidopsis was used to isolate resilient (res) mutants that are able 
to maintain their defences at higher temperatures. The res mutants 
display altered defence and thermosensory responses. They off er a novel 
tool to dissect the growth/ defence interface and most importantly the 
molecular basis for temperature induced defence breakdown. Knowledge 
generated from this study will have many potenti al implicati ons, including 
devising strategies for climate resilient disease resistance in crops. 

P112 - Cellulose-binding containing proteins 
from oomycetes triggered immunity and 
resistance to the root pathogen Phytophthora 
parasitica in Arabidopsis 
 
GAULIN Elodie(1), MARTINEZ Thomas(1), LARROQUE 
Mathieu(1), DUMON Claire (2) , O’DONOHUE Michael (2) , 
DUMAS Bernard(1)

(1) LRSV, UMR5546 CNRS-Université Toulouse, Castanet-Tolosan, 
FRANCE (2)  LISBP, UMR 0792 INRA-CNRS-INSA, Toulouse, FRANCE 
Oomycetes are fungal-like organisms which produce cell wall cellulose-
binding containing proteins, recognize as PAMP during plant infecti on. 
Using isothermal ti trati on and depleti on assays conjugated with SAXs 
experiments, we characterized the affi  nity for cellulosic substrate of 
the Phytophthora parasiti ca PAMP Cellulose Binding Elicitor Lecti n 
(CBEL). We then used CBEL to identi fy Arabidopsis thaliana accessions 
and mutants impaired in CBEL responses. Upon screening, as compared 
to the Col-0 responsive line, three insensiti ve-CBEL lines were unable 
to mount a necroti c response aft er CBEL treatment (Ws-4, Oy-0, Bla-
1). Ws-4 and Oy-0 were also impaired in the producti on of an NADPH 
oxidase-dependent oxidati ve burst and expression of defense genes, 
while Bla-1 was only parti ally aff ected in these responses. Although 
necroti c responses were observed, CBEL-responses were also impaired 
in Atrboh D/F mutants and bak1-4. While all the lines were well colonized 
by Pp310 strain (compati ble), AtrbohD/F and bak1-4, but not Ws-4 and 
Oy-0, displayed a signifi cant increase in Pp0 (incompati ble) suscepti bility. 
Thus CBEL-triggered immunity required the BAK1 and AtRBOH genes 
which also control resistance to the non-adapted P. parasiti ca strain 
(Pp0). However, natural variability in CBEL responses is not correlated 
to the outcome of the interacti on suggesti ng that other mechanisms are 
involved in Phytophthora resistance. 

P113 - Reprogramming Of The Two Major 
Phloem Resident SWEET Transporters Does Not 
Support Biotrophy Of Three Adapted Microbial 
Arabidopsis Pathogens 
 

GEBAUER Pierre(1), KORN Martin(1), ENGELSDORF Timo (2) , 
HEß Marc(1), SONNEWALD Uwe(1), KOCH Christian(1), VOLL 
Lars(1)

(1) Friedrich-Alexander-Universität Erlangen Nürnberg; Division of 
Biochemistry, Erlangen, GERMANY (2)  Current address: Norwegian 
University of Science and Technology, Department of Biology , 
Trondheim, NORWAY 
In compati ble interacti ons, biotrophic microbial phytopathogens rely 
on the supply of host assimilates and therefore need to reprogram 
host metabolism. In rice and cassava, SWEET (Sugars Will Eventually 
be Exported Transporter) sucrose transporters are induced by bacterial 
eff ectors to establish compati bility. The two main Arabidopsis phloem 
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loading transporters AtSWEET12 and/or AtSWEET11 are induced in the 
interacti ons with the (hemi)biotrophic bacterial and fungal pathogens 
Pseudomonas syringae pv. tomato (Pst), Erysiphe cruciferarum (Ec) and 
Colletotrichum higginsianum (Ch) and represent potenti al suscepti bility 
determinants. AtSWEET12-YFP reporter gene acti vity driven by the 
endogenous promotor increased in the vasculature upon challenge with 
all three pathogens and also accumulated in close proximity of Ch and Pst 
interacti on sites, while AtSWEET11-YFP was only increased in vasculature 
of Ec infected leaves. A substanti al reporter protein inducti on was absent 
from the plant-pathogen interface of all three studied pathosystems, 
which indicates that AtSWEET12 is not induced by the acti on of pathogen 
eff ectors. A loss of either or both transporters had no infl uence on 
suscepti bility to Ec and Pst. In contrast, sweet11/sweet12 double 
mutants exhibited increased resistance to Ch. A stronger salicylic acid (SA) 
accumulati on and an enhanced SA response in the absence of Ch indicate 
that constantly elevated levels of soluble sugars trigger defence priming 
in the double mutant. 

P114 - Constitutively active MAPKs as a tool to 
understand MAPK signal transduction in plants 
 

GENOT Baptiste(1), BERRIRI Souha(1), HIRT Heribert (2) , 
COLCOMBET Jean(1) 
(1) Institut of Plant Sciences Paris-Saclay (IPS2), UMR 9213/
UMR1403, CNRS, INRA, Université Paris-Sud, Université d’Evry, 
Université Paris-Diderot, Sorbonne Paris-Cité, Orsay, FRANCE (2)  
Center for Desert Agriculture, King Abdullah University of Science 
and Technology, Thuwal, SAUDI ARABIA 
In eukaryotes, Mitogen-Acti vated Protein Kinases (MAPKs) defi ne key 
regulatory modules of signal transducti on. In Arabidopsis, the most 
studied MAPKs are MPK3, MPK4 and MPK6 which are acti vated by bioti c 
and abioti c stresses. In our laboratory, we previously identi fi ed mutati ons 
which render MAPKs consti tuti vely acti ve (CA). To demonstrate that they 
defi ne a useful tool to investi gate MAPK functi ons, we generated lines in 
which the endogenous MPK4 is replaced by a CA form and we confi rmed 
the role of MPK4 as a negati ve regulator of defense responses and SA 
(Salicylic Acid) accumulati on (Berriri et al., 2012 Plant Cell). We are now 
focusing our work on another stress-acti vated MAPK. Plants expressing 
this CA-MAPK show spontaneous cell death, accumulati on of reacti ve 
oxygen species and total SA but not free SA. Interesti ngly, these results 
are reminiscent of mpk4 phenotype. We also observed a very strong 
resistance to the necrotrophic fungus Botryti s cinerea and consti tuti ve 
accumulati on of camalexin. Larger transcriptomic and metabolomic 
analysis, as well geneti c studies, will help us to understand which 
pathways are regulated by this MAPK. In conclusion, CA mutati on allowed 
us to reveal new specifi c roles for this stress related MAPK. This new tool 
provides answers that go beyond classical geneti c analysis using loss-of-
functi on mutants and may become an interesti ng way to engineer crops 
able to bett er cope with environmental constraints. 

P115 - Molecular mechanisms for anchoring 
remorin to plasma membrane nanodomains 
 

GRONNIER Julien(1), CROWET Jean-Marc (2) , NACIR Mehmet 
Nail (2) , RAFFAELE Sylvain(3) , DELEU Magali (2) , MONGRAND 
Sébastien (1, LINS Laurence (2) , GERMAIN Véronique(1) 
(1) CNRS, Laboratoire de Biogenese Membranaire, Villenave 
d’Ornon, FRANCE (2)  University of Liege, Gembloux AgroBiotech, 
Laboratory of Molecular Biophysics at interfaces, Gembloux, 
BELGIUM(3)  INRA/CNRS ,Laboratoire des Interactions Plante-
Microorganismes, Toulouse, FRANCE 
Remorins belong to a plant-specifi c multi genic family, classifi ed in 6 
phylogeneti c groups with 16 isoforms in Arabidopsis (Raff aele et al., 
2007) involved in plant-microbe interacti ons during nodule formati on, 
Phytophthora infecti on and virus intercellular traffi  cking (Lefebvre et al., 
2010, Raff aele et al., 2009, Bozkurt et al., 2015). The remorin protein 
family accumulates in a range of co-existi ng plasma membrane (PM) 
inner leafl et nanodomains, but the PM anchoring and nanoclustering 
mechanisms are sti ll unknown. Our group has defi ned the 28 aa Remorin 
C-terminal Anchor domain (RemCA,) as a novel membrane binding 
domain shaped by convergent evoluti on (Raff aele et al., 2013) necessary 
for remorin localizati on and subsequent functi on, and suffi  cient to target 
a soluble protein (GFP) to the PM (Perraki et al., 2012). To Challenge 
the capability of Rem-CA to anchor the PM, we reinvesti gated Rem-
CA structure and behavior by coupling in silico Molecular Dynamic 
approaches (Deleu et al., 2014) and in vitro biophysical experiments. 
This work revealed that Rem-CA had a preference for domains enriched 

in sterols and phosphoinositi des (PIP2), 2 components found in inner 
leafl et raft s. Moreover, we established that Rem-CA was composed of 
2 disti nct domains: the C-terminal extended sheet domain that acts as 
the driver for PM targeti ng and PM inner leafl et penetrati on, whereas 
the N-terminal Α-helical domain stabilizes Rem-CA at the PM surface via 
interacti on of K residues with PIP 2. 

P116 (Talk) - Diff erential Roles of Two 
Homologous Cyclin-Dependent Kinase Inhibitor 
Genes in Regulating Cell Cycle and Innate 
Immunity in Arabidopsis 

HAMDOUN Safae(1), KWON Ashley(1), GILL Manroop(1), LARKIN 
John (2) , LU Hua(1) 
(1) Department of Biological Sciences, University on Maryland 
Baltimore County, Baltimore, UNITED STATES (2)  Department 
of Biological Sciences, Louisiana State University, Baton Rouge, 
UNITED STATES 
Precise cell cycle control is criti cal for plant development and responses 
to pathogen invasion. Two cyclin-dependent kinase inhibitor genes, 
SIAMESE (SIM) and its close homolog SIM-RELATED 1 (SMR1) were 
recently shown to be involved in Arabidopsis defense regulati on based 
on the phenotypes conferred by a sim-1smr1-1 mutant. However 
whether these two genes play diff erenti al roles in cell cycle and defense 
control is unknown. In this report, we examined plants impaired in 
SIM and/or SMR1 genes for cell cycle and defense phenotypes. Our 
data show that while SIM plays a major role in promoti ng trichome 
development, a process ti ghtly associated with endoreduplicati on, 
SMR1 has stronger eff ect on non-trichome leaf cell ploidy. In additi on, 
we found that a smr1-1 but not a sim-1 mutant was more suscepti ble to 
P. syringae and this suscepti bility could be rescued by acti vati ng salicylic 
acid (SA)-mediated defense. Consistent with these results, the smr1-1
mutant but not the sim-1 mutant parti ally suppressed dwarfi sm, high 
accumulati on of SA, and cell death phenotypes exhibited by the acd6-
1 mutant, a convenient geneti c tool that has been used to gauge the 
change of defense levels. Thus SMR1 plays a stronger role at least partly 
through the SA pathway in defense control. Furthermore cell ploidy 
analysis by fl ow cytometry with an SA acti vator or with SA mutants 
revealed that SA signaling is necessary and suffi  cient to disrupt cell 
cycle progression. Interesti ngly, a mutant with disrupted CYCD3 genes 
and increased endoreduplicati on also led to compromised disease 
resistance to P. syringae. Together, this study further support the 
importance of cell cycle control during host-pathogen interacti ons and 
also reveals diff erenti al roles of two homologous CKIs in regulati ng cell 
cycle progression and innate immunity in Arabidopsis. 

P117 - The activity of ammonium transporter 
is regulated by signaling regulator CBL-CIPK 
network 
 

HO Cheng-Hsun(1), FROMMER Wolf(1) 
(1) Department of Plant Biology, Carnegie Institution for Science, 
Stanford/CA, UNITED STATES 
Nitrogen is quanti tati vely the most important mineral nutrient. 
Ammonium is one of the three major forms of nitrogen acquired by 
plants. Assimilati on of ammonium into amino acids is less energy 
consuming relati ve to nitrate. However, ammonium, when given alone, 
leads to toxicity in bacteria, fungi, animals and plants. Therefore, 
ammonium transport (AMT) is highly regulated. Our lab identi fi ed the 
fi rst ammonium transporters from any organism, and uncovered an 
allosteric regulatory mechanism that can be used to rapidly shut down 
cellular import of ammonium. Besides of it”s transport acti vity, AMT 
have While we could show that phosphorylati on of the C-terminus is 
important for allosteric inacti vati on of AMT complexes, the protein 
kinases required for the phosphorylati on of the C-terminus AMTs and 
the components parti cipated in the signaling pathway are sti ll unknown. 
In this study, CBLs-CIPKs (Calcineurin B-like and CBL-interacti ng protein 
kinase, respecti vely), primary signaling regulators involved in all major 
abioti c and bioti c pathways, were co-expressed with AMT1;1 in the 
heterologous Xenopus laevisoocyte system using Two Electrode Voltage 
Clamp. Results shown that multi  CBLs and CIPKs signifi cantly aff ect 
the transport acti vity of AMT1;1 while co-expressing in oocytes. These 
results demonstrate CBL-CIPK network novelly parti cipates in the 
regulati on of AMTs” acti vity and candidates that may control allosteric 
inhibiti on of AMT complexes through interacti on and phosphorylati on. 
Other members of AMT family will be further tested with same CIPKs in 
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oocytes to determine whether other members of the AMT family using 
the same phosphorylati on mechanism. The in vivo phosphorylati on 
status of AMT1;1 and ammonium signal responses in CIPKs mutants and 
the ammonium toxicity growth assays will also be further determined in 
planta to understand the mechanism of regulati on as well as the biology 
of ammonium toxicity. Our research here promises to make important 
contributi ons towards the development of more nutrient effi  cient plats 
for sustainable agriculture. 

P118 - RRS1 is required for RPS4 nuclear 
localization and eff ector-independent EDS1 
association 
 

HUH Sung Un(1), SARRIS Panagiotis F.(1), CEVIK Volkan(1), 
TOMLINSON Laurence(1), WIRTHMUELLER Lennart(1), MA 
Yan(1), DUXBURY Zane(1), JONES Jonathan D. G.(1) 
(1) The Sainsbury Laboratory, John Innes Centre, Norwich Research 
Park, Norwich, UNITED KINGDOM 
Plant resistance (R) genes encode Nucleoti de Binding-Leucine Rich 
Repeat (NB-LRR) proteins, which structurally and functi onally resemble 
mammalian Nod-like receptors (NLRs). R proteins enable plants to acti vate 
defense upon recogniti on of specifi c pathogen eff ectors. However, the 
mechanisms of plant NB-LRR acti vati on upon eff ector recogniti on remain 
unclear. The Arabidopsis RPS4/RRS1 is a Toll/Interleukin-1 receptor (TIR) 
NB-LRR pair and confers resistance to Pseudomonas syringae strains 
carrying the AvrRps4 eff ector or to Ralstonia solanacearum carrying the 
acetyltransferase eff ector PopP2. Both AvrRps4 and PopP2 are detected 
through interacti on with the WRKY DNA-binding domain of RRS1. The 
RPS4/RRS1 complex is a good model system for in depth studies on dual 
NB-LRRs functi on. RPS4-dependent cell death in tobacco is compromised 
in the presence of RRS1. Interesti ngly, RRS1 protein forms homodimer in 
the absence of RPS4, but in contrast, RPS4 does not form homodimers in 
the absence of RRS1. Furthermore, RRS1 stabilizes RPS4 and increased 
the abundance of an RPS4-EDS1 complex in the nucleus. The eff ector 
protein, AvrRps4, does not aff ect RPS4-EDS1 associati on in presence of 
RRS1. In the absence of RRS1, AvrRps4 interacts with EDS1, the formati on 
of which is disturbed by the co-expression of PAD4 but not by SAG101. 
Our biochemical approaches suggest that the large, nuclear pre-acti vati on 
RPS4/RRS1 immune complex might undergo conformati onal changes 
aft er acti vati on by eff ector recogniti on. 

P119 - Tracking Down Evolutionarily Conserved 
Immune Signalling Mechanisms of Coiled-Coil 
Type NLRs 
 

JACOB Florence(1), JACOB Florence (2) , KRACHER Barbara 
(2) , KRAMER Katharina(3) , FINKEMEIER 3,4 Iris(3) , MITSUDA 
Nobutaka (5), COLCOMBET Jean(1), HIRT Heribert (6, 
MAEKAWA Takaki (2) , SCHULZE-LEFERT Paul (2)  
(1) Institut of Plant Sciences Paris-Saclay (IPS2), UMR 9213/
UMR1403, CNRS, INRA, Université Paris-Sud, Université d’Evry, 
Université Paris-Diderot, Sorbonne Paris-Cité, Bâtiment 630, 91405, 
Orsay, FRANCE (2)  Department of Plant-Microbe Interactions, 
Max Planck Institute for Plant Breeding Research, Carl-von-Linné 
Weg 10, 50829, Cologne, GERMANY(3)  Plant Proteomics, Max-
Planck Institute for Plant Breeding Research, Carl-von-Linné 
Weg 10, 50829, Cologne, GERMANY(4) Institute for Plant Biology 
and Biotechnology WWU Muenster, Schlossplatz 7, 48149, 
Muenster, GERMANY (5) Plant Gene Regulation Research Group, 
Bioproduction Research Institute, National Institute of Advanced 
Industrial Science and Technology (AIST), Central 6, Higashi 1-1-1, 
Ibaraki, 305-8566, Tsukuba, JAPAN (6) Center for Desert Agriculture, 
4700 King Abdullah University of Science and Technology (KAUST), 
23955-6900, Thuwal, KINGDOM OF SAUDI ARABIA 
 
The nucleoti de-binding domain leucine-rich repeat containing (NLR) 
family mainly functi ons as innate immune sensors. These modular 
receptors perceive non-self or modifi ed-self inside the cell and acti vate 
innate immunity, oft en associated with a local cell death. The NLR MLA 
confers isolate-specifi c disease resistance against the phytopathogenic 
grass powdery mildew fungus in barley. MLA is functi onal in Arabidopsis 
thaliana; hence monocots and dicots share the underlying resistance 
signalling machinery. MLA-mediated responses are mainly initi ated via its 
N-terminal coiled-coil (CC) domain. We have generated stable Arabidopsis 
transgenic lines expressing the MLA CC domain (MLACC) under chemically-
inducible promoters. MLACC expression triggers responses resembling the 

immune responses upon pathogen att ack. These transgenic lines have 
been used to defi ne evoluti onarily conserved MLA signalling components: 
i) we performed biochemical purifi cati on of MLACC complexes; ii) EMS 
mutagenesis yielded three candidate mutants impaired in MLAcc-
mediated responses. Subsequent genome-wide SNP mapping identi fi ed 
candidate mutant loci disti nct from known loci required for NLR functi on 
(e.g. NDR1, SGT1, RAR1, and SID2). We also conducted a yeast two-hybrid 
assay using MLACC as bait against transcripti onal regulators. Functi onal 
characterizati on of the candidate interactors/mutants is in progress with 
the aim of identi fying signalling components for MLA and, possibly, other 
CC-type NLRs. 

P120 - Pairs of paired plant immune receptors, 
RPS4/RRS1 and RPS4B/RRS1B; it takes two to 
tango 
 

JONES Jonathan(1), MA Yan(1), SARRIS Panos(1), CEVIK Volkan(1), 
DUXBURY Zane(1), HUH Sung(1), SOHN Kee (2), SEGONZAC 
Cecile (2)  
(1) Sainsbury Laboratory, Norwich, UNITED KINGDOM (2)  Massey 
University, Massey, NEW ZEALAND 
Diverse microbes cause plant disease, and plants have evolved a robust 
innate immune system that recognizes pathogen molecules and then 
acti vates defense. Immunity involves cell surface receptors and also 
intracellular nucleoti de binding, leucine rich repeat immune receptors, 
encoded by Resistance (R) genes, that resemble mammalian NOD-like 
receptors (NLRs). For some responses, two co-functi oning NLR proteins 
are required. The adjacent, divergently transcribed, Arabidopsis RPS4 and 
RRS1 genes, encoding TIR-NLR proteins, are both required for resistance 
to bacteria that deliver AvrRps4 or PopP2 eff ectors, and for resistance 
to certain Colletotrichum fungal strains. An additi onal gene pair, RPS4B 
and RRS1B, is closely linked to RPS4/RRS1 and confers recogniti on of 
AvrRps4 but not PopP2. Both RRS1 and RRS1B carry a C- terminal WRKY 
domain that targeted by AvrRps4 and PopP2, suggesti ng these eff ectors 
target WRKY domains. Using R gene enrichment sequencing (Renseq), 
we explored the diversity of such “integrated decoy” and other NLRs in 
Brassicaceae and Solanaceae. We have used geneti cs, biochemistry and 
cell biology to investi gate the functi ons and mechanisms of the RPS4/ 
RRS1 complex, and I will suggest how these and other paired R proteins 
might convert pathogen eff ector recogniti on into defense acti vati on. 

Williams et al.. Science (2014) vol. 344 (6181) pp. 299-303 
Sohn et al. PLOS Geneti cs doi: 10.1371/journal.pgen.1004655 Saucet et al (2015) 
Nat. Comms 6 pp. 6338 
Jupe et al (2013) The Plant Journal (2013) 76, 530-544 Sarris et al (2015) Cell (in 
press) 

P121 - Association mapping reveals novel 
regions aff ecting response to clubroot in 
Arabidopsis 
 

JUBAULT Mélanie(1), LARIAGON Christine (2) , LEMOINE 
Jocelyne(2), LEMARIE Séverine (2) , GRAVOT Antoine(3) , 
MANZANARES-DAULEUX Maria(1)  
(1) AGROCAMPUS OUEST, UMR1349 IGEPP,, Rennes, FRANCE (2)  
INRA, UMR1349 IGEPP, Le Rheu, FRANCE(3)  Université Rennes 1, 
UMR1349 IGEPP, Rennes, FRANCE 
Clubroot is a devasti ng Brassica crop disease caused by the obligate 
biotrophic proti st Plasmodiophora brassicae and the development 
of resistant culti vars is currently the most effi  cient way to control it. 
Quanti tati ve resistance consti tutes an additi onal layer of resistance in the 
absence of R-mediated resistance and is displayed to be more durable 
due to the combinati on of small-eff ect disti nct geneti c mechanisms. To 
characterize the natural diversity of Arabidopsis clubroot response, the 
eff ect of P. brassicae infecti on was evaluated in 137 accessions through 
gall size and locati on on the root system as well as foliar development 
and pathogen proliferati on. The identi fi cati on of causal components 
of quanti tati ve resistance was then carried out using a genome-wide 
associati on analysis. Arabidopsis accessions showed a wide range of 
phenotypic variati on for each assessed trait from full suscepti bility to high 
level of resistance. Associati on mapping identi fi es 19 genomic regions 
associated with phenotypic variati on for at least one of the traits. Five 
regions colocalize with the 4 genomic regions previously identi fi ed in the 
parti ally resistant accession Bur-0 and the major resistance gene RPB1. 
In additi on to the identi fi cati on of 14 new regions controlling clubroot 
resistance, this study delimits a short list of candidates for further geneti c 
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and functi onal studies and reveals that various combinati ons of small-
eff ects loci confer clubroot quanti tati ve resistance. 

P122 - Piriformospora indica colonization leads 
to early fl owering in Arabidopsis thaliana 
 
KIM Dongjin(1), ABDELAZIZ M.e. (2) , AL-BABILI Salim(1) 
(1) Center for Desert Agriculture, King Abdullah University of 
Science and Technology (KAUST), Thuwal, SAUDI ARABIA (2)  Center 
for Desert Agriculture, King Abdullah University of Science and 
Technology (KAUST), and Department of Vegetable crops, Faculty of 
Agriculture, Cairo University, Cairo, EGYPT 
The transiti on from vegetati ve growth to generati ve stage is regulated by 
a combinati on of environmental and internal signals, which triggers the 
transcripti on of a number of integrator genes responsible for initi ati ng 
the fl oral inducti on program. Piriformospora indica, is a widespread plant 
root colonizing endophyti c fungus that positi vely aff ects diff erent aspects 
of plant performance, such as growth, nutrient uptake, and bioti c and 
abioti c stress tolerance. To check whether P. indica colonizati on impacts 
Arabidopsis fl owering, we established an inoculati on protocol to colonize 
Arabidopsis seedlings in soil. In average, inoculated plants fl owered four 
days earlier than control plants. At the ti me of fl owering, the number of 
rosett e leaves was signifi cantly lower in inoculated plants (8 leaves) than 
control (10 leaves). These results indicate that P. indica promotes early 
fl owering in Arabidopsis under long day conditi on. To get insight into the 
molecular mechanism of this P. indica eff ect, we quanti fi ed the expression 
of diff erent fl owering genes; FT, LFY, AP1 and FLC. Our data showed that 
FT mRNA level strikingly induced 10 days aft er inoculati on, while that of 
LFY and AP1 was slightly increased. These expression changes can explain 
the observed early fl owering phenotype. 

P123 - Antagonistic regulation of MAP kinase 
cascades in PRRs-mediated immunity 
 

KOJI Yamaguchi(1), KENTA Yamada(1), TOMOMI Shirakawa(1), 
YUKA Kobayashi(1), MISATO Kamei(1), TSUTOMU Kawasaki(1) 
(1) Kinki university, Nara, JAPAN 
Mitogen-acti vated protein kinase (MAPK) cascades are highly conserved 
signaling modules downstream of plasma membrane receptors that 
transduce extracellular sti muli (e.g. secreted pepti de hormone and 
pathogen associated molecular patt erns (PAMPs)) into intracellular 
responses. We identi fi ed Arabidopsis receptor-like cytoplasmic kinase 
PBL27, as an ortholog of OsRLCK185 that regulates the acti vati on of 
MAPK cascade aft er treatment of fungal cell walls component, chiti n. 
Knockout mutants of PBL27 suppressed chiti n-induced acti vati on of 
MAP kinases. To understand the molecular mechanism of chiti n-induced 
MAPK acti vati on by PBL27, we searched PBL27 interactor using Y2H and 
found MAPKKKa, one of 60 Arabidopsis MAPKKKs. Chiti n-induced MAPK 
acti vati on in the mapkkka mutants was clearly reduced compared with 
WT. On contrary, the MAPK acti vati on induced by percepti on of bacterial 
fl agellin derived pepti de, fl g22 and bacterial elongati on factor Tu derived 
pepti de, elf18 was enhanced in both pbl27 and mapkkka mutants. These 
data suggest a cross-talk between MAPK cascades induced by CERK1 and 
FLS2/EFR-mediated pathogen recogniti on. The mechanism of how MAP 
kinase cascades are acti vated in chiti n and fl g22/elf18 signaling will be 
discussed. 

P124 (Talk) - A Plasma Membrane-Associated 
Ubiquitin Ligase Regulates Plant Growth and 
Autoimmunity 
 

KOTUR Tanja(1), TONG Meixuezi (2) , DISCH Eva-Maria(1), 
KLEINE Tatjana(3) , LI Xin (2) , HOTH Stefan(1) 
(1) Universität Hamburg/ Biozentrum Klein Flottbek - Molekulare 
Pfl anzenphysiologie, 22609 Hamburg, GERMANY (2)  The University 
of British Columbia/ Michael Smith Laboratories, Vancouver, 
CANADA(3)  LMU München/ Dept. Biologie I -Botanik, 82152 Planegg-
Martinsried, GERMANY 
Plant performance depends on the balance between growth and 
immune responses. In Arabidopsis, plant immunity and thus defense 
against pathogens evolved on the cost of plant growth or vice versa. The 
plasma membrane-associated Arabidopisis SENESCENCE ASSOCIATED 
E3 UBIQUITIN LIGASE1 (SAUL1), which is a member of the plant U-box 
armadillo repeat (PUB-ARM) protein family, is an essenti al regulator of 
growth and autoimmunity. Here we show that saul1 mutant plants lacking 

expression of the SAUL1 gene show autoimmunity and reduced growth 
depending on a decrease in temperature or relati ve humidity. Expression 
of plant defense marker genes is induced in saul1 plants. In order to 
understand the SAUL1 signaling pathway and the functi on of SAUL1 in 
autoimmunity and defense response, we performed a suppressor screen 
with saul1 plants. We identi fi ed 12 independent alleles suppressing the 
saul1 phenotype. In several lines the suppressor mutati on was identi fi ed 
in a TIR-NBS-LRR immune receptor gene that we named SUPPRESSOR 
OF SAUL1 1 (SUSA1). Here we present data on the characterizati on of 
SUSA1 and the interplay between SAUL1 and SUSA1 that contributes to 
the understanding of the SAUL1 signaling network and of autoimmunity. 

P123 - Antagonistic regulation of MAP kinase 
cascades in PRRs-mediated immunity
 

LEMONNIER Pauline(1), GAILLARD Cécile(1), VEILLET Florian(1), 
LEMOINE Rémi(1), COUTOS-THÉVENOT Pierre(1), LA CAMERA 
Sylvain(1) 
(1) Université de Poitiers UMR CNRS 7267 EBI Ecologie et Biologie 
des Interactions, Poitiers, FRANCE 
Botryti s cinerea is the causing agent of the grey mold disease. This fungus 
kills host cells using a large arsenal of weapons that enables it to infect 
a broad range (>200) of host plants. Signaling pathways leading to the 
basal resistance against this fungus are well described, but the role of 
the import of sugars into host cells remains to be investi gated. Several 
studies have reported that sugar mobilizati on is aff ected upon infecti on 
by pathogens suggesti ng that the plant ability to retrieve extracellular 
sugars may be determinant for the fi nal outcome of the interacti on. In 
Arabidopsis thaliana, apoplasti c hexose retrieval is mediated by the 
acti vity of Sugar Transport Proteins (STPs). Expression analysis of the 14 
STP genes revealed that only STP13 was induced in leaves challenged 
by B. cinerea. To explore the functi onal role of STP13 during infecti on, 
we used a reverse geneti c approach. STP13-modifi ed plants displayed 
constrasti ng phenotypes. The correlati on between STP13 transcripts, 
protein accumulati on, glucose uptake rate and resistance level indicates 
that STP13 contributes to the basal resistance to B. cinerea. Our work 
further suggests that the diff erenti al expression level of plant hexose 
transporters can probably change the balance of hexose fl uxes toward 
either host living ti ssues or fungus cells, highlighti ng the importance of 
the competi ti on for apoplasti c hexoses at the plant/fungus interface. 

P126 - VIH2 Controls the Synthesis of Inositol 
Pyrophosphate InsP8 and Jasmonate-
dependent Defenses in Arabidopsis 
 

LAHA Debabrata(1), SCHAAF Gabriel(1)  
(1) ZMBP, University of Tuebingen, Tuebingen, GERMANY 
Diphosphorylated inositol polyphosphates, also referred to as inositol 
pyrophosphates, are important signaling molecules that regulate 
criti cal cellular acti viti es in many eukaryoti c organisms. In mammals and 
fungi, two disti nct classes of inositol phosphate kinases mediate their 
biosynthesis: KCS1/IP6K- and VIP1/PPIP5K-like proteins. Recent studies 
in our lab show that PPIP5K homologs are widely distributed in plants 
and that Arabidopsis VIH1 and VIH2 are functi onal PPIP5K enzymes. We 
will report a specifi c inducti on of the inositol pyrophosphate InsP8 by 
jasmonate and will provide evidence that steadystate and jasmonate-
induced pools of InsP8 in Arabidopsis seedlings depend on VIH2. We will 
further report a role of VIH2 in regulati ng jasmonate related defenses by 
potenti ati ng jasmonate percepti on. Using in silico docking experiments 
and radioligand-binding based reconsti tuti on assays we can show high 
affi  nity binding of inositol pyrophosphates to the F-box protein COI1-
JAZ jasmonate co-receptor complex and will provide evidence that 
coincidence detecti on of jasmonate and InsP8 by COI1-JAZ is a criti cal 
component in jasmonate-regulated defenses. 
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P127 - Overexpression of the tomato 
glycosyltransferase GAGT increases 
susceptibility to Pseudomonas syringae in 
Arabidopsis 
 

CAMPOS Laura(1), LISÓN Purifi cación(1), LÓPEZ-GRESA Mª 
Pilar(1), RODRIGO Ismael(1), CONEJERO Vicente(1), BUSCAILL 
Pierre (2) , RIVAS Susana(2), BELLÉS José Mª(1) 
(1) Instituto de Biología Molecular y Celular de Plantas (UPV-
CSIC), Valencia, SPAIN (2)  Laboratoire des Interactions 
PlantesMicroorganismes (INRA, CNRS), Castanet-Tolosan, FRANCE 
 
Salicylic acid (SA) is essenti al in the plant defence response, being crucial 
to establish the resistance response in many plant-pathogen interacti ons. 
Genti sic acid (GA), a metabolic derivati ve of SA, has also been described 
as a signal molecule in plant defence. GA has been found to accumulate 
in diff erent plants, including Arabidopsis, during their interacti on 
with pathogens. Applicati on of GA induces the expression of a set of 
Pathogenesis-Related (PR) proteins diff erent to those induced by SA. 
Moreover, GA treatment also induces resistance to RNA pathogens, in 
a similar way as its metabolic precursor SA. Therefore, GA and SA may 
play complementary roles in plant defence signalling. Both SA and GA 
accumulate in the form of glycoconjugates and this conjugati on is catalyzed 
by the corresponding glycosyltransferases. We identi fi ed GAGT (Genti sic 
Acid Glycosyl Transferase) as the protein that conjugates GA in tomato. 
Transgenic Arabidopsis plants overexpressing GAGT and exogenously 
treated with GA displayed higher GA conjugati on and, consequently, 
lower accumulati on of free GA, which is the acti ve form of the compound. 
In agreement with this observati on, GAGT overexpressing plants showed 
increased suscepti bility to inoculati on with the avirulent bacterial strain 
Pseudomonas syringae pv. tomato AvrRpm1 as well as reduced PR1 gene 
expression, when compared to control plants. Together, these results 
confi rm the role of GATG in the regulati on of plant defence. 

P128 - The circadian clock component LUX 
ARRHYTHMO regulates Arabidopsis defense 
through salicylic acid 
 

ZHANG Chong(1), SEITZ Nicholas C.(1), ANGEL William(1), LIN 
Daniela(1), HALLWORTH Amelia(1), LU Hua(1)

(1) University of Maryland Baltimore County, Baltimore, UNITED 
STATES 
Recent studies showed that two morning clock genes regulate Arabidopsis 
defense independently of the key defense signaling mediated by salicylic 
acid (SA). To further understand the defense role of the circadian clock, we 
tested a mutant impaired in the evening clock gene LUX ARRHYTHMO in 
defense responses. We found that the lux-1 mutant was compromised to 
both basal and R-gene mediated defense against Pseudomonas syringae 
and expression of the LUX gene was suppressed by P. syringae. We also 
found that lux-1 had transiently reduced SA accumulati on aft er infecti on 
with a virulent P. syringae strain. Consistent with this result, the double 
mutant acd6-1lux-1 displayed suppression on dwarfi sm, cell death, and 
consti tuti ve defense phenotypes, compared with acd6-1, which has 
been used as a convenient geneti c tool in gauging the change of defense 
levels. We further found that two downstream targets of LUX also could 
modulate resistance to P. syringae via the SA pathway. Together our 
results showed that LUX regulates Arabidopsis defense, possibly through 
aff ecti ng SA signaling. These data further support crosstalk between 
the circadian clock and plant innate immunity and also reveal diff erent 
molecular mechanisms underlying clock-defense crosstalk. 

P129 - Pairing with the right one: What’s the 
secret? 
 
MA Yan(1), SAUCET Simon B(1), PONS MARTINEZ Paula M(1), 
DUXBURY Zane(1), SARRIS Panagiotis(1), HUH Sung U(1), 
WIRTHMUELLER Lennart (1, JONES Jonathan Dg(1) 
(1) The Sainsbury Laboratory, Norwich, UNITED KINGDOM 
Plants are oft en att acked by pathogens. Plant resistance (R) proteins 
acti vate immunity via recogniti on of pathogen eff ectors. Most R proteins 
recognise a specifi c eff ector, but some functi on in pairs and can recognise 
multi ple eff ectors. Arabidopsis R proteins RRS1-R and RPS4 cooperate to 
recognise two bacterial eff ectors, AvrRps4 from Pseudomonas syringae 

and PopP2 from Ralstonia solanacearum. We have identi fi ed RRS1B 
and RPS4B, a paralogous R gene pair linked to RRS1/RPS4, which only 
recognises AvrRps4. Atypically, RRS1 and RRS1B both carry a C-terminal 
WRKY DNA-binding domain. Like RRS1/RPS4, RRS1B/RPS4B proteins 
associate in complex for eff ector detecti on and defence acti vati on. 
We have recently shown that these complexes detect AvrRps4 and/
or PopP2 via the WRKY domain. Interesti ngly, inappropriate pairings 
(RRS1/RPS4B or RRS1B/RPS4) are non-functi onal. We hypothesised 
that specifi c domain/domain interacti ons of cognate pair partners are 
required for functi on. We carried out systemati c domain swaps between 
the paralogous proteins to identi fy the domain/domain interacti ons that 
specify pairing. We propose that eff ector detecti on via the WRKY domain 
triggers conformati onal changes around the WRKY and leads to complex 
acti vati on and defence. 

P130 (Talk) - Proteome analysis using two 
nuclear proteins with unknown functions 
provides new insights into the rRNA 
biosynthesis system in plants 
 

MAEKAWA Shugo(1), ISHIDA Tetsuya(1), YANAGISAWA Shuichi(1) 
(1) Biotechnology Research Center, The University of Tokyo, Tokyo, 
JAPAN 
The complete genome informati on of several plant species is available 
now. However, our understanding of biological processes in plants is far 
from complete, probably because many functi ons of proteins encoded 
in the plant genomes have not been identi fi ed yet. Here we show 
characterizati on of two nuclear-localized and sugar-inducible proteins 
with unknown functi ons, NuGWD1 and NuGAP1, by proteome analysis of 
complexes involving epitope tagged NuGWD1 or NuGAP1. Such analysis 
revealed that both of them are involved in rRNA processing although they 
regulate disti nct steps of the processing. Taken together with results of 
phenotypic analysis, this suggests that sugar responses in plants include 
promoti on of rRNA transcripti on and maturati on through acti vati on of a 
variety of steps for it. Furthermore, interesti ngly, our proteome analysis 
also revealed that the rRNA processing complex in plants includes plant-
specifi c components, implying diff erences between animal and plant 
systems for rRNA maturati on. Thus, our analysis provided new insights 
into the rRNA maturati on system in plants and also suggested the 
potenti al of proteome analysis to reveal unknown functi ons of proteins 
and protein complexes. We will also discuss the potenti al of proteome 
analysis of protein complexes to identi fy new molecular links of proteins 
with unknown functi ons among signaling pathways. 

P131 - The bZIP63 transcription factor is a 
molecular link between energy status and 
resistance to Pst DC3000 
 

MATIOLLI Cleverson(1), OBLESSUC Paula (2) , VIANA Americo(1), 
VINCENTZ Michel(1), MELOTTO Maeli(3)  
(1) Centro de Biologia Molecular e Engenharia Genética (CBMEG) / 
Universidade Estadual de Campinas (Unicamp), Campinas / Sao 
Paulo, BRAZIL (2)  Laboratório Nacional de Biociências (LNBIO) / 
Centro de Pesquisa em Energia e Materiais (CNPEM), Campinas / 
Sao Paulo, BRAZIL(3)  Department of Plant Sciences / University of 
California, Davis (UCDavis), Davis / California, USA 
The AtbZIP63 transcripti on factor of Arabidopsis thaliana parti cipates 
of gene expression reprograming induced by SnRK1 kinases KIN10/11 
to adjust plant to conditi ons that results in low energy status. The 
Gene Ontology (GO) functi onal categorizati on of misregulated genes 
in the knockdown atbzip63-1 mutant revealed that the AtbZIP63 target 
genes are involved in the plant responses to abioti c, bioti c and energy 
stress. The enrichment of bioti c stress associated genes suggested 
that AtbZIP63 could be involved in plant defense against pathogens. 
Indeed, atbzip63-1 showed increased resistance to the hemibiotrophic 
pathogen Pseudomonas syringae pv. tomato (Pst) DC3000, which was 
at least in part att ributed to enhanced PTI (PAMP-triggered immunity). 
The atbzip63-1 showed enhanced fl g22-triggered callose depositi on and 
enhanced stomatal immunity in response to Pst DC3000, which could be 
att ributed, at least parti ally, to the higher accumulati on of the fl agellin 
receptor FLS2 mRNA in atbzip63-1 leaves. Also, the accumulati on of 
WRKY70, a transcripti on factor that is a positi ve and negati ve regulator 
of salicylic acid (SA) and jasmonic acid (JA) responses, respecti vely, 
is induced in atbzip63-1, suggesti ng that the balance between SA-JA 
antagonism is shift ed towards SA-induced responses. The results suggest 
that AtbZIP63 may acts as a modulator that adjusts the balance between 
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energy availability and defense against pathogens, regulati ng key genes 
involved in bioti c stress responses. 

P132 - Functional and genetic analysis identify 
a role for Arabidopsis ARGONAUTE 5 in anti-
viral RNA silencing 
 

MOFFETT Peter(1), BROSSEAU Chantal(1) 
(1) Université de Sherbrooke, Sherbrooke, CANADA 
RNA silencing functi ons as an anti -viral defense through the acti on of DICER-
like (DCL) and ARGONAUTE (AGO) proteins. In turn, plant viruses have 
evolved strategies to counteract this defence mechanism, including the 
expression of suppressors of RNA silencing. Potato virus X (PVX) does not 
systemically infect Arabidopsis thaliana Col-0, but is able to do so eff ecti vely 
in mutants lacking at least two of the four Arabidopsis DCL proteins. PVX 
can also infect Arabidopsis ago2 mutants, albeit less eff ecti vely than double 
DCL mutants, suggesti ng that additi onal AGO proteins may mediate anti -
viral defenses. Here we show, using functi onal assays, that all Arabidopsis 
AGO proteins have the potenti al to target PVX lacking its viral suppressor 
of RNA silencing (VSR), P25, but that only AGO2 and AGO5 are able to 
target wild-type PVX. However, P25 directly aff ects only a small subset 
of AGO proteins, and we present evidence indicati ng that its protecti ve 
eff ect is mediated by precluding AGO proteins from accessing viral RNA, 
as well as by directly inhibiti ng the RNA silencing machinery. In agreement 
with functi onal assays, we show that Potexvirus infecti on induces AGO5 
expression and that both AGO2 and AGO5 are required for full restricti on 
of PVX infecti on in systemic ti ssues of Arabidopsis. 

P133 - The central regulatory kinase BIK1 is 
rate-limiting in plant immune signaling 
 

MONAGHAN Jacqueline(1), ZIPFEL Cyril(1) 
(1) The Sainsbury Laboratory, Norwich, UNITED KINGDOM 
Plants perceive pathogen- and damage-associated molecular patt erns 
(PAMPs or DAMPs) through surface-localised patt ern recogniti on 
receptors (PRRs). Plant PRRs are ligand-binding receptor kinases or 
receptor-like proteins that exist in multi -protein complexes to transduce 
intracellular immune signaling via phosphorylati on events. The plasma 
membraneassociated cytoplasmic kinase BOTRYTIS-INDUCED KINASE 1 
(BIK1) is an immediate convergent substrate of several diff erent PRRs and 
is a key component of the plant immune system. BIK1 is also a substrate 
of BRI1-ASSOCIATED KINASE 1 (BAK1), an important co-receptor kinase 
that interacts with and phosphorylates several PRRs and is required to 
achieve their full signaling potenti al. We recently demonstrated that 
the calcium-dependent protein kinase CPK28 regulates BIK1 turnover to 
buff er immune signaling (Monaghan et al., 2014 Cell Host Microbe). We 
found that the amplitude of immune signaling triggered by PAMPs/DAMPs 
is positi vely correlated with the cellular level of BIK1 (Monaghan et al., 
2014 Cell Host Microbe; Monaghan et al., Plant Signaling and Behavior, 
in press), demonstrati ng that BIK1 is rate-limiti ng in PRRtriggered 
immune signaling. In additi on, we uncovered a complex interplay 
between phosphorylati on and ubiquiti nati on in BIK1 regulati on, which 
raises interesti ng questi ons about the role of these post-translati onal 
modifi cati ons in immune homeostasis. Additi onal data surrounding this 
regulati on will be presented. 

P134 - 2-hydroxylation of sphingolipid 
fatty acids is essential for the formation of 
plasma membrane microdomains and innate 
immunity in plants 

NAGANO Minoru(1), ISHIKAWA Toshiki(1), UKAWA Tomomi(1), 
FUJIWARA Masayuki (2) , SHIMAMOTO Ko(3) , KAWAI-YAMADA 
Maki(1) 
(1) Saitama University, Saitama, JAPAN (2)  Keio University, Tsuruoka, 
JAPAN(3)  NAIST, Ikoma, JAPAN 
Sphingolipids specifi cally possess 2-hydroxy fatt y acids, and 
2-hydroxylati on of fatt y acids are catalyzed by sphingolipid fatt y acid 
2-hydroxylase (FAH). To reveal the intracellular and physiological functi ons 
of sphingolipid 2-hydroxy fatt y acids in plants, we produced knock-down 
lines of FAHs in Arabidopsis and rice by RNAi system. Observati on of 
plasma membrane (PM) by using a di-4-ANEPPDHQ revealed that PM 
microdomains decreased in the RNAi-FAH lines. PM microdomains are 
small, heterogeneous, highly dynamic, sphingolipid- and sterol-enriched 

domains, and are believed to be important for innate immunity in plants, 
because a large number of defense-related proteins are present in PM 
microdomains. In fact, the RNAi-OsFAH was more suscepti ble to the 
infecti on of rice blast fungus, suggesti ng that sphingolipid 2-hydroxy 
fatt y acid-derived PM microdomains are essenti al for plant immunity. 
To uncover the mechanism, we compared protein changes in detergent-
resistant membrane (DRM) fracti on between WT and the RNAi-OsFAH, 
and demonstrated that PM microdomains are required for the dynamics 
of a Rac/Rop small GTPase OsRac1 and respiratory oxidati ve burst 
homologs (OsRbohs) in response to chiti n elicitor. Furthermore, ROS 
producti on aft er chiti n treatment was completely suppressed in the 
RNAi-OsFAH. Taken together, sphingolipid 2-hydroxy fatt y acid-derived 
PM microdomains are required for chiti n-induced immunity through ROS 
signaling mediated by OsRac1-OsRbohB/H pathway. 

P135 (Talk) - The calcium-dependent protein 
kinase CPK3 directly binds to Arabidopsis 14-
3-3s with various affi  nities in a calcium- and 
phospho-dependent manner 
 

ORMANCEY Mélanie(1), ROBE Eugénie(1), PICHEREAUX Carole 
(2), BRIERE Christian(1), THULEAU Patrice(1), GRAT Sabine(1), 
MAZARS Christian(1), COTELLE Valérie(1) 
(1) Laboratoire de Recherche en Sciences Végétales (LRSV) UMR 
5546 UPS/CNRS, Castanet-Tolosan, FRANCE (2)  Fédération de 
Recherche 3450, Agrobiosciences Interactions et Biodiversités, 
Plateforme Protéomique, Génopole Toulouse MidiPyrénées, Institut 
de Pharmacologie et de Biologie Structurale IPBS CNRS, Toulouse, 
FRANCE 
In eukaryoti c cells, sphingoid Long Chain Bases (LCBs) behave as second 
messengers involved in various processes including programmed cell 
death (PCD). In plants, Fumonisin B1 (FB1), a toxin produced by the 
necrotrophic fungus Fusarium moniliforme, induces plant PCD by 
accumulati on of dihydrosphingosine (DHS) and phytoshingosine (PHS), 
the two major plant LCBs. However, the LCB pathway leading to PCD in 
plants is sti ll enigmati c. Recently, we showed that DHS-induced PCD is 
controlled by nuclear calcium in tobacco BY-2 cells and that Arabidopsis 
CPK3, a member of the plant family of calcium-dependent Ser/Thr protein 
kinases (CDPKs or CPKs), is a key positi ve regulator of LCB-mediated cell 
death. We found that CPK3 phosphorylates 14-3-3 proteins at their dimer 
interface in a PHS- and calcium-dependent manner. We also showed that 
CPK3 dissociates from 14-3-3s and is then degraded during PHS-induced 
cell death. To get further insights into this sti ll unknown signaling pathway 
in plants, we investi gated which 14-3-3 isoforms could interact with 
CPK3 in control conditi ons by combining biochemistry and microscale 
thermophoresis (Nanotemper®) approaches. We show here that CPK3 
binds directly to 14-3-3s in a calcium- and phospho-dependent manner 
and displays a greater affi  nity for 14-3-3s of the non-&epsilon; group than 
for those of the &epsilon;-group. 

P136 - Arabidopsis MPK4 regulates immunity 
through inducing degradation of its substrate 
MKS3 
 

GAO Jinlan(1), WANG Rui(1), WANG Chengcheng(1), QIU Jin-
Long(1)

(1) State Key Laboratory of Plant Genomics, Institute of 
Microbiology, Chinese Academy of Sciences, Beijing, CHINA 
Mitogen-acti vated protein kinase (MAPK) cascades are highly conserved 
signaling pathway that transduces extracellular sti muli into the nucleus 
in all eukaryotes. MAPK cascades play central roles in plant immunity. In 
response to pathogen/microbe-associated molecular patt erns (PAMPs/
MAMPs) and pathogen eff ectors, acti vati on of MAPK cascade leads to 
multi ple defense responses through phosphorylati on and acti vati on of 
varying eff ector proteins. In Arabidopsis thaliana, the MEKK1-MKK1/
MKK2-MPK4 cascade is one of the best-characterized MAPK signaling 
pathways. MPK4 was shown to be a negati ve regulator of the immune 
responses. However, how MPK4 regulates the defense responses is sti ll 
largely unknown, since only a few MPK4 substrates has been identi fi ed. 
To this end, we employed a modifi ed version of yeast two-hybrid system 
to screen for MPK4 putati ve substrates. Here, we show that MKS3 (MAP 
Kinase Substrate 3) interacts with MPK4 through its N terminal domain 
and acts as a substrate of MPK4. Phosphorylati on of MKS3 by MPK4 
upon PAMPs percepti on leads to its degradati on, thereby down-regulates 
the plant immunity. Our data provide new insights into the regulatory 
mechanism of Arabidopsis MPK4 cascade. 
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P137 - Nep1-like proteins from three kingdoms 
of life act as a microbe-associated molecular 
pattern 
 

RAAYMAKERS Tom(1), OOME Stan(1), CABRAL Adriana(1), 
SAMWEL Simon(1), BÖHM Hannah (2) , ALBERT Isabell (2) , 
NÜRNBERGER Thorsten(2), VAN DEN ACKERVEKEN Guido(1) 
(1) Plant-Microbe Interactions, Utrecht University, Utrecht, 
NETHERLANDS (2)  Zentrum für Molekularbiologie der 
Pfl anzenPfl anzenbiochemie, Eberhard-Karls-Universität Tübingen, 
Tübingen, GERMANY 
Necrosis and ethylene-inducing pepti de 1 (Nep1)-like proteins (NLPs) 
are secreted by a wide range of plant-associated microorganisms. They 
are best known for their cytotoxicity in dicot plants that leads to the 
inducti on of rapid ti ssue necrosis and plant immune responses. The 
biotrophic downy mildew pathogen Hyaloperonospora arabidopsidis 
encodes 10 noncytotoxic NLPs (HaNLPs) that do not cause necrosis. 
We discovered that these noncytotoxic NLPs act as potent acti vators of 
the plant immune system in Arabidopsis thaliana. Ectopic expression of 
HaNLP3 in Arabidopsis triggered resistance to H. arabidopsidis, acti vated 
the expression of a large set of defense-related genes, and caused a 
reducti on of plant growth that is typically associated with strongly 
enhanced immunity. N- and C-terminal deleti ons of HaNLP3 pinpointed to 
a small central region of the protein that is required to trigger immunity, 
indicati ng the protein acts as a microbe-associated molecular patt ern 
(MAMP). A syntheti c pepti de of 24 aa, derived from the conserved central 
region of HaNLP3 induces ethylene producti on, a well-known MAMP 
response. Strikingly, corresponding 24-aa pepti des of fungal and bacterial 
NLPs were also able to trigger immunity in Arabidopsis. The widespread 
phylogeneti c distributi on of NLPs makes this protein family the fi rst 
proteinaceous MAMP identi fi ed in three diff erent kingdoms of life. 

P138 - The S-domain receptor-like kinase LORE 
mediates lipopolysaccharide perception in 
Arabidopsis thaliana 

RANF Stefanie(1), GISCH Nicolas (2) , SCHÄFFER Milena(1), ILLIG 
Tina(1), HÜCKELHOVEN Ralph(1), SÁNCHEZ-CARBALLO Patricia 
(2), ZÄHRINGER Ulrich(2), WESTPHAL Lore(3) , LEE Justin(3) , 
SCHEEL Dierk(3) 

(1) Technische Universität München, School of Life Sciences 
Weihenstephan, Phytopathology, Freising, GERMANY (2)  Research 
Center Borstel, Leibniz-Center for Medicine and Biosciences, 
Division of Immunochemistry, Borstel, GERMANY(3)  Leibniz Institute 
of Plant Biochemistry, Stress and Developmental Biology, Halle, 
GERMANY 
Invading pathogens are detected through conserved Microbe-Associated 
Molecular Patt erns (MAMPs) by specifi c host patt ern-recogniti on 
receptors (PRR) that initi ate patt ern-triggered immunity (PTI). Cell wall 
components such as lipopolysaccharide (LPS) of Gram-negati ve bacteria 
are predesti ned to be MAMPs. LPS consists of a lipid component, lipid 
A, a oligosaccharide core region and a O-polysaccharide repeat moiety. 
The lipid A moiety is the most potent MAMP in mammals recognized by 
the TLR4/MD-2 complex. Diff erent moieti es of LPS also trigger immune 
responses in plants, but the plant LPS percepti on systems are yet unknown. 
Here, we report about sensiti ve percepti on of the conserved core-lipid A 
moiety of Pseudomonas LPS in Arabidopsis thaliana triggering typical PTI 
responses(1). In a forward geneti c approach we identi fi ed a candidate LPS 
receptor, the S-domain receptor-like kinase LORE (LipoOligosaccharide-
specifi c Reduced Elicitati on). lore mutants are strongly impaired in LPS-
induced responses and more suscepti ble to Pseudomonas syringae 
infecti on. Transient expression of LORE in LPS-insensiti ve tobacco results 
in gain-of-functi on of LPS responsiveness, thus demonstrati ng its functi on 
as an LPS receptor(1). PTI can confer durable resistance to a broad range 
of pathogens. Hence, transfer of LORE to related crop species like tomato 
may enable engineering of broad-spectrum bacterial resistance traits. 
(1) Ranf S. et al. Nat Immunol 16, 426-433, doi:10.1038/ni.3124 (2015). 

P139 - RIN4 intrinsic disorder provides a 
platform to integrate its phosphoswitch 
capability with defense functions and explains 
conserved eff ector sites 

RIKKERINK Erik(1), GREENWOOD David(1), TEMPLETON 
Matthew(1), LIBICH David (2) , XUE Bin(3) , CUI Wei(1), YOON 
Minsoo(1), UVERSKY Vladimir(4), SUN Xiaolin(1) 
(1) The New Zealand Institute for Plant & Food Research Limited, 
Auckland, NEW ZEALAND (2)  Institute of Fundamental Sciences, 
Massey University, Palmerston North, NEW ZEALAND(3)  Department 
of Cell Biology, Microbiology and Molecular Biology, University of 
South Florida,, Tampa, FL, USA(4) Morsani College of Medicine, 
University of South Florida, Tampa, FL, USA 
Arabidopsis Rpm1-INteracti ng protein 4 (RIN4) was recently described 
as a phosphoswitch regulati ng the two ti ers of plant defense (Chung et 
al. 2014, Cell Host Microb. 16: 484). Li et al. (2014, Cell Host Microb. 
16: 473) describe how one of these phosphorylati on events initi ates 
conformati onal transformati ons around a neighbouring proline by using 
a cyclophilin prolyl isomerase. We present bioinformati c and biophysical 
data which demonstrates that RIN4 is a largely intrinsically disordered (ID) 
protein. This ID platf orm is punctuated by Molecular Recogniti on Features 
(MoRFs, Sun et al. 2014 FEBS J. 281: 3955). ID in regulatory proteins is 
known to be strongly associated with post-translati onal modifi cati ons 
(phosphorylati on being the most common). An ID scaff old provides an 
environment that is readily accessible to protein kinases and other post-
translati onal modifi cati ons, enabling RIN4 to act as a phosphoswitch that 
could then control the transiti on between signifi cant conformati onal 
variants. We have analysed RIN4 across plant species and fi nd that the 
disordered platf orm as well as type III eff ector interacti ng moti fs that 
coincide with MoRFs are the key conserved traits. This combinati on is 
consistent with evoluti onary constraints operati ng on these MoRFs due 
to their functi onal signifi cance in the mode of acti on in this important 
plant defense regulator indicati ng why they may have become the key 
sites targeted in RIN4. 

P140 - SA mediated suppression of callus and 
lateral roots is dependent on 2 ARFs and on the 
cytokinin signalling pathway. 

ROBERT-SEILANIANTZ Alexandre(1), MONTES Emilie(1), 
GRAVOT Antoine (2) , MANZANARES-DAULEUX Maria(3)  
(1) INRA, Le Rheu, FRANCE (2)  Université Rennes 1, UMR1349 IGEPP , 
Rennes, , FRANCE(3)  AGROCAMPUS OUEST, UMR1349 IGEPP, Rennes, 
FRANCE 
Successful pathogens oft en induce plant developmental hormones 
pathways (e.g auxin and cytokinin) to suppress plant defences. As a 
result, diseased plants frequently display symptoms such as hypertrophy, 
hyperplasia and hypocotyl elongati on. Plasmodiophora brassicae, a 
biotrophic proti st, is the causal agent of clubroot disease of brassica. 
This disease is characterized by the producti on of galls on the roots of 
the plant. To produce the gall, P.brassicae induces accumulati on of two 
phytohormones, auxin and cytokinin, in roots. We aim to understand how 
salicylic acid, which controls the main defence pathway against biotrophic 
pathogens such as P. brassicae, aff ects the auxin/cytokinin induced 
phenotype. Like galls, callus can be induced by exogenous applicati on 
of auxin and cytokinin. We used in vitro callus formati on as a simplifi ed 
model for studying the crosstalk between the inducti on of developmental 
hormone signaling pathways and SA response. In vitro treatment with 
auxin and cytokinin triggered the inducti on of callus or lateral roots 
depending on the type of hormones used. Additi on of SA prevented the 
inducti on of either callus or lateral roots. We then demonstrated that 
mutants with low cytokinin signalling and mutant of 2 specifi c auxin 
response factors displayed lateral roots in presence of SA. However, the 
suppression of lateral roots by SA was independent of SA signalling. We 
are now trying to characterize this mechanism in more details. 
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P141 - Quantitative Disease Resistance to 
Xanthomonas involves an Arabidopsis immune 
receptor pair and a gene of unknown fu 

HUARD-CHAUVEAU Carine(1), DEBIEU Marilyne(1), GENISSEL 
Anne(2), ROUX Fabrice(1), ROBY Dominique(1) 
(1) Laboratory of Plant-Microorganism Interactions (LIPM), UMR 
CNRS-INRA, Castanet-Tolosan, FRANCE (2)  Current address: UMR 
1290 BIOGER INRA AgroParisTech, Thiverval Grignon, FRANCE 
While quanti tati ve disease resistance (QDR) is a durable and broad 
spectrum form of resistance in plants, identi fying genes underlying 
QDR is sti ll in its infancy. Xanthomonas campestris (Xc) is a biotrophic 
bacteria that causes black rot disease (possibly the most important 
disease of crucifers), and one of the most prevalent bacterial pathogens 
in natural populati ons of Arabidopsis thaliana. We previously identi fi ed 
RKS1, (Resistance related KinaSe 1), which encodes an atypical kinase 
and confers broad-spectrum resistance to Xc. However, RKS1 confers 
QDR to most but not all races of Xc (Huard-Chauveau et al., 2013). We 
therefore explored the geneti c bases of QDR in A. thaliana to diverse 
races of Xc. Nested Genome Wide Associati on mapping was used to fi nely 
map genomic regions associated with either QDR to Xcc12824 (race 2) 
or XccCFBP6943 (race 6). Inserti onal mutants were then selected for 
the candidate genes and phenotyped in response to Xc. Two major QTLs 
conferring resistance specifi cally to Xcc12824 and XccCFBP6943, were 
identi fi ed. Whereas QDR to Xcc12824 is conferred by a gene encoding 
for a protein of unknown functi on, QDR to Xcc6943 involves the immune 
receptor pair RRS1/RPS4. This study reveals that three genes are involved 
in resistance to Xc with strikingly diff erent ranges of specifi city, suggesti ng 
that QDR to Xc involves a complex network integrati ng multi ple response 
pathways triggered by disti nct pathogen molecular determinants. 

P142 - Arabidopsis - Xanthomonas citri: a new 
approach to study plant molecular responses 
to TAL eff ectors 
 

RODRIGUES OBLESSUC Paula(1), BENEDETTI Celso Eduardo(1) 
(1) Brazilian Biosciences National Laboratory (LNBio), Campinas, 
BRAZIL 
Arabidopsis thaliana is a model organism with many tools that enable 
the study of molecular mechanisms in plants. Previous study showed 
that the non-host interacti on between Arabidopsis and the Xanthomonas 
citri pv. citri (Xcc) enable the bacteria to populate the apoplast of the 
Arabidopsis leaves. Therefore, we though to use this pathosystem as 
a new model to study the plant molecular responses to Xcc. The main 
pathogenicity factors of Xcc are the TAL (transcripti on acti vator-like) 
eff ectors (PthAs), which are involved in the regulati on of host genes, 
such as citrus CsLOB1 (lateral organ boundaries) and CsCyp (Cyclophilin), 
resulti ng in the citrus canker symptoms. Here we aimed to establish if 
the Xcc is capable to inject PthAs into the Arabidopsis cells and regulate 
its genes in a PthA-dependent manner. Col-0 young plants (three week 
old) were deep inoculated with OD600 0.1 suspensions of the wild type 
Xcc strain 306 and the mutant XccDhrpB2, which lack functi onal type-
III secreti on system. The presence of PthA proteins was observed in the 
Col-0 leaves 3 days post inoculati on only with the Xcc 306. Arabidopsis 
genes LOB1 and LOB11, and ROC1 and ROC3, homologs to citurs CsLOB1 
and CsCyp, respecti vely, showed diff erenti al expression between Xcc 306 
and XccDhrpB2 infecti ons. Our results indicate Xcc indeed inject PthA 
eff ectors in Arabidopsis cells, leading to eff ector-dependent changes in 
plant gene expression. 

P143 - Danger peptide signaling on depletion of 
the shared regulatory kinase BAK1 underlies 
basal pathogen resistance in Arabidopsis 
 

YAMADA Kohji (2) , YAMASHITA-YAMADA Misuzu (2) , HIRASE 
Taishi(1), FUJIWARA Tadashi(1), MURATA Gaku(1), HIRUMA 
Kei(1), SAIJO Yusuke(1)

(1) Nara Institute of Science and Technology, Ikoma, JAPAN (2)  Max 
Planck Institute for Plant Breeding Research, Cologne, GERMANY 
Pathogens infect a host by suppressing defense signaling induced upon 
recogniti on of microbe-associated molecular patt erns (MAMPs). Despite 
this suppression, MAMP receptors mediate post-invasion basal resistance 
to limit host suscepti bility, via a process that is poorly understood. The 
Arabidopsis leucine-rich repeat (LRR) receptor kinase BAK1 functi ons 

with diff erent cell-surface LRR receptors. Plants lacking BAK1 display 
criti cal defects in MAMP signaling, cell death control, and brassinosteroid 
responses, but intact or even enhanced basal resistance. We report that 
pathogen-induced BAK1 depleti on leads to defense acti vati on through 
the endogenous PROPEP pepti des and their LRR receptor kinases PEPR1/
PEPR2. In the absence of BAK1, PEPR elicitati on results in extensive cell 
death and prioriti zing salicylate branches over jasmonate branches, in a 
manner independent of brassinosteroids. These bak1 eff ects seem to be 
reinforced by Pep-induced elevati on of PROPEP and PEPR accumulati on. 
Importantly, BAK1 disrupti on increases extracellular release of PROPEP3 
following pathogen eff ector-dependent inducti on, and renders PEPRs 
necessary for basal resistance. Of relevance, challenge with the fungal 
pathogen Colletotrichum higginsianum specifi cally lowers BAK1 
accumulati on, consistent with PEPR dependence of anti -fungal resistance. 
Our fi ndings indicate that the PEPR pathway ensures basal resistance to 
virulent pathogens that deplete BAK1 during their infecti on att empts. 

P144 (Talk) - UGT76B1 and its substrate 
isoleucic acid in plant defense and 
development 
 

MAKSYM Rafal(1), ZHANG Wei(1), VON SAINT PAUL Veronica(1), 
STETTER Karen(1), GHIRARDO Andrea (2) , SCHÄFFNER Anton (1) 
(1) Helmholtz Zentrum München, Biochemical Plant Pathology, 
Neuherberg, GERMANY (2)  Helmholtz Zentrum München, 
Environmental Simulation, Neuherberg, GERMANY 
Loss-of-functi on mutants of the small-molecule glucosyltransferase 
UGT76B1 trigger salicylate (SA)-dependent defense enhancing resistance 
towards biotrophic pathogens, whereas the jasmonate-dependent 
pathway is suppressed (von Saint Paul et al., 2011). This eff ect is mainly 
involving the SA pathway as deduced from introgression of SA- and 
jasmonate-related mutati ons. Isoleucic acid (ILA), the 2-hydroxy relati ve 
of isoleucine, was identi fi ed as a UGT76B1 substrate; in additi on, 
UGT76B1 had an acti vity towards SA, which was found to be inhibited 
by ILA (Noutoshi et al., 2012). To further investi gate the role of ILA, a GC-
MS-based method for its quanti fi cati on has been developed. UGT76B1 
overexpression lines accumulated less unconjugated ILA (and more ILA 
hexoside), whereas more free ILA (and less ILA conjugate) was found in 
ugt76b1-1. Thus, ILA has been confi rmed as an endogenous substrate and 
a possible new small molecule modulator of plant defense. Importantly, 
ILA was also shown to be present in a diverse array of plant species. To 
get further insight into ILA acti on, its inhibitory eff ect on root growth was 
used for a geneti c approach. Ten thousand homozygous inserti on lines 
were scored for enhanced ILA resistance revealing a diverse collecti on of 
genes putati vely involved in ILA suscepti bility. In additi on, a genome-wide 
associati on study of 200 A. thaliana accessions has been initi ated. Results 
revealing genomic regions related to ILA suscepti bility will be presented. 

P145 - Negative control of PTI by a PP2C-type 
MAPK phosphatase in Arabidopsis 
 

SHUBCHYNSKYY Volodymyr (2) , BONIECKA Justyna (2) , 
SCHWEIGHOFER Alois(1), KVEDERAVICIUTE Kotryna(1), MAUCH 
Felix(3) , BALAZADEH Salma(4), MUELLER-ROEBER Bernd (4), 
BOUTROT Freddy (5), ZIPFEL Cyril (5), MESKIENE Irute(1) 
(1) Institute of Biotechnology (IBT), University of Vilnius, Vilnius, 
LITHUANIA (2)  Max F. Perutz Laboratories, University and Medical 
University of Vienna, Vienna, AUSTRIA(3)  Department of Biology, 
Plant Biology, University of Fribourg, Fribourg, SWITZERLAND(4) 
Max-Planck-Institute for Molecular Plant Physiology, Golm and 
University of Potsdam, Potsdam, GERMANY (5) The Sainsbury 
Laboratory, Norwich Research Park, Norwich, UNITED KINGDOM 
PAMP-triggered immunity (PTI) includes phosphorylati on-based 
acti vati on of mitogen-acti vated protein kinases (MAPKs), which is 
counteracted by protein phosphatases. MAPK acti vati on leads to 
reprogramming of plant cellular acti viti es, including changes in plant 
stress hormone levels. Here we report the biological role of Arabidopsis 
thaliana MAPK phosphatase AP2C as a negati ve regulator of plant basal 
resistance and defense responses to pathogenic bacteria. We studied 
the role of AP2Cs in regulati on of kinase acti viti es and disease resistance 
in plants. We correlated kineti c profi les of pathogen-induced MAPK 
acti viti es in phosphatase knock out and overexpressing Arabidopsis plant 
lines with plant disease resistance and ethylene amounts. We found that 
loss of AP2C leads to enhanced plant resistance to Pseudomonas syringae 
pv. tomato (Pto) that correlates with enhanced pathogen-induced MAPK 
acti viti es. Our data show that overexpression of the phosphatase leads 
to strong suppression of kinase acti viti es, whereas in the absence of the 
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phosphatase kinase acti viti es are enhanced. Taken together, this work 
advances current understanding on regulati on of MAPK signaling in plants 
and highlights the regulatory role of PP2C type MAPK phosphatase in PTI. 

P146 - NADPH oxidase is critical for the ulvan-
induced resistance in Arabidopsis thaliana 
against Alternaria brassicicola 
 

STADNIK Marciel J.(1), DE FREITAS Mateus B.(1) 
(1) Federal University of Santa Catarina, Florianopolis, BRAZIL 
Ulvan is a water-soluble algal polysaccharide that can induce defense 
responses in several crop plant species to a broad range of fungal 
pathogens [Stadnik & de Freitas, Trop Plant Pathol 2014; 39: 111-8]. 
However, mechanisms of the resistance inducti on are not yet fully 
understood. Thus, using the model system Arabidopsis thaliana and 
Alternaria brassicicola, the present work was aimed at studying the role of 
reacti ve oxygen species generated by NADPH oxidase in the ulvan-induced 
resistance. Foliar spraying of ulvan reduced the fungal colonizati on of 
host ti ssues and, consequently, the leaf disease severity by 90% in both 
wild type and AtrbohF plants, while increasing NADPH oxidase acti vity 
and hydrogen peroxide levels. It also tended to enhance the acti vity of 
enzymes related to the removal of reacti ve oxygen species such as APX, 
GSR, CAT and SOD, suggesti ng a ti ght control of the anti oxidant system. 
Ulvan failed to protect AtrbohD mutant and wild type plants previously 
infi ltrated with diphenyleneiodonium, both impaired in NADPH oxidase 
acti vity and hydrogen peroxide accumulati on. Collecti vely, our results 
demonstrate that ulvan-induced resistance in A. thaliana against A. 
brassicicola requires reacti ve oxygen species by the respiratory burst 
oxidase homologue D (RBOHD) NADPH oxidase [de Freitas & Stadnik, 
Physiol Mol Plant Pathol 2015; doi: 10.1016/j.pmpp.2015.03.002]. 

P147 - Illuminating stomatal regulation in 
pathogen defence 
 

TAMBORSKI Janina(1), KOPISCHKE Michaela(1), ROBATZEK 
Silke(1) 
(1) The Sainsbury Laboratory, Norwich, UNITED KINGDOM 
Stomata are specialized pores in the leaf surface whose aperture is 
controlled by a pair of guard cells by means of osmoti cally driven 
water transport. As natural openings in the leaf surface, stomata are 
major entry sites for microbes, such as bacterial pathogens. To prevent 
this, plants close stomata (stomatal immunity) upon the percepti on of 
pathogenassociated molecular patt erns (PAMPs) such as bacterial fl agellin 
(fl g22). This can alter the outcome of infecti on to the disadvantage of the 
pathogen (Melott o et al., 2006). As the outcome of fl g22 percepti on by 
the Flagellin Sensing 2 (FLS2) receptor kinase is unique for guard cells, we 
hypothesize that FLS2 signalling involves guard cell-specifi c components 
and subcellular rearrangements. In order to shed light on the molecular 
regulati on of stomatal closure in PAMP-triggered immunity we make use 
of guard-cell specifi c expression to investi gate FLS2 signalling in a guard 
cell-specifi c context. We will present data from transient and stable 
approaches, e.g. showing that guard cell ROS producti on is not suffi  cient 
for fl g22-induced stomatal closure and requires pavement cell ROS. 

P148 - Novel short ORF-encoded peptides with 
a role in the stress response of A. thaliana 
 

TAVORMINA Patrizia(1), DE CONINCK Barbara(1), CAMMUE 
Bruno(1) 
(1) KU Leuven/VIB, Heverlee/Ghent, BELGIUM 
Pepti des display a broad array of functi ons in growth, development, 
reproducti on and stress responses of plants. They exert their biological 
roles through direct interacti on with pathogens or through interference 
with signaling transducti on cascades. Nevertheless, the diversity and 
abundance of the pepti dome is strongly underexplored. Recently, 
evidence is emerging on pepti des directly translated from short open 
reading frames, in contrast to pepti des derived from protein precursors 
such as well-studied anti microbial and signaling pepti des. Here, we aimed 
at identi fying novel, unannotated stress-induced pepti des (SIPs) that 
are directly translated from short open reading frames in Arabidopsis. 
A transcriptomic approach was employed on Arabidopsis leaf material 
treated with Botryti s cinerea, a necrotrophic fungus, and paraquat, 
a reacti ve oxygen species-inducing herbicide. 925 putati ve SIPs were 
predicted and their bioacti vity was tested via a high-throughput yeast 

screening system in oxidati ve stress conditi ons, as well as via Arabidopsis 
knock-out mutants treated with (a)bioti c stressors. For example, sip1
was more suscepti ble to infecti on by the fungal pathogen Fusarium 
oxysporum. Sip2 was also more suscepti ble to the latt er pathogen and 
showed interveinal chlorosis. In conclusion, the presented approach 
enables to identi fy novel, bioacti ve pepti des with a role in the stress 
response of plants. 

P149 - Identifying core complex interactors 
of the Arabidopsis thaliana LSU peptides, 
important regulatory hubs in the plant stress 
response 

VANDEREYKEN Katy(1), DE CONINCK Barbara(1), DANG Thi 
Tuong Vi(1), VOS Christine(1), DE JAEGER Geert (2) , CAMMUE 
Bruno(1) 
(1) Centre of Microbial and Plant Genetics, KU Leuven, Heverlee, 
BELGIUM (2)  Department of Plant Systems Biology, VIB, Gent, 
BELGIUM 
odel plant Arabidopsis thaliana contains four members of the LSU 
(response to Low Sulfur) gene family (LSU1-4), encoding small proteins 
with 59-89% sequence similarity and homologues in several important 
plants and crops. Originally, LSU genes were characterized as strongly 
induced during sulphur defi ciencies. Recent studies suggest an important 
regulatory role of the A. thaliana LSU pepti des in development and the 
plant stress response. It has been proposed that LSU pepti des functi on 
as important hubs for the integrati on and regulati on of environmental 
signals. However, the precise molecular role of LSU family pepti des 
sti ll remains unclear. In order to unravel the molecular functi on of the 
A. thaliana LSU pepti des as hubs in the plant stress response, we are 
following an interactomics-based approach combined with a detailed 
functi onal analysis of LSU1-4 and their in planta confi rmed interactors. 
Up to now, preliminary functi onal analyses revealed possible redundancy 
between some of the LSU pepti des, indicated nuclear localisati on of the 
pepti des and a role in the defence response against both necrotrophic 
and (hemi-)biotrophic plant pathogens. Through Tandem Affi  nity 
Purifi cati on (TAP) analyses in A. thaliana cell cultures we identi fi ed a core 
complex interactor of the LSU pepti des, a GTP-binding protein. Currently, 
confi rmati on of this interacti on partner in A. thaliana seedlings and its 
role in plant defence is ongoing. 

P150 - A bile acid elicits receptor-like kinase-
dependent defenses in Arabidopsis and 
reduces bacterial infection 
 

ZARATTINI Marco(1), LAUNAY Alban(1), WENES Estelle(1), 
FARJAD Mahsa(1), TACONNAT Ludivine(3) , BALZERGUE 
Sandrine(3), BOUTET Stéphanie (1), BERNACCHIA Giovanni (2) , 
FAGARD Mathilde(1) 
(1) INRA-AgroParisTech, IJPB, VERSAILLES, FRANCE (2)  Departement 
of Life Sciences and Biotechnology, University of Ferrara, FERRARA, 
ITALY(3)  INRA-CNRS-UEVE, URGV , EVRY, FRANCE 
Crop yield loss is signifi cantly aff ected by disease. Considering that the 
worldwide demand for agricultural products is increasing, there is a 
need to pursue the development of new methods to protect crops from 
disease. One mecanism of plant protecti on is through the acti vati on of its 
immune system. By exogenous applicati on, “plant acti vator molecules” 
with elicitor properti es, can be used to acti vate the plant immune system. 
These defense-inducing molecules represent a powerful and oft en 
environment-friendly toolset to fi ght pathogens. We investi gated a new 
molecule and show that a bile acid induces defense in Arabidopsis and 
reduces the proliferati on of two bacterial phytopathogens. We describe 
the global defense response triggered by this new plant acti vator in 
Arabidopsis at the transcripti onal level. Several induced genes were 
selected for further analysis by RT-qPCR and we describe the kineti cs of 
their inducti on. Finally, we demonstrate that the acti vati on of defense by 
this bile acid requires a specifi c receptor-like-kinase. 
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P151 - Global gene expression in insect galls to 
understand development and carbohydrate 
fl ux 
 

WITIAK sarah Melissa(1), SAYRE Brian(1), LUTES Mary(1), FROST 
Christopher (2)  
(1) Virginia State University, Petersburg, VA, USA (2)  University of 
Louiville, Louisville, KY, USA 
Insect galls may provide food, shelter, and/or protecti on to the insect. 
Each galling insect produces a unique gall structure on the host plant 
such that the gall is considered to be an exended phenotype of the galler. 
This predictable development resembles normal organ formati on, with 
determinate sizes, predictable morphologies, and organized internal 
ti ssues. As such, galls off er a unique system to understand the signalling 
pathways that control plant development. We hypothesize that gallers 
hijack normal developmental pathways using an unknown chemical 
signal. In an att empt to understand how these structures form, we have 
begun to examine gene expression patt erns in the Ectodoemia sp. gall and 
control ti ssues of Populus granditentata. Here we present results from a 
microarray that outlines major patt erns in development and metabolic 
fl ux. This gall forms at the juncti on of the leaf blade and peti ole, making 
it an ideal system to study not only development, but also carbohydrate 
source-sink dynamics. Here we present gene expression patt erns as 
related to these topics. 

P152 - Interactions among resistance genes 
lead to hybrid necrosis 
 

WU Rui(1), ZHU Wangsheng(1), XI Wanyan(1), SYMEONIDI 
Effi  e(1), SCHWAB Rebecca(1), WEIGEL Detlef(1) 
(1) Max Planck Institute for Developmental Biology, Tübingen, 
GERMANY 
Immune responses mediated by Resistance (R) proteins with nucleoti de 
binding/leucine rich repeat (NB-LRR or NLR) domains are instrumental to 
pathogen defense. Acti vati on of R proteins oft en leads to hypersensiti ve 
response (HR), characterized by local cell death. Recently, pairwise 
interacti ons between NLR and other R loci have been identi fi ed as 
a cause for hybrid necrosis, an HR-like phenomenon observed in F1 
hybrids between A. thaliana accessions. It has been proposed that such 
cases present an extreme example of the tradeoff  between growth 
and acti vati on of the immune system. Relevant to this observati on, the 
integrated decoy model, based on pairs of NLR proteins such as RPS4/
RRS1 in A. thaliana and RGA4/RGA5 in rice, posits that in the absence of 
a trigger, some NLR proteins could functi on as repressors that inhibit the 
acti vity of other NLR proteins. We are using CRISPR/Cas9 to systemati cally 
remove NLR loci from A. thaliana genomes, to identi fy NLR proteins that 
may be negati ve regulators of defense. 

P153 (Talk) - PBL27, a member of RLCKs, 
directly transduces immune signal from chitin 
receptor to MAPK cascade in plant immunity 
 

YAMADA Kenta(1), YAMAGUCHI Koji(1), SHIRAKAWA Tomomi(1), 
ISHIKAWA Kazuya(1), NARUSAKA Mari (2) , NARUSAKA 
Yshihiro(2), ICHIMURA Kazuya (3, FUKAMIZO Tamo(1), 
SHIBUYA Naoto(4), KAWASAKI Tsutomu(1) 
(1) Graduate School of Agriculture, Kinki University, Nara, JAPAN 
(2)  Research Institute for Biological Sciences, Okayama, JAPAN(3)  
Faculty of Agriculture, Kagawa University, Kagawa, JAPAN(4) School 
of Agriculture, Meiji University, Kanagawa, JAPAN 
Plants recognize pathogen-associated molecular patt erns (PAMPs) 
through patt ern-recogniti on receptors (PRRs) at cell surface to induce 
immunity. MAPK cascades play criti cal role in PRRs-mediated immune 
responses. However, it is not known how the MAPK cascades are 
acti vated downstream of PRRs. Previously, we found that a receptor-like 
cytoplasmic kinase PBL27 functi ons as downstream signaling component 
of chiti n receptor complex CERK1/LYK5 and regulates chiti n-induced 
acti vati on of MPK3 and MPK6. Here, we identi fi ed MAPKKKa as a MAPKKK 
that directly interacts with PBL27. The mapkkka mutati ons reduced chiti n-
induced acti vati on of MPK3/6 and resistance to Alternaria brassicicola as 
found in the pbl27 mutants, suggesti ng that PBL27 and MAPKKKa functi on 
in the same signaling pathway. To elucidate the molecular mechanism of 
how PBL27 acti vates MAPKKKa, we performed in vitro phosphorylati on 
assay and found that PBL27 directly phosphorylates C-terminal domain 

of MAPKKKa. In additi on, MAPKKKa phosphorylates MKK4 and MKK5, 
MAPK kinases for MPK3/6. These data suggest that PBL27 is the MAPKKK 
kinase that acti vates the MAPK cascade consisti ng of MAPKKKa-MKK4/5-
MPK3/6 in chiti n signaling. 

P154 - Comprehensive Analysis of RALF Gene 
Family in Plant Species 
 

SHARMA Arti(1), MUN Bong-Gyu(1), LEE Sang-Uk(1), YUN Byung-
Wook(1) 
(1) School of Applied Biosciences, Kyungpook National University, 
Daegu, Republic of Korea, Daegu, SOUTH KOREA 
Receptor mediated signal carriers play a criti cal role in regulati on of 
plant defense and development. Rapid Alkalizati on Factor (RALF) is 
an important signaling family which has a role in plant growth and 
development. However, only few RALF polypepti des have been identi fi ed 
ti ll date, mainly because of enormous eff orts required for their isolati on 
through mutati onal analysis. In this study, an extensive database search 
yield 39, 43, 34 and 23 potenti al RALF genes in Arabidopsis, rice, corn 
and soybeans, respecti vely. RALF genes are highly conserved across the 
plant species. A comprehensive analysis including the chromosomal 
locati on, gene structure, subcellular locati on, conserved moti f, protein 
structure and promoter analysis was performed. RALF genes from four 
plants under study were divided in 7 groups based on phylogeneti c 
analysis. In silico expression analysis of these genes, using microarray 
and EST data, revealed that these genes exhibit a variety of expression 
patt ern. Furthermore, RALF genes showed disti nct expression patt ern 
under nitric oxide (NO) stress in Arabidopsis. This suggests a role of RALF 
genes in plant defense regulati on. Our comprehensive analysis of RALF 
genes is a valuable resource that further elucidates the roles of RALF 
family members in plants. In additi on, comparati ve genomics analysis 
deepen our understanding of the evoluti on of RALF gene family and will 
contribute to further geneti cs and genomics studies of other monocot 
and dicot species. 

P155 - Structure-guided design of a jasmonate 
receptor that uncouples endogenous hormone 
perception from pathogen toxin hijacking 
 

ZHANG Li(1), WITHERS John(1), YAO Jian (2) , XIN Xiufang (2) , 
BANERJEE Rahul(3) , FARIDUDDIN Qazi (2) , YAN Honggao (3), 
HE Sheng Yang(4)  
(1) Department of Energy Plant Research Laboratory, Department 
of Plant Biology, Michigan State University, East Lansing, MI 
48824, UNITED STATES (2)  Department of Energy Plant Research 
Laboratory, Michigan State University, East Lansing, MI 48824, 
UNITED STATES(3)  Department of Biochemistry and Molecular 
Biology, Michigan State University, East Lansing, MI 48824, UNITED 
STATES(4) Howard Hughes Medical Institute, Department of Energy 
Plant Research Laboratory, Department of Plant Biology, Michigan 
State University, East Lansing, MI 48824, UNITED STATES 
The plant hormone jasmonate (JA) plays a major role in regulati ng plant 
defense against numerous insect pests and necrotrophic pathogens in 
plants. Jasmonoyl-isoleucine (JA-Ile), the bioacti ve form of JA, is perceived 
by a co-receptor consisti ng of CORONATINE INSENSITIVE 1 (COI1) and 
JASMONATE ZIM-domain (JAZ) proteins. Despite its important role in 
defense against insects and necrotrophic pathogens, the co-receptor 
COI1 and JAZ proteins are targets of virulence factors from biotrophic/
hemi-biotrophic pathogens, especially coronati ne, a potent JA-mimicking 
bacterial toxin, illustrati ng the vulnerability of the host immune systems. 
Guided by the crystal structure of the COI1-JAZ co-receptor, we were 
able to make a single amino acid substi tuti on, A348V, in the JA-binding 
pocket of the COI1 protein that allows for suffi  cient signal transducti on 
of endogenous JA hormone, but has greatly reduced sensiti vity to 
coronati ne. Consequently, transgenic Arabidopsis plants expressing the 
engineered COI1A348V receptor maintained a high-level of insect defense, 
but gained resistance to the hemi-biotrophic pathogen Pseudomonas 
syringae pv. tomato DC3000, which produces coronati ne. Our results 
provides an example illustrati ng that modifi cati on of the host targets 
of pathogen virulence factors may be a broadly applicable approach to 
broaden the capacity of host defense against highly evolved pathogens 
that have developed mechanisms to subvert host cellular functi ons. 

P156 (Talk) - From a phylogenic analysis of 
Calmodulin-like proteins in green lineage to 
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the role of CML8 in root development and 
responses to biotic stresses 
 

ZHU Xiaoyang(1), ROBE Eugénie(1), DUNAND Christophe(1), 
ALDON Didier(1), MAZARS Christian(1), BERTHOMÉ Richard (2), 
GALAUD Jean-Philippe(1) 
(1) Université de Toulouse, UMR CNRS 5546, Laboratoire de Recherche 
en Sciences Végétales, Castanet-Tolosan, FRANCE (2)  Laboratoire 
des Interactions Plantes Microorganismes, UMR 2594 CNRS-INRA, 
Castanet-Tolosan, FRANCE 
In their natural environment, plants are conti nuously exposed to 
fl uctuati ng and oft en unfavorable conditi ons such as water defi cit, 
high temperature and to bioti c agents which could be harmful such as 
bacteria, fungi, viruses or herbivores. To survive and reproduce, plants 
have evolved sophisti cated mechanisms to perceive and appropriately 
respond under these adverse conditi ons. It is well-known that the 
free calcium ion act as a key second messenger during developmental 
processes and stress signaling. To become informati ve, these Ca2+ 
messages need to be decoded by Ca2+ sensors such as calmodulin 
(CaM) to carry out the appropriate response. In additi on to CaM, plants 
possess CaM-Like proteins (CMLs) that are specifi c to plants. Here, we 
fi rst explored the genomes of 15 organisms in the green lineage going 
from chlorophyceae to land plants to search for CaM and CMLs homologs. 
This analysis shows that CaM/CML number increases from green algae 
to Angiosperms. CaMs are present in all plant species but some CML 
subgroups emerged in a concomitant manner with the development of 
new organs. We then investi gated the role of CML8 from Arabidopsis, 
a CML that belongs to a subgroup only found in vascular plants whose 
expression strongly increases in response to bioti c stresses. Using geneti c 
approaches, we showed that CML8 is expressed in primordia of lateral 
roots and involved in root growth and development and in plant immune 
response to Pseudomonas syringae and Ralstonia solanacearum. 

Development 
Posters 157 to 257 

P157 - TEMPRANILLO regulates the age-
dependent developmental pathway at diff erent 
levels 
 

AGUILAR JARAMILLO Andrea Elizabeth(1), MARÍN-GONZÁLEZ 
Esther(1), MATÍAS-HERNÁNDEZ Luis(1), PELAZ Soraya (2) , 
SUÁREZ-LÓPEZ Paula(1)  
(1) Centre de Recerca en Agrigenòmica CRAG, Barcelona, 
SPAIN(2)  ICREA (Institució Catalana de Recerca I EstudisAvançats), 
Barcelona, SPAIN 
Arabidopsis plant development can be divided in three disti nct 
phases: Juvenile phase, adult phase and reproducti ve phase. These 
developmental phases are controlled by diff erent geneti c pathways that 
respond to diverse environmental and endogenous sti muli including 
photoperiod, temperature, hormones and age. The age-dependent 
pathway controls the transiti on from the juvenile to the adult vegetati ve 
phase. The expression level of the microRNA156 (miR156) is high during 
early stages of plant development, while decreases in adulthood. 
Most SPL (SQUAMOSA PROMOTER BINDING PROTEIN-LIKE) genes are 
silenced by miR156, and become acti ve as miR156 decays in the adult 
phase when they in turn acti vate miR172. TEMPRANILLO (TEM) genes 
act as repressors of fl owering. The similarity in the temporal expression 
patt ern of miR156 and TEMs suggested a putati ve role of TEMs in the 
juvenile-to-adult transiti on. We found that as miR156, TEM genes control 
this developmental transiti on. However, TEMs aff ect to a greater extent 
the length of the adult phase, whereas miR156 shows a major role in 
controlling the juvenile phase. Phenotypic and expression studies indicate 
that TEMs regulate these developmental transiti ons by regulati ng miR156 
levels and by directly acti ng on miR156 downstream genes. TEMs are able 
to repress SPLs (SPL9, SPL3) and miR172 expression by binding in vivo to 
their regulatory regions. Therefore, TEMs act in a miR156-dependent and 
-independent manner in the age-dependent pathway. 

P158 - Revealing connections between polarity 
maintenance and cell fate in a dynamic 
developmental system. 
 

ALASSIMONE Julien(1), BERGMANN Dominique(1) 
(1) Department of Biology and HHMI, Stanford University, Stanford, 
UNITED STATES 
In plants, asymmetric cell divisions (ACDs) are crucial to produce cells with 
disti nct fates. Recently, BASL was found to be required for the polarizati on 
of cells prior to asymmetric divisions of the stomatal lineage. Despite its 
fundamental role in ACDs, the mode of acti on of BASL remains unclear. To 
determine if BASL acts before or aft er division, I developed an approach 
that combines stage-specifi c protein expression and degradati on during 
the cell cycle. I engineered a version of BASL, that is degraded during 
anaphase and I am testi ng the ability of this BASL variant to complement 
the basl mutant phenotype when expressed before or aft er division. 
In additi on, to identi fy mutants aff ected in polarity establishment, I 
initi ated a forward geneti c screen in which I screened for mis-localizati on 
of polarized proteins in the leaf epidermis. This approach already led to 
the isolati on of promising potenti al mutants aff ected either in: polarity 
establishment (leading to non polarized cell); maintaining a restricted 
polarity domain; or maintaining a proper stomatal patt ern (with clusters 
of stomatal lineage cells or stomata in contact). Interesti ngly some of the 
candidates present incomplete cell walls and are impaired in the stomata 
patt ern and/or polarity establishment. This new mutant set will improve 
our knowledge of connecti ons between polarity establishment, cell 
division and cell fate decisions. 

P159 - The regulation of growth and cell wall 
deposition by DEFECTIVE KERNEL1 (DEK1) in 
Arabidopsis thaliana 
 

AMANDA Dhika(1), DOBLIN Monika S(1), BACIC Antony(1), 
GALLETTI Roberta (2) , INGRAM Gwyneth C (2) , JOHNSON Kim 
L(1) 
(1) ARC Centre of Excellence in Plant Cell Walls, School of 
Biosciences, University of Melbourne, Parkville, VIC 3010, Australia, 
Melbourne, AUSTRALIA (2)  Laboratoire de Reproduction et 
Développement des Plantes, Ecole Normale Supérieure de Lyon, 
CNRS UMR 5667, 46, allée d’Italie, 69364 LYON cedex 07, France, 
Lyon, FRANCE 
Plant cell walls are composed of complex arrays of polysaccharides 
(~90%) and proteins (~10%) and represent the world”s largest source 
of renewable biomass. They provide a crucial structural functi on for 
the growing plant by harnessing the internal pressure (turgor pressure) 
of cells in a highly regulated manner; allowing controlled turgor-driven 
ti ssue growth whilst maintaining turgor-dependent structural support 
[1]. The outer cell layer of the plant, the epidermis, is thought to restrict 
plant growth in an analogous way and regulate fi nal organ size. A key 
regulator of epidermal development is DEFECTIVE KERNEL1 (DEK1), a 240 
kDa modular protein comprising a large trans-membrane domain region 
and a cytoplasmic calpain (cysteine protease) domain. Changes in organ 
size and shape are observed when DEK1 levels are altered [2]. Our studies 
show that plants over-expressing the calpain domain of DEK1 (CALPAIN 
OE) have thicker cell walls and changes in cell wall compositi on, most 
notably in the epidermis. The up-regulati on of several cell wall-related 
genes in response to CALPAIN OE indicates that DEK1 may regulate 
growth through cell wall modifi cati on. 

[1] Cosgrove DJ. (2005). Nat Rev Mol Cell Biol 6, 850-861; [2] Johnson KL et al. 
(2008). Plant Cell 20(10), 2619-2630 

P160 - Computational modelling reveals 
a new cell division rule during plant early 
embryogenesis 
 

MOUKHTAR Julien(1), BELCRAM Katia(1), TRUBUIL Alain (2) , 
LEGLAND David(3) , PALAUQUI Jean-Christophe(1), ANDREY 
Philippe(1)  
(1) INRA IJPB, VERSAILLES, FRANCE (2)  INRA MIA, JOUY-EN-JOSAS, 
FRANCE(3)  INRA GMPA, THIVERVAL-GRIGNON, FRANCE 
In plants, cell division is one of the major mechanisms that orchestrate 
the transiti on from a single cell to a large number of cells organized in 
ti ssues and organs. Several phenomenological rules have been proposed 
to relate the positi on and orientati on of division plane to cell geometry. 
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It is generally admitt ed that symmetric divisions correspond to a default 
mechanism driven by physical constraints and that asymmetric divisions 
are triggered by specifi c signals. However, research eff orts to date 
have mostly concentrated on symmetric divisions, in systems where 
cells can be assimilated to 2D shapes, or have used simplifi ed division 
models. Combining confocal microscopy, image analysis, cell lineage 
reconstructi on, and computer modelling, we investi gated 3D cell division 
patt erns during the fi rst fi ve generati ons in A. thaliana embryos. We 
showed the existence of a new rule relati ng the positi on and area of 
division plane to cell geometry. The rule was valid for both symmetric 
and asymmetric cell divisions, in various cell types and morphologies, 
and at all considered generati ons. Starti ng from the original apical cell, 
recursively applying our rule predicted the sequence of observed division 
patt erns. An important consequence of our fi ndings is thus that the 
apparently complex cell organizati on of the embryo could be interpreted 
as a self-organized structure emerging from a geometrical feedback loop 
between cell shape and division plane positi oning. 

P161 - Maternal plant vernalization exposure 
infl uences germination behavior of progeny 
 

AUGE Gabriela(1), BLAIR Logan(1), NEVILLE Hannah(1), 
DONOHUE Kathleen(1) 
(1) Department of Biology, Duke University, Durham, UNITED STATES 
The geneti c basis of how seasonal environmental conditi ons experienced 
by maternal plants infl uences the phenology of their off spring is poorly 
known, despite the fact that such maternal eff ects on progeny are 
intense and ecologically important. We studied the eff ect of maternal-
plant vernalizati on (Vern) at the seedling stage on the germinati on 
behavior of the progeny in 20 diff erent ecotypes of Arabidopsis thaliana. 
We found that Vern of maternal plants very early in the life cycle 
increased germinati on of the progeny, even in ecotypes without Vern 
requirements for fl owering. The result is unexpected because prior 
study correlated increased FLOWERING LOCUS C (FLC) expression with 
higher germinati on, yet Vern decreases FLC-expression in the rosett e 
stage. In additi on, in ecotypes showing an eff ect of Vern on progeny 
germinati on, FLC levels along the life cycle did not strongly correlate with 
germinati on probability. Thus, our results suggest that FLC-mediated 
Vern is uncoupled from FLC-mediated germinati on. However, we found 
evidence that other Vern-related genes infl uence germinati on, and this 
regulati on may be independent of FLC. Preliminary data also shows that 
increased VERNALIZATION INSENSITIVE 3 (VIN3) expression during silique 
development of Vern plants might be related to the increase in progeny 
germinati on. Our results highlight the potenti al for seasonal cues early 
in the life cycle to infl uence the phenological performance of the next 
generati on. 

P162 - Redox-dependent Control of Root 
Architecture 
 

BELIN Christophe(1), RIONDET Christophe(1), SUREDA 
Véronique(1), BARIAT Laetitia(1), REICHHELD Jean-Philippe(1) 
(1) LGDP, Université de Perpignan - CNRS, PERPIGNAN Cedex 9, 
FRANCE 
Thiol reducti on proteins are key regulators of the redox state of the cell, 
managing development and stress response programs. In plants, cytosolic 
thiol reducti on proteins, namely thioredoxins (TRX), glutaredoxins (GRX), 
and their respecti ve reducers glutathione reductases (GR) and thioredoxin 
reductases (NTR), are organized in complex multi gene families. In order 
to decipher the functi on of the diff erent proteins, we have performed 
a comprehensive in silico study of the expression of all members of 
diff erent classes of thiol reducti on genes (TRX, GRX) in Arabidopsis 
thaliana. Tissue expression profi les and response to many bioti c and 
abioti c stress conditi ons have been studied systemati cally. Putati ve 
candidates have been identi fi ed for the control of root development and 
for its regulati on by environmental cues. Phenotypic analyses of some of 
the respecti ve mutants are in progress. Among them, the cytoplasmic and 
nuclear multi domain GRXS17, already known to parti cipate in heat-stress 
resistance, plays a criti cal role during root development, by regulati ng 
both the primary root growth rate and the initi ati on speed of lateral 
roots. In order to bett er depict the functi on of GRXS17 during root system 
development, we are pursuing structurefuncti on analyses, together with 
geneti c studies. A suppressor screen of the grxs17 root phenotypes has 
been done and the identi fi cati on of several suppressor mutati ons is in 
progress. 

P163 - Roles and regulation of cell walls 
surrounding plasmodesmata in organ 
formation and patterning 
 

BENITEZ-ALFONSO Yoselin(1), GAUDIOSO-PEDRAZA Rocio(1) 
(1) University of Leeds, Leeds, UNITED KINGDOM 
Most plant cells have channel-like structures, named plasmodesmata, 
that transverse their relati vely rigid cell walls to provide cytoplasm-
to-cytoplasm connecti vity with their neighbours. Plasmodesmata 
provide a pathway for molecular transport between individual cells and 
mediate phloem loading and unloading to communicate distant ti ssues. 
Transcripti on factors, metabolites, RNAs, miRNAs, and other signals have 
been shown to move through plasmodesmata to regulate development 
and the plant response to the environment. Our research aims to 
investi gate the compositi on and regulati on of these channels using 
Arabidopsis as a model organism. Specifi cally, we focus on the regulati on 
of cell wall polysaccharides (mainly callose) around plasmodesmata and on 
the developmental consequences of changing their relati ve compositi on. 
In this context, we have pursued the identi fi cati on of plasmodesmata-
located callose hydrolases and established the role of these enzymes in 
the regulati on of symplasti c transport and in the formati on and patt erning 
of lateral root organs. More recently, we have made progress on the 
identi fi cati on of other plasmodesmata components and, using callose 
modifi ers, the importance of plasmodesmata regulati on in the response 
to environmental factors that aff ect the formati on and patt erning of root 
secondary organs is been further dissected. Novel results on these areas 
will be discussed. 

P164 (Talk) - COBRA-LIKE 2 plays a role in 
cellulose deposition in Arabidopsis seed coat 
mucilage secretory cells 
 

BEN-TOV Daniela(1), ABRAHAM Yael(1), PAULY Markus (2) , 
KEIBER Joseph J.(3) , HARPAZ-SAAD Smadar(1) 
(1) Hebrew University of Jerusalem Robert H. Smith Faculty of 
Agriculture, Food and Environment, Rehovot, ISRAEL (2) University 
of California, Berkeley, Department of Plant and Microbial Biology, 
Berkeley, CA, UNITED STATES(3)  University of North Carolina, Biology 
Department , CB#3280, Chapel Hill, NC, UNITED STATES 
Recent studies identi fi ed cellulose as an important component of seed 
mucilage in various species. Cellulose is deposited as a set of rays that 
radiate from the seed upon mucilage extrusion, serving to anchor 
the pecti c component of seed mucilage to the seed surface. Using 
transcriptome data, we identi fi ed COBRA-LIKE2 (COBL2), a member 
of the glycosylphosphati dylinositol-anchored COBRA-LIKE gene family 
in Arabidopsis (Arabidopsis thaliana), as coexpressed with other genes 
involved in cellulose depositi on in mucilage secretory cells throughout 
the course of seed development. Disrupti on of the COBL2 gene results 
in substanti al reducti on in the cellulosic rays present in seed mucilage 
accompanied by an increased solubility of the mucilage pecti c component 
upon. Electron microscopy and in situ quanti fi cati on of light birefringence 
demonstrates substanti ally compromised crystalline cellulose depositi on 
into the radial cell walls and the columella of the cobl2 mutants. 
Measurements by Updegraff  assay indicate an approximate 40% 
reducti on in whole-seed crystalline cellulose content in the cobl2 mutants 
when compared to wild-type seeds. This data establishes a role for COBL2 
in depositi on of crystalline cellulose into various secondary cell wall 
structures during seed coat epidermal cell diff erenti ati on. 

165 - Manipulation of Vascular Patterning and 
Plant Growth through constitutive of Auxin 
Response Factor Activity 
 

CKURSHUMOVA Wenzislava(1), CARAGEA Adriana(1), KROGAN 
Naden (2) , BERLETH Thomas(1) 
(1) Univ of Toronto, Toronto, CANADA (2)  present address: American 
University, Washington DC, USA 
Diff erenti al auxin signaling is of pivotal importance in plant ti ssue 
patt erning. Combinatorial interacti ons of AUXIN RESPONSE FACTORs 
(ARFs) and Aux/IAA proteins play a central role in the regulati on of 
such auxin responses. Short-lived Aux/IAA proteins negati vely regulate 
ARF acti vity through physical interacti on, mediated by shared domains 
III and IV. As a new tool to explore the systems properti es of this 
regulatory network, we generated a gain-of-functi on ARF genotype by 
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eliminati ng domains III and IV from the functi onally well-characterized 
ARF MONOPTEROS(MP)/ARF5. This truncated version of MP, termed 
MP&Delta;, rescued the mp loss-of-functi on mutant, but also displayed 
a number of semidominant traits aff ecti ng auxin signaling and organ 
patt erning. In the absence of auxin applicati on, the expression levels of 
many auxin-inducible genes were increased. We report, how this new 
tool is being used to dissect the ARF-Aux/IAA regulatory network and 
identi fi es MP/ARF5’s positi on in it as well as downstream targets of MP/
ARF5 and their roles in early in vascular development. We also report 
how this new genotype can be used to bett er understand the role of 
MP in vascular patt erning, meristem patt erning and how its infl uence on 
leaf and stem development and on adaxial-abaxial patt erning in various 
organs is related to its role in vascular patt erning. 

P166 - TOWARDS ELUCIDATING THE FUNCTION 
OF DOCS1, A LRR-RLK GENE INVOLVED IN ROOT 
OUTER CELL LAYERS FORMATION IN RICE 
 

BETTEMBOURG Mathilde(1), MEUNIER Anne-Cécile(1), CAYROL 
Bastien(1), PUIG Jérome(1), VERNET Aurore(1), PORTEFAIX 
Muriel(1), GUIDERDONI Emmanuel (1, PERIN Christophe(1), 
COURTOIS Brigitte(1), DIEVART Anne(1) 
(1) CIRAD, UMR AGAP, Montpellier Cedex 5, FRANCE 
Development of new rice varieti es more tolerant to abioti c stress is one 
challenge of this century. To be able to respond to an alterati on of their 
environmental conditi ons, plants have fi rst to sense the changes and then 
to react to them. At the organ and molecular levels, these two steps can 
be achieved by roots and by multi component signaling pathways in which 
protein phosphorylati ons play an essenti al role. A member of the Leucine-
Rich Repeat Receptor-Like Kinase (LRR-RLK) gene family named DOCS1 for 
DEFECTIVE IN OUTER CELL LAYERS 1 (Huang et al., 2012) determines root 
cell identi ty (ground ti ssues, epidermis) and number of sclerenchyma cell 
layers. The c68 mutant, coding for a truncated DOCS1 protein, is sensiti ve 
to aluminum due to its disorganizati on of root outer cell layers structure. 
Aluminum can penetrate deeper in root ti ssues in c68 (Huang et al., 2009). 
DOCS1 is probably a key element of a larger gene network involved in rice 
root outer ti ssues identi ty and specifi cati on. We are presently creati ng 
knockout lines using CRISPR to specify DOCS1 functi on as c68 is probably 
not a complete loss of functi on mutant. A yeast-two-hybrid screen is also 
ongoing to identi fy members of the DOCS1 gene network. 

Huang, C. F., et al. (2012) Plant J 69(4): 565-576. 

Huang, C. F., et al. (2009) Plant Cell Physiol 50(5): 976-985. 

P167 - Exploring auxin signaling during leaf 
morphogenesis 
 

BOUDIN Manon(1), SERRA Leo(1), LAUFS Patrick(1), PERROT-
RECHENMANN Catherine(1) 
(1) Institut Jean-Pierre Bourgin, INRA de Versailles, Versailles, 
FRANCE 
The understanding of molecular mechanisms controling organ or body 
size and shape represents one of the main challenges in developmental 
biology. Plants and more specifi cally plant leaves exhibit interesti ng 
features for such purpose. Leaf morphogenesis results from the 
coordinati on in ti me and space of cellular divisions and cellular 
expansion. Transcripti on factors of the CUP-SHAPED COTYLEDON (CUC) 
genes are essenti al for the control of leaf shape, playing a criti cal role in 
leaf serrati ons. In additi on, the phytohormone auxin which is a criti cal 
regulator of growth and development, is involved in the regulati on and 
coordinati on of cell division and cell expansion and interacts with CUC 
genes during leaf shaping. The mechanisms of auxin signalling are based 
on a complex set of co-receptors exhibiti ng high to low affi  nity for auxin 
and an even more complex modular network of transcripti onal repressors 
and acti vators ti ghtly controlling the expression of a large set of genes. In 
the perspecti ve of studying further the CUC/auxin regulatory network, we 
analysed auxin response maxima during early stages of teeth formati on 
using the recently developed R2D2 rati ometric reporter1. We tentati vely 
established a map of expression of transcripti on factors of the AUXIN 
RESPONSE FACTOR (ARF) family during leaf margin morphogenesis. 
1 Liao et al, 2015 &ndash; Reporters for sensiti ve and quanti tati ve measurement of 
auxin response. Nature Methods 12, 207-210. 

P168 - WDR55 target screen to study post-
translational modifi cation of translational 
control in plant reproductive development. 
 

BRAMSIEPE Jonathan(1), BJERKAN Katrine N.(1), LECHNER 
Esther (2), RÖLL Marc-Sven(1), GENSCHIK Pascal (2) , GRINI 
Paul E.(1) 
(1) Section for Genetics and Evolutionary Biology, Department 
of Biosciences, University of Oslo, Oslo, NORWAY (2)  Institut de 
Biologie Moléculaire des Plantes, CNRS, Strasbourg, FRANCE 
Sexual reproducti on in fl owering plants, comprising fl ower, gametophyte 
and embryo development, probably builds the most complex network 
of highly specialised cells formed by evoluti on in plants. Developmental 
studies on reproducti on in Arabidopsis have revealed the importance 
and functi on of several essenti al growth and cell cycle regulators. 
Those experiments showed that the precise coordinati on between 
growth and diff erenti ati on in such a structured network is not only 
based on transcripti on but highly controlled on a translati onal and post-
translati onal level of protein interacti on and 
degradati on. WDR55 is one of the essenti al proteins that were identi fi ed 
as necessary for reproducti ve development while at the same ti me being 
fundamental for growth, proliferati on, bilateral symmetry and hormone 
signaling. Bjerkan et al. showed that WDR55 is a potenti al substrate 
receptor in a DDB1-CUL4-based E3 ubiquiti n ligase complex and thus 
probably involved in targeti ng proteins for degradati on. New results from 
our target and interactor screen indicate a functi onal role of WDR55 
in translati onal control connecti ng hormone signaling, growth and 
developmental decisions during reproducti ve development. 

Bjerkan, K.N., et al. (2012). Arabidopsis WD REPEAT DOMAIN55 Interacts 
with DNA DAMAGED BINDING PROTEIN1 and Is Required for Apical 
Patt erning in the Embryo. The Plant Cell 24, 1013&ndash;1033. 

P169 - Shotgun Label-Free Quantitative 
Proteomics of Muscadine Grape (Vitis 
rotundifolia) Berry 
 

BROWN Kedra(1), KATAM Ramesh (2) , VAN SLUYTER Steve(3) , 
KAMBRINDA Devaiah(4) 
(1) Department of Biological Sciences, Florida A&M University, 
Tallahassee, Fl, USA (2)  Department of Biological Sciences, Florida 
A&M University, Tallahassee, Fl, USA(3)  Department of Biological 
Sciences, Macquarie University, NSW, AUSTRALIA (4) Center for 
Viticulture and Small Fruit Research, Florida A&M University, 
Tallahassee, Fl, USA 
Muscadine grapes are well known for a variety of nutraceuti cal and 
enological characteristi cs as well as anti cancer acti vity. Unti l recently, 
most studies were focused on vinifera grapes, with litt le informati on 
available on muscadine grapes. Recent advances in mass spectrometry 
has enhanced our ability to identi fy more proteins and metabolites. The 
objecti ve of this research was to investi gate the proteome profi le of 
muscadine berries using a label free separati on method. Total proteins of 
pericarp were extracted from 4 ti me points of berry development. LC-MS/
MS spectra were acquired from 3 biological replicates per ti me point by 
a sample-opti mized gas phase fracti onati on method on an LTQ XL mass 
spectrometer (Thermo). Spectrum-pepti de matching was performed 
with X! Tandem and GPM Cyclone. A protein database was compiled 
from all reviewed V. vinifera protein entries in UniProt and V. vinifera 
proteins predicted by the IGGP. When calculated, NSAF detected 2796 
total proteins, with 515 diff erenti ally expressed. We observed that the 
label free method of protein identi fi cati on revealed more proteins and 
some that were not previously reported. Berry Stage 3 indicated a major 
shift  in the regulati on of several proteins including photosynthesis, stress, 
PR proteins, and fl avor. Further investi gati on on interacti on network will 
determine the role of diff erenti ally expressed proteins associated with 
the biosynthesis of nutraceuti cal compounds. 
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170 - Thermospermine represses xylem 
diff erentiation by enhancing translation of the 
SAC51 family mRNAs 
 

CAI Qingqing(1), FUKUSHIMA Hiroko(1), ISHII Nami(1), 
SAKAMOTO Tomoaki (2) , KURATA Tetsuya (2) , TAKAHASHI 
Taku(1) 
(1) Okayama University, Okayama, JAPAN (2)  Nara Institute of 
Science and Technology, Nara, JAPAN 
The acaulis5 (acl5) mutant of Arabidopsis exhibits severe dwarf 
phenotype along with excess proliferati on of xylem vessels. ACL5 encodes 
thermospermine synthase. To know the mode of acti on of thermospermine 
in repressing xylem diff erenti ati on, suppressor mutants that reverse 
the dwarf phenotype of acl5 have been isolated and named sac. SAC51 
encodes a bHLH-type transcripti on factor and the sac51-d allele has a 
point mutati on in the 4th uORF within the 5” leader. The sac57-d allele 
has a point mutati on in the 7th uORF of SACL3, a member of the SAC51 
family. These uORF sequences are also conserved in homologous genes in 
other plant species. By using the GUS reporter gene, we found that these 
mutati ons enhance translati on of each main ORF and that the 5” leader 
sequence of SAC51 and SAC57/SACL3 is responsive to thermospermine. 
We further made quadruple mutants of SAC51, SACL1, SACL2, and SAC57/
SACL3, and the phenotypic characterizati on will be presented. 

P171 - Interchangeable functions of LEAFY, 
SHOOT MERISTEMLESS and CUP-SHAPED 
COTYLEDON2 in the control of leaf complexity 
in Arabidopsis and Medicago. 
 

CAYLA Thibaud(1), ESCHSTRUTH Alexis (2) , REZE Natalie (2) , 
PARCY François(3) , SCUTT Charlie(4), RULLIÈRE Jean-Pierre(1), 
LAUFS Patrick (1, RATET Pascal (2) , PAUTOT Veronique(1) 
(1) INRA IJPB, VERSAILLES, FRANCE (2)  IPS2, orsay, FRANCE(3)  PCV LAB, 
CNRS-iRTSV/CEA-UJF, Grenoble, FRANCE(4) RDP, ENS, Lyon, FRANCE 
CUP-SHAPED COTYLEDON2/NO APICAL MERISTEM (NAM/CUC2) and 
SHOOT MERISTEMLESS (STM) act in concert to establish and maintain 
meristems and boundaries. The LEAFY/UNUSUAL FLORAL ORGAN (LFY/
UFO) module, which determines fl oral identi ty, also has a meristemati c 
functi on. Beside their roles in meristems, the LFY, STM and CUC2/NAM 
pathways also contribute to the formati on of compound leaves. To 
explore the degree of overlap and specifi city between these pathways, 
we compared the acti vity of LFY, STM and CUC2/NAM in Arabidopsis, 
a species with simple leaves and in Medicago truncatula, a legume 
species with compound leaves, in which leafl et formati on depends 
on the LFY ortholog SINGLE LEAFLET (SGL1) and not on STM-related 
genes. Overexpression of LFY in Arabidopsis results in the formati on 
of more complex leaves similar to plants overexpressing STM or plants 
expressing a miR164-resistant version of CUC2. LFY ectopic expression 
slightly rescues stm mutant. Expression of a miR164-resistant version of 
NAM or overexpression of STM in M. truncatula leads to more complex 
leaves. Remarkably, the sgl1 leaf phenotype can be complemented by 
overexpression of either STM or NAM. 
These data show that Arabidopsis and Medicago retain the ability to 
respond to both LFY and STM pathways respecti vely. Transcriptomic 
analyses are currently performed to investi gate if these transcripti on 
factors use the same targets to increase leaf complexity in Arabidopsis 
and Medicago. 

P172 - The phytohormone ABA activates 
fl owering by promoting fl origen genes 
expression 
 

RIBONI Matteo(1), ROBUSTELLI TEST Alice(1), CASTELLETTI 
Sara(1), CASTORINA Giulia(1), GALBIATI Massimo(1), TONELLI 
Chiara(1), CONTI Lucio(1)  
(1) University of Milan, Department of Biosciences, Milano, ITALY 
A drought escape (DE) response allows some plants to adapti vely 
shorten their life cycle to make seeds before severe stress leads to 
death. In Arabidopsis a DE response occurs under long day conditi ons, 
when photoperiod-sti mulated GIGANTEA (GI) protein promotes the 
transcripti onal acti vati on of the fl origen genes FLOWERING LOCUS T (FT) 
and TWIN SISTER OF FT (TSF). The phytohormone ABA parti cipates in this 
process in an unknown manner, upstream of the fl origen genes. A key 

questi on arises as to how ABA-mediated signals might aff ect acti vati on 
of the fl origen genes. We fi nd that an increase in ABA signalling results in 
FT acti vati on, whilst the opposite occurs when impairing ABA signalling. 
Double mutants analyses confi rm that the ABA-mediated eff ect on 
fl owering requires the presence of GI and the fl origen genes. The fl origen 
upstream regulator CONSTANS (CO) is also required, suggesti ng a role of 
CO in the ABA-dependent fl origen regulati on. Neither ABA biosyntheti c 
mutants nor ABA signalling mutants present obvious defects in CO
transcript accumulati on suggesti ng that ABA aff ects fl origen upregulati on 
via modifying CO protein acti vity and/or through other mechanisms, 
which however must be related to CO functi on. Interesti ngly, CO is not 
required for TSF upregulati on under drought conditi ons, implying the 
existence of alternati ve routes for fl origens upregulati on. Our analyses 
indicate that ABA plays a key role in transducing water status informati on 
upon the fl origen genes. 

P173 - Characterization of an Arabidopsis 
mutant lacking high-nitrate-induced lateral 
root inhibition 
 DE GERNIER Hugues(1), HERMANS Christian(1) 
(1) Université Libre de Bruxelles, Brussels, BELGIUM 
The root system architecture deeply shapes nutrient uptake. 
Understanding the root plasti city in response to mineral resource 
availability could provide insights into crop producti vity improvement. 
In agricultural soil, nitrate is a major nutriti onal determinant of root 
morphology and biomass producti on. Our goal is to identi fy key geneti c 
mechanisms regulati ng the lateral root development in response to 
nitrate of the model species Arabidopsis thaliana. During a forward 
geneti c screen with mutants treated with ethyl methanesulfonate,hn74 
was isolated for the presence of numerous lateral roots upon high nitrate 
supply - a restricti ve conditi on for the wild type. A positi onal cloning 
of the mutati on, which was carried with an experimental populati on 
segregati ng for the root morphological trait and with polymorphic 
markers, identi fi ed a 2 Mb zone of interest on chromosome 4. Further 
in vitro phenotypic characterizati on revealed that hn74 mutant did not 
undergo the negati ve repression on lateral root elongati on exerted by 
high salt and osmoti c conditi ons. Finally, higher nitrate content was found 
in the mutant ti ssues compared to wild type (1.5-fold increase) suggesti ng 
a dysfuncti on of N metabolism. Those results place hn74 as a genotype of 
choice to study the mechanisms of lateral root growth repression exerted 
by high nitrate supply and the signaling pathways overlapping with other 
nutrient stresses. 

P174 - How does injury reinitiate 
developmental programs during regeneration? 
 

DELROSE Nicholas(1), BIRNBAUM Kenneth(1) 
(1) New York University, New York, US (2)  New York University, New 
York, US 
The plant root is a highly organized organ with concentric ti ssue layers that 
converge at the Quiescent Center (QC)- a cluster of cells that maintains 
the root stem cell niche. Despite having high organizati on of adult growth 
centers within organs, plants are fl exible and have the ability to regenerate 
lost or damaged organs -a phenomenon that begs the questi on: how do 
plants regenerate a root long aft er de novo organogenesis fi rst occurs in 
the embryo? Preliminary results show that auxin signaling returns early 
and is necessary for regenerati on. One important patt erning factor in root 
embryogenesis is the Auxin Response Factor (ARF) MONOPTEROS (MP 
or ARF5). In mp mutant embryos, the hypophysis, which will give rise to 
much of the root ti p, fails to form and mutants lack a root. MP expression 
is re-established in the root stump 3 hours aft er root ti p excision. 
Interesti ngly, MP is expressed independently of auxin signaling. Thus, it 
appears that there is a parallel pathway to auxin that operates early in 
regenerati on and potenti ally controls MP expression in response to injury. 
I will show results of a conditi onal knockdown of MP to test its role in root 
regenerati on, and the results of a cell-based gain-of-functi on screen for 
upstream regulators of MP. A spati al and temporal development program, 
centered on MONOPTEROS, is criti cal during embryogenesis. My research 
works towards addressing how a similar program is induced for post-
embryonic patt erning and ti ssue repair. 
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P175 - Arabidopsis tRNA-derived RNA 
Fragments as a new source of small noncoding 
RNAs 
 

MEGEL Cyrille(1), COGNAT Valérie(1), MORELLE Geoff rey(1), 
UBRIG Elodie(1), MOLINIER Jean(1), DUCHÊNE Anne-Marie(1), 
DROUARD Laurence(1) 
(1) IBMP-CNRS, Strasbourg, FRANCE 
In the expanding repertoire of noncoding RNAs (ncRNAs), tRNA-derived 
RNA fragments (tRFs) have been identi fi ed in all domains of life. First 
discarded as RNA turnover by-products, there is now evidence that they 
are not just random degradati on fragments but rather stable enti ti es 
with major biological functi ons. Only few data report on plant tRFs. Using 
high-throughput sequencing technology, we retrieved tRFs from various 
Arabidopsis ncRNA libraries. Two classes of tRFs (around 20 and 35 nt long 
respecti vely) are produced aft er cleavage at very specifi c sites. Among 
the remarkable observati ons: numerous tRFs originate not only from 
nuclear-encoded tRNAs but also from organellar tRNAs, a few tRFs are 
either enhanced or repressed depending on abioti c stress or plant ti ssues, 
a few of them are strongly associated with AGO1 or AGO4. In additi on, 
we now have evidence that organellar tRFs are generated outside the 
organelles. We also identi fi ed a family of A. thaliana endonucleases 
diff erenti ally expressed during plant development (e.g. two of them are 
expressed during seed maturati on) and able to cleave tRNAs not only in 
the anti codon but also in the D-loop, an acti vity not demonstrated so far 
for such enzymes. 
Altogether, our data suggest that some tRFs play important regulatory 
functi ons during plant development and/or in response to stress, 
including tRFs of organellar origin. Beyond translati on, our data open new 
perspecti ves for nucleusand organelle-encoded tRNAs as major actors of 
gene expression in plants. 

P176 - Nitrate-regulated glutaredoxins control 
Arabidopsis thaliana primary root growth 
 

ESCOBAR Matthew(1), PATTERSON Kurt(1), WALTERS Laura(1), 
COOPER Andrew(1), OLVERA Jocelyn(1), ROSAS Miguel(1), 
RASMUSSON Allan (2) 
(1) California State University San Marcos, San Marcos, UNITED 
STATES (2)  Lund University, Lund, SWEDEN 
Nitrogen is an essenti al soil nutrient for plants, and it is typically 
available in two inorganic forms: nitrate and ammonium. We performed 
transcripti onal profi ling of the shoots of ammonium-supplied and nitrate-
supplied Arabidopsis thaliana plants and identi fi ed seven genes encoding 
class III glutaredoxins that were strongly and specifi cally induced by 
nitrate. Nitrate is known to trigger de novo cytokinin biosynthesis, and 
the expression of the identi fi ed glutaredoxins was also upregulated by 
cytokinin, independent of plant nitrate status. RNA silencing of four of 
the glutaredoxin genes resulted in plants with increased primary root 
length (~25% longer than wild-type), which is a classic phenotype of 
cytokinin-defi cient plants. Crosses between cytokinin-defi cient plants 
and glutaredoxin-silenced plants produced hybrids whose primary root 
length was comparable to the parental lines. Collecti vely, these fi ndings 
suggest that nitrate, cytokinin, and class III glutaredoxins operate in a 
common signal transducti on pathway that acts to negati vely regulate 
Arabidopsis primary root growth. This pathway could be an important 
component of the “nitrogen foraging” acti vity of plant roots, with nitrate 
acti ng to suppress primary root growth (verti cal dimension) in concert 
with its well-characterized sti mulatory eff ect on lateral root growth 
(horizontal dimension), thereby tailoring root system architecture to 
maximize uti lizati on of heterogeneously distributed nitrogen in the soil. 

P177 - PROLYL 4-HYDROXYLASE 5 THAT DEFINES 
THE SUBSEQUENT O-GLYCOSYLATION SITES IN 
EXTENSINS CONTROLS POLARIZED GROWTH IN 
PLANT CELLS 
 

VELASQUEZ Silvia Melina(1), RICARDI Martiniano(1), ESTEVEZ 
Jose(1) 
(1) CONICET, C1428EGA, ARGENTINA 
Root hairs are single cells that develop by ti p growth and are specialized 
in the absorpti on of nutrients. Structural cell walls imposed constraints 
prompt uti lizati on of new molecules to accomplish ti p growth in plants. 
Their cell walls are composed of polysaccharides and hydroxyproline-rich 

glycoproteins (HRGPs) that include extensins (EXTs). Proline hydroxylati on, 
an early post-translati onal modifi cati on (MPT) of HRGPs that is catalyzed 
by prolyl 4-hydroxylases (P4Hs), defi nes the subsequent O-glycosylati on 
sites in EXTs, which are mainly arabinosylated. Here, we explored the 
biological functi on of P4Hs in root hair cell growth. Biochemical inhibiti on 
or geneti c disrupti on of P4Hs resulted in the blockage of polarized 
growth in root hairs and reduced arabinosylati on of EXTs. Secondly, we 
demonstrate that prolyl-4-hydroxylase 5 (P4H5), and to a lower extent 
P4H2 and P4H13, are pivotal for EXT-mediated root hair ti p-growth. These 
three P4Hs are targeted to the secretory pathway, most specifi cally to 
the ER and Golgi compartments, where P4H5 forms dimers with P4H2 
and P4H13 suggesti ng the existence of P4Hs protein complexes. Thirdly, 
we explored the subcellular localizati on and substrate specifi city of the 
P4H5, as well as the resulti ng cell wall architecture in the p4h5 mutant. 
We also addressed the physiological signifi cance of the MPTs of EXTs. In 
parti cular, mutants who were defi cient in Hyp-O-arabinosylati on or in Ser-
O-galactosylati on showed shorter root hairs, due to both slower kineti cs 
and premature growth terminati on. Our results demonstrate that correct 
O-glycosylati on on EXTs is essenti al for cell wall self-assembly and hence 
root hair elongati on in Arabidopsis thaliana. 

P178 - The Plethora Transcription Factors 
- Key Players of a Secondary Meristem in 
Arabidopsis. 
 

ESWARAN Gugan(1), SMETANA Ondrej(1), PACE Marcelo (), 
MÄHÖNEN Ari Pekka(1) 
(1) Institute of Biotechnology, University of Helsinki, Helsinki, 
FINLAND 
The Vascular Cambium &ndash; a secondary meristem in plants produces 
secondary xylem (wood) and secondary phloem. Meristemati c acti vity 
in vascular cambium ensures the producti on of phloem and xylem, 
which are essenti al for transportati on of nutrients and water. Thus 
understanding the molecular mechanism behind the maintenance of 
meristemati c state of vascular cambium and its development becomes 
essenti al. The PLETHORA (PLT) transcripti on factors are the central 
regulators of the primary meristems. Recent research works on PLT/
AINTEGUEMNTA (AIL) and/or AINTEGUMENTA (ANT) genes provide the 
insight of stem cell maintenance in plant primary meristems and their 
role in phyllotaxis and rhizotaxis1,2,3,4,5,6. However their functi onal role in 
a secondary meristems is largely unknown and it needs to be elucidated. 
Therefore, we studied whether the PLT/AIL factors have a functi on also 
in the vascular cambium. Expression analysis revealed that several PLT/
AIL family members are expressed in cambium, and when we generated 
mutant combinati ons from the cambium-expressed PLT/AILs, we found 
defects in vascular patt erning and cambial cell maintenance in a few 
double and triple mutant combinati ons. Connecti on of the PLT/AIL factors 
to the other cambial regulators and its specifi c role will be elucidated in 
the future. 
 

P179 - An ancient bacterial stress response 
pathway dynamically controls chloroplast 
function to regulate plant growth and 
development. 
 

SUGLIANI Matteo(1), ABDELKEFI Hela(1), KE Hang(1), BOUVERET 
Emmanuelle (2) , ROBAGLIA Christophe(3) , CAFFARRI Stefano 
(3), FIELD Benjamin(1)  
(1) CNRS, LGBP-SBVME, Marseille, FRANCE (2)  CNRS, LISM-IMM, 
Marseille, FRANCE(3)  University of Aix-Marseille, LGBPSBVME, 
Marseille, FRANCE 
Chloroplasts have retained elements of bacterial stress response pathways 
that are thought to be involved in regulati ng chloroplast functi on. Here 
we report on our investi gati on into one of these pathways, showing for 
the fi rst ti me that it can act as a potent controller of chloroplast gene 
expression in vivo. We then use a panel of mutants to show that the 
pathway has an unprecedented role in the dynamic control of chloroplast 
acti vity, and that it promotes nuclear-chloroplast cooperati on to regulate 
plant growth and developmental transiti ons. We discuss how this ancient 
bacterial pathway has evolved, and its implicati ons for the integrati on of 
the chloroplast into the cells of photosyntheti c eukaryotes. 
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P180 - Competition signals suppress branching 
via abscisic acid and auxin signaling 
 

FINLAYSON Scott(1), HOLALU Srinidhi (2) , YAO Chi(1), REDDY 
Srirama(3)  
(1) Texas A&M University, College Station, TX, UNITED STATES 
(2)  University of Virginia, Charlottesville, VA, UNITED STATES 
(3) Texas AgriLife Research, Amarillo, TX, UNITED STATES 
Branching is an important plant architectural characteristi c, aff ecti ng 
plant fi tness in natural environments and producti vity in agricultural 
crops and pastures. Work has demonstrated that intrinsic geneti c 
programs are major determinants of branching, but it is also known 
that environmental signals regulate this central aspect of plant form. 
Among these environmental signals is the rati o of Red light to Far Red 
light (R:FR) which is perceived by the phytochromes (phy). Reduced R:FR 
signals impending competi ti on from neighboring plants and elicits the 
shade avoidance response, which includes decreased branching. Our 
ongoing research has demonstrated that elevated abscisic acid (ABA) 
restricts axillary bud outgrowth under low R:FR, thereby contributi ng to 
the suppressed branching phenotype. We have also shown that elevated 
auxin signaling suppresses branching in plants grown under low R:FR 
and in phyB-defi cient plants, though indole-3-aceti c acid levels are not 
increased. We present evidence defi ning how the bud local ABA and 
systemic auxin pathways interact to regulate branching in response to 
dynamic R:FR signals characteristi c of competi ti ve environments. 

P181 - An integrated approach to characterize 
shoot stem cell activity in Arabidopsis thaliana 
 

GAILLOCHET Christophe(1), WENZL Christian(1), SCHUSTER 
Christoph(1), PFEIFFER Anne(1), STIEHL Thomas (2) , IMMINK 
Richard(3) , MARCINIAK-CZOCHRA Anna (2, LOHMANN Jan(1) 
(1) Centre for Organismal Studies, Heidelberg University, Heidelberg, 
GERMANY (2)  Institute of Applied Mathematics, Heidelberg 
University, Heidelberg, GERMANY(3)  Plant Research International, 
Wageningen, NETHERLANDS 
In contrast to animals, plants generate most of their ti ssues post-
embryonically through the conti nuous acti vity of multi potent stem cell 
pools embedded in specialized ti ssues, called meristems. Despite their 
importance in generati ng the enti re plant body, the molecular circuits 
underlying plant stem cell acti vity sti ll remain poorly understood. 
We recently identi fi ed HECATE genes (HEC), members of the bHLH 
transcripti on factor family, to be involved in the regulati on of stem 
cell proliferati on at the Shoot Apical Meristem (SAM). Intriguingly, 
HEC1-driven sti mulati on of stem cell acti vity is cell type specifi c and 
independent of WUS. Since the known core regulatory network is 
almost fully suppressed in these plants, it follows that important 
alternati ve stem cell control pathways must exist. My project now aims 
to identi fy these so far unknown stem cell regulatory mechanisms and to 
understand how HEC1 connects them with the canonical WUS/CLAVATA 
feedback and phytohormone signaling systems. To this end I will use 
an integrated approach combining live cell imaging, cell type specifi c 
genomics, advanced geneti cs including interacti on screens in yeast and 
plants, molecular techniques, as well as computati onal analysis. The 
integrati on of results from my diverse experimental approaches will 
allow me to build a mechanisti c map, which will be an ideal starti ng 
point for mathemati cal modeling and will substanti ally advance our 
understanding of plant stem cell regulati on. 

P182 - Arabidopsis Defective Kernel 1 (DEK1) 
promotes and maintains plant epidermal 
diff erentiation by indirectly controlling HD-ZIP 
IV gene expression. 

GALLETTI Roberta(1), SCOFIELD Simon (2) , WATT Andrea-
Mariee(3)  INGRAM Gwyneth C.(1)  
(1) Laboratoire RDP, Ecole Normale Supérieure de Lyon, LYON, 
FRANCE (2)  Cardiff  School of Biosciences, Cardiff  University, 
CARDIFF, UK(3)  ARC Centre of Excellence in Plant Cell Walls, 
University of Melbourne, VICTORIA, AUSTRALIA 
To exert its functi ons epidermis needs to be produced as a conti nuous and 
intact layer. In leaves, to achieve that, epidermis concurrently produces 
mature pavement cells forming a perfect jigsaw that allows the blade 
to grow fl at and correctly spaced stomatal guard cells specialized for 

gas exchange. Producing this complex mosaic not only demands that 
neighbouring cells co-ordinate their growth but also that they maintain 
their specializati on over ti me. Our work shows that the Arabidopsis 
DEK1 protein is an important regulator of epidermis diff erenti ati on and 
diff erenti ati on maintenance. Plants with reduced DEK1 acti vity, despite 
showing normal growth, produce cotyledon epidermis with protodermal 
characteristi cs. Moreover, in non-embryonic ti ssues DEK1 is required for 
trichome and giant cell diff erenti ati on maintenance. These phenotypes are 
accompanied by a diminished expression of the diff erenti ati on-promoti ng 
HD-ZIP IV transcripti on factors, but not by striking changes in cell ploidy 
or mis-regulati on of cell cycle-related genes. In severe dek1 mutants 
epidermal cells have a tendency to separate (Johnson et al., 2005) and in 
the weak allele dek1-4 cell wall juncti ons between epidermal cells are less 
uniform than in wild-type plants. Consistent with defects in the epidermal 
adhesion zone, mutants also display an abnormal accumulati on of callose 
at epidermal cell boundaries. In Arabidopsis, the expression of HD-ZIP 
IV encoding genes has been shown to be maintained by inter-cellular 
signaling (San-Bento et al., 2014). It is therefore possible that DEK1, by 
promoti ng cell- cell communicati on in the epidermis, indirectly regulates 
HD-ZIP IV expression and thus epidermis diff erenti ati on. 

P183 - MIR390a is regulated by MONOPTEROS/
ARF5 in the primary root meristem of 
Arabidopsis thaliana 
 

GHOSH DASTIDAR Mouli(1), VON BORN Patrick(1), MAIZEL 
Alexis(1) 
(1) Centre for Organismal Studies, University of Heidelberg, 
Heidelberg, GERMANY 
The study of roots in Arabidopsis thaliana serves as an exquisite model to 
study the developmental plasti city and robustness of the plant system. 
Previous studies in our lab have shown that a specifi c small RNA pathway 
called the TAS3 pathway controls the process of lateral root formati on. 
A specialized type of small RNA, trans-acti ng siRNAs (tasiRNA) found 
specifi cally in plants, are produced by the TAS precursors and targets 
the diff erent Auxin Response Factors (ARFs) for degradati on leading to 
several developmental eff ects. miR390 is involved in the TAS3 pathway, 
which is induced during lateral root initi ati on, sensing the eff ects of 
phytohormone auxin and triggers the local producti on of tasiRNAs. In 
order to understand how the TAS3 pathway is acti vated, it is essenti al to 
identi fy what controls miR390 expression. To fi nd cis-regulatory elements 
of MIR390a, a reporter line pMIR390a::GUS:GFP, that faithfully refl ects 
the expression of miR390 at both the primary and lateral roots, was used 
to create nested deleti on mutants. The minimal regions necessary for 
expression of miR390 both at the primary and lateral root were identi fi ed. 
These were dubbed as the Primary Root Enhancer (PRE) and Lateral 
Root Enhancer (LRE) respecti vely. Interesti ngly a putati ve AuxRE (Auxin 
Response Element) related TGTC element was found to be present within 
the PRE region. Further analysis (both ex-vivo as well as in-vivo) revealed 
that the transcripti on factor MONOPTEROS (MP)/AUXIN RESPONSE 
FACTOR5 (ARF5) binds specifi cally to the AuxRE element contained in 
the PRE region thus indicati ng a potenti al regulatory role of MP/ARF5 
on expression of MIR390a at the primary root meristem. Absence of 
pMIR390a::GUS:GFP reporter expression in mp mutant background 
indicated that ARF5/MONOPTEROS is upstream of MIR390a and is 
necessary for its regulati on hence providing further evidence towards a 
functi onal relevance of the ARF5-MIR390a regulati on. 

P184 - Fucose is required for leaf 
morphogenesis 
 

GONCALVES Beatriz(1), ARNAUD Nicolas(1), LAUFS Patrick(1) 
(1) INRA, UMR 1318, AgroParis-Tech, Institut Jean-Pierre Bourgin, 
VERSAILLES, FRANCE 
NAM/CUC (NO APICAL MERISTEM/CUP-SHAPED COTYLEDON) genes 
encode transcripti on factors of the plant-specifi c NAC family. In 
Arabidopsis CUC2 and CUC3 but not CUC1 are required for the serrati on of 
its simple leaf, as shown by the smooth leaves of cuc2 and cuc3 mutants. 
The CUC2 specifi c expression patt ern at the leaf margin in the sinuses 
of developing teeth is in part orchestrated by the miR164. Increased 
levels of CUC2 acti vity in the microRNA resistant CUC2g-m4 line lead to 
increased and deeper margin serrati ons. Despite our growing knowledge 
of the mechanisms that govern CUC2 expression and acti vity we lack 
an understanding of how CUC2 shapes the leaf margin dissecti on. For 
this we employed a multi disciplinary approach to fi nd potenti al targets 
and partners of CUC2 in leaf development. Using a geneti c suppressor 
screen we identi fi ed a series of mutati ons capable of reverti ng the 
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CUC2g-m4 leaf phenotype. Among these, a mutati on in the MUR1 locus, 
responsible for the synthesis of GDP-L-Fucose shows reduced leaf margin 
serrati ons. Fucose is a component of several cell wall polysaccharides and 
glycoproteins and has important roles in plant growth and development. 
Here we present the morphological and functi onal confi rmati on that 
MUR1 is implicated in leaf development and show that normal levels of 
fucose are required for proper leaf morphogenesis. 

P185 - A Repressor Protein Complex Regulating 
Leaf Growth in the Dicot Arabidopsis 
 

GONZALEZ Nathalie(1), PAUWELS Laurens(1), BAEKELANDT 
Alexandra(1), CUÉLLAR PÉREZ Amparo(1), NAGELS DURAND 
Astrid(1), VAN LEENE Jelle(1), DE JAEGER Geert (1, GOOSSENS 
Alain(1), INZÉ Dirk(1) 
(1) VIB-PSB, Ghent University, Gent, BELGIUM 
Cell number is an important determinant of fi nal organ size. In the 
leaf, a large proporti on of cells are derived from the stomatal lineage. 
Meristemoids undergo asymmetric divisions, generati ng several 
pavement cells next to the two guard cells. However, the mechanism 
controlling the asymmetric divisions of these stem cells before they 
diff erenti ate is not well understood. Here, we characterized PEAPOD 
(PPD) proteins, the only transcripti onal regulators known to negati vely 
regulate meristemoid division. PPD proteins interacted with KIX8 and 
KIX9, which act as adaptor proteins for the corepressor TOPLESS. D3-type 
cyclin encoding genes were identi fi ed among direct targets of PPD2, being 
negati vely regulated by PPDs and KIX8/9. Accordingly, kix8-kix9 mutants 
phenocopied PPD loss-of-functi on producing larger leaves resulti ng from 
increased meristemoid amplifying divisions. The identi fi ed conserved 
complex might be specifi c for leaf growth in the second dimension, since 
it is not present in Poaceae (grasses), which also lack the developmental 
program it controls. 

P186 - Dissecting the gene networks down-
stream of BRANCHED1 involved in axillary bud 
dormancy in Arabidopsis thaliana 
 

GONZÁLEZ GRANDÍO Eduardo(1), POLLMANN Stephan (2) , 
FRANCO-ZORRILLA Jose Manuel(1), CUBAS Pilar(1) 
(1) National Center of Biotechnology (CNB - CSIC), Madrid, SPAIN (2)  
Centre for Plant Biotechnology and Genomics (CBGP -UPM-INIA), 
Madrid, SPAIN 
We are studying the geneti c control of shoot branching in Arabidopsis 
thaliana. Axillary buds in the rosett e leaves of Arabidopsis can elongate 
to become branches or remain dormant for the whole life of the plant. 
This decision is controlled by both internal and external sti muli. We have 
previously characterized one key gene involved in branching regulati on, 
BRANCHED1 (BRC1), encoding a TCP transcripti on factor expressed in 
axillary buds where it represses growth. We performed a transcriptomic 
analysis comparing axillary buds of wild-type plants and brc1 mutants 
exposed to low R:FR light, a sti mulus that promotes dormancy. Genes 
that changed in wild-type but not in brc1 were proposed to be BRC1-
dependent genes, and when we compared our microarray with other 
available experiments comparing acti ve vs dormant axillary buds, we 
identi fi ed two groups of genes, bud acti vati on genes and bud dormancy 
genes, genes whose levels are higher in acti ve or dormant buds, 
respecti vely. BRC1-dependent bud dormancy genes formed four co-
regulati on networks: protein degradati on, auxin and ethylene signaling, 
sugar repressed genes and genes related with abscisic acid (ABA). We 
are currently analyzing the relati onship between these co-regulati on 
networks, BRC1 and branching control. We have focused our study in 
three putati ve direct targets of BRC1 that are represented in one of these 
co-regulati on networks involving bud dormancy genes. Evidence of their 
functi on and regulati on will be presented. 

P187 - EMBRYONIC FACTOR 6 in Arabidopsis 
regulates zygote division and syncytial cell 
cycle synchronization 
 

GUO Lei(1), JIANG Li(1), ZHANG Ying(1), LU Xiu-Li(1), XIE Qi (2) , 
WEIJERS Dolf(3) , LIU Chun-Ming(1) 
(1) Institute of Botany, the Chinese Academy of Sciences, Beijing, 
CHINA (2)  Institute of Genetics and Developmental Biology, 
the Chinese Academy of Sciences, Beijing, CHINA(3)  Laboratory 
of Biochemistry, Wageningen University, Wageningen, THE 
NETHERLANDS 
Double ferti lizati on in fl owering plants creates a diploid embryo and 
a triploid endosperm. Acti vati on of divisions in the zygote and the 
central nuclei is criti cal for seed formati on, but how these processes 
are regulated remains elusive. Here, we show that EMBRYONIC FACTOR 
6 (FAC6) is essenti al for the fi rst division of the zygote and for the 
synchronizati on of syncyti al endosperm nuclei in Arabidopsis. Both 
the zygote and the endosperm in fac6 mutants exhibited cell cycle 
arrest and over-accumulati on of cyclin-GUS protein. The bi-allelic and 
conti nuous expression of FAC6 from the egg and sperm cells before 
ferti lizati on to early embryos and endosperms aft er ferti lizati on suggest 
that neither maternal-to-zygoti c transiti on nor imprinti ng is involved 
in FAC6 regulati on. Down-regulati on of FAC6 led to multi nucleate cells 
with asynchronized mitoti c divisions. Biochemical studies showed that 
FAC6 has E3 ligase acti vity and is able to ubiquiti nate and degrade cyclin, 
suggesti ng that FAC6 may act directly on cyclin to initi ate the fi rst division 
in the zygote and to synchronize mitoti c cell cycling among syncyti al 
endosperm nuclei. 

P188 - Functional genomic and biochemical 
characterization of Arabidopsis thaliana 
polygalacturonases 
 

HABRYLO Olivier(1), HOCQ Ludivine(1), THIRY Clémence(1), 
KOWAL Charlotte(1), FOURNET Françoise(1), DOMON Jean-
Marc(1), LEFEBVRE Valérie(1), PAU-ROBLOT Corinne(1), PELLOUX 
Jérôme(1) 
(1) EA3900 - BIOPI, Université de Picardie Jules Verne, Amiens, FRANCE 
The plant cell wall does not only have a structural role in determining 
the texture and mechanical properti es of plants and their organs, but is 
also criti cally involved in growth and diff erenti ati on. If the compositi on 
of the plant cell wall is fairly well known, the mechanisms underlying its 
biosynthesis and modifi cati ons are far from being elucidated. Among the 
major components of the type I plant cell wall are pecti ns. In primary cell 
wall, pecti ns are notably composed of 65% of homogalacturonans (HG), a 
linear homopolymer of a-(1-4) linked D-galacturonic acid residues. HG can 
be cleaved at their glycosidic bond by polygalacturonases (PGs, GH28), 
which can have dramati c consequences on the rheological properti es 
of the cell wall and plant developmental. In this study, we identi fi ed 
two PGs of A. thaliana, with disti nct patt erns of expression. Using a 
multi disciplinary approach, we characterized their biochemical acti viti es 
and functi on in planta. The enzymes were expressed in P. pastoris as 
secreted proteins. Aft er purifi cati on by affi  nity chromatography, the 
biochemical characterizati on was realised, giving new insights into the 
enzymati c properti es of these enzymes. Confocal laser microscopy 
analysis, gene expression during plant development and protein 
subcellular localizati on will be presented. 

P189 - DramaQueen - a new component of 
mechanosensing and hormonal signalling in 
Arabidopsis thaliana. 
 

HELP-RINTA-RAHKO Hanna(1), RUONALA Raili (2) , HELLMANN  
Eva (2) , HELARIUTTA Ykä(1) 
(1) University of Helsinki, Institute of Biotechnology, Helsinki, 
FINLAND (2)  The Sainsbury Laboratory, University of Cambridge, 
Cambridge, UNITED KINGDOM 
The geneti c processes that control Arabidopsis primary root vascular 
patt erning are sti ll not fully understood. We have shown that both 
auxin and cytokinin are required for root procambial patt erning and 
that their interacti on is mutually inhibitory (Mähönen et al. Science 
2006, Bishopp & Help et al. Current Biology 2011, Bishopp et al. Current 
Biology 2011). In order to fi nd new components involved in procambial 
cell patt erning, a geneti c screen using a cytokinin signaling desensiti zed 
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mutant background (cre-12) was done. The DramaQueen mutant (drq) 
shows increased sensiti vity to cytokinin. DRQ is a single copy gene in 
Arabidopsis and it is conserved throughout the plant kingdom, yet its 
functi on is unknown. DRQ is expressed in the vasculature of roots, leaves 
and fl owers, trichomes, pollen and silique abscission zones. DRQ is rapidly 
induced by wounding, indicati ng a role also in stress response. We have 
analyzed the missense drq mutant, <em>DRQ-RNAi</em> and DRQ-OE 
plants and found diff erences in primary root elongati on rates, protoxylem 
phenotypes, secondary growth rates, rosett e sizes etc. We speculate that 
DRQ is involved in signaling upon mechanical sti mulati on and regulates 
cell elongati on and xylem development by integrati ng inputs from various 
hormonal signaling pathways through its interacti on partners/targets. As a 
hub for hormonal signaling, plant development & plant stress, we believe 
that DramaQueen will make novel contributi on to various research fi elds. 

P190 - OsSHR1 & OsSHR2 functions in rice root 
cortex formation 
 

HENRY Sophia(1), BUREAU Charlotte (), MEYNARD Donaldo 
(), DIEVART Anne (), GUIDERDONI Emmanuel (), PERRIN 
Christophe(1) 
(1) CIRAD, Montpellier, FRANCE 
Opti mal root development is central for plants to reach maximum 
growth and yield. Most of our knowledge regarding genes involved in 
root development has been accumulated in the dicotyledon model 
plant Arabidopsis thaliana. Roots of rice, the monocotyledon model, 
present several extra ground ti ssue layers compared to A. thaliana. 
Between epidermis and endodermis, rice possesses two outer cell layers, 
exodermis and schlerenchyma, and a multi layered cortex. All these 
ti ssues have specifi c cell identi ty, anatomical and molecular adaptati ons 
related to their diverse roles in root growth and functi on. Variati on in the 
number of cortex cell layers depends on the rice root type and cortex is 
one of the key ti ssues for rice adaptati on to submergence and tolerance 
to other environmental stresses. Cortex and endodermis diff erenti ati on in 
A. thaliana has been extensively studied during the last 10 years. Thereby, 
SHORTROOT (SHR) gene in Arabidopsis thaliana has been identi fi ed 
as a key gene required for their formati ons. An elegant model was 
developed, where SHR is transcribed in stele ti ssue and its protein moves 
to the endodermis where it acti vates SCARECROW (SCR) transcripti on. 
Together, SHR and SCR induce periclinal division of the ground ti ssue 
initi al separati ng cortex and endodermis cell layers. Cortex formati on 
in rice represents an intriguing contrast to A. thaliana. Variati ons in the 
number of cortex cell layers can be observed between the root types and 
during rice development. There should be a control mechanism for the 
number of corti cal cell layers, and SCR and SHR rice orthologs represent 
good candidates. Two duplicati ons in rice led to appariti on ortholog genes 
of AtSHR (OsSHR1 and OsSHR2) and we have addressed the questi on of 
their respecti ve functi on in cortex formati on in rice root. Our fi rst results 
suggest that OsSHR1 and OsSHR2 are involved in cortex formati on in 
rice. Preliminary work in A. thaliana suggests also a plausible molecular 
mechanism for formati on of multi -layered cortex in rice root. 

P191 - Control of cell wall integrity 
 

HOFTE Herman(1), VERNHETTES Samantha(1), GONNEAU 
Martine(1), SORMANY Rodnay(1), DESPREZ Thierry(1), MARTIN 
Marjolaine(1), MOUILLE Gregory(1), HEMATY Kian(1), RENOU 
Julien(1), PEAUCELLE Alexis(1) 
(1) INRA IJPB, VERSAILLES, FRANCE 
The cell wall of growing plant cells accomplishes a remarkable feat, 
resisti ng to very high tensional stresses imposed by the high turgor 
pressure of up to 10 bars, while maintaining the ability to extend. Cell 
wall strength is determined by the cross links between cell wall polymers, 
whereas cell wall extensibility refl ects the ability to remove and recreate 
these crosslinks. Recent studies have revealed the existence of feedback 
signalling networks that control the chemorheological processes 
underlying the mechanical homeostasis of the walls of growing cells. 
In this presentati on I will fi rst discuss some recent insights into the 
architecture of plant cell walls in parti cular the role of pecti ns as part of 
a load-bearing network. I will then discuss how receptor kinases of the 
CrRLKL1 family are part of a regulatory module involved in a feedback 
regulatory loop that senses cell wall properti es and triggers wall sti ff ening 
upon wall damage. These modules play a role in normal growth and 
development and in the response to abioti c and bioti c stresses. 

P192 - The Impact of GM Soybeans to 
Rhizosphere Soil Denitrifi cation Microbial 
Diversity 
 

HONG Yu(1)

(1) Inner Mongolia Normal University, Hohhot, CHINA 
Denitrifi cati on is certain microorganisms under anaerobic or microaerobic 
conditi ons oxynitride as an electron acceptor to produce energy, while 
reducing nitrogen oxides to nitrogen dioxide or nitrogen process. 
Denitrifi cati on driven by denitrifying bacteria is an important part of the 
natural nitrogen cycle.Studies using PCR-DGGE technique and sequence 
amplifi cati on method to compare the impact of diff erent soybean 
geneti cally modifi ed soybeans PAT�ALS rhizosphere soil denitrifi cati on 
bacterial diversity and community structure compositi on. The results 
showe that compared the diff erent transgenic soybean PAT, ALS and the 
corresponding parent PAT1-ALS1  rhizosphere soil denitrifying 
bacterial community compositi on was not signifi cant diff erence. Strip 
positi on among treatments has not signifi cant diff erence,but in high 
degree of variability in brightness area bands appear parti al diff erenti al.
Cluster analysis showed that ALS transgenic varieti es and their respecti ve 
parents gather for a cluster of ALS 1,the similarity is 81%; PAT transgenic 
varieti es and their respecti ve parents gather for a cluster of PAT 1,the 
similarity is 83%; The similarity between each treatment can achieve 71%. 
On shannon-wiener index (H) and evenness (EH) analysis showed that the 
diff erence was not signifi cant (p>0.05)between two kinds of geneti cally 
modifi ed soybeans PAT, ALS soil denitrifying bacteria diversity index 
(H) and evenness (EH) compared and the corresponding parental PAT1, 
ALS1.Therefore, aft er the planti ng of geneti cally modifi ed varieti es, soil 
denitrifi cati on bacterial diversity and community structure diff erence was 
not signifi cant. Phylogeneti c analysis results show diff erent geneti cally 
modifi ed varieti es of denitrifying bacteria belongs to Alphaproteobacteria-
Betaproteobacteria-Gammaproteobacteria Flavobacteria. There are six 
strips belong to Alphaproteobacteria, accounti ng for 50% of the total 
strips; three belong to Gammaproteobacteria, accounti ng for 25%. These 
conclusions show that, Alphaproteobacteria-Gammaproteobacteria are 
dominant group in transgenic soybeans PAT and ALS and their respecti ve 
parent and local major plant varieti es denitrifying bacteria in the 
rhizosphere soil biological communiti es, and Alphaproteobacteria is the 
most dominant denitrifying bacteria taxa, Denitrifying bacteria categories 
of Flavobacteria is not abundant. 
In summary, the transgenic soybean planti ng to rhizosphere soil 
denitrifi cati on microbial diversity has not signifi cant diff erence. 

P193 - SNOWY COTYLEDON 4 is Required for 
Seed Development 
 

KOTUR Tanja(1), HOTH Stefan(1)

(1) University of Hamburg, Biozentrum Klein Flottbek, 
Ohnhorststrasse 18, Hamburg, GERMANY 
Chloroplasts are essenti al plant organelles and carry the molecular 
machinery for photosynthesis. Under diff erent light conditi ons, the plant 
has variable pathways to opti mize the photosynthesis output. Among 
many other processes this is also crucial for embryo development in 
seeds. Postt ranslati onal modifi cati ons are essenti al to regulate signal 
transducti on and metabolism. Prenylati on is important to att ach farnesyl 
or geranylgeranyl moieti es to proteins. This kind of postt ranslati onal 
modifi cati on leads to translocati on of the modifi ed protein to membranes 
or supports protein-protein interacti ons. CaaX endopepti dases have been 
shown to process proteins at the very C-terminus to enable att achment 
of farnesyl or geranylgeranyl moieti es. Interesti ngly, in plasti ds the MEP 
(2-C-methyl-D-erythritol 4-phosphate) pathway provides isoprenyl that is 
required for such protein modifi cati ons (Gerber et al. 2009, Plant Cell). 
The chloroplast protein SNOWY COTYLEDON 4 (SCO4) shows homology to 
CaaX endopepti dases and functi ons in the photosyntheti c acclimati on to 
higher light intensiti es (Albrecht-Borth et al. 2013, Plant Physiology). Here 
we show that proper seed development depends on SCO4 gene functi on. 
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P194 - Cool nighttime temperatures induce 
the expression of CONSTANS and FLOWERING 
LOCUS T genes for fl owering 
 

KINMONTH-SCHULTZ Hannah(1), SONG Young Hun (2) , ITO 
Shogo(3) , LEE Jae(1), KIM Soo-Hyung(4), IMAIZUMI Takato(1) 
(1) University of Washington, Department of Biology, Seattle, UNITED 
STATES (2)  Ajou University, Department of Life Sciences, Suwon, 
KOREA(3)  Kyoto University, Department of Botany, Kyoto, JAPAN(4) 
University of Washington, School of Environmental and Forest 
Sciences, Seattle, UNITED STATES 
Day length and ambient temperature are major sti muli controlling 
fl owering ti me. To understand fl owering mechanisms in more natural 
conditi ons, we explored the eff ect of daily light and temperature 
changes on Arabidopsis thaliana. Seedlings were exposed to diff erent 
day/night temperature and day-length treatments to assess expression 
profi les of genes that regulate fl owering ti me. Cooler temperature 
treatments increase CONSTANS (CO) mRNA and protein levels during the 
night. Nightti  me CO inducti on was diminished in fl owering bhlh (fb h)-
quadruple mutants. Day/night temperature changes altered the day-
length-dependent expression patt erns of FLOWERING LOCUS T (FT). FT 
levels were reduced at dusk, but increased at the end of cooler nights. 
Dusk suppression, which occurred in younger seedlings, was alleviated 
in short vegetati ve phase (svp) mutants, while the increase at night 
conti nued over two weeks in long days. FT levels correlated strongly 
with fl owering ti me across treatments. Day/night temperature changes 
modulate photoperiodic fl owering by changing FT expression patt erns. 
Cooler nightti  me temperatures enhance FBH-dependent inducti on of CO 
and stabilize CO protein. When plants are young, cooler temperatures 
suppress FT at dusk through SVP functi on, perhaps to suppress precocious 
fl owering. Our results suggest day length and diurnal temperature 
changes combine to modulate FT and fl owering ti me. 

P195 - Alone or together? Age or stage? 
Initiation of the seed maturation program in 
Arabidopsis thaliana 
 

O’NEILL John P.(1), JENIK Pablo(1) 
(1) Franklin & Marshall College, Lancaster, Pennsylvania, UNITED 
STATES 
The seed is a structure that is resistant to environmental insults, 
dormant and full of nutrients. All those att ributes are the outcome of 
a developmental program known as “seed maturati on”. Two decades 
of research have identi fi ed the primary positi ve regulators of this 
process, a group of transcripti on factors known as the AFL genes (ABA-
INSENSITIVE3 [ABI3], FUSCA3 [FUS3], LEAFY COLTLEDON1 [LEC1] and 
LEC2). The downstream eff ectors that lead to the synthesis of storage 
products and molecules that protect the seed from desiccati on have 
also been characterized. However, what controls the ti ming of initi ati on 
of maturati on is less well understood. Embryos develop synchronously, 
which means that all seeds in a silique mature at the same ti me. It is 
therefore unclear whether each seed decides to start maturati on 
autonomously or is infl uenced by a silique-wide signal. And it is not known 
whether the process is triggered aft er a certain number of days aft er 
pollinati on or when the embryo reaches a certain developmental stage. 
We address these questi ons by monitoring the ti ming of embryo greening 
and expression of maturati on-related genes in siliques segregati ng 
mutants that are developmentally slow but morphologically almost 
normal (trehalose phosphate synthetase1-1, ti lted1-4 and fusca12). 
Preliminary data suggest that maturati on is seed-autonomous, and that 
starts at a parti cular developmental stage rather than at a specifi c ti me 
aft er pollinati on. 

P196 - Secretory and Autophagic Pathways 
Crosstalk in Plants 
 

JIANG Liwen(1)

(1) School of Life Sciences, The Chinese University of Hong Kong, 
Hong Kong, CHINA 
ZHANG Li(One of our major research programs has been focused on 
studying the underlying mechanisms of protein traffi  cking, organelle 
biogenesis and functi on in plants. Toward this goal, we have recently 
demonstrated that 1) The BAR-domain protein SH3P2 is essenti al for the 
formati on and dynamics of autophagosome; 2) AP1 mediated membrane 
protein targeti ng from trans-Golgi network (TGN) and multi vesicular 

body (MVB) to vacuole; 3) The MON1-CCZ1 complex is essenti al for 
vacuole biogenesis and MVB to vacuole traffi  cking; 4) The FYVE-domain 
protein FREE1 is essenti al for the formati on of internal vesicles of MVB; 
and 5) FREE1 interacts with SH3P2 to regulate the autophagic pathway. 
Current studies address the underlying mechanisms of FREE1 functi on 
in regulati ng organelle biogenesis and turnover using both cellular 
and geneti c approaches including on-going suppressor screening and 
characterizati on. An update on our research progress will be presented 
here. Supported by grants from the Research Grants Council of Hong Kong 
(GRF, CUHK/CRF/11GC4011-14R, and AoE/M-05/12). 

ZHANG Li(References: Zhuang X, Wang H, Lam SK, Gao C, Wang X, 
Cai Y and Jiang L (2013) A BAR-domain Protein SH3P2, which binds to 
Phosphati dylinositol 3-Phosphate and ATG8, Regulates Autophagosome 
Formati on in Arabidopsis. The Plant Cell 25: 4596 -4615. Cui Y, Zhao Q, 
Gao C, Ding Y, Zeng YL, Ueda T, Nakano A and Jiang L (2014) Rab7 acti vati on 
by the MON1-CCZ1 complex is essenti al for PVC-to-vacuole traffi  cking and 
plant growth in Arabidopsis. The Plant Cell 13: 2080-97. Wang X, Cai Y, 
Wang H, Zeng Y, Zhuang X, Li B and Jiang L (2014) Trans-Golgi network-
located AP1 gamma adapti ns mediate dileucine moti f-directed vacuolar 
targeti ng in Arabidopsis. The Plant Cell 26(10): 4102-18. Gao C, Luo M, 
Zhao Q, Yang R, Cui Y, Zeng Y, Xia J and Jiang L (2014) A unique plant 
ESCRT component, FREE1, regulates multi vesicular body protein sorti ng 
and plant growth. Current Biology 24: 2556-2563. 
Gao C, Zhuang X, Cui Y, Fu X, He Y, Zhao Q, Zeng Y, Shen J, Luo M, and 
Jiang L (2015) Dual roles of an Arabidopsis ESCRT component FREE1 
in regulati ng vacuolar protein transport and autophagic degradati on. 
Proceeding of the Nati onal Academy of Sciences 112: 1886-1891. 
Zhao Q, Gao C, Lee P, Liu L, Li S, Hu T, Shen J, Pan S, Ye H, Chen Y, Cao W, 
Cui Y, Zeng P, Yu S, Gao Y, Cheng L, Mo B, Liu X, Xiao S, Zhao Y, Zhong S, 
Chen X, and Jiang L (2015) Fast-suppressor screening for new components 
in protein traffi  cking, organelle biogenesis and silencing pathway in 
Arabidopsis thaliana using DEX-inducible FREE1-RNAi plants. The Journal 
of Geneti cs and Genomics (in press) 

P197 - Role of DME Family during Seed 
Development in Arabidopsis 
 

JINSUP Park(1), PADO Song(1), YEONHEE Choi(1) 
(1) Seoul National University, Seoul, SOUTH KOREA 
Arabidopsis DEMETER(DME) is a DNA glycosylase expressed in the central 
cell of the female gametophyte, acti vati ng maternal MEDEA through 
demethylati on process. As the expression of DME is exquisitely controlled 
temporarily and spati ally, the maternal inheritance of a DME null allele 
results in seed aborti on due to deregulati on of DNA methylati on in the 
developing seed and loss of gene-imprinti ng. In contrast to DME, DME 
family members Repressor of Silencing 1 (ROS1), DME-like 2(DML2) 
and DME-like 3(DML3) are not expressed in the central cell and do not 
exhibit mutant phenotypes in reproducti ve development. To investi gate 
the eff ect of DME homologues mutati on on seeds, we made DME, ROS1, 
DML2, and DML3 quadruple mutant plants. During the research, we 
found an alterati on of seed aborti on rate and phenotype when DME 
mutati on is combined with mutati on of other homologs. 

P198 (Talk) - Disruption of PME36 activity 
during seed development alters hormone 
homeostasis and triggers a shifted 
compensatory mechanisms in hypocotyl 
 

JOBERT François(1), GUÉNIN Stéphanie (2) , MONGELARD 
Gaëlle (2), DEMAILLY Hervé (2) , NOVAK Ondrej(3) , BOUTON 
Sophie(1), KNOX Paul (4, MOUILLE Gregory (5), GUTIERREZ 
Laurent (2) , PELLOUX Jérôme(1) 
(1) EA3900 BIOPI, Université de Picardie Jules Verne, 33 rue 
St Leu, F-80039, Amiens, FRANCE (2)  CRRBM, Université de 
Picardie Jules Verne, 33 rue St Leu, F-80039, Amiens, FRANCE(3)  
Laboratory of Growth Regulators & Centre of the Region Haná for 
Biotechnological and Agricultural Research, Palacký University, 
CZ-783-71, Olomouc, CZECH REPUBLIC(4) School of Molecular 
and Cellular Biology, Faculty of Biological Sciences, Irene Manton 
Building 6.94b, University of Leeds, LS2-9JT, Leeds, UNITED 
KINGDOM (5) IJPB, UMR1318 INRA AgroParisTech, Bâtiment 2, INRA 
Centre de Versailles-Grignon, Route de St Cyr (RD10), F-78026, 
Versailles, FRANCE,PECTIN METHYLESTERASE 36 gene (PME36) is 
expressed during seed maturati on and in seedling hypocotyl up to 72 
hours aft er germinati on. In order to gain insights into the relati onship 
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between the degree of methylesterifi cati on (DM) of pecti ns and early 
seedling development, we analyzed the pme36 knock-out line. As 
expected, pme36 displayed a decrease in PME acti vity during seed 
maturati on and a resulti ng increase in the DM of pecti ns in the mature 
seed. Unexpectedly, 48-hours aft er germinati on, PME acti vity in dark-
grown hypocotyl of pme36 was higher than in the wild-type leading to 
a decrease in the DM of pecti ns. These results imply the existence of a 
transitory mechanism overcompensati ng, later in pme36 dark-grown 
hypocotyl, the absence of PME36 occurring earlier during the seed 
maturati on stage. We found that this shift ed compensatory mechanism 
involved transcripti onal regulati ons, since PME36 knock-out led to 
dramati c consequences for the regulati on of several PME genes at 
the onset of germinati on. In additi on, looking at auxin and jasmonate 
contents and assessing the expression of genes involved in the hormone 
signaling pathways, we found a strong, but transitory, alterati on of 
hormone homeostasis in pme36. Altogether these results suggest that 
seedling development is likely to be controlled by a regulatory network 
involving crosstalk between PME acti vity, which is modulated through a 
compensatory mechanism triggered by variati ons in DM of pecti ns, and 
JA & IAA signaling. 

P199 - A high-resolution expression map of 
the infl orescence stem - insights into the 
development of a diff erentiated plant organ 

JOUANNET Virginie(1), SANCHEZ Pablo (2) , GRÜNWALD Karin 
(2) , LEBOVKA Ivan(1), GREB Thomas(1) 
(1) Centre for Organismal Studies (COS), Heidelberg, GERMANY (2)  
Gregor Mendel Institute of Molecular Plant Biology (GMI), Vienna, 
AUSTRIA 
Even though plant stems contribute fundamentally to the variati on 
in architecture and growth of plant bodies, the molecular regulati on 
of stem development has hardly been explored. An essenti al piece of 
knowledge in this context is informati on about genome-wide profi les 
of gene expression in individual stem ti ssue types. Similarly as for high-
resoluti on expression maps of the root, this knowledge would be key for 
the formulati on of global concepts in developmental and physiological 
terms. However, strong cell walls in mature stems hamper effi  cient 
protoplast-based profi ling as done previously during similar approaches 
for shoot and root apical meristems. Therefore, we have initi ated a 
project employing fl uorescence-based nucleus sorti ng in order to get 
access to ti ssue-specifi c mRNA from Arabidopsis stems. By using a 
comprehensive series of ti ssue-specifi c promoters driving the expression 
of a nucleus-targeted fl uorescent protein (H4-GFP) and subsequent 
nucleus sorti ng, we are now able to determine the transcriptomes of all 
major stem ti ssues. As a proof of principle, by taking advantage of the 
APL promoter, we identi fi ed the transcriptome of the stem phloem. From 
12,000 genes being expressed in the phloem we classifi ed 335 genes as 
being predominantly acti ve in this ti ssue. We expect that the analysis of 
transcriptome remodelling during stem thickening will help deciphering 
cell fate acquisiti on and physiological adaptati ons during postembryonic 
growth processes in plants. 

P200 - Function of α-xylosidase in xyloglucan 
metabolism, cell wall extensibility and seed 
germination 
 

WATANABE Asuka(1), SHIGEYAMA Takuma(1), TOKUCHI 
Konatsu(1), TOH Shigeo(1), KAWAKAMI Naoto(1)

(1) Department of Life Sciences, Meiji University, Kawasaki, JAPAN 
We have identi fi ed a high temperature resistant germinati on mutant, 
trg1, as a loss of functi on mutant of TRG1/XYL1 gene that encodes 
Α-xylosidase. The seeds of trg1/xyl1 also showed reduced dormancy 
and far-red light resistant germinati on. Α-xylosidase has been shown 
to remove xylose residue from the non-reducing end of xyloglucan 
oligosaccharides (XGO), which allows further degradati on of the XGOs. 
HPLC and MALDI/TOF MS analyses revealed the over-accumulati on of 
XGO (XXXG) in germinati ng seeds, developing fruits and elongati ng fl ower 
stem of trg1/xyl1. Creep extension analysis indicated that cell wall of trg1/
xyl1 elongati ng internode had signifi cantly lower elasti city and viscosity 
values than wild type. We found that the size of xyloglucan reduced 
greatly in trg1/xyl1 mutant cell wall by gel permeati on chromatography, 
and the size reducti on may be responsible for the enhanced extensibility 
of the mutant cell wall. It has been shown that elongati on of the cells in 
lower hypocotyl and the transiti on zone between radicle and hypocotyl 
is criti cal for Arabidopsis seed germinati on. TRG1/XYL1 promoter driven 
GUS reporter expression was relati vely abundant in radicle and upper 

hypocotyl, but was only a low level in transiti on zone and lower hypocotyl. 
We will discuss the contributi on of Α-xylosidase to cell elongati on and 
seed germinati on. 

P201 - Diversifi cation of leaf shape via 
evolution of local growth repressors 
 

KIERZKOWSKI Daniel(1), VLAD Daniela (2) , RAST Madlen(1), 
VUOLO Francesco(1), HAJHEIDARI Mohsen(1), HAY Angela(1), 
SMITH Richard (1), HUIJSER Peter(1), BAILEY Donovan(3) , 
TSIANTIS Miltos(1) 
(1) Max Planck Institute for Plant Breeding Research, Cologne, 
GERMANY (2)  Department of Plant Sciences, University of Oxford, 
Oxford, UK(3)  Department of Biology, New Mexico State University, 
Las Cruces, USA 
Understanding how form evolves requires identi fying the geneti c changes 
underlying morphological variati on between species and elucidati ng how 
those changes infl uence morphogenesis. We investi gate morphological 
diff erences between Arabidopsis thaliana, which has simple leaves, and 
its relati ve Cardamine hirsuta, which has dissected leaves comprising 
disti nct leafl ets. Using geneti cs and interspecifi c gene transfers we show 
that leafl et development requires leaf specifi c REDUCED COMPLEXITY 
(RCO) homeodomain protein. RCO evolved in the Brassicaceae family 
through gene duplicati on and was lost in A. thaliana genome which 
retained only its paralog, LMI1 (LATE MERISTEM IDENTIY1). RCO does not 
infl uence auxin-based patt erning. We demonstrate instead, by combining 
confocal ti me-lapse imaging with MorphoGraphX soft ware, that RCO 
shapes C. hirsuta leaves by locally repressing growth at the fl anks of 
initi aling leafl ets. The potenti al of RCO to repress growth is conserved 
in A. thaliana. Species-specifi c RCO acti on with respect to its LMI1 
paralogue results from its gene expression, which is restricted to the 
acti vely growing leaf base. Thus, evoluti on of growth repressing factors 
generated leaf shape diversity by locally modifying growth patt erns 
during leaf organogenesis. 

P202 - RNA-seq gene expression analysis of 
Arabidopsis thaliana apical meristem time 
series during fl ower initiation 
 

KLEPIKOVA Anna(1), LOGACHEVA Maria (2) , DMITRIEV Sergey 
(2) , PENIN Aleksey (2)  
(1) The Institute for Information Transmission Problems, Moscow, 
RUSSIA (2)  A. N. Belozersky Institute of Physico-Chemical Biology, 
Lomonosov Moscow State University, Moscow, RUSSIA 
Floral transiti on is an important process in the life cycle of a fl owering 
plant to ensure its reproducti ve success. Some genes regulati ng this 
process are well studied, but the global changes in transcriptome in 
ti me when a vegetati ve meristem turns into an infl orescence are not 
characterized. Using high-throughput sequencing, we analyzed gene 
expression during Arabidopsis thaliana meristem development from 
day 7 to 16 aft er germinati on in one-day increments. Main fl owering 
regulators have expression dynamics consistent with previous reports: 
the expression of negati ve regulator FLOWERING LOCUS C (FLC) 
decreased over the course of the ti me series while expression of positi ve 
regulator LEAFY (LFY) increased. We found a ti me point between 10 and 
12 days aft er germinati on where FLC and LFY have parity in expression: 
fi rst had already decreased but second had not yet increased. This ti me 
point is characterized by a peak in the number of diff erenti ally expressed 
genes. Gene Ontology (GO) enrichment analysis of these genes identi fi ed 
an overrepresentati on of genes related to the cell cycle. Analysis of 
expression profi les of specifi c genes involved in cell cycling suggests that 
accelerati on of rate of the divisions and parti al cell cycling synchronizati on 
takes place at this point. 

P203 - Role of VOZ Genes in Controlling 
Flowering Time and Jasmonic Acid Signaling in 
Arabidopsis thaliana 
 

KUMAR Sushil(1) 
(1) Indian Institute of Science, Bangalore, INDIA 
Plants have evolved several strategies to respond to environmental sti muli 
that infl uence important physiological processes including fl owering 
transiti on. A transcripti on factor network functi onal in leaves plays an 
important role in ti ming the fl owering response in distal meristems. The 
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VASCULAR PLANT ONE-ZINC-FINGER PROTEIN1 (VOZ1) and VOZ2 are two 
key vascular transcripti on factors that promote fl owering transiti on in A. 
thaliana. As reported earlier, we found that the voz1voz2 double mutant 
fl owered signifi cantly later than the wild type specifi cally under long days. 
Consistent with previous reports, we observed that CONSTANS transcript 
level was not altered in voz1voz2, but the expression of FLOWERING 
LOCUS T was downregulated while that of FLOWERING LOCUS C (FLC) 
increased. Surprisingly, the voz1voz2fl c triple mutant did not rescue the 
late fl owering phenotype of voz1voz2. Together, our results suggest that 
VOZs redundantly promote fl owering independent of FLC, and possibly 
via photoperiod pathway. Besides, transcriptome profi ling revealed 
that several jasmonic acid (JA) responsive genes including MYC2 were 
downregulated in voz1voz2. JA-mediated root inhibiti on was reduced in 
voz1voz2 suggesti ng that JA-signaling was compromised. Recombinant 
VOZ2 can bind to the MYC2 promoter region in vitro. Previous studies 
have shown that voz1voz2 mutant is suscepti ble to pathogens. We 
suggest that this increased suscepti bility is due to dampened JA-signalling 
in voz1voz2. 

P204 - ASYMMETRIC LEAVES 2-LIKE 9(ASL9), one 
of the AS2/LOB family gene, aff ects secondary 
growth in Arabidopsis thaliana. 

LEE Jung-Hun(1), LEE Ji-Young(1) 
(1) Seoul national university, Seoul, SOUTH KOREA 
The cambium is a ti ssue layer of acti vely dividing cells, located between 
phloem and xylem. It is known that the cambium is responsible for the 
secondary growth of roots and stems. Cells in the cambium undergo 
asymmetric cell divisions to generate daughter cells that diff erenti ate 
into phloem toward the periphery and xylem toward the center of stems 
and roots. To fi nd novel genes that regulate the secondary growth, we 
searched for candidate genes, which are highly and specifi cally expressed 
in the cambium in Arabidopsis thaliana and Raphanus sati vus. Among 
candidates, we found ASYMMETRIC LEAVES 2-LIKE 9 (ASL9) in Arabidopsis 
thaliana. Diameters of both stems and roots in transgenic plants 
overexpressing ASL9 (ASL9-OX) were increased compared to those in wild 
type plants. Such an increase was further promoted when cytokinin, the 
phyto-hormone involved in cell division, is treated to ASL9-OX plants. 
These data suggest that ASL9 positi vely regulates cell division acti viti es of 
cambia and aff ects cytokinin responses. 

P205 - Gene Regulatory Networks of the 
SHORT-ROOT Pathway in the Arabidopsis Shoot 
 

DHAR Souvik(1), YOON Eun Kyoung(1), LIM Jun(1) 
(1) Department of Bioscience and Biotechnology, Konkuk University, 
Seoul, SOUTH KOREA 
SHORT-ROOT (SHR) plays key roles in radial patt erning, stem cell 
maintenance, and vascular development in the root. In the leaf, SHR, 
together with its direct target SCARECROW (SCR), also positi vely controls 
proliferati ve cell divisions. Also, SHR and SCR, along with SCR-LIKE 23 
(SCL23), the close homolog of SCR, regulate specifi cati on of the leaf bundle 
sheath (known as equivalent to the endodermis). To further elucidate its 
regulatory roles in the shoot, we fi rst identi fi ed the genes aff ected by SHR 
in the shoot using inducible transgenic plants (pSHR::SHR-GR in shr-2). 
Also, we performed comparati ve transcriptomic analysis between dark-
grown Columbia wild-type (Col WT) and shr-2 hypocotyls. Our genome-
wide expression analyses reveal that SHR directly regulates expression 
of genes involved in cell wall modifi cati on. With yeast-two hybrid (Y2H) 
assays, we also found that SHR interacts with SCL23, whose expression is 
directly regulated by SHR, similar to the mode of transcripti onal control 
of SCR by SHR. Furthermore, we reveal a novel feedback loop, in which 
the downstream target SCL23 in turn controls SHR protein movement 
and SHR mRNA abundance to fi ne-tune SHR levels for its proper acti vity/
functi on. Therefore, we propose that SHR as master regulator controls 
radial patt erning and vascular development in the Arabidopsis shoot, 
similar to its role in the root, and that SHR also directly regulates cell wall 
modifi cati on genes in the Arabidopsis shoot. 

P206 - The Arabidopsis leaf developmental 
transcriptome: Multi-dimensionally 
coordinated shifts of transcriptional programs 
along the whole life span of leaf 
 

WOO Hye Ryun(3) , KOO Hee Jung(4), JEONG Hyo Bin(4), KIM 
Jeongsik (2) , NAM Hong Gil(1), HWANG Daehee (1), LIM Pyung 
Ok(1)

(1) Center for Plant Aging Research, IBS & Department of New 
Biology, DGIST, Daegu, REPUBLIC OF KOREA (2)  Center for Plant 
Aging Research, IBS, Daegu, REPUBLIC OF KOREA(3)  Department 
of New Biology, DGIST, Daegu, REPUBLIC OF KOREA (4) School of 
Interdisciplinary Bioscience and Bioengineering, POSTECH, Pohang, 
REPUBLIC OF KOREA 
Leaves harvest light energy and fi x CO2, serving as the only practi cal 
source of foods on earth. Leaves, during their lifespan, undergo 
developmental and physiological shift s, ending with senescence and 
death. Exploring transcripti onal regulatory programs of the enti re leaf 
lifespan could provide a unique opportunity for gaining insights into how 
processes for biogenesis and degenerati on during the lifespan are ti mely 
coordinated. Our transcriptome data revealed substanti al reprogramming 
for functi onal transiti ons from biogenesis and degenerati on during 
leaf lifespan. Intriguingly, ageassociated biological processes toward 
senescence and death were acti vely coordinated by multi -layered 
regulatory programs including transcripti on factor-mediated regulati on. 
Diff erenti al uti lizati on of regulatory networks involving small ncRNAs 
and their targets along leaf lifespan and the importance of tRNA-
derived small RNAs in leaf lifespan programs were also evident. Our data 
provide insights into the importance of chloroplast transcriptome as a 
key consti tuent in leaf lifespan programs and the coordinati on between 
nuclear and chloroplast transcriptomes. 

P207 - Structural and functional investigation 
of Fasciclin-like arabinogalactan-proteins in 
Arabidopsis thaliana 
 

LIU Edgar(1), MACMILLAN Colleen (2) , FORD Kristina(1), 
HUMPHRIES John(1), AUSTARHEIM Ingvild(3) , BACIC Antony(1), 
JOHNSON Kim(1) 
(1) ARC Centre of Excellence in Plant Cell Walls, School of 
BioSciences, The University of Melbourne, Parkville, VIC 3010, 
Australia, Melbourne, AUSTRALIA (2)  CSIRO Agriculture, GPO Box 
1600, Canberra, ACT 2601, Australia, Canberra, AUSTRALIA(3)  
Department of Pharmaceutical Chemistry, University of Oslo, Oslo 
0316, Norway, Oslo, NORWAY 
Fasciclin-like arabinogalactan-proteins (FLAs) are important plant cell 
wall glycoproteins proposed to play roles in cell expansion, growth 
and development [1]. Fasciclin domains are known to be conserved 
in proteins from a broad range of living organisms playing important 
biological roles related to adhesion [2]. Their roles and properti es are 
yet to be fully elucidated in plants, and questi ons remain as to whether 
they functi on as wall biosynthesis regulators, architectural components, 
or both. Recent studies have revealed FLA11 and FLA12 contribute to the 
strength of Arabidopsis stems, fi ndings that have potenti al applicati ons 
in the forestry industry [3]. Through mutant studies, we have shown that 
FLA16 also contributes to stem growth and biomechanical properti es in 
Arabidopsis. We are now purifying FLAs in order to characterize their 
glycans as part of a broader eff ort to establish the functi on(s) of these 
complex glycoproteins. 

[1] Seifert et al. (2007) Annu Rev Plant Biol: pp137-161 
[2] Johnson et al. (2003) Plant Physiol: pp1191-1925 [3] MacMillan et al. (2010) 
Plant J: pp689-703 

P208 - Xyloglucan metabolism by α-xyloxidase 
controls Arabidopsis seed dormancy 

SECHET Julien(1), FREY Anne(1), EFFROY Delphine(1), BERGER 
Adeline(1), PERREAU François(1), CUEFF Gwendal (1, RAJJOU 
Loïc(1), MOUILLE Gregory(1), NORTH Helen M.(1), MARION POLL 
Annie(1) 
(1) INRA IJPB, VERSAILLES, FRANCE 
Seed dormancy and germinati on are controlled by the balance between 
two hormones, abscisic acid (ABA) and gibberellins (GA). ABA induces 
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and maintains dormancy while GA acti vates the germinati on process. 
Aft er dormancy release, germinati on results from the protrusion of the 
radicle through the surrounding layers (endosperm and testa). Cell wall 
remodelling is essenti al in the regulati on of embryo growth and envelope 
properti es and integrates hormonal and environmental signals to control 
germinati on. A screen for Arabidopsis thaliana mutants aff ected in the 
hormonal control of germinati on identi fi ed a new mutant, xyl1, able 
to germinate on paclobutrazol, an inhibitor of GA biosynthesis. This 
mutant also exhibited reduced dormancy. The XYL1 locus encodes an 
A-xylosidase required for the maturati on of xyloglucans in the cell wall, 
through the trimming of xylose. These hemicelluloses are described as 
important regulators of cell wall properti es (elasti city and rigidity). xyl1 
seed phenotypes were associated with modifi cati ons to xyloglucan 
compositi on and intracellular distributi on in the embryo hypocotyl and 
endosperm during germinati on. Moreover, the phenotypes of mutants 
impaired in other enzymes of xyloglucan metabolism, together with the 
characterisati on of xyl1 transgenics, provides new insights into the role of 
ti ssue-specifi c xyloglucan modifi cati ons in germinati on processes. 

P209 - “Rhizoponics”: a novel hydroponic 
rhizotron for root system analyses on mature 
Arabidopsis thaliana plants 
 

MATHIEU Laura(1), LOBET Guillaume(1), TOCQUIN Pierre (2) , 
PÉRILLEUX Claire(3)   
(1) University of Liège, Liège, BELGIUM (2)  University of Liège, Liège, 
BELGIUM(3)  University of Liège, Liège, BELGIUM(4) University of Liège, 
Liège, BELGIUM 
Well-developed and functi onal roots are criti cal to support plant 
life and reach high crop yields. Their study however, is hampered by 
their underground growth and characterizing complex root system 
architecture (RSA) therefore remains a challenge. In the model plant 
Arabidopsis thaliana, in vitro culture remains the easiest and preferred 
method to study root development, which technically limits the analyses 
to young seedlings. We present here an innovati ve design of hydroponic 
rhizotrons (rhizoponics) adapted to Arabidopsis thaliana. The setup 
allows to simultaneously characterize the RSA and shoot development 
from seedling to adult stages, i.e. from seed to seed. This system off ers 
the advantages of hydroponics such as control of root environment and 
easy access to the roots for measurements or sampling. Being completely 
movable and low cost, it can be used in controlled cabinets. We chose the 
case of cadmium treatment to illustrate potenti al applicati ons, from cell 
to organ levels. 

P210 - Regulation of CUP-SHAPED COTYLEDON 
and MIR164 expression during Arabidopsis 
thaliana leaf development 
 

MAUGARNY Aude(1), CORTIZO Millán(1), HASSON Alice(1), 
ADROHER Bernard(1), SMIT Margo (2) , BRADY Siobhan (2) , 
LAUFS Patrick(1)

(1) Institut Jean-Pierre Bourgin, UMR 1318, INRA-AgroParisTech, 
Versailles, FRANCE (2)  Dept. of Plant Biology and Genome Center, 
University of California Davis, 95616, California, USA 
NAM/CUC (NO APICAL MERISTEM/CUP-SHAPED COTYLEDON) genes 
encode transcripti on factors of the plant-specifi c NAC family. NAM/
CUC genes are required for all types of leaf dissecti on across Eudicots. 
In Arabidopsis thaliana”s simple leaves, CUC2 and CUC3 but not CUC1 
allow formati on of serrati ons along the leaf margin. CUC2 and CUC3 
are expressed at the leaf margin in the sinuses of developing tooth. 
During leaf development, CUC2 is negati vely regulated by a microRNA, 
miR164, which expression overlaps with the one of its target. This 
negati ve regulati on of CUC2 by miR164 is required for proper leaf shape 
acquisiti on. Using two diff erent approaches, we wish to unravel how the 
specifi c CUC and MIR164A expression patt ern are established during leaf 
development. We adopt a candidate-based approach to study the precise 
contributi on of diff erent known regulators in the establishment of CUC2”s 
expression patt ern. This analysis is based on the morphometric study 
of mutant phenotypes and the quanti fi cati on of reporter genes. In an 
unbiased approach, we look for new regulators of CUC and MIR164 genes 
through a yeast-one-hybrid screen. The functi onal analysis of putati ve 
regulators is currently in progress. 

P211 - Separating light-dependent and plastid-
derived regulation of nuclear genes during 
chloroplast development in the Arabidopsis 
pap7 mutant 

MERENDINO-ISENI Livia(1), GRÜBLER Björn(1), MININNO 
Morgane(1), ALLORENT Guillaume (2) , ALBAN Claude(1), 
LERBSMACHE Silva(1), RAVANEL Stéphane (1), PFANNSCHMIDT 
Thomas(1) 
(1) Laboratoire Physiologie Cellulaire & Végétale, Université 
Grenoble Alpes, CNRS UMR5168, CEA-iRTSV, INRA, Grenoble, 
FRANCE (2)  Dpt of Botany and Plant Biology, University of Geneva, 
Sciences III, Geneva, SWITZERLAND 
In photosyntheti c eukaryoti c cells, the chloroplast is the site of 
photosynthesis and biosynthesis of many essenti al metabolites. The 
chloroplast proteome is composed of nuclear- and chloroplast-encoded 
components. Their coordinated expression requires a ti ght regulati on 
that is partly executed by the chloroplast, a process called retrograde 
control. A well-known example is the repression of the Photosyntheti c 
Associated Nuclear Genes (PHANGS) when plasti d diff erenti ati on is 
chemically or geneti cally blocked. However, PHANGS are also known to be 
the target for the photoreceptor-mediated control. In order to disti nguish 
between these two types of regulati on we used the pap7 mutant of 
Arabidopsis, that is depleted in one of the plasti d RNA polymerase-
associated proteins. This mutant is highly aff ected in plasti d transcripti on 
and chloroplast biogenesis, displaying an albino phenotype that is 
seedling-lethal. However, young pap7 homozygous mutant plantlets can 
sti ll be grown from an heterozygous progeny and exhibit a relati ve normal 
photo-morphogenesis. Using Aff ymetrix microarrays, by comparison 
of the transcriptome data from plants grown in diff erent dark-light 
conditi ons, we have 1) determined the extent of the PHANGS regulati on, 
2) identi fi ed disti nct nuclear gene groups that are specifi c for either 
photo-morphogenesis and/or chloroplast biogenesis, and 3) investi gated 
the cross-talk between chloroplasts and mitochondria. 

P212 - A Genome-Wide Association mapping 
approach to the discovery of novel organ size 
regulators in Arabidopsis 
 

MILLER Charlotte(1), DUMENIL Jack (2) , BOX Mathew(3) , 
SMITH Caroline(4), MCKENZIE Neil (5), BALL Josh (6), BEVAN 
Michael(1) 
(1) John Innes Centre, Norwich, UNITED KINGDOM (2)  John Innes 
Centre, Norwich, UNITED KINGDOM(3)  John Innes Centre, Norwich, 
UNITED KINGDOM(4) John Innes Centre, Norwich, UNITED KINGDOM 
(5) John Innes Centre, Norwich, UNITED KINGDOM (6) John Innes 
Centre, Norwich, UNITED KINGDOM 
The discovery of genes responsible for the control of fi nal organ size in 
plants is of key scienti fi c and socio-economic interest. Genome Wide 
Associati on mapping (GWAS) is a powerful approach that enable high- 
resoluti on detecti on of these important loci. Uti lizing SNP data for more 
than 200 sequenced Swedish Arabidopsis accessions, and focusing on 
petal length as a proxy for organ size, GWAS was performed. This analysis 
revealed a very promising locus on chromosome 4. Closer assessment 
of this locus revealed six genes in strong linkage disequilibrium with 
the associati ng SNPs. Analysis of gene expression by qRT-PCR revealed 
that diff erenti al expression of one of these genes explains >75% of the 
variati on in petal length seen across a subset of Arabidopsis accessions. 
This gene encodes a transmembrane domaincontaining protein of 
unknown functi on, and work is currently underway to further understand 
the potenti al role of this gene in organ size in Arabidopsis. Accessions 
showing diff erenti al expression of this gene also showed signifi cant 
variati on in yield traits such as silique length. It is possible therefore that 
the role of this transmembrane protein extends beyond petal growth and 
that it may be a key contributor to plant yield. 
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P213 - Dual Fatty Acid Elongase Complex 
Interactions In Arabidopsis 
 

MORINEAU Céline(1), GISSOT Lionel(1), TELLIER Frédérique(1), 
HASLAM Richard (2) , BELLEC Yannick (1), HEMATY Kian(1), 
BEAUDOIN Frédéric (2), FAURE Jean-Denis(1) 
(1) Institut Jean-Pierre Bourgin UMR1318 INRA-AgroParisTech, 
Versailles, FRANCE (2)  Department of Biological Chemistry, 
Rothamsted Research, Harpenden, UK 
Very long chain fatt y acids (VLCFAs) are required for the synthesis of 
triacylglycerols, waxes, phospholipids and sphingolipids. Fatt y acyl chain 
length is essenti al for plant development in parti cular for membrane 
traffi  cking during cell division and cell diff erenti ati on (1-3). VLCFAs 
are elongated by the sequenti al additi on of two carbons through four 
successive enzymati c reacti ons gathered in the endoplasmic reti culum 
within a protein complex named the elongase. The acyl-CoA dehydratase 
PASTICCINO2 (PAS2) is involved in the third step of elongati on(3) . The pas2 
mutants show strong defects such as lost of cellular adherence, defects in 
division plate formati on and vesicular dynamic (3-4). In order to identi fy 
new factors associated with the biosynthesis of VLCFAs, a yeast multi copy 
suppressor screen with an A. thaliana cDNA library was carried out in 
phs1 strain. Loss of functi on of PHS1, the yeast PAS2 ortholog, prevents 
growth and induces cytokinesis defects. The screen identi fi ed the PTPLA 
as a dehydratase-like gene involved in VLCFA elongati on in both yeast 
and plant. Functi onal analysis of PTPLA in Arabidopsis demonstrated 
the existence of a new fatt y acid elongase complex acti vity independent 
of PAS2-based complex but also uncovered unsuspected regulatory 
interacti ons between the two complexes. 
(1) Roudier et al. Plant Cell. (2010) 
(2) Markham et al. Plant Cell. (2011) 
(3) Bach et al. Proc. Natl. Acad. Sci. U. S. A. (2008) 
(4) Bach et al. J. Cell Sci. (2011) 

P214 - Genetic and chemical genomic 
dissection of the cell adhesion mechanisms in 
plants 
 

VERGER Stéphane(1), CHABOUT Salem(1), MOUILLE Grégory(1) 
(1) INRA IJPB, VERSAILLES, FRANCE 
Cell to cell adhesion in plants is mediated by the cell wal. The various 
components of this matrix are organized in order to create a conti nuum 
linking the cells together. However the cell wall is a dynamic compartment 
that parti cipates in growth and development through its constant 
loosening and remodeling and it is not clear how cell adhesion is actually 
maintained during these events. In order to get a bett er understanding 
of the mechanisms that control cell adhesion in plants we used a 
combinati on of a forward geneti c suppressor screen and a chemical 
genomic suppressor screen on cell adhesion defi cient mutants. We have 
isolated a number of suppressor mutants and molecules implicated in 
cell adhesion. Our geneti c screen led to the identi fi cati on of suppressors 
mutated in various genes appearing as major players in the control of cell 
adhesion. Furthermore, our chemical genomic screen has revealed the 
implicati on of auxin transport and cell wall located enzyme in the process 
of cell adhesion. Based on these new elements we have established a 
model explaining the loss of cell adhesion in our mutants, and from this 
model we have inferred the existence of mechanisms that dynamically 
allow the maintenance of cell adhesion in plants during growth and 
development. 

P215 - The ANGULATA7 essential gene is 
required for leaf development 
 

MUÑOZ-NORTES Tamara(1), RUIZ-BAYÓN Alejandro(1), 
PÉREZ-PÉREZ José Manuel(1), PONCE María Rosa(1), CANDELA 
Héctor(1), MICOL José Luis(1)  
(1) Instituto de Bioingeniería, Universidad Miguel Hernández, Elche, 
SPAIN 
In a large-scale screen for EMS-induced mutants with abnormal leaf 
shape, we isolated the angulata7-1 (anu7-1) recessive mutant, which 
exhibits pale-green leaves with prominent marginal teeth. anu7-
1 vegetati ve leaves are small and exhibit reduced chlorophyll and 
carotenoid levels compared to wild type. Map-based cloning allowed 
us to identi fy the causal mutati on of the phenotype of anu7-1: a G-to-A 

transiti on that is predicted to cause a G-to-E amino acid substi tuti on in 
ANU7, a chloroplast-localized protein of unknown functi on. A 35pro:ANU7
transgene fully complemented the mutant phenotype of anu7-1. We 
also identi fi ed two inserti onal, embryo-lethal alleles: anu7-2 and anu7-
3. A number of nuclear genes encoding transcripti on factors were found 
deregulated in a microarray analysis of anu7-1 RNA, suggesti ng a role for 
ANU7 in retrograde signalling. 

P216 - Arabidopsis FHA2 plays a role in plant 
fertility by regulating stamen development 
 

CHO Hui-Kyung(1), AHN Eu-Ree(1), AHN Hee-Kyung(1), PAI 
Hyun-Sook(1) 
(1) Yonsei University, Department of Systems Biology, Seoul, SOUTH 
KOREA 
The forkhead-associated (FHA) domain is involved in protein-protein 
interacti on by recognizing a phosphothreonine epitope on target 
proteins. In this study, we investi gated in planta functi ons of the 
Arabidopsis FHA domain 2. AtFHA2 was mainly localized in the nucleus. 
Arabidopsis fh a2 null mutants grew normally during the vegetati ve stage, 
but had severely reduced ferti lity during reproducti ve stage. The reduced 
ferti lity was mainly caused by defecti ve stamen fi lament elongati on, while 
female fl ower parts of the mutants were ferti le. Additi onally, the mutants 
had fewer stamens than the wild type and the vegetati ve organs of the 
mutants, such as cotyledons and leaves, had increased ploidy. These 
results suggest that AtFHA2 may play a role in a signaling pathway for the 
control of plant organ development. 

P217 - Octopus Negatively Regulates BIN2 To 
Control Phloem Diff erentiation In Arabidopsis 
Thaliana 
 

ANNE Pauline(1), AZZOPARDI Mariannne(1), BEAUBIAT 
Sébastien(1), GISSOT Lionel(1), HÉMATY Kian(1), PALAUQUI 
Jean-Christophe(1)  
(1) INRA IJPB, UMR 1318, ERL CNRS3559, Saclay Plant Sciences, 
VERSAILLES, FRANCE 
The phloem is a vascular strand that conducts photo-assimilates and 
systemic signals throughout the plant to coordinate growth. To date, few 
molecular geneti c determinants have been identi fi ed that control both 
specifi cati on and diff erenti ati on of this ti ssue. Among them, the OCTOPUS 
(OPS) protein was previously identi fi ed as a polarly membrane-associated 
protein of unknown biochemical functi on, whose broad provascular 
expression becomes restricted to the phloem upon diff erenti ati on. OPS 
loss of functi on mutants showed an intermitt ent phloem diff erenti ati on 
in the root. Here, we demonstrate a role for OPS as a positi ve regulator 
of the brassinosteroid (BR) signaling pathway. Indeed, transgenic lines 
overexpressing OPS (OPS-OE) display the hallmarks of consti tuti vely 
overacti vated brassinosteroid (BR) mutants. Physiological and geneti c 
analyses place OPS as a positi ve regulator of the BR signaling pathways 
upstream of the key transcripti on factors BES1 and BZR1. Directed protein 
interacti ons with known BR signaling proteins identi fi ed the Glycogen 
Synthase Kinase 3 BIN2, as a potenti al partner of OPS. This interacti on 
recruits BIN2 to the plasma membrane thus preventi ng its inhibitory 
acti vity in the nucleus. Finally, both bikinin (a potent inhibitor of GSK3) 
treatment and downstream dominant mutants bes1-D and bzr1-D can 
rescue phloem defects of ops in the root. Together our data show that 
OPS antagonizes BIN2 to promote phloem diff erenti ati on. 

P218 - Characterization of VIGS phenotypes of 
Nicotiana benthamiana RabE1 
 

PARK Seungjun(1), AHN Chang Sook(1), PAI Hyun-Sook(1) 
(1) Yonsei University, Seoul, SOUTH KOREA 
We characterized the gene expression, subcellular localizati on, and in 
vivo functi ons of a Nicoti ana benthamiana small GTPase belonging to the 
RabE family, designated NbRabE1. The NbRabE1 promoter drove strong 
Y-glucuronidase (GUS) reporter expression in young ti ssues containing 
acti vely dividing cells and in stomata guard cells. GFP fusion proteins of 
NbRabE1 and its dominant-negati ve and consti tuti vely acti ve mutants 
were all localized to the Golgi apparatus and the plasma membrane but 
showed diff erent affi  niti es for membrane att achment. Virus-induced gene 
silencing (VIGS) of NbRabE1 resulted in pleiotropic phenotypes, including 
growth arrest, premature senescence, and abnormal leaf development. 
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At the cellular level, the leaves in which NbRabE1 was silenced contained 
abnormal stomata that lacked pores or contained incomplete ventral 
walls, suggesti ng that NbRabE1 defi ciency leads to defecti ve guard 
cell cytokinesis. Ectopic expression of the dominant-negati ve mutant 
of NbRabE1 in Arabidopsis thaliana resulted in retardati on of shoot 
and root growth accompanied by defecti ve root hair formati on. These 
developmental defects are discussed in conjuncti on with proposed 
functi ons of RabE GTPases in polarized secretory vesicle traffi  cking. We 
characterized the gene expression, subcellular localizati on, and in vivo 
functi ons of a Nicoti ana benthamiana small GTPase belonging to the 
RabE family, designated NbRabE1. The NbRabE1 promoter drove strong 
Y-glucuronidase (GUS) reporter expression in young ti ssues containing 
acti vely dividing cells and in stomata guard cells. GFP fusion proteins of 
NbRabE1 and its dominant-negati ve and consti tuti vely acti ve mutants 
were all localized to the Golgi apparatus and the plasma membrane but 
showed diff erent affi  niti es for membrane att achment. Virus-induced gene 
silencing (VIGS) of NbRabE1 resulted in pleiotropic phenotypes, including 
growth arrest, premature senescence, and abnormal leaf development. 
At the cellular level, the leaves in which NbRabE1 was silenced contained 
abnormal stomata that lacked pores or contained incomplete ventral 
walls, suggesti ng that NbRabE1 defi ciency leads to defecti ve guard 
cell cytokinesis. Ectopic expression of the dominant-negati ve mutant 
of NbRabE1 in Arabidopsis thaliana resulted in retardati on of shoot 
and root growth accompanied by defecti ve root hair formati on. These 
developmental defects are discussed in conjuncti on with proposed 
functi ons of RabE GTPases in polarized secretory vesicle traffi  cking. 

P219 - Natural Variation in Sensitivity to a Loss 
of Chloroplast Translation in Arabidopsis 
 

PARKER Nicole(1), WANG Yixing(1), MEINKE David(1) 
(1) Department of Botany, Oklahoma State University, Stillwater, 
UNITED STATES 
We evaluate here the underlying causes of hypersensiti vity to a loss of 
chloroplast translati on in natural accessions of Arabidopsis. The response 
of embryos and seedlings to a loss of chloroplast translati on is mediated 
by ACC2, a duplicated nuclear gene that targets homomeric acetyl-CoA 
carboxylase (ACCase) to plasti ds [Parker et al. (2014) Plant Physiol 166: 
2013-27]. Functi onal ACC2 is not required in natural environments, 
where heteromeric ACCase encoded in part by the plasti d genome can 
functi on instead to support fatt y acid biosynthesis. Accessions that 
are hypersensiti ve to a loss of chloroplast translati on contain ACC2 
nonsense mutati ons, splicing defects, or gene rearrangements, or 
disrupti ons in another locus that remains to be identi fi ed. ACC2 missense 
mutati ons do not explain most known cases of hypersensiti vity. In the 
presence of functi onal ACC2, tolerance is increased by a semidominant 
enhancer located on chromosome 5 and by additi onal geneti c modifi ers. 
Several models for enhancer and modifi er functi on are currently being 
evaluated. This work highlights an interesti ng example of a tandem gene 
duplicati on, helps to explain the range of embryo phenotypes found 
in mutants disrupted in essenti al chloroplast functi ons, addresses the 
nature of essenti al proteins encoded by the chloroplast genome, and 
underscores the value of using natural variati on to study the relati onship 
between chloroplast translati on, metabolism, protein import, and plant 
development. 

220 - POL2A and DPB2 sub-units of Arabidopsis 
thaliana polymerase epsilon: diff erent roles in 
DNA repair and cell cycle regulation 

PEDROZA-GARCIA José-Antonio(1), DOMENICHINI Séverine(1), 
HUDIK Elodie(1), MAZUBERT Christelle(1), BERGOUNIOUX 
Catherine(1), BENHAMED Moussa (2) , RAYNAUD Cécile(1) 
(1) Institute of Plant Sciences Paris-Saclay (IPS2), UMR 9213/UMR1403, 
CNRS, INRA, Université Paris-Sud, Université d’Evry, Université Paris-
Diderot, Sorbonne Paris-Cité, 0rsay, FRANCE (2)  Division of Biological 
and Environmental Sciences and Engineering, King Abdullah 
University of Science and Technology, Thuwal, KINGDOM OF SAUDI 
ARABIA 
The mechanisms involved in the maintenance of genome integrity, notably 
during the S-phase of the cell cycle, are of utmost importance in plants 
for the faithful transmission of the geneti c informati on. DNA Polymerase 
Ɛ (pol Ɛ) is a replicati ve polymerase responsible for the synthesis of the 
leading strand during S-phase which consists of one catalyti c sub-unit 
(Pol2A) and three accessory sub-units (DPB 2, 3 and 4). In additi on in 
yeast, Pol Ɛ is also required for the acti vati on of the S-phase checkpoint 
upon replicati on defects such as replicati on fork stalling, collapse or DNA 

damage. In A. thaliana the roles of Pol2A and DPB2 have been parti ally 
characterized during development, but both mutati ons are lethal. So 
far we have shown that DPB2 over-expression (DPB2oe) severely aff ects 
plant development and cell cycle regulati on: these lines display severe 
dwarfi sm and slower cell cycle progression, together with consti tuti ve 
acti vati on of DNA repair genes. All these features are shared with a 
parti al loss of functi on alleles of Pol2A (abo4), suggesti ng that both lines 
display endogenous DNA damage. These results point to the importance 
of the stoichiometric accumulati on of Pol e sub-units. However, DPB2oe 
display tolerance to all genotoxic-agents tested whereas abo4 is tolerant 
to hydroxy-urea, but hypersensiti ve to various DNA damaging agents. 
Together, our results suggest that plant Pol2A could parti cipate in the 
acti vati on of an ATR-dependent S-phase checkpoint. 

P221 - potent regulates postembryonic 
organogenesis in Arabidopsis thaliana 
 

PERIÁÑEZ RODRÍGUEZ Juan(1), MORENO-RISUENO Miguel 
A.(1) 
(1) Centre for Plant Genomics and Biotechnology, Department of 
Biotechnology, Universidad Politécnica de Madrid., Madrid, SPAIN 
Plants grow conti nuously and have high regenerati ve capaciti es. Both 
developmental mechanisms require the formati on of new organs and 
ti ssues from organ founder cells (FC). Specifi cati on of FC is, therefore, 
crucial for plant postembryonic growth and survival. To investi gate 
organogenesis and specifi cati on of FC we used as model system the 
formati on of lateral roots (LR) in Arabidopsis thaliana. Out of an ethyl 
methanesulfonate screen, we identi fi ed a heritable mutati on with altered 
postembryonic organogenesis, which we named potent. Although, stem 
cell and ti ssue specifi cati on is not aff ected in the main root of potent. New 
stem cells are not specifi ed during LR formati on, as indicated by lineage 
analyses and stem cell specifi cati on markers. In potent, many pericycle 
cells change their identi ty becoming FCs. These FCs, although are normally 
arrested in subsequent development, can be sti mulated to undergo 
organogenesis by auxin treatment that results in overproducti on of LRs. 
Furthermore, we analyzed the eff ect of this mutati on during regenerati on 
of roots from leaves, and also found abnormal over-reprograming of cells 
which were, in turn, arrested in subsequent development. This indicates a 
conserved functi onality of potent in postembryonic development. Finally, 
we mapped the mutati on by next generati on sequencing and identi fy 
the aff ected gene. Analysis of interactors of potent putati vely relates its 
functi on with auxin signaling. 

222 - Identifi cation of new stem cell regulators 
via RBR-network inference 
 

PERILLI Serena(1), DIAZ-TRIVINO Sara(1), SANTUARI Luca(1), 
ZAMORA ZARAGOZA Jorge(1), CRUZ-RAMIREZ Alfredo(1), 
BLILOU Ikram(1), SCHERES Ben (1) 
(1) Plant Developmental Biology, Wageningen University , 
Wageningen 6708PB, THE NETHERLANDS 
In plants, where cells do not migrate, the positi on of asymmetric cell 
divisions is crucial for proper ti ssue specifi cati on. Over the last decade, 
the A.thaliana RETINOBLASTOMA-RELATED(RBR) protein has emerged 
as a key regulator of state transiti ons in diff erent stem cell systems. In 
the root stem cell niche, a well-studied example is the RBR-mediated 
control of asymmetric stem cell division for ground ti ssue formati on. This 
process depends on an intricate regulatory network where RBR binds 
to, and modulates the acti vity of, a SHORTROOT/SCARECROW(SHR/SCR) 
complex, that controls transcripti on of a specifi c D-type cyclin,CycD6;1. 
CycD6;1 in turn controls RBR acti vity via phosphorylati on, thus acti vati ng 
SHR/SCR, and this modulati on is re-set by mitosis-coupled proteolysis. 
Similar modules, involving RBR-mediated regulati on of lineage-specifi c 
transcripti on factors in conjuncti on with D-type cyclins, have been shown 
to regulate also columella stem cell replenishment and stomatal lineage 
diff erenti ati on. Tissue-specifi c complementati on experiments suggest 
that a diff erent RBR-dependent network governs diff erenti ati on of the 
lateral root cap(LRC). We identi fi ed a set of candidate transcripti on factors 
and a diff erent D-type cyclin that might be part of a LRC-specifi c, RBR-
dependent module responsible for the control of LRC stem cell division. 
A deeper investi gati on of this module allows us to dissect roles of RBR in 
maintenance and asymmetric cell division of diff erent stem cells. 
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P223 - Functional and biochemical 
characterization of Arabidopsis thaliana 
pectin acetylesterase during plant growth 
development 

PHILIPPE Florian(1), ROBLET Manon(1), MONGELARD Gaëlle(2), 
DOMON Jean-Marc(1), BOUTON Sophie(1), GUTIERREZ 
Laurent (2) , PELLOUX Jérôme(1), RAYON Catherine(1) 
(1) EA3900 BIOPI-Université de Picardie Jules Verne, Amiens, FRANCE 
(2)  Centre de Ressources Régionales en Biologie Moléculaire, 
Université de Picardie Jules Verne, Amiens, FRANCE 
In Arabidopsis, the primary cell wall is important for plant development. 
It composed of cellulose, hemicelluloses and pecti c polysaccharides. 
Pecti ns are complex polysaccharides, rich in galacturonic acid residue 
(GalA) which consist of four domains: Homogalacturonan (HG), 
Rhamnogalacturonan-I (RG-I), Xylogalacturonan (XGA) and minor 
amounts of Rhamnogalacturonan-II (RG-II). The D-galacturonic acid 
units (GalA), can be methylesterifi ed at the C-6 carboxyl group and/or 
acetylated at the O-2 and/or O-3 in both HG and RGI. HG is synthesized 
from nucleoti de sugars and then secreted as methylesterifi ed and 
acetylesterifi ed form into the cell wall where its structure can be de-
esterifi ed by cell wall enzymes, pecti n methylesterases (PMEs) and 
pecti n acetylesterases (PAEs). However, the biological functi ons of 
pecti n acetylati on and PAE have not been elucidated yet. Here we report 
preliminary results obtained by qRT-PCR on 12 putati ve Arabidopsis 
thaliana PAE genes expression during plant growth. Some PAE genes were 
selected according to the transcripti onal analysis and were characterized 
using a multi disciplinary approach, including in silico analysis, promoter 
acti vity assay and protein subcellular localizati on. To assess PAE acti vity, 
the candidate genes were further expressed in an heterologous system 
and the quanti fi cati on of enzyme acti vity on diff erent substrates have 
been carried out. The data will provide new insights in the role of PAE in 
the acetylati on state of pecti n. 

P224 - Looking for new genes involved in root 
growth and development 
 

PLAINCHAMP Tracy(1), SORIN Celine (2) , BLEIN Thomas(1), 
SANTOSH Satbhai(3) , WOLFGANG Busch(3) , CRESPI Martin(1) 
(1) CNRS-IPS2, Gif-sur-Yvette, FRANCE (2)  Université Paris Diderot-
IPS2, Paris/ Gif-sur-Yvette, FRANCE(3)  Gregor Mendel Institute, 
Vienna, AUSTRIA 
Roots are essenti al for water and nutrients acquisiti on in plants. Root 
architecture can be modulated by endogenous and environmental 
factors. In plants, microRNAs (miRNAs) play various developmental and 
physiological roles. These small RNAs regulate their targets by transcript 
cleavage and/or inhibiti on of protein translati on and are known as major 
post-transcripti onal regulators of various developmental pathways 
and stress responses. GWAS was performed in Arabidopsis to identi fy 
candidate genes involved in root growth and development (Meijon M 
et al 2013; Slovak et al 2014). Among them SNPs involving miR170 were 
selected as potenti ally modulati ng gravitropic responses in specifi c 
growth conditi ons. To analyse the role of this miRNA in such responses 
characterizati on of miR170 overexpressing lines and lines with decreased 
miR170 has been undertaken. Preliminary results on the impact of 
miR170 in plant development will be presented. 

P225 - Really going for growth: control of 
organ size in Arabidopsis by a novel ubiquitin-
mediated mechanim 
 

PRIOR Rachel(1), DONG Hui(1), SMITH Caroline(1), MCKENZIE 
Neil(1), BEVAN Michael(1) 
(1) John Innes Centre, Norwich, UNITED KINGDOM 
The control of organ and seed size in plants is starti ng to be understood 
at the cellular level, with current models of organ size control involving 
an initi al period of cell proliferati on followed by cell expansion and 
diff erenti ati on. The durati on of these phases determines the fi nal 
number and sizes of cells in the organ. We are studying a set of genes 
that contribute to determining the durati on of the period of cell 
proliferati on during organ formati on in Arabidopsis, DA1, EOD1 and 
DA2. We tracked the width and area of leaves one and three in da1-1 
and da1 -1eod1-2 plants compared to wild type throughout growth and 
found that there is a prolonged period of growth in the mutants, as well 

as an increased rate of growth in the initi al stages in the double mutant 
da1-1eod1-2. This is contrary to the previous hypothesis that growth 
rate was constant between the wild type and the mutants, with mutants 
only having a longer durati on of cell proliferati on. To measure the role of 
these mutati ons at a cellular level, we have generated lines with plasma 
membrane fl uorescence to monitor cell size and rate of division in staging 
experiments and live-cell imaging. We have shown that EOD1 and DA2 
encode RING E3 ligases that specifi cally ubiquiti nate DA1, acti vati ng 
DA1 latent pepti dase acti vity, which then cleaves EOD1 and DA2. We are 
currently assessing other putati ve targets of DA1 pepti dase acti vity, for 
example TMK1 and TMK4, putati ve receptor proteins that promote cell 
proliferati on. 

P226 - Small but thick: the Arabidopsis 
hypocotyl as a model to study periderm 
establishment. 
 

WUNDERLING Anna(1), RIPPER Dagmar(1), RAGNI Laura(1) 
(1) Developmental Genetics-ZMBP-University of Tübingen, Tübingen, 
GERMANY 
The periderm is the protecti ve ti ssue that during secondary replaces the 
epidermis once the latt er cannot accommodate anymore radial growth. 
It acts as a physical barrier to protect the plant from loss water, gases and 
solutes and diffi  cult environmental conditi ons (i.e. pathogens, fl ooding). 
These barriers properti es are conferred by the accumulati on of suberin 
in the cork. The periderm as the vasculature cambium is a three layers 
system: the phellogen or cork cambium produces inward the phelloderm 
and outward the cork/phellem. The periderm is a great system to study 
how a meristem is established and how cell diff erenti ati on occurs. The 
herbaceous Arabidopsis plant has been recently shown to be a valid 
geneti c model to study secondary development. In parti cular working 
with the hypocotyl, off er several advantages 1) radial growth is not 
masked by ongoing elongati on 2) the structural arrangement of secondary 
ti ssue is similar to trees 3) thanks to the “quanti tati ve histology approach” 
is possible to follow morpho-dynamics at cellular level 4) a periderm is 
formed (unlike in stem). In Arabidopsis root and hypocotyl the periderm 
arises from the pericycle and its development is ti ghtly connected to the 
loosening of the outside ti ssues (Endodermis, Cortex and Epidermis), 
which follows a predetermined patt ern. However the regulatory network 
underlying periderm establishment and maintenance is sti ll largely 
unknown. Here we present our recent data on periderm development 
using the Arabidopsis hypocotyl as a model. 

P227 - How to convert a lateral root 
primordium into a shoot meristem 
 

DA COSTA Marco(1), SAFFAR Julie(1), LECORGNE Lena(1), 
ROSPOPOFF Olga(1), HILSON Pierre(1), RECH Philippe(1) 
(1) INRA IJPB, VERSAILLES, FRANCE 
Diff erenti ated plant cells can be triggered to form an organ or an embryo, 
either in nature or in vitro. Our work focuses on the conversion of 
lateral root primordia (LRM) into shoot meristems (SM). In the system 
we developed, this conversion relies on the in vitro culture of primary 
Arabidopsis root segments bearing lateral roots switched from auxin- to 
cytokinin-enriched media. With 3D confocal microscopy, we characterized 
the histological features defi ning the developmental window compati ble 
with the LRM-to-SM conversion. The competent LRM stages have initi ated 
the establishment of the root meristem stem cell niche, but earlier or 
later stages do not convert into shoots. This observati on suggests that 
the stem cell niche has an undetermined ground state whose fate can be 
channeled towards root development by exogenous applicati on of auxin 
and towards shoot by cytokinin. The switch in organogenesis is correlated 
with controlled by changes in key identi ty genes, root and shoot meristem 
genes being respecti vely repressed and induced during the conversion. 
Transcript level analysis revealed a central role for the CUC2 gene in the 
process. 
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P228 - FDP transcription factor contributes 
to the integration of photoperiodic and 
endogenous fl owering signals at the shoot 
meristem of Arabidopsis 

ROMERA BRANCHAT Maida(1), SEONGHOE Jang (2) , PORRI 
Aimone(1), ANDRÉS Fernando(1), MADRIGAL Pedro(3) , GARCÍA-
MARTÍNEZ José Luis(4), NOUGALLI Isabella (1, M. GALLEGOS 
Rafael(1), COUPLAND George(1) 
(1) Max Planck Institute for Plant Breeding Research, Cologne, 
GERMANY (2)  Biotechnology Center in Southern Taiwan, Academia 
Sinica, Tainan 74145 / Agricultural Biotechnology Research Center, 
Academia Sinica, Taipei  TAIWAN(3)  Department of Biometry and 
Bioinformatics, Institute of Plant Genetics, Polish Academy of 
Sciences, Strzeszyńska, Poznan, POLAND(4) Instituto de Biología 
Molecular y Celular de Plantas (IBMCP), Universidad Politécnica 
de Valencia (UPV)-Consejo Superior de Investigaciones Científi cas 
(CSIC), Valencia, SPAIN 
In Arabidopsis, the transiti on from vegetati ve to reproducti ve growth is 
controlled by several geneti c pathways. The photoperiod pathway links 
fl owering with day length. In long days, FLOWERING LOCUS T (FT) is 
acti vated in the leaves and its protein moves from the leaves to the shoot 
apical meristem (SAM) to initi ate fl owering. FT interacts with two closely 
related bZIP transcripti on factors (TF), FD and FD PARALOGUE (FDP), which 
are expressed in the SAM leading to the acti vati on of downstream genes 
and to fl ower diff erenti ati on. In this work, we study FDP using diff erent 
approaches that combine Aff ymetric arrays, ChIP and reverse geneti c 
studies, including null alleles derived with CRISPR technology. Our results 
demonstrate that FDP promotes fl owering by directly regulati ng GA2ox7, 
a catabolic enzyme of GA biosynthesis both in LDs and in SDs. By contrast, 
FD does not regulate GA2ox7 and is expressed in diff erent meristemati c 
regions. We propose that these bZIP TFs have separable functi ons and 
that their roles are not restricted to the FT signaling pathway. 

P229 - Specifi cation and Diff erentiation of 
Abscission Zone Layers 
 

ROPPOLO Daniele(1), DÉNERVAUD TENDON Valérie(1), 
SAXENHOFER Moritz(1)  
(1) Institute of Plant Sciences, University of Bern, Bern, SWITZERLAND 
Abscission is the developmentally controlled shedding of plant parts, 
such as leaves and fl oral organs. Despite abscission being a long-studied 
subject, the questi on of why abscission takes place exclusively at precise 
sites is sti ll open. Abscission requires the formati on of specialized layers 
of cells that remain quiescent during organogenesis, and eventually 
diff erenti ate into disti nct cell-types. The molecular mechanisms behind 
formati on of abscission layers are largely unknown. To investi gate 
abscission zone cell specifi cati on and diff erenti ati on, we are using 
the model plant A. thaliana, where fl oral organs are shed during fruit 
maturati on. We are taking both forward and reverse geneti cs approaches 
to identi fy key players in abscission zone development. Our initi al eff ort 
has allowed the identi fi cati on of genes expressed at diff erent stages of 
fl oral development, and the visualizati on of disti nct populati ons of cells 
in abscission layers. In parti cular, we have identi fi ed genes exclusively 
expressed in quiescent abscission zones and on the distal side of the 
abscission fracture. These genes are being used as markers for the 
characterizati on of sub-populati ons of cells in abscission zones. With 
this informati on in hand, we can now analyze abscission zone cells with 
cellular resoluti on, acquire knowledge on the developmental processes 
that lead to the formati on of abscission zones, and device strategies for 
controlling abscission in economically relevant crops. 

P230 - Transcriptional control of root hair 
growth under adverse conditions 
 

RYMEN Bart(1), KAWAMURA Ayako(1), IKEDA Miho (2) , MITSUDA 
Nobutaka(3) , OHME-TAKAGI Masaru (2) , MATSUI Minami(1), 
SUGIMOTO Keiko(1) 
(1) RIKEN CSRS, Yokohama, JAPAN (2)  Saitama University, Saitama, 
JAPAN(3)  AIST, Tsukuba, JAPAN 
Plants are able to adjust their cellular growth to tune morphogenesis 
with environmental demands. Insights into the underlying molecular 
mechanism are so far restricted to the descripti on of vast transcripti onal 
changes correlated with modifi ed growth. Here, we describe the 

identi fi cati on of a GROWTH REGULATORY TRANSCRIPTION FACTOR 7 
(GRTF7) during a screen for novel growth regulatory transcripti onal 
regulators. GRTF7 is a DOF-type transcripti onal regulator and its expression 
gradually increases with the onset of cell expansion and diff erenti ati on in 
the roots. Moreover, applicati on of abscisic acid (ABA) enhances GRTF7
expression and broadens its expression profi le to meristemati c cells. 
Ectopic expression of GRTF7 causes growth retardati on, associated with 
defecti ve cell expansion. Transcript profi ling aft er GRTF7 inducti on in the 
root identi fi ed a signifi cant enrichment in genes related with transport, 
root hair formati on and stress responses being repressed by GRTF7. 
Based on these potenti al targets, we show that GRTF7 directly represses 
ROOT HAIR DEFECTIVE-LIKE 2 (RSL2), a transcripti on factor essenti al for 
proper root hair expansion. Furthermore, we show that a reducti on in 
the expression of RSL2 is essenti al for the root hair growth response 
to ABA. Based on our results we discuss the existence of multi ple 
parallel pathways to regulate the plasti city of root hair growth under 
environmental constraints. 

P231 - Regulation of Early Seedling 
Development in Arabidopsis by Glucan 
Synthase-like8 
 

SAATIAN Behnaz(1), AUSTIN Ryan S. (2) , TIAN Gang (2) , 
KOHALMI Susanne(1), CUI Yuhai (2)   
(1) Department of Biology, Western University, London/Ontario, 
CANADA (2)  Southern Crop Protection and Food Research Center, 
Agriculture and Agri-Food Canada, London/Ontario, CANADA 
Callose, a linear Y-1,3-glucan polymer, is accumulated at the cell plate 
during cytokinesis, in plasmodesmata (PD), where it regulates cell-to-
cell communicati on, in dormant phloem, where it seals sieve plates 
aft er mechanical injury and pathogen att ack, and in male and female 
gamehtophytes. Glucan synthase-like (GSL) genes in Arabidopsis comprise 
a family of 12 members. A new allele of GSL8, essp8, was identi fi ed as 
having seedling-lethal phenotype through forward geneti c screening of 
an EMS mutant populati on of Arabidopsis showing ectopic expression 
of seed storage proteins (essp). The gene responsible for the observed 
mutant phenotype was detected using a combinati on of bulked-segregant 
analysis, rough-mapping, and next-generati on mapping (NGM). An EMS-
induced point mutati on was identi fi ed on an intron splicing site of GSL8
predicted to introduce a premature STOP-codon. essp8 seedlings exhibit 
several growth defects, including disrupti ons of root ti ssue patt erning 
and morphogenesis, somati c embryo formati on, incomplete cytokinesis, 
and increased size exclusion limit of PD. Histochemical detecti on of 
callose and cell-to-cell diff usion assays showed lack of callose depositi on 
at the cell plate and PD, ectopic polyploidizati on, and signifi cantly 
increased symplasti c macromolecular traffi  cking between root cells in 
essp8 seedlings. Our fi ndings suggest that GSL8 is required for cell wall 
integrity, maintaining the basic ploidy level, and restricti on of symplasti c 
movement. 

P232 - The DUF642 At2g41800 (TEEBE) protein 
is located in the cell wall at the end of mitosis 
and acts as a negative regulator of hypocotyl 
growth 
 

SALAZAR IRIBE Alexis(1), HERNÁNDEZ-BARRERA Alejandra(1), 
AGREDANO-MORENO Lourdes (2) , ZÚÑIGA-SÁNCHEZ 
Esther(1), JIMÉNEZ-GARCIA Luis Felipe (2) , GAMBOA-DEBUEN 
Alicia(1) 
(1) INSTITUTO DE ECOLOGÍA, UNIVERSIDAD NACIONAL AUTÓNOMA 
DE MÉXICO, MEXICO, DF, MÉXICO (2)  Facultad de Ciencias, 
Universidad Nacional Autónoma de México, Ciudad Universitaria 
CP. 04510,, México DF, MÉXICO 
In plants, the cell wall is a complex and dynamic structure that is built 
by high molecular weight carbohydrates and proteins. The cell wall plays 
an important role during several stages of the plant life cycle, including 
cell division, elongati on and diff erenti ati on. The DUF642 family of cell 
wall proteins is highly conserved in spermatophytes and may be involved 
in pecti n structural modifi cati ons. In parti cular, At2g41800 is one of the 
most highly induced genes during the M/G1 phases of the cell cycle, and 
the protein it encodes has been detected only in cell wall proteomes 
of cell suspension cultures. In this study, the subcellular localizati on of 
At2g41800 (TEEBE, TEB) was investi gated. Callus inducti on and auxin 
treatment of Arabidopsis thaliana roots from pTEB::TEB-GFP transgenic 
plants were used to visualize TEB protein localizati on in the cell wall. 
Furthermore, root meristem cells were synchronized with hydroxyurea 
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treatments. The cell wall localizati on of the TEB protein in root meristem 
cells was confi rmed by electronic microscopy. Although no alterati on in 
root growth was observed in teb null mutants, hypocotyls were longer in 
mutant seedlings grown in conti nuous light. Furthermore, overexpression 
of TEB inhibits hypocotyl growth and induces resistance to cobtorin 
treatment. 

Acknowledgments: This work was supported by PAPIIT (Universidad 
Nacional Autónoma de México) IN200912 and IN207915 and SEP-
CONACyT grant 155074. 

P233 - Transcriptional control of cell state 
transitions by PLETHORA gradient 
 

SANTUARI Luca(1), SANCHEZ PEREZ Gabino F. (2) , RUTJENS 
Bas(1), BERKE Lidija(4), WILLEMSEN Viola(1), SNEL Berend(4), 
NAKAMURA Kenzo (5, DE RIDDER Dick(3) , SCHERES Ben(1), 
HEIDSTRA Renze(1)  
(1) Plant Developmental Biology Group, Wageningen University 
and Research, WAGENINGEN, NETHERLANDS (2)  Plant Research 
International, Wageningen University and Research, WAGENINGEN, 
NETHERLANDS(3)  Bioinformatics Group, Wageningen University 
and Research, WAGENINGEN, NETHERLANDS(4) Theoretical Biology 
& Bioinformatics, Utrecht University, UTRECHT, NETHERLANDS(5) 
Nagoya University, NAGOYA, JAPAN 
During their life cycle, plants conti nuously grow from specialized regions 
of undiff erenti ated cells, termed meristems. In the root meristem of the 
model plant Arabidopsis thaliana, a positi ve feedback loop between the 
plant hormone auxin and the PLETHORA (PLT) transcripti on factors creates 
a narrow PLT expression domain in the stem cell region. This domain is 
extended shootwards in the form of a protein gradient via a mechanism that 
involves mitoti c segregati on and cell-to-cell movement. The PLT gradient 
guides the developmental progression from stem cells to diff erenti ati ng 
cells in a dose-dependent manner: high PLT levels specify and maintain 
stem cell identi ty, intermediate levels promote cell proliferati on and low 
levels permit diff erenti ati on. How can a protein gradient instruct all the 
necessary cell state transiti ons to enable root growth? Here, we investi gate 
the mechanisti c basis of transcripti onal control of root meristem growth 
by PLT gradient, using a combinati on of high-throughput experimental and 
computati onal approaches. We found that PLT regulated targets provide 
spati al context for diff erenti ati on. PLTs acti vate cell proliferati on genes in the 
meristemati c region and repress genes that are expressed in the elongati on 
and diff erenti ati on zone of the root. Our analysis of the mechanisms of PLT 
gradient regulati on will help elucidate how transcripti on factor gradients 
functi on to instruct cell diff erenti ati on programs. 

P234 - Towards the understanding of shoot 
apical meristem organogenesis: isotropic 
growth as a major regulator of organ 
formation 

SASSI Massimiliano(1), ARMEZZANI Alessia(1), ABAD Ursula(1), 
VACHEZ Laetitia(1), SALLEE Ann’Evodie(1), CLOAREC Gladys(1), 
TRAAS Jan(1) 
(1) Laboratoire de Reproduction et Développement des Plantes, ENS-
Lyon, Lyon, FRANCE 
The complexity of aerial plant shapes largely results from the acti vity of 
the shoot apical meristem (SAM), which gives rise to all the aboveground 
organs of the plant. At the cellular level, the formati on of a new organ 
involves the diff erenti al growth of the cells within the SAM ti ssue to 
promote organ emergence and to generate the fi nal organ shape. The 
generati on of new organs strictly depends on auxin acti on which, through 
an integrati on of acti ve transport, signaling and transcripti onal regulati on, 
determines the spati o-temporal informati on that drives organ emergence 
at the SAM periphery. We previously showed that auxin promotes organ 
initi ati on by disrupti ng the organizati on of highly anisotropic corti cal 
microtubule (CMT) arrays at the periphery of the meristem. The auxin-
induced isotropy switch acts synergisti cally with minor reducti ons in cell 
wall rigidity occurring at the periphery of the SAM, to amplify growth 
rates of the bulging primordium. Here we show that the disorganizati on 
of CMT plays additi onal role in regulati ng organ initi ati on. We provide 
evidence that chemical or geneti c disrupti on of CMT at the SAM results in 
a localized inducti on of cell wall remodeling genes that accompanies organ 
outgrowth. In additi on, we show that corti cal microtubule disorganizati on 
also aff ects the expression of transcripti onal regulators involved in SAM 
developmental patt erning, suggesti ng that isotropy might act as a major 
regulator of SAM morphogenesis. 

P235 - The Sec14-Nodulin AtSFH1 patterns 
phosphoinositide distribution to control 
polarized membrane growth 
 

DE CAMPOS Marília K.f.(1), SCHAAF Gabriel(1) 
(1) ZMBP, University of Tuebingen, Tuebingen, GERMANY 
Root hairs provide a remarkable plant-soil interface that favors water 
and nutrient absorpti on, as well as plant-microbe interacti ons. Their 
development relies on fi ne-tuned molecular events that culminate in 
the polarized expansion of disti nct root epidermal cells (i.e. trichoblasts). 
Phosphoinositi des play a key role in root hair development by establishing 
signaling foci that localize cellular events, such as cytoskeleton organizati on 
and vesicle traffi  cking, to specifi c membrane sites. Our previous work in 
yeast demonstrates that SEC14 proteins act at the interface between 
phosphoinositi de homeostasis and membrane traffi  cking by assisti ng 
phosphoinositi de kinases to overcome their intrinsic ineffi  ciency to 
recognize phospholipid substrates in the context of the membrane 
bilayer. In parti cular, yeast SEC14 renders phosphati dylinositol (PtdIns) 
vulnerable to PtdIns 4-OH kinase att ack during phosphati dylcholine 
(PtdCho)-dependent heterotypic phospholipid exchange, generati ng 
a PtdIns(4)P pool at trans-Golgi membranes that is crucial for proper 
vesicle biogenesis. Notably, root hair development relies on AtSFH1, 
a multi domain protein harboring an N-terminal SEC14 domain and a 
C-terminal Nlj16-like nodulin domain. We will present evidence that the 
Nlj16 module exhibits high PtdIns(4,5)P2 binding specifi city in vivo and will 
provide a mechanisti c insight into how AtSFH1 couples phosphoinositi de 
synthesis with lateral organizati on of PtdIns(4,5)P2 showcasing a novel 
mechanism of lipid microdomain formati on. 

P236 - Down-regulation of PECTIN 
METHYLESTERASE 32 expression triggers 
compensatory mechanisms in Arabidopsis 
thaliana 
 

SÉNÉCHAL Fabien(1), LEFEBVRE Valérie(1), PEAUCELLE Alexis 
(2) , FOURNET Françoise(1), MARCELO Paulo(3) , BOUTON 
Sophie(1), MOUILLE Grégory (2), HÖFTE Herman (2) , MONEGER 
Françoise(4), PELLOUX Jérôme(1)  
(1) EA3900 BIOPI - Université de Picardie Jules Verne, Amiens, 
FRANCE (2)  UMR1318 IJPB - INRA Centre de Versailles-Grignon, 
Versailles, FRANCE(3)  ICAP - Université de Picardie Jules Verne, 
Amiens, FRANCE(4) UMR5667 RDP - INRA-CNRS-ENS de Lyon, Lyon, 
FRANCE 
In Arabidopsis thaliana, dark-grown hypocotyl is characterized by two 
disti nct growth phases: a slow phase followed by a rapid accelerati on 
which is related to changes in the expression of genes encoding enzymes 
involved in homogalacturonan 
(HG) modifi cati ons, among which pecti n methylesterases (PMEs, 66 
members in Arabidospis), polygalacturonases and pectate lyases-like. 
Overexpression of genes encoding PME inhibitors (PMEIs), such as PMEI4, 
which is diff erenti ally, regulated during eti olated hypocotyl growth, aff ect 
pecti n properti es leading to delayed growth accelerati on. This suggests 
that PME acti vity, which aff ects the degree of methylesterifi cati on of HG 
backbone, play a key role in the pecti n dynamic and cell wall plasti city, 
thus controlling elongati on of dark-grown hypocotyl. We characterized 
mutants for PME32, which is expressed during eti olated hypocotyl 
growth. Using functi onal genomic, biochemical, transcriptomic and 
proteomic approaches, we showed that the deregulati on of PME32
expression leads to surprising increased PME acti vity, likely to be related 
to compensatory mechanisms among the PMEs expressed in dark-grown 
hypocotyl. Moreover this compensatory mechanism could be controlled 
by PMEIs, aff ecti ng fi nally growth rate of dark-grown hypocotyl. Our study 
shed new light on the identi fi cati on of compensatory isoforms within 
a large multi genic family, and the likely contributi on of cell signaling 
components. 
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P237 - Finding DEMETER suppressor gene 
through EMS mutagenesis in Arabidopsis. 
 

SEOHYUN Kim(1), MIGUEL Osorio (2) , SHANE Jones (2) , 
KYUNGHUYK Park(1), JONG SEOB Lee(1), ROBERT L. Fischer (2) , 
YEONHEE Choi(1) 
(1) Seoul National University, Seoul, SOUTH KOREA (2)  University of 
California, Berkley, USA 
The DEMETER (DME) gene encodes a dual-functi on glycosylase that 
functi ons in DNA demethylati on through base excision repair pathway 
at all three cytosine contexts. DME expression is exquisitely controlled 
during female and male gametogenesis and reinforces transposon 
methylati on in gametes. DME acti vates MEDEA (MEA) gene transcripti on, 
a PRC2 component that is imprinted in the endosperm and is required 
for seed viability. Loss-of-functi on dme mutant allele resulted in 
hypermethylati on at its target loci and transposons and displayed 
endosperm over-proliferati on causing seed aborti on. Seed aborti on dme 
phenotype is rescued by met1 methyltransferase mutant. Thus, DME 
and MET1 functi on antagonisti cally through DNA methylati on. However, 
MET1 is the only DME suppressor known unti l today. To identi fy more 
DME suppressors, thereby, to broaden our knowledge for DME functi on 
and mechanism, we mutagenized dme-1 and dme-2 T-DNA inserti onal 
homozygous mutants with ethyl methane sulfonate (EMS). Both alleles 
show severe seed aborti on phenotype resulti ng in sparse viable seeds. 
We counted seed aborti on raio in EMS-treated dme mutant plants and 
candidate lines showing improved seed survival rati o were selected. 
MET1 region of these candidate lines was sequenced to rule out met1 
mutants. Out of 17 candidate lines, 13 lines did not show any SNPs at 
MET1 locus. They show a variable seed aborti on rati o, indicati ng that 
many diff erent suppressors might be obtained. We will map the mutati on 
sites and will investi gate their functi ons. We will also investi gate geneti c 
and biochemical interacti on between DME and the new suppressors. 
This study will shed light on the mechanism of DME demethylase during 
reproducti on. 

P238 - Phloem sieve element regulates 
periclinal cell divisions in Arabidopsis root 
vasculature via mobile transcription factors 
 

SEVILEM Iris(1), MIYASHIMA Shunsuke (2) , ROSZAK Pawel(3) , 
HELARIUTTA Ykä(3)   
(1) University of Helsinki, Helsinki, FINLAND (2)  NARA Institute of 
Science and Technology, Takayama, Ikoma, NARA, JAPAN 
(3) University of Cambridge, Cambridge, UNITED KINGDOM 
Plant growth and development are crucially dependent on positi onal 
informati on from neighboring cells, mediated by mobile regulatory 
molecules. In Arabidopsis, the interacti on of hormones auxin and cytokinin 
is essenti al for the radial organizati on of the root vasculature consisti ng 
of central xylem axis, two phloem poles, and intervening procambium. It 
has been proposed that xylem controls non-cell-autonomously periclinal 
divisions occurring in the phloem/procambium by acti vati ng cytokinin 
producti on. However, whether phloem has a regulatory role as well has 
remained unclear. Plasmodesmata (PD) are plant specifi c nanochannels 
that enable the movement of molecules directly from cell to cell. In 
Arabidopsis, PD apertures can be regulated in a spati ally and temporally 
specifi c manner with a mutated CALLOSE SYNTHASE 3 (cals3m) that 
enhances callose depositi on at PD resulti ng in inhibiti on of symplasti c 
transport. To investi gate the requirement of symplasti c connecti on during 
vascular development, we inhibited traffi  cking by icals3m, and observed 
a reducti on of cell fi les in phloem/procambium aft er expressing icals3m 
in the early protophloem sieve element (SE). Subsequently, we identi fi ed 
a family of transcripti on factors that move from the SE to the surrounding 
cells, and which promote periclinal cell divisions in phloem/procambium. 
Thus, our results indicate that not only xylem but also the SE has an 
essenti al role as an organizing center during vascular development. 

P239 - A Myb-related transcription factor plays 
an important role for the FT transcription. 
 

SHIBUTA Mio(1), WATANABE Ayako(1), ABE Mitsutomo(1)  
(1) Department of Biological Sciences Graduate School of Sciences 
University of Tokyo, , JAPAN 
In Arabidopsis thaliana, FLOWERING LOCUS T (FT) protein represents a 
major component of fl origen. Molecular mechanism of the transcripti onal 
acti vati on of fl oral-meristem identi ty genes via FT at the shoot apical 

meristem has been well studied. However, it remains largely unknown 
how FT transcripti on is up-regulated in leaves by the crucial fl owering 
promoter, CONSTANS (CO), in a day-length dependent manner. Here, we 
aimed to identi fy other transcripti onal acti vators of FT other than CO, in 
the photoperiod-dependent pathway. One of the interesti ng candidates 
is a novel fl owering regulator, FE, encoding a Myb-related transcripti on 
factor. The fe-1 mutant, that harbors a single amino acid substi tuti on, 
exhibited late-fl owering phenotypes under the long-day (LD) conditi ons. 
This LD-specifi c fl owering phenotype was caused by the down-regulati on 
of FT expression in additi on to the impairment of FT protein transport 
from leaves to the shoot apex. We constructed a heat-inducible system 
of FE and performed detailed expression analysis of FT by qRT-PCR and 
GUS-reporter assays. Our experiments revealed that a signifi cant FT 
up-regulati on aft er heat-treatment is observed and this up-regulati on 
depends on CO protein acti vity. These results implied that FE and CO has 
some relati ons in the acti vati on of FT transcripti on. 

P240 - IPX (IRREGULAR PHYLLOTAXIS), 
Encoding a Novel Protein Containing SMC 
Domain, Regulates Phyllotaxis and Embryo 
Development with RBR1 
 

SHIN Jinwoo(1), YU Jihyeon(1), JEONG Goowon(1), LEE Ilha(1)  
(1) National Leading Research Laboratory of Plant Developmental 
Genetics, School of Biological Sciences, Seoul National University, 
Seoul, SOUTH KOREA 
Phyllotaxis, the arrangement of leaves on a plant stem, mainly aff ects 
the architecture of plants. Phyllotacti c patt erns can be altered by 
the perturbati on of genes regulati ng SAM (Shoot Apical Meristem) 
organizati on. Here, we characterize a recessive T-DNA inserti on mutant, 
ipx (irregular phyllotaxis), which shows irregular phyllotati c patt ern 
and abnormal development of SAM. ipx shows growth retardati on and 
also has defects in embryo development such as arrested embryos and 
premature desiccati on of immature seeds. IPX is expressed in acti vely 
dividing ti ssues such as SAM, RAM, vasculature, etc. IPX encodes a novel 
protein containing SMC (Structural Maintenance of Chromosomes) 
domain. We found RBR1 (RETINOBLASTOMA-RELATED PROTEIN 1) as an 
interacti ng partner of IPX through SMC domain by yeast two-hybrid assay. 
Some target genes of RBR1 and PRC (Polycomb Repressive Complex) are 
up-regulated in ipx. RBR1 controls nuclear proliferati on in the female 
gametophyte and regulates stem cell maintenance in root. IPX might be 
involved in cell cycle regulati on with RBR1. Additi onally, ipx shows defects 
in auxin fl ow and ectopic WUS expression in SAM, hypocotyl, leaf, root, 
etc. ipx seems to be weak allele, so we made null mutants by targeted 
gene knockout techniques and confi rmed the embryo-lethal phenotype 
of ipx knockout plants. 

P241 - Evolutionary insights into the auxin-
mediated root development 
 
SLANE Daniel(1), HERRMANN Arvid (2) , JÜRGENS Gerd(1) 
(1) Max Planck Institute for Developmental Biology, Tübingen, 
GERMANY (2)  Center for Plant Molecular Biology, Tübingen, 
GERMANY 
In Arabidopsis thaliana, root development is initi ated during early 
embryogenesis by an instructi ve, asymmetric cell division of an extra-
embryonic cell, the hypophysis. Mutants showing aberrant hypophysis 
division lead to loss of the primary root and rootless seedlings. The 
majority of these mutants fails to establish an auxin maximum in the basal 
pole of the early embryo or is insensiti ve to auxin-mediated responses. 
The ARF transcripti on factor MONOPTEROS (MP) is detrimental for these 
responses as loss-of-functi on leads to rootlessness. Analogously, gain-of-
functi on mutati ons in the co-expressed repressor BODENLOS (BDL) show 
the same phenotype. Downstream of MP, the mobile bHLH transcripti on 
factor TARGET OF MONOPTEROS 7 (TMO7) acts non-cell-autonomously. 
However, it is not known if this auxin-dependency evident in Arabidopsis
with its stereotypic embryonic division patt ern is conserved in other plant 
species. With orthologs from Brachypodium dystachion and Gossypium 
raimondii, which show enti rely diff erent division patt erns during early 
embryogenesis, we seek to shed light on the evoluti onary conservati on of 
this signaling cascade. In Arabidopsis protoplasts, orthologous proteins are 
interchangeable and gain-of-functi on BDL expressed under Arabidopsis 
regulatory sequences causes loss of the primary root. Additi onally, 
orthologs are able to rescue loss of MP in Arabidopsis embryos. This 
provides a starti ng point to test the evoluti onary conservati on of this 
module. 
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P242 (Talk) - Linking regulatory networks in 
vascular development 
 

SMIT Margo(1), GAUDINIER Allison(1), TURCO Gina(1), BAGMAN 
Anne-Maarit(1), TANG Michelle (2) , ETCHELLS J. Peter(1), BRADY 
Siobhan M. (1)

(1) Department of Plant Biology, University of California Davis, 
Davis, CA, USA (2)  Department of Plant Sciences, University of 
California Davis, Davis, CA, USA 
The vascular stem cell niche or procambium is responsible for the radial 
growth of the plant and for the formati on of new transport ti ssues. 
Imbalances in a stem cell niche result in severe growth defects and 
patt erning abnormaliti es. Therefore, regulati on of stem cell niches should 
be ti ght and robust. Several pathways that are involved in regulati ng 
the procambium have previously been described. In this project I 
aimed to connect two of these: the PHLOEM INTERCALATED WITH 
XYLEM (PXY) signaling pathway that is responsible for maintaining the 
balance between cell proliferati on and diff erenti ati on in the stem, and 
the acti on of targets of MONOPTEROS (MP) in controlling the amount 
of periclinal cell divisions in the root. Using enhanced yeast one hybrid 
assays I have mapped putati ve direct regulatory connecti ons that link 
these pathways. The complete network contains 312 genes acti ng in 
690 binding interacti ons. Novel interacti ons between regulators of 
genes previously identi fi ed as key players in vascular development were 
uncovered. Subsequent support of key interacti ons linking PXY and MP 
regulati on was esti mated using gene expression data where PXY signaling 
was perturbed. Our data suggests direct connecti ons exist between two 
major signaling pathways in procambium regulati on. Further phenotypic 
analysis will inform the biological functi on of these connecti ons in planta. 

P243 - The regulation of CONSTANS stability 
by distinct roles of LOV domain-containing 
two F-box proteins, FKF1 and ZTL, and GI in 
photopoeriodic fl owering 
 

SONG Young Hun(1), ESTRADA Daniel A. (2) , JOHNSON 
Richard S.(3) , KIM Somi K. (2) , LEE Sang Yeol(4), MACCOSS 
Michael J.(3) , IMAIZUMI Takato (2) 

(1) Department of Life Sciences, Ajou University, Suwon, SOUTH 
KOREA (2)  Department of Biology, University of Washington, Seattle, 
U.S.A.(3)  Department of Genome Sciences, University of Washington, 
Seattle, U.S.A.(4) Plant Molecular Biology and Biotechnology 
Research Center (Post-BK21 Program),Gyeongsang National 
University, Jinju, SOUTH KOREA 
Many plants measure changes in day length to coordinate their 
fl owering with favorable seasons for maximum reproducti ve success. 
In Arabidopsis, a facultati ve long-day plant, the day length-dependent 
regulati on of CONSTANS (CO) protein stability is a crucial aspect for the 
inducti on of FLOWERING LOCUS T (FT) gene that determines the ti ming 
of fl owering. CO protein levels oscillate throughout a day, which are 
abundant at the end of day and are extremely low at night in long day 
conditi ons, and several photoreceptors are involved in the control of CO 
stability changes directly or indirectly. We have previously shown that 
the blue light photoreceptor FLAVIN-BINDING, KELCH REPEAT, F-BOX1 
(FKF1) that plays a vital role in fl oral inducti on binds to CO protein 
directly. The binding is important for the ti ming of CO stabilizati on at dusk 
in long days, which promotes fl owering in these conditi ons. ZEITLUPE 
(ZTL) protein, a FKF1 homologue blue light photoreceptor, is known as a 
negati ve fl owering regulator because its overexpression causes a delayed 
fl owering phenotype. We recently showed a potenti al role of ZTL in the 
regulati on of CO stability. ZTL physically interacted with CO protein in 
tobacco leaves as well as Arabidopsis plants. Moreover, CO protein was 
more stabilized in the morning in the ztl mutant compared to wild-type 
plants, suggesti ng that ZTL negati vely controls CO stability in the morning 
of long days. We also found a protein complex between GIGANTEA (GI) 
that interacts with FKF1 as well as ZTL and CO. In additi on, the CO protein 
profi le in the gi mutant resembles that in the ztl mutant, indicati ng that 
ZTL acti vity on CO stability may be changed by the presence of GI protein. 
Our fi ndings suggest a balanced mechanism between FKF1 and ZTL 
functi ons mediated by the interacti ons with GI on CO stability regulati on 
for the precise control of fl owering ti me. 

P244 - Jasmonic acid is a downstream 
component in the Arabidopsis hemoglobin 2 
Glb2 modulation of somatic embryogenesis 
 

MIRA Mohamed (2) , WALLY Owen(1), ELHITI Mohamed (2) , EL-
SHANSHORY Adel (2) , HILL Robert(1), STASOLLA Claudio(1) 
(1) University of Manitoba, Winnipeg, CANADA (2)  Tanta University, 
Tanta, EGYPT 
Previous studies show that the benefi cial eff ect of suppression of the 
Arabidopsis hemoglobin 2, Glb2, on somati c embryogenesis occurs 
through the accumulati on of nitric oxide (NO) within the embryogenic 
cells originati ng from the cultured explant (Elhiti  et al., 2013). Nitric oxide 
acti vates the expression of Allene oxide synthase (AOS) and Lipoxygenase 
2 (LOX2), two key enzymes of the jasmonic acid (JA) biosyntheti c pathway, 
elevati ng JA content within the embryogenic ti ssue. The number of 
embryos in the single aos mutant and glb2-aos double mutant declined, 
and was not rescued by increasing levels of NO sti mulati ng embryogenesis 
in wild type ti ssue. NO also infl uenced JA responses by up-regulati ng 
PLANT DEFENSIN 1(PDF1) and JASMONATE-ZIM-PROTEIN (JAZ1), as well 
as down-regulati ng MYC2. The NO and JA modulati on of MYC2 and JAZ1 
controlled embryogenesis. Ectopic expression of JAZ1 or suppression of 
MYC2 promoted the formati on of somati c embryos, while repression of 
JAZ1 and up-regulati on of MYC2 reduced the embryogenic performance. 
Sustained expression of JAZ1 induced the transcripti on of several IAA 
biosyntheti c genes, resulti ng in higher indolaceti c acid (IAA) levels in the 
embryogenic cells. Collecti vely these data fi t a model integrati ng JA in 
the Glb2 regulati on of Arabidopsis embryogenesis. Suppression of Glb2 
increases JA through NO. Elevated levels of JA repress MYC2 and induce 
JAZ1 favoring the accumulati on of IAA in the explants and the subsequent 
producti on of somati c embryos. 
 

P245 - Mapping the interactions between the 
Phosphatidylethanolamine-binding Protein 
(PEBP) Family and Phospholipids 

SUSILA Hendry(1), JURIĆ Snježana(1), AHN Ji Hoon(1)  
(1) Department of Life Sciences, Korea University, Seoul, SOUTH 
KOREA 
Arabidopsis thaliana PEBPs (AtPEBPs) consist of six protein members, 
ATC, BFT, FT, MFT, TFL1, and TSF that are localized in several cellular 
compartments such as the cytoplasm, nucleus, ER, plasma membrane, 
and vacuole. The membrane localizati on of AtPEBPs can be explained 
their phospholipid-binding ability. Recently, one member of the family, 
FT was reported to interact with phosphati dylcholine (PC). Here we show 
that AtPEBPs were capable of binding to phospholipids diff erenti ally. 
We used small unilamellar vesicles (SUVs) and the purifi ed His-tagged 
overexpressed proteins to determine the possible protein sedimentati on 
with SUVs. MFT, TFL1, BFT, and ATC, which parti cipate in fl owering ti me 
pathways showed the highest preferences towards phosphati dylglycerol 
(PG), whereas TSF preferred PC. Our molecular docking analysis with the 
crystal structure of TFL1 (1WKO) also showed the highest affi  nity towards 
PG. Interesti ngly, the positi ve charge of the Histi dine residue was capable 
to form the salt bridge with the negati ve charge of phosphate group 
of phospholipids. Our biophysical analysis indicated that AtPEBPs also 
aff ected the fl uidity status of the membrane. Fluorescence Polarizati on 
(FP) assay revealed that TFL1, TSF, BFT, and ATC could increase the 
microfl uidity, whereas MFT increased the microviscosity of the arti fi cial 
membranes. In summary, our data provides biochemical and biophysical 
evidences showing that AtPEBPs could diff erenti ally interact with 
phospholipids. 

P246 - Regulation of fl oral meristem initiation 
through LEAFY and RAX1 
 

DENAY Grégoire(1), CHAHTANE Hicham(1), FRANCO-ZORRILLA 
Jose Manuel(3) , PARCY François(1), TICHTINSKY Gabrielle(1) 
(1) Plant and Cell Physiology, Grenoble Alps Universtity, UMR 5168 
CNRS/UJF/INRA/CEA, Grenoble, FRANCE (2)  Centro Nacional de 
Biotecnología, Spanish National Research Council (CSIC), Madrid, 
SPAIN 
In plants, all organs are formed from pool of stem cells contained in 
meristems. While the shoot apical meristem (SAM) is responsible for 
the elongati on of the stem, fl owers arise from newly formed meristems 
at the axil of the SAM. The positi onal cue for the formati on of fl oral 
meristems is given by auxin maxima that rapidly induce expression 
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of the fl oral identi ty gene LEAFY (LFY). Despite recent advances in the 
fi eld of meristem formati on, the chain of events linking auxin signaling 
to stem-cell proliferati on remains poorly understood. We and others 
have recently shown that in additi on to its role in fl ower formati on, 
LFY is able to ectopically sti mulate axillary meristem growth in part 
through inducti on of the transcripti on factor REGULATOR OF AXILLARY 
MERISTEM1 (RAX1). While RAX1 is expressed in fl ower primordia and 
has been linked to axillary meristem formati on, mutants in RAX1 do not 
show a fl oral phenotype. We hypothesize that RAX1 functi on in the SAM 
is crypti c due to redundancy of geneti c pathways and aim at deciphering 
the molecular event linking fl oral identi ty and stem-cell formati on. 

P247 - A Cistus creticus WD40-repeat protein 
is the functional homologue of Arabidopsis 
thaliana TTG1 and interacts with SPL 
transcription factors 
 

IOANNIDI Eugenia (2) , RIGAS Stamatis(1), TSITSEKIAN 
Dikran(1), DARAS Gerasimos(1), MAKRIS Antonis(3) , 
HATZOPOULOS Polydefkis(1), KANELLIS Angelos K. (2)  
(1) Department of Biotechnology, Agricultural University of Athens, 
Athens, GREECE (2)  Group of Biotechnology of Pharmaceutical 
Plants, Laboratory of Pharmacognosy, Department of 
Pharmaceutical Sciences, Aristotle University of Thessaloniki, 
Thessaloniki, GREECE(3)  Institute of Applied Biosciences, CERTH, 
Thessaloniki, GREECE 
Glandular trichomes are epidermal structures for the accumulati on of 
secondary metabolites associated with plant interacti ons with their 
environment. Cistus creti cus is a xerophyti c shrub of scienti fi c interest 
due to the anti microbial and cytotoxic properti es of its resin “ladano” 
enriched in labdane-type diterpenes secreted by glandular trichomes. 
In model species Arabidopsis, trichome morphogenesis is modulated by 
TTG1, a WD-40 protein that interacts with bHLH and MYB factors forming 
a stable ternary transcripti onal complex (MBW). The homolog of AtTTG1 
was isolated from C. creti cus (CcTTG1) and restored the pleotropic 
phenotype of Arabidopsis tt g1 mutant. Yeast two-hybrid analysis 
identi fi ed two SQUAMOSA PROMOTER BINDING PROTEIN-LIKE (SPL) 
proteins, putati ve homologs of Arabidopsis SPL3/4/5 group, interacti ng 
with CcTTG1. The interacti ons between CcTTG1 and CcSPLA or CcSPLB 
were confi rmed in planta by BiFC analysis. The biological signifi cance of 
these interacti ons were clarifi ed in vivo by the reducti on of trichomes 
and decreased expression of GLABRA2 (GL2) the major regulator of 
trichome morphogenesis, in the fi rst internode leaves of Arabidopsis 
lines overexpressing the miR156 resistant isoforms of AtSPL4 and AtSPL5. 
This novel molecular interplay between TTG1 and SPLs is associated 
with MBW complex destabilizati on providing new insights in trichome 
morphogenesis. 

P248 - A ROS responsible TF regulates root 
growth by directly controlling expression of 
novel protein that modulates cell length. 
 

MABUCHI Kaho (2) , MAKI Hiromasa (2) , SUZUKI Takamasa(3), 
NOMOTO Mika(4), BUSCH Wolfgang (5), HIGASHIYAMA 
Tetsuya (6), BENFEY Philip (7), TADA Yasuomi(1), TSUKAGOSHI 
Hironaka(1) 
(1) Center for Gene Res., Nagoya univ., Nagoya, JAPAN (2)  Grad. 
Sch. Bioagr., Nagoya univ., Nagoya, JAPAN(3)  ERATO liveHolonics, 
Nagoya univ., Nagoya, JAPAN(4) Grad. Sch. Sci., Nagoya univ., 
Nagoya, JAPAN (5) Gregor Mendel Inst., Vienna, AUSTRIA (6) WPI-
ITbM, Nagoya univ., Nagoya, JAPAN 
Reacti ve oxygen species (ROS) is one of the key molecules for controlling 
the plant root growth. To elucidate the ROS roles for root growth, we 
made ti me course microarray by using Arabidopsis root treated with 
H2O2. From this microarray analysis, we found one transcripti on factor 
named ROS First Response TF 1 (RFRT1), and we investi gate molecular 
functi on of RFRT1 involving in ROS signaling. Although RFRT1 expressed 
very weak at the root ti p under the control conditi on, RFRT1 accumulated 
strongly at the root ti p aft er H2O2 treatment. Root growth of rfrt1-1 
mutant showed clear insensiti vity to ROS. For identi fying RFRT1 target 
genes, we performed RNA sequencing analysis (RNAseq). As a result of 
RNAseq analysis, we found 5 genes as the candidates of RFRT1 target. 
The RFRT1 target gene A (Target A) which encoded for small protein 
related lipid metabolisms expressed in the same domain where RFRT1 
expressed. In the RFRT1 over expressor, the expression of target A was 
strongly up-regulated. Moreover, we found that RFRT1 directly bound to 

the promoter of target A both in vivo and in vitro. These results indicated 
that RFRT1 was a novel transcripti onal acti vator in ROS signaling that 
regulate plant root growth. 
 

P249 - Arabidopsis PIRL6 encodes a Ras-
group leucine-rich repeat protein important 
for formation of both male and female 
gametophytes 
 
FORSTHOEFEL Nancy R(1), KLAG Kendra A(1), WOOD Whitney 
W(1), MCNICHOL Savannah R(1), VERNON Dan(1) 
(1) Whitman College, Walla Walla, WA, UNITED STATES 
Genes with criti cal functi ons in both the male and female gametophyte 
are not easily identi fi ed by traditi onal forward or reverse geneti cs, 
because null alleles cannot transmit through either parent and thus do 
not persist in mutagenized populati ons. Here we present evidence that 
Arabidopsis Plant Intracellular Ras-group LRR 6 (PIRL6), a member of a 
novel plant-specifi c class of LRR proteins, functi ons in the formati on of 
both male and female gametophytes. Only two candidate inserti on alleles 
were identi fi ed in mutant populati ons, and RT-PCR detected PIRL6 mRNA 
in homozygotes from both lines, indicati ng that neither was a bona fi de
knockout. In contrast, there were six inserti on alleles of an adjacent 
overlapping gene, indicati ng the chromosomal region is readily accessible 
to inserti on mutagenesis. Multi ple PIRL6 transcripts were detected by 
nested RT-PCR in adult plants. Sequencing of 21 leaf and root cDNAs 
identi fi ed fi ve diff erent aberrantly spliced RNA species with premature 
nonsense codons. Properly spliced translatable mRNA was detected only 
in fl owers, suggesti ng regulati on by organ-specifi c alternati ve splicing. To 
trigger non-lethal PIRL6 knockdown, we introduced an RNAi construct 
into wild-type plants. Fourteen independent T1 transformants produced 
high frequencies of both aborted ovules and abnormal pollen, strongly 
supporti ng a functi on for PIRL6 in both male and female gametophyte 
development. Supported by NSF 0616166 & Whitman College Abshire & 
Perry Funds 

P250 (Talk) - Isoprenoid homeostasis in 
Arabidopsis thaliana 
 

VILLETTE Claire(1), COMPAGNON Vincent(1), HEINTZ Dimitri(1), 
MURANAKA Toshiya (2) , DARNET Sylvain(3) , SCHALLER 
Hubert(1)

(1) Plant Metabolic Networks, Institut de biologie moléculaire 
des plantes du CNRS and Université de Strasbourg, Institut de 
Botanique, 28 rue Goethe, Strasbourg, FRANCE (2)  RIKEN Center for 
Sustainable Resource Science, Tsurumi-ku, Yokohama, Kanagawa 
230-0045, Japan Department of Biotechnology, Graduate School 
of Engineering, Osaka University, Suita, Osaka 565-0871, JAPAN(3)  
Laboratório de Biologia Computacional, Instituto de Ciências 
Biológicas, Universidade Federal do Pará, Belém, PA, BRASIL 
Plant growth, architecture and ferti lity are controlled by hormones 
and light, and require the homeostasis of pathway end-products such 
as lipids, pigments and products of the photosyntheti c acti vity. Among 
those products, hormones (such as brassinosteroids) and lipids (sterol 
lipids, polyprenols) are part of the isoprenoid group of compounds. These 
latt er products are built from fi ve carbon atoms precursors produced in 
large parts by the mevalonate pathway; aspects of their homeostasis 
are however largely missing. It is generally assumed that the enzyme 
3-hydroxy-3-methylglutaryl-CoA-reductase (HMGR), is a key element 
of their biosynthesis. We further characterized proteome phenotypes 
of an Arabidopsis mutant parti ally defi cient in the latt er biochemical 
functi on (Heintz D, Gallien S, Compagnon V, Berna A, Suzuki M, Yoshida 
S, Muranaka T, Van Dorsselaer A, Schaeff er C, Bach TJ, Schaller H (2012) 
Phosphoproteome explorati on reveals a reformatti  ng of cellular processes 
in response to low sterol biosyntheti c capacity in Arabidopsis. J Proteome 
Res.11:1228-39 ) and are currently working on geneti c screens with the 
aim to identi fy regulators of isoprenoid homeostasis in plants using next-
generati on-mapping. 
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P251 - The circadian clock rephases during 
lateral root organ initiation in Arabidopsis 
thaliana. 
 

VOß Ute(1), WILSON Michael H.(1), KENOBI Kim(1), GOULD 
Peter D. (2), PEER Wendy A.(3), LJUNG Karin(4), MURPHY Angus 
S.(3) , HALL Anthony J. (2) , WEBB Alex A. R. (5), BENNETT 
Malcolm J.(1)  
(1) Centre for Plant Integrative Biology, University of Nottingham, 
Nottingham, UNITED KINGDOM (2)  Institute of Integrative Biology, 
University of Liverpool, Liverpool, UNITED KINGDOM(3)  Department 
of Environmental Science & Technology, College of Agriculture & 
Natural Resources, University of Maryland, Maryland, USA(4) Umea 
Plant Science Centre, Department of Forest Genetics and Plant 
Physiology, Swedish University of Agricultural Sciences, Umea , 
SWEDEN (5) Department of Plant Sciences, University of Cambridge, 
Cambridge , UNITED KINGDOM 
The endogenous circadian clock enables organisms to adapt their growth 
and development to environmental changes. Here we describe how the 
circadian clock is employed to coordinate responses to the key signal 
auxin during lateral root emergence. In the model plant, Arabidopsis 
thaliana, lateral roots originate from a group of stem cells deep within 
the root, necessitati ng that new organs emerge through overlying root 
ti ssues. We report that the circadian clock is rephased during lateral 
root development. Metabolite and transcript profi ling revealed that 
the circadian clock controls the levels of auxin and auxin-related genes 
including the auxin response repressor IAA14 and auxin oxidase AtDAO2. 
Plants lacking or overexpressing core clock components exhibit lateral 
root emergence defects. We conclude that the circadian clock acts to 
gate auxin signalling during lateral root development in order to facilitate 
organ emergence. 
 

P252 - The DESIGUAL (DEAL) genes contribute 
to leaf bilateral symmetry 
 

WILSON David(1), MARTÍNEZ-LÓPEZ Sebastián(1), JOVER-GIL 
Sara(1), MICOL José Luis(1)  
(1) Instituto de Bioingeniería, Universidad Miguel Hernández, 
Campus de Elche, 03202, Elche, SPAIN 
The body architectures of most multi cellular organisms consistently 
display both symmetry and asymmetry, which raise fundamental 
biological questi ons on their underlying molecular mechanisms. Answers 
to these questi ons are lacking for plant leaves. We performed a large-
scale search for leaf mutants among 21,000 Arabidopsis lines from the 
Salk homozygous T-DNA collecti on, and found only one exhibiti ng leaf 
bilateral symmetry breaking in a strict sense, with incomplete penetrance. 
We dubbed desigual1-1 (deal1-1) this mutant, which also shows defects 
in fl ower and silique organogenesis. Bilateral symmetry is altered in all 
these organs of deal1-1 in a random fashion, as a consequence of the 
presence of both outgrowths and invaginati ons, phenotypes that are 
more severe in adult rosett e leaves. Asymmetry is apparent in deal1-1 
leaf primordia, where cell expansion has not yet started, suggesti ng 
impaired cell proliferati on. There are three DEAL redundant paralogs in 
the Arabidopsis genome: the deal1 deal2 deal3 triple mutant exhibits 
leaf bilateral symmetry breaking with complete penetrance. We are 
examining the acti on of the redundant DEAL genes and in parti cular their 
interacti ons with auxin-related genes, including CUC2. 

P253 - Are MAIN and MAIL1 involved in 
chromatin organization? 
 

WÖLTJE Kerstin(1), SIEBLER Lara(1), WEINGARTNER 
Magdalena(1)  
(1) Universtiy of Hamburg, Hamburg, GERMANY 
MAINTENANCE OF MERISTEMS (MAIN) and MAINTENANCE OF 
MERISTEMS-LIKE1 (MAIL1) are two closely related proteins that share a 
conserved domain which is also found in transposases. Both proteins are 
ubiquitously expressed and exclusively localized to the nucleus. Single 
loss of functi on mutants for MAIN and MAIL1 show a severe short root 
phenotype associated with loss of cell fate in stem cells and diff erenti ati ng 
cells. Moreover several key developmental genes as well as transposable 
element genes which are mainly controlled at the chromati n level are 
mis-expressed in both mutants. These results suggested that MAIN and 
MAIL1 might be involved in the control of chromati n organizati on and 
functi on. Here we show results on interacti on studies between MAIN and 

MAIL1 and proteins involved in chromati n remodeling complexes. We 
also show analyses of histone modifi cati on patt erns of genes which are 
mis-expressed in main and mail1 mutants. 

P254 - Using Juncus (Juncaceae) as a Model 
System to Study the Development of Unifacial 
Leaf 
 

YIN Xiaofeng(1), YAMAGUCHI Takahiro (2) , TSUKAYA 
Hirokazu(1)  
(1) The University of Tokyo, Tokyo, JAPAN (2)  ACEL, Tokyo, JAPAN 
Unifacial leaf (leaves lack adaxial side) has evolved repeatedly in monocot 
but is not present in Arabidopsis or Brassicaceae. Juncus (Juncaceae), 
however, is a useful model system to study its development. It was 
previously shown that the leaf blade of J. prismatocarpus is abaxialized 
in terms of gene expression and DROOPING LEAF (DL) is responsible for 
the fl att ened leaf blade in directi onal growth towards the shoot apical 
meristem (SAM). In additi on, we found that the leaf blade of J. torreyi, a 
closely related species, seems to have a narrow adaxial sector, although it 
belongs to a unifacial leaf subfamily. These species therefore off ers a unique 
opportunity to study the mechanisms of unifacial leaf development and 
evoluti on. We have started a detailed study of expression patt erns of key 
genes involved in ad/abaxial patt erning and unifacial leaf development in 
J. torreyi, including PHABULOSA (PHB, adaxial identi ty), AUXIN RESPONSE 
FACTOR3 (ARF3, abaxial identi ty), DL (cell growth towards the SAM), 
and PRESSED FLOWER (PRS, marginal growth). We have also developed 
a novel 5-ethynyl-2&rsquo;-deoxyuridine (EdU) method to analyze the 
cell division patt ern in J. prismatocarpus to determine whether DL plays 
a direct role in cell division patt ern. The improved EdU method is a quick 
and powerful method and can be also applied to Arabidopsis to study its 
leaf development. Our work on unifacial leaf development is a valuable 
complement of current knowledge about bifacial leaf development. 

P255 - A small molecule serves as a specifi cally 
root promoting agent in Arabidopsis 
development 
 

YING Zhu(1), HONGWEI Guo (2)   
(1) Peking University, Beijing, CHINA 
Smart plants evolve multi ple organs with diversity functi on to adjust its 
immoti le life. Among them is the multi tasking roots, which not only act as 
the mouth of plants to eat and drink but also help to cope with complex 
heterogeneous soil environment as well as the functi on of anchoring. We 
took use of the short root phenotype of ethylene overproducti on mutant 
eto1-2 and consti tuti vely ethylene response mutant ctr1-1 to perform a 
high-throughput small chemical library screening, aiming at chemicals 
that promote the root elongati on. We identi fi ed four chemicals with root-
promoti ng potency from screening, then we focused on the mechanism 
explorati on of one named PRT. The small molecule PRT promotes the 
root elongati on in a concentrati on dependent manner with no eff ect on 
the development of hypocotyl. Further geneti c and biochemical analysis 
revealed that PRT att enuates the auxin signaling in root. Combinatorial 
applicati on of PRT and a known auxin biosynthesis inhibitor L-Kynurenine 
(the inhibitor of TRYPTOPHAN AMINOTRANSFERASE ARABIDOPSIS1/
TRYPTOPHAN AMINOTRANSFERASE RELATEDs TAA1/TARs) indicates the 
PRT works in the downstream of TAA1, probably by infl uencing the acti vity 
of auxin biosynthesis gene YUCCA or auxin metabolism process. The small 
molecule PRT identi fi ed in this study can serve as a root promoti ng agent 
in agriculture applicati on. 

Key Words: chemical screening, PRT, root-promoti ng agent 

P256 - Role of Receptor-like Kinase in Root 
Architecture changes under Abiotic Stress 
conditions in Arabidopsis thaliana 
 

YU Nana(1)

(1) Laboratory of Plant Physiology, University of Groningen, 
groningen, NETHERLANDS 
Receptor-like kinase localized at the plasma membrane of plant cell with a 
wide range of functi ons during plant growth and development(i.e. organ 
identi ty, plant micro inter acti on, ti ssue patt erning, self-incompati bility 
and stress tolerance). The focus of our study was to determine the 
role of receptor-like kinase in root architecture changes under diff erent 
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environmental conditi ons. One receptor-like kinase T-DNA inserti on line 
(Salk_143700c) showed a clear phenotype with shorter primary root 
length and reduced lateral root numbers at lateral stages of development 
under standard growth conditi on for Arabidopsis. The reducti on of 
primary root length is caused by a lower rate of elongati on in the zone 
of elongati on of root ti p. A second receptor -like kinase T-DNA inserti on 
line (Salk_071422) with the same gene showed a similar phenotype as 
wild-type Columbia under same conditi ons. This lack of shorter primary 
root length of the second mutant could be explained that this inserti on is 
located at the end of the protein aft er the kinase domain and apparently 
does not aff ect the functi on of the protein. 

P257 - Spermidine retards plant aging via 
antagonistically regulating ethylene signaling 
cascade 
 

ZHONGHAI Li(1), HAO Dongdong(1), WEN Xing(1), PENG 
Jinying(1), GUO Hongwei(1)  
(1) State Key Laboratory of Protein and Plant Gene Research, College 
of Life Sciences, Peking-Tsinghua Center for Life Sciences, Peking 
University, Beijing, CHINA 
Spermidine, a naturally occurring polyamine, is involved in regulati ng anti -
aging processes in animals and plants. Intracellular spermidine decreases 
with age and exogenous applicati on of spermidine prolongs the lifespan 
of several model organisms. However, litt le is known regarding its role 
in plant aging. We found that the geneti cally engineered increase or 
decrease in endogenous spermidine extends or shortens plant longevity, 
respecti vely. Intriguingly, spermidine promotes the protein degradati on 
of ETHYLENE INSENSITIVE3 (EIN3), a core regulator of leaf senescence, 
through stabilizing the EIN3 BINDING F-BOX1 (EBF1) and EBF2 that retard 
leaf senescence when overexpression. Screening of putati ve regulators 
of EBF1/EBF2 by yeast two-hybrid system, we found that the E3 ligase, 
SALT AND DROUGHT-INDUCED RING FINGER1 (SDIR1), interacts with 
EBF1/EBF2 and mediates their proteins degradati on via the ubiquiti n-
proteasome pathway. Moreover, spermidine decreases transcripti on 
levels of SDIR1 that functi ons as a positi ve regulator of ethylene signal 
and induces premature senescence in an EIN3/EIL1-dependent manner, 
suggesti ng that spermidine extends plant longevity by fi nely regulati ng 
the SDIR1-EBF-EIN3 cascade. Our fi ndings provide a novel molecular 
mechanism that can explain how spermidine slows the aging process in 
plant. 

Genome and chromatin dynamics 
Posters 258 to 265

P258 - Genetic basis underlying the variation 
of meiotic recombination frequencies in a 
polyploid species, Brassica napus 
 

BLARY Aurélien(1), LLOYD Andrew(1), TRAN Joseph(1), 
CHARPENTIER Catherine(1), BALZERGUE Sandrine (2) , 
DELANNOY Etienne (2) , CHARIF Delphine (1, JENCZEWSKI 
Eric(1)  
(1) INRA, UMR1318, Institut Jean-Pierre Bourgin, Versailles, FRANCE 
(2)  INRA/CNRS - URGV, Evry, FRANCE 
Meioti c recombinati on is a crucial component of evoluti on and breeding. 
Although studies in Arabidopsis thaliana have provided important 
insights into the formati on of meioti c crossovers (COs) in plants, litt le is 
known about the genes/mechanisms responsible for natural variati on 
in CO rates, especially in polyploid crops. Capitalizing on our previous 
results, this project specifi cally aims to analyze whether: (i) changes in 
CO rate in Brassica napus (AACC) may correlate with gene expression 
changes during meiosis, (ii) CO rate can be increased in this species by 
knocking down an anti recombinati on protein that has been identi fi ed in 
Arabidopsis (FANCM) and (iii) recombinati on frequencies can be further 
increased by knocking down FANCM in Brassica AAC hybrids already 
showing extra COs. An RNA-Seq experiment revealed how much variable 
the meioti c transcriptome is and to what extent each of the main factor 
(genome, variety and ploidy) accounts for the observed variability. This 
expression analysis also revealed extensive polymorphism between two 
Brassica napus varieti es, some of which colocalizing with previously 
detected QTLs for the control of CO frequencies. Homeologue-specifi c 
(i.e. A- and C-) TILLING mutants have been identi fi ed for FANCM and the 
null homozygous double mutants (A-A-C-C-), as well as their progenies, 
have been produced and are currently under analysis. The same strategy 

will be followed for AAC plants. This project will shed new light on the 
pending cause of CO variati on within plant species, which is essenti al for 
geneti cs, evoluti on and plant breeding. 

P259 - Functional characterization of SMC5/
SMC6 complex in Arabidopsis thaliana 
 

DIAZ SMOJE Mariana Andrea(1), FINKE Andreas(1), PECINKA 
Ales(1) 
(1) Max Planck Institute for Plant Breeding Research, Köln, GERMANY
STRUCTURAL MAINTAINANCE OF CHROMOSOMES 6 (SMC6) is a protein 
that jointly with SMC5 and Non SMC Elements (NSEs) consti tutes a 
complex involved in DNA damage repair. The SMC5/SMC6 complex is 
conserved among eukaryotes, which suggests its vital role for cell survival. 
However, complex assembly seems to parti ally diff er between species. In 
Arabidopsis, homologs of all yeast SMC5/SMC6 components have been 
identi fi ed, but only few were functi onally characterized to date. We focus 
on characterizati on of duplicated SMC5/SMC6 components in A. thaliana. 
While there is accumulati ng evidence about importance of SMC6B 
functi on in DNA damage repair, there are only limited data concerning 
SMC6A. We showed that smc6b is sensiti ve to the DNA damaging agent 
zebularine, whereas smc6a not. This indicates that although both paralogs 
are similar at protein level, they might be functi onally diversifi ed. We will 
present our geneti c and molecular data on functi onal characterizati on of 
SMC6 paralogs in Arabidopsis. 

P260 - Identifi cation and Characterization 
of genes involved in the control of meiotic 
crossover frequency 
 

FERNANDES Joiselle(1), SÉGUÉLA Mathilde (2) , GIRARD Chloé(3), 
CRISMANI Wayne(4), LARCHEVÈQUE Cécile (5), CHOINARD 
Sandrine (6), MERCIER Raphaël* (7) 
(1) Institut Jean-Pierre Bourgin, UMR1318 INRA-AgroParisTech., 
78026 Versailles Cedex, FRANCE 
Meioti c crossovers (COs) generate geneti c diversity and are essenti al 
for proper segregati on of chromosomes during meiosis in most species. 
Despite their signifi cance, CO number is very low in vast majority of 
eukaryotes and mechanisms underlying this limitati on remain poorly 
understood. In order to unravel the mechanisms that limit meioti c CO, 
a geneti c screen was performed in Arabidopsis thaliana. This led to the 
identi fi cati on and characterizati on of several genes that limit meioti c 
crossovers (Crismani et al.,2012; Girard et al.,2014; Séguéla et al.,2015 
and Girard et al.,submitt ed). A novel mutant was obtained in the same 
suppressor screen and does not belong to the previously identi fi ed 
complementati on groups. So, the aim of fi rst project is to identi fy the 
causal mutati on and to functi onally characterize the corresponding 
gene. The work on diff erent mutants with increased CO frequency 
showed that the meioti c CO frequency can be largely increased without 
having any consequences on chromosome segregati on at meiosis and 
doesn&rsquo;t aff ect ferti lity. It raises two questi ons: (i) why is the 
number of CO so low in eukaryotes while CO frequency can be increased 
without any immediate deleterious consequences? (ii) Is there a physical 
limit, that has not been reached yet, that constrains the number of CO? To 
address these questi ons, the second project aims to analyze the eff ect of 
recombinati on by combining all the identi fi ed mutati ons with increased 
crossover frequency. 

261 - Pipeline for whole-genome analysis of 
heavy-ion-induced mutants in Arabidopsis 
thaliana 
 

ISHII Kotaro(1), KAZAMA Yusuke(1), HIRANO Tomonari (2) , 
HAMADA Michiaki(3) , ONO Yukiteru(4), ABE Tomoko(1)  
(1) RIKEN, Wako, JAPAN (2)  University of Miyazaki, Miyazaki, JAPAN(3)  
Waseda University, Tokyo, JAPAN(4) Information and Mathematical 
Science and Bioinformatics Co., Ltd., Tokyo, JAPAN 
A heavy-ion beam is an eff ecti ve mutagen and has been used for mutati on 
breeding and molecular geneti cs. For the eff ecti ve use of the heavy-ion 
beam, the knowledge of the mutati on spectrum at the whole-genome 
level is valuable. In the whole-genome re-sequencing of heavy-ion 
induced mutants, total mutati on candidates, including base substi tuti ons, 
duplicati ons, in/dels, inversions, and translocati ons, are detected by using 
three algorisms (SAMtools, Pindel and BreakDancer). The outputs from 
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these algorisms contain many false-positi ves, which have to be removed 
by visual checking with a genome browser. However, the visual checking 
is very ti me-consuming. We found that the false-positi ves were att ributed 
to mainly two factors: 1) mismapped reads near repeti ti ve sequences such 
as microsatellites and 2) geneti c polymorphisms between the reference 
genome on the database and that of the laboratory line. By uti lizing 
this informati on for false positi ves, we constructed an original pipeline 
for mutati on and false-positi ve detecti on. When read data of multi ple 
mutants are input, the pipeline outputs the list of candidate mutati ons 
with marks on false-positi ves. The pipeline enabled to reduce the numbers 
of candidate mutati ons to approximately 11% of that originally listed by 
those mutati on-detecti on algorisms. Our pipeline will accelerate genome-
wide mutati on study.A heavy-ion beam is an eff ecti ve mutagen and has 
been used for mutati on breeding and molecular geneti cs. For the eff ecti ve 
use of the heavy-ion beam, the knowledge of the mutati on spectrum at 
the whole-genome level is valuable. In the whole-genome re-sequencing 
of heavy-ion induced mutants, total mutati on candidates, including base 
substi tuti ons, duplicati ons, in/dels, inversions, and translocati ons, are 
detected by using three algorisms (SAMtools, Pindel and BreakDancer). 
The outputs from these algorisms contain many false-positi ves, 
which have to be removed by visual checking with a genome browser. 
However, the visual checking is very ti me-consuming. We found that 
the false-positi ves were att ributed to mainly two factors: 1) mismapped 
reads near repeti ti ve sequences such as microsatellites and 2) geneti c 
polymorphisms between the reference genome on the database and that 
of the laboratory line. By uti lizing this informati on for false positi ves, we 
constructed an original pipeline for mutati on and false-positi ve detecti on. 
When read data of multi ple mutants are input, the pipeline outputs the 
list of candidate mutati ons with marks on false-positi ves. The pipeline 
enabled to reduce the numbers of candidate mutati ons to approximately 
11% of that originally listed by those mutati on-detecti on algorisms. Our 
pipeline will accelerate genome-wide mutati on study. 

P262 (Talk) - Methylome variation within and 
between genetically identical Arabidopsis 
thaliana individuals 
 

KAGEYAMA Jorge(1), BECKER Claude (), MÜLLER Jonas (), 
HAGGMAN Joerg (), WEIGEL Detlef ()  
(1) Max Planck Institute for Developmental Biology, Tuebingen, 
GERMANY 
Heritable epigeneti c marks, such as cytosine methylati on, can be sources 
of phenotypic variati on. In order to understand their role in evoluti on, it is 
important to ascertain the intrinsic variability and stability of such marks. 
Previous studies in Arabidopsis thaliana have described and quanti fi ed the 
stability and emergence of DNA methylati on variability across multi ple 
generati ons. The degree of epigeneti c variati on within an individual plant 
as well as between individuals from the same generati on has, however, 
remained elusive. We have compared the methylomes of (i) diff erent 
organ types and (ii) a series of leaves from the same individual as well as 
of the corresponding leaves from diff erent individuals. Organ type had 
the greatest eff ect on methylome variati on, while analogous leaves from 
diff erent individuals were the most similar. Importantly, there appears to be 
an ordered progression among a series of consecuti ve leaves from the same 
plant. Since these were harvested at the same ti me point, these methylati on 
polymorphisms refl ect changes in leaf identi ty, rather than temporal 
progression of the enti re plant. We have also been able to show the 
eff ect of methylated transposable elements on gene expression at a organ 
specifi c level. In conclusion, we have been able to identi fy unique patt erns 
that change systemati cally with leaf development and organ identi ty, and 
provide insights on the variability of epigeneti c marks in short ti me scales. 

P263 - Comprehensive characterization of 
genomic rearrangement in heavy-ion induced 
Arabidopsis mutants by wholegenome re-
sequencing 
 

KAZAMA Yusuke(1), HIRANO Tomonari(1), ISHII Kotaro(1), 
OHBU Sumie(1), SHIRAKAWA Yuki(1), ABE Tomoko(1)  
(1) RIKEN Nishina Center, Wako, JAPAN 
Heavy-ion irradiati on has been accepted as an effi  cient technology for 
mutati on breeding and molecular geneti cs. A noted character of heavy-
ion irradiati on is that mutati on frequencies and mutati on spectrum can be 
changed by selecti ng its linear energy transfer (LET). Beams with LET of 30 
keV/&mu;m induced small deleti ons (1 to 51 bp) with high frequency, while 
beams with LET of 290 keV/&mu;m caused larger deleti ons (1 kbp to several 

hundred kbp) with chromosomal rearrangement. To comprehensively 
characterize the mutati ons induced by high-LET beams, the genomes of 
three Ar-ion induced Arabidopsis mutants (LET = 290 keV/&mu;m, 50 Gy) 
were re-sequenced in the M3 generati on. Total mutati ons, including base 
substi tuti ons, duplicati ons, in/dels, inversions, and translocati ons, were 
detected using three algorithms (SAMtools, Pindel, and BreakDancer). 
Averages of 30 homozygous mutati ons and 49.7 heterozygous mutati ons 
were detected per genome. All mutants had genomic rearrangements. 
Of the 22 DNA fragments that contributed to the rearrangements, 19 
fragments were responsible for the intrachromosomal rearrangements, 
and multi ple rearrangements were formed in the localized regions of the 
chromosomes. The interchromosomal rearrangements were detected in 
the multi ply rearranged regions. These results indicate that the heavy-
ion beams led to clustered DNA damage in the chromosome, and that 
they have great potenti al to induce complicated intrachromosomal 
rearrangements. 

P264 - Repair of DNA Damage Induced by the 
Cytidine Analog Zebularine Requires ATR and 
ATM in Arabidopsis 
 

LIU Chun-Hsin(1), FINE Andreas(1), DÍAZ Mariana(1), ROZHON 
Wilfried (2) , POPPENBERGER Brigitte (2) , BAUBEC Tuncay(3) , 
PECINKA Ales(1)

(1) Max Planck Institute for Plant Breeding Research, Cologne, 
GERMANY (2)  Technische Universität München, Freising, GERMANY(3)  
Friedrich Miescher Institute for Biomedical Research, Basel, 
SWITZERLAND 
 DNA damage repair is an essenti al cellular mechanism that maintains 
genome stability. Here we show that the non-methylable cyti dine analogue 
zebularine induces DNA damage response in Arabidopsis. This eff ect is 
independent of DNA methylati on changes. In contrast to genotoxic agents 
with cell cycle stage-independent damage inducti on, zebularine-induced 
damage occurs specifi cally in the course of strand synthesis during DNA 
replicati on. The signalling of this damage is mediated by additi ve acti vity 
of ATAXIA_TELANGIECTASIA MUTATED AND RAD3-RELATED (ATR) and 
ATAXIA_TELANGIECTASIA MUTATED (ATM) kinases, which cause post-
replicati ve cell cycle arrest and increased endoreduplicati on. The repair 
requires a functi onal STRUCTURAL MAINTENANCE OF CHROMOSOMES 
(SMC) 5-SMC6 complex and is accomplished predominantly by synthesis-
dependent strand annealing type of homologous recombinati on. Here, 
we provide a novel insight into the response mechanism coping with the 
genotoxic eff ects of zebularine and identi fy several components of the 
zebularine-induced DNA damage repair pathway. 
 

P265 (Talk) - Homoeologous alleles regulations 
and their contributions in Arabidopsis 
allotetraploids development 
 

NG Danny Wang Kit(1), YU Helen H. (2) , LAM Kai Man(1), 
ABEYSINGHE Jayami(1), CHOW Hiu Tung(1), CHEN Z. Jeff rey (2)   
(1) Hong Kong Baptist University, Hong Kong, CHINA (2)  The 
University of Texas at Austin, Austin, Texas, USA 
The merging of diverged genomes in hybrids has created novel 
combinati ons of homoeologous alleles, providing new opportuniti es for 
their interacti ons that could contribute to the development of hybrids. In 
an interspecifi c cross between autotetraploids Arabidopsis thaliana (At4) 
and Arabidopsis arenosa (Aa), heteroti c phenotypes (increased biomass, 
starch accumulati on and disease resistance) have been observed in the 
resynthesized tetraploid hybrids (Allo). While associati ons between 
phenotypes and molecular changes have been reported upon genome 
hybridizati on, detailed mechanisms leading to such changes remain 
unclear. Here we reported preferenti al protein-DNA and protein-protein 
interacti ons between homologous proteins in the CHE-CCA1 regulatory 
node of the circadian pathway, providing a mechanisti c model to explain 
altered alleles regulati on in the Arabidopsis allotetraploids. In additi on to 
the clock regulators, we observed diff erent inducti on kineti cs of several 
WRKY transcripti on factors that are important for plant defense. Like the 
components in the circadian pathway, the presence of the homoeologous 
WRKYs in the allotetraploids could provide new interacti ons among the 
WRKYs, altering their targets regulati on and defense response signaling. 
Data presented here are expected to advance our understanding of the 
molecular bases contributi ng to the modulati ons of the clock and defense 
pathways in plant hybrids. 
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Secondary metabolism 
Posters 266 to 277

P266 - Impact of fl avonoids on germination and 
protein carbonylation of Arabidopsis seeds 
submitted to oxidative stress 
 

CUEFF Gwendal(1), AKARY Elodie(1), PERREAU François(1), 
RAJJOU Loïc(1), DEBEAUJON Isabelle(1)  
(1) Institut Jean-Pierre Bourgin (IJPB) - INRA, AgroParisTech, CNRS, 
Saclay Plant Sciences, Université Paris-Saclay, VERSAILLES, FRANCE 
Flavonoids are polyphenolic secondary metabolites synthesized by plants 
during their development and in response to various bioti c and abioti c 
stresses. They infl uence the agronomic and nutriti onal qualiti es of seeds. 
The Arabidopsis transparent testa (tt ) mutants aff ected in seed coat 
pigmentati on are effi  cient tools to assess the roles of fl avonoids in seed 
biology (Rajjou L., Debeaujon I., 2008, CR Biology 331, 796-805). Here we 
investi gated the impact of fl avonoid seed compositi on on their tolerance 
to oxidati ve stress using tt  mutant seeds submitt ed to UV-B radiati ons 
and arti fi cial ageing. In this work: 1) the germinati on of non-dormant 
control and stressed seeds was assessed and compared ; 2) protein 
carbonylati on, which is an irreversible oxidati on process leading to a loss 
of functi on of the modifi ed proteins, was analyzed in control and stressed 
seed lots by a proteomics approach ; 3) fl avonoid seed compositi on was 
analyzed (UPLC-MS). The relati onships / correlati ons between these three 
parameters will be presented. Our results emphasize in parti cular the 
important role of testa fl avonoids in embryo protecti on against oxidati ve 
damages induced by UV-B radiati on. 
 

P267 (Talk) - Change in secondary metabolism 
in Arabidopsis thaliana Pinoresinol reductase 
mutants. 
 

DECOURTIL Cédric(1), FONTAINE Jean Xavier(1), MOLINIE 
Roland(1), QUERO Anthony(1), ROULARD Romain(1), 
MATHIRON David(2), PILARD Serge (2), CRONIER David(3) , 
CHABBERT Brigitte(3) , MESNARD François(1)  
(1) BIOPI EA 3900 UPJV, AMIENS, FRANCE (2)  Plate-forme Analytique 
- UPJV, AMIENS, FRANCE(3)  INRA - UMR614 -Fractionnement des 
AgroRessources et Environnement, REIMS, FRANCE 
Arabidopsis thaliana has two Pinoresinol reductases, Pinoresinol 
reductase 1 (PR1) and Pinoresinol reductase 2 (PR2). These enzymes 
are employed in lignans biosynthesis pathway, PR1 converts (+)- and 
(─)-Pinoresinol to (+)- and (─)Lariciresinol whereas PR2 reduces only 
(─)-Pinorésinol. These lignans have a strong anti oxidant acti vity like 
SDG (Secoisolariciresinol diglucoside). To understand the connecti ons 
between lignans and other secondary metabolism pathways, two single 
homozygous mutants pr1 and pr2 were crossed to obtain the double 
mutant. The functi onal defi ciency of diff erent mutants was checked by 
RT-qPCR. Plants were culti vated in hydroponic system, and fl oral stalk, 
roots and rosett e were harvested separately while seeds were collected at 
maturity stage from other plants. Combining1H-NMR, LC/MS and GC/MS 
allowed to characterize metabolites in the diff erent organs. Furthermore, 
lignin content and compositi on were determined on roots and fl oral 
stalk. Results on pr1 and pr2 mutants indicated a strong reorganizati on 
of secondary metabolism, with important alterati on in various molecule 
families like glucosinolates, fl avonoids, phenylpropanoid. Deep 
modifi cati ons of lignin were also shown. The biological functi on of lignans 
is litt le known in planta and may be underesti mated in view of the many 
changes observed in this study. 

P268 - In Planta Function of Three Rice Genes 
Encoding Carotenoid Cleavage Dioxygenase in 
Transgenic Arabidopsis and Rice Plants 
 

KOA Mi Ran(1), SONGB Mi-Hee (2) , HWAN LEEC Choong(3) , 
KWANG KIMD Jae(4), YOUA Min-Kyoung(1), LIMB Sun-Hyung (2), 
HA Sun-Hwa(1)  
(1) Department of Genetic Engineering, College of Life Sciences, 
Yongin, REPUBLIC OF KOREA (2)  National Academy of Agricultural 
Science, Rural Development Administration, Jeonju, REPUBLIC OF 
KOREA(3)  Department of Bioscience and Biotechnology, Konkuk 
University, Seoul, REPUBLIC OF KOREA(4) dDivision of Life Sciences, 
College of Life Sciences and Bioengineering, Incheon National 
University, Incheon, REPUBLIC OF KOREA 
Carotenoid cleavage products (CCPs) are apocarotenoid compounds 
derived from carotenoid substrates by catalysis through the carotenoid 
cleavage dioxygenases (CCDs). CCPs have biologically diverse functi ons in 
plants, acti ng as hormones, pigments, fl avors, and defense compounds. 
The types of apocarotenoids are highly dependent on the enzymati c acti on 
of the CCD family and the specifi c positi on of the double bonds cleaved 
on the carotenoids. In our study, the in vivo functi on of three rice CCD 
genes together with a Arabidopsis CCD4 gene have been characterized 
in transgenic Arabidopsis and rice plants. To make sure the eff ect by 
transgenes, single-copy inserti ons of the four CCD genes were determined 
by TaqMan PCR and Southern blot analysis, respecti vely. Overexpression 
of the four CCD genes could restore to reduce the total carotenoid 
content at the similar level of wild-type Col-O when complemented into 
Arabidopsis atccd4 knockout line. A decreased level of total carotenoids 
was evident in transgenic rice leaf ti ssues by introducti on of transgenes 
with the altered compositi on of apocarotenid volati le compounds 
including b-ionone and b-cyclocitral as CCPs. Interesti ngly, two carotenoid 
cleaved products (b-ionone and b-cyclocitral) could give agricultural 
values of bioti c/abioti c stress-resistance with enhanced fl avor to crops. 
These agronomical benefi ts of diverse apocarotenoids will heighten 
expectati ons for the use of plant CCDs for future crop engineering as well 
as promising targets for increasing the total amounts of provitamin A 
carotenoids by suppression of CCDs expression. 

P269 - Secondary metabolites of model 
Brassicaceae species in response to a microbe-
associated molecular pattern. 
 

KUŁAK Karolina(1), BEDNAREK Paweł(1)  
(1) Institute of Bioorganic Chemistry Polish Academy of Sciences, 
Poznań, POLAND 
Plants in nature are exposed to a broad spectrum of microbial pathogens 
and consequently forced to evolve effi  cient and robust immune system. 
One of the unique components of plant immunity is synthesis and 
accumulati on of low-molecular compounds classifi ed as secondary 
metabolites. Among these, of special interest are tryptophan derivati ves 
present in the model Brassicaceae species Arabidopsis thaliana. Similar 
to other defense responses, biosynthesis of these compounds can be 
triggered by recogniti on of microbe-associated molecular patt erns 
(MAMPs). In this study we investi gated conservati on of defensive 
secondary metabolites produced by Brassicaceae plants in response to 
a bacterial MAMP fl g22. We used comparati ve metabolomic approach to 
identi fy compounds that are induced with fl g22 treatment in seedlings 
of Arabidopsis and four related species. Among induced compounds, we 
detected several Trp-derivati ves known from Arabidopsis. However, we 
observed variability in the occurrence and in the fold of fl g22-induced 
concentrati on changes of these compounds between the tested species. 
Furthermore, we found a number of common or species-specifi c 
undefi ned MAMP-inducible compounds, which may have a functi on in 
the immune responses of Brassicaceae plants. 
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P270 - Eff ect of AP2/ERF Transcription Factor 
on gene expression of Carotenoid Biosynthetic 
Pathway 
 

LIM Sun Hyung(1), PARK Sangkyu(1), HA Sun-Hwa (2) , KIM Da-
Hye(1), CHOI Minji(1), LEE Jong-Yeol(1), KIM Young-Mi(1) 
(1) National Academy of Agricultural Science, JeonJu, SOUTH KOREA 
(2)  Kyung Hee University, Yongin, SOUTH KOREA 
The accumulati on of various secondary metabolites, including carotenoids, 
phenylpropanoids and alkaloids has been implicated in light signaling. It 
has been demonstrated that the biosynthesis of phytochemicals made 
from diff erent pathway could be controlled concomitantly by single 
transcripti on factor and/or substrate-sharing. The present study aimed 
at identi fying the key regulator of phytochemical biosynthesis in the light 
responses in rice. The rice seedlings grown under blue light have high 
contents of carotenoids and phenolic compounds compared to those 
grown under white, green and red light. Microarray analysis displayed the 
diff erenti al expressions of a large number of phytochemical biosynthesis 
genes and transcripti on factor genes under blue light. The promoters of 
several phytochemical biosynthesis genes might be trans-acti vated with 
various types of transcripti on factors that were up-regulated under blue 
light. Ectopic expressions of these rice transcripti on factors in Arabidopsis 
resulted in neither growth inhibiti on nor visible phenotype alterati ons 
except TF13 transgenic plant, which showed the outgrowth phenotype 
and signifi cant transcript increases of geranylgeranyl pyrophosphate 
synthase, phytoene synthase and z-carotene desaturase of Arabidopsis. 
TF13 is an AP2/ERF transcripti on factor, which has typical AP2/ERF domain 
and C-terminal EDLL acti vati on domain. Gel retardati on assays suggested 
that a TF13 binds the promoter of Arabidopsis phytoene synthase at two 
separate sites in the -1169/-1010 region. These results provide possible 
evidences that TF13 contribute to the blue light-induced carotenoids 
accumulati on in rice. 

P271 - Substantial Reprogramming of 
the Eutrema salsugineum (Thellungiella 
salsuginea) Transcriptome in Response to UV 
and Silver Nitrate Challenge 
 

MUCHA Stefanie(1), MÜLLER Teresa(1), HINCHA Dirk K. (2) , 
GLAWISCHNIG Erich(1)  
(1) TU München, Heisenberg research group, Lehrstuhl für Genetik, 
Freising, GERMANY (2)  MPI Molecular Plant Physiology, Potsdam, 
GERMANY 
Cruciferous plants synthesize a large variety of tryptophan-derived 
phytoalexins in response to pathogen infecti on, UV irradiati on, or 
high dosages of heavy metals.The major phytoalexins of Eutrema 
salsugineum (Thellungiella salsuginea), which has recently been 
established as an extremophile model plant, are probably derivati ves 
of indole glucosinolates, in contrast to Arabidopsis, which synthesizes 
characteristi c camalexin from the glucosinolate precursor indole-3-
acetaldoxime. To study the transcripti onal response of E. salsugineum to 
UV irradiati on and silver nitrate we performed comprehensive RNAseq 
and microarray analysis. Most transcripts (respecti vely 70% and 78%) 
were signifi cantly diff erenti ally regulated and a large overlap between 
the two treatments was observed (54% of total). While core genes of 
the biosynthesis of aliphati c glucosinolates were repressed, tryptophan 
and indole glucosinolate biosyntheti c genes, as well as defencerelated 
WRKY transcripti on factors, were consistently upregulated. The putati ve 
Eutrema WRKY33 ortholog was functi onally tested and shown to 
complement camalexin defi ciency in Atwrky33 mutant. 

P272 - The role of the cardenolide biosynthetic 
enzymes in planta, e.g. Arabidopsis thaliana 
 

MÜLLER-URI Frieder(1), MUNKERT J.(1), ERNST M.(1), KREIS W.(1)  
(1) University Erlangen, Erlangen, GERMANY 

Div. Pharmaceuti cal Biology, Dept. Biology, FAU University Erlangen, 
Staudtstr. 5, D-91058 Erlangen, Germany 
The concepti on of the existence of well-defi ned biosyntheti c pathways 
is outdated. This holds parti cularly true for the formati on of small 
natural products (SNAPs). The catalyti c effi  ciencies described for 
enzymes involved in the formati on of SNAPs are very low. Many enzymes 
catalyse not only their reported “natural” reacti on but also alternati ve 
reacti ons. In several cases, substrate as well as product promiscuity were 

demonstrated. Cardenolide biosynthesis is a good example to explain 
how paradigms have to be messed up. According to the text book, 
early steps in cardenolide biosynthesis are supposed to be catalysed 
by 3Y-hydroxysteroid dehydrogenase (3YHSD), Ketosteroidisomerase 
(KSI; [1, 2]) and progesterone 5Y-reductases (P5YR). When analysing 
the corresponding genes and enzymes (3YHSDs, P5YRs) in the genera 
Digitalis, Erysimum, Medicago, Catharanthus and Arabidopsis it became 
clear that small gene families exist that encode for 3YHSDs or P5YRs [3, 
4]. Furthermore, some reacti ons are common for several classes of these 
enzymes that are not typical for cardenolide biosynthesis [5, 6]. 

Refs. Herl et al., 2009; Meiti nger et al., 2015; Munkert et al., 2011, 2015; Bauer et 
al., 2012; Geu-Flores et al., 2012. 

P273 - Function of a glutathione-S-tranferase 
in Arabidopsis immunity and glucosinolate 
metabolism 
 
PIŚLEWSKA-BEDNAREK Mariola(1), PASTORCZYK Marta(1), 
HIRUMA Kei (2) , MOLINA Antonio(3) , TAKANO Yoshitaka(4), 
SCHULZE-LEFERT Paul (2) , BEDNAREK Paweł(1)

(1) Institute of Bioorganic Chemistry PAS, Poznań, POLAND (2)  Max 
Planck Institute for Plant Breeding Research, Cologne, GERMANY(3)  
Centre for Plant Biotechnology and Genomics, Madrid, SPAIN(4) 
Graduate School of Life and Environmental Sciences, Kyoto 
Prefectural University, Kyoto, JAPAN 
Induced defense responses in plants usually involve biosynthesis of 
anti microbial metabolites and their targeted secreti on at the site of 
pathogen contact. Our former study on the model plant Arabidopsis 
revealed a novel pathogen triggered metabolism pathway for indole 
glucosinolates [1]. This pathway requires at least two enzymati c 
components: CYP81F2 P450 monooxygenase and PEN2-myrosinase. 
CYP81F2 is essenti al for the pathogen induced accumulati on of 
4-methoxyindol- 3-ylmethyl glucosinolate, which in turn is acti vated by 
PEN2 for anti fungal defense. In additi on, our former analysis suggested 
contributi on of glutathione to the PEN2/CYP81F2-defence pathway 
[1]. This fi nding prompted us to investi gate in detail the mechanisms 
underlying this putati ve glutathione immune functi on. Here we report on 
the Arabidopsis glutathione-S-transferase that is crucial for the pathogen 
triggered indole glucosinolate metabolism. We provide evidence that this 
parti cular glutathione transferase consti tutes an indispensable component 
of the PEN2/CYP81F2 immune pathway and mediates resistance towards 
biotrophic, hemibiotrophic and necrotrophic fungal pathogens. 

References: 1. Bednarek P., Piślewska-Bednarek M., Svato A., Schneider B., Doubsky 
J., et al. (2009) A Glucosinolate Metabolism Pathway in Living Plant Cells Mediates 
Broad-Spectrum Anti fungal Defense. Science 323, 101-106. 

P274 - Functional analysis of dehydroascorbate 
reductase in optimal and oxidative stress 
conditions in Arabidopsis 
 

RAHANTANIAINA Marie-Sylviane(1), LI Shengchun(1), GANDIN 
Anthony(3) , JOLIVET Yves(3) , TUZET Andrée (2) , NOCTOR 
Graham(1)  
(1) Institute of Plant Sciences Paris Saclay, Université Paris Sud, 
Orsay, FRANCE (2)  Institut National de Recherche 
Agronomique, UMR Environnement et Grandes Cultures, Thiverval-
Grignon, FRANCE(3)  UMR1137 EEF, Université de Lorraine, 
Vandoeuvre-lès-Nancy, FRANCE 
Glutathione (GSH), the tripepti de (non protein) thiol (&gamma;-glutamyl 
cysteinyl glycine) is the most important low molecular weight thiol in 
plant cells. Among its most well-known functi ons is the regenerati on of 
ascorbate from dehydroascorbate (DHA) in the ascorbate-glutathione 
pathway, a reacti on that can occur chemically or be catalyzed by several 
types of enzymes. The latt er notably include specifi c reductases (DHARs), 
which are encoded by three genes in Arabidopsis. We have analysed the 
functi on of these three genes by producti on of double and triple mutants 
and their functi onal analysis in opti mal and oxidati ve stress conditi ons. 
Among the latt er, we have used ozone, reagents that generate oxidati ve 
stress inside the cells, and the oxidati ve stress mutant, cat2. Overall, the 
results provide no evidence that expression of any of the three genes 
is required for growth of Arabidopsis in opti mal conditi ons. In oxidati ve 
stress conditi ons, our analyses point to some redundancy between 
diff erent isoforms of DHAR, while at the same ti me suggesti ng that DHAR 
acti vity is required to opti mize defense signalling, notably in the acti vati on 
of salicylic acid pathway in response to pathogens. 
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P275 - Glucosinolate degradation products: 
their physiological eff ects on Arabidopsis 
thaliana 
 

URBANCSOK János(1), KISSEN Ralph(1), VIE Ane Kjersti(1), 
BONES Atle Magnar(1)  
(1) Norwegian University of Science and Technology, Department of 
Biology, Trondheim, NORWAY 
Glucosinolates are one of the most important groups of sulfur- and 
nitrogen-containing secondary plant metabolites, characteristi c of the 
Brassicales. To date, more than 130 diff erent glucosinolates have been 
identi fi ed among plants and this huge diversity is due to the complex 
biosyntheti c pathway. Glucosinolates are metabolized by specifi c 
enzymes called myrosinases. This enzymic decompositi on by myrosinases 
depends on the presence or absence of special cofactors such as 
additi onal proteins, metal ions and pH. The substrate and the enzyme 
are separated from each other but upon ti ssue disrupti on they come into 
contact and the chemical reacti on can lead to a variety of biologically 
important degradati on products such as thiocyanates, isothiocyanates, 
nitriles and epithionitriles. These degradati on products play a key role in 
plant defense responses against pathogens, pests, insects and herbivores, 
however some of them are also subject of great interest in medical 
research owing to their dietary cancer preventi ve eff ects in humans. 
In order to bett er understand the biological eff ects of glucosinolate 
hydrolysis products we have established and standardized an in vitro 
system which allows us to evaluate their eff ects on Arabidopsis thaliana. 
Several mutant lines were exposed to glucosinolate hydrolysis products to 
investi gate their dose-dependent behavior. The remarkable results will be 
presented and discussed. 

P276 (Talk) - DELLA Proteins Promote 
Anthocyanin Biosynthesis via Sequestering 
MYBL2 and JAZ Suppressors of the MYB/bHLH/
WD40 Complex in Arabidopsis thaliana 
 

XIE Ye(1), HUIJUAN Tan(1), ZHAOXUE Ma(1), JIRONG Huang(1)  
(1) Institute of Plant Physiology and Ecology, Shanghai Institutes of 
Biological Sciences, Chinese Academy of Sciences, Shanghai, CHINA 
anin accumulati on is recognized as a visible biomarker of plants that 
are suff ering from environmental stresses. However, the molecular 
mechanisms underlying stress-induced anthocyanin biosynthesis remain 
unclear. Previous studies showed that the expression of anthocyanin-
specifi c genes is regulated by the conserved MBW complex, which is 
composed of the MYB, bHLH and WD40 subunits in higher plants. MBW 
acti vity is repressed by MYBL2 and the JAZ family, which competi ti vely 
bind to bHLH and MYB/bHLH, respecti vely. Here, we found that MYBL2 
and JAZs mediate the gibberellin acid (GA)-inhibited anthocyanin 
biosynthesis in Arabidopsis. Pull-down and dual-luciferase assays showed 
that the master regulators (DELLAs) of GA signaling directly sequester 
MYBL2 and JAZ repressors, leading to the release of bHLH/MYB subunits 
and subsequently the formati on of acti ve MBW complex, which then 
acti vates the anthocyanin biosyntheti c pathway. The JAZ-DELLA-MYBL2 
module identi fi ed here also plays an important role in Jasmonate (JA)- 
and abioti c stress-induced anthocyanin biosynthesis. Furthermore, the 
DELLA protein RGA accumulates upon plant exposure to JA or abioti c 
stresses. Altogether, our data reveal that DELLA-promoted anthocyanin 
biosynthesis is mediated at least in part by MYBL2 and JAZ regulatory 
proteins. This study provides new insight into the coordinated regulati on 
of plant growth and defense through metabolic pathway reconstructi on. 

P277 - The role of the Class I acyl-CoA-binding 
protein family in Arabidopsis cuticle formation 
 

XUE Yan(1), KIM Juyoung (2) , LUNG Shiu-Cheung(1), SUH Mi 
Chung(2) , CHYE Mee-Len(1)  
(1) School of Biological Sciences, The University of Hong Kong, Hong 
Kong, CHINA (2)  Department of Bioenergy Science and Technology, 
Chonnam National University, Gwangju, KOREA 
The Arabidopsis thaliana Class I acyl-CoA-binding protein family was 
shown here to functi on in cuti cle formati on. This was achieved using 
T-DNA inserti onal mutants in Arabidopsis. The acbp mutants showed fewer 
wax crystals on the stem/leaf surfaces and displayed disrupted cuti cle 
layers in scanning and transmission electron microscopy, respecti vely. 
Cuti cular wax and cuti n monomer compositi on was found to be reduced 

in the mutants in comparison to the wild type when analyzed with gas 
chromatography (GC) and GC-mass spectrometry (MS). Mutant ti ssue 
also had consistent reducti on in the expression of genes involved in the 
biosynthesis of cuti cular wax and cuti n. To further investi gate the spati al 
expression of AtACBP, AtACBP promoter::Y-glucuronidase gene fusions 
were generated. Resultant transgenic Arabidopsis plants demonstrated 
GUS expression on the surfaces supporti ng its role in cuti cle formati on. 
Our fi ndings imply that the Class I ACBP family parti cipates in Arabidopsis 
cuti cular wax accumulati on by traffi  cking very-long-chain acyl-CoAs to 
which recombinant forms are known to bind. 
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P278 - DUET/MMD1 Regulates Male Meiotic 
Gene Expression in Arabidopsis 
 

ANDREUZZA Sebastien(1), NISHAL Bindu (2) , SINGH Aparna(1), 
SIDDIQI Imran(1)  
(1) Center for Cellular and Molecular Biology, Hyderabad, INDIA (2)  
Dupont Knowledge Center, Hyderabad, INDIA 
Meiosis produces haploid cells essenti al for sexual reproducti on. In 
yeast, entry into meiosis acti vates transcripti on factors which trigger a 
transcripti onal cascade that results in sequenti al co-expression of early, 
middle and late meioti c genes. However, these factors are not conserved, 
and the factors and regulatory mechanisms that ensure proper meioti c 
gene expression in multi cellular eukaryotes are poorly understood. 
Here, we report that DUET/MMD1, a PHD fi nger protein essenti al for 
Arabidopsis male meiosis, functi ons as a regulator of meioti c gene 
expression. We fi nd that DUET-PHD binds H3K4me2 in vitro, and show 
that this interacti on is criti cal for functi on during meiosis. We also show 
that DUET is required for proper microtubule organizati on during meiosis 
II, independently of its functi on in meiosis I. Remarkably, DUET protein 
shows stage-specifi c expression, confi ned to diplotene. We identi fy two 
genes, TDM1 and JAS, with criti cal functi ons in cell cycle transiti ons and 
spindle organizati on in male meiosis, as DUET targets, with TDM1 being a 
direct target. Thus, DUET regulates microtubule organizati on and cell cycle 
transiti ons during male meiosis, and functi ons as a direct transcripti on 
acti vator of the meioti c gene TDM1. Expression profi ling showed reduced 
expression of a subset comprising about 12% of a known set of meiosis 
preferred genes in the duet mutant. Our results further point to a role for 
histone modifi cati ons in the control of meioti c gene expression in plants, 
and suggest that transcripti on of meioti c genes is under stagewise control 
in plants as in yeast. 

P279 (Talk) - A conserved role for CUP-SHAPED 
COTYLEDON transcription factors during ovule 
development 
 

GONÇALVES Beatriz(1), BELCRAM Katia(1), CORTIZO Millan(1), 
HASSON Alice(1), BLEIN Thomas(1), MORIN Halima (1, 
NIKOVICS Krisztina(1), VIALETTE-GUIRAUD Aurélie(1), LAUFS 
Patrick(1), ARNAUD Nicolas(1)  
(1) INRA-AgroParisTech IJPB, Versailles, FRANCE 
Plant sexual reproducti on depends notably on the development of the 
gynoecium that contains the ovules. Early ovule development relies on 
diff erenti al growth of placental structures controlled by the concerted 
acti ons of hormones and key regulators. Among these regulators the CUP-
SHAPED COTYLEDON genes play a crucial role in gynoecium patt erning 
and ovule development. Indeed, CUC1 and CUC2 control the initi ati on of 
ovule primordia via an auxin-dependent mechanism. Here we highlight an 
additi onal role for CUC2 and CUC3 in ovule individualisati on. While CUC1 
and CUC2 are broadly expressed in the medial-ti ssue of the gynoecium, 
CUC3 is specifi cally expressed between ovule primordia at early stages. 
Consistent with this expression patt ern, we show that the cuc2cuc3 double 
mutant specifi cally harbors defects in ovule separati on, producing fused 
seeds sharing the seed coat. These results highlight a parti ally redundant 
role for CUC2 and CUC3 in ovule individualisati on. Functi onal analyses 
in Cardamine hirsuta show that NAM/CUC3 transcripti on factors also 
control ovule development in this species. In situ hybridizati on expression 
studies in more phylogeneti cally distant species reveal a conserved NAM/
CUC3 expression patt ern between ovule primordia. Taken together these 
results highlight an ancient role for NAM/CUC3 transcripti on factors 
in ovule separati on and shed light on the conservati on of regulatory 
mechanisms in the development of innovati ve structure. 
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P280 - Epigenetic marks of germline genes in 
somatic tissues of Arabidopsis thaliana 
 

JUNG Chol Hee(1), O’BRIEN Martin(1), SINGH Mohan(1), BHALLA 
Prem(1) 
(1) The University of Melbourne, PARKVILLE, AUSTRALIA 
Plants display disti nct vegetati ve and reproducti ve phases, and the male 
and female germ lines originate in fl owers from the cells of a previous 
somati c lineage. This developmental switch is associated with germline 
specifi c or preferenti al expression of a subset of genes that are normally 
repressed in a plant. The gene regulatory mechanisms involved in such 
long-term suppression and short-term acti vati on in plant germline 
remain unclear. We used whole genomic analysis to explore the nature 
of epigeneti c marks that are likely associated with long-term gene 
repression in the non-germline cells. Our study showed that the majority 
of germline genes are associated with repression-related epigeneti c 
histone modifi cati ons in one or more non-germline ti ssues, among 
which H3K9me2 and H3K27me3 are the most widespread repression-
related marks. Further, our data indicated that the repressive epigeneti c 
mechanisms diff er between male and female germline genes, and the 
diverse states of epigeneti c marks are present in diff erent non-germline 
ti ssues. Some germline genes also have acti vati on-related marks in non-
germline ti ssues, and the proporti on of such genes is higher for female 
germline genes. Thus, our study shows that epigeneti c control of gene 
expression is likely to be a dominant mechanism for repressing germ line 
genes in somati c ti ssues, paving the way for discovering additi onal marks 
in future large-scale genomic studies. 

P281 - The LARP6c protein is required for pollen 
tube guidance and male fertility in Arabidopsis 
thaliana. 
 

BILLEY Elodie(1), HAFIDH Said (2) , JEAN Viviane(1), 
BREZNENOVA Katarina (2) , HONYS David (2) , CRUZ-
GALLARDO Isabel(3) , CONTE Maria R (3, DERAGON Jean-
Marc(1), BOUSQUET-ANTONELLI Cécile(1)  
(1) CNRS-UPVD, PERPIGNAN, FRANCE (2)  Institute of Experimental 
Botany,Laboratory of Pollen Biology, Prague, CZECH REP. 
(3) King’s College, Randall Division of Cell and Molecular biophysics, 
London, UNITED KINGDOM 
Angiosperms” male gametophyte, the pollen grain, consists in a large cell 
containing both a vegetati ve nucleus and the two sperm cells.Aft er pollen 
grain hydrati on on the sti gma, the growth of a pollen tube through the 
pisti l allows sperm cells delivery into the ovule. Pollen tube growth and 
guidance unti l ferti lizati on require an extensive communicati on between 
male and female. This process involves the secreti on of female- but 
seemingly also male-emitt ed pepti des, small proteins, amino acids but 
also hormones, nitric oxide,... LA and Related Proteins (LA and LARPs) 
consti tute a family of RNA binding factors with members scatt ered in 
proti sts, fungi, plants and animals. They classify into fi ve evoluti onarily 
disti nct subfamilies. Most LA and LARPs contain a LA moti f and a subfamily 
specifi c RNA Recogniti on Moti f 1. LARP6 subfamily members also share a 
specifi c domain denoted LSA (LA and S1-Associated). Human LARP6 binds 
type-I collagen mRNAs at their 5’UTRs and coordinates their subcellular 
localizati on and translati on. Arabidopsis has three LARP6 proteins, two of 
them (b and c) possess a PAB interacti ng Moti f 2 (PAM2), so named for its 
ability to bind Poly(A) Binding Proteins (PAB). We found that AtLARP6c is a 
male specifi c protein dispensable for pollen tube germinati on and growth 
but necessary for pollen tube guidance to the ovule. Our data support 
that AtLARP6c is involved in the post-transcripti onal regulati on of genes 
involved in transport and/or secreti on processes. 

P282 (Talk) - GA Signaling Playing a Role in 
Arabidopsis Male Meiotic Cytokinesis 
 

BING Liu(1), DE STORME Nico(1), GEELEN Danny(1)  
(1) Ghent University, Gent, BELGIUM 
Environmental factors infl uence plant development and in parti cular 
the reproducti ve system is sensiti ve to extreme temperature conditi ons 
which may cause reducti on in ferti lity. Previously we reported that a short 
period of cold stress evokes the formati on of diploid pollen by interfering 
with the organizati on of the radial microtubule arrays at the telophase II 
stage, and consequently leading to incomplete or irregular cytokinesis. A 
subpopulati on of binuclear and polynuclear microspores then form which 
eventually develop into diploid or polyploid pollen grains. However, the 

involved molecular regulators and signaling pathways are sti ll unknown. 
Here, we show that GA signaling plays a role in male meioti c cytokinesis. 
By cytological and geneti c approaches, we found that Arabidopsis GA 
signaling mutants show cytokinesis defect in male meiocytes similar to 
those observed in cold-treated wild type Columbia-0 plants. Moreover, 
male sporogenesis in the GA mutants was not overly sensiti ve to cold 
suggesti ng that cold-induced defects in male meioti c cytokinesis may be 
mediated by GA signaling. In conclusion, we propose that GA signaling 
contributes to the establishment of cytokinesis in male meiosis and 
potenti ally plays a role in cold-induced diploid male gametes formati on. 

P283 - Mini Zinc Finger 2: a new adaptator 
peptide involved in fl oral development 
 

BOLLIER Norbert(1), HERNOULD Michel(1), DELMAS Frédéric(1), 
GEVAUDANT Frédéric(1), CHEVALIER Christian(1) 
(1) INRA - UMR1332 Biologie du fruit et pathologie - Equipe 
Organogenèse du fruit et endoréduplication, Villenave d’Ornon, 
FRANCE 
 In plants, fl owers are produced by the acti vity of fl oral meristems which 
diff er from vegetati ve meristems in their determinate fate. Terminati on 
of stem cells in fl oral meristem is criti cal for reproducti ve success, and 
involves a complex crosstalk between geneti c program and hormonal 
pathways. MIni zinc Finger family (MIF) from Arabidopsis thaliana 
encodes small proteins involved in the regulati on of fl oral development 
and hormonal signaling pathways (Hu and Ma 2006). MIni zinc Finger 
proteins can’t be defi ned as transcripti on factors because they do not 
bind to DNA. Their ability to control physiological events is linked to 
their unique domain, the zinc fi nger, which confers to MIF the capacity 
to interact with other proteins. Consti tuti ve over-expression of MIF2 
caused pleiotropic developmental defect such as a bushy phenotype and 
a dramati c alterati on of fl ower development. Gene expression analysis 
during fl ower development revealed that MIF2 is involved in the fl oral 
terminati on geneti c network and regulates indirectly the expression level 
of the meristem organizing centre gene WUSCHEL. Using Bimolecular 
Fluorescent Complementati on experiments we demonstrated the 
interacti on between MIF2 and KNUCKLES which is known to be a repressor 
of WUS during fl oral terminati on (Payne et al. 2004). Phenotypic data, 
gene expression and BiFC suggest that MIF2 acts as a small adaptator 
protein during fl oral development, regulati ng genes expression by 
interacti on with transcripti on factor. 

P284 - Auxin production couples endosperm 
development to fertilization 
 

FIGUEIREDO Duarte(1), BATISTA Rita(1), ROSZAK Pawel (2) , 
KÖHLER Claudia(1)  
(1) Swedish University of Agricultural Sciences and Linnean Center 
of Plant Biology, Uppsala, SWEDEN (2)  The Sainsbury Laboratory, 
University of Cambridge, Cambridge, UK 
In fl owering plants seed development is preceded by a double ferti lizati on 
event, whereby two male sperm cells fuse with the female gametes, 
egg cell and central cell. The ferti lizati on of the egg cell results in the 
developing embryo, while that of the central cell gives rise to the triploid 
endosperm, whose functi on is to nourish and support the embryo. Even 
though seed endosperm has an unparalleled role for human nutriti on, the 
molecular bases for its development are yet to be understood. Our results 
indicate that increasing auxin levels aft er ferti lizati on drive the replicati on 
of the central cell in Arabidopsis. We show that external auxin is suffi  cient 
to trigger central cell division when applied to unferti lized ovules and that 
this autonomous replicati on is dependent on the MADS-box transcripti on 
factor AGL62. Moreover, mutants impaired in either auxin biosynthesis or 
signalling show severe endosperm defects, indicati ng that this hormone 
is necessary for its correct development. Interesti ngly, we observe that 
the auxin-driven autonomous endosperm results in the removal of the 
epigeneti c modifi ers Polycomb Group (PcG) proteins, in a manner similar 
to that which is triggered by ferti lizati on. PcG proteins establish the 
trimethylati on of lysine 27 on histone 3 and they exert a block on central 
cell division that has to be lift ed upon ferti lizati on. Our work suggests that 
auxin may be the factor necessary for alleviati ng the PcG repression on 
endosperm development. 
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P285 - Role and function of Arabidopsis 
thaliana WIP proteins 
 

HARAGHI Aimen(1), IZHAQ Farhaj(1), BOUALEM Adnane(1), 
BENDAHMANE Abdelhafi d(1) 
(1) IPS2-Institute of Plant Sciences - Paris-Saclay, Orsay, FRANCE 
One of the characteristi c of living organisms is the ability to reproduce 
themselves. Sexual reproducti on is a mechanism that increases the 
potenti al diversity of a species and then its positi ve selecti on. To 
reproduce some plants species use a type of sexual organ named fl ower. 
The sex of this organ is determined by the presence or absence of two 
diff erent types of reproducti ve ti ssue. In many species the development 
of theses ti ssues is controlled by a network of genes. Cucumis melo sex 
determinati on geneti c model can be explained by the modulati on of 2 
genes. The “gene A” or CmACS-7 (boualem and al 2008) that induces 
growth arrest of stamen (the male reproducti ve ti ssue) and the ”gene G” 
or CmWIP1 (marti n and al 2010) that induces growth arrest of pisti l (the 
female reproducti ve ti ssue). Both of these genes were identi fi ed by the 
laboratory of AbdelHafi d BENDAHMANE and during my thesis I am trying 
to understand in which biological process cmWIP1 is involved to inhibit 
pisti l development. To achieve this goal the lab has decided to give me the 
opportuniti es to use the power of geneti c screens in Arabidopsis thaliana 
to unravel geneti c interactors of CmWIP1. Crop species plants that are 
mutated in theses cmWIP1 geneti c interactors should harbor female 
organ inside each of their fl owers. Then the introgression of theses alleles 
in crop species may increase fruit and/or seed yields. 

P286 - High throughput analysis of Arabidopsis 
seed lipid and protein content by Near-Infrared 
Refl ectance Spectroscopy in four recombinant 
inbred lines. 

JASINSKI Sophie(1), LECUREUIL Alain(1), DURANDET Monique(1), 
BERNARD-MOULIN Patrick (2) , GUERCHE Philippe(1) 
(1) INRA IJPB, VERSAILLES, FRANCE (2)  ThermoFisher Scientifi c, 
Courtaboeuf, FRANCE 
Plant seeds consti tute a key component of both human and livestock 
diets, as seed storage compounds are mainly composed of protein, 
oil and starch. The increasing demand of plant-derived products for 
nutriti onal and industrial applicati ons highlights the urgent need to 
develop new methodologies to increase the overall seed oil and protein 
content. Although most of the biochemical steps involved in lipid and 
protein biosynthesis are known, the geneti c factors that control the 
lipid/protein rati o in the seeds have to be identi fi ed. In order to do so, 
a QTL approach to study lipid and protein metabolisms in Arabidopsis 
seed has been implemented. Quanti tati ve geneti c relies on stati sti cal 
links between phenotype and genotype, meaning genotyping and 
phenotyping of thousands samples. In Arabidopsis, genotyping is not 
a limiti ng factor, whereas high-throughput phenotyping can be an 
obstacle. Thus, the potenti al of Near Infrared Spectroscopy (NIRS) for the 
simultaneous analysis of total lipid, and protein content of Arabidopsis 
seeds was studied. Our results demonstrated that NIRS is a powerful non-
destructi ve, high-throughput method to assess lipid and protein content 
in Arabidopsis seed. NIRS was further used in quanti tati ve trait loci (QTL) 
analyses in order to identi fy geneti c factors governing natural variability 
in these traits in Arabidopsis thaliana, using four recombinant inbred line 
populati ons (Ct-1 x Col-0, Cvi-0 x Col-0, Bur-0 x Col-0, Bay-0 x Shahdara). 

P287 - Isolation and Functional study of Pollen 
Tube Transcripts Upregulated by Pollination 
 

JAUH Guang-Yuh(1), LIN Shih-Yun(1), CHEN Pei-Wei(1), CHUANG 
Ming-Hsiang(1), JUNTAWONG Piyada (2) , BAILEY-SERRES 
Julia(2)  
(1) Institute of Plant and Microbial Biology, Academia Sinica, Taipei, 
TAIWAN (2)  Center for Plant Cell Biology and Department Botany 
and Plant Sciences, University of California, Riverside, Riverside/
California, USA 
Transcriptome profi ling has been used to identi fy genes expressed in 
the in vitro elongati ng pollen tubes, however, litt le is known of the 
transcriptome of in vivo-grown pollen tubes, due to the obstacle of 
collecti on of pollen elongati ng within the solid maternal gynoecium. 
By using a pollen specifi c promoter (ProLAT52) to generate an epitope-
tagged polysomal-RNA complexes that can be affi  nity purifi ed, we 

obtained mRNAs undergoing translati on (the translatome) of in vivo-
grown pollen tubes from self-pollinated gynoecia of Arabidopsis thaliana. 
Translatomes of pollen grains as well as in vivo and in vitro cultured pollen 
tubes were assayed by microarray analyses, revealing over 500 transcripts 
specifi cally enriched in in vivo elongati ng pollen tubes. Functi onal analyses 
of several in vivo mutants of these pollinati on-enhanced transcripts 
exposed parti al pollinati on/ferti lizati on and seed formati on defects in 
siliques. Cytological observati on confi rmed the involvement of these 
genes in specialized processes including micropylar guidance, pollen tube 
burst, repulsion of multi ple pollen tubes in embryo sac and pollen tube 
elongati on. In summary, the selecti ve immunopurifi cati on of transcripts 
engaged with polysomes in pollen tubes within self-ferti lized fl orets has 
identi fi ed a cohort of pollinati on-enriched transcripts that facilitated the 
identi fi cati on of genes important in in vivo pollen tube biology. 

P288 - The developmental basis of Arabidopsis 
lyrata and Arabidopsis arenosa hybridization 
barriers 
 

JOHANNESSEN Ida Marie(1), HORNSLIEN Karina S.(1), LAFON-
PLACETTE Clément (2) , BJERKAN Katrine N.(1), BRYSTING Anne 
K.(1), KÖHLER Claudia (2) , GRINI Paul E. (1) 
(1) University of Oslo, Department of Biosciences, Section of Genetics 
and Evolutionary Biology, Oslo, NORWAY (2)  Swedish University of 
Agricultural Sciences and Linnean Center of Plant Biology, Uppsala 
BioCenter, Department of Plant Biology, Uppsala, SWEDEN 
The presence of post-zygoti c hybridizati on barriers in higher plant species 
secures reproducti ve isolati on and prevents geneti c exchange between  
diploid populati ons. In higher-ploidy populati ons though, hybridizati on 
barriers have been described to be parti ally lift ed to allow gene fl ow 
between species. However, the developmental basis of post-zygoti c 
hybridizati on barriers as well as the causal geneti c regulatory network 
resulti ng in species barriers remains to be identi fi ed. Here, we describe 
a post-zygoti c hybridizati on barrier in interspecies diploid Arabidopsis 
lyrata and A. arenosa crosses, where most seeds are not viable. 
Preliminary results show that reciprocal interploidy interspecies crosses 
between A. arenosa and A. lyrata produce viable seeds, indicati ng that 
the post-zygoti c block is lift ed. Moreover, we observe that the directi on 
of the interploidy cross is crucial for bypassing the hybrid barrier. We 
are currently investi gati ng embryo- and endosperm development in 
interspecies crosses and the hypothesis that an increased maternal 
dosage reduce the aborti on rate in hybrid crosses. Furthermore, we seek 
to identi fy major developmental checkpoints resulti ng in hybrid barriers 
and to understand these phenotypes in light of developmental gene 
regulatory networks. 

P289 (Talk) - Autophagy’s Link to Self-
Incompatibility in the Brassicaceae 
 

JOHNSON Daniel(1), GORING Daphne(1)  
(1) University of Toronto, Dept. of Cell & Systems Biology, Toronto, 
CANADA 
Self-incompati bility (SI) in fl owering plants is a reproducti ve barrier 
resulti ng in self-pollen rejecti on to prevent inbreeding depression. In the 
Brassicaceae, SI is controlled by the pisti l through the failure to deliver 
factors required for pollen hydrati on and germinati on. SI is initi ated by 
the allelic binding of the pollen S-locus Cysteine Rich/S-locus Protein 
11 (SCR/SP11) ligand to the pisti l S Receptor Kinase (SRK). Downstream 
components include the ARC1 E3 ubiquiti n ligase, which is proposed 
to ubiquiti nate and inhibit Exo70A1, following SRK acti vati on. With 
compati ble pollinati ons, Exo70A1, as part of the exocyst, is responsible 
for directi ng secretory vesicles to the sti gmati c papillar plasma membrane 
under the pollen grain. Inhibiti on of Exo70A1 results in blocked resource 
delivery to pollen, causing pollen rejecti on. Recent work from our 
research group has implicated autophagy in the sequestrati on of 
secretory vesicles during the SI response. Thus, we hypothesize that a 
breakdown in autophagy will compromise SI pollen rejecti on. Arabidopsis 
lyrata<em> SCR</em>, SRK, and ARC1 transgenes have been transformed 
into A. thaliana Col-0 and autophagy mutants to reconsti tute SI, and 
the phenotypes of these transgenic lines are currently being assessed. 
Autophagy and vesicle markers are also being used to visualize cellular 
responses following the additi on of SI pollen. Overall, these studies will 
aid in understanding the role of autophagy in the pisti l to reject SI pollen. 
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P290 - PATRONUS1 is Expressed in Meiotic 
Prophase I and Interacts with OSD1 to 
Link Centromeric Cohesion and Cell Cycle 
Progression in Arabidopsis 
 

KUMAR SINGH Dipesh(1), SPILLANE Charles (2) , SIDDIQI 
Imran(1)  
(1) Centre for Cellular And Molecular Biology (CCMB) Hyderabad, 
Hyderabad, INDIA (2)  National University of Ireland Galway, 
Galway, IRELAND 
Retenti on of sister centromere cohesion during meiosis I and its 
dissoluti on at meiosis II is necessary for balanced chromosome 
segregati on and reducti on of chromosome number. PATRONUS1 (PANS1) 
has recently been proposed to regulate centromere cohesion aft er meiosis 
I, during interkinesis, and PANS1 protein interacts with components of 
the Anaphase Promoti ng Complex (APC/C). We show here that PANS1 
protein is found mainly in prophase I of meiosis, with its level declining 
late in prophase I during diplotene. We demonstrate that, in additi on 
to premature loss of centromere cohesion during interkinesis, pans1 
mutants show parti ally penetrant defects in centromere cohesion during 
meiosis I. We also determine that pans1 shows syntheti c lethality with 
Omission of Second Division 1 (osd1), which encodes a known inhibitor of 
the APC/C that is required for cell cycle progression during mitosis, as well 
as meiosis I and II. Our results indicate that PANS1 and OSD1 are part of a 
network linking centromere cohesion and cell cycle progression through 
control of APC/C acti vity. 

P291 - Reproductive failure in Arabidopsis 
thaliana under transient carbohydrate 
limitation 
 

LAUXMANN Martin Alexander(1), ANNUNZIATA Maria 
Grazia(1), BRUNOUD Géraldine (2) , WAHL Vanessa(1), KOCZUT 
Andrzej(1), BLÄSING Oliver E(3) , LUNN John E (1, VERNOUX 
Teva (2) , STITT Mark(1)  
(1) Max-Planck-Institute of Molecular Plant Physiology, Potsdam OT 
Golm, GERMANY (2)  Laboratoire de Reproduction et 
Développement des Plantes, CNRS, INRA, ENS Lyon, UCBL, 
Université de Lyon, Lyon, FRANCE(3)  Metanomics GmbH, Berlin, 
GERMANY 
The impact of transient carbon depleti on on reproducti ve growth in 
Arabidopsis thaliana was investi gated by transferring long photoperiod-
grown plants to darkness and returning them to a light-dark cycle. Aft er 
two days of darkness, carbon reserves were depleted in reproducti ve 
sinks and RNA in situ hybridizati on of marker transcripts showed that 
carbon starvati on responses had been initi ated in the meristem, anthers 
and ovules. Treatments of two or more days resulted in a bare-segment 
phenotype on the fl oral stem, with 23-27 aborted siliques. These resulted 
from impaired growth of very immature siliques, and aborti on of mature 
and immature fl owers. Depolarizati on of PIN1 protein and increased 
DII-VENUS expression pointed to rapid collapse of auxin gradients in 
the meristem and inhibiti on of primordia initi ati on. Aft er transfer back 
to a light-dark cycle, fl owers appeared and formed viable siliques and 
seeds. A similar phenotype was seen aft er transfer to sub-compensati on 
point irradiance or CO2. It also appeared in a milder form aft er a 
moderate decrease in irradiance, and developed spontaneously in short 
photoperiods. We conclude that Arabidopsis thaliana inhibits primordia 
initi ati on and aborts fl owers and very young siliques in C-limited 
conditi ons. This curtails demand, safeguarding meristem functi on and 
allowing renewal of reproducti ve growth when carbon becomes available 
again. 

P292 - Characterization of DEFECTIVE SEED 
MUTANT (DSM1), a novel gene implicated in 
carbon resources allocation 
 

FIUME Elisa(1), LEPINIEC Loïc(1) 
(1) IJPB (Institut Jean-Pierre Bourgin), INRA, CNRS, AgroParisTech, 
Université Paris-Saclay, Versailles, FRANCE 
In the search for new genes involved in seed development and storage 
compound accumulati on we have identi fi ed three Arabidopsis allelic 
mutants. We have mapped the mutati ons to a small and consti tuti vely 
expressed gene we named DSM1 (DEFECTIVE SEED MUTANT 1) that 
encodes a pepti de whose functi on has not been previously characterized. 

The mutant shows pleiotropic phenotypes such as reduced germinati on 
rate, stunted growth, reducti on in seed set and producti on of wrinkled/
twisted seeds. A fi rst analysis of the mutant has revealed an excessive 
starch granules accumulati on in roots, vegetati ve ti ssues and seeds. 
Mutant seeds are depleted in fatt y acids whereas they accumulate more 
storage proteins (both globulins and albumins) when compared to wild-
type, suggesti ng a possible role for DSM1 in regulati ng carbon resources 
allocati on in Arabidopsis. Dsm1 mutants also show cuti cle defects that 
might be interpreted as a problem to acquire epidermal cell fate or a 
general defect in some functi ons of the secretory pathway. Indeed, DSM1 
protein does accumulate in the endoplasmic reti culum, thus implying 
that its molecular role is linked to the functi on of this key subcellular 
compartment. We are currently performing more experiments to fi gure 
out if dsm1 mutants show defects in the secretory machinery and to 
further investi gate DSM1 functi on in regulati ng Arabidopsis metabolism. 

P293 - Revival of self-incompatibility in 
Arabidopsis thaliana 
 

MATSUSHIMA Mai(1), HIROAKI Morimoto(1), YOSHIKI Hikota(1), 
KATSUZUMI Okumura(1), KENTARO Yano(1), KENTARO 
K. Shimizu (2) , SEIJI Takayama (3), GO Suzuki(4), MASAO 
Watanabe (6), KEITA Suwabe(1)  
(1) Mie University, Tsu, JAPAN (2)  Meiji University, Kawasaki, JAPAN(3)  
University of Zurich, Zurich, SWISSLAND(4) NAIST, Ikoma, JAPAN (5) 
Osaka Kyoiku University, Kashiwara,  JAPAN (6) Tohoku University, 
Sendai, JAPAN 
Self-incompati bility is the geneti c system which prevents selfi ng and 
accordingly promotes outcrossing. In Brassicaceae, SI reacti on is initi ated 
by interacti on between the male specifi city factor SP11/SCR and the 
female specifi city factor SRK. While Arabidopsis thaliana is a self-
compati ble, predominantly selfi ng species of Brassicaceae, it is believed 
that it had originally SI system to obligate outcrossing, because disrupted 
SP11/SCR and SRK exist in the A. thaliana genome. Although we have 
shown that the 213-bp inversion in the SCR coding sequence can be 
responsible for the loss of self-incompati bility in A. thaliana (Tsuchimatsu 
et al 2010), a detail of its historical contributi on is sti ll conclusive. To 
dissect gene-disrupti ve mutati ons in SCR conferring the evoluti onary 
loss of self-incompati bility in A. thaliana, we conducted functi onal, 
physiological, genic and geneti c analyses of self-incompati bility in genus 
Arabidopsis, by taking advantage of trans-specifi c sharing of S-haplotypes 
between A. thaliana and A. halleri, a self-incompati ble close relati ve of 
A. thaliana. 

P294 - The pollen-expressed cysteine rich 
peptide CR3 involves in pollen germination and 
pollen tube growth 
 

MORIMOTO Hiroaki(1), ARAKAWA Chiho(1), MATSUSHIMA 
Mai(1), SUZUKI Go (2) , WATANABE Masao(3) , SUWABE Keita(1)  
(1) Mie University, Tsu, JAPAN (2)  Osaka Kyoiku University, Kasiwara, 
JAPAN(3)  Tohoku University, Sendai, JAPAN 
In plant reproducti on, pollinati on is the fi rst step in bringing together 
the male and female gametophytes, and a number of factors functi on 
at interacti on and communicati on between pollen and pisti l. Among 
them, cysteine-rich pepti des (CRPs) act as the key for ligand-receptor 
interacti ons, and, for example, S-locus cystein rich protein (SCR) which is 
the male determinant factor of self-incompati bility and LURE which guides 
pollen tubes to ovule for successful ferti lizati on have been identi fi ed. In 
this study, we focused on the pollen-expressed CRPs, named CR3, and 
elucidated how CR3 functi ons in the plant reproducti on through various 
analyses. By RT-PCR in sepal, petal, stamen and pisti l of Col-0 buds, the CR3 
expression was observed predominantly in the stamen. On microscopic 
observati on of pollinati on, GFP-fused CR3 seemed to exist at inside of 
pollen grain and pollen tube, not at pollen surface, and it was further 
supported by in situ hybridizati on using the CR3-specifi c RNA probe. To 
reveal a biological functi on of CR3, in vitro pollen tube observati on was 
conducted using the phosphorothioate anti sense CR3 oligonucleoti de, 
for the inhibiti on of translati on of CR3. The translati onally CR3-repressed 
pollen grains exhibited a lower rate of pollen germinati on, shorter pollen 
tube and a higher rate of tube ti p burst. These results suggest that CR3 is 
one of key CRPs for successful plant reproducti on and involves in pollen 
germinati on and pollen tube growth. 



116
THE 26TH 
INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

P295 - NIP4;1 and NIP4;2 are aquaporins 
specifi cally expressed in pollen grains and 
pollen tubes involved in reproduction in 
Arabidopsis thaliana 
 

MUSCHIETTI Jorge(1), BARBERINI Maria Laura(1), MECCHIA 
Martin(1), AYUB Nicolas (2) , AMODEO Gabriela(3) , SOTO 
Gabriela(1), PEREZ Juliana (1) 
(1) INGEBI-CONICET-FCEN-DBBE-UNIVERSITY OF BUENOS AIRES, 
BUENOS AIRES, ARGENTINA (2)  Instituto de Genética “Ewald A. 
Favret”, CICVyA, INTA Castelar, BUENOS AIRES, ARGENTINA(3)  IBBEA-
CONICET-FCEN-DBBE-UNIVERSITY OF BUENOS AIRES, BUENOS 
AIRES, ARGENTINA 
In Angiosperms, reproducti on involves processes where water and 
solutes transport is ti ghtly regulated. In plants with dry sti gmas, water 
and non-polar molecules are transported into pollen from the sti gma. 
Then, additi onal transport allows cytosolic adjustment of ions and 
maintenance of turgor pressure during ti p growth. Aquaporins may 
mediate this transport during pollen germinati on and/or tube growth. 
In Arabidopsis thaliana, only 4 aquaporin genes are expressed in mature 
pollen and tubes: TIP5;1, TIP1;3, NIP4;1 and NIP4;2. Here, we proposed 
that NIP4;1 and NIP4;2 mediate water and solute transport during pollen 
development, germinati on and tube growth. They have 84% amino 
acidic identi ty, but they displayed diff erent expression patt erns. While 
NIP4;1 showed low expression levels in mature pollen, NIP4;2 peaked 
during tube growth. NIP4;1pro:GUS was acti ve in mature pollen and 
pollen tubes, whereas NIP4;2pro:GUS only in pollen tubes. Simple nip4;1 
and nip4;2 mutants and double amiRNA knockdowns showed distorted 
segregati on rati os, reduced number of seeds, pollen germinati on rate and 
tube length. Lines expressing EGFP-tagged NIP4;1 and NIP4;2 under their 
own promoters rescued the mutant phenotypes. Fusion proteins were 
localized in the plasma membrane and intracellular vesicles of pollen 
and pollen tubes. Thus, we propose NIP4;1 and NIP4;2 are aquaporins of 
mature pollen and pollen tubes respecti vely, playing parti ally overlapping 
roles in pollen development and pollinati on. 
 

P296 - Negative regulatory roles of DE-
ETIOLATED1 (DET1) in fl owering time in 
Arabidopsis 
 

KANG Min-Young(1), PAEK Nam-Chon(1)  
(1) Seoul National University, Seoul, SOUTH KOREA 
Arabidopsis fl owers early under long days (LD) and late under short 
days (SD). The repressor of photomorphogenesis DE-ETIOLATED1 (DET1) 
delays fl owering; det1-1 mutants fl ower early, especially under SD, but 
the molecular mechanism of DET1 regulati on remains unknown. Here 
we examine the regulatory functi on of DET1 in repression of fl owering. 
Under SD, the det1-1 mutati on causes dayti me expression of FKF1 and 
CO; however, their altered expression has only a small eff ect on early 
fl owering in det1-1 mutants. Notably, DET1 interacts with GI and binding 
of GI to the FT promoter increases in det1-1 mutants, suggesti ng that 
DET1 mainly restricts GI functi on, directly promoti ng FT expression 
independent of CO expression. Moreover, DET1 interacts with MSI4/
FVE, which epigeneti cally inhibits FLC expression, indicati ng that the 
lack of FLC expression in det1-1 mutants likely involves altered histone 
modifi cati ons at the FLC locus. These data demonstrate that DET1 acts 
in both photoperiod and autonomous pathways to inhibit expression of 
FT and SOC1. Consistent with this, the early fl owering of det1-1 mutants 
disappears completely in the ft -1 soc1-2 double mutant background. 
Thus, we propose that DET1 is a strong repressor of fl owering and has 
a pivotal role in maintaining photoperiod sensiti vity in the regulati on of 
fl owering ti me. 

P297 (Talk) - Molecular Genetic Analysis of 
LORELEI Function in Pollen Tube Reception by 
the Arabidopsis Female Gametophyte 
 

LIU Xunliang (), CASTRO Claudia (), SEFFREN Christopher (), 
PONVERT Nathaniel (), HOEL Chelsea (), WANG Yanbing (, 
PALANIVELU Ravishankar(1)  
(1) University of Arizona, Tucson, UNITED STATES 
In angiosperms, the pollen grain forms a pollen tube and extends through 
the transmitti  ng tract to reach the female gametophyte, where it releases 
two sperm cells and completes double ferti lizati on. In Arabidopsis thaliana 

lorelei (lre) mutant, most female gametophytes fail to induce pollen tube 
recepti on and thus remain unferti lized. LORELEI (LRE) encodes a putati ve 
glycophosphati dylinositol (GPI)-anchored membrane protein and is 
hypothesized to localize in the plasma membrane of synergid cells of 
the female gametophyte, as GPI-anchored proteins are covalently linked 
to a GPI anchor in the ER and localize in the plasma membrane using 
this lipid moiety. Wild-type LRE fused to YFP (LRE-YFP) rescues pollen 
tube recepti on and seed set defects in lre mutant and hence it is fully 
functi onal. The fusion protein localizes in an unknown organelle within 
the synergid cell and in the plasma membrane-rich fi liform apparatus 
(FA) of the synergid cells, the fi rst point of contact between the pollen 
tube and the female gametophyte. We will provide an update on our 
progress in answering the following questi ons using the functi onal LRE-
YFP fusion protein: i) is LRE a GPI-anchored membrane protein? ii) is GPI 
anchor essenti al for LRE functi on? iii) is the intracellular localizati on in 
the unknown organelle essenti al for LRE functi on? iv) is the ectodomain 
of LRE alone suffi  cient for LRE functi on? v) between pollen tube and 
synergid cell, which one is essenti al for LRE functi on? 

P298 - Developmentally regulated auxin 
production for proper embryo development in 
Arabidopsis. 
 

ROBERT BOISIVON Helene(1), PARK Chulmin (2) , MROUE 
Souad(1), PĚNČÍK Aleš(3) , NOVÁK Ondřej(3) , LAUX Thomas (2) , 
FRIML Jiři (4) 
(1) Mendel Centre for Genomics and Proteomics of Plants Systems, 
CEITEC MU - Central European Institute of Technology, Masaryk 
University, Brno, CZECH REPUBLIC (2)  BIOSS Centre for Biological 
Signaling Studies, Faculty of Biology, AlbertLudwigs-Universitaet 
Freiburg, Freiburg, GERMANY(3)  Laboratory of Growth Regulators, 
Institute of Experimental Botany, Academy of Sciences of the Czech 
Republic & Palacký University, Olomouc, CZECH REPUBLIC(4) Institute 
of Science and Technology Austria (IST Austria), Klosterneuburg, 
AUSTRIA 
Plant reproducti on relies on well-defi ned and coordinated series of 
cell division and cell diff erenti ati on of the zygote. The zygote and later 
the embryo are embedded into maternal-derived integuments, whose 
infl uence on embryo development remains elusive. The plant hormone 
auxin is known to play a crucial role in defi ning the embryonic body 
axis. And dynamic transport of the hormone by auxin effl  ux carriers 
PIN proteins is involved in specifying embryonic shoot and root poles. 
Moreover TAA1/YUCCA-dependent auxin biosynthesis pathway has 
also an essenti al functi on during embryo development, as assayed by 
the embryonic phenotypes of certain combinati ons of loss-of-functi on 
mutati ons in these genes. Local auxin producti on, with feedback on 
auxin transport, infl uences diff erent steps of embryo development. An 
increase of auxin producti on in the maternal integuments followed by 
auxin transport from those integuments to the zygote is important for 
the fi rst asymmetric division and specifi cati on of the apical embryonic 
pole. At later globular stages, a new auxin source in apical cells of the 
embryo triggers polarizati on of the auxin transport to the basal pole for 
a proper formati on of a root. Altogether these data will propose a model 
integrati ng the dynamic behavior of auxin producti on, and its infl uence 
on the hormone transport, for the proper development of the embryo. 

This work is supported by project SoMoPro II 3SGA5602. 

P299 - Diff erent causes of pollen lethality 
induce reproductive barriers between 
Arabidopsis thaliana natural accessions 
 

SIMON Matthieu(1), DURAND Stéphanie(1), PLUTA Natacha(1), 
GOBRON Nicolas (), BOTRAN Lucy(1), RICOU Anthony(1), 
CAMILLERI Christine (1), BUDAR Françoise(1)  
(1) Institut Jean-Pierre Bourgin, UMR1318, INRA-AgroParisTech, 
VERSAILLES, FRANCE 
Sexual reproducti on involves the producti on of both male and female 
gametes. In predominantly selfi ng plants like Arabidopsis thaliana, 
a defect in the producti on of gametes of either sex potenti ally leads 
to a loss of fi tness and ulti mately to a full sterility. This deleterious 
phenotype can someti mes be observed in crosses between diff erent 
natural accessions of the same species. This phenomenon, also called 
geneti c incompati bility, limits gene fl ow and may ulti mately lead to 
speciati on events. In a series of systemati c reciprocal crosses between 
distant accessions of Arabidopsis thaliana, we highlighted a male sterility 
in Shahdara (Sha, from Tadjikistan) x Monte-Rosso (Mr-0, from Italy) F1 
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hybrids. The ferti lity of the reciprocal F1 indicated the Sha cytoplasm is 
involved in the sterility of the ShaxMr-0 F1. Previous geneti c analyses 
identi fi ed two nuclear loci involved in this phenotype. Our recent results 
suggest that the male sterility observed in the ShaxMr-0 hybrid is based 
on the combinati on of two diff erent geneti c mechanisms, each inducing 
pollen lethality:(1) a cytoplasmic male sterility, killing pollen carrying Mr-0 
alleles at restorer loci and (2)  several cytoplasm-independent hybrid male 
steriliti es, or pollen-killers, killing pollen with Sha alleles when produced 
by a plant heterozygous at the considered loci. We propose that the 
associati on of both eff ects parti cipate to the elaborati on of geneti c 
barriers between Shahdara and Mr-0 natural accessions. 

P300 - Florigen-induced transposon silencing in 
the shoot apical meristem in rice 
 

TSUJI Hiroyuki(1), TAMAKI Shojiro (2) , MATSUMOTO Ayana (2) , 
FUJITA Akiko (2) , SHIMATANI Zenpei (2) , SAKAMOTO Tomoaki 
(3), KURATA Tetsuya (3), TERADA Rie(4), SHIMAMOTO Ko (2)   
(1) Kihara Institute for Biological Research, Yokohama City 
University, Yokohama, JAPAN (2)  Laboratory of Plant Molecular 
Genetics, Nara Institute of Science and Technology, Ikoma, Nara, 
JAPAN(3)  Plant Grobal Education Project, Nara Institute of Science 
and Technology, Ikoma, Nara, JAPAN(4) Faculty of Agriculture, Meijo 
University, Nagoya, JAPAN 
Floral inducti on is a crucial developmental step in higher plants. Florigen, a 
mobile fl oral acti vator that is synthesized in the leaf and transported to the 
shoot apex, was recently identi fi ed as a protein encoded by FLOWERING 
LOCUS T (FT) and its orthologs; the rice fl origen is Heading date 3a (Hd3a) 
protein. The 14-3-3 proteins mediate the interacti on of Hd3a with the 
transcripti on factor OsFD1 to form a ternary structure called the fl origen 
acti vati on complex on the promoter of OsMADS15, a rice APETALA1 
ortholog. However, crucial informati on, including the spati otemporal 
overlap among FT-like proteins and the components of fl origen acti vati on 
complex and downstream genes, remains unclear. Here, we confi rm that 
Hd3a coexists, in the same regions of the rice shoot apex, with the other 
components of the fl origen acti vati on complex and its transcripti onal 
targets. Unexpectedly, however, RNA-sequencing analysis of shoot apex 
from wild-type and RNA-interference plants depleted of fl origen acti vity 
revealed that 4,379 transposable elements (TEs; 58% of all classifi able 
rice TEs) were expressed collecti vely in the vegetati ve and reproducti ve 
shoot apex. Furthermore, in the reproducti ve shoot apex, 214 TEs were 
silenced by fl origen. Our results suggest a link between fl oral inducti on 
and regulati on of TEs. 

P301 - AP1G-mediated dynamic vacuolar 
organization is critical for pollen development 
and pollen tube reception 
 

FENG Chong(1), WANG Jia-Gang(1), LI Sha(1), ZHANG Yan(1) 
(1) State Key Lab of Crop Biology, Shandong Agricultural University, 
Tai’an, CHINA 
Double ferti lizati on is a complex process involving gametophyti c 
development, pollen tube growth, guidance and recepti on, and 
gamete recogniti on and fusion. Pollen tubes perceive female cue to 
grow directi onally toward the embryo sac, whose entrance induces 
programmed cell death (PCD) of a synergid, which in turn signals 
pollen tube discharge. Except for surface receptors such as FERONIA 
(FER), litt le is known regarding cellular components mediati ng this 
process. We report here functi on of adaptor protein 1 (AP1) in pollen 
development and pollen tube recepti on. AP1Gs encode the U subunit 
of the heterotetrameric AP1, which is criti cal for both anterograde and 
retrograde traffi  cking by mediati ng protein sorti ng at the trans-Golgi 
network/early endosome (TGN/EE). We show that functi onal loss of AP1Gs 
impaired the dynamic organizati on and acidifi cati on of vacuoles during 
pollen development, resulti ng in complete male gametophyti c lethality. 
Pollen tube recepti on was also compromised such that tubes failed to 
arrest and discharge, resulti ng in parti al female gametophyti c lethality. 
We further demonstrated that pollen tube entry-induced synergid PCD 
is compromised by functi onal loss of AP1Gs due to defects in vacuolar 
dynamics and acidifi cati on. Indeed, mutati on of vacuolar proton pump 
or geneti c interference of vacuolar traffi  cking both compromised pollen 
tube recepti on. Our results demonstrate that AP1-mediated vacuolar 
dynamics and acidifi cati on, likely through sorti ng of key ion transporters, 
is criti cal for both pollen development and pollen tube recepti on. 

Post-transcriptional / 
post-translational regulations 
Posters 302 to 338

P302 - Arabidopsis PIP1 aquaporin expression 
depends on two major PIP2 isoforms 
 

LIU Chen(1), DA INES Olivier (2) , LUTTERBACH Jessica(1), GEIST 
Birgit(1), SCHÄFFNER Anton R(1)  
(1) Helmholtz Zentrum Munich, Oberschleißheim, GERMANY (2)  
Génétique, Reproduction et Développement, Clermont Université, 
Aubière, FRANCE 
Plasma membrane intrinsic protein (PIP) aquaporins are abundant 
membrane proteins, which are considered to play a role in regulati ng plant 
water status especially regarding transcellular water fl ow. Arabidopsis 
PIPs are comprised of two phylogeneti c subgroups with fi ve PIP1 and 
eight PIP2 members. PIP1 expression is dependent on PIP2;1 and PIP2;2, 
two major and abundantly expressed PIP2 isoforms; loss of PIP2;1 and 
PIP2;2 led to a parallel repression of PIP1 protein level in roots and leaves. 
The reduced PIP1 level was not due to repression of PIP1 transcripti on 
or PIP1 mRNA translati on, since neither total transcripts nor ribosome-
associated transcripts (assessed by translatome analysis from PIP2;2-
expressing cells) were signifi cantly altered. Therefore, the repression of 
PIP1 proteins takes place at the post-translati onal level. Translati onal 
fusions of two major PIP1 isoforms, PIP1;1 and PIP1;2, with EGFP- or HA-
tags were used to complement the corresponding pip1 mutants in an 
otherwise wild-type or pip2;1 pip2;2 mutant background to investi gate 
whether these PIP1s had been aff ected. Quanti tati ve analysis of these 
lines indicated that both PIP1 isoforms had been repressed in pip2;1 
pip2;2. Possible pathways of PIP1 degradati on as deduced from the EGFP-
tagged versions will be discussed. The dependence of PIP1 expression on 
PIP2;1 and PIP2;2 may be a means to more ti ghtly or quickly regulate 
PIP1- and PIP2-related membrane water permeability. 
 

P303 - Investigation of translational regulation 
and molecular mechanisms involved during 
the NB-LRR-mediated defense response in 
plants 
 

COHEN Mathias(1), MÉTEIGNER Louis-Valentin(1), EL-OIRDI 
Mohamed(1), BARFF Teura(1), GARNEAU Daniel(1), ZHOU Ji (2) , 
MOFFETT Peter(1) 
(1) Universite de Sherbrooke, Sherbrooke, CANADA (2)  Sainsbury 
Laboratory, Norwich, UNITED KINGDOM 
One major layer of plant immunity is conferred through NB-LRR proteins 
which recognize specifi c proteins encoded by pathogens and acti vate 
multi ple signaling pathways. Translati onal repression of viral mRNAs 
upon NB-LRR response acti vati on has already been described. In many 
cases, translati onal control occurs through the formati on of cytosolic 
foci called Processing Bodies (PBs), where the translati onally repressed 
RNAs are directed. PBs are dynamic and reversible structures composed 
by numerous proteins ensuring the decapping, the degradati on or 
the storage of the viral RNAs. Using molecular imaging techniques and 
transient transformati on of fusion PB proteins in Nicoti ana benthamiana, 
we are studying the biogenesis and compositi on of PBs. With the use of 
a PB quanti fi cati on assay, we fi nd that NB-LRR acti vati on induces a robust 
increase in the number of cellular PBs. Transcripti onal reprogramming of 
endogenous genes has also been previously described. However, litt le is 
known about post-transcripti onal gene regulati on of this response, such 
as translati onal control of endogenous genes. Thus we used Translati ng 
Ribosome Affi  nity Purifi cati on followed by RNAseq (TRAPseq) as a mean 
to evaluate translati onal regulati on of host mRNAs upon NB-LRR signaling 
acti vati on, in Arabidopsis thaliana. Translatome analysis has revealed 
extensive translati onal regulati on of hundreds of genes, and we have 
studied the eff ects on NB-LRR-mediated resistance of several novel 
candidate genes. 
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P304 (Talk) - Salt stress reveals new role of 
AGO1 in miRNA biogenesis pathway at both, 
co-transcriptional and posttranscriptional 
levels 
 

DOLATA Jakub(1), BAJCZYK Mateusz(1), BIELEWICZ Dawid(1), 
NIEDOJADLO Katarzyna (2) , WALCZAK Weronika(1), 
SZWEYKOWSKA-KULINSKA Zofi a(1), JARMOLOWSKI Artur(1) 
(1) Department of Gene Expression, Adam Mickiewicz University, 
Poznan, POLAND (2)  Department of Cell Biology, Nicolaus 
Copernicus University, Torun, POLAND 
MicroRNAs control gene expression at the post-transcripti onal level, by 
cleavage of mRNA targets or by inhibiti ng their translati on. We applied 
the mirEX qPCR panel to test the infl uence of salt stress on MIR genes 
expression in A. thaliana cells. Our data indicate that the profi le of 40% 
of all pri-miRNAs was signifi cantly changed under salt stress conditi ons. 
Data obtained from the qPCR and northern blot analyses shows that the 
majority of pri-miRNA and miRNA follows in the same directi on (both are 
up or down regulated) under stress conditi ons. These results indicate 
that those MIR genes are transcripti onally regulated. Selected examples 
were confi rmed using ChIP technique and GUS system. We also observed 
MIR genes with down-regulati on of pri-miRNA but increased level of 
mature miRNA (e.g. MIR161, MIR173). Such expression profi les indicate 
postt ranscripti onal regulati on of miRNAs biogenesis. We have shown 
that miR161 and miR173 are more stable in salt stress conditi on and that 
AGO1 is responsible for this phenomenon. Additi onally, we found that 
AGO1 is present not only in cytoplasm but also in nuclei. Using ChIP we 
have shown that AGO1 co-localizes on MIR161 and MIR173 genes and its 
level is increased under stress conditi ons. Parallely, we observed that RNA 
Pol II drops off  during the transcripti on of these MIR genes. Our results 
indicate that AGO1 beside the last step of miRNA pathway plays also 
important role in co-transcripti onal regulati on of MIR gene expression. 

P305 - The Roles of Arabidopsis CDF2 in 
Transcriptional and Posttranscriptional 
Regulation of Primary MicroRNAs 
 

SUN Zhenfei (), GUO Tongtong (), LIU Yin (), LIU Qi (), FANG 
Yuda(1)

(1) Shanghai Institute of Plant Physiology and Ecology, Shanghai, 
CHINA 
The precise regulati on of microRNA (miRNA) transcripti on and 
processing is important for eukaryoti c development. Plant miRNAs are 
fi rst transcribed as stem-loop primary miRNAs (pri-miRNAs) by RNA 
polymerase II</strong>�<strong>then cleaved in the nucleus into mature 
miRNAs by Dicer-like 1 (DCL1). We identi fi ed a cycling DOF transcripti on 
factor, CDF2, which interacts with DCL1 and regulates the accumulati on 
of a populati on of miRNAs. CDF2 binds directly to the promoters of some 
miRNAs and works as a transcripti on acti vator or repressor for these 
miRNA genes. CDF2 binds preferenti ally to the pri-miRNAs regulated by 
itself and suppresses DCL1-mediated pri-miRNA processing. Geneti cally, 
CDF2 works in the same pathway as miR156 or miR172 to control 
fl owering. We conclude that CDF2 regulates a group of pri-miRNAs at 
both the transcripti onal and postt ranscripti onal levels to maintain proper 
levels of their mature miRNAs to control plant development. CDFs were 
identi fi ed to play roles in the blue light signaling. The regulati on of 
miRNA abundance by CDF2 sheds light on the roles of miRNAs in the light 
signaling pathways. 

P306 - Ferredoxin-NADP+ oxidoreductase is 
post-translationally modifi ed in response to 
changing environment 
 

GRABSZTUNOWICZ Magda(1), LEHTIMÄKI Ninna(1), KOSKELA 
Minna M(1), DAHLSTRÖM Käthe M (2) , HANKE Guy(3) , ROKKA 
Anne(4), BATTCHIKOVA Natalia(1), SALMINEN Tiina A (2) , MULO 
Paula(1)  
(1) Molecular Plant Biology, Department of Biochemistry, University 
of Turku, Turku, FINLAND (2)  Structural Bioinformatics Laboratory, 
Department of Biosciences, Åbo Akademi University, Turku, 
FINLAND(3)  Plant Physiology, Faculty of Biology and Chemistry, 
University of Osnabrück, Osnabrück, GERMANY(4) Centre for 
Biotechnology, Turku, FINLAND 
The changing environment challenges plants and requires rapid 

adjustment of plant metabolism. Shift s in enzyme acti vity, one of the 
fastest and most effi  cient metabolic responses, can be achieved through 
post-translati onal modifi cati ons (PTMs), which are known to aff ect the 
acti vity, interacti on, as well as localizati on of proteins. Recent studies 
have shown that, besides protein phosphorylati on, also acetylati on, 
methylati on and glycosylati on of chloroplast proteins, are important in the 
regulati on in plasti d metabolism. Ferredoxin-NADP+ oxidoreductase (FNR) 
is an important mediator linking the light reacti ons of photosynthesis to 
carbon assimilati on. We have shown that both A. thaliana FNR isoforms 
existi ng as two disti nct forms with diff erent pI are parti ally NA-acetylated. 
Additi onally, the N-terminus of the disti nct isoforms possessed alternati ve 
transit pepti de cleavage sites. Both isoforms were found to contain 
acetylati on of a conserved lysine residue near to the acti ve site, while no 
evidence for in vivo phosphorylati on was gained. Experimental evidence 
and structural modeling show that the membrane att achment of FNR 
or its direct interacti on with ferredoxin is not aff ected by the identi fi ed 
modifi cati ons. However, the amounts of diff erently modifi ed FNR forms 
change upon transfer from darkness to light, which implies involvement 
of the modifi cati ons on the regulati on of FNR functi on. 

P307 - Endogenous substrates and importance 
during dark stress of Arabidopsis XRN4 
revealed by the polyA+ and polyARNA 
degradomes 
 

NAGARAJAN Vinay(1), GREEN Pamela(1)  
(1) Delaware Biotechnology Institute, Dept. of Plant and Soil 
Sciences, University of Delaware, Newark, Delaware, USA 
XRN4 (in plants) and XRN1 (in yeast and animals) are 5&rsquo; to 
3&rsquo; exoribonucleases that functi on in cytoplasmic mRNA decay. An 
RNA degradome approach called Parallel Analysis of RNA Ends (PARE) was 
used to identi fy, on a global scale, the substrates of XRN4 and gain insight 
about the biological impacts of the enzyme. Analysis of the polyA+ and 
polyA- RNA degradomes separately showed that deadenylated transcripts 
were prominent substrates of XRN4, consistent with the current models 
of mRNA turnover. XRN4 was known to degrade the 3&rsquo; products 
of miRNA-guided cleavage of select target mRNAs. PARE confi rmed and 
expanded on this showing that most 3&rsquo; cleavage products of 
miRNA targets with increased accumulati on in xrn4 are not deadenylated. 
Those RNAs that overaccumulate in xrn4 mutants as precisely decapped 
decay intermediates were identi fi ed by comparison to data from C-PARE, 
a technique to determine cap sites. Among decapped XRN4 substrates 
were transcripts with Conserved upstream ORFs and those elevated in 
the Nonsense-mediated mRNA Decay (NMD) mutant upf1, providing  
evidence for the involvement of XRN4 in NMD. The deadenylated and 
polyadenylated decapped substrates of XRN4 were enriched for transcripts 
that encode photosynthesis and chlorophyll-binding functi ons. This led to 
the fi nding that XRN4 defi ciency results in oversensiti vity to prolonged 
darkness and is characterized by elevati on of a sugar-starvati on marker 
and decreased chlorophyll content in dark-grown plants. 

P308 - SUMOylation at the crossroad between 
plant defences and temperature acclimation 
 

HAMMOUDI Valentin(1), VLACHAKIS Georgios(1), MAZUR 
Magdalena(1), HAM Jeff rey(1), VAN DEN BURG Harrold(1)  
(1) University of Amsterdam, Molecular Plant Pathology, 
Amsterdam, NETHERLANDS 
SUMOylati on is a post-translati onal modifi cati on consisti ng in the 
establishment of an isopepti de bond between a SUMO protein and a 
lysine lateral chain of target proteins. 2 SUMO canonical isoforms are 
found in Arabidopsis thaliana: SUMO1 and SUMO2. They are almost 
identi cal (89% identi ty on protein sequence) and act redundantly. 
SUMOylati on requires the sequenti al acti on of Acti vati ng (E1) and 
Conjugati ng (E2) enzymes. Importance of SUMOylati on is underlined by 
the embryo-lethality of E1 or E2 mutants. For some targets, the acti on of a 
3rd enzyme, named E3 ligase, is required. In Arabidospsis, only 2 E3s have 
been characterized: SIZ1 and HPY2. Interesti ngly, both siz1 and sumo1
amiR-SUMO2 mutants display an autoimmune phenotype characterized 
by Salicylic Acid (SA) accumulati on, spontaneous cell death, enhanced 
Pseudomonas resistance, defence marker gene expression (e. g . PR1/2), 
leading to dwarfi sm and parti al sterility. In fact, this phenotype is similar 
to mutants with high levels of SNC1, an auto-acti ve TIR-NB-LRR whose 
role is to enhance the SA defence responses. The phenotype of these high 
levels of SNC1 mutants are known to be totally temperature-dependent: 
plants grown at elevated temperature (here 28°C) are fully recovered. 
The dwarf phenotype of both siz1 and sumo1 amiR-SUMO2 mutants are 
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SA dependent. We here show that at elevated temperature, while siz1 
mutants display a recovery like high levels of SNC1 mutants, sumo1 amiR-
SUMO2 mutants die. Unlike the dwarfi sm, this dying phenotype cannot 
be rescued in SA defi cient plants. SIZ1-independent SUMOylati on seems 
to be important for early stage development in elevated temperature. We 
also show that SIZ1 does not directly control SNC1 expression nor SNC1 
stability: SIZ1 acts downstream of SNC1 and seems to act at the level of 
the PAD4/EDS1 hub of the SA pathway. We here uncouple SIZ1-mediated 
and SIZ1-independent SUMOylati ons. 

P309 - Post-translational regulation of the 
root nitrate uptake transporter NRT2.1 in 
Arabidopsis Thaliana. 
 

JACQUOT Aurore(1), MAURIES Adeline(1), LAUGIER Edith (2), 
BOUGUYON Eleonore(1), HEM Sonia(1), ROFIDAL Valérie(1), 
TILLARD Pascal(1), SANTONI Véronique(1), GOJON Alain(1), 
LEJAY Laurence(1)  
(1) INRA Montpellier-IBIP-BPMP, Montpellier, FRANCE (2)  CNRS 
Montpellier
In Arabidopsis, NRT2.1 gene encodes the main component of the root 
NO3- High-Affi  nity Transport System (HATS). Due to the strong correlati on 
generally found between root NO3- infl ux and NRT2.1 mRNA level, it 
has been postulated that transcripti onal regulati on of NRT2.1 is a key 
mechanism for modulati on of the HATS acti vity. However, we showed 
that the abundance of NRT2.1 protein at the plasma membrane in 
response to light, sugars or high nitrogen supply is only slowly aff ected, 
unlike NRT2.1 mRNA level or NO3- HATS acti vity, which showed much 
faster changes. Furthermore, the consti tuti ve expression of NRT2.1 under 
the control of a 35S promoter did not prevent HATS acti vity in the roots 
to be down regulated in response to repressive N or dark treatments 
that strongly reduce NRT2.1 transcripti on and NO3- HATS acti vity in the 
wild type plants. In additi on, changes in abundance of NAR2.1 closely 
followed those of NRT2.1, and thus could not explain the close-to-normal 
regulati on of the HATS in the 35S::NRT2.1 transformants. These results 
confi rmed that post-translati onal regulatory mechanisms are involved 
in the regulati on of NRT2.1 acti vity. In order to elucidate this level of 
regulati on, we recently started a phosphoproteomic approach combined 
with NRT2.1 phospho-pepti des quanti fi cati on. Some preliminary results 
will be presented. 

P310 - The nucleolar GTPase Nucleostemin-like 
1 plays a role in plant growth and senescence 
by modulating ribosome biogenesis 
 

JEON Young(1), PARK Yong-Joon(1), JUNG Hyun Ju (2) , AHN Tae-
Kyu(3) , KANG Hunseung (2) , PAI Hyun-Sook(1)  
(1) Yonsei Univ., Seoul, SOUTH KOREA (2)  Chonnam National Univ., 
Gwangju, SOUTH KOREA(3)  Sungkyunkwan Univ., Suwon, SOUTH 
KOREA 
Nucleostemin is a nucleolar GTP-binding protein that is involved in stem-
cell proliferati on, embryonic development, and ribosome biogenesis in 
mammals. Plant nucleostemin-like 1 (NSN1) plays a role in embryogenesis, 
and apical and fl oral meristem development. In this study, we identi fi ed a 
nucleolar functi on of NSN1 in the regulati on of ribosome biogenesis. GFP-
fused NSN1 localized to the nucleolus, which was primarily determined 
by its N-terminal domain. Recombinant NSN1 and its N-terminal domain 
(NSN1-N) bound to 25S and 18S ribosomal RNAs (rRNAs) in vitro. 
Recombinant NSN1 expressed GTPase acti vity, which was diminished by 
mutati ons in GTP-binding moti fs. NSN1 silencing in Arabidopsis thaliana 
and Nicoti ana benthamiana led to growth retardati on and premature 
senescence. NSN1 interacted with Pescadillo and EBNA1 binding protein 
2 (EBP2), which are nucleolar proteins involved in ribosome biogenesis, 
and with several ribosomal proteins. NSN1, NSN1-N, and EBP2 co-
fracti onated primarily with the 60S ribosomal large subunit in vivo. 
Depleti on of NSN1 delayed 25S rRNA maturati on and biogenesis of the 
60S ribosome subunit, and repressed global translati on. NSN1-defi cient 
plants exhibited premature leaf senescence, excessive accumulati on of 
reacti ve oxygen species, and senescence-related gene expression. Taken 
together, these results suggest that NSN1 plays a crucial role in plant 
growth and senescence by modulati ng ribosome biogenesis. 

P311 - Structural determinants for pri-miR156a 
processing in ambient temperature-responsive 
fl owering time control 
 

KIM Wanhui(1), JUN A Rim(1), KIM Hee-Eun (2) , JUNG Myung 
Gyo(1), LEE Joon-Hwa (2) , AHN Ji Hoon(1)  
(1) Korea University, Seoul, SOUTH KOREA (2)  Gyeongsang University, 
Jinju, Gyeongnam, SOUTH KOREA 
Plant miRNAs are playing an important regulatory role in plant 
development. MiR156 is important regulator for fl owering ti me control 
in the response to ambient temperature in Arabidopsis. In this study, we 
performed structure-functi on analaysis of Arabidopsis pri-miR156s in 
ambient temperature responsive-fl owering ti me. All region of upper stem 
is important and the upper stem region closer to the miR156/miR156* 
duplex is more important for pri-miR156a processing at 23°C. Additi onal 
pairing and non-pairing mutati on in lower stem had eff ect to repress and 
enhance miR156 processing, respecti vely. NMR analysis revealed that less 
stable base-pair of second cleavage site of pri-miR156a is more eff ecti ve 
to pri-miR156a processing. Moreover, we proposed the key role of second 
stem from miRNA/miRNA* duplex of pri-miR156a and pri-miR172a on the 
region where fi rst cleavage occurs for ambient temperature-responsive 
fl owering. Our fi nding provides a clue to decode the informati on 
embedded in the sequence of miRNA in ambient temperature-responsive 
fl owering. 

P312 - Identifi cation and biochemical 
characterization of a new class of tyrosine 
phosphatase in Arabidopsis thaliana. 
 

LABANDERA Anne-Marie(1), UHRIG R. Glen (2) , MOORHEAD 
Greg(1)  
(1) University of Calgary, Calgary, CANADA (2)  ETH Zurich, Zurich, 
SWITZERLAND 
The study of tyrosine phosphorylati on in plants has been neglected due to 
the lack of classic tyrosine kinases and tyrosine phosphatases. However, 
thanks to advanced phosphoproteomics studies, it has been revealed that 
the abundance of phospho-tyrosine residues in plants rivals humans. This 
strongly suggests that in plants tyrosine phosphorylati on is as important 
as in humans, yet we know nothing about the players responsible of 
these events. The Arabidopsis thaliana Rhizobiales-like phosphatase 2 
(AtRLPH2) is a novel protein phosphatase, not found in mammals which, 
according to bioinformati cs analysis, clusters with the serine/threonine 
specifi c phospho-protein phosphatase (PPP) group. AtRLPH2 has not 
been characterized however, we have demonstrated in vitro that the 
recombinant AtRLPH2 surprisingly behaves like a tyrosine phosphatase. 
AtRLPH2 is not aff ected by the classic PPP inhibitors but in turn it was 
shown to be inhibited by the specifi c tyrosine phosphatase inhibitor, 
sodium orthovanadate. Moreover, AtRLPH2 dephosphorylates phospho-
tyrosine pepti des having essenti ally no acti vity towards phospho-serine/
threonine residues. To support the phospho-tyrosine phosphatase 
nature of the bacterially expressed AtRLPH2, the endogenous AtRLPH2 
from Arabidopsis thaliana was purifi ed by immunoprecipitati on and was 
indeed shown to preferenti ally dephosphorylate tyrosine phosphorylated 
pepti des. Furthermore, a 56 kDa protein, which is heavily tyrosine 
phosphorylated and is commonly used in human phospho-tyrosine 
phosphatase studies (GST-Fer), was also readily dephosphorylated by 
the endogenous AtRLPH2. This is the fi rst example of a supposed serine/
threonine specifi c phosphatase that behaves as a tyrosine phosphatase 
in plants. To gain a bett er understanding of AtRLPH2 signifi cance and 
targets, a phosphoproteomics study is currently being undertaken to 
compare tyrosine phosphorylated pepti des from wild type (WT) and 
atrlph2 knock out plant lines. Finally, a preliminary phenotypical study 
has shown that seeds lacking AtRLPH2 germinate faster than WT plants 
under standard conditi ons suggesti ng AtRLPH2 involvement in repressing 
the initi ati on of germinati on. 
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P313 - Diverse Roles of Chloroplast-Targeted 
RNA-Binding Proteins in the Growth, 
Development, and Stress Response of 
Arabidopsis thaliana 
 

LEE Kwanuk(1), HAN Ji Hoon(1), KANG Hunseung(1)  
(1) Chonnam National University, Gwangju, SOUTH KOREA 
The chloroplast genome harbors only 130-150 genes in its own circular 
genome, but recent studies on the chloroplast proteome have revealed 
that thousands of nuclear-encoded proteins are targeted to chloroplasts 
and play essenti al roles in chloroplast gene expression, biogenesis, and 
functi on. Despite the increasing understanding on the functi onal roles 
of nuclear-encoded RNA-binding proteins (RBPs) in chloroplasts, the 
physiological and cellular functi on of a majority of chloroplast-targeted 
RBPs remain largely unknown. To understand the functi onal roles of 
nuclear-encoded chloroplast-targeted RBPs in plant growth, development, 
and stress responses, we determined the functi onal roles of a CRM-
domain protein CFM4 and a S1-domain protein SDP1 in Arabidopsis 
thaliana. The loss-of-functi on cfm4 and sdp1 mutants displayed delayed 
growth, abnormal chloroplast biogenesis, and reduced photosyntheti c 
acti vity under normal and stress conditi ons. These abnormal phenotypes 
resulted from the impaired processing or maturati on of chloroplast rRNAs. 
Importantly, CFM4 and SDP1 possessed RNA chaperones acti vity that 
aids in correct folding of RNA substrates during these cellular processes. 
Collecti vely, these results suggest that nuclear-encoded chloroplast CFM4 
and SDP1 play important roles in plant growth, development, and stress 
responses by parti cipati ng in chloroplast RNA metabolism. [Supported by 
grants from NRF and Next-Generati on BioGreen21] 

P314 - Transcriptome and translatome have 
distinct roles in the regulation of Arabidopsis 
seed germination 
 

BASBOUSS-SERHAL Isabelle(1), BASSEL Georges (2) , BAILLY 
Christophe(1), LEYMARIE Juliette(1)  
(1) Université Pierre et Marie Curie, PARIS, FRANCE (2)  School of 
Biosciences, University of Birmingham, Birmingham, UK 
Dormancy is a complex evoluti onary trait that temporally prevents seed 
germinati on. High throughput analyses of transcriptomes have led to 
signifi cant progress in the understanding of the molecular regulati on of 
this process but the role of post-transcripti onal mechanisms has received 
litt le att enti on. We have studied the dynamics of mRNAs associati on 
with polysomes and compared the transcriptome to the translatome in 
dormant and non-dormant seeds of Arabidopsis thaliana during their 
imbibiti on at 25°C in the darkness, a temperature preventi ng germinati on 
of dormant seeds only. DNA microarrays analysis revealed that 4670 
and 7028 transcripts were diff erenti ally abundant in dormant and non-
dormant seeds in the transcriptome and in the translatome, respecti vely. 
Using SeedNet network, in which co-expressed genes associated with 
germinati on or dormancy have been clustered in 3 topographic regions, 
we show that transcripts associated with polysomes in dormant seeds 
are localized randomly and not only within the &quot;dormancy&quot; 
region as predicted by the network. This clearly highlights the discrepancy 
between transcripti on and translati on in the context of seed germinati on. 
Analysis of functi ons of polysome-associated transcripts in dormant 
and non-dormant seeds allowed to reveal actors of seed dormancy and 
germinati on. In conclusion our results demonstrate that the regulati on 
of germinati on is more related to changes in the translatome than to a 
transcripti onal regulati on. 

P315 - Discovery of arginine citrullination in 
Arabidopsis thaliana 
 

MARONDEDZE Claudius(1), ELIA Giuliano (2) , THOMAS 
Ludivine(3) , GEHRING Christoph(3)   
(1) Cambridge Centre for Proteomics, Biochemistry Department, The 
University of Cambridge, Cambridge, CB2 1GA, UNITED KINGDOM (2)  
Philochem AG, Libernstrasse, CH-8112 Otelfi ngen, SWITZERLAND(3)  
Division of Biological and Chemical Science and Engineering, King 
Abdullah University of Science and Technology, Thuwal, KINGDOM 
OF SAUDI ARABIA 
Protein citrullinati on is a post-translati onal modifi cati on implicated 
in an increasing number of biological processes in animals including 
histone modifi cati ons, transcripti onal regulati on as well as a number 

of pathologies. It occurs when arginine side chains are deiminated and 
converted into an amino acid citrulline, a process carried out by Ca2+-
dependent pepti dylarginine deiminases (PADs; EC 3.5.3.15). However, to-
date citrullinati on has not been reported in higher plants. Here we show, 
fi rstly, that the Arabidopsis thaliana proteome does contain citrullinated 
proteins and secondly, that the citrullinati on signature changes in 
response to cold stress. Using proteomics, we noted that out of 14 
citrullinated proteins, seven are DNA- or RNA-binding proteins and two 
are annotated as protein-binding indicati ng roles in cell signalling and/or 
regulati on. Based on the cold-induced expression in Arabidopsis agmati ne 
iminohydrolase that conceivably operates as PAD, we also predict that 
specifi c citrullinati on events occur in response to low temperature sti muli. 

P316 - Stability of VNI2 protein is regulated by 
RING fi nger proteins 
 

MASATOSHI Yamaguchi(1), KITAGAWA Junko(1), MATSUDA 
Kohei(2), UCHIMIYA Hirofumi(1), KAWAI-YAMADA Maki(1), 
DEMURA Taku(2)  
(1) Saitama University, Saitama, JAPAN (2)  NAIST, Nara, JAPAN 
A NAC domain transcripti on factor VNI2 has been isolated as an interacti ng 
factor with another NAC domain transcripti on factor VND7, a master 
regulator of xylem vessel formati on. VNI2 negati vely regulates the xylem 
vessel diff erenti ati on by inhibiti ng VND7 acti vity. Here, to understand 
how VNI2 is controlled during the diff erenti ati on, we screened interacti ng 
factors with VNI2 by using yeast two-hybrid system. When full length VNI2 
was used as a bait, a cDNA encoding a RING fi nger protein was isolated. 
The RING fi nger protein is known to be a member of a family and act as an 
ubiquiti n E3 ligase by forming complex with other proteins. VNI2 lacking 
the C terminal region containing a PEST moti f is unable to bind to the 
RING fi nger protein. We generated a mutant line, which seems to reduce 
in the ubiquiti n-E3 ligase acti vity. VNI2 protein is more stable in the 
mutant than that in wild type plants. Furthermore, disconti nuous xylem 
vessels are observed in cotyledon of the mutant. These results suggest 
that the RING fi nger proteins regulate stability of the VNI2 protein, and 
the control of the VNI2 protein stability plays important roles in normal 
xylem vessel formati on. 

P317 - Regulation of the Arabidopsis 
translation machinery by the TOR (Target of 
Rapamycin) kinase. 
 

DOBRENEL Thomas(1), MATTHES Annemarie(1), AZZOPARDI 
Marianne(1), SORMANI Rodnay(1), DAVANTURE Marlène(3) , 
ZIVY Michel (3), ROBAGLIA Christophe (2) , MEYER Christian(1) 
(1) Institut Jean-Pierre Bourgin (IJPB), UMR 1318 INRA AgroParisTech, 
Saclay Plant Sciences , Versailles, FRANCE (2)  Laboratoire de 
Génétique et Biophysique des Plantes, UMR 7265, DSV, IBEB, SBVME, 
CEA, CNRS, Aix Marseille Université, Faculté des Sciences de Luminy, 
Marseille, FRANCE(3)  PAPPSO, UMR 0320/UMR8120 Génétique 
Quantitative et Evolution -Le Moulon, INRA/Université Paris-Sud/
CNRS/AgroParisTech, Gif sur Yvette, FRANCE 
 The evoluti onary conserved TOR (Target Of Rapamycin) kinase regulates 
growth and development in response to environmental cues, including 
nutrients and hormones. Indeed, in animal and yeast, the TOR signaling 
pathway controls essenti al biological outputs like mRNA translati on, 
ribosome biogenesis, autophagy and primary metabolism. We fi rst show 
that TOR inacti vati on results in a decrease in polysome abundance. 
Next we performed a proteomic and phosphoproteomic study of the 
ribosomal fracti on in response to TOR inacti vati on, together with 
transcriptomic and translatomic analyses. Thus we identi fi ed ribosomal 
protein families which expression is aff ected by the decrease in TOR 
acti vity. In animal and yeast cells, TOR controls the phosphorylati on of 
the ribosomal protein S6 (RPS6) through acti vati on of the S6 kinase. The 
phosphoproteomic analysis of ribosomal proteins also indicated that TOR 
inacti vati on in Arabidopsis seems to lead to a decreased phosphorylati on 
status of RPS6. In conclusion this study revealed putati ve targets of the 
TOR kinase in the plant ribosome fracti on which can be controlled either 
at the transcripti onal, translati onal or phosphorylati on levels. 
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P318 - A role for the DENTICULATA genes in the 
regulation of gene expression 
 

TOUMI Amani(1), NAVARRO-QUILES Carla(1), BUIGUES-
CARAVACA Marc(1), MATEO-BONMATÍ Eduardo(1), PONCE 
María Rosa(1), MICOL José Luis(1)  
(1) Instituto de Bioingeniería, Universidad Miguel Hernández, 
Campus de Elche, Elche, SPAIN 
In Arabidopsis, loss-of-functi on alleles of a number genes encoding 
ribosomal proteins (rp) cause weak developmental phenotypes and 
synergisti cally interact with mutati ons in the AS1 (ASYMMETRIC LEAVES 
1) and AS2 genes. AS1 is a MYBdomain protein and AS2 a plant-specifi c 
nuclear protein belonging to the LATERAL ORGAN BOUNDARIES family. 
The rp as double mutants exhibit strong alterati ons in leaf dorsoventrality, 
an observati on that points out the possible involvement of translati onal 
regulati on in plant development. We isolated Arabidopsis mutants 
exhibiti ng pointed and dentate leaves, which we termed denti culata 
(den); these mutants were induced by EMS and fast neutrons and found 
to fall into 19 complementati on groups. We positi onally cloned fi ve 
den mutati ons, all of which resulted to be alleles of genes encoding 
ribosomal proteins. Map-based (positi onal) cloning has traditi onally been 
the preferred strategy for identi fying the causal genes underlying the 
phenotypes of mutants isolated in forward geneti c screens. Massively 
parallel sequencing technologies are enabling the rapid cloning of genes 
identi fi ed in such screens. To identi fy the remaining 14 DEN genes, we are 
using a combinati on of linkage mapping and whole-genome sequencing. 

P319 - Ribosome biogenesis requires RRP7 and 
NOP53 in Arabidopsis 
 

MICOL-PONCE Rosa(1), RUIZ-BAYÓN Alejandro(1), 
CASTROVIEJO-JIMENEZ Noemi(1), PONCE María Rosa(1)  
(1) Instituto de Bioingeniería, Universidad Miguel Hernández, Elche, 
Alicante, SPAIN 
We identi fi ed mas2 (morphology of argonaute1-52 suppressed 2) 
alleles as informati onal suppressors of ago1-52, a hypomorphic allele of 
AGO1. The MAS2 gene was positi onally cloned and found to encode the 
Arabidopsis ortholog of NKAP (NF-kappa B acti vati ng protein), a conserved 
protein involved in transcripti onal repression in animals. A yeast two 
hybrid assay with MAS2 as a bait identi fi ed 14 interactors, two of which 
are the putati ve orthologues of proteins known to parti cipate in ribosome 
biogenesis in Saccharomyces cerevisiae: Ribosomal RNA Processing 
Protein 7 (RRP7) and Nucleolar Protein 53 (NOP53). The Arabidopsis 
rrp7-1 and nop53-1 inserti onal mutants exhibit pointed and reti culated 
leaves, which are traits shared by many mutants defecti ve in ribosome 
biogenesis. We obtained transgenic plants expressing the NOP53:GFP and 
RRP7:GFP translati onal fusions and found that both are nuclear proteins. 
We also obtained double mutant combinati ons of nop53-1 or rrp7-1 and 
loss-of-functi on alleles of genes required for ribosome biogenesis and the 
microRNA pathway; the phenotypes of most of these double mutants 
resulted to be synergisti c. 

P320 - Silencing of green fl uorescent protein 
gene present in plastid genome of Nicotiana 
benthamiana 
 

MOON Ju Yeon(1), PARK Jeong Mee(1)  
(1) Korea Research Institute Bioscience and Biotechnology(KRIBB), 
Daejeon, SOUTH KOREA (2)  Department of Biosystems and 
Bioengineering, University of Science and Technology, Daejeon, 
SOUTH KOREA 
RNA interference (RNAi) is a conserved biological process to regulate the 
acti vity of genes by causing the destructi on of specifi c mRNA molecules 
in many diff erent organisms. The regulati on of RNA silencing generally 
takes place in cytosol following micro RNA or small interfering RNA 
(siRNA)-loaded RNA-induced silencing complex binding to the target 
mRNA. Although certain small non-coding RNAs have been identi fi ed in 
chloroplasts, it remains largely unknown whether subcellular organelles 
such as chloroplasts are also regulated by RNAi. To investi gate whether 
the RNA silencing is processed in chloroplast, we experimented GFP gene 
silencing in leaves of two diff erent Nicoti ana benthamiana transgenic 
plants, encoding GFP gene inserted in nuclear or plasti d genome, 
respecti vely, by Agrobacterium-mediated transient expression assay. 
Microscopy established that the exogenous GFP overexpression induces 
disappearance or decline of the fl uorescence from the both cytosol and 

chloroplast, and siRNAs derived from GFP (siGFP) were identi fi ed with 
total RNA from the infi ltrated leaves by small RNA gel blot assay. These 
results imply that the RNA silencing event may be subsumed under the 
gene expression regulati on of chloroplast. Due to none of component 
unidenti fi ed in chloroplast, which functi ons in RNA silencing mechanism, 
further studies are in progress to examine whether the siRNA of GFP is 
generated in or transferred into chloroplast, then it is able to induce the 
gene silencing. 

P321 - Post-transcriptional regulation of the 
paternal patterning cue SHORT SUSPENSOR 
 

MUSIELAK Thomas(1), HENSCHEN Agnes(1), BAYER Martin(1)  
(1) Max Planck Institute for Developmental Biology, Tübingen, 
GERMANY 
In Arabidopsis thaliana, the suspensor is a mostly extra-embryonic 
structure that supports embryo development but also contributes to 
the embryonic root. It emerges from the basal daughter cell aft er the 
fi rst zygoti c division. The decision between embryonic development of 
the apical daughter cell and extra-embryonic cell fate in the suspensor 
is regulated by the YODA (YDA) MAPKK Kinase pathway. Upstream of 
YDA acts SHORT SUSPENSOR (SSP), a membrane-bound pseudo-kinase, 
which is regulated in a remarkable manner on both the transcripti onal 
and translati onal level. SSP is solely transcribed in sperm cells, but is not 
translated there, at least not on a detectable level. Aft er ferti lizati on, 
paternally inherited SSP transcript is translated in the zygote, where the 
protein transiently acti vates the YDA pathway. So far, the mechanism 
how the accumulati on of SSP protein in sperm cells is prevented and how 
this block is removed in the zygote is unclear. Here we provide evidence 
that transposable elements in the 5’UTR region of SSP seem to mediate 
the translati onal block in sperm cells. We show that this translati onal 
regulati on is connected to the recently described epigeneti cally acti vated 
small interfering RNA (easiRNAs) pathway. Furthermore, we found that 
precocious translati on of SSP transcript variants in sperm cells seems to 
aff ect sperm fusion competence. 

P322 (Talk) - Degradation of BES1 mediated 
by adaptor protein BIP5 controls the balance 
between plant growth and stress responses in 
Arabidopsis 
 

NOLAN Trevor(1), BRENNAN Ben(1), BASSHAM Diane(1), YIN 
Yanhai(1)  
(1) Department of Genetics, Development and Cell Biology, Iowa 
State University, Ames, IA, UNITED STATES 
BES1 is a central transcripti on factor in the Brassinosteroid (BR) signaling 
pathway that controls the expression of thousands of genes involved 
in plant growth and development. Despite extensive characterizati on 
of BES1 in carrying out BR-related gene expression, litt le is known 
regarding how levels of BES1 protein are regulated. By screening for 
BES1 interacti ng partners, we have identi fi ed BES1 Interacti ng Protein 5 
(BIP5) as an adaptor that delivers BES1 to the proteasome and autophagy 
machinery for degradati on. Degradati on of BES1 might provide a switch 
by which plants can shut down growth when unfavorable environmental 
conditi ons are encountered. In support of this hypothesis, knockdown 
of BIP5 in BIP5 RNAi plants results in accumulati on of BES1 protein and 
suscepti bility to drought or nutrient deprivati on. Cell biological studies 
reveal that BES1 is targeted to the autophagy pathway during stress 
conditi ons through interacti on with ATG8, a ubiquiti n-like protein that 
directs autophagosome formati on and cargo recruitment. In additi on, we 
found that BIP5 is a substrate of the GSK3-like kinase BIN2, a negati ve 
regulator in the BR signaling pathway. Phosphorylati on of BIP5 by 
BIN2 promoted its interacti on with ATG8, thereby targeti ng BES1 for 
degradati on. Our results revealed a new mechanism by which plants 
coordinate growth and stress responses by regulati ng BES1 protein 
levels through integrati on of BR signaling and autophagy pathways. This 
research is supported by NSF (IOS1257631). 
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P323 - Role of RING E3 ubiquitin ligases in B. 
cinerea fl ower infection 
 

PAVICIC Mirko(1), GARRETON Virginia (2) , HIMANEN Kristiina(1)  
(1) University of Helsinki, Helsinki, FINLAND (2)  Iniciativa Científi ca 
Milenio. FONDECYT Project Nº11060072, Santiago, CHILE 
Flowers are suscepti ble to pathogen att acks aff ecti ng fruit yield and 
quality. Botryti s cinerea is an air borne plant fungal pathogen able to 
infect and rot a broad spectrum of economically important crops. For 
a long ti me B. cinerea has been studied using A. thaliana leaf infecti on 
assays. However, in several crops B. cinerea infecti on takes places in 
fl ower rather than leaves. Although B. cinerea wreaks havoc at fl ower no 
studies have been carried out in such ti ssues from a molecular point of 
view. In this study we have developed a fl ower defense genes selecti on 
work fl ow using gene ontology (GO), plant ontology (PO) and public 
gene expression databases. From these data we have chosen as working 
candidate a RING E3 ubiquiti n (ub) ligase that shows high transcripti on up 
regulati on under B. cinerea infecti on. In order to further characterize the 
molecular role and regulati on of this E3 Ub ligase in pathogen defense 
responses, we performed Y2H and TAP screens and found fi ve proteins 
that might be involved in pathogen defenses responses, representi ng 
SUMO E3 ligase homologs, homeoti c and Myb transcripti on factors, 
two disease resistance proteins. The main objecti ve of this study is to 
establish the molecular role of the E3 Ub ligase candidate and its target in 
plant-pathogen responses at fl ower level by phenotype analysis, in vitro 
interacti ons and ubiquiti nati on assays, off ering a novel approach to study 
plant-pathogen responses. 

P324 - New insights into the regulation of the 
vacuolar antiporters NHX1 and NHX2 activity 
by pH and phosphorylation 
 

ROMBOLÁ-CALDENTEY Belén(1), ANDRÉS Zaida(1), PEREZ 
HORMAECHE Javier(1), LEIDI Eduardo O.(1), QUINTERO 
Javier(1), CUBERO Beatriz(1), PARDO José M.(1) 
(1) IRNAS-CSIC, Sevilla, SPAIN 
The tonoplast-localized K+,Na+/H+ exchangers NHX1 and NHX2 of 
Arabidopsis are involved in the accumulati on of K+ into the vacuole of 
plant cells, thereby increasing the osmoti c potenti al, water uptake and 
the turgor pressure necessary for cell expansion and growth. These 
proteins are also required for vacuolar remodelling during stomatal 
movements. Phosphoproteomic analyses and preliminary results from 
our laboratory strongly support that NHX1 and NHX2 functi on is regulated 
by phosphorylati on of their C-terminal domain by CBL-interacti ng 
protein kinases (CIPKs). Functi onal and in vitro phosphorylati on assays 
demonstrati ng a diff erenti al regulati on of NHX1 and NHX2 by CIPKs 
will be presented. We have also identi fi ed by phylogeneti c analysis and 
computati onal modelling of the NHX1 protein various structural domains 
and amino acid residues putati vely involved in ion transport, cati on 
coordinati on, and pH sensing of NHX1. Point-mutati on alleles for these 
relevant residues have been generated to analyse their impact in the 
biochemical acti vity and pH dependence of NHX1 by functi onality tests 
in yeast and in vitro ion transport assays. Our results point to the fi ne-
tuning of NHX1 and/or NHX2 acti vity in response to developmental and 
environmental cues. In additi on, we expect to unravel the biochemical 
mechanisms for pH sensing and regulati on of these criti cal K+ transporters 
of Arabidopsis. 
 

P325 - Light signals regulating alternative 
splicing in Arabidopsis 
 

PETRILLO Ezequiel(1), KALYNA Maria (2) , BARTA Andrea(1)  
(1) Max F. Perutz Laboratories; Medical University of Vienna, Vienna, 
AUSTRIA (2)  Department of Applied Genetics and Cell Biology; 
BOKU - University of Natural Resources and Life Sciences, Vienna, 
AUSTRIA 
Light is a source of energy and also a regulator of plant physiological 
adaptati ons. We recently show that light/dark conditi ons aff ect alternati ve 
splicing of a subset of Arabidopsis genes preferenti ally encoding proteins 
involved in RNA processing. The eff ect requires functi onal chloroplasts 
and is also observed in roots when the communicati on with the 
photosyntheti c ti ssues is not interrupted, suggesti ng that a signaling 
molecule travels through the plant. We are now trying to identi fy the 
nature of the light signals that communicate the chloroplast status to 
the nuclei of leaf and root cells. By using diff erent approaches we want 

to elucidate the roles of sugars as possible mobile signals and also the 
involvement of the spliceosome and the RNA polymerase II as possible 
targets and/or eff ectors of these light signaling pathways. 

P326 - Comprehensive analysis of tRNA-derived 
small RNAs biogenesis in plants 
 

PLEWKA Patrycja(1), SZYMANSKI Maciej (2) , THOMPSON 
Agnieszka (2) , BARCISZEWSKA-PACAK Maria(1), PACAK 
Andrzej(1), KNOP Katarzyna(1), ZIELEZINSKI Andrzej (2), 
SZWEYKOWSKA-KULINSKA Zofi a(1), JARMOLOWSKI Artur(1), 
KARLOWSKI Wojciech M. (2)   
(1) Department of Gene Expression, Institute of Molecular Biology 
and Biotechnology, Adam Mickiewicz University, Poznan, POLAND 
(2)  Department of Computational Biology, Institute of Molecular 
Biology and Biotechnology, Adam Mickiewicz University, Poznan, 
POLAND 
In the last few years diff erent classes of endogenous small non-coding RNAs 
were identi fi ed and described in diverse species with the use of advanced 
high-throughput sequencing technology (NGS) and computati onal 
analyses. Among them, one originati ng from canonical tRNA molecules 
seems to be the most evoluti onary conserved and thus represented 
in all three domains of life. tRFs (tRNA-derived fragments) of 15-26 
nucleoti des in length have long been regarded as random byproducts 
of tRNA biogenesis or degradati on processes, but emerging evidence 
demonstrates that they are precisely generated through a specifi c 
cleavage patt ern. Using Arabidopsis thaliana as a model organism, we aim 
at identi fi cati on and characterizati on of the components involved in tRNA 
and microRNA biogenesis pathways that may play a role in generati on 
of tRFs. The RNAs sequences used for this analysis were obtained using 
sRNA libraries from over 30 A. thaliana mutant lines carrying mutati ons 
in genes associated with tRNA and microRNA biogenesis. Interesti ngly, 
bioinformati c analysis of our NGS data revealed the existence of small 
RNAs deriving not only from mature tRNAs but also from tRNA fl anking 
regions embedded within longer noncoding transcripts synthesized by 
RNA polymerase II. 
This work was supported by grants from the Nati onal Science Center 
UMO-2011/03/B/NZ2/01416 and UMO -2013/11/N/NZ2/02511. 

P327 - MAS2, the Arabidopsis ortholog of 
human NKAP, regulates 45S rDNA transcription 
 

SÁNCHEZ-GARCÍA Ana Belén(1), MICOL-PONCE Rosa(1), JOVER-
GIL Sara(1), PONCE Maria Rosa(1)  
(1) Instituto de Bioingeniería, Universidad Miguel Hernández, Elche, 
Alicante, SPAIN 
We conducted a screen for suppressors of Arabidopsis thaliana ago1-
52, a hypomorphic allele of AGO1 (ARGONAUTE1), a key gene in 
microRNA pathways. We identi fi ed nine extragenic suppressors as 
alleles of MORPHOLOGY OF AGO1-52 SUPPRESSED 2 (MAS2). Positi onal 
cloning showed that MAS2 encodes the putati ve ortholog of NKAP (NF-
kappa B acti vati ng protein), a conserved eukaryoti c protein involved in 
transcripti onal repression and splicing in animals. The mas2 mutati ons 
behave as informati onal suppressors of ago1 alleles that cause 
missplicing. MAS2 is a single-copy gene whose inserti onal alleles are 
embryonic lethal. The arti fi cial microRNA amiR-MAS2 parti ally repressed 
MAS2 and synergisti cally interacted with a loss-of-functi on allele of 
AtNuc-L1, which encodes NUCLEOLIN1, which aff ects epigeneti c control 
of 45S rDNA expression. 45S rDNA promoters were hypomethylated in 
amiR-MAS2 plants, indicati ng that MAS2 negati vely regulates 45S rDNA 
expression. In yeast two-hybrid assays, MAS2 interacted with splicing 
and ribosome biogenesis proteins, and fl uorescence in situ hybridizati on 
showed that MAS2 co-localized with 45S rDNA at the Nucleolar Organizer 
Regions. Our results thus reveal a key player in the regulati on of rRNA 
synthesis in plants. 
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P328 - Arabidopsis Proteomics: Concurrent 
Understanding of Diurnal Protein Levels and 
Post-Translational Modifi cations 
 

R GLEN Uhrig(1), ECHEVARRÍA-ZOMEÑO Sira(1), ROSCHITZKI 
Bernd (2) , GROSSMANN Jonas (2) , GRUISSEM Wilhelm(1)  
(1) Department of Biology, Institute of Agricultural Science, ETH 
Zurich, Zurich, SWITZERLAND (2)  Functional Genomics Center, 
University of Zurich, Zurich, SWITZERLAND 
The circadian clock is a series of molecular encoded negati ve feedback 
loops that precisely regulate global gene expression in a coordinated 24 
hour cycle. As a result, the circadian clock is responsible for controlling 
numerous physiological processes central to plant growth and survival. 
To date, the vast majority of circadian clock studies have relied on the 
changing transcriptome to infer molecular connecti ons between the 
circadian clock and observable plant phenotypes. Recent fi ndings have 
shown however, that a disconnect between changing transcripts and 
proteins exists in circadian clock mutants, indicati ng that clock regulatory 
mechanisms beyond gene expression may also be important to its 
far reaching biological infl uence. In light of this, protein level changes 
and post-translati onal modifi cati ons (PTMs) have been considered 
as alternati ve points of regulati on. In parti cular, reversible protein 
phosphorylati on, which represents the most prolifi c of the known 
PTMs, has been characterized to regulate upwards of 70% of proteins 
in eukaryotes, including core-clock proteins in plants. Using a variety 
of quanti tati ve proteomics approaches we endeavored to uncover new 
input and output components of the circadian clock through concurrent 
assessment of the changing Arabidopsis thaliana rosett e proteome and 
phosphoproteome over a 24 hour ti me-course. 

P329 - Secondary structure of target mRNAs 
impacts the strength of microRNA regulation 
in Arabidopsis. 
 

REICHEL Marlene(1), ZHENG Zihui(1), LIAO Yalin(1), PREISS Thomas(1), 
MILLAR Anthony(1)  
(1) Australian National University, Canberra, ACT, AUSTRALIA 
In both plants and animals, micro(mi)RNAs have emerged as key regulators 
of gene expression. To date, the degree of sequence complementarity 
between a miRNA and its target mRNA is thought to be the decisive factor 
in target recogniti on and the strength of silencing, thus consti tuti ng the 
predominant basis of many miRNA target predicti on programs. However, 
of the multi tude of computati onally predicted targets, typically only 
a subset appears functi onally relevant, implying that there are factors 
beyond complementarity infl uencing miRNA regulati on. Using the 
Arabidopsis miR159 system, we have shown that of the eight conserved 
MYB target genes who have bioinformati cally analogous miR159 binding 
sites, only MYB33 and MYB65 are strongly regulated. Unlike poorly 
regulated targets, MYB33/65 contain highly conserved nucleoti des 
fl anking their miR159 binding sites, which are predicted to form highly 
similar, highly conserved RNA secondary structures with two stem-loop 
regions (SL1 and SL2). Disrupti on of SL1 and SL2 in MYB33 without 
altering the miR159 binding site resulted in strong perturbati on of miR159 
regulati on. Conversely, compensatory mutati ons to restore SL1 and SL2, 
but not the wild-type sequence, re-established strong regulati on of 
MYB33, demonstrati ng that these local RNA secondary structures confer 
strong silencing. Currently, we are trying to understand the mechanism 
by which these structures facilitate miR159 regulati on and whether RNA-
binding proteins are involved. 

P330 - Validation of SUMO conjugates in 
Arabidopsis mesophyll protoplasts 
 

SCHAPIRE Arnaldo(1), LOIS L. Maria(1)  
(1) Center for Research in Agricultural Genomics (CRAG), Barcelona, 
SPAIN 
The covalent att achment of SUMO (small ubiquiti n-related modifi er) 
to target proteins consti tutes a mechanism of protein regulati on and 
modulates many biological processes in eukaryotes. The characterizati on 
of SUMO targets is a key factor for understanding SUMO biological role. 
This process has two criti cal steps: the identi fi cati on of putati ve SUMO 
conjugates and their validati on as bona fi de SUMO targets. This second 
step can be approached by in vitro SUMO conjugati on assays, which may 
be compromised by diffi  culti es in the expression of recombinant proteins in 
bacterial expression systems, or by transient expression in homolog systems 

such as Arabidopsis protoplasts. The transient expression in protoplasts, 
in additi on to overcome the limitati ons of soluble protein expression, 
also provides a valuable biological system to analyze the dynamics of 
SUMO conjugati on of specifi c targets in response to hormones or other 
physiological sti muli. We will present a detailed protocol for analyzing 
SUMO conjugati on in Arabidopsis mesophyll protoplasts. 

P331 - Circadian control of seasonal rhythms in 
the Arabidopsis proteome  
 

SEATON Daniel(1), GRAF Alex (2) , BAERENFALLER Katja (2), 
PIQUES Maria(3) , STITT Mark(3) , GRUISSEM Wilhelm (2) , 
MILLAR Andrew(1) 
(1) SynthSys and School of Biological Sciences, University of 
Edinburgh, Edinburgh, UNITED KINGDOM (2)  Department of 
Biology, ETH Zurich, Zurich, SWITZERLAND(3)  Max Planck Institute 
for Molecular Plant Physiology, Potsdam-Golm, GERMANY 
Plants respond to seasonal cues in order to anti cipate the expected 
environmental changes that accompany the changing seasons. A key 
environmental cue in this regard is the durati on of daylight i.e. the 
photoperiod. In the EU FP7 TiMet project, we have been examining the 
wide-ranging eff ects that photoperiod has on metabolism and growth. 
One example of this is in the regulati on of translati on, with protein 
synthesis proceeding more rapidly in the light than in the dark. For 
transcripts whose rhythmic expression is under the control of the circadian 
clock, it is therefore expected that the ti ming of transcript expression will 
determine how protein synthesis changes with photoperiod. In order to 
quanti tati vely test this hypothesis, we integrated several genome-scale 
transcript and protein datasets, allowing integrated analysis of ~2400 
genes. By combining measured transcript dynamics and measured relati ve 
rates of total protein synthesis in the light vs. the dark we successfully 
predicted changes in protein levels across photoperiods, demonstrati ng 
that this post-transcripti onal mechanism contributes signifi cantly to the 
photoperiodic adjustment of the Arabidopsis proteome. This fi nding 
was further corroborated by examinati on of transcript-specifi c changes 
in polysome loading in the light and dark. These results demonstrate a 
signifi cant role for the circadian clock in mediati ng photoperiod responses 
in Arabidopsis far beyond well known examples such as fl owering ti me. 

P332 - CULLIN neddylation is regulated during 
seed development in Arabidopsis thaliana 
 

FRANCIOSINI Anna(1), BUTERA Simone(1), MOSESSO Niccolò(1), 
BONOMO Isabelle(1), BOCCACCINI Alessandra(1), TSUGE 
Tomohiko (2, CARDARELLI Maura(3) , VITTORIOSO Paola(1), 
COSTANTINO Paolo(1), SERINO Giovanna(1) 
(1) Dipartimento di Biologia e Biotecnologie Sapienza Università di 
Roma, Roma, ITALY (2)  IBPM-CNR, Roma, ITALY(3)  Kyoto University, 
Gokasho, Uji, Kyoto, JAPAN 
Cullin-RING E3 ligases (CRLs) are the most abundant class of E3 ubiquiti n 
ligases in plants. CRLs regulate diff erent aspects of plant development 
from hormone and light signaling to organ growth. CRLs are acti vated 
by modifi cati on of their cullin subunit with the ubiquiti n-like protein 
Nedd8 (neddylati on) and deacti vated by Nedd8 removal (deneddylati on). 
CRL deneddylati on is carried out by the COP9 signalosome (CSN), an 
eight-subunit complex conserved during evoluti on. Plants lacking the 
CSN accumulate CRLs in their neddylated form and are impaired in 
several developmental pathways, which culminate in growth arrest 
at the seedling stage. We have monitored the cullin deneddylati on/
neddylati on status from embryo to early seedling development in wild-
type and csn mutants. We show that the majority of cullin proteins is 
progressively neddylated during the late stages of seed maturati on and 
becomes deneddylated upon seed germinati on. This developmentally 
regulated shift  in the cullin deneddylati on/neddylati on rati o correlates 
with changes in free Nedd8 levels and does not occur in csn mutants, in 
which cullins are consti tuti vely neddylated. The balance of deneddylated 
vs neddylated cullin seems also to be constant during vegetati ve growth, 
since, under our experimental conditi ons, both embryos and seedlings 
have the same cullin deneddylati on/neddylati on rati o. Taken together, 
our results indicate that the balance of deneddylated vs neddylated cullin 
is ti ghtly regulated during plant growth and development. 
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P333 - Regulation of the nonsense-mediated 
mRNA decay (NMD) pathway and its 
involvement in snoRNA homeostasis 
 

DEGTIAR Evgeniya(1), FRIDMAN Adi(1), GOTTLIEB Dror(1), 
VEXLER Karina(1), BEREZIN Irina(1), GOLANI Linoy (1), SAUL 
Helen(1), SHAUL Orit(1)  
(1) The Mina and Everard Goodman Faculty of Life Sciences, Bar-Ilan 
University, Ramat-Gan, ISRAEL 
The nonsense-mediated mRNA decay (NMD) pathway is a eukaryoti c 
post-transcripti onal RNA surveillance mechanism that has a great impact 
on the plant transcriptome. NMD aff ects the stability of both aberrant 
transcripts and normal protein-coding mRNAs. The aff ected transcripts 
have cis-elements that can be recognized as pre-mature terminati on 
codons. These elements include features that are abundant in normal 
mRNAs such as upstream open-reading frames (uORFs). The regulati on of 
the NMD pathway is not well understood. We found that the Arabidopsis 
NMD factor UPF3 is regulated by a negati ve feedback loop that targets 
its own transcript for degradati on by NMD. We then studied the 
physiological signifi cance of this feedback loop for the overall regulati on 
of plant NMD by expression of a de-regulated form of UPF3, which 
could not be targeted by NMD. A moderate increase in UPF3 expression 
resulted in over-degradati on of certain transcripts and inhibited NMD 
of other transcripts, including genuine NMD targets. This indicates that 
delicate balancing of UPF3 transcript levels by its feedback loop plays a 
crucial role in NMD buff ering. We also found that small-nucleolar RNAs 
(snoRNAs) consti tute a major group of transcripts whose levels are 
indirectly aff ected by NMD. Most snoRNAs are involved in modifying 
ribosomal RNAs and spliceosomal small-nuclear RNAs. Our fi ndings also 
highlighted diff erences between plant and animal cells with respect to 
NMD regulati on and impact on snoRNA levels. 

P334 - Natural variation among Arabidopsis 
thaliana accessions in expression of miR826 
and corresponding alkenyl glucosinolate 
synthesis 
 

TANG Yunjia(1), JENSEN Lea M.(1), KLIEBENSTEIN Daniel J.(2), 
BUROW Meike(1)  
(1) Copenhagen Plant Science Centre, University of Copenhagen, 
Frederiksberg C, DENMARK (2)  Department of Plant Sciences, 
University of California, Davis, California , USA 
ccurring polymorphisms within MIRNA genes have the potenti al to 
aff ect biogenesis effi  ciency of their mature microRNA (miRNA) and 
consequently contribute to phenotypic diversity among accessions within 
a given species. To illustrate the linkage between MIRNA genes and 
corresponding phenotypic diversity, we analyzed a polymorphic miRNA 
that targets a biosyntheti c gene in the producti on of glucosinolates, 
the main chemical defense compounds of Arabidopsis thaliana. In 
the glucosinolate biosynthesis pathway, a 2-oxoglutarate-dependent 
dioxygenase (AOP2) is responsible for converti ng methylsulfi nylalkyl 
glucosinolates to alkenyl glucosinolates. The AOP2 transcript is targeted 
by miR826, the gene of which shows sequence variati on among natural 
accessions. In this study, we found that MIR826 genes from nineteen 
diff erent accessions can be divided into two groups according to their 
sequences. The sequence variati on between these two groups causes 
diff erent levels of mature miR826 expression. AOP2 expressions among 
these accessions also vary between the two groups, but interesti ngly 
the miR826 and AOP2 expression levels show a positi ve correlati on. 
Furthermore, alkenyl glucosinolate levels among these accessions do not 
correlate with AOP2 expression level. Our result exemplifi es that MIRNA 
gene polymorphisms are able to aff ect mature miRNA biogenesis and 
corresponding target expression. 

P335 - Identifi cation of circular RNA in 
Arabidopsis 
 

WAUKE Tomohito(1), SAZE Hidetoshi(1)  
(1) Okinawa Institute of Science and Technology Graduate 
University, Onna-son, Okinawa, JAPAN 
Non-coding RNA varies, in term of functi on, length, and structure. 
Circular RNA, a type of non-coding RNA, has been rediscovered by 
comprehensive analysis using next generati on sequencing. In animals, 
some functi onal circular RNAs have been identi fi ed and there are some 

reports regarding circular RNA biogenesis. Few circular RNAs have also 
been observed in plants; however, no functi ons have been reported for 
these. We conducted RNA-seq in seedlings, leaves, buds and fl owers of 
Arabidopsis using RNase R, an exonuclease that digests linear RNA only. 
We detected circular RNA candidates through computati onal analysis and 
confi rmed experimentally that they are circularized. This work will enable 
us to explore new functi onal circular RNAs and this initi al step will help 
us to understand how circular RNA contributes to ti ssue-specifi c gene 
regulati on. 

P336 - AtKBR1 limits the levels of KNOX 
homeodomain transcription factors in 
Arabidopsis 
 

FICHTENBAUER Daniela (2) , WINTER Nikola(1), KOLLWIG 
Gregor (2) , SOKOLOWSKA Ewelina M.(1), OLAS Justyna(1), 
MACH Valerie(3) , UHRIG Joachim (3), WAHL Vanessa(1), 
KRAGLER Friedrich(1)  
(1) Max Planck Institute of Molecular Plant Physiology, Potsdam 
- Golm, GERMANY (2)  Max F. Perutz Laboratories, Department 
of Biochemistry, Vienna, AUSTRIA(3)  Max Planck-Institut für 
Züchtungsforschung, Cologne, GERMANY 
KNOTTED1-like homeobox (KNOX) proteins such as Arabidopsis thaliana
SHOOTMERISTEMLESS (STM) or BREVIPEDICELLUS (BP/KNAT1) interact 
via their MEINOX domain with BEL1-like homeodomain proteins (BLH). 
KNOX-BLH heterodimerizati on aff ects subcellular localizati on and target 
site specifi city of these transcripti on factors involved in regulati on of 
developmental processes such as patt erning or meristem maintenance. 
Expression of STM is strictly controlled: it is limited to meristemati c 
cells and excluded from developing leaf primordia. Curiously STM and 
KNAT1 were shown to move from cell to cell via plasmodesmata, and it 
is unknown how meristem boundaries can be maintained despite STM 
mobility. We identi fi ed AtKBR1 (KNOX-BINDING and REDUCING 1) as an 
interacti on partner of certain KNOX and BLH proteins. The small, plant 
specifi c AtKBR1 harbors a predicted coiled-coil domain and specifi cally 
binds to the KNAT1 MEINOX domain. AtKBR1 accumulates in the nucleus, 
but the interacti on between AtKBR1 and KNOX proteins takes place in the 
cytoplasm. The expression domains of AtKBR1, STM and KNAT1 overlap 
in the shoot apical meristem. Notably, AtKBR1 protein is parti ally instable 
in the meristem, moves to adjacent regions, and suppresses ectopically 
expressed KNOX protein levels by a yet unknown mechanism. Based 
on these observati ons we propose that AtKBR1 functi ons to regulate 
STM and KNAT1 protein presence at the boundaries of the shoot apical 
meristem. 

P337 - Functional characterization of two 
nutrient-induced kinases 
 

WU Xuna(1), SCHULZE Waltraud(1)  
(1) Hohenheim university/ Plant system biology, Stuttgart, GERMANY 
The transmembrane receptor kinase family is the largest protein kinase 
family in Arabidopsis, and it contains the highest fracti on of proteins 
with yet uncharacterized functi ons. SIRK1, a receptor kinase, has been 
identi fi ed in sucrose-induced conditi ons (Niitt yla et al, 2007, MCP) and 
was shown to be involved in regulati on of aquaporins, sugar transporters 
(Wu et al, 2013, MCP). In the proposed model, receptor-like kinase SP3 
has been found as one of interacti on partners and phosphorylati on target 
of SIRK1 under sucrose-induced conditi on (Wu et al, 2013, MCP). 

Aim of project: Using a combinati on of single and double knockout 
mutants (sirk1, sp3 and sirk1/sp3), phospho-profi ling and acti vity 
measurements, we aim at dissecti ng the functi ons of the sucrose-induced 
kinase complex. 

Procedure of experiment: Roots of single and double knockout mutants, 
harvested under sucrose-free and sucrose-resupplied conditi ons, were 
used for microsome preparati on and phosphopepti des enrichment. 
Enriched phosphopepti des were measured by mass spectrometry 
(Q-exacti ve). Phosphopepti des were identi fi ed and quanti fi ed by 
Maxquant. Data analysis based on cRacker, Perseus. Method of kinase 
assay was from Wu et al, 2013, MCP. 

Results: Sucrose can induced kinases acti viti es of SIRK1  and SP3 in root. 
Phosphorylati on profi ling contributes to fi nd phosphorylati on targets of 
SIRK1 and SP3 under sucrose-starvati on and resupply conditi on. SIRK1, 
SP3 and their complex are involved in regulati ng transport process and 
have functi ons in cellular signaling. In vitro kinase assays can help us fi nd 
direct targets of SIRK1 and SP3. 
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P338 - Identifi cation and characterization 
of novel factors involved in regulatory 
mechanism on COP1 and/or COP1-regulated 
processes via a genetic screen 
 

XU Dongqing(1), LIN Fang(1), JIANG Yan(1), DENG Xing Wang(1)  
(1) School of Life Sciences, Peking University, Beijing, CHINA 
CONSTITUTIVE PHOTOMORPHOGENESIC 1 (COP1) possesses E3 ubiquiti n 
ligase acti vity, and is evoluti onally conserved from plants to human. 
COP1 plays a key role in multi ple developmental processes including 
photomorphogenesis, fl owering, circle clock, root development, stomatal 
opening, shade avoidance, brassinosteroid signaling, and cold acclimati on 
in Arabidopsis. While mammalian COP1 mediates the carcinogenesis and 
tumorigenesis. To explore the novel regulators of COP1 and/or COP1-
regulated development, we performed a geneti c screen for mutants 
that suppressed cop1-6 consti tuti ve photomorphogenic phenotype 
in darkness. Via a detailed geneti c characterizati on, we obtained 41 
extragenic recessive cop1 suppressors that may defi ne 15 diff erent novel 
candidate cop1 suppressor loci, as well as 51 extragenic dominant cop1 
suppressors. COP1 SUPPRESSOR 1 (CSU1) is the fi rst extragenic recessive 
cop1 suppressor molecularly characterized from this geneti c screen. 
Mutati ons in CSU1 almost completely suppress cop1-6 de-eti olated 
phenotype in darkness. CSU1 colocalizes with COP1 in nuclear speckles 
and negati vely regulates COP1 abundance. Moreover, CSU1 is able to 
ubiquiti nate COP1 in vitro and is essenti al for COP1 ubiquiti nati on in vivo. 
Collecti vely, CSU1 functi ons as an E3 ubiquiti n ligase and targets COP1 
for ubiquiti nati on in maintaining its homeostasis in dark-grown seedlings. 
Identi fi cati on and characterizati on of remaining COP1 suppressors could 
therefore further shed light on the molecular mechanisms on COP1 in 
organisms ranging from fungi to humans. 

Translational biology and 
biotechnologies 
Posters 339 to 351

P339 - The NE1 and NE2 proteins regulates 
nitrogen use effi  ciency in Arabidopsis and Rice. 
 

ARAUS Viviana(1), VIDAL Elena A(1), PUELMA Tomas(1), ALAMOS 
Simon(1), GUTIERREZ Rodrigo A(1)  
(1) PONTIFICIA UNIVERSIDAD CATOLICA DE CHILE, SANTIAGO, CHILE 
Development of geneti c varieti es with improved nitrogen use effi  ciency 
(NUE) is essenti al for sustainable agriculture. However, achieving this 
goal has proven diffi  cult due to the fact that NUE is a complex trait 
encompassing multi ple physiological and developmental processes. We 
thought to tackle this problem by taking a Systems Biology approach to 
identi fy candidate target genes. First, we used a supervised machine-
learning algorithm to predict a NUE gene network in Arabidopsis thaliana. 
Second, we used network stati sti cs to rank candidate genes and identi fi ed 
NE1, a scaff old protein, as the most central and connected gene in the NUE 
network. We found NUE decreased in plants overexpressing the NE1 gene 
as compared to wild-type plants under nitrogen (N) limiti ng conditi ons. 
No diff erence was observed for the ne1 mutant plants. However, NUE 
increased as compared to wild-type plants under low nitrate conditi ons 
in double mutant plants in ne1 and its closely related homolog ne2. 
Expression of the nitrate transporter genes NRT2.1 and NRT2.4 increased 
in the ne1ne2 double mutant as compared to wild-type plants, with a 
concomitant 65% increase in nitrate uptake, under low nitrate conditi ons. 
Similar to Arabidopsis, we found that mutati on of the NE1/NE2 ortholog  
gene in rice, OsNE1, increased NUE as compared to wild-type rice plants. 
Our results suggest a conserved mechanism exist in Arabidopsis and rice 
to modulate NUE. NE gene family members (NE1/NE2 in Arabidopsis and 
OsNE1 in rice) are at the center of the NUE network acti ng as negati ve 
regulators of NRT2.1/NRT2.4 gene expression, nitrate uptake and nitrogen 
use effi  ciency. These results point to NE genes as prime targets for future 
biotechnological strategies to improve NUE in crops. 

P340 - Genetic basis for Non-Host Resistance in 
Arabidopsis against a Brassica-infecting race 
of Albugo candida revealed by transgressive 
segregation 
 

CEVIK Volkan(1), BOUTROT Freddie(1), APEL Wiebke(1), 
ROBERT-SEILANIANTZ Alexandre(1), KOVER Paula (2) , FURZER 
Oliver (1), JONES Jonathan D G(1) 
(1) THE SAINSBURY LABORATORY, NORWICH, UNITED  KINGDOM (2)  
UNIVERSITY OF BATH, BATH, UNITED KINGDOM 
Albugo candida is an obligate biotrophic pathogen that causes white 
blister rust and comprises many physiological races that each specialize 
on disti nct Brassicaceae host species. Albugo candida races that colonize 
Brassica crops do not colonize Arabidopsis. The geneti c basis for this 
non-host resistance (NHR) was intractable, since no Arabidopsis lines 
are suscepti ble. We hypothesized that resistance in diff erent Arabidopsis 
accessions might be explained by the presence of non-overlapping sets 
of Resistance (R) genes, that might show transgressive segregati on in 
recombinant inbred lines. We screened Arabidopsis MAGIC lines, derived 
from 19 parents, all of which resist Brassica juncea-colonizing race Ac2V, 
and identi fi ed rare individuals that show diff erent levels of suscepti bility. 
We found two lines, MAGIC329 and MAGIC23, are fully suscepti ble 
to Ac2V. We crossed these lines to each MAGIC parent. We screened 
F2 populati ons derived from these crosses with Ac2V and obtained 
segregati on rati os ranging from 3:1 to 255:1, suggesti ng one to four 
dominant R genes. This approach enabled us to clone three new White 
Rust Resistance (WRR) genes eff ecti ve against Brassica juncea-infecti ng 
race Ac2V in Arabidopsis. All three genes encode TIR-NB-LRR type of 
R-proteins. We also carried out transformati on of all the WRR genes into 
Brassica juncea and Brassica oleracea. Thus, in this example, we showed 
that NHR is a consequence of “Eff ector-triggered Immunity” mechanisms. 

P341 (Talk) - Using a low temperature degron 
cassette exploiting the N-end rule to effi  ciently 
control protein abundance and activity in 
multicellular organisms 
 

FADEN Frederik(1), MIELKE Stefan(1), KLECKER Maria(1), NAIRZ 
Knud (2) , DOHMEN R. Jürgen(3) , DISSMEYER Nico(1)  
(1) Independent Junior Research Group on Protein Recognition 
and Degradation, Leibniz Institute of Plant Biochemistry (IPB) / 
ScienceCampus Halle - Plant-based Bioeconomy, Halle, GERMANY 
(2)  Institute of Molecular Systems Biology (IMSB), Swiss Federal 
Institute of Technology (ETH) / present address: Novino Slowdrink 
GmbH, Zurich, SWITZERLAND(3)  Institute for Genetics, Biocenter, 
University of Cologne, Cologne, GERMANY 
Effi  cient control of protein abundance and acti vity in vivo presents a 
powerful tool for biotechnology and geneti cs. Here, we demonstrate 
that an N-terminal degron cassett e consisti ng of a primary destabilizing 
amino acid acording to the N-end rule, followed by a temperature labile 
version of mouse dehydrofolate reductase (DHFR), can be robustly 
used in various eukaryoti c multi cellular organisms such as Drosophila, 
Nicoti ana benthamiana and Arabidopsis to dynamically control protein 
stabilizati on allowing for on-demand accumulati on and complementati on 
of deleti on mutant phenotypes. We show the temperature dependent 
accumulati on of a wide variety of diff erent target proteins ranging 
from the commonly used reporters Y-glucoronidase (GUS) and green 
fl uorescent protein (GFP) to the transcripti on factor CONSTANS (CO) 
and the WD40 protein TRANSPARENT TESTA GLABRA1 (TTG1) in plants, 
as well as GFP and tobacco etch virus (TEV) protease in Arabidopsis 
and Drosophila. We currently focus on an in-depth demonstrati on of 
the power and the possibiliti es off ered by this approach through stable 
expression of the highly cytotoxic proteins Diphtheria toxin A-chain (DT-
A) and the bacterial ribonuclease Barnase (BAR) in Arabidopsis as well 
as intensively fi ne-tuning the degron cassett e using syntheti c pepti de 
array technology. Overall, our low temperature degron off ers a powerful, 
fast, and versati le tool for effi  cient control of protein accumulati on in 
multi cellular organisms. 
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P342 - Identifi cation and characterization 
of Arabidopsis thaliana seed development 
homologous genes in Camelina Sativa 

FATIHI Abdelhak(1), MIQUEL Martine(1), CHARDOT Thierry(1), 
DUBREUCQ Bertrand(1), LEPINIEC Loïc(1)  
(1) Institut Jean-Pierre Bourgin (IJPB), INRA, CNRS, AgroParisTech, 
Saclay Plant Sciences (SPS), Université Paris-Saclay, Centre de 
Versailles, RD10, 78026, VERSAILLES Cedex, FRANCE 
Seeds are rich sources of nutrients (vitamins, proteins, minerals, oil..) and 
represent a large porti on of human diet and animal livestock feed. The 
rapid growth of the world populati on and conti nuing use the dwindling 
fossil energy resources and its environmental consequences incite the 
search for green and sustainable resources to meet the increased demand 
of food, raw materials and energy. Oilseed crops are being increasingly 
used as resources for biofuel producti on, replacing the conventi onal fossil 
fuel. Thus, the engineering of new oilseed crops with increased seed size 
and oil content is of major economic importance. Arabidopsis thaliana 
seed development is well documented with the characterizati on of most 
of it regulatory genes. However, litt le is know about seed regulatory 
genes of Camelina Sati va, an emerging oilseed crop for protein and oil 
producti on. The aim of this project is the use of high sequence homology 
between Arabidopsis and Camelina to identi fy and characterize Camelina 
seed regulatory genes for future biotechnological use. 

P343 - Translation of knowledge from 
Arabidopsis to Pooideae : toward an 
improvement of Nitrogen Use Effi  ciency 
 

GIRIN Thomas(1), DAVID Laure C.(1), CHARDIN Camille(1), 
FLEURISSON Eloïse(1), MAHFOUDHI Atem(1), BERQUIN 
Patrick(1), MILLER Anthony J. (2), FERRARIO-MERY Sylvie(1), 
DANIEL-VEDELE Françoise(1), KRAPP Anne(1) 
(1) INRA IJPB, VERSAILLES, FRANCE (2)  JIC, Norwich, UK 
New cereal varieti es with improved Nitrogen Use Effi  ciency need to be 
developed to increase grain yield while reducing the usage of ferti lizers. 
This can be achieved by geneti cally enhancing the plant capacity to uptake 
and assimilate nitrate from the soil and its capacity to remobilize nitrogen 
from the leaves. Many molecular and genomic data have been acquired 
in Arabidopsis, whereas most physiological and agronomical studies have 
been done using Pooideae species (wheat and barley) and other cereals 
(rice, maize). We are using the Pooideae model species Brachypodium 
distachyon together with barley to transfer molecular knowledge from 
Arabidopsis to cereals (Girin et al., J. Exp. Bot. 2014). A part of our work 
aims at characterising members of the NRT2 family of nitrate transporters. 
Physiological functi ons have been assigned to several NRT2 proteins in 
Arabidopsis, and homologs have been isolated in most studied species. 
Characterisati on of the expression of Brachypodium NRT2 genes, together 
with physiological and functi onal studies, led to the identi fi cati on of a 
possible major high affi  nity transporter involved in root nitrate uptake. 
Additi onally, we are deciphering the molecular mechanisms involved 
in gene regulati on in response to nitrate availability. The focus is made 
on homologs in Brachypodium and barley of the Arabidopsis NLP7 
transcripti on factor, described as a major regulator of the Primary Nitrate 
Response. Recent results and approaches will be shown. 

P344 (Talk) - From the Arabidopsis model 
plant to the Medicago root hair model system: 
role of Mechanosensitive channels in legume 
symbiosis 
 

GUICHARD Marjorie(1), TRAN Daniel(1), ALLOUL Lydia(1), 
RANOELISON Mamitiana(1), RATET Pascal (2) , FRACHISSE 
Jean-Marie(1)

(1) Institut de Biologie Intégrative de la Cellule, Gif sur Yvette, 
FRANCE (2)  Institut de Sciences des Plantes - Paris-Saclay, Gif sur 
Yvette, FRANCE 
Root hairs not only have a major role in water and nutrient uptake but 
they also play a central role in the establishment of the nitrogen-fi xing 
symbiosis in Legume plants. In our approach we took advantage of the 
knowledge acquired in Arabidopsis to address an issue specifi c to Legume 
plants. In this study we specifi cally questi on the role of mechanosensiti ve 
channels in the early interacti on between the model Legume plant 
Medicago truncatula and its bacterial partner Sinorhizobium. During the 

early symbioti c interacti on between Medicago and its microsymbiont, the 
infecti on is initi ated by bacterial adhesion to root hairs and will lead to 
hair curling entrapping the bacteria. The hypothesis of the involvement 
of physical sensors during these early events is worth considering. In 
plants, the molecular nature of protein mediati ng mechanopercepti on 
is sti ll elusive. Mechanosensiti ve ion channels belonging to the MscSL 
(Mechanosensiti ve Smallconductance Like) family represent suitable 
candidates to be involved in this process. MscSL proteins have been 
recently characterized in Arabidopsis in our laboratory. The in silico
analyses of the Medicago genome identi fi ed six homologs putati vely 
addressed to the plasma membrane. Two of them are expressed in root 
hair. Preliminary results showed that one of these provides a channel 
acti vity dependant on membrane tension. The functi onal characterizati on 
of these root hair channels during the early steps of symbiosis is in 
progress. 

P345 (Talk) - Arabidopsis protoplast 
regeneration sheds light on specifi c 
developmental switches 
 

ABDI Fatima Aissa (2) , VANDERHAEGHEN Rudy(3) , QUEVAL 
Guillaume(3) , VERMEERSCH Leen(3) , CHELYSHEVA Liudmila(2), 
BOUCHABKÉ-COUSSA Ouamaya (2), MIREAU Hakim (2) , DE 
VEYLDER Lieven(3) , HILSON Pierre(1)  
(1) INRA, UMR1318, Institut Jean-Pierre Bourgin; Dept. Plant Systems 
Biology (VIB) and Dept. Plant Biotechnology and Bioinformatics, 
Ghent University, Versailles and Gent, FRANCE AND BELGIUM (2)  
INRA, UMR1318, Institut Jean-Pierre Bourgin, Versailles, FRANCE(3)  
Dept. Plant Systems Biology (VIB) and Dept. Plant Biotechnology 
and Bioinformatics, Ghent University, Gent, BELGIUM 
Plant ti ssues cultured in vitro have the ability to proliferate and form new 
organs. We study the successive steps involved in the development of 
fl owering shoots starti ng with protoplasts originati ng from Arabidopsis 
plantlets (Chupeau et al., 2013, Plant Cell 7:2444). Briefl y, protoplasts 
resume mitosis, shortly aft er cell wall digesti on, in the presence of 
an exogenous auxin, leading to the formati on of microcalli. Gradual 
exogenous cytokinin additi on in the culture medium sustains further 
callus growth and the initi ati on of shoot meristems. We will present data 
that (i) describe the complexity of protoplast in vitro cultures and how 
the resulti ng calli evolve over ti me and (ii) document the acti on of factors 
promoti ng specifi c developmental switches, in parti cular organogenesis. 
Furthermore, we have developed methods for high content screening 
based on Arabidopsis protoplast phenotypes and thereby identi fi ed 
bioacti ve compounds that promote mitoti c acti vity or alter nuclear DNA 
content at the onset of protoplast proliferati on. Our results provide novel 
insights into cellular functi ons involved in plant growth and development, 
potenti ally leading to improved protoplast regenerati on methods. Such 
methods have recently gained renewed interest as site-directed nucleases 
and oligonucleoti de-directed mutagenesis have been used to create 
valuable alleles in several species, including crops, yielding culti vars now 
reaching global markets. 

P346 - The Finnish National Plant Phenotyping 
Infrastructure (NaPPI) 
 

HIMANEN Kristiina(1), PALVA Tapio (2)   
(1) University of Helsinki, Dept. Agricultural Sciences, Helsinki, 
FINLAND (2)  University of Helsinki, Dept. Biosciences, Helsinki, 
FINLAND 
The Nati onal Plant Phenotyping Infrastructure is located at the University 
of Helsinki, Viikki campus and aims at addressing the specifi c Nordic 
challenges in food, feed and fi ber producti on. The borealic nature will 
have its unique responses to the climate change while the food and 
protein feed producti on is constantly maintained at the edge of the 
culti vati on zones. Also the forest producti vity for ti mber and pulp 
will need to be maintained. The aim of NaPPI is to supplement the 
existi ng research infrastructures on the diff erent omics- technologies 
(transcriptomic, genomic, proteomic, metabolomic) with multi analysis 
of plant phenotypes. The analysis parameters include visible light for 
morphological and fi tness assessment, pulse amplitude modulated 
fl uorometry, and thermal imaging. The phenotyping platf orm consists 
of a small unit for model plants such as Arabidopsis, and a large unit 
for crops (legumes, cereals, potatoes, berries) and trees (spruce, pine, 
birch, poplar). Together these “omics”-platf orms facilitate the move 
towards systems approaches and enhance both basic plant research, and 
translati on towards plant breeding, and crop producti on sciences. These 
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high throughput faciliti es are part of a distributed infrastructure together 
with the University of Eastern Finland high precision unit and will be 
available for the whole public plant research community in Finland both 
at universiti es and at research insti tutes as well as among the commercial 
plant breeders. 

P347 (Talk) - The Arabidopsis QQS orphan gene 
modulates carbon allocation across species 
 

LI Ling(1), ZHENG Wenguang(1), TANG Buyun(1), ARENDSEE 
Zebulun(1), YIN Yanhai(1), WURTELE Eve(1)  
(1) Iowa State University, Ames, UNITED STATES 
Litt le is known about the functi onal signifi cance of the species-specifi c 
orphan genes. The Arabidopsis thaliana QQS-orphan-gene modulates 
carbon allocati on to protein and starch1,2. Ectopic expression of QQS 
increases protein content in soybean leaf and seed2, in multi ple high-/low-
protein soybeans, and in rice3. QQS alters its transcript level under stresses 
and in mutants of genes involved in all sorts of stresses, suggesti ng that 
QQS may integrate primary metabolism and environmental perturbati ons, 
adjusti ng adapti on to abioti c and bioti c stresses4. The QQS protein binds 
to a transcripti onal regulator in Arabidopsis and its soybean and rice 
homologs3. Overexpression of QQS interactor in Arabidopsis mimics QQS-
overexpression phenotype, increasing protein content and decreasing 
carbohydrate3. The data reveal the skeleton of a previously undefi ned 
network in which QQS parti cipates, and indicate QQS exerts its eff ect via 
an interacti on with this transcripti on factor conserved across eukaryoti c 
species. Defi ciency in dietary protein is globally one of the most severe 
health problems; this insight provides a new strategy to modulate protein 
levels in crops. Our research presents QQS as a model plant orphan gene 
regulati ng plant metabolism, and illustrates an example of how basic 
research in Arabidopsis be applied in agriculture. 

References 
1 Li et al, Plant J (2009).
2 Li et al, Plant Biotech J (2015).
3 Li et al, (2015 submitt ed).  
4 Arendsee et al, Trends Plant Sci (2014). 

P348 (Talk) - Expert curation of Arabidopsis 
proteins in UniProtKB/Swiss-Prot 
 

LIEBERHERR Damien(1), SCHNEIDER Michel(1), UNIPROT 
Consortium(1)  
(1) Swiss-Prot, SIB Swiss Institute of Bioinformatics, Centre Medical 
Universitaire, Geneva, SWITZERLAND (2)  European Bioinformatics 
Institute, Hinxton, UNITED KINGDOM(3)  Protein Information 
Resource, Georgetown University Medical Center, Washington DC, 
USA 
The UniProt KnowledgeBase (UniProtKB) provides a single, centralized, 
freely available resource for protein sequences and functi onal informati on. 
For Arabidopsis, our main targets for manual annotati on are proteins with 
some functi onal characterizati on and most of them are now included in 
UniProtKB/Swiss-Prot. Besides harvesti ng, interpreti ng, standardizing and 
integrati ng data from literature and numerous resources, curators are also 
checking, and oft en correcti ng, gene model predicti ons. Our annotati on 
program has been collaborati ng with Model Organism Databases (MODs) 
for a long ti me, and we provided TAIR with all the gene model correcti ons 
that we introduced on the bases of our trans-species family annotati on. 
We are also completi ng the knowledgebase by importi ng missing 
informati on from EnsemblPlants.  The UniProt consorti um is also acti vely 
involved in GO annotati on and manual annotati on has been added 
to more than 4500 plant proteins. Experimental pepti des from high-
throughput proteomics experiments that uniquely match the product 
of a single gene are used to generate annotati ons describing post-
translati onal modifi cati ons and protein processing events. UniProtKB 
serves as a central hub for biomolecular informati on with access to more 
than 100 other resources, such as nucleoti de sequence database, 3D 
protein structure databases, InterPro or MODs. 

P349 - Arabidopsis hairy roots for the 
production of heterologous proteins 
 

MAI Thi Phuong Nga(1), BOITEL-CONTI Michèle(1), GUERINEAU 
François(1)  
(1) Université de Picardie Jules Verne, Amiens, FRANCE 
Hairy roots have some advantages over other plant systems to produce 
fully functi onal recombinant proteins: fast growth, geneti c stability, ease 
of maintenance in liquid hormone-free medium and ability to secrete 
proteins. Arabidopsis thaliana hairy roots that produce GFP have b een 
established. The transformati on protocol and the growth conditi ons were 
opti mized. The use of hypocotyls of two day-old seedlings, ATCC 15834 
Rhizobium rhizogenes bacteria, B5 medium supplemented with 5% 
sucrose and gentle shaking were important factors for establishing and 
growing Arabidopsis thaliana hairy roots. The concentrati ons of GFP in 
the culture media of two independent transgenic lines were 167 ± 22.5 
mg/l and 159.9 ± 28.6 mg/l aft er one month. The doubling ti mes were 
7.69 and 7.87 days and the growth rates (µ) 0.088 days-1 and 0.105 days-1, 
respecti vely. Arabidopsis thaliana hairy roots have kept growing and have 
been stably producing GFP for over a year. The His-tag att ached to GFP 
was also less degraded in the culture medium than it was when produced 
by turnip hairy roots. Arabidopsis thaliana hairy roots are therefore a 
promising recombinant protein expression system able to take advantage 
of the numerous Arabidopsis geneti c resources. 

P350 - SPINN (Saclay Plant INNovation), a 
project for an innovation accelerator dedicated 
to plant science laboratories in Paris area 
 

MARCHIVE Chloé(1), SELLIER Marie-Jeanne(1), DUBREUCQ 
Bertrand(1), LEPINIEC Loïc(1), SENG Jean-Marc (2) , MEYER 
Christian(1), RAJJOU Loïc(1) 
(1) Institut Jean-Pierre Bourgin (IJPB), INRA, AgroParisTech, CNRS, 
Saclay Plant Sciences (SPS), Université Paris-Saclay, Centre de 
Versailles, RD10, 78026 , VERSAILLES, FRANCE (2)  Institute of Plant 
Sciences - Paris Saclay (IPS2), INRA, CNRS, Université Paris-Sud, 
Université Evry Val d’Essonne, Université Paris-Diderot, Saclay Plant 
Sciences, Université Paris Saclay, Bat 630, rue de Noetzlin, 91405, 
Orsay, FRANCE 
Developing more innovati ons from basic research is required to tackle 
societal and environmental challenges. Academic research teams working 
in plant sciences represent almost 700 persons in Paris area. The research 
acti viti es widely cover all the fi elds of applicati on of plant biology (feed 
and food, agriculture, agronomy, cosmeti cs, health, environment, 
bioenergy, biomaterials, etc.). They possess a wide panel of experti se, 
technical platf orms and cutti  ng edge technologies to develop innovati ve 
projects in those fi elds. However, public-private partnerships and 
industrial innovati ons remain limited. 
Our project aims at developing a dedicated structure, namely SPINN  
(Saclay Plant INNovati on) to facilitate the partnerships for building and 
carrying innovati ve projects. SPINN will prospect for new industry needs 
in research or services in plant sciences, while promoti ng the panel of 
scienti fi c skills, competencies and technological platf orms of the teams 
of the Saclay Plant Sciences (SPS) Laboratory of Excellence. SPINN will 
also provide additi onal services to industry like consulti ng and training. 
Overall, SPINN will contribute to the excellence of research, formati on 
and innovati on in Plant Sciences. This project is fi nancially supported by 
the 3BCar Carnot Insti tute  (htt p://www.insti tuts-carnot.eu/fr/insti tut-
carnot/3bcar) and the Saclay Plant Sciences (SPS) LabEx (htt ps://www6.
inra.fr/saclay-plant-sciences_eng/). 

P351 - Genome-wide identifi cation of novel 
regulators of the secondary growth in storage 
roots 
 

RYU Kook Hui(1), JANG Geupil(1), LEE Jung-Hun(1), RASTOGI 
Khushboo(1), PARK Suhyoung (2) , LEE Ji-Young(1)  
(1) School of Biological Sciences, College of Natural Science, Seoul 
National University, Seoul, SOUTH KOREA (2) Department of 
Horticultural Crop Research, National Institute of Horticultural and 
Herbal Science, Suwon, SOUTH KOREA 
Vascular plants undergo the secondary growth that makes stems and 
roots to be thickened in the radial directi on. This secondary growth is 
promoted by the cell division acti viti es in the cambium. Thus, the control 
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of cambium development and its cell division acti viti es have signifi cant 
eff ects on biomass producti on of vascular plants. Several transcripti onal 
regulators and signaling components that control the secondary growth 
in stems have been identi fi ed. Some plants develop storage roots that 
increase root biomasses through radial growth. Many of these are also 
important agricultural crops. To understand the nature of their growth, 
we investi gated root development in radish (Raphanus sati vus). As 
anti cipated, we found that radial root growth in radish is aff ected by cell 
division acti viti es in the cambium. We successfully identi fi ed putati ve 
radial growth regulators by comparing with cambium-enriched genes 
based on cell-type specifi c root expression map in Arabidopsis. We were 
also able to ascribe variati ons in radial growth acti viti es among radish 
inbred lines to the variati ons in cytokinin responses. These preliminary 
investi gati ons suggest that the cambium is the center of radial growth 
in radish roots. To identi fy genes involved in the root radial growth at a 
genome-wide level, we established Laser Capture Microdissecti on (LCM)-
mediated dissecti on of root ti ssues in radish. We collected cambium 
as well as two ti ssues inside and outside the cambium, respecti vely, 
extracted RNA, and constructed strand-specifi c Illumina sequencing 
libraries. Such experiments were performed in three diff erent stages of 
root development and in two inbred lines with disti ncti ve radial growth 
behaviors. Analysis of a compendium of gene expression data will allow 
us to identi fy novel radial root growth regulators and to understand 
how radial growth in relati ons to cytokinin signaling is controlled at a 
molecular level. 

Hormone signaling 
Posters 352 to 431

P352 - Gene Expression Analysis of 
Phytohormone-related Gene After Incision 
Treatment in Arabidopsis Flowering Stem. 
 

MATSUOKA Keita(1), YUMOTO Emi(1), OKUGAWA Daiki(1), 
SAITOU Naho(1), NAKAHARA Yohei(1), YOKOTA Takao(1), 
HISAKAZU Yamane(1), SHINOBU Satoh (2) , ASAHINA 
Masashi(1) 
(1) Teikyo University, Utsunomiya, JAPAN (2)  University of Tsukuba, 
Tsukuba, JAPAN 
Previously, we reported that the diff erenti al gene expression between 
incised and non- incised Arabidopsis fl owering stems and their changes 
in expression during reunion process. Genes that were up-regulated 
during the reunion process include those involved in cell division, cell wall 
modifi cati on, phytohormone-related gene and transcripti on factors (TFs) 
in 7days aft er incision. We revealed that auxin, ethylene and jasmonic 
acid (JA), contributed to the control of ti ssue reunion process in upper 
and lower part of incised stem by inducing the expression of ANAC071 
and RAP2.6L, respecti vely. Gene expression analyses also show that 
expression of those TFs were up-regulated within 3 h aft er incision. We 
also found that some of JA related genes were up-regulated at the non-
incised region as well as incised region of fl owering stem 30 min aft er 
incision. On the other hands, ethylene biosynthesis gene, ACS2, was 
up-regulated exclusively in incised region, 30 min aft er incision. We also 
analyzed expression of genes determined to be responsive to ti ssue-
reunion, including those involved in cell division and TFs, within 24 h aft er 
incision. 
Ref: Asahina et al, 2011, PNAS. Pitaksaringkarn et al, 2014, Plant Biotech. 
Pitaksaringkarn et al, 2014, Plant J. Asahina and Satoh, 2015, J Plant Res. 
 

P353 - The sweet apical dominance 
 

BARBIER François(1) 
(1) University of Queensland, Saint-Lucia BRISBANE, AUSTRALIA (2)  
Institut de Recherche en Horticulture et Semences, Angers, FRANCE 
Apical dominance is a developmental process by which the shoot apex 
inhibits the outgrowth of axillary buds on the same shoot. The hormonal 
network underlying this process has been extensively studied and a 
central role has been att ributed to auxin. However, auxin treatment is 
not able to fully restore the apical dominance in decapitated plants in 
various species including Arabidopsis thaliana. It has been recently shown 
in pea that sugar availability was bett er correlated with bud release than 
auxin depleti on in stem. Experiments on isolated in vitro-culti vated nodes 
of rose, pea and arabidopsis have also demonstrated that sucrose was 
involved in a disaccharide signalling pathway. These observati ons led 
us to carry out a set of experiments to dissect the role of sugars during 

the control of bud outgrowth in Arabidopsis thaliana. It appeared that 
multi ple sugar signalling pathways are involved in such regulati on during 
which the HEXOKINASE 1 seems to play an important role. Indeed, 
HXK1 overexpressing line presents a very high branching patt ern and 
insensiti vity to auxin while the Knock Out line fails to branch as the 
wild type. Moreover, the involvement of HXK1 in this process was more 
related to its signalling acti vity than to its catalyti c role in glycolysis. These 
results give a new framework in the understanding of the control of bud 
outgrowth by sugars and open the way to future discoveries about the 
interplays between sugar and hormonal signalling pathways. 

P354 - Mutants in RES-oxylipin signaling 
 

LANGE Manuel(1), FEKETE Agnes(1), MUELLER Martin J.(1), 
BERGER Susanne(1) 
(1) University Wuerzburg, Wuerzburg, GERMANY 
Biologically acti ve oxylipins comprise the well-studied cyclopentanon 
jasmonic acid as well as reacti ve electrophile species (RES)-oxylipins 
like 12-oxo-phytodienoic acid (OPDA) which possess an A,Y-unsaturated 
carbonyl structure. Several components of the jasmonic acid signaling 
pathway have been identi fi ed while only litt le is known on signal 
transducti on mediati ng the response to RES-oxylipins. We showed that 
TGA transcripti on factors are involved in the response to RESoxylipins. 
To fi nd additi onal signaling factors we initi ated a screen for mutants 
with altered expression of RES-oxylipin responsive genes using plants 
expressing the luciferase under the control of the GST6 promoter. Three 
mutants were selected for further characterizati on. One mutant with 
consti tuti vely higher luciferase acti vity (coe3) and two mutants with 
lower acti vity in response to treatment with RES-oxylipins (nr1, nr2) were 
isolated. The inducti on of RES-oxylipin-responsive genes by diff erent RES 
compounds was analysed in the mutants. In additi on, tolerance to stress 
was tested. The coe3 mutant is more tolerant to drought while nr2 is 
more sensiti ve which is in agreement with a role of OPDA in the response 
to drought. An untargeted metabolomic approach revealed an altered 
glucosinolate profi le of nr2. 

P355 (Talk) - CLE6 expression recovers 
gibberellin defi ciency to promote shoot growth 
in Arabidopsis 
 

BIDADI Haniyeh(1), MATSUOKA Keita(1), SAGE-ONO Kimiyo(1), 
FUKUSHIMA Jun(1), ASAHINA Masashi (2) , YAMAGUCHI 
Shinjiro(3), SAWA Shinichiro (4), FUKUDA Hiroo (5), ONO 
Michiyuki(1), SATOH Shinobu(1)  
(1) University of Tsukuba, Tsukuba/Ibaraki, JAPAN (2)  Teikyo 
University, Utsunomiya/Tochigi, JAPAN(3)  Tohoku University, Sendai/
Miyagi, JAPAN(4) Kumamoto University, Kumamoto/Kumamoto, 
JAPAN (5) University of Tokyo, Tokyo, JAPAN 
Small pepti des act as local signals during plant development, but few 
studies have examined their interacti on with phytohormone signaling. 
Here, we show that applicati on of gibberellin (GA) to Arabidopsis shoots 
induces substanti al accumulati on of transcripts encoded by CLE6, a 
member of the CLAVATA/ESR-RELATED (CLE) gene family, in the root stele, 
followed by promoti on of organ growth by CLE6 in GA-defi cient plants. 
The long-distance eff ect of GA4 was demonstrated by the observati on 
that its applicati on to the shoot apex of the GA-defi cient mutant ga3ox1/
ga3ox2 rescued the short-root phenotype. Microarray analysis was used 
to identi fy root-expressed genes that respond to systemic applicati on of 
GA, and CLE6 was selected for further analysis. CLE6 was highly expressed 
in roots at the young seedling stage, and CLE6 promoter acti vity was 
strong in hypocotyls and roots, especially in root stele cells at branch 
points. Applicati on of CLE6 pepti de had no obvious eff ect on the growth 
and development of GA-defi cient mutant plants. Nonetheless, the fact 
that ectopic over-expression of CLE6 in the GA-defi cient mutant promoted 
root growth and branching, peti ole elongati on, bolti ng rate and stem 
length showed that CLE6 expression parti ally compensates for the GA 
defi ciency. Reciprocal graft ing of GA-defi cient mutant plants to 35S::CLE6 
transformants complemented the shoot phenotype associated with GA 
defi ciency, demonstrati ng the systemic eff ect of CLE6 from root to shoot. 
These data suggest that root-expressed CLE6 is systemically involved in 
shoot growth under GA acti on in Arabidopsis. 
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P356 - Transcript profi ling of cytokinin-induced 
cambium activation in Arabidopsis roots 
 

BLOMSTER Tiina(1), MÄHÖNEN Ari Pekka(1)  
(1) Institute of Biotechnology & Department of Biosciences, University 
of Helsinki, Helsinki, FINLAND 
Cambial cell divisions lead to formati on of secondary vasculature and 
radial growth of plant organs. In Arabidopsis roots, cambium acti vates 
from procambium soon aft er the primary development. Plant hormone 
cytokinin is required for the root secondary growth, but the signalling 
cascades resulti ng in cytokinin-induced cambium acti vati on are not 
well elucidated. The quadruple isopentenyltransferase (ipt) mutant 
ipt1,3,5,7 defecti ve in cytokinin biosynthesis lacks acti ve root cambium 
(Matsumoto-Kitano et al., 2008). Accordingly, microarray analysis of 
one-week-old ipt1,3,5,7 roots showed decreased expression of genes 
involved in the cytokinin response, xylem development as well as cambial 
markers compared to the wild type. The genome-wide transcripti onal 
events during cambium acti vati on of cytokinin-treated ipt1,3,5,7 roots 
were studied in a ti me-course microarray experiment, which yielded 
abundant changes in gene expression and enriched biological processes. 
These results were supported by RNA sequencing, which also revealed 
additi onal cytokinin-responsive genes and gene-specifi c transcript levels. 
The most prominent cambial regulators will be characterized with loss-
of-functi on mutants and expression patt ern analysis using histological 
markers. The results obtained will facilitate understanding of cambium 
signalling dynamics at the whole-genome level. 

Matsumoto-Kitano et al. (2008) Proc. Natl. Acad. Sci. USA 105, 
20027&ndash;20031. 

P357 - Cooperation of the DOF protein DAG1 
and the DELLA protein GAI in the negative 
regulation of the AtGA3ox1 gene 
 

BOCCACCINI Alessandra(1), LORRAI Riccardo(1), RUTA 
Veronica(1), COSTANTINO Paolo(1), VITTORIOSO Paola(1)  
(1) Istituto Pasteur Fondazione Cenci Bolognetti, Dip. di Biologia e 
Biotecnologie “C. Darwin”, Sapienza Università di Roma, Rome, 
ITALY 
In Arabidopsis thaliana the gibberellic acid (GA) is an important positi ve 
regulator of seed germinati on. The transcripti on factor DOF AFFECTING 
GERMINATION1 (DAG1) is a repressor of seed germinati on and acts 
downstream of PHYTOCROME INTERACTING FACTOR-LIKE 5 (PIL5) by 
directly repressing the GA biosyntheti c gene AtGA3ox1. PIL5 induces the 
expression of several downstream repressors, including the DELLA gene 
GA INSENSITIVE 1 (GAI), which negati vely regulates GA metabolism. We 
showed that inacti vati on of GAI results in increased expression of the 
AtGA3ox1 gene, and by chromati n immunoprecipitati on experiments, 
we demonstrated that GAI indeed cooperates with DAG1 in repressing 
AtGA3ox1, and that it directly interacts with DAG1. In order to identi fy 
other targets of DAG1 we also performed a ChIP-Seq experiment, using the 
transgenic line 35S-DAG1-HA. Our data contribute to the understanding 
of the molecular mechanisms underlying the seed germinati on process 
mediated also by DAG1. 

P358 - The Post-Transcriptional Regulation of 
the Arabidopsis NRT1.1/NPF6.3 Transceptor 
Enlightens Its Role in NitrateDependent Lateral 
Root Development. 
 

BOUGUYON Eléonore(1), PERRINE-WALKER Francine (2), 
PERVENT Marjorie (2) , ROCHETTE Juliette (2) , CUESTA 
MOLINER Candela(3), BENKOVA Eva(3) , KROUK Gabriel (2, 
GOJON Alain (2) , NACRY Philippe (2)   
(1) New York University, New York, UNITED STATES (2)  B&PMP, 
CNRS/INRA/SupAgro-M/UM2, Montpellier, FRANCE(3)  IST Austria, 
Klosterneuburg, AUSTRIA 
NRT1.1/NPF6.3 is a major nitrate (NO3-) transceptor (dual functi on of NO3- 
transporter and receptor/sensor) in Arabidopsis. As a sensor, NRT1.1 was 
shown to repress lateral root (LR) development specifi cally in the absence 
of NO3-. Krouk et al. (Developmental Cell 2010, vol. 18-6.) suggested that 
this regulati on is due to NRT1.1&rsquo;s unexpected auxin-transport 
functi on that is inhibited by NO3-. In the absence of NO3-, NRT1.1would 
transport auxin out of LR primordia (LRP), preventi ng auxin accumulati on 
and thus stopping LR development (at the Emergence stage specifi cally). 

On the other side, at NO3-- concentrati on > 0.5mM, NRT1.1 auxin-transport 
functi on would be inhibited by NO3-, so that auxin would accumulate in 
LRP which could then complete their development. However, a few 
observati ons seem not to concur well with this model. First, even though 
NRT1.1 expression is strongly induced by NO3- in LRP, NRT1.1 monitors 
LR development exclusively in the absence of NO3-. Second, although the 
NRT1.1 promoter is acti vated in LRP at a very early stage of development 
(from Initi ati on on), LRP development is only sensiti ve to NO3- at a much 
later stage (Emergence). To address these discrepancies, we investi gated 
NRT1.1&rsquo;s potenti al post-transcripti onal regulati ons in the context 
of LR development. We showed that NRT1.1 is subjected to a complex 
post-transcripti onal regulati on at both mRNA and protein levels. These 
results enlighten the role of NRT1.1 in NO3--dependent LR development. 

P359 - Auxin biosynthesis and its regulation 
 

BRUMOS Javier(1), ALONSO Jose(1), STEPANOVA Anna(1)  
(1) Department of Plant and Microbial Biology, North Carolina State 
University, Raleigh, UNITED STATES 
The main endogenous auxin, indole-3-aceti c acid (IAA), is produced by 
the conversion of tryptophan into indole-3-pyruvic acid (IPyA) by a small 
TAA1/TAR family of three aminotransferases and IPyA is then directly 
converted into IAA by the YUC family of 11 fl avin-monooxygenases. With 
the essenti al components of this two-step pathway characterized, the 
rising challenge is to decipher the regulatory mechanisms controlling the 
acti vity of this metabolic route. 

TAA1 shows extremely specifi c and dynamic expression patt erns 
suggesti ng ti ght spati al and temporal regulati on of TAA1 transcripti on. 
In order to fi nd upstream regulators of TAA1, a yeast one-hybrid 
screen has been completed and several transcripti on factors (TFs) have 
been confi rmed by transient expression. We are uti lizing GFP-tagged 
recombineering lines to check for changes in TAA1 expression patt erns 
upon conditi onal expression of the candidate TFs in stably transformed 
plants. The goal is to identi fy specifi c TFs that directly regulate TAA1 
expression, contributi ng to the establishment of embryo polarity, 
meristem maintenance, and fl ower formati on. 

We are also investi gati ng the poorly understood IPyA-independent routes 
of auxin biosynthesis and are taking advantage of forward, reverse, 
and chemical geneti c approaches. This work is aimed at addressing 
the contributi on of the previously postulated parallel routes to plant 
development. 

P360 - DORNRÖSCHEN-LIKE: fl oral meristem 
initiation, founder-cell transcriptome and auxin 
integration 
 

CHANDLER John(1), COMELLI Petra(1), FRERICHS Anneke(1), 
GLOWA Dorothea(1), WERR Wolfgang(1)  
(1) University of Cologne, Cologne, GERMANY 
The positi onal signals underlying founder cell specifi cati on in the 
infl orescence (IM) or fl oral meristem (FM) remain enigmati c. We have 
exploited the dynamic expression of DORNRÖSCHEN-LIKE (DRNL), 
which marks IM or FM lateral organ founder cells, as a tool to address 
spati al and temporal mechanisms of fl oral body plan establishment; we 
present data from three alternati ve approaches: 1) The gene regulatory 
network associated with the earliest stages of FM initi ati on in the IM 
has been elucidated from DRNL::GFP-expressing cells in the ap1 cal 
mutant background following FACS and RNA-Seq. The compositi on of 
this transcriptome will be presented and includes polarity genes and 
the phyllotaxy regulator AHP6, a direct target of DRNL. 2) The combined 
mutati on of fi ve genes within this transcriptome completely abolishes FM 
initi ati on, which defi nes a regulatory FM initi ati on node. 3) Phylogeneti c 
shadowing of orthologous Brassicaceae DRNL promoters and functi onal 
analysis of the Arabidopsis DRNL promoter have identi fi ed three 
highly conserved enhancer elements that individually, cooperati vely or 
redundantly control aspects of DRNL expression in embryos and fl owers. 
A 100-bp enhancer sequence containing two inverted-repeat auxin 
response elements autonomously marks lateral organ initi ati on in the IM 
and sepal founder cells. The evoluti onary conservati on of this sequence 
suggests that auxin response at the level of founder cells is embedded 
within a higher-order transcripti onal complex. 
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P361 - Profi ling of Plant Signaling Peptides using 
Tandem Mass Spectrometry 
 

CHIH-YING Lee(1), WEI-HUNG Chang(1), CHEN Yet-Ran(1) 
(1) Academia Sinica, Taipei, TAIWAN 
In animal systems, cell-cell communicati on events are mainly mediated by 
pepti des. However, unlike animals, most of the plant signaling pepti des 
are sti ll undiscovered. The major challenges for the detecti on of signaling 
pepti de in plants is due to their low concentrati on, dynamic expression and 
most of the plant pepti des are producti on from the hydrolysis of precursor 
proteins. To date, the MS-based proteomics approach was developed to 
detect and quanti fy the pepti des in a highly sensiti ve and effi  cient manner. 
However, it is sti ll diffi  cult to detect the signaling pepti des, because the 
enzymes for hydrolyzing proproteins are mostly unknown, all of the 
possible pepti de cleavage rules need to be considered during the pepti de 
identi fi cati on. The use of non-enzyme specifi c database-based pepti de 
identi fi cati on can result in high false identi fi cati on rate, thus reduce 
pepti de identi fi cati on sensiti vity. In this study, we analyzed several factors 
in pepti de identi fi cati on, including mass accuracy and matching score. We 
discovered that the score distributi ons of truth- and false-positi ve pepti de 
hits can be well separated by correlati ng the 1st and sub-ranked matching 
scores. With the use of liquid chromatography-tandem MS analysis of 285 
known pepti des, the number of correctly assigned cellular pepti des was 
25% enriched with the use of new algorithm in compared with the use of 
best matching score. 

P362 - A calcium-dependent protein kinase is 
regulated by a protein phosphatase 2A (PP2A) 
via its B subunit 
 

DURIAN Guido(1), RAHIKAINEN Moona(1), KONERT Grzegorz(1), 
TROTTA Andrea(1), GLAWISCHNIG Erich (2) , KANGASJÄRVI 
Saijaliisa(1)  
(1) University of Turku; Molecular Plant Biology, Turku, FINLAND (2)  
Technische Universitaet Muenchen; Lehrstuhl fuer Genetik, Freising, 
GERMANY 
Arabidopsis calcium-dependent protein kinases (CPKs) are important 
early components in calcium mediated signal transducti on pathways. 
Protein dephosphorylati on by protein phosphatase 2A (PP2A) is another 
crucial mechanism that regulates various signaling events in plants. We 
identi fi ed a PP2A protein phosphatase regulatory subunit B as an interactor 
of a CPK by yeast two-hybrid screen and bimolecular fl uorescence 
complementati on in planta. Biochemical analysis of the CPK in a pp2ab 
mutant and wild type plants proved that PP2A alters the acti vity of the 
calcium-dependent protein kinase. Transcriptome analysis of the pp2ab 
mutant showed upregulati on of genes involved in plant immunity hinti ng 
at a role of this phosphatase as a co-regulator of a defense pathway. The 
possible involvement of this PP2A regulatory subunit B in plant immunity 
could further be illustrated by the altered abundance of a phytoalexin in 
the pp2ab mutant. Further work will analyze possible postt ranslati onal 
modifi cati ons involved in the PP2A-CPK interacti on and the biochemical 
regulati on of the calcium-dependent protein kinase. 

P363 (Talk) - Arabidopsis MAP KINASE1 
negatively regulates ROP activity through 
ROP BINDING PROTEIN KINASE1 in an auxin 
dependent manner 
 

ENDERS Tara(1), STRADER Lucia(1)  
(1) Washington University in Saint Louis, Saint Louis, UNITED STATES 
Mitogen-acti vated protein kinase (MPK) cascades are conserved 
mechanisms of signal transducti on across eukaryotes. Despite the 
importance of MPK proteins in regulati ng signaling events, roles for many 
Arabidopsis MPK proteins are unknown. To identi fy MPK proteins involved 
in auxin responses, I surveyed inserti onal alleles in MPK genes and found 
that mpk1 mutants displayed auxin hypersensiti vity in cell expansion 
assays. Specifi cally, mpk1 displays auxin hypersensiti vity in cotyledon 
expansion, root hair elongati on, and pavement cell morphology assays. 
Intriguingly, MPK1 appears to infl uence auxin responses independently of 
the nuclear auxin signaling system. We hypothesize that MPK1 interacts 
with ROP BINDING PROTEIN KINASE 1 (RBK1) to regulate the acti vity of 
the RHO OF PLANTS (ROP) small GTPases to regulate cell expansion in an 
auxin dependent manner. Additi onally, rbk1 inserti onal mutants display 
auxin hypersensiti vity, similar to mpk1. A combinati on of phosphorylati on 

assays and pull downs will reveal if either of these kinases directly 
phosphorylate or interact with ROPs. Understanding the role of MPK1 in 
Arabidopsis will further our understanding of MAPK functi ons and begin 
to reveal roles for novel negati ve regulators of auxin responses. 

P364 - Regulation of growth by auxin in 
Arabidopsis 
 

FENDRYCH Matyas(1), ADAMOWSKI Maciej(1), FRIML Jiri(1)  
(1) IST Austria, Klosterneuburg, AUSTRIA 
Seed plants create remarkable shapes and patt erns and respond to 
sti muli by tropisms while their cells are unable to move relati vely to each 
other. Organ shapes and movements are thus dictated by controlling 
the orientati on of cell division and subsequent cell enlargement. A 
canonical example of cell elongati on is the reacti on of stem segments 
to the applicati on of auxin, termed also the acid growth. This system 
was extensively explored in the second half of the 20th century, using 
various model organisms and the by-then-available physiological and 
pharmacological approaches. The contemporary literature att ributes the 
rapid auxin-induced stem elongati on parti ally to the ABP1-TMK dependent 
signaling module and parti ally to the TIR1/AFB dependent pathway. Here 
we present an analysis of Arabidopsis cell wall acidifi cati on in response 
to auxin, and we investi gate the signaling pathways underlying auxin-
induced cell elongati on in the light of the new discoveries in the fi eld of 
auxin signaling. We unambiguously show that only one of these pathways 
is responsible for the rapid stem elongati on. 

P365 - Polysome Profi ling Reveals Translational 
Regulation of Ethylene Signaling in Arabidopsis 
 

FENG Ying(1), LI Wenyang(1), MA Mengdi(1), GUO Hongwei(1)  
(1) School of Life Sciences, Peking University, Beijing, CHINA 
To accumulate more EIN3 (ETHYLENE-INSENSITIVE3) proteins in response 
to ethylene, Arabidopsis reduces the producti on of EBF1 (EIN3-BINDING 
F BOX PROTEIN 1) and EBF2 (EIN3-BINDING F BOX PROTEIN 2). Such 
regulati on requires EIN2 (ETHYLENE INSENSITIVE 2), an essenti al 
component in ethylene signal transducti on. Meanwhile, to avoid the high 
risk brought by over-accumulated EIN3, a negati ve feedback is established 
to transcribe more EBF mRNAs by EIN3 itself. Polysome profi ling followed 
by RT-PCR directly shows the conditi ons of mRNAs being translated. By 
applying this assay, we revealed a new level of regulati on of ethylene 
signaling, translati onal repression. We determined lower translati on level 
of EBFs in response to ethylene indicated by fewer EBF mRNAs associated 
with ribosomes, and the repression depends on the presence of EIN2 
but not EIN3. The 3&rsquo;UTR of EBF mRNA mediated the translati onal 
repression by ethylene since over expressing EBF1 3&rsquo;UTR released 
EBF1/2 translati on to comparati ve levels with or without ethylene 
treatment. We assumed the abundant 3&rsquo;UTRs here acted as 
sponges absorbing repressors called by ethylene signal. Moreover, ein2 
and ein3 eil1 mutants displayed imbalanced polysomal profi le indicati ng 
them playing a more general role in ribosome assembly to infl uence 
translati on in vivo. 

P366 - New E3 Ubiquitin ligases involved in 
jasmonate signalling in Arabidopsis thaliana 
 

FERNANDEZ CALVO Patricia(1), NAGELS-DURAND Astrid (2), 
RITTER Andres(3) , PAUWELS Laurens(4), GOOSSENS Alain(5)  
(1) Plant Systems Biology-VIB, GENT, BELGIUM (2)  Plant Systems 
Biology-VIB, GENT, BELGIUM(3)  Plant Systems Biology-VIB, GENT, 
BELGIUM(4) Plant Systems Biology-VIB, GENT, BELGIUM (5) Plant 
Systems Biology-VIB, GENT, BELGIUM 
E3-ubiquiti n ligase protein complexes  (UBC) have emerged as signalling 
hubs in the regulati on of plant growth, development and defence. UBCs 
recruit the target substrate for ubiquiti nati on and subsequent degradati on 
by the proteasome. A well-known example of an UBC is the jasmonate (JA) 
receptor complex SCFCOI1. Aft er binding the JA-Ile hormone, the SCFCOI1 
targets the JAZ repressors for degradati on by the 26S proteasome, 
thereby acti vati ng the downstream JA signalling cascade. Likewsie, RING-
type ubiquiti n ligases, such as RGLG3/4, have recently been linked to JA 
signalling. Therefore and considering the huge variety and diversity of 
predicted UBCs, it is expected that additi onal E3-ubiquiti n ligase proteins 
may be involved in the fi ne-tuning of JA responses. To identi fy new JA-
related E3-ubiquiti n ligase proteins we combined transcriptome mining 
with tandem affi  nity purifi cati on of protein complexes (TAP). Several 
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E3-ubiquiti n ligases that are co-regulated with the JAZ genes in diff erent 
conditi ons were selected as bait proteins for TAP analysis. Here, we 
present the JA-modulated Arabidopsis Toxicos in Levadura 23 (ATL23), a 
RING-E3 ubiquiti n ligase, that interacted with several prey proteins such 
as, NIT1, NIT2, RD21, and ERMO2, most of which with yet unknown role in 
JA signalling. ATL23 was also found to interact with the 17, 24, 29 and 30 
E2 subunits of UBC complexes. Functi onal characterizati on of ATL23 and 
its potenti al roles in JA responses is ongoing 

P367 - Two wheat Glycogen Synthase Kinase 
3 / SHAGGY -like kinases act as negative 
regulators of brassinosteroid signaling 
 

BITTNER Thomas(1), NADLER Sabine(1), CAMPAGNE Sarah(1), 
SCHULZE Eija(1), RENSING Stefan A. (2) , NEUHAUS Gunther (1), 
FISCHER-IGLESIAS Christiane(1)

(1) Albert-Ludwigs-University Freiburg - Faculty of Biology, Freiburg, 
GERMANY (2)  Albert-Ludwigs-University Freiburg -Faculty of 
Biology & BIOSS Centre for Biological Signalling Studies, Freiburg, 
GERMANY 
Glycogen Synthase Kinase 3 / SHAGGY-like kinases (GSKs) are non-
receptor serine/threonine kinases. Plant GSKs are involved in hormonal 
signaling networks and are required for growth, development, light 
as well as stress responses. Knowledge on their biological functi on 
in Liliopsida resp. Poaceae is sti ll limited as most functi onal studies 
have so far been conducted on Arabidopsis GSKs. Two GSK homologs 
named TaSK1 and TaSK2 and their homoeologous gene copies have 
been identi fi ed and characterized in the hexaploid wheat genome. A 
phylogeneti c analysis of land plant GSKs indicated that TaSK1 and TaSK2 
belong to GSK clade II, the Arabidopsis members of which are all involved 
in brassinosteroid (BR) signaling. The role of TaSK1 and TaSK2 in BR 
signaling has been evaluated by expressing a gain-of-functi on mutati on 
of TaSK1 and TaSK2 in Arabidopsis. Phenotypic analysis, investi gati on of 
BR target gene expression in transgenic lines, and parti al rescue of severe 
phenotypes using a GSK chemical inhibitor provided strong evidence 
for an involvement of TaSKs in BR signaling. The physiological eff ects of 
brassinosteroids on wheat growth and development were explored and 
indicated a role of BRs in embryonic development and seedling growth. 

P368 - Role of AtRLP44 in brassinosteroid-
mediated cell wall signaling 
 

GARNELO-GÓMEZ Borja(1), WOLF Sebastian(1)  
(1) CENTRE FOR ORGANISMAL STUDIES (COS), HEIDELBERG, 
GERMANY 
Communicati on between the extracellular matrix and the cell interior 
is essenti al for all organisms as intrinsic and extrinsic cues have to be 
integrated to coordinate development, morphogenesis, and behavior. 
This applies in parti cular to plants, the growth and shape of which is 
governed by cell wall depositi on and remodeling. In this context, the 
biophysical properti es of the cell wall are constantly monitored and 
informati on must be relayed to the cell interior in order to fi netune the 
physico-chemical properti es of the cell wall for opti mal growth responses. 
However, very litt le is known about the molecular components and 
signaling mechanisms involved in these processes. AtRLP44 was identi fi ed 
as a key component of brassinosteroid-mediated cell wall signaling. RLP44 
alone is suffi  cient to acti vate brassinosteroid-regulated gene expression. 
However, it is not clear how RLP44 acti vates signaling. Interacti on with 
the regulatory receptor-like kinase BAK1 has been demonstrated but its 
functi onal signifi cance is unclear. During this thesis, the eff ect of RLP44 on 
compositi on, moti lity, and signaling output of the brassinosteroid receptor 
complex and its downstream targets will be assessed. In additi on, we aim 
to analyze the contributi on of previously identi fi ed phosphorylati on sites 
in the cytoplasmic tail of RLP44 on its functi on in cell wall signaling using 
transgenic complementati on analysis. Taken together, these approaches 
are expected to reveal the mechanism by which the newly discovered 
RLP44-mediated cell wall signaling pathway is integrated with well-known 
brassinosteroid hormone signaling. 

P369 - Identifi cation and characterization of 
a candidate receptor for the plant natriuretic 
peptide AtPNP-A 
 

TUREK Ilona(1), GEHRING Chris(1) 
(1) KAUST, Thuwal, SAUDI ARABIA 
The focus of our research is to elucidate the mechanism of acti on of 
plant signaling pepti des, in parti cular plant natriureti c pepti des (PNPs) 
comprising a novel class of hormones that share some sequence similarity 
in the acti ve site with their animal analogues regulati ng salt and water 
balance. One aspect of understanding the functi on of these compounds 
is their potenti al biotechnological applicati ons in conferring increased 
stress tolerance to plants. Since the molecular mode of acti on of PNPs sti ll 
remains unclear, comprehensive protein-protein interacti on studies have 
been undertaken to identi fy physiologically relevant interactants of the 
Arabidopsis thaliana PNP (AtPNP-A) that acti ngs as a systemic regulator 
of abioti c and bioti c stress responses. Specifi city of the interacti ons was 
verifi ed with surface plasmon resonance and physiological signifi cance 
of the interacti on was assessed in functi onal assays. Interesti ngly, one of 
the identi fi ed binary interactants of AtPNP-A, termed AtPNP-R1, shows 
guanylyl cyclase acti vity in vitro &ndash; a feature that is diagnosti c for 
several mammalian receptors of NPs. Moreover, suppressed response 
of atpnp-r1 mutant plants to the AtPNP-A dependent net water infl ux 
into mesophyll cell protoplasts confi rmed that AtPNP-R1 functi ons in the 
transducti on of the AtPNP-A signal. Taken together, the results suggest 
that AtPNP-R1 is one of the receptors for AtPNP-A. 

P370 - Brassinosteroids promote anthocyanin 
biosynthesis under low nitrogen conditions in 
Arabidopsis 
 

GU Lifei(1), JIANG Tiantian(1), LI Qian-Feng(1), LIANG Jian(1), 
WANG Chunming(1), HE Jun-Xian(1)  
(1) The Chinese University of Hong Kong, Hong Kong, CHINA 
Brassinosteroids (BRs) are steroid plant hormones that regulate many 
developmental and physiological processes in pants including responses 
to stress. However, litt le is known about BR regulati on of plant responses 
to mineral nutrients. Our recent studies indicate that BR can induce 
plant tolerance to low nitrogen (N) stress in Arabidopsis and enhance 
low N-induced anthocyanin biosynthesis, which seem to be both 
mediated by the BR-acti vated transcripti on factor BZR1. BZR1 physically 
interacts with PAP1, a key transcripti on factor that controls anthocyanin 
biosynthesis in Arabidopsis, and enhances PAP1&rsquo;s transcripti onal 
acti vati on acti vity on its target genes in anthocyanin biosynthesis. BZR1 
can also bind the promoters of some of the anthocyanin biosyntheti c 
genes but the binding appears to be not specifi c, suggesti ng that BR 
promotes anthocyanin biosynthesis under low N mainly through BZR1-
PAP1 interacti on. As a conclusion, our study indicates that BR is capable 
of promoti ng low N-induced anythocyanin biosynthesis, which may help 
plants survive the low N stress conditi ons. 
Funding: This work was supported by the GRF grants (465410 and 
464412) and an AoE grant (AoE/M-05/12) from the Research Grant 
Council of Hong Kong, a grant from Nati onal Natural Science Foundati on 
of China (91125027), the Shenzhen Science & Technology Research & 
Development Funding - Peacock Scheme, and the Direct Grants from The 
Chinese University of Hong Kong. 

P371 - EIN3 Negatively Regulates Fertility 
through Inhibiting Pollen Germination in 
Arabidopsis 
 

HAO Dongdong(1), GUO Hongwei(1)  
(1) Peking University, Beijing, CHINA 
Ethylene is a gaseous plant hormone, which plays important roles in plant 
development and response to bioti c and abioti c stresses. EIN3 (Ethylene 
insensiti ve 3) and EIL1 (EIN3-like 1) are key transcripti on factors in 
ethylene pathway, which are ti ghtly regulated by SCF complex containing 
F-box protein EBF1/EBF2 (EIN3-binding F-box protein 1/2) through the 
26S proteasome-mediated protein degradati on pathway. Previous studies 
found that a weak allele of ebf 1ebf2 is inferti le, and this could be rescued 
by loss of EIN3 functi on, indicati ng EIN3 may negati vely regulates plant 
ferti lity. However, the mechanism remains unclear. Recently, we found 
the length of stamens was much shorter than that of pisti ls in ebf1-3 ebf2-
2, resulti ng in the gynoecium protruding from the unopened fl oral buds. 



132
THE 26TH 
INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

Besides, the petals of ebf1-3 ebf2-2 was smaller than wide-type Col-0. All 
these defects were rescued by ein3 mutati on. Using Alexander staining 
and in vitro pollen germinati on assays, we found the pollen development 
is normal in ebf1-3 ebf2-2, but pollen germinati on is defecti ve. When 
pollinated with Col-0, normal seeds can be produced in ebf1-3 ebf2-2. 
Our data indicated that EIN3 negati vely regulates ferti lity may through 
inhibiti ng pollen germinati on. 

P372 - A dominant mutation of HT1 kinase, 
which leads to a defi ciency in high CO2-induced 
stomatal closure, induces accumulation of HT1 
protein 
 

HASHIMOTO-SUGIMOTO Mimi(1), NEGI Juntaro (2) , MONDA 
Keina(2), HIGAKI Takumi(3) , ISOGAI Yasuhiro(4), NAKANO 
Toshiaki (2), HASEZAWA Seiichiro (3), IBA Koh (2)   
(1) Nagoya University, Japan, Nagoya, JAPAN (2)  Kyushu University, 
Japan, Fukuoka, JAPAN(3)  Tokyo University, Japan, Tokyo, JAPAN(4) 
Toyama prefectural University, Japan, Imizu, JAPAN 
HT1 (HIGH LEAF TEMPERATURE 1) is the fi rst component in the stomatal 
CO2 signaling pathway to be isolated by forward geneti c screening. The  
HT1 gene encodes a protein kinase expressed mainly in guard cells, 
and the recessive mutati ons, ht1-1 and ht1-2, cause decrease or loss of 
HT1 kinase acti vity, respecti vely. As a result, the ht1 recessive loss-of-
functi on mutants exhibit CO2 hypersensiti ve stomatal closure. We have 
isolated or obtained seven ht1 mutant alleles, including the ht1-1 and 
ht1-2, and we found that the six recessive ht1 mutants (ht1-1, ht1-2, ht1-
4, ht1-5, ht1-6 and ht1-7) had mutati ons on highly conserved residues 
in the catalyti c domains required for the kinase acti vity. In contrast, 
the dominant mutant, ht1-3, had a missense mutati on aff ecti ng a non-
conserved residue (R102K), and had widely opened stomata due to CO2 
insensiti vity. We demonstrated that the dominant mutati on did not aff ect 
kinase acti vity, but increased the amount of HT1 protein at the post-
transcripti onal level. We also showed that the amount of HT1 protein is 
kept at a low level in order to retain the ability to adjust the stomatal 
apertures in response to environmental changes. Interesti ngly, both of 
the loss-of-functi on and gain-of-functi on ht1 mutants showed normal 
ABA responses, but completely altered CO2 responses. These results 
strongly suggest that HT1 has a crucial and specifi c functi on in stomatal 
CO2 response. We will discuss possible CO2 signaling pathways mediated 
by HT1. 

P373 - Small Peptides Of The INFLORESCENCE 
DEFICIENT IN ABSCISSION Family Are Involved 
In Root Cap Development 
 

HERRMANN Ullrich(1), AALEN Reidunn B.(1)  
(1)University of Oslo / Department of Bioscience, Oslo, NORWAY 
The development and functi on of the plant root involve precisely 
controlled cell division patt erns and cell separati on events. Lateral 
root primordia have to penetrate several diff erent cell layers during 
emergence and are dependent on ti mely acti vati on of the cell separati on 
machinery. INFLORESCENCE DEFICIENT IN ABSCISSION (IDA), a small 
pepti de ligand and the leucine-rich repeat receptor-like kinases HAESA 
(HAE) and HAESA-LIKE2 (HSL2) control fl oral organ abscission and serve 
as a signaling module regulati ng cell separati on during lateral root 
emergence in Arabidopsis thaliana [1, 2]. Other small pepti des of the 
IDA-LIKE (IDL) family are expressed in the root apical meristem. One of 
these genes is expressed strongly in leaves and in the QC of the root ti p. 
Preliminary data shows that a mutati on in this gene results in a deviati ng 
cell division patt ern in the root. Alterati ons in the division patt ern of the 
root ti p are seen as early as in the germinati ng seed. Mature roots of 10 
days old seedlings conti nue to have defects in the cells underlying the 
QC region and show a generally unordered root cap structure. Assuming 
a generally similar structure for the acti ve IDL pepti de compared to IDA, 
a syntheti c pepti de of 12 amino acids with a central hydroxyproline is 
currently tested for its competency to rescue the mutant phenotypes 
described. Constructs harboring the IDL locus have been generated 
and introduced into the idl mutant and will be used to independently 
confi rm the anti cipated results. The target receptor(s) for IDL is currently 
unknown but receptors with similarity to HAE are tested in transient 
assays for response to applicati on of the synthesized pepti de. One of 
these receptors is showing a mutant phenotype very similar to the idl 
mutant root phenotype. RNA-Seq was performed on root ti ssue of 10 
days old seedlings and a list of diff erenti ally expressed genes is currently 
screened for candidates potenti ally aff ected by IDL. 

1.  Stenvik, G.E., et al., The EPIP pepti de of INFLORESCENCE DEFICIENT IN 
ABSCISSION is suffi  cient to induce abscission in arabidopsis through the 
receptor-like kinases HAESA and HAESA-LIKE2. Plant Cell, 2008. 20(7): p. 
1805-17. 
2.  Kumpf, R.P., et al., Floral organ abscission pepti de IDA and its HAE/HSL2 
receptors control cell separati on during lateral root emergence. Proc Natl 
Acad Sci U S A, 2013. 110(13): p. 5235-40. 

P374 - Nuclear import receptors aff ect the 
transcriptional and developmental output of 
the BODENLOS-MONOPTEROS module 
 

HERUD Ole(1), LAU Steff en(1), WEIJERS Dolf (2), JÜRGENS Gerd(1)  
(1) Max Planck Institute for Developmental Biology, Tuebingen, 
GERMANY (2)  Laboratory of Biochemistry, Wageningen University, 
Wageningen, THE NETHERLANDS 
The basic body patt ern of Arabidopsis thaliana is established during 
early embryogenesis. The initi ati on of the primary root depends on the 
Auxin Response Factor MONOPTEROS (MP) and the degradati on of its 
inhibitor, the Aux/IAA BODENLOS (BDL). This degradati on is triggered by 
the phytohormone auxin. Here we report that a mutati on in a nuclear 
transporter of the IMPORTIN Α class (IMPΑ) alters the penetrance of root 
initi ati on defects caused by the bdl gain-of-functi on allele. 
impΑ6-1 mutant plants appear phenotypically normal and do not show a 
reduced level of bdl protein. Localizati on studies of bdl:3xGFP revealed no 
qualitati ve diff erence in the subcellular localizati on to wild-type. We used 
fl uorescence recovery aft er photobleaching (FRAP) to study the eff ect 
on bdl:3xGFP import and transient expression in protoplasts to confi rm 
that the inhibiti on of MP by bdl is reduced in the IMPΑ6 knockdown 
background. In additi on, we performed massspectrometry to confi rm 
the broad range of Importi n Α interactors, and calculated mathemati cal 
models of auxin signaling to compare the eff ect of a delay in bdl import 
versus a reduced nuclear accumulati on of bdl cofactors. This report 
establishes the relevance of the fast nuclear import of Aux/IAA proteins 
for their functi on in inhibiti ng ARF transcripti on factors. 

P375 - Integration of Cell Wall Signaling and 
Growth Regulation in Arabidopsis thaliana 
 

HOLZWART Eleonore(1), WOLF Sebastian(1)  
(1) Centre for Organismal Studies, Heidelberg, GERMANY 
Almost all plant cells are surrounded by a rigid, yet dynamic, extracellular 
structure, the cell wall. In the absence of cell migrati on, plant cells 
grow by modifying their walls. Aft er expansion, cell wall integrity is 
consolidated through depositi on of new cell wall material and the acti vity 
of cell wall remodeling enzymes. Expression and acti vity of these enzymes 
are controlled by growth hormones such as auxin, gibberellic acid and 
Brassinosteroids (BRs). Because of this, it has been assumed that the 
state of the cell wall is monitored to relay informati on to the cytosol and 
to elicit an adequate response when cell wall integrity is compromised. 
Recently, such a mechanism was shown to be triggered by modifi cati on 
of the pecti n component of the cell wall, leading to an acti vati on of the BR 
signaling pathway. Cell wall-mediated acti vati on of BR signaling depends 
on receptor-like protein 44 (RLP44), which interacts with the BR receptor 
complex and is suffi  cient to acti vate BR signaling. Thus, integrati on of cell 
wall and BR signaling most likely occurs at the level of the BR receptor 
complex. BR hormones are perceived by the receptor-like kinases BRI1 
and BAK1, both of which were shown to interact with a component of 
the recently identi fi ed cell wall signaling pathway. We want to study 
dynamics and regulati on of complex formati on between the relevant 
proteins during development, as well as reveal the consequences of these 
interacti ons on the acti vity of the BR receptors. 

P376 - Integration of light and jasmonate 
signaling in Arabidopsis seedling development 
 

CHEN Huai-Ju(1), FU Tsu-Yu(1), HSIEH Hsu-Liang(1) 
(1) National Taiwan University, Institute of Plant Biology, Taipei, 
TAIWAN 
Plant growth and development is oft en regulated by the interacti on of 
environmental factors such as light and various phytohormones, including 
jasmonates (JAs). However, the molecular mechanisms underlying the 
integrati on of light and JA signaling remain largely unknown. Arabidopsis 
FAR-RED INSENSITIVE 219 (FIN219)/JASMONATE RESISTANT 1 (JAR1) has 
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been shown to parti cipate in phytochrome A-mediated far-red (FR) light 
signaling and interacts with diff erent light signaling components. Our 
recent studies have revealed that FIN219/JAR1 regulates a number of 
transcripti on factors in FR light. The fi n219 null mutant was less sensiti ve 
than the wild type to various concentrati ons of methyl jasmonate (MeJA) 
under low and high FR light. High FR light reduced the sensiti vity of 
Arabidopsis seedlings to MeJA. Intriguingly, FIN219 levels in response 
to MeJA showed a negati ve feedback regulati on under FR light. Further 
evidence indicates that loss-of-functi on mutants of some bHLH TFs 
aff ected by FIN219 show altered responses to MeJA in the regulati on 
of hypocotyl and root elongati on. In additi on to functi onal roles in FR 
light, FIN219/JAR1 also shows a mutual regulati on with the blue light 
photoreceptor cryptochrome1 via physical interacti on. Further regulatory 
relati onship between both proteins under blue light and MeJA conditi ons 
will be presented in the meeti ng. 
 

P377 - Activity and localization of cysteine-rich 
receptor-like kinases 
 

HUNTER Kerri(1), JALKANEN Salla(1), MOORE Robin(1), 
WRZACZEK Michael(1)  
(1) University of Helsinki, Helsinki, FINLAND 
Cysteine-rich receptor-like kinases (CRKs) represent a subgroup of the 
receptor-like protein kinase (RLK) transmembrane proteins, consisti ng 
of 44 members in Arabidopsis thaliana. CRKs are defi ned by their 
extracellular domain containing two copies of the domain of unknown 
functi on 26 (DUF26) with its conserved cysteine moti f C-X8-C-X2-C. 
Large-scale phenotypic screening of crk T-DNA inserti on lines suggests 
roles for these proteins in reacti ve oxygen species (ROS) signalling and 
stress responses. Further evidence comes from gene expression analysis, 
where altered crk expression is observed in response to various abioti c 
and bioti c stresses, and from the potenti al for redox regulati on in their 
extracellular domain. However, their functi on on the molecular and 
biochemical level remains largely unknown. Here we investi gate the 
in vitro kinase acti vity of selected CRKs. We also show the subcellular 
localizati on of CRKs in planta using fl uorescently tagged proteins. These 
results provide a preliminary framework for the biochemical context of 
CRK protein functi on. 

P378 - Characterization of the role of the 
Arabidopsis truncated haemoglobin 
 

IÑIGO Sabrina(1), NAGELS DURAND Astrid(1), RITTER Andrés(1), 
PAUWELS Laurens(1), GOOSSENS Alain(1)  
(1) Department of Plant Systems Biology, VIB and Department of 
Plant Biotechnology and Bioinformatics, Ghent University, Gent, 
BELGIUM 
Plant hormones are important regulators of plant growth, development 
and the responses to bioti c and abioti c stresses. They play a central role in 
the determinati on of cellular programs by integrati ng environmental and 
endogenous developmental signals and interact at multi ple levels. We are 
characterizing two Arabidopsis E3-ubiquiti n ligases potenti ally involved 
in jasmonate signalling that were used in a Tandem Affi  nity Purifi cati on 
(TAP) screening to identi fy new interacti ng proteins. One of these targets 
is GLB3, which corresponds to the Arabidopsis truncated haemoglobin. In 
plants, three types of haemoglobins have been identi fi ed, symbioti c, non-
symbioti c and truncated, which have been divided in three phylogeneti c 
groups, where class 1 and 2 are closely related to human and animal 
globins and class 3 to bacterial truncated haemoglobins. The functi on 
of truncated haemoglobins in plants is unknown. To get insight into the 
possible functi on of GLB3, we generated Arabidopsis plants with loss- or 
gain-of-functi on of GLB3 and performed a transcriptomic analysis which 
revealed a role in iron homeostasis. Furthermore, we performed TAP 
and yeast two-hybrid screenings using GLB3 as bait and several GLB3-
interacti ng proteins related to salicylic acid and nitric oxide signalling 
pathways were identi fi ed. Further detailed phenotypic characterizati on 
of Arabidopsis lines will enable to unravel the importance of truncated 
haemoglobins for plant growth, development and defence. 

P379 - Phytosulfokine receptor 1 (PSKR1) has 
multiple innate gateways for intracellular 
communication 
 

MULEYA Victor(1), MARONDEDZE Claudius (2) , WHEELER 
Janet(1), THOMAS Ludivine (2) , KWEZI Lusisizwe(1), GEHRING 
Chris(2), IRVING Helen(1) 
(1) Monash University, Parkville, AUSTRALIA (2)  KAUST, Thuwal, SAUDI 
ARABIA 
The phytosulfokine receptor 1(PSKR1) has multi ple roles in cellular 
development. Recently PSKR1 has been implicated as a switch molecule 
that shift s plants from deploying resources in growth and development 
to defence strategies. We have shown that the intracellular domain of 
PSKR1 has both kinase and guanylate cyclase acti vity that can be switched 
by changes in calcium levels at physiological relevant levels. Here we 
show that recombinant PSKR1 is capable of autophosphorylati on at 
serine, threonine and tyrosine residues. We analysed recombinant 
PSKR1 by mass spectrometry and revealed specifi c phospho sites. Using 
phosphomimeti cs we show that the phospho state of key residues 
impacts on the kinase and also the guanylate cyclase acti vity of PSKR1. 
Hence the patt ern formed by intracellular phosphorylati on sites within 
PSKR1 contributes to its catalyti c functi on that can be further regulated 
by intracellular changes in cGMP and calcium. We speculate that these 
multi ple levels of control contribute to the ability of PSKR1 to switch 
resource deployment. 

P380 - Overexpression of the partial PHYB gene 
suppresses bri1-5 
 

JEONG Yu Jeong(1), KWON Soon Il (2) , PARK Slki Park(1), SUH 
Su Jeoung(1), CHA Richard Cha (2) , KIM Yoong Eun (2) , CHOE 
Sunghwa(1) 
(1) School of Biological Sciences, College of Natural Sciences, Seoul 
National University, Seoul, SOUTH KOREA (2)

Convergence Research Center for Functional Plant Products, 
Advanced Institutes of Convergence Technology, Suwon, SOUTH 
KOREA 
Brassinosteroids (BRs) control virtually every aspect of plant growth and 
development. BRs act alone or with other exogenous and endogenous 
signals including auxin and light. To screen for the novel player involved in 
BR signaling in Arabidopsis, we employed cDNA overexpression strategy. 
We created a cDNA library to be expressed under the 35S overexpression 
promoter, and introduced into a weak brassinosteroid insensiti ve 1 (bri1) 
mutant. The mutant dubbed bri1 
-5 with long peti ole (blp) was identi fi ed to display bigger stature especially 
in hypocotyl and peti ole length relati ve to bri1 
-5. Sequence analysis of the rescued transgene revealed that blp consisted 
of a chimeric DNA consisti ng of a 3” half of PHYB, 2 bp inserti on, and a 
part of a chloroplast ribosomal RNA. Re-introducti on of chimeric DNA into 
bri1-5 recapitulated blp phenotype. The blp phenotypes being similar to 
phyB mutants led us to examine both the PHYB transcript and protein 
levels in the blp 35Spro:PHYB doubly homozygous line. Lower levels of 
both transcripts and proteins of PHYB suggested that introducti on of the 
chimeric gene interfered with the stability of PHYB transcripts. Our results 
highlight that overexpression mutagenesis facilitates functi onal genomics 
to decipher a functi on of Arabidopsis genome. 

P381 - The Arabidopsis Zinc Finger Protein 3 
interferes with ABA and light signaling in seed 
germination and plant development 
 

JOSEPH Mary Prathiba(1), PAPDI Csaba (), KOZMA-BOGNÁR 
László (), NAGY István (), LÓPEZ-CARBONELL Marta (), 
KONCZ Csaba (), SZABADOS László (  
(1) Institute of Plant Biology,Biological Research Centre, Szeged, 
HUNGARY (2)  Royal Holloway, University of London, Egham 
Hill, Surrey, TW20 0EX, U.K., London, U.K.(3)  Institute of Plant 
Biology,Biological Research Centre, Szeged, HUNGARY(4) Institute 
of Plant Biology,Biological Research Centre, Szeged, HUNGARY 
(5) Max-Planck-Institut für Züchtungsforschung, 50829, Cologne, 
GERMANY (6) Institute of Plant Biology,Biological Research Centre, 
Szeged, HUNGARY 
Seed germinati on is controlled by environmental signals, including light 
and endogenous phytohormones. Abscisic acid (ABA), the plant hormone 
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is known to play important role in various aspects of plant development. 
In additi on, ABA plays a pivotal role in mediati ng some aspects of 
physiological responses to environmental stresses. ABA inhibits, whereas 
gibberellin promotes, germinati on and early seedling development, 
respecti vely. Here, we report that ZFP3, a nuclear C2H2 zinc fi nger protein, 
acts as a negati ve regulator of ABA suppression of seed germinati on in 
Arabidopsis (Arabidopsis thaliana). Accordingly, regulated overexpression 
of ZFP3 and the closely related ZFP1, ZFP4, ZFP6, and ZFP7 zinc fi nger 
factors confers ABA insensiti vity to seed germinati on, while the zfp3 zfp4 
double mutant displays enhanced ABA suscepti bility. Reduced expression 
of several ABA-induced genes, such as RESPONSIVE TO ABSCISIC ACID18 
and transcripti on factor ABSCISIC ACID-INSENSITIVE4 (ABI4), in ZFP3 
overexpression seedlings suggests that ZFP3 negati vely regulates ABA 
signaling. Analysis of ZFP3 overexpression plants revealed multi ple 
phenotypic alterati ons, such as semidwarf growth habit, defects in 
ferti lity, and enhanced sensiti vity of hypocotyl elongati on to red but not 
to far-red or blue light. Analysis of geneti c interacti ons with phytochrome 
and abi mutants indicates that ZFP3 enhances red light signaling by 
photoreceptors other than phytochrome A and additi vely increases ABA 
insensiti vity conferred by the abi2, abi4, and abi5 mutati ons. These data 
support the conclusion that ZFP3 and the related ZFP subfamily of zinc 
fi nger factors regulate light and ABA responses during germinati on and 
early seedling development. 
References: 
Joseph MP et al; (2014) The Arabidopsis Zinc Finger Protein 3 interferes with 
ABA and light signaling in seed germinati on and plant development. Plant Physiol 
165:1203-1220 
Papdi C et al;  (2008) Functi onal identi fi cati on of Arabidopsis stress regulatory genes 
using the Controlled cDNA Overexpression System, COS. Plant Physiol. 147: 528-542. 

P382 - Role of PLD isozymes and NADPH-
oxidases in salicylic acid mediated stomatal 
movement 
 

KALACHOVA Tetiana(1), IAKOVENKO Oksana (2) , RUELLAND 
Eric(1), KRAVETS Volodymyr (2)   
(1) CNRS UMR7618, Institute of Ecology and Environment Sciences of 
Paris, Créteil, FRANCE (2)  NAS, Institute of bioorganic chemistry and 
petrochemistry, Kyiv, UKRAINE 
Salicylic acid (SA) is a hormone associated with responses to abioti c and 
bioti c stresses. Stomatal movement is a fast and eff ecti ve mechanism 
of plant adaptati on to environmental changes, controlled by a cascade 
of signalling events including the producti on of lipid-derived second 
messengers and of reacti ve oxygen species (ROS). We investi gated the 
role of phospholipase D (PLD) in the control of stomatal movement by 
SA. The stomatal opening by light was inhibited in wild-type plants by 
an inhibitor of phosphati dic acid producti on by phospholipase D acti vity. 
In Arabidopsis thaliana, PLDs are encoded by a multi genic family. The 
opening was impaired in pldA defi cient line (but not in pldY or pldΓ 
mutant plants). Interesti ngly, SA inhibits the stomatal opening by light 
in WT plants but no longer in pldA defi cient line. As for stomata closure 
of already open stomata, we have shown that it was induced by SA. SA 
induced rapid increase of PLD acti vity in A. thaliana ti ssues. The product 
of PLD is phosphati dic acid that has NADPH-oxidase binding ability. 
NADPH-oxidases RbohD and RbohF are superoxide producing enzymes. 
Using the rbohD, rbohF and rbohDF defi cient lines we discovered the 
major role of rbohD isozyme in SA-mediated ROS formati on in ti ssues and 
stomatal closure. The upstream localizati on of PLDA over NADPH-oxidase 
RbohD in the SA-mediated cascade in guard cells was shown. Our data 
points out at the crucial role of PLDA and RbohD in SA-mediated reacti ons 
in guard cells. 

P383 - Gene regulatory network of the LBD 
transcription factors controlling lateral root 
development in Arabidopsis 
 

HAN WOO Lee(1), MIN-JUNG Kim(1), SHASHANK Pandey(1), 
CHULOH Cho(1), KIM Jungmook(1) 
(1) Chonnam National University, Gwangju, SOUTH KOREA 
The LATERAL ORGAN BOUNDARIES DOMAIN/ASYMMETRIC LEAVES2-LIKE 
(LBD/ASL) gene family encode a class of transcripti on factors harbouring 
a conserved plant-specifi c LOB domain and play roles in lateral organ 
development in plants. While developmental roles of several LBD genes 
have been identi fi ed in leaf polarity establishment, embryo development, 
male gametophyte development, and parti cularly in lateral root (LR) 
development in Arabidopsis, the regulatory networks of the LBD genes 

with hormone signaling are largely unknown. Here, we show that the 
AUX1 and LAX (Like-AUX1)3 auxin infl ux carriers are required for auxin 
signaling that acti vates LBD16 and LBD18 to control LR development. Our 
geneti c and molecular data suggested that LBD16 and LBD18 regulate 
LR initi ati on and primordium development with AUX1 and primordium 
development in part with LAX3 and that LBD18 controls LR emergence 
downstream of LAX3. Our results also indicated that LBD18 and AUXIN 
REXPONSE FACTOR(ARF)19 form an interlocking transcripti onal positi ve 
feedback loop for LR emergence. This study revealed part of complex 
gene regulatory networks that control LR development in Arabidopsis. 
This work was supported by grants from the Next-Generati on BioGreen 
21 Program (PJ01104701), RDA and the Basic Science Research Program 
(2013R1A1A2062335) through the NRF of Korea, Republic of Korea. 

P384 - The role of the MAPKs and protein 
phosphatase type 2C AP2C in pathogen-
induced salicylic acid production 
 

KVEDERAVICIUTE Kotryna(1), SHUBCHYNSKYY Volodymyr (2), 
POCIUNAITE Severina Marija(1), STUMPE Michael(3) , MAUCH 
Felix(3) , SCHWEIGHOFER Alois(1), MESKIENE Irute(1) 
(1) Vilnius University, Institute of Biotechnology, Vilnius, LITHUANIA 
(2)  Max F. Perutz Laboratories, University and Medical University of 
Vienna, Vienna, AUSTRIA(3)  Department of Biology, Plant Biology, 
Fribourg, SWITZERLAND 
Pathogen infecti on initi ates numerous defense responses in plants, such 
as Arabidopsis, including acti vati on of mitogen acti vated protein kinases 
(MAPKs) and producti on of plant stress hormones, such as ethylene and 
salicylic acid. Phosphorylati on-based acti vati on of MAPKs is regulated 
by protein phosphatases. PP2C-type protein phosphatases AP2Cs 
dephosphorylate MAPKs on phospho-T residue thereby abolishing kinase 
acti vity. Arabidopsis MAPKs MPK3, 4 and 6 play a role in regulati on of 
stress hormone producti on, thus, we aim to explore the role of AP2C 
phosphatases in regulati on of kinase acti viti es, ethylene and salicylic acid 
producti on in plants during pathogen infecti on. We will present the data 
on the analysis of free and conjugated salicylic acid by chromatography 
performed on a reverse phase HPLC column in plant lines modifi ed for 
AP2C or MAPKs. We are also implementi ng a method for measurement of 
the salicylic acid amounts in Arabidopsis plants using luminescence-based 
bioassays in bacteria. Applying this method we were able to observe 
changes in salicylic amounts produced in plants aft er pathogen-induced 
stress. This ongoing work leads towards the bett er understanding of the 
role of PP2C-type MAPK phosphatases in regulati on of MAPK signaling 
and stress hormone producti on. 

P385 - Overexpression of the partial PHYB gene 
suppresses bri1-5 
 

KWON Soon Il(1), JEONG Yu Jeong (2) , PARK Slki (2) , SUH 
Su Jeoung (2) , CHA Richard(1), KIM Yoong Eun(1), CHOE 
Sunghwa(2)  
(1) Convergence Research Center for Functional Plant Products/
Advanced Instituties of Convergence Technology, Suwon, SOUTH 
KOREA (2)  School of Biological Sciences, College of Natural Sciences, 
Seoul National University, Seoul, SOUTH KOREA 
Brassinosteroids (BRs) control virtually every aspect of plant growth and 
development. BRs act alone or with other exogenous and endogenous 
signals including auxin and light. To screen for the novel player involved in 
BR signaling in Arabidopsis, we employed cDNA overexpression strategy. 
We created a cDNA library to be expressed under the 35S overexpression 
promoter, and introduced into a weak brassinosteroid insensiti ve 1 (bri1) 
mutant. The mutant dubbed bri1 
-5 with long peti ole (blp) was identi fi ed to display bigger stature especially 
in hypocotyl and peti ole length relati ve to bri1 
-5. Sequence analysis of the rescued transgene revealed that blp consisted 
of a chimeric DNA consisti ng of a 3” half of PHYB, 2 bp inserti on, and a 
part of a chloroplast ribosomal RNA. Re-introducti on of chimeric DNA into 
bri1-5 recapitulated blp phenotype. The blp phenotypes being similar to 
phyB mutants led us to examine both the PHYB transcript and protein 
levels in the blp 35Spro:PHYB doubly homozygous line. Lower levels of 
both transcripts and proteins of PHYB suggested that introducti on of the 
chimeric gene interfered with the stability of PHYB transcripts. Our results 
highlight that overexpression mutagenesis facilitates functi onal genomics 
to decipher a functi on of Arabidopsis genome. 
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P386 - Nitrate sensing and uptake in 
Arabidopsis are enhanced by ABI2, a 
phosphatase inactivated by the stress 
hormone abscisic acid 
 

LÉRAN Sophie(1), EDEL Kai H. (2) , PERVENT Marjorie(1), 
HASHIMOTO Kenji (2) , CORRATGÉ-FAILLIE Claire(1), 
OFFENBORN Jan Niklas (2) , TILLARD Pascal (1, GOJON 
Alain(1), KUDLA Jorg (2) , LACOMBE Benoit(1)  
(1) Laboratoire de Biochimie et Physiologie Moléculaire des Plantes, 
UMR CNRS/ INRA/SupAgro/UM, Institut de Biologie Intégrative 
des Plantes “Claude Grignon” , Montpellier, FRANCE (2)  Institut fur 
Biologie und Biotechnologie der Pfl anzen, Universität Munster, 
Munster, GERMANY 
Living organisms sense and respond to changes in nutrient availability to 
cope with diverse environmental conditi ons. Nitrate (NO3&minus;) is the 
main source of nitrogen for plants and is a major component in ferti lizer. 
Unraveling the molecular basis of nitrate sensing and regulati on of nitrate 
uptake should enable the development of strategies to increase the 
effi  ciency of nitrogen use and maximize nitrate uptake by plants, which 
would aid in reducing nitrate polluti on. NPF6.3 (also known as NRT1.1), 
which functi ons as a nitrate sensor and transporter, the kinase CIPK23, 
and the calcium sensor CBL9 form a complex that is crucial for nitrate 
sensing in Arabidopsis thaliana. We identi fi ed two additi onal components 
that regulate nitrate transport, sensing, and signaling: the calcium sensor 
CBL1 and protein phosphatase 2C family member ABI2, which is inhibited 
by the stress-response hormone abscisic acid. Bimolecular fl uorescence 
complementati on assays and in vitro kinase assays revealed that ABI2 
interacted with and dephosphorylated CIPK23 and CBL1. Coexpression 
studies in Xenopus oocytes and analysis of plants defi cient in ABI2 
indicated that ABI2 enhanced NPF6.3-dependent nitrate transport, 
nitrate sensing, and nitrate signaling. These fi ndings suggest that ABI2 
may functi onally link stress-regulated control of growth and nitrate 
uptake and uti lizati on, which are energy-expensive processes. 

P387 - The role of cell wall signaling in the 
maintenance of cellular mechanics 
 

LI Zhenni(1), WOLF Sebastian(1)  
(1) Center for Organismal Studies, University of Heidelberg, 
Heidelberg, GERMANY 
All plant cells are enclosed by a polysaccharide-rich cell wall, which 
protects against physical damage and pathogen intrusion. However, 
the normally rigid cell wall needs to undergo controlled loosening to 
enable the anisotropic growth, which is typical for plants. To maintain 
structural integrity during growth, the state of the cell wall is constantly 
monitored by cellular surveillance mechanisms. Recently, it was shown 
that altering cell wall state triggers acti vati on of the well-characterized 
brassinosteroid (BR) hormone signaling, however, the consequences on 
cell wall properti es are not known. 
In additi on, disrupti ng cell wall homeostasis was demonstrated to cause 
aberrant cell morphology and irregular cell division planes. Here, the 
eff ect of cell wall changes on cell geometry will be analyzed by following 
cell division with fl uorescent marker proteins and morphometric analysis 
in the presence or absence of functi onal cell wall feedback signaling. 
In additi on, using ti ssue and cell type- specifi c inducti on of cell wall 
alterati ons, the eff ect of local changes in cell mechanics on i) the acti vati on 
of cell wall/BR signaling and, and ii) the cell morphology and positi oning 
of the cell division plane in the aff ected cells and neighboring ti ssues will 
be studied. In order to understand the compensatory changes induced 
by these signaling pathways, transcriptome analysis of wild type and cell 
wall signaling mutants in response to cell wall stress will be combined 
with cell wall profi ling. Together, these approaches are expected to allow 
a bett er understanding of how growth is controlled by cell wall feedback 
signaling in plants. 

P388 - EBF1/2 mRNA 3’-Untranslated Region 
(3’UTR) Relays the Ethylene Signal via EIN2-
mediated Translational Repression in 
Arabidopsis 
 

LI Wenyang(1), MA Mengdi(1), FENG Ying(1), GUO Hongwei(1)  
(1) Peking University, Beijing, CHINA 
Ethylene is gaseous phytohormone that plays a vital role in plant growth 
and development. ETHYLENE INSENSITIVE 2 (EIN2) is an essenti al 
signal transducer in ethylene signaling pathway, which linking ethylene 
percepti on on ER to transcripti onal regulati on in the nucleus. In the 
presence of ethylene, the C-terminal end of EIN2 (CEND) will be cleaved 
and then shutt led into nucleus to acti ve two master transcripti on factors 
EIN3 and EIN3-LIKE 1 (EIL1) in an unknown mechanism. Interesti ngly, 
ethylene also induces CEND to form discrete and prominent foci in the 
cytoplasm, although the functi on of such cytoplasmic porti on remains 
unexplored. Here, we report a novel mechanism of EIN2-mediated 
ethylene signaling, whereby EIN2 imposes the translati onal repression of 
EIN3 BINDING F-BOX PROTEIN1 (EBF1) and EBF2 which are responsible 
for the proteasomal degradati on of EIN3/EIL1. We fi nd that the EBF1/2 
3&rsquo;untranslated regions (3&rsquo;UTRs) mediate EIN2-directed 
translati onal repression, and identi fy multi ple PolyU moti fs as functi onal 
cis-elements within the 3&rsquo;UTRs. Furthermore, we demonstrate 
that ethylene induces EIN2 to associate with 3&rsquo;UTRs and target 
EBF1/2 mRNAs to cytoplasmic processing-body (P-body) through 
interacti ng with multi ple partners, including EIN5 and PAB proteins. Our 
study illustrates the translati onal regulati on as a key step in ethylene 
signaling, and represents the fi rst demonstrati on of mRNA 3&rsquo;UTR 
functi oning as a “molecular sensor” to relay plant hormone signaling. 

P389 - Screening for Arabidopsis genes involved 
in regulation of auxin metabolism and root 
development 
 

PĚNČÍK Aleš(1), CASANOVA SÁEZ Rubén(1), NOVÁK Ondřej (2) , 
BRUNONI Federica(1), PILAŘOVÁ Veronika(3) , LJUNG Karin(1) 
(1) Umeå Plant Science Centre, Department of Forest Genetics and 
Plant Physiology, Swedish University of Agricultural  Sciences, Umeå, 
SWEDEN (2)  Laboratory of Growth Regulators, Centre of the Region 
Haná for Biotechnological and Agricultural Research, Palacký 
University & Institute of Experimental Botany AS CR, Olomouc, 
CZECH REPUBLIC(3)  Department of Analytical Chemistry, Faculty of 
Pharmacy in Hradec Králové, Charles University in Prague, Hradec 
Králové, CZECH REPUBLIC 
Auxin (indole-3-aceti c acid, IAA) has a fundamental role as signalling 
molecule during plant growth and development. Formati on of local 
auxin gradients and auxin maxima/minima are very important for 
these processes, in turn regulated by auxin biosynthesis, degradati on, 
conjugati on and transport. To get a bett er understanding of auxin 
metabolism and its role during root development, we have developed 
a geneti c screen to identi fy novel genes involved in auxin metabolic 
pathways. 
EMS mutagenesis was performed on the auxin reporter lines DR5::VENUS 
and DII-VENUS (Brunoud et al. 2012, Nature 482), and mutant lines 
with changes in reporter gene expression or with a visible mutant 
phenotype were selected for high-throughput liquid chromatography 
tandem mass spectrometry (HPLC-MS/MS) profi ling of IAA and IAA 
metabolites (precursors, catabolites and conjugates). The method 
combines a simple one-step purifi cati on protocol based on in-ti p micro 
Solid-Phase Extracti on with ultra-rapid LC-MS analysis, and was opti mized 
for screening of IAA metabolites in samples containing minute amounts 
(<10mg) of Arabidopsis thaliana ti ssue. Multi variate data analysis was 
then performed on the data set to identi fy mutants that were altered 
in their IAA metabolite profi le. The method has so far identi fi ed several 
mutant lines with altered IAA metabolite profi les, and we are now in the 
process of characterizing the mutant phenotypes and identi fying the 
mutated genes using next-generati on sequencing. 
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P390 - PolyU Motifs in EBF1 3’ UTR Are 
Necessary and Suffi  cient for EIN2-Directed 
Translational Inhibition 
 

MA Mengdi(1), LI Wenyang(1), GUO Hongwei(1)  
(1) Peking University, Beijing, CHINA 
The gaseous phytohormone ethylene is essenti al for many processes 
of plant growth and development. With ethylene treatment, EIN2 
(ETHYLENE INSENSITIVE 2) undergoes a cleavage to produce a C-terminal 
(EIN2 CEND) fragment and enter into nuclear. Our research revealed that 
EIN2 CEND also associates with EBF1/2 (EIN3 BINDING F-BOX 1/2) mRNA 
3&rsquo;UTR and form granules in cytoplasm to suppress the translati on 
of EBF1/2 mRNA. In order to identi fy the cis-elements in EBF1/2 mRNA 
3&rsquo;UTR that respond to EIN2 and mediate translati onal repression, 
a dual-construct translati on analysis system in tobacco leaves was 
established. 35S promoter drived GFP combined with or without diff erent 
kinds of 3&rsquo;UTRs are working as reporters while a 35S promoter 
drived mCherry is referred as an internal control. The alternati ons of 
GFP fl uorescence are analyzed to evaluate the functi on of diff erent 
3&rsquo;UTR fragments. We found a 7-8 nt successive uredines in the 
loop of stem loop structure (defi ned as polyU moti f) were shared in the 
fragments that can mediate translati onal repression. Surprisingly, when all 
the seven poly U moti fs in EBF1 3&rsquo;UTR were deleted, translati onal 
repression was released. Then, a novel 3&rsquo;UTR sequence only 
consisti ng of three repeated stem loop structures menti oned above 
was designed and it had the same functi on as full length 3&rsquo;UTR. 
Similarly, phenotypes of Arabidopsis transgenic lines confi rmed that 
polyU moti fs are necessary and suffi  cient for EIN2 mediated translati onal 
silencing. 

P391 - Regeneration of vascular tissue in 
wounded infl orescence stems of Arabidopsis. 
 

MAZUR Ewa(1), FRIML Jiří(3) , BENKOVÁ Eva(3)   
(1) Faculty of Biology and Environmental Protection, University of 
Silesia, 40-032 Katowice, POLAND, (2)  present address:  Mendel 
Centre for Plant Genomics and Proteomics, Central European 
Institute of Technology (CEITEC), Masaryk University  (MU), CZ-62-
500 Brno, CZECH REPUBLIC,(3)  Institute of Science and Technology 
(IST), 3400 Klosterneuburg, AUSTRIA 
In our studies we established conditi ons allowing design Arabidopsis as 
a &quot;small tree&quot;, with all features mimicking vasculature in 
woody plants. This gives new possibility to answer sti ll open questi ons 
on the auxin-mediated canalizati on concept. We analyzed auxin signaling 
pathway mutants to test the auxin signaling requirement on ti ssue 
polarizati on and auxin-regulated canalizati on during regenerati on of 
vascular ti ssues in wounded regions of Arabidopsis stems. According to 
the results, regenerati on around a wound occurred very fast in control 
plants. Elevated auxin response and formati on of auxin transport 
channels involving ti ssue repolarizati on was observed in 2 days aft er 
wounding (DAW) in pPIN1::PIN1-GFP and DR5::GFP lines. In mutant lines 
with elevated auxin response, faster regenerati on including the channel 
formati on and vasculature reconstructi on was observed, whereas in auxin 
signaling mutants the regenerati on around a wound was only fragmented 
and the whole process takes much longer period. These observati ons 
provided a strong support for the canalizati on hypothesis of vasculature 
formati on and regenerati on. It visualized the formati on of auxin channels 
expressing the polarized PIN auxin transporters and showing elevated 
DR5 auxin response, which precede formati on of new vasculature. 

P392 - A MAPK cascade pathway is involved in 
the regulation of root growth and development 
in response to ABA in Arabidopsis thaliana 
 

LI Kun(1), KONG Xiangmin(1), ZHANG Guozeng(1), ZHOU Yun(1), 
MIAO Yuchen(1), SONG Chun-Peng(1) 
(1) Institute of Plant Stress Biology, State Key Laboratory of Cotton 
Biology, Department of Biolog, Henan University, Kaifeng, CHINA 
Mitogen-acti vated protein kinase (MAPK) cascade is evoluti onarily 
conserved signal transducti on module involved in transducing extracellular 
signals to the nucleus for appropriate cellular adjustment. This cascade 
consists essenti ally of three components, a MAPK kinase kinase 
(MAPKKK), a MAPK kinase (MAPKK) and a MAPK connected to each other 
by the event of phosphorylati on. We report here the characterizati on of 
a MAPKKK named AAK1 (ABA-associated protein kinase) in Arabidopsis, 

regulati ng abscisic acid (ABA) responsive root growth and development. 
T-DNA inserti on mutants of AAK1 showed insensiti ve to ABA in both 
root growth and stomatal closure. The eff ect on root growth was due to 
enhanced cell elongati on in the elongated zone and cell division from root 
ti p to elongated area. Bimolecular fl uorescence complementati on (BiFC) 
analysis showed that MPK3, MPK6 and AAK1 interact with MKK5, AAK1 
also interacts with MKK4. mpk3, mpk6 and mkk5 single mutant seedlings 
have similar mutant phenotypes to aak1. AAK1 localized in the plasma 
cytoplasm, and was shown to acti ve MKK5 by protein phosphorylati on, 
this acti vati on of MKK5 by AAK1 is an ABA-acti vated protein kinase. The 
acti vity of MPK6 was increased by ABA in wild-type seedlings, and the 
acti vity of MPK6 by ABA was impaired in aak1 and mkk5 mutants, but not 
mkk4. In additi on, the expression levels of many ABA-responsive genes 
were altered in the aak1. These data clearly suggest AAK1-MKK5-MPK6 
cascade functi on in ABA regulated primary root growth and development. 
Key words: MAPK, abscisic acid, root development, signal transducti on 

P393 (Talk) - Rational design of a ligand-based 
antagonist of jasmonate perception 
 

MONTE Isabel(1), HAMBERG Mats (2) , CHINI Andrea(1), 
GIMENEZ-IBANEZ Selena(1), GARCÍA-CASADO Gloria(3) , 
RODRÍGUEZROMERO Julio(4), SESMA Ane (4, PORZEL Andrea 
(5), BOTER Marta(1), SOLANO Roberto(1)  
(1) Plant Molecular Genetics Department, CNB-CSIC, Madrid, SPAIN 
(2)  Department of Medical Biochemistry & Biophysics, Karolinska 
Institutet, Stockholm, SWEDEN(3)  Genomics Unit, CNB-CSIC, Madrid, 
SPAIN(4) Centre for Plant Biotechnology and Genomics (CBGP), UPM-
INIA, Madrid, SPAIN (5) Department of Bioorganic Chemistry, Leibniz 
Institute of Plant Biochemistry, Halle, GERMANY 
(+)-7-iso-Jasmonoyl-L-isoleucine (JA-Ile) regulates developmental and 
stress responses in plants. Its percepti on involves the formati on of a 
ternary complex with the F-box COI1 and a member of the JAZ family 
of co-repressors and leads to JAZ degradati on. Coronati ne (COR) is a 
bacterial phytotoxin that functi onally mimics JA-Ile and interacts with 
the COI1-JAZ coreceptor with higher affi  nity than JA-Ile. On the basis of 
the co-receptor structure, we designed ligand derivati ves that spati ally 
impede the interacti on of the co-receptor proteins and, therefore, 
should act as competi ti ve antagonists. One derivati ve, coronati ne-O-
methyloxime (COR-MO), has strong acti vity in preventi ng the COI1-JAZ 
interacti on, JAZ degradati on and the eff ects of JA-Ile or COR on several 
JA-mediated responses in Arabidopsis thaliana. Moreover, it potenti ates 
plant resistance, preventi ng the eff ect of bacterially produced COR 
during Pseudomonas syringae infecti ons in diff erent plant species, such 
as Nicoti ana benthamiana or tomato. Furthermore, COR-MO can also 
reduce the rice blast symptoms of infecti on caused by Magnaporthe 
oryzae. In additi on to the uti lity of COR-MO for plant biology research, our 
results underscore its biotechnological potenti al for safer and sustainable 
agriculture. 

P394 - Isolation and identifi cation of novel 
genes involved in gravitropism by using eal1 
enhancer mutants 
 

MORI Akiko(1), TOYOTA Masatsugu (2) , MEKATA Mika(3) , 
SHIMADA Masayoshi(3) , KURATA Tetsuya(4), TASAKA Masao(3) , 
MORITA Miyo(1) 
(1) Nagoya University, Nagoya, JAPAN (2)  Department of Botany, 
University of Wisconsin, Wisconsin, USA(3)  Department of 
Bioscience, Nara Institute of Science and Technology, Ikoma, 
JAPAN(4) Graduate School of Life Sciences, Tohoku University, 
Sendai, JAPAN 
eal1 (endodermal-amyloplast less 1) has one single-amino-acid deleti on 
of the GRAS domain in SHR (SHORT-ROOT) which is one of transcripti on 
factors essenti al for formati on of endodermis. eal1 forms endodermis-like 
cell layer, which appears not to fully develop in shoots. eal1 hypocotyls 
exhibit very weak but signifi cant gravitropism. In the present study, we 
isolated six eal1 enhancer mutants, ene1-ene6 (enhancer of eal1), to 
fi nd novel genes involved in gravitropism. We have performed hyper-
gravity centrifugati on to amplify the gravitropic phenotype of hypocotyls, 
and it enabled to select ene easily. Compared to eal1 hypocotyls, the 
gravitropic response of ene2 slightly reduced and that of the others 
drasti cally reduced. In roots, ene1 and ene2 exhibit normal gravitropism 
as with WT and eal1, while ene3, ene4, ene5 and ene6 exhibit 
decreased gravitropism. To detect causati ve genes for ene mutants, we 
applied NGS (Next Generati on Sequencing). Then, we found that ene3
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is an allele of arg1 (altered response to gravity 1) which is known as 
gravitropismrelated gene. This indicates that our method successfully 
identi fi ed genes associated with gravitropism. Further, we identi fi ed 3 
genes as strong candidates for ene2. These genes have not been reported 
in gravitropism. Identi fi cati on of the novel genes including ene2 would 
help to comprehend the mechanism of gravitropism. 
 

P395 - Discovery of protein kinase for protein 
tyrosine phosphorylation in plants 
 

NEMOTO Keiichirou(1), NOBUAKI Takemori(1), MOTOAKI 
Seki(2), KAZUO Shinozaki (2) , TATSUYA Sawasaki(1)  
(1) PROS, Ehime university, Matsuyama, JAPAN (2)  RIKEN CSRS, 
Yokohama, JAPAN 
In plants, recent studies have identi fi ed Tyr-phosphorylated proteins in 
Arabidopsis and rice by phosphoproteomic screening, implying that plants 
have a Tyr phosphorylati on signal pathway like in mammals. However, 
protein kinases (PKs) that catalyze Tyr-phosphorylati on in plants in vivo are 
largely unknown. Here, we demonstrate that CDPK-related PKs (CRKs) have 
high Tyr autophosphorylati on acti vity and that they can phosphorylate 
Tyr residue(s) on substrate proteins in Arabidopsis. To identi fy PKs for Tyr 
phosphorylati on, we examined the autophosphorylati on acti vity of 759 
PKs using an Arabidopsis protein array based on a wheat cell-free system. 
In total, we identi fi ed 38 PKs with Tyr autophosphorylati on acti vity. The 
CRK family was a major protein family identi fi ed. A cell-free substrate 
screening revealed that CRKs phosphorylate beta-tubulin (TBB) 2, TBB7 
and certain transcripti on factors such as ERF13. All fi ve CRKs tested 
showed Tyr auto/trans-phosphorylati on acti vity and especially two CRKs, 
CRK2 and CRK3, showed a high ERF13 Tyr phosphorylati on acti vity. A 
transient expression assay revealed that Tyr16/207 sites in ERF13 were 
phosphorylated by CRK3 and that Tyr phosphorylati on of endogenous 
TBBs occurs in CRK2 overexpressing cells. Furthermore, CRK knockout 
mutants show reduced Tyr-phosphorylati on of TBB proteins. These results 
suggest that CRKs have Tyr kinase acti vity, and these might be responsible 
for much of the protein Tyr-phosphorylati on in vivo. 

P396 - Reciprocal regulation between 
salicylate- and jasmonate-responsive 
transcription factors in plant immunity 
 
NOMOTO Mika(1), TSUKAGOSHI Hironaka (2) , MORI 
Tsuyoshi(1), SUZUKI Takamasa(3) , SKELLY Michael(4), 
MATSUSHITA Tomonao (5), YAMAMOTO Yoshiharu (6), 
HIGASHIYAMA Tetsuya (7), SPOEL Steven(4), TADA Yasuomi (2)   
(1) Division of Biological Science, Graduate School of Science, 
Nagoya University, Nagoya, JAPAN (2)  Center for Gene Research, 
Nagoya University, Nagoya, JAPAN(3)  College of Bioscience and 
Biotechnology, Chubu University, Kasugai,  JAPAN(4) Institute of 
Molecular Plant Sciences, School of Biological Sciences, University 
of Edinburgh, Edinburgh, UNITED KINGDOM (5) Faculty of 
Agriculture, Kyushu University, Fukuoka, JAPAN (6) Faculty of Applied 
Biological Sciences, Gifu University, Gifu, JAPAN 
Acti vati on of plant immunity involves transcripti onal reprogramming 
orchestrated by the immune hormones salicylate (SA) and jasmonate 
(JA). Antagonism between SA and JA fi ne tunes ti mely expression of 
immune genes, but the molecular mechanisms remain elusive. Here we 
report that reciprocal regulati on between SA and JA signaling is regulated 
by the transcripti on cofactor NPR1 and JAZ repressors. SA-induced NPR1 
suppressed JA-dependent gene expression by physically interacti ng 
with MYC transcripti on acti vators and promoti ng their ubiquiti nati on. 
Conversely, like NPR1, JAZ repressors unexpectedly functi oned as positi ve 
regulators of SA-dependent immunity by removing WRKY transcripti on 
repressors from SA-responsive promoter moti fs. These fi ndings reveal the 
dynamic transcripti onal network underlying not only antagonisti c but also 
cooperati ve interacti ons between the SA and JA signals that orchestrate 
plant immune responses. 

P397 - The MAX1 Gene Encodes a Carlactone 
C-19 Oxidase in Arabidopsis 
 
NOMURA Takahito(1), ABE Satoko(1), SADO Aika (2) , TANAKA 
Kai(3) , SETO Yoshiya(3) , YONEYAMA Kaori(1), XIE Xiaonan(1), 
YONEYAMA Koichi(1), AKIYAMA Kohki (2) , YAMAGUCHI 
Shinjiro(3)   
(1) Utsunomiya University, Utsunomiya, JAPAN (2)  Osaka Prefecture 
University, Osaka, JAPAN(3)  Tohoku University, Sendai, JAPAN 
Strigolactones (SLs) are plant hormones that inhibit shoot branching, 
and are parasiti c and symbioti c signals toward root parasiti c plants and 
arbuscular mycorrhizal fungi, respecti vely. SLs are biosynthesized from 
a precursor, named carlactone (CL), which is derived from carotenoid. 
However, no downstream pathway of CL has been elucidated. We 
found previously an extreme accumulati on of CL in the Arabidopsis 
max1 mutant, which exhibits increased lateral infl orescences due to SL 
defi ciency, indicati ng that CL is a probable substrate for MAX1 (CYP711A1), 
a cytochrome P450 monooxygenase. To elucidate the enzymati c functi on 
of MAX1 in SL biosynthesis, we incubated CL with a recombinant MAX1 
protein expressed in yeast microsomes. MAX1 catalyzed consecuti ve 
oxidati ons at C-19 of CL to convert into a carboxylated metabolite, 
named carlactonoic acid (CLA). We also identi fi ed endogenous CLA and 
its methyl ester, named methyl carlactonoate (MeCLA), in Arabidopsis 
plants using LC-MS/MS. Although an exogenous applicati on of either CLA 
or MeCLA suppressed the growth of lateral infl orescences of the max1 
mutant, MeCLA, but not CLA, interacted with AtD14 protein, a putati ve 
SL receptor of Arabidopsis, as shown by diff erenti al scanning fl uorimetry 
and hydrolysis acti vity tests. These results indicate that not only known 
SLs but also MeCLA are biologically acti ve in inhibiti ng shoot branching 
in Arabidopsis. 

P398 - Cell-type-specifi c cytokinin distribution 
within the Arabidopsis primary root apex 
 

ANTONIADI Ioanna (2) , PLAČKOVÁ Lenka(1), SIMONOVIK 
Biljana (2) , DOLEŽAL Karel(1), TURNBULL Colin(3) , LJUNG 
Karin(2), NOVAK Ondrej(1)  
(1) Laboratory of Growth Regulators, Institute of Experimental 
Botany AS CR & Palacky University, Olomouc, CZECH  REPUBLIC 
(2)  Umeå Plant Science Centre, Department of Forest Genetics and 
Plant Physiology, Swedish University of Agricultural Sciences, Umeå, 
SWEDEN(3)  Department of Life Sciences, Imperial College London, 
London, UNITED KINGDOM 
Cytokinins (CKs) play a crucial role in many physiological and 
developmental processes at the levels of individual plant components 
(cells, ti ssues and organs) and by coordinati ng acti viti es across these 
parts. High-resoluti on measurements of intracellular CKs in diff erent 
plant ti ssues can therefore provide insights into their metabolism and 
mode of acti on. Herein, we applied fl uorescence-acti vated cell sorti ng of 
green fl uorescent protein (GFP)-marked cell types, combined with solid-
phase micro-extracti on and an ultra-high sensiti vity mass spectrometry 
(MS) method for analysis of CK biosynthesis and homeostasis at cellular 
resoluti on. The newly developed method was validated by series of 
control experiments, establishing that protoplast isolati on and cell sorti ng 
procedures did not greatly alter endogenous CK levels. The MS-based 
method facilitated the quanti fi cati on of all the well-known CK isoprenoid 
metabolites in four diff erent transgenic Arabidopsis thaliana lines 
expressing GFP in specifi c cell populati ons within the primary root apex. 
Our results revealed the presence of a CK gradient within the Arabidopsis 
root ti p, with a concentrati on maximum in the lateral root cap, columella, 
columella initi als and quiescent centre cells. This distributi on, when 
compared with previously published auxin gradients, implies that the 
well-known antagonisti c interacti ons between the two hormone groups 
are cell-type-specifi c. 
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P399 - AtAIRP2, an Arabidopsis RING E3 
Ubiquitin Ligase, Promotes Degradation of 
CAS1 to Positively Regulate ABA Signaling 
during Seed Germination 
 
OH Tae Rin(1), KIM Jong Hum(1), RYU Moon Young(1), KIM Woo  
Taek(1)  
(1) Department of Systems Biology, College of Life Science and 
Biotechnology, Yonsei University, Seoul, SOUTH KOREA 
The ubiquiti n-mediated 26S proteasome pathway is a principal mechanism 
for protein catabolism to regulate plant growth and development. The 
ubiquiti nati on is an enzymati c cascade of E1, E2, and E3 Ub ligase. In 
general, E3 Ub ligases determine the specifi city of substrate proteins. 
Here, we identi fi ed an E3 ligase, AtAIRP2 (for Arabidopsis ABA-Insensiti ve 
RING protein 2), and CAS1 (for a Candidate of AtAIRP2 Substrate protein 
1). The AtAIRP2 over-expressing transgenic and atairp2 loss-of-functi on 
mutant plants exhibited hypersensiti ve and hyposensiti ve phenotypes, 
respecti vely, toward ABA at germinati on stage. We identi fi ed CAS1, an 
interacti ng protein of AtAIRP2, through a yeast two-hybrid screening. The 
stability of CAS1-myc recombinant protein was enhanced by MG132, and 
degradati on of CAS1-myc recombinant protein was promoted by AtAIRP2. 
The CAS1 knock-down transgenic plants showed more delayed growth at 
germinati on and seedling stages as compared to wild-type plants on ABA-
supplemented medium. In additi on, knock-down of CAS1 suppressed the 
ABA insensiti ve germinati on phenotype of atairp2 mutant plants. Overall, 
these results suggest that AtAIRP2, a C3HC4-type RING E3 Ub ligase, is 
involved in the positi ve regulati on of ABA signaling at germinati on stage 
by sti mulati ng CAS1 turn-over. This work was supported by grants from 
the Nati onal Research Foundati on (Project No. 2014R1A2A2A01003891 
funded by the Ministry of Educati on, Science, and Technology, Republic 
of Korea). 

P400 - Can ABA Binds to and Aff ects Guard Cell 
Channels Activity? 
 
OOI Amanda(1), WONG Aloysius(1), LEMTIRI-CHLIEH Fouad(1), 
GEHRING Christoph(1)  
(1) King Abdullah University of Science and Technology, Thuwal, 
KINGDOM OF SAUDI ARABIA 
Abscisic acid (ABA) is a key hormone and has important regulatory roles 
in plant development and physiological processes. To date, there is no 
evidence for direct interacti on between ABA and ion channels although 
ABA is known to aff ect ion channels in stomata. Here, we examine the 
eff ects of ABA on the outward K+-channel of Vicia faba guard cells by 
patch-clamp. Membrane depolarizati on to values positi ve of the Nernst 
potenti al for K+ (EK) acti vated a 21pS channel (111mM K+ in : 11mM K+ 
out). Additi on of 20&ndash;100&mu;M of (±)-ABA to the bath medium 
increased the K+-channel acti vity resulti ng in sustained opening 
ti mes while the (-)-cis,trans-ABA had no eff ect. Importantly, this ABA-
dependent eff ect was reversed upon ABA washout. The electrophysiology 
data suggests a membrane-delimited eff ect of ABA most likely on the K+-
channel itself. We have identi fi ed an ABA-binding moti f in Arabidopsis 
thaliana guard cell outward recti fying K+-channel (GORK) [AT5G37500] 
that resembles the ABA-binding site of the ABA-START receptors. This 
putati ve ABA-binding site was assessed by homology modeling and 
molecular docking. Importantly, we showed binding of (±)-ABA to a 
truncated recombinant GORK protein that contains the predicted ABA-
binding site by immunoassay. We observed absorbance measurement 
that is signifi cantly higher than the controls and consistent across 
replicates. Currently, we are investi gati ng the eff ect of ABA on GORK 
expressed in the mammalian HEK cells by electrophysiology. 
 

P401 - In vivo isotope labelling for auxin 
metabolic studies 
 
PĚNČÍK Aleš(1), NOVÁK Ondřej(1), LJUNG Karin (2)   
(1) Laboratory of Growth Regulators, Centre of the Region Haná for 
Biotechnological and Agricultural Research, Palacký University & 
Institute of Experimental Botany AS CR, Olomouc, CZECH REPUBLIC 
(2)  Umeå Plant Science Centre, Department of Forest Genetics 
and Plant Physiology, Swedish University of Agricultural Sciences, 
Umeå, SWEDEN 
The phytohormone auxin (Indole-3-aceti c acid; IAA) plays a fundamental 
role in various processes of plant growth and development. Crucial 
for auxin acti on is the interplay between its transport, biosynthesis, 

degradati on and conjugati on. In order to study the pathways of auxin 
biosynthesis and degradati on, sensiti ve methods for analyzing steady 
state levels of IAA and its metabolites have been recently developed 
(Novák et al. 2012). The use of heavy isotope labelling of intermediates 
in conjuncti on with mass spectrometry analysis has proven to be a 
powerful tool for monitoring fl uxes through IAA metabolic pathways. 
Such methods for in vivo labelling have been used to identi fy IAA 
biosyntheti c intermediates and IAA degradati on products. We performed 
a feeding experiments using stable labelled indole in Arabidopsis 
thaliana to investi gate auxin metabolism. Incorporati on of the15N from 
labelled precursor into most abundant IAA biosyntheti c intermediates 
(tryptophan, indole-3-pyruvic acid (IPyA), indole-3-acetamide (IAM) and 
indole-3-acetonitrile (IAN)) as well as metabolites IAA-aspartate (IAAsp), 
IAA-glutamate (IAGlu), 2-oxoindole-3-aceti c acid (oxIAA), IAA-glucose and 
oxIAA-glucose) was monitored by mass spectrometry. Obtained results 
provide us important informati on about the rates of IAA biosynthesis and 
degradati on and the relevance of individual IAA precursors, catabolites 
and conjugates. Combined with mutant line screening, the developed 
approach can improve our knowledge about auxin metabolic pathways 
in Arabidopsis thaliana. 

P402 - Learning the Language of the 
Chloroplast: Retrograde Signals That Regulate 
Stomatal and ABA responses 
 
POGSON Barry James(1)  
(1) ARC Centre of Excellence in Plant Energy Biology, Canberra, 
AUSTRALIA 
The chloroplast can be an environmental sensor for the cell, 
communicati ng with the nucleus via retroagrade signals during 
biogenesis and operati on to change the expression of up to thousands of 
genes. Recent advances have identi fi ed retrograde signals and pathways 
ranging from carotenoid derivati ves, phosphoadenosines such as PAP, 
tetropyrroles and heme together with reacti ve oxygen species and 
proteins that build a communicati on network to regulate gene expression, 
RNA turnover and splicing. However, retrograde signaling pathways have 
largely been viewed as a means for bi-lateral communicati on between 
organelles and nuclei, ignoring the potenti al for interacti on with 
hormone signaling regulati ng plant form and functi on. The impact of new 
fi ndings on the processes by which organelle communicati on is initi ated, 
transmitt ed and perceived to regulate not just chloroplast processes, 
but intersect with hormonal signaling altering physiological responses 
will be considered. Specifi cally, geneti c manipulati on of the retrograde 
signal, PAP, enables ABA-mediated stomatal closure conferring drought 
tolerance in wild-type and ABA insensiti ve mutants; likely via a disti nct, 
XRN mediated transcripti onal pathway in guard cells. PAP also acts as an 
ABA agonist in seed germinati on independent of ABI1. Thus, chloroplast-
nuclear communicati on mediated by PAP regulates stomata closure and 
germinati on implicati ng this metabolite as a secondary messenger. 

P403 - Exploring defence signalling pathways: 
identifi cation of novel regulators of 
combinatorial stress responses 
 
PROIETTI Silvia(1), COOLEN Silvia(1), VAN WEES Saskia C.m.(1), 
PIETERSE Corné M.j.(1)  
(1) Utrecht University, Utrecht, NETHERLANDS 
Plant responses to multi ple bioti c/abioti c stresses employ fi nely tuned 
regulatory mechanisms, largely orchestrated by phytohormones. In 
parti cular, salicylic acid (SA) plays a central role in defense responses 
against biotrophic and hemibiotrophic pathogens, whereas jasmonic 
acid (JA) and ethylene (ET) are usually associated with defense against 
necrotrophic pathogens and herbivorous insects. In additi on, abscisic 
acid (ABA) is the main signalling molecule of abioti c stress responses. To 
coordinate the complex interacti ons occurring during multi ple stresses, 
an intense cross-talk among the regulatory networks is necessary. To 
obtain new insights into the selecti ve capacity of plants to adapt to 
combinatorial stresses, their response to multi ple phytohormones 
was explored. In parti cular, the eff ect of ABA, SA on JA responses was 
analyzed using a collecti on of 350 Arabidopsis thaliana accessions. This 
collecti on represents a populati on of globally collected plants that have 
been genotyped for around 250000 SNPs, allowing for genome-wide 
associati on (GWA) studies. The obtained data, refl ecti ng a great natural 
variati on in response to the mimicked combinatorial stresses were 
used to identi fy novel genes playing roles in the adaptati on of plants to 
diff erent stress conditi ons. 



139
THE 26TH 
INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

404 - The controlled in vivo accumulation of 
oligogalacturonides by the OG-machine: a tool 
to study DAMPs in the growth-defence tradeoff  
 

RAGGI Sara(1), VERRASCINA Ilaria(1), BENEDETTI Manuel(1), 
CERVONE Felice(1), DE LORENZO Giulia(1), FERRARI Simone(1)  
(1) Dipartimento di Biologia e Biotecnologie “Charles Darwin”, 
Sapienza Università di Roma , Roma, ITALY 
Pathogen infecti on is able to trigger an innate immune response in plants, 
that is oft en accompanied by a reducti on of growth. Plants balance 
the costs associated to acti vati on of defense responses by limiti ng 
biomass producti on. We hypothesized that oligogalacturonides (OGs), 
endogenous damage-associated molecular patt erns (DAMPs) produced 
by the acti on of microbial polygalacturonases (PGs) and able to elicit 
multi ple defense responses, modulate plant growth during infecti on. 
We have recently shown that transgenic Arabidopsis plants that express 
a fusion protein between a fungal PG and a plant PG-inhibiti ng protein 
(PGIP) and named “OG-machine” (OGM), accumulate OGs in the apoplast 
and display enhanced defense responses and resistance to pathogens, but 
also a signifi cant reducti on of growth. We have therefore used the OGM 
to dissect the mechanisms that regulate growth and defence induced 
by OGs. Plants expressing the OGM in specifi c Arabidopsis ti ssues or in 
mutant backgrounds impaired in diff erent defense-related pathways have 
been generated and their growth has been analyzed aft er inducti on of the 
transgene. Cross-talk of the responses induced by the OGM and growth-
related hormones, in parti cular auxins, has also been investi gated. The 
results of these analyses, and a model of the interacti ons between 
defense responses induced by DAMPs during infecti on and growth-
related eff ects caused by these molecules will be presented. 

P405 (Talk) - Cytokinin Response Factor 6 is a 
key regulator of cytokinin and oxidative stress 
 
ZWACK Paul(1), DE CLERCQ Inge (2) , VAN BREUSEGEM Frank(2), 
RASHOTTE Aaron(1)  
(1) Department of Biological Sciences, Auburn University, Auburn, 
AL, UNITED STATES (2)  Department of Plant Systems Biology, VIB, 
Ghent, BELGIUM 
Cytokinin Response Factor 6 (CRF6) is a cytokinin (CK) responsive AP2/
ERF transcripti on factor that via CK signaling plays a key role in the 
inhibiti on of dark-induced senescence. CRF6 expression is also induced 
by oxidati ve stress and it is a direct transcripti onal target of ANAC 
transcripti on factors in the mitochondrial retrograde signaling pathway. 
Here we show that CRF6 functi ons in oxidati ve stress tolerance and 
identi fy downstream transcripti onal targets of CRF6 in response to both 
CK and oxidati ve stress. WT and crf6 plants were treated with CK or H2O2 
and transcriptome changes were analyzed. Comparison of diff erenti ally 
expressed genes revealed CRF6-dependent transcripts, of which a 
larger proporti on of such transcripts were found to be repressed, rather 
than induced. Moreover, many repressed genes also show decreased 
expression in 35S:CRF6 overexpressing plants. Together this suggests that 
CRF6 functi ons largely as a transcripti onal repressor. Interesti ngly among 
the H2O2  repressed - CRF6 dependent transcripts was a set of six genes 
associated with diff erent CK processes: (signaling) ARR6, ARR9, ARR11, 
AHP1, (biosynthesis) LOG7, and (transport) ABCG14. Eff orts are underway 
to determine direct binding of CRF6 to the promoters of these target 
genes and the role that CRF6 is playing in CK regulati on of abioti c stress. 

P406 - Deciphering Root System Architecture 
Plasticity to Hormones using Genome-Wide 
Association Mapping 
 
RISTOVA Daniela(1), BUSCH Wolfgang(1)  
(1) Gregor Mendel Institute, Vienna, AUSTRIA 
As sessile organisms, plants have to adapt their growth and development 
to challenging environments, and therefore have evolved complex 
sensing and signaling mechanisms that allow them to integrate both 
internal and external signal informati on. Root System Architecture 
(RSA) exhibit great amount of developmental plasti city, and represent 
ideal model for studying developmental plasti city in plants. Increasing 
evidence suggests that the environmental eff ects are oft en mediated 
through mechanisms involved in hormone signal transducti on. These 
root developmental plasti city responses are geneti cally determined. 

However, recent evidence suggests there is signifi cant natural variati on 
for root traits. Thus, natural variati on of hormonal root plasti city can be 
used to map the alleles responsible for regulati on of root traits. Here, 
we have conducted extensive RSA quanti fi cati on of 10 root traits of 192 
Arabidopsis accessions on transient hormone treatments, including auxin 
(IAA), cytokinin (CK), abcisic acid (ABA) and control. Using clustering and 
principal component analysis we identi fi ed specifi c groups of accessions 
that have common or diverse response to a parti cular hormone. Using 
genome-wide associati on (GWA) mapping we identi fi ed over 100 
signifi cantly associated SNPs in all of the conditi ons tested. We are 
currently selecti ng the most meaningful candidate genes, based on 
the sequence polymorphism and stati sti cal signifi cance of associati ons. 
We will test the phenotypic consequences in loss of functi on lines and 
conduct detailed gene characterizati on with regard to their involvement 
in root development. 

P407 (Talk) - Transcriptome and metabolome 
analysis of developing seeds of Arabidopsis 
nced mutants defi cient in abscisic acid 
biosynthesis 
 
ROUX Camille(1), PERREAU François(1), FREY Anne(1), CLÉMENT 
Gilles(1), TACONNAT Ludivine (2) , BALZERGUE Sandrine (2) , 
GRANIER Fabienne (1, NORTH Helen M.(1), MARION-POLL 
Annie(1)  
(1) INRA-AgroParisTech IJPB, Versailles, FRANCE (2)  INRA-CNRS-UEVE 
URGV, Evry, FRANCE 
The importance of ABA in dormancy inducti on is now well acknowledged, 
but its signaling network in developing seeds sti ll remain elusive, even 
if it has been well established that dormancy is triggered by embryonic 
and not maternal ABA. The family of fi ve genes encoding the 9-cis-
epoxycarotenoid dioxygenase (NCED) has been proved to play a key role 
in the regulati on of ABA biosynthesis. NCED3 was reported as the only 
NCED gene highly expressed in vegetati ve ti ssues in response to water 
stress. We later showed that NCED5, NCED6 and NCED9 genes were 
spati o-temporally regulated in Arabidopsis seed ti ssues. To get new 
insights into the ABA regulatory role in dormancy inducti on during seed 
development on the mother plant, we designed multi ple mutants, which 
are ABA defi cient in specifi c seed ti ssues, but not in maternal vegetati ve 
parts. Transcriptome analysis of developing seeds revealed more than 
5000 genes up or down-regulated in multi ple nced mutants compared 
to wild type. These included members of gene families belonging to the 
ABA core signaling network. Major diff erences in metabolite compositi on 
were observed during late seed maturati on. A comparati ve analysis of 
transcriptome and metabolome data has been carried out. 

P408 - Cytokinin regulated vascular patterning 
in Arabidopsis primary root involves RNA 
methylation 
 
RUONALA Raili(1), HELP-RINTA-RAHKO Hanna (2) , HELLMANN 
Eva(1), EL-SHOWK Sedeer (2) , HELARIUTTA Ykä(1)  
(1) University of Cambridge / Sainsbury Laboratory, Cambridge, 
UNITED KINGDOM (2)  University of Helsinki / Institute of 
Biotechnology and Department of Biological & Environmental 
Sciences, Helsinki, FINLAND 
The highly organized vasculature in Arabidopsis primary root represents 
a robust model to study cell patt erning. Earlier, we have shown that 
phytohormones cytokinin and auxin regulate vascular patt erning in an 
interacti ve manner. The current project is focused on search for novel 
factors that may parti cipate in cytokinin and auxin signaling pathways 
and modify vascular patt erning in the Arabidopsis primary root. In 
search for those factors, we use a variety of approaches such as forward 
geneti cs screens for misexpression of specifi c markers. One such 
marker gene for altered vascular patt erning is ARABIDOPSIS HISTIDINE 
PHOSPHOTRANSFER PROTEIN 6 (AHP6), a negati ve regulator of cytokinin 
signaling that is induced by auxin and expressed in a specifi c cell type 
in the primary root (Mähönen et al. 2006; Bishopp et al. 2011). Based 
on this approach, we have recently identi fi ed two loci that are likely to 
be involved in RNA methylati on. Here, we introduce a mutant initi ally 
identi fi ed by an expanded AHP6 expression domain in a cytokinin 
hyposensiti ve background. This novel mutant is also characterized by a 
disti nct shoot developmental phenotype. We aim at identi fying the RNA 
modifi cati ons corresponding to our newly identi fi ed loci, and study how 
these modifi cati ons aff ect cytokinin responsiveness and development in 
Arabidopsis root and shoot. 
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409 - Investigating the role of the 
Ptranscriptional control of auxin in the 
gravity sensing-cells in Arabidopsis during 
graviresponse 
 

SAGEMAN Katelyn(1), ROYCHOUDHRY Suruchi(1), WOLVERTON 
Chris(1), KEPINSKI Stefan(1)  
(1) University of Leeds, Leeds, UK (2)  University of Leeds, Leeds, UK(3)  
Ohio Wesleyan University, Delaware, USA(4) University of Leeds, 
Leeds, UK 
Plants are able to grow and adapt to their environment via tropic 
responses to external sti muli such as gravity. The ability to respond to 
changes in orientati on allows plants to modify their growth to maintain 
specifi c patt erns of growth with respect to gravity. An important 
component of the control of growth angle with respect to gravity is 
the fact that the magnitude of graviresponse varies with the angle of 
displacement from the verti cal. The mechanisms governing changes in 
the magnitude of gravitropic response are sti ll unknown. It has recently 
been shown that altering auxin response specifi cally within the gravity-
sensing cells can aff ect graviresponse in the shoot (Roychoudhry et al. 
2013, Sato et al. 2014). We are investi gati ng whether the transcripti onal 
responses to auxin via the TIR1/AFB-Aux/IAA-ARF system play a role in 
the control of the magnitude of the response in the Arabidopsis root 
gravity-sensing cells or statocytes. Using both free response gravitropism 
assays and a constant gravitropic sti mulus feedback system (Mullen et 
al. 2002), transgenic lines with altered auxin response in primary and 
lateral root gravity-sensing cells have been studied. Initi al results indicate 
that transcripti onal responses to auxin within statocytes do play a role in 
regulati ng the magnitude of the gravitropic response. We are working to 
understand the mechanisti c basis of this phenomenon. 
 

P410 - Heat-Induced Male Sterility is Reversed 
by Cytokinin, Mediated by Sucrose and 
Expression of Putative Sucrose Transporter 
AtSweet7 
 
SALZMAN Ron(1), BEEM Lance (2) , LIPTAY Albert (2) , STOLLER 
Jerry (2)   
(1) Stoller-Texas A&M, College Station, UNITED STATES (2)  Stoller, 
Houston TX, UNITED STATES 
High temperatures during fl owering are known to reduce ferti lity and 
reproducti ve success in many plant species due to male sterility. This 
eff ect is considered to involve reducti ons in pollen producti on, viability, 
release from the sti gma, or growth of pollen tubes. The molecular and 
hormonal mechanisms behind this reducti on in reproducti ve success by 
heat are not well understood. Existi ng evidence indicates that cytokinins 
are essenti al to pollen producti on under normal growth temperatures 
in several plant models. Further, specifi c to non-permissive high 
temperatures, sugars have been implicated in reproducti ve success in 
tomato. We show here that exogenous applicati on of cytokinins, as well 
as of sucrose, were able to substanti ally improve ferti lizati on and fruit set 
under ferti lity-limiti ng high temperatures in Arabidopsis thaliana. In bean 
grown under high temperature conditi ons during fl owering in the fi eld, 
pod producti on was also signifi cantly increased by cytokinin applicati on. 
The molecular mechanism of this capacity for cytokinin is proposed to 
involve sugar movement to and accumulati on in the fl owers. Consistent 
with this explanati on, an Arabidopsis knockout line at sucrose transporter 
AtSweet 7 showed reduced recovery of heat ferti lity by exogenous 
cytokinin treatment compared to wild type. 

P411 - Ethylene Inhibits Cell Proliferation of the 
Arabidopsis Root Meristem 
 
STREET Ian(1), AMAN Sitwat(1), ZUBO Yan(1), RAMAZAN 
Aleena(1), WANG Xiaomin(1), SHAKEEL Samina (1, KIEBER 
Joseph (2) , SCHALLER G. Eric(1) 
(1) Dartmouth College, Hanover, UNITED STATES (2)  University of 
North Carolina, Chapel Hill, UNITED STATES 
The root system of plants plays a criti cal role in plant growth and survival, 
with root growth being dependent on both cell proliferati on and cell 
elongati on. Multi ple phytohormones interact to control root growth, 
including ethylene which is primarily known for its role in controlling 
root cell elongati on. We took advantage of geneti c, pharmacological, 
and molecular tools to evaluate the role of ethylene in regulati ng cell 

proliferati on at the primary root meristem of Arabidopsis. Our results 
indicate that ethylene negati vely regulates root-cell proliferati on primarily 
through the classical ethylene receptor-CTR1-EIN2-EIN3/EIL signaling 
pathway. In additi on, we identi fy a minor role for the two-component 
signaling pathway in this process, based on geneti c analysis of receptor 
kinase acti vity as well as mutants involving the type-B response regulator 
ARR1. Because cytokinin induces ethylene biosynthesis, we also examined 
the role of ethylene in mediati ng the eff ects of cytokinin in inhibiti ng cell 
proliferati on at the root meristem. Our results indicate that ethylene 
signaling contributes to but is not required for cytokinin to inhibit acti vity 
of the root meristem. Ethylene-dependent gene expression at the root 
meristem suggests that auxin-dependent and independent mechanisms 
may play roles in mediati ng the eff ects of ethylene on cell proliferati on. 
These results support a model in which multi ple phytohormones, 
including ethylene, interact to regulate cell proliferati on at the root apical 
meristem. 

P412 - Identifi cation of plant hormone 
transporters by a new approach 
 
KANNO Yuri(1), SHIMIZU Takafumi(1), CHIBA Yasutaka (2) , 
MIYAKAWA Shinya (2) , SANO Naoto(1), KOSHIBA Tomokazu (2), 
SEO Mitsunori(1)

 (1) RIKEN Center for Sustainable Resource Science, Yokohama, 
JAPAN (2)  Department of Biological Sciences, Tokyo Metropolitan 
University, Hachioji, JAPAN 
Plant hormones are endogenous bioacti ve small compounds that 
induce various physiological responses at low concentrati ons. It has 
been considered that most of the plant hormones are mobile. However, 
it is largely unknown how the transport of hormones is regulated. We 
recently developed a functi onal screening system to identi fy plant 
hormone transporters based on their acti viti es using the yeast two-
hybrid systems to detect hormone dependent formati on of the hormone 
receptor complexes. By this approach, we identi fi ed NPF4.6, a member 
of Arabidopsis NRT1/PTR FAMILY (NPF) proteins as an abscisic acid (ABA) 
transporter. We also found that some other NPF proteins could also 
transport ABA, gibberellin (GA) and/or jasmonoyl isoleucine (JA-Ile). To 
determine the in vivo functi ons of the NPFs, we are currently investi gati ng 
the phenotypes of the mutants defecti ve in the transporters. We are also 
conducti ng large scale screening against Arabidopsis cDNA libraries using 
the yeast two-hybrid systems with the receptor complexes to look for 
novel GA and JA-Ile transporters other than NPFs. 

P413 - Characterization of GH3 Acyl-Acid Amido 
Synthetases from Arabidopsis thaliana 
 
SHERP Ashley(1), JEZ Joseph(1)  
(1) Washington University in St. Louis, St. Louis, Missouri, UNITED 
STATES 
Plant hormones play an essenti al role in plant growth and development 
as well as responses to bioti c and abioti c stresses. Regulati on of 
hormone levels is acheived through both the regulati on of synthesis and 
degradati on. Inacti vati on or acti vati on of hormones through conjugati on 
is another process that can be uti lized to control hormone acti vity. One 
family of enzymes known to be involved in regulati ng plant hormones 
through conjugati on is the GH3 family of acyl-acid amido synthetases 
in Arabidopsis thaliana. Various family members have been shown to 
conjugate amino acids to jasmonic acid (JA), the auxin indole-3-aceti c acid 
(IAA), and salicylic acid (SA). The hormone and amino acid substrates for 
several GH3 family members are unknown. Work in the Jez lab indicates 
that GH3.15 conjugates glutamine to indole-3-butyric acid (IBA), a 
precursor of IAA. Primary root length and lateral root density of knockout 
and overexpression lines of GH3.15, grown in the presence of IBA, show 
hypersensiti vity and resistance respecti vely. Our data suggest GH3.15 is 
involved in the regulati on of IBA. 
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P414 - A novel targeted metabolomic approach 
in plant hormone analysis 
 

ŠIMURA Jan(1), TARKOWSKÁ Danuše(1), LJUNG Karin (2) , NOVÁK 
Ondřej(1)  
(1) Laboratory of Growth Regulators & Department of Chemical 
Biology and Genetics, Centre of the Region Haná for Biotechnological 
and Agricultural Research, Faculty of Science, Palacký University & 
Institute of Experimental Botany ASCR, Šlechtitelů 11, CZ-783 71, 
Olomouc, Czech Republic, Olomouc, CZECH REPUBLIC (2)  Umeå 
Plant Science Centre, Department of Forest Genetics and Plant 
Physiology, Swedish University of Agricultural Sciences, SE-90183 
Umeå, Sweden, Umea, SWEDEN 
Plant hormones are highly bioacti ve signalling molecules, which are 
acti ng as chemical messengers involved in physiological processes such 
as plant growth and development including fl owering, seed germinati on, 
senescence and various stress responses. The occurrence as awell as the 
levels of these compounds strongly depend on plant organ, plant age, 
developmental stage and environmental conditi ons. As characteristi c for 
the substances of hormonal nature, they are typically present in plant 
ti ssue only in minute concentrati ons. Thus, their direct quanti fi cati on 
in very complex plant extract poses a diffi  cult analyti cal task. Plant 
hormones as extremely large family of diverse compounds could be 
divided into several structurally diff erent groups such as purine and 
indole derivati ves, plant steroids, lipid-based substances and terpenoid 
carboxylic acids. In this study, we present a new method based on ultra-
high liquid chromatography-tandem mass spectrometry (UHPLC-MS/
MS) for targeted profi ling of more than 100 analytes, members of the 
main classes of plant hormones like cytokinins, auxins, brassinosteroids, 
gibberellins, jasmonates and abscisic acid. This plant-based metabolomic 
approach involves primary metabolites of bioacti ve hormones as well 
as their biosyntheti c precursors playing indispensable role in intricate 
signalling network leading to the regulati on of various biological 
processes in plants. We believe that this generalized analyti cal screening 
method can be very useful tool for phytohormonal studies dealing with 
their inter- and intra-cellular communicati ons in plants. 

P415 - Characterization of a higher order 
mutant of cytokinin degradation and 
inactivation enzymes 
 
ŠMEHILOVÁ Mária(1), DOBRŮŠKOVÁ Jana(1), HUMPLÍK Jan (2), 
ČERNÝ Martin(3) , NOVÁK Ondřej(4), GALUSZKA Petr(1)  
(1) Centre of the Region Haná for Biotechnological and Agricultural 
Research, Department of Miolecular Biology, Faculty of Science, 
Palacký University, Olomouc, CZECH REPUBLIC (2)  Centre of the 
Region Haná for Biotechnological and Agricultural Research, 
Department of chemical biology and genetics, Faculty of Science, 
Palacký University, Olomouc, CZECH REPUBLIC (3) Laboratory of 
Plant Molecular Biology, Institute of Biophysics AS CR and CEITEC-
Central European Institute of Technology, Mendel University, Brno, 
CZECH REPUBLIC(4) Laboratory of Growth Regulators, Palacký 
University and Institute of Experimental Botany, Academy of 
Sciences of the Czech Republic, Olomouc, CZECH REPUBLIC 

Cytokinins are responsible for major physiological processes including 
senescence where nutrients are invested from source to sink ti ssues 
to ensure propagati on of next generati ons. Cytokinin signalling of this 
process is crucial so in leaves an enormous decrease of cytokinin levels 
signalize to favour nutrient shift  to sink organs. The decrease in Arabidopsis 
thaliana leaves is caused by cytokinin dehydrogenases CKX2 and CKX5. 
However, no senescence delay was observed in the double knock-out 
mutant where signifi cantly increased levels of cytokinin glucosides 
were detected. Cytokinin inacti vati on during senescence is catalysed by 
UDP-glycosyltransferase UGT85A1 and therefore a triple mutant ckx2/
ckx5/ugt85a1 was prepared and characterised. The ckx2/ckx5/ugt85a1 
mutant was assessed for phenotype modifi cati ons, cytokinin content, 
transcriptome and proteome analysis under normal conditi ons and in 
response to induced senescence, light stress and exogenous cytokinin 
treatment, respecti vely. Even though our results suggest that neither 
UGT85A1 nor CKX2 or CKX5 are the crucial key regulators in senescence 
process of A. thalina leaves our results show how A. thaliana modulates 
the cytokinin metabolism to maintain the proper homeostasis during 
senescence. 
Supported by Grant Agency of the Czech Republic no: P501/12/P160. 

P416 - A MAPK cascade pathway is involved in 
the regulation of root growth and development 
in response to ABA in Arabidopsis thaliana 
 
LI Kun(1), KONG Xiangmin(1), ZHANG Guozeng(1), ZHOU Yun(1), 
MIAO Yuchen(1), SONG Chun-Peng(1) 
(1) Insitute of Plant Stress Biology, State Key Laboratory of Cotton 
Biology, Department of Biology, Henan University, 85 Minglun 
Street, Kaifeng, CHINA 
Mitogen-acti vated protein kinase (MAPK) cascade is evoluti onarily 
conserved signal transducti on module involved in transducing 
extracellular signals to the nucleus for appropriate cellular adjustment. 
This cascade consists essenti ally of three components, a MAPK kinase 
kinase (MAPKKK), a MAPK kinase (MAPKK) and a MAPK connected 
to each other by the event of phosphorylati on. We report here the 
characterizati on of the ABA-associated stress responsive MAPK family 
member named AAK1 (ABA-associated protein kinase) in Arabidopsis, 
regulati ng abscisic acid (ABA) responsive root growth and development. 
T-DNA inserti on mutants of AAK1 showed insensiti ve to ABA in both 
root growth and stomatal closure. The eff ect on root growth was due to 
enhanced cell elongati on in the elongated zone and cell division from root 
ti p to elongated area. Bimolecular fl uorescence complementati on (BiFC) 
analysis showed that MPK3, MPK6 and AAK1 interact with MKK5, AAK1 
also interacts with MKK4. mpk3, mpk6 and mkk5 single mutant seedlings 
have similar mutant phenotypes to aak1. AAK1 localized in the plasma 
cytoplasm, and was shown to acti ve MKK5 by protein phosphorylati on, 
this acti vati on of MKK5 by AAK1 is an ABA-acti vated protein kinase. The 
acti vity of MPK6 was increased by ABA in wild-type seedlings, and the 
acti vity of MPK6 by ABA was impaired in aak1 and mkk5 mutants, but not 
mkk4. In additi on, the expression levels of many ABA-responsive genes 
were altered in the aak1. These data clearly suggest AAK1-MKK5-MPK6 
cascade functi on in ABA-regulated primary root growth and development. 
Key words: MAPK, abscisic acid, root development, signal transducti on 

P417 - Jasmonates and chemical biology: 
a short story
 
SULIMAN Mohamed(1)), KOMBRINK Erich(1)  
(1) Max Planck Institute for Plant Breeding Research, Cologne, 
GERMANY 
 Jasmonic acid (JA) and its derivati ves, collecti vely named as jasmonates, 
represent clear examples for the parti cipati on of small signaling 
molecules in modulati ng the plant”s behavior towards diff erent bioti c and 
abioti c stresses. JA mediates resistance towards wounding, necrotrophs, 
and herbivores att ack. Although classical geneti c approaches uncovered 
numerous components involved in JA percepti on and signaling pathway, 
there are open questi ons to fully understand the multi ple roles of diverse 
jasmonates in regulati ng numerous biological responses. Moreover, the 
cross-talk between JA and other phytohormones is not fully understood. 
To fi nd answers, a chemical geneti c approach is used in this study to 
create conditi onal mutants and therefore circumvent the limitati ons of 
classical geneti cs such as redundancy, lethality, and pleiotropy of gene 
functi ons. A transgenic Arabidopsis thaliana line, reporti ng the expression 
of a JA-responsive marker gene (VSP1p::GUS), is used to screen several 
chemical libraries (1460 compound) to identi fy bioacti ve compounds 
capable of modulati ng the JA-responsive marker gene”s expression. 
Four novel compounds showed to be selecti vely inhibiti ng JA signaling 
under our experimental conditi ons. The target identi fi cati on experiments 
indicated the possible target(s) at or downstream of the hormonal 
percepti on and signaling. Unraveling the mode of acti on and target(s) 
of these compounds may help in identi fying new component(s) of JA 
signaling pathways. 

P418 (Talk) - Subcellular localization and 
interaction of Zmphot1 and ZmNPH3-like 
proteins 
 
SUZUKI Hiromi(1), KANEGAE Takeshi(1), OKAMOTO Takashi(1), 
KOSHIBA Tomokazu(1)  
(1) Tokyo Metropolitan University, Tokyo, JAPAN 
Phototropism has been noted since before the century, however, the 
detailed mechanism is sti ll unclear. We previously showed that the 
ti p region about 0-2 mm of maize coleopti le is the specifi c site for low 
fl uence blue-light (LBL) percepti on as well as formati on of asymmetric 
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indole-3-aceti c acid (IAA) distributi on. It is generally accepted that the 
localizati on of Zmphot1 determines the site of light percepti on. To clarify 
the involvement of Zmphot1 in the ti p specifi c LBL-induced responses, we 
examined its distributi on in detail. Interesti ngly, Zmphot1 proteins were 
detected in relati ve evenly down to 10-mm regions from of coleopti les, 
suggesti ng that Zmphot1 could perceive unilateral blue-light at relati vely 
wide regions. Therefore, factors other than Zmphot1 might be responsible 
for determining the ti p specifi c LBL percepti on and following phototropic 
curvature. From micro-array and immune-blot analyses, we found a 
ti p specifi c expressing protein, ZmNPH3-like, which seems to be one of 
substrates of Zmphot1. We further investi gated subcellular localizati on 
of Zmphot1 and ZmNPH3-like proteins tagged with fl uorescent proteins 
and their interacti on. Transient expressions of these proteins in onion 
epidermal cells showed that both proteins were localized on plasma 
membrane. In additi on, it is possible that both proteins are interacted 
each other. We will discuss involvements of Zmphot1 and ZmNPH3-like 
protein in ti p specifi c blue light percepti on and phototropism. 

P419 - Identifi cation of novel auxin signaling 
components in root development using GWAS 
 
TAKEHIKO Ogura(1), CHRISTIAN Goeschl(1), DANIELE Filiault(1), 
RADKA Slovak(1), SANTOSH Satbhai(1), WOLFGANG Busch(1)  
(1) GMI-Gregor Mendel Institute of Molecular Plant Biology, Vienna, 
AUSTRIA 
The shape of root system (Root System Architecture: RSA) plays a criti cal 
role in plant survival in diff erent environments. RSA is determined by 
processes that are strongly regulated by the phytohormone auxin. 
However, auxin is involved in almost every process of plant growth and 
development, and the geneti c mechanisms by which RSA is modifi ed 
independently of these other processes are not well understood. To 
elucidate which mechanisms allow plasti city of root traits despite their 
regulati on by auxin, we used natural variati on in Arabidopsis thaliana 
and conducted a Genome Wide Associati on Study (GWAS). Our GWAS 
identi fi ed a member of an exocytoti c gene family, EXOCYST, to be 
associated with a root gravitropism-related trait. We showed that this 
EXOCYST gene exclusively regulates the dynamic localizati on of the auxin 
effl  ux carrier PIN-FORMED 4 in columella cells, and thereby controls RSA. 
Furthermore, natural variati on of the EXOCYST gene was associated with 
drought resistance, indicati ng an adapti ve value in drought conditi ons. 
All together, our study using GWAS revealed a novel auxin signaling 
component which regulates root morphology and allows natural variati on 
of RSA. 

P420 - Functional analysis of DGE1, DGE2 
and DTL genes involved in gravitropism in 
Arabidopsis thaliana 
 
TANIGUCHI Masatoshi(1), BABA Kenichirou (2) , YUASA 
Asako(2), TASAKA Masao (2) , MORITA Miyo Terao(1)  
(1) Nagoya University, Nagoya, JAPAN (2)  Nara Institute of Science 
and Technology, Ikoma, JAPAN 
To identi fy novel genes involved in signaling process in gravity sensing 
cells (statocytes) during gravitropic response, we have performed 
comparati ve transcriptome analysis between WT and mutants (sgr1/scr, 
sgr7/shr and eal1) Arabidopsis stems. Based on the results, we found that 
genes encoding DLLs (DGE1/LAZY Like proteins; DGE1, DGE2, DTL) are 
involved in gravitropic response of infl orescence stems, hypocotyls and 
primary roots. Furthermore, we indicated that DLLs are mainly expressed 
in statocytes and probably have a functi onal role in a process between 
gravity percepti on and formati on of asymmetric auxin signal. Here, we 
demonstrated that DLLs expressed under the control of statocyte specifi c 
promoter are rescuing gravitropic phenotype of dlls triple mutant. DLLs 
proteins share sequence similarity, although they contain no known 
functi onal domais and/nor moti fs. We focused on conserved 14 aa 
sequence at the C-termini (CDL, Conserved C-terminal in DGE1/LAZY1), 
and found that CDL is necessary for the functi on of DLLs. The result 
indicates that CDL would be a novel functi onal moti f in the DLLs protein 
family. 

421 - Abscisic acid sensor RCAR7, specifi c 
regulator of protein phosphatase coreceptors 

TISCHER Stefanie(1), WUNSCHEL Christian(1), FUCHS Stefan(1), 
GRILL Erwin(1)  
(1) Technical University Munich, Department of Botany, Freising, 
GERMANY 
 Abscisic acid (ABA) is an important phytohormone, that is involved in the 
adaptati on to bioti c and abioti c stresses, such as cold and drought stress. 
The Regulatory Component of ABA Receptor (RCAR) family consists of 
14 members divided into 3 subfamilies. The RCARs provide a low affi  nity 
binding pocket for ABA (> 1mM). Magnesium ions-dependent protein 
serine/threonine phosphatases of type 2C (PP2C) of clade A interact 
with RCAR. In presence of ABA, the RCAR and clade A PP2Cs accumulate 
a heteromeric receptor complex, which inhibit the PP2C phosphatase 
acti vity at low ABA levels (< 
0.1mM). The objecti ve is to elucidate the contributi on of the 14 RCARs 
and 9 PP2Cs in ABA responses; the interacti on between individual PP2Cs 
and RCARs was studied via yeast interacti on analyses, in vitro enzymati c 
assays, and in vivo studies. Disti nct regulatory diff erences among 
individual RCAR and PP2C combinati ons are observed. 
 

P422 - Signalling pathways mediating seed 
dormancy show distinct cell type specifi city 
which is modulated by the environment 
 
TOPHAM Alexander(1), BASSEL George(1)  
(1) University of Birmingham, Birmingham, UNITED KINGDOM 
The breaking of seed dormancy is one of the major decisions in the 
angiosperm lifecycle. Geneti c and hormonal factors infl uencing this 
decision have been identi fi ed, yet the site(s) within the embryo where 
this binary fate switch is regulated remains unknown. Using 3D image 
analysis, the abundance of key dormancy regulatory proteins were 
quanti fi ed at singlecell resoluti on in Arabidopsis embryos. A majority 
of these components are found to be highly enriched in the embryonic 
radicle of primary dormant seeds. Within the radicle, the cell types where 
dormancy-promoti ng abscisic acid (ABA) signalling factors are present 
is disti nct from those containing germinati on-promoti ng hormone 
gibberellic acid (GA) components. This spati al displacement between 
antagonisti c signals suggest disti nct cell types play opposing roles in the 
decision to terminate dormancy, and that non-cell autonomous signalling 
mediates this switch. Blocking the germinati on of seeds with far-red 
light sti mulates the spati al re-localizati on of both GA and ABA signalling 
components to novel cellular locati ons. This suggests the role of disti nct 
cell types in mediati ng the decision to germinate is not determinate, and 
that cells can reassign their functi on in response to the environment. 

P423 - Phosphoproteomic analysis towards 
understanding the evolution of ABA signaling 
pathway in land plants. 
 

HONDA Yoshimasa(1), SUGIYAMA Naoyuki (2) , KUWAMURA 
Mayuri(3) , TERAO Ryosuke(1), ISHIZUKA Kozue(1), SAKATA 
Yoichi (3, TAKEZAWA Daisuke(4), ISHIHAMA Yasushi (2) , 
SHINOZAKI Kazuo (5), UMEZAWA Taishi(1) 
(1) Tokyo University of Agriculture and Technology, Koganei, JAPAN 
(2)  Kyoto University, Kyoto, JAPAN(3)  Tokyo University of Agriculture, 
Tokyo, JAPAN(4) Saitama University, Saitama, JAPAN (5) RIKEN CSRS, 
Tsukuba, JAPAN (6) PRESTO JST, Saitama, JAPAN 
ABA is a major phytohormone which is criti cal for plant”s responses to 
environmental conditi ons. The major ABA signaling pathway consists of 
three core components; receptor, protein phosphatase (PP2C) and protein 
kinase (SnRK2). Recently, our phosphoproteomic analysis successfully 
revealed SnRK2-dependent phosphorylati on network in Arabidopsis. 
Here we hypothesized that the ABA signaling system could be conserved 
in land plants, for example Arabidopsis and Physcomitrella patens. We 
enriched phosphopepti des from WT and ABA hypersensiti ve/insensiti ve 
mutants of P. patens, and then the pepti des were analyzed with a LC-
MS/MS system. Our data covered a total of 4,698 phosphopepti des 
from 2,007 proteins with 6,545 phospho-sites. Then ABA-responsive 
phosphopepti des in P. patens were identi fi ed and compared with 
Arabidopsis data. Our study suggested that the core pathway of ABA 
signaling are parti ally conserved between Arabidopsis and P. patens, 
as well as that P. patens has developed its own signaling network. Now 
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we are trying to select phosphopepti des which were conserved and 
potenti ally important for ABA signaling system in plants. 

P424 - An oxidation of the oligogalacturonides 
inactivates their activity as Damage-Associated 
Molecular Patterns (DAMPs) 
 

VERRASCINA Ilaria(1) BENEDETTI Manuel(1), RAGGI Sara(1), 
PONTIGGIA Daniela(1), MATTEI Benedetta(1), FERRARI 
Simone(1), DE LORENZO Giulia(1), CERVONE Felice(1)  
(1) Dipartimento di Biologia e Biotecnologie “Charles Darwin”, 
Sapienza Università di Roma, Rome, ITALY 
Transgenic Arabidopsis plants expressing a chimeric protein consti tuted by 
a fungal PG (FpPG) and a PGIP from common bean (PvPGIP2), named “OG-
machine” (OGM plants), accumulate oligogalacturonides (OGs) in their 
ti ssue and exhibit enhanced resistance to a variety of pathogens, thereby 
providing direct evidence for the functi on of OGs as in vivo elicitors of the 
plant defense responses. We have found that OG preparati ons, obtained 
from leaf strips of OGM plants by incubati on in a chelati ng agent soluti on, 
contain both typical OGs and modifi ed OGs. Further analyses showed 
that the oligomers corresponding to modifi ed OGs are characterized by 
a galactaric acid residue at the reducing end, leading to the conclusion 
they are oxidized OGs. Oxidized OGs were purifi ed to homogeneity 
and tested for their ability both in inducing the defense responses and 
in antagonizing auxin responses. In all experiments, oxidized OGs are 
inacti ve compared with the corresponding typical OGs. We have also 
extracted from OGM plants an enzyme acti vity capable of oxidizing 
standard OG preparati ons. We believe that this acti vity is a key element 
for controlling a too prolonged existence of OGs in the ti ssue and avoiding 
an exaggerated acti vati on of plant defences. 
 

P425 - Characterization of putative nuclear 
targets of MAPKs activated after fl agellin22 
treatment 
 

VOELZ Ronny(1), RAYAPURAM Naganand(1), BIGEARD Jean (2), 
PFLIEGER Delphine(3) , HIRT Heribert(1)  
(1) Center for Desert Agriculture, Division of Biological and 
Environmental Sciences and Engineering, King Abdullah University 
of Science and Technology, Thuwal, SAUDI ARABIA (2)  Unité 
de Recherche en Génomique Végétale, Evry, FRANCE(3)  EDyP, 
Laboratoire Biologie à Grande Echelle, Grenoble, FRANCE 
The MAPK signaling pathway plays a central role in stress responses in 
the model plant Arabidopsis thaliana. Plants sense external stress sti muli, 
perceived by their surface receptors and convert them into intracellular 
responses. MAPKs regulate a large number of diverse substrates by 
phosphorylati on. A quanti tati ve phosphoproteomics approach was 
carried out to fi nd putati ve targets that are phosphorylated in response 
to the bacterial pepti de fl agellin22. We report here the current state of 
characterizati on of 3 putati ve targets (PT). To clarify the role of PT1, 2 and 
3 in response to pathogen att ack, we tried to fi gure out which kinases 
are able to interact with PT1, 2, 3 by yeast-two hybrid and bimolecular 
fl uorescence complementati on (BIFC) analysis. On confi rming the specifi c 
kinases as binding partner, we will check whether the respecti ve kinases 
can in fact phosphorylate the targets by performing in vitro kinase assays. To 
validate the phosphosites identi fi ed in the large-scale phosphoproteomics 
screen, we will mutate the MAPK moti f PxSP and perform kinase assays  
and complementati on studies in planta. Furthermore, to assess the 
involvement of PT1, 2, 3 in the immune response, pathogen assays were 
carried out on pt1, 2 and 3 T-DNA inserti on mutants using Pseudomonas 
syringe DC3000 as the pathogen. Geneti c studies and complementati on 
studies of mutants are being performed to elucidate the roles of PT1, 2 
and 3 in the regulati on of gene expression during a pathogen att ack. 

P426 - Regulation of auxin distribution by a 
ROP eff ector and a Ca2+ sensor dependent 
microtubules stability switch 
 

HAZAK Ora(1), LAVY Meirav(1), STERNBERG Hasana(1), 
YALOVSKY Shaul(1)  
(1) Tel Aviv University, Tel-Aviv, ISRAEL 
Patt ern formati on in plants depends on polar transport and formati on 
of local maxima and gradients of the phytohormone auxin. Remarkably, 
auxin self regulates its own transport and accumulati on, implying a 

ti ght link between auxin signaling and mechanisms that regulate its 
distributi on. Previously, we have identi fi ed the ICR family of ROP (Rho 
of Plants) eff ectors and found that a member of the family, designated 
ICR1, is required for recruitment of PIN auxin effl  ux transporters to the 
plasma membrane. Remarkably, ICR1 expression is induced by auxin but 
it is degraded at the site of auxin maximum formati on at the root ti p. The 
degradati on of ICR1 is induced by high auxin concentrati ons and depends 
on TIR1/AFB regulated auxin induced gene expression. We will show that 
ICR1 is a microtubules (MTs) binding protein. Mutant complementati on 
assays indicate that MTs binding is required for ICR1 functi on. Through 
its interacti on with ROPs, ICR1 recruits and stabilizes MTs in focal plasma 
membrane domains. The interacti on of ICR1 with MTs is negati vely 
regulated by an auxin-induced Ca2+ binding protein, called CMI1, which 
is highly expressed at the site of ICR1 degradati on at the root meristem. 
Our data indicate that CMI1 is part of an auxin-Ca2+ regulated feedback 
loop that leads to ICR1 degradati on, MTs destabilizati on and local auxin 
maximum formati on. 

P427 - Arabidopsis Long Primary Root (LPR) 
mediates ethylene regulation of plant root 
growth 
 

YANG Wei(1), HE Junxian(1)  
(1) School of Life Sciences and State Key Laboratory of 
Agrobiotechnology, The Chinese University of Hong Kong, Shatin, 
New Territories, Hong Kong SAR, CHINA 
Roots are important organs for plants to absorb water and nutrients 
from soil. Growth and development of plant roots are modulated by 
environment factors and internal hormone cues. However, how these 
factors coordinate to regulate plant root growth and development 
remain largely unknown. In a recent phosphoproteomic study, we 
identi fi ed a previously uncharacterized protein, which we named Long 
Primary Root (LPR), with signifi cant phosphorylati on state changes under 
nitrogen starvati on and recovery conditi ons. LPR contains a eukaryoti c 
Serine/Threonine kinase domain at its N-terminus. Its T-DNA inserti onal 
mutant lpr has longer primary roots whereas its over-expression line has 
shorter roots when compared with the wild type plants. Furthermore, 
lpr mutati on caused low sensiti vity to ACC, a precursor of the plant 
hormone ethylene, reduced root hair growth, but expanded elongati on 
zone of roots. These results suggest that LPR may mediate nitrogen-
regulated plant root growth through the phytohormone ethylene. More 
experiments will be conducted to understand LPR functi on and elucidate 
how nitrogen and ethylene corporately regulate plant root growth and 
development. 
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P428 - Expression of an acyl-CoA-binding 
protein, ACBP6, in Arabidopsis phloem 
 

YE Ziwei(1), LUNG Shiu-Cheung(1), HU Tai-Hua(1), 
CHEN Qin-Fang(1), SUEN Yung-Lee(1), WANG Mingfu(1), 
HOFFMANNBENNING Susanne (2), YEUNG Edward(3) , CHYE 
Mee-Len(1)  
(1) School of Biological Sciences, the University of Hong Kong, 
Hong Kong, CHINA (2)  Department of Biochemistry and Molecular 
Biology, Michigan State University, East Lansing, USA(3)  Department 
of Biological Sciences, University of Calgary, Calgary, Alberta, 
CANADA 
Arabidopsis acyl-CoA binding proteins (AtACBPs) contain a conserved 
acyl-CoA-binding domain which facilitates the binding of long-chain 
acyl-CoA esters and they have been shown to functi on in plant stress 
responses and development. The 10-kDa AtACBP6 represents the 
smallest amongst the six in the AtACBP family and confers freezing 
tolerance in transgenic Arabidopsis rosett es and fl owers, possibly by its 
interacti on with phosphati dylcholine (PC), as recombinant AtACBP6 has 
been identi fi ed to bind acyl-CoA esters and PC. In eukaryotes, the 10-kDa 
isoform transports acyl-CoA esters, maintain an intracellular acyl-CoA 
pool and regulates lipid metabolism. AtACBP6 encodes a cytosolic protein 
expressed in fl oral organs besides other ti ssues in qRT-PCR analysis, and 
plays a combinatory role together with AtACBP4 and AtACBP5 in pollen 
and seed development. As AtACBP6 shares homology with the phloem 
ACBPs of rice and cucumber, its potenti al role in long-distance lipid 
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transport was investi gated. Arabidopsis expressing AtACBP6pro::GUS 
exhibited strong GUS acti vity in the vascular ti ssues, fl owers, embryos as 
well as the stem cuti cle. Immunoelectron microscopy using anti -AtACBP6 
anti bodies confi rmed AtACBP6 localizati on in the phloem, especially in 
the companion cells, sieve elements and plasmodesmata, indicati ng its 
potenti al in systemic traffi  cking. Fatt y acid profi ling on the wild-type and 
acbp6 phloem exudates supported a lipid-associated role of AtACBP6 in 
the phloem. 

P429 - DELLA, IDD and SCL3 cooperate in the 
gibberellin feedback system 
 

YOSHIDA Hideki(1), HIRANO Ko(1), SATO Tomomi(1), MITSUDA 
Nobutaka (2) , NOMOTO Mika(3) , MAEO Kenichiro(4), TADA 
Yasuomi (5), OHME-TAKAGI Masaru (6), MATSUOKA Makoto(1), 
UEGUCHI-TANAKA Miyako(1)  
(1) Bioscience and Biotechnology Center, Nagoya University, Nagoya, 
JAPAN (2)  Bioproduction Research Institute, National Institute of 
Advanced Industrial Science and Technology, Tsukuba, JAPAN(3)  
United Graduate School of Agricultural Sciences, Ehime University, 
Ehime, JAPAN(4) Graduate School of Bioagricultural Sciences, 
Nagoya University, Nagoya, JAPAN (5) Life Science Research Center, 
Institute of Research Promotion, Kagawa University, Kagawa, JAPAN 
(6) Institute for Environmental Science and Technology, Saitama 
University, Saitama, JAPAN 
DELLA protein is a key negati ve regulator of gibberellin (GA) signaling. 
Although possessing strong transacti vati on acti vity, DELLA lacks a DNA-
binding domain. Therefore, a model has been proposed in which DELLA 
acts as a transcripti onal coacti vator with another transcripti on factor 
or factors containing a DNA-binding domain. Here, using yeast hybrid 
screenings, we identi fi ed fi ve members of INDETERMINATE DOMAIN 
(IDD) protein family which bind physically to both DELLA and the promoter 
sequence of the GA-positi ve regulator SCARECROW-LIKE 3 (SCL3), which 
previously was characterized as a DELLA direct target gene. Transient 
assays using Arabidopsis protoplasts demonstrated that a luciferase 
reporter controlled by the SCL3 promoter was additi vely transacti vated 
by REPRESSOR of ga1-3 (RGA) and IDDs. Phenotypic analysis of transgenic 
plants expressing AtIDD3 (one of the 16 IDDs in the Arabidopsis genome) 
fused with the plant-specifi c repression domain (SRDX) supported the 
possibility that AtIDD3 is positi vely involved in GA signaling. In additi on, 
we found that SCL3 protein also interacts with IDDs, resulti ng in the 
suppression of its target gene expression. In this context, DELLA and SCL3 
interact competi ti vely with IDD proteins to regulate downstream gene 
expression. From these results, we propose that a coregulator exchange 
system between DELLA (as coacti vator) and SCL3 (as corepressor) 
regulates the expression of their downstream targets to control the GA 
signaling pathway. 

P430 - A novel thiol-reductase activity of 
Arabidopsis YUC6 confers drought tolerance 
independently of auxin biosynthesis 
 
CHA Joon-Yung(1), KIM Woe-Yeon(1), YUN Dae-Jin(1) 
(1) Division of Applied Life Science (BK21Plus), PMBBRC, Gyeongsang 
National University, Jinju, SOUTH KOREA 
YUCCA (YUC) proteins consti tute a family of fl avin monooxygenases 
(FMOs) with an important role in auxin (IAA) biosynthesis. We report that 
Arabidopsis plants overexpressing YUC6 display enhanced IAA-related 
phenotypes and exhibit improved drought stress tolerance, low rate of 
water-loss and controlled ROS accumulati on under drought and oxidati ve 
stresses. Co-overexpression of an IAA conjugati ng enzyme reduced IAA 
levels but drought stress tolerance was unaff ected, indicati ng that the 
stress-related phenotype is not based on IAA overproducti on. YUC6 
contains a previously unrecognized FAD- and NADPH-dependent thiol-
reductase acti vity (TR) that overlaps with the FMO domain involved in 
IAA biosynthesis. Mutati on of a conserved cysteine residue (Cys-85) 
preserved FMO but suppressed TR acti vity and stress tolerance, whereas 
mutati ng the FAD and NADPH binding sites, that are common to TR and 
FMO domains, abolished all outputs. We provide a paradigm for a single 
protein playing a dual role, regulati ng plant development and conveying 
stress defense responses. 
 

P431 - Auxin-regulated cell division pattern 
during lateral root initiation in Arabidopsis 
Thaliana 
 

ZHOU Zimin(1), YU Hao(1), XU Tongda(3)   
(1) Temask Life Sciences Laboratory, Singapore, SINGAPORE (2)

National University of Singapore, Singapore, SINGAPORE(3)  Shanghai 
Center for Plant Stress Biology, Shanghai, CHINA 
In plants, cell division patt ern is crucial for body plan determinati on, and 
auxin has been proposed to be an important external regulator in this 
process. Here we investi gate how such division patt ern is spati ally and 
temporal regulated through auxin signaling using lateral root initi ati on 
as a model system. The transmembrane kinases (TMKs) are a subfamily 
of the regulatory leucine-rich repeat (LRR) receptor-like kinases that play 
important roles in plasma membrane based auxin signaling. Here we show 
that TMKs-based auxin signaling is important for the proper cell division 
patt ern during lateral root initi ati on. During lateral root development, 
auxin will accumulate at the future lateral root initi ati on sites, this 
initi al auxin fl ow can acti ve TMKs complex to regulate the acti vity of 
the downstream RHO-RELATED PROTEN FROM PLANTS 2 (ROP2); this is 
achieved through direct interacti on with ROP (RHO OF PLANTS) GUANINE 
NUCLEOTIDE EXCHANGE FACTORS (GEFs). Due to the presence of auxin 
gradient during this process, this signaling pathway will result in the 
polarized distributi on of acti ve ROP2 within cells, which may eventually 
contribute to the polarized localizati on of PIN-FORMED 1(PIN1) and PIN-
FORMED 3(PIN3) in the dividing cells. PIN1 and PIN3, which functi on as 
auxin effl  ux, can further enhance the polarized auxin signaling through 
accumulati ng auxin at sites where they are located. In this way, auxin can 
act as a self-organizing signal, which can amplify its own signaling through 
this positi ve-feedback loop. Our work here has illustrated how TMKs-
based auxin signaling can spati ally acti vate ROP2, which then establish 
the polarized auxin signaling by regulati ng the PIN1 and PIN3 distributi on. 

Natural variation and evolution 
Posters 432 to 453

P432 - Habitat-associated life history and stress 
tolerance variation in A. arenosa 
 

BADUEL Pierre(1), ARNOLD Brian(1), BOMBLIES Kirsten(1)  
(1) Harvard OEB, Cambridge, UNITED STATES 
Local adaptati on is crucial for the reproducti ve success of organisms, 
especially sessile ones. In plants, earlier fl owering and loss of perenniality 
have oft en been associated with a weedy lifestyle in human-associated 
habitats. Here we study Arabidopsis arenosa, a close relati ve of A. thaliana 
that colonized diverse habitats throughout central Europe. We found 
that populati ons from ruderal sites (railways) are rapid cycling without 
vernalizati on, while populati ons from sheltered outcrops in hill/mountain 
regions remain vernalizati on responsive and perennial. We compared 
the transcriptomes of an early fl owering (railway) and a late-fl owering 
(mountain) accession. Railway populati ons present low Flowering Locus C 
(FLC) expression, paralleling fi ndings in A. thaliana. In additi on, we found 
consti tuti ve expression diff erences in heat stress response pathways. 
Genomic data showed one heat shock factor bears marks of divergent 
selecti on. Consistent with this, railway populati ons were more heat 
stress tolerant than mountain populati ons. The transcriptomic response 
of the mountain accession to vernalizati on was six ti mes stronger than 
that of the railway accession, though cold-responsive genes had a higher 
consti tuti ve expression in the railway line. Our data suggest that beyond 
fl owering ti me, other traits like heat-stress tolerance and cold-acclimati on 
are also under selecti on in wild populati ons of A. arenosa, fi tti  ng with the 
habitat diff erences in which they are found. 
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P433 (Talk) - Genome-wide expression QTL 
(eQTL) analysis in interaction with mild 
drought stress 
 

BAZAKOS Christos(1), CUBILLOS Francisco(1), STEGLE Oliver (2), 
GRONDIN Cecile(1), CANUT Mathieu(1), GY Isabelle(1), JIMENEZ-
GOMEZ Jose M. (1), LOUDET Olivier(1)  
(1) INRA, Institut Jean-Pierre Bourgin, UMR 1318, Versailles, FRANCE(2)  
European Molecular Biology Laboratory, European Bioinformatics 
Institute, Wellcome Trust Genome Campus, Hinxton, Cambridge, 
UNITED KINGDOM 
Plants have to be able to adjust rapidly to changes in environmental 
conditi ons such as nutrient and water availability and minimize the 
negati ve eff ects of the adverse growth conditi ons. Growth trait varies 
quanti tati vely between individuals and is signifi cantly infl uenced by 
geneti c variati on and its interacti on with the environment, outlining 
natural variati on between individuals. Identi fi cati on of the geneti cs 
underlying gene expression variati on may improve our understanding 
of phenotypic variati on due to geneti c factors regulati ng transcript 
accumulati on. Thus the objecti ve of our work is to apply genome-wide 
quanti tati ve molecular geneti cs to a quanti tati ve trait a priori more directly 
linked to the source of variati on (gene expression under cis-regulati on), 
studied in interacti on with drought stress. Although cis- and trans- acti ng 
factors aff ect gene expression and responses to environment, the extent 
to which they respond to abioti c stresses in plants remains sti ll unclear. To 
this aim a combinati on of our unique high-troughput phenotyping robot 
(Phenoscope), RNA-seq, targeted fi ne-mapping and associati on geneti cs 
was used to pinpoint a signifi cant number of eQTLs to the gene level and 
identi fy causati ve polymorphisms and the molecular variati on controlling 
natural diversity in Arabidopsis. Toward decoding how regulatory variants 
modulate transcript accumulati on recent results and perspecti ves of 
complex geneti c designs (diallel, star-like crosses) will be presented 

P434 - Deciphering interaction between leaf 
senescence and nitrogen remobilization into 
seeds using natural variation in Arabidopsis 
thaliana 
 
CHARDON Fabien(1), JASINSKI Sophie(1), MARMAGNE Anne(1), 
GUERCHE Philippe(1), MASCLAUX-DAUBRESSE Céline(1)  
(1) Institut Jean-Pierre Bourgin, INRA Versailles, Route Saint Cyr, 
78026 Versailles Cedex, VERSAILLES, FRANCE 
Sequenti al leaf senescence and monocarpic leaf senescence are 
developmental processes observed respecti vely at vegetati ve stage 
and reproducti ve stage. Both facilitate nitrogen (N) and carbon (C) 
remobilizati on, the former from leaf to leaf, the second from the whole 
plant vegetati ve ti ssues to the fruits and seeds. N and C resource allocati on 
is controlled by geneti c and environmental factors. Previously, studies on 
natural variati on of Arabidopsis thaliana revealed diff erences between 
accessions for leaf senescence phenotypes (Balazadeh et al. 2008) as well 
as for N remobilizati on effi  ciency related traits (Masclaux-Daubresset et 
al. 2011). In order to bett er understand seed fi lling regulati on in relati on 
to leaf senescence and resource allocati on, a quanti tati ve geneti cs 
approach was undertaken (Chardon et al. 2014). For that purpose, three 
Arabidopsis recombinant inbred line populati ons were used to map QTL 
(Quanti tati ve Trait Loci) for ten traits relati ve to leaf senescence, nitrogen 
allocati on and seed fi lling. The use of common markers across the three 
diff erent maps allowed us to compare directly the QTL detected in a 
single consensus map. QTL meta-analysis approach was used to identi fy 
interesti ng regions (metaQTL) where QTL of several traits co-localized. 
MetaQTL were compared to the positi ons of candidate genes well 
known to be involved in senescence process and fl owering ti me. Finally, 
investi gati on of correlati on between Seed N% (N concentrati on in seeds) 
and yield in the three populati ons reveled that leaf senescence might 
disrupt the usual negati ve correlati on reported between these two traits. 

P435 - The evolution of microRNA827 targeting 
in plant kingdom 
 
LIN Wei-Yi(1), LIN Yen-Yu(1), HSIEH Li-Ching (2) , CHIOU Tzyy-
Jen(1)  
(1) Agricultural Biotechnology Research Center, Academia Sinica, 
Taipei, TAIWAN (2)  Institute of Genomics and Bioinformatics, 
National Chung Hsing University, Taichung, TAIWAN 
Several early evolved miRNAs regulate similar physiological processes 
through downregulati on of the conserved gene homologs in diff erent 
plant species. MicroRNA827 (miR827), a phosphate-starvati on induced 
miRNA, is one of conserved miRNAs which predates the divergence of 
gymnosperms and angiosperms. The previous studies demonstrated 
the importance of miR827 in regulati ng phosphate transport, however, 
through targeti ng two diff erent kinds of SPX-domain coding genes, 
AtNLA and OsSPX-MFS in Arabidopsis thaliana and rice, respecti vely. 
To understand the evoluti on of miR827-mediated gene repression, 
we analyzed the mature miR827 sequences from diff erent species but 
didn&rsquo;t fi nd criti cal variati ons that would change the preference 
of targeti ng. We next predicted the potenti al targets of miR827 in more 
than 40 plant species. Intriguingly, we found that miR827 targets to SPX-
MFS homologs similar to rice in all the species examined, except the 
species of Brassicaceae, in which miR827 matched perfectly with the 
target sequences on NLA homologs as A. thaliana. In additi on, AtSPX-
MFS1 has a potenti al target site in its transcript variants but with lower 
accessibility to miR827 than AtNLA according to the degradome analyses. 
These results suggest that during Brassica speciati on NLA gained the 
miR827 target sequence while SPX-MFS lost it gradually, possibly under 
adaptati on pressure. 

P436 (Talk) - Identifi cation of regulatory genes 
involved in central metabolism using Genome 
Wide Association and Knock-Out analysis 
 
FUSARI Corina M.(1), KOOKE Rik (2) , ENCKE Beatrice(1), KROHN 
Nicole(1), HOEHNE Melanie(1), KEURENTJES Joost. J. B. (2) , 
SULPICE Ronan (3, STITT Mark(1)  
(1) Max Planck Institute of Molecular Plant Physiology, Potsdam-
Golm, GERMANY (2)  Laboratory of Genetics, University of 
Wageningen, Wageningen, THE NETHERLANDS(3)  Plant Systems 
Biology Research Lab, NUI Galway, Galway, IRELAND 
Enzymes consti tute the metabolic machinery for primary carbon and 
nitrogen metabolism, which provides building blocks for growth. Analysis 
of geneti c diversity for enzyme acti viti es off ers a powerful approach to 
identi fy genes underlying the metabolism regulatory network. Thus, 
we performed Genome Wide Associati on (GWA) analyses on circa 360 
Arabidopsis accessions for 21 enzyme acti viti es and 13 metabolites in 
two independent experiments. A detailed comparison between both 
experiments allowed us to select for SNPs that showed high LOD-score 
associati ons and were confi rmed in both experiments. Some candidate 
SNPs co-localized with coarse-mapped QTL in the Ler x Cvi biparental 
populati on (e.g. acid Invertase and UGPase). In additi on, many strongly 
associated SNPs were in trans to enzyme structural genes, suggesti ng 
that they represent trans-regulatory QTL. GWA validati on was carried 
out through analyses with a panel of 79 Knock-Out lines. The analyses 
confi rmed for several genes that they are involved in the regulati on of 
enzyme and/or metabolite levels in central metabolism. The present 
study provides the highest defi ned QTL dataset for primary metabolism 
enzymes to date and break new ground in understanding the geneti c 
regulati on of central metabolism. 

P437 - Decoding the complexity of quantitative 
natural variation in Arabidopsis thaliana 
 
HANEMIAN Mathieu(1), MARCHADIER Elodie (2) , BAZAKOS 
Christos(1), VIRLOUVET Laetitia(1), GILBAULT Elodie(1), 
SERRAND Yann(1), TISNÉ Sébastien (3, BACH Liên(4), JIMENEZ-
GOMEZ Jose(1), LOUDET Olivier(1) 
(1) INRA IJPB, VERSAILLES, FRANCE (2)  CEA, Saclay, FRANCE(3)  CIRAD, 
Montpellier, FRANCE(4) Université Montpellier 2, Montpellier, 
FRANCE 
Most phenotypic traits of agronomical, ecological and economical 
interest are of quanti tati ve nature, revealing the complex interplay of 
multi ple geneti c factors contributi ng to phenotypic variati on, as well 
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as their interacti on with the environment. To date as an alternati ve to 
generati ng laboratory-induced mutants, it is relati vely popular to use 
naturallyoccurring variati on among geneti cally distant Arabidopsis 
thaliana accessions as the source of quanti tati ve genomics approaches, 
designed to map quanti tati ve trait loci (QTLs) and try to resolve them at the 
gene level. However, some of the main issues of these approaches reside 
in phenotyping throughput and accuracy. To this aim we use our unique 
hightroughput phenotyping robot (the Phenoscope) to study Arabidopsis 
shoot growth in response to drought stress. The Phenoscope allow us to 
apprehend the complexity of the geneti c architecture of growth, which 
is a very integrati ve trait, by mapping small- and medium-eff ect QTLs in 
several independent segregati ng populati ons. Using a combinati on of 
fi ne-mapping, complementati on approaches, and associati on geneti cs, 
we further investi gate genes and causati ve polymorphisms underlying 
QTLs giving us access to where selecti on is happening in the wild. A 
parti cular case will be presented from the QTL to the nucleoti de. 

P438 (Talk) - Mapping structural variants as 
quantitative traits in Arabidopsis populations 
 
IMPRIALOU Martha(1), KAHLES Andre (2) , OSBORNE Edward 
John(3) , KOVER Paula(4), TSIANTIS Miltos (5), STEGLE Oliver 
(6), CLARK Richard (3, RAETSCH Gunnar (2) , NORDBORG 
Magnus (7), MOTT Richard(1)  
(1) Welcome Trust Center for Human Genetics, University of Oxford, 
Oxford, UK (2)  Memorial Sloan-Kettering Cancer center, New York, 
USA(3)  Department of Biology, University of Utah, Salt-Lake City, 
USA(4) Department of Biology and Biochemistry, University of Bath, 
Bath, UK (5) Max Planck Institute for Plant Breeding Research, Köln, 
GERMANY (6) European Bioinformatics Institute, Cambridge, UK 
The impact of structural variati on on complex traits is unclear; it is 
diffi  cult, at the level of whole populati ons, to catalogue common 
structural variants (SVs) that aff ect heritability. An allied problem is that of 
classifying SVs into tandem copy number variants (CNVs), translocati ons, 
inversions, deleti ons etc. This contrasts with the mapping of SVs in 
individuals, where it is possible to use accurate but expensive long-read 
sequencing. Consequently there is a need for effi  cient methods to map 
and classify SVs in populati ons. Here, using low-coverage sequence from 
an Arabidopsis Thaliana populati on sample, we show how to map SVs 
as quanti tati ve traits using read mapping anomalies as phenotypes. The 
method allows to jointly call SVs in a populati on and to identi fy SVs derived 
from other genomic locati ons, such as translocati ons and duplicati ons. 
We demonstrate the method by identi fying 6502 SVs, of which 25% are 
translocati ons, in 488 Arabidopsis genomes from the MAGIC recombinant 
inbred populati on sequenced at 0.3x coverage. A set of 37 predicted SVs 
(31 translocati ons and 6 inversions) have been validated by PCR at 81% 
success rate. The expression of genes within predicted SVs is signifi cantly 
dysregulated and in some cases completely silenced. Furthermore, 
structural variati on is associated with physiological traits and accounts for 
some heritability not explained by orthodox geneti c variati on. 

P439 - Molecular Mechanism of Epi-stomaty in 
an Amphibious Plant, Ranunculus trichophyllus 
(Ranunculaceae) 
 
KYUNG Jinseul(1), KIM Juhyun(1), LEE Ilha(1)  
(1) National Leading Research Laboratory of Plant Developmental 
Genetics, School of Biological Sciences, Seoul National University, 
Seoul, SOUTH KOREA 
Epi-stomaty, having stomata only in adaxial side but no stomata in the 
abaxial side of the leaf, is frequently appeared in wet-land- or aquati c 
plants. Epi-stomaty would be evoluti onary benefi cial for such plants since 
epi-stomatous plant would be more resistant to pathogen and transpire 
more effi  ciently than hypo- or amphi-stomatous plants. To elucidate 
the molecular mechanism of epi-stomaty, we selected Ranunculus 
trichophyllus var. kadzuensis as a model plant. R. trichophyllus var. 
kadzuensis is an epi-stomatous plant distributed in the wetlands of South 
Korea. We examined the expression patt ern of stomata developmental 
genes in the leaves of R. trichophyllus using in-situ RNA hybridizati on 
technique. Surprisingly, SPEECHLESS, which is known to be a key regulator 
inducing stomatal development, is expressed only in the adaxial side of 
R. trichophyllus. In contrast, STOMAGEN, which parti cipates in post-
translati onal regulati on of SPEECHLESS, does not show diff erenti al 
expression in adaxial and abaxial side. Thus, the diff erenti al transcripti on 
of SPEECHLESS would be the cause of epi-stomaty of R. trichophyllus. 
Epi-stomaty is a good example supporti ng evo-devo concept; evoluti onal 
adaptati on through the developmental alterati on. Thus, further 

elucidati on of the molecular mechanism of the epi-stomaty of Ranunculus 
will provide an insight into evo-devo process. 

P440 - Hybrid necrosis in local populations of 
Arabidopsis thaliana 
 
ŚWIADEK Magdalena(1), SIEH Daniela(1), RODRIGUEZ-
CUBILLO Andrés(1), PROOST Sebastian(1), GIAVALISCO 
Patrick(1), TODESCO Marco (2), WEIGEL Detlef(3) , LAITINEN 
Roosa(1)  
(1) Max Planck Institute of Molecular Plant Physiology, Potsdam, 
GERMANY (2)  University of British Columbia, Vancouver, CANADA(3)  
Max Planck Institute for Developmental Biology, Tübingen, 
GERMANY 
Hybrid necrosis, a common type of hybrid incompati bility in plants, has 
been proposed to be evolved as a by-product of natural selecti on for 
disease resistance. Since the discovery of the fi rst causal gene underlying 
hybrid necrosis in Arabidopsis, several cases among diff erent accessions 
have been characterized. However, less is known of hybrid necrosis in 
local populati ons. Therefore, we made 900 F1 crosses using 64 geneti cally 
diff erent Arabidopsis individuals collected near Tuebingen, Germany. 
From these, three of the F1 hybrids showed mild symptoms of hybrid 
necrosis including reduced growth, cell death and necroti c lesions, when 
grown below 20°C. Further crosses showed that hybrid necrosis was 
relati vely common in these populati ons. Using linkage analysis, amiRNA 
approach and genomic complementati on, we concluded that in all cases 
the interacti on between ACD6 (ACCELERATED CELL DEATH 6) alleles was 
necessary and suffi  cient for the necrosis. Previously, it has been shown 
that ACD6 also causes necrosis in hybrids among inbred accessions and 
that the causal change is in the transmembrane domain of this ankyrin 
repeat protein. Metabolic analysis comparing hybrids and parental lines 
revealed changes in secondary metabolites during acti vati on of defence 
response. Future eff orts shall be directed to further investi gate how 
diff erent ACD6 alleles interact and induce pathogen responses and how 
and why they are maintained in natural populati ons. 

P441 - Modulation of ambient temperature-
dependent fl owering time in Arabidopsis 
thaliana by natural variation of FLOWERING 
LOCUS M 
 
LUTZ Ulrich(1), POSÉ David (2) , PFEIFER Matthias(3), 
GUNDLACH Heidrun(3) , HAGMANN Jörg (2) , WANG 
Congmao(2) , WEIGEL Detlef (2), MAYER Klaus(3) , SCHMID 
Markus (2) , SCHWECHHEIMER Claus(1)  
(1) TU München, Freising, GERMANY (2)  Max-Planck-Institute for 
Developmental Biology, Tübingen, GERMANY(3)  Helmholtz Zentrum 
München, Neuherberg, GERMANY 
Plants integrate seasonal cues such as temperature and day length 
to opti mally adjust their fl owering to the environment. We identi fi ed 
the Arabidopsis accession Killean-0 (Kil-0), which showed accelerated 
fl owering ti me in a range of environmental conditi ons. By combining 
classical marker-based mapping with next generati on sequencing-based 
approaches (Pool-Seq and RNA-Seq), we identi fi ed FLOWERING LOCUS M 
(FLM) as a high-confi dence candidate gene. FLM was recently described 
as an important regulator of ambient temperature-regulated fl owering. 
The FLM transcript was strongly down-regulated in Kil-0 and sequencing 
of the Kil-0 FLM locus identi fi ed a 5.7 kb inserti on in the fi rst intron. By 
screening a large set of accessions, we identi fi ed nine further accessions 
with this polymorphism, which all showed a down-regulati on of FLM
combined with an early fl owering phenotype when compared to the 
Col-0 reference. By combining informati on from transgenic lines, T-DNA 
inserti on lines, and additi onal ecotypes that all exhibited large length 
polymorphisms in the fi rst intron, we showed that not only the length 
but also the positi on of the inserti on might control FLM abundance. 
Furthermore we observed that the intronic regions harbor essenti al 
elements for the expression and relati ve abundance of two dominant 
FLM splice forms. We thus conclude that modulati on of FLM abundance 
is an important mechanism for the adaptati on of plants and fl owering to 
changing ambient temperature. 
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P442 - Gene module multiplication drives 
pathway expansion in plants 
 
MUTWIL Marek(1), PERSSON Staff an(1), RUPRECHT Colin(1), 
NIKOLOSKI Zoran(1)  
(1) MPIMP, Potsdam-Golm, GERMANY 
The survival of species depends on their ability to adapt to new 
environments. Adapti ve innovati ons require geneti c material, mainly 
provided by gene duplicati ons, which can lead to new or alternati ve 
pathways. However, the principles behind the emergence of such 
pathways are not understood. Here, we show that approximately one third 
of the genes of a plant”s genome parti cipate in hundreds of alternati ve 
pathways, which were primarily generated by single gene duplicati ons. 
We determined the copy number of alternati ve pathways by searching for 
sets of genes, termed gene modules, that occur multi ple ti mes in gene co-
functi on networks of eight plant species. We found that plants employ a 
geneti c copy-and-paste principle to increase the number and diversity of 
gene modules. Our fi ndings demonstrate that gene module multi plicati on 
has provided the capacity for plants to increase their repertoire of cellular 
functi ons. 

P443 - Natural variation of eff ect of GA20ox1-
overexpression in Arabidopsis thaliana 
 
NAM Youn-Jeong(1), GONZALEZ Nathalie(1), HERMAN Dorota(1), 
KOJIMA Mikiko (2) , STORME Veronique(1), DAELE VAN Twiggy(1), 
CHAE Eunyoung (3, SAKAKIBARA Hitoshi (2) , WEIGEL Detlef(3), 
INZÉ Dirk(1)  
(1)) VIB-PSB Gent university, Gent, BELGIUM (2)  RIKEN Yokohama 
Institute, E712,1-7-22 Suehiro, Tsurumi, Kanagawa 230 -0045, 
Yokohama, JAPAN(3)  Max Planck Institute of Molecular Plant 
Physiology, 14476, Potsdam-Golm, GERMANY 
Natural geneti c variati on has been studied in diff erent fi elds for 
understanding developmental processes in Arabidopsis thaliana. But 
litt le is known about how geneti c background infl uences the penetrance 
of a transgene which results in improved growth. Here, we examined 
natural variati on on the eff ect of an overexpression of GA20ox1, which 
encodes a rate limiti ng enzyme in GA biosynthesis pathway, in A. thaliana. 
In order to have a wide range of geneti c variability 17 accessions were 
selected according to their geographic origin. The variability of growth 
related phenotypes was fi rst analyzed at organ, cellular, and hormone 
level in these accessions. Then transgenic lines were generated in those 
17 accessions and phenotyped. We found that these transgenics show 
76% of penetrance in leaf area. At hormone level, bioacti ve GA and 
product of GA20ox1 were highly accumulated in all transgenic lines. From 
a transcriptome analysis, we identi fi ed diff erenti ally expressed genes, 
DE, (accessions-specifi c and common between accessions) that were 
enriched photosynthesis, secondary metabolism, hormone metabolism, 
transcripti on factor, and cell wall pathways. From the correlati on analysis, 
we could identi fy DE genes that are correlated with penetrance. Further 
analysis on the relati on between phenotype and transcript level is under 
process. 

P444 - A Genome Wide Association Study 
identifi ed new candidate genes involved in Zn 
homeostasis 
 
OCHOA TUFINO Andrea Valeria(1), A.L. CAMPOS Ana 
Carolina (2) , SEVERING Edouard(1), DANKU John (2) , SALT 
David E. (2) , AARTS Mark G.m.(1)  
(1) Wageningen University, Wageningen, NETHERLANDS (2)  University 
of Aberdeen, Aberdeen, SCOTLAND, UNITED KINGDOM 
cy is a common micronutrient defi ciency in crops, aff ecti ng yield and 
nutriti onal quality. Zn defi ciency in soil relates to Zn defi ciency in humans, 
which is a widespread problem in most of the developing world. Bett er 
knowledge on the plant Zn homeostasis network will contribute to the 
selecti on or geneti c engineering of new crop varieti es, which are more 
effi  cient with low Zn availability and/or bett er in Zn loading into harvested 
plant parts. We used a Genome Wide Associati on approach to identi fy 
candidate Arabidopsis genes underlying natural variati on in ionomic 
profi le (Ca, Cd, Co, Cu, Fe, K, Mn, Mo, Ni, P, and Zn ) upon exposure to 
low Zn supply. To this eff ect, a comprehensive set of almost 360 well-
genotyped, natural Arabidopsis accessions was grown in replicates 
on hydroponic soluti on either with normal Zn supply (2 µM ZnSO4) 

or defi ciency inducing Zn supply (0.05 µM ZnSO4). Shoots (rosett es) 
and roots were collected and used for ionomic profi ling. Both mineral 
concentrati on data as well as the residuals from regression of Zn 
defi ciency on Zn suffi  ciency data were used to identi fy genomic regions 
associated with Zn homeostasis. Among the genes residing at these 
regions are heavy metal transporters, ferriti n and transcripti on factors, 
which are currently subjected to validati on experiments. Preliminary data 
already revealed a potenti al metal chaperone to be involved in controlling 
the Zn concentrati on. The functi on of this gene is currently being studied. 

P445 - The evolution of light signaling modules 
in land plants 
 
POSSART Anja(1), XU Tengfei (2) , PAIK Inyup(3) , HANKE 
Sebastian(4), WOLF Luise(4), HIß Manuel(4), BECKER Claude (5, 
HUQ Enamul(3) , RENSING Stefan(4), HILTBRUNNER Andreas (2)  
(1) Center for Plant Molecular Biology, Tuebingen, GERMANY (2)  
University of Freiburg, Freiburg, GERMANY(3)  University of Texas at 
Austin, Austin, USA(4) University of Marburg, Marburg, GERMANY 
(5) Max Planck Institute for Developmental Biology, Tuebingen, 
GERMANY 
Across the whole plant kingdom phytochrome (PHY) photoreceptors play 
an important role during adapti ve and developmental responses to light. 
In seed plants light-acti vated PHYs accumulate in the nucleus, where 
they regulate downstream signaling components, such as phytochrome 
interacti ng factors (PIFs). PIFs are transcripti on factors that act as 
repressors of photomorphogenesis; their inhibiti on by PHYs leads to 
substanti al changes in gene expression. The nuclear functi on of PHYs in 
non-seed plants (e.g. ferns and mosses), however, has so far remained 
elusive. Here we have identi fi ed putati ve target genes of PHY signaling 
in the moss Physcomitrella patens and found homologs of genes that are 
regulated by PIFs in Arabidopsis thaliana. Phylogeneti c analyses revealed 
that an ancestral PIF-like gene was already present in the earliest land 
plants or their charophyte relati ves. Putati ve PIF homologs in the genome 
of P. patens resemble A. thaliana PIFs in their protein domain structure, 
molecular properti es and physiological eff ects, albeit with noti ceable 
diff erences in the moti f-dependent interacti on with PHYs. Our results 
suggest that PIFs from P. patens are involved in PHY signaling. The PHY-PIF 
signaling node that relays light signals to target gene promoters has been 
largely conserved during land plant evoluti on, with evidence of lineage-
specifi c diversifi cati on. 
 

P446 - Natural Variation of Photosynthetic 
Responses to Low Temperature 
 
PRINZENBERG Aina(1), HARBINSON Jeremy(1), AARTS Mark 
G.m.(1)  
(1) Wageningen UR, Plant Sciences Group, Wageningen, 
NETHERLANDS 
Low, non-freezing temperatures aff ects plant growth and performance. 
The tolerance to low temperature varies between and within species, 
depending on additi onal environmental factors and genotype. In order 
to precisely quanti fy even small diff erences in plant cold responses 
we use decreases in the light-use effi  ciency of photosystem II (PSII) 
electron transport. This can be conveniently measured using chlorophyll 
fl uorescence imaging, a non-invasive, rapid technique that allows high-
throughput measurements. With a unique, automated phenotyping 
system, based upon chlorophyll fl uorescence imaging and built by our 
group, we can follow the progression of cold stress on a populati on of 
plants over ti me. We tested a collecti on of Arabidopsis thaliana accessions 
for diff erences in their response to low temperature and identi fi ed a large 
variati on in PSII effi  ciency, especially in low temperatures compared to 
standard conditi ons. The collecti on is densely genotyped, this enables us 
to link the phenotypic variati on in cold-responses to geneti c regions. We 
identi fi ed approximately four dozen geneti c loci with a signifi cant eff ect in 
low temperature response. Most of these Quanti tati ve Trait Loci (QTL) are 
stable over ti me, but a few are diurnal or depend on the length of the cold 
treatment. The large number of loci points to a complex regulati on of low 
temperature-adapti on among naturally occurring Arabidopsis accessions. 
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P447 - Silencing and ratio changes of 
homeologs of the allopolyploid Arabidopsis 
kamchatica studied by new bioinformatic 
workfl ows HomeoRoq and SIGN 
 
SHIMIZU Kentaro(1), AKAMA Satoru (2) , SHIMIZU-INATSUGI 
Rie(1), SESE Jun(3)   
(1) Institute of Evolutionary Biology and Environmental Studies, 
Zürich, SWITZERLAND (2)  Tokyo Institute of Technology, Tokyo, 
JAPAN(3)  Computational Biology Research Consortium, National 
Institute of Advanced Industrial Science and Technology, Tokyo, 
JAPAN 
Genome duplicati on with hybridizati on, or allopolyploidizati on, occurs 
commonly in wild and crop plants, and is considered to be a strong 
force for generati ng new species. However, genome-wide quanti fi cati on 
of homeolog expression rati os was technically diffi  cult because of the 
high homology between homeologous gene pairs. We have focused 
on the allotetraploid Arabidopsis kamchati ca derived from A. halleri 
and A. lyrata, which has one of the widest climati c niches in the genus 
Arabidopsis encompassing lowland hot sandy shores to alpine regions. 
We fi rst assembled the two diploid parental genomes of A. halleri and A. 
lyrata, then generated a syntheti c allotetraploid, mimicking the natural 
allopolyploid A. kamchati ca. To quanti fy the homeolog expression 
rati o using RNA-seq obtained from polyploids, we have developed a 
new bioinformati c workfl ow named HomeoRoq. Our new stati sti cal 
test identi fi ed 226 homeologs (1.11% of 20 369 expressed homeologs) 
with signifi cant rati o changes aft er cold treatment including RD29B and 
COR15A. Next, we have developed a method to detect silenced genes 
based on the distributi on of rati o, which does not require arbitrary 
threshold values. Although polyploidizati on has been thought to induce 
silencing, we found that about a quarte of silenced genes in parental 
diploid were de-silenced in syntheti c polyploid A. kamchati ca. This 
methods detected a large number of silenced genes also in polyploid crop 
species. 

P448 - Natural variation of fl owering time due 
to cis-regulatory evolution of FLOWERING 
LOCUS T 
 
TERGEMINA Emmanuel(1), LIU Liangyu(1), ADRIAN Jessika(1), 
BRATZEL Fabian(1), ZICOLA Johan(1), NING Tingting(1), TURCK 
Franziska(1) 
(1) Department of Plant Developmental Biology, Max Planck Institute 
for Plant Breeding Research, MPIPZ, Cologne, GERMANY 
Flowering ti me is a crucial trait modulated by seasonal changes, which 
strongly infl uences fi tness. In Arabidopsis thaliana, FLOWERING LOCUS 
T (FT) promotes fl oral transiti on in response to long day photoperiod 
as well as in response to ambient temperatures in short days. Whereas 
FT expression in the leaves is restricted to the phloem companion cells, 
the FT protein moves to the shoot apical meristem to trigger the fl oral 
transiti on through the inducti on of fl oral meristem identi ty genes. 
Quanti tati ve trait loci contributi ng to diff erences in fl owering ti me 
have been mapped to the FT promoter. A 5.7-kb long region upstream 
of the FT coding region is necessary to drive FT expression under long 
days. It contains a proximal promoter region and a distal enhancer that 
are both highly conserved within diff erent Brassicaceae species and 
required for the photoperiodic inducti on of FT. We are investi gati ng 
how underlying cis-regulatory changes and structural variati on at FT can 
aff ect FT expression and potenti ally drive adaptati on. We defi ned a list 
of candidate cis-elements based on phylogeneti c shadowing and found 
accessions with single nucleoti de polymorphisms in these elements. We 
also revealed three diff erent structural variants of FT based on inserti ons 
and deleti ons. We are currently assessing the allele-specifi c expression of 
FT in diff erent F1 hybrids from various parental accessions to reveal cis-
regulatory eff ects on FT expression. 

P449 - Genome-wide association study 
identifi es genes for photosynthetic acclimation 
to increased growth irradiance in Arabidopsis 
 
VAN ROOIJEN Roxanne(1), HARBINSON Jeremy (2) , AARTS 
Mark G. M.(1)  
(1) Laboratory of Genetics, Wageningen University, NETHERLANDS 
(2)  Laboratory of Horticulture and Product Physiology, Wageningen 
University, NETHERLANDS 
Natural variati on for the response of photosyntheti c light use effi  ciency 
(ФPSII) to a step-wise increase in growth irradiance was observed 
for Arabidopsis. This variati on was examined in detail following a 
genome-wide associati on study (GWAS) for multi ple ti me-points 
of the ФPSII) response to increased growth irradiance, using a non-
destructi ve chlorophyll fl uorescence imaging technique, in combinati on 
with single-nucleoti de polymorphism (SNP) data sets. Underlying 
candidate genes were prioriti zed by listi ng genes close to SNPs with 
high associati on scores using their linkage-disequilibrium (LD) regions, 
and constructi vely searching in silico databases for annotati ons, gene 
functi on characterizati ons, and gene expression patt erns that matched 
the studied trait. A reverse geneti c, T-DNA inserti on mutant approach 
was followed to confi rm the involvement of the high priority candidate 
genes. For such genes, common haplotypes were analysed to account 
for the observed geneti c variati on. Functi onal analysis identi fi ed natural 
alleles of these genes to cause the eff ect on ФPSII)  response. Family 
mapping in an F2 populati on involving two accessions with contrasti ng 
phenotypes, complemented the GWAS results, revealing epistati c 
interacti ons between two quanti tati ve trait loci (QTLs). This research is a 
comprehensive demonstrati on of an experimental pipeline to successfully 
identi fy natural alleles underlying QTLs detected in GWAS for a complex 
trait such as photosynthesis effi  ciency. 

P450 - Local adaptation of the growth 
strategies across the range of A. thaliana 
 
VASSEUR François(1), AYALA-GARAY Oscar (2) , WANG 
George(1), EXPÓSITO ALONSO Moisés(1), VIOLLE Cyrille(3) , VILE 
Denis(2) , WEIGEL Detlef(1) 
(1) Max Planck Institute For Developmental Biology, Tübingen, 
GERMANY (2)  Laboratoire d’Ecophysiologie des Plantes sous 
Stress Environnementaux (LEPSE), INRA, Montpellier SupAgro, 
UMR759, Montpellier, FRANCE(3)  CNRS, UMR5175, Centre d’Ecologie 
Fonctionnelle et Evolutive, Montpellier, FRANCE 
Life history and growth strategies are assumed to play an important 
role in the adaptati on of organisms. A. thaliana is present in many 
environments across the north hemisphere. We investi gated whether, 
and how, the maintenance of natural variati on in the growth strategies of 
A. thaliana could refl ect adaptati on to the local environment. Drawing on 
the resources from the 1001 Genome project, 451 sequenced accessions 
with known climati c conditi ons at the collecti on point were phenotyped 
for growth-related traits (lifecycle durati on, biomass allocati on, RGR, 
allometric exponent) and physiological traits (net photosyntheti c rate, 
transpirati on rate, specifi c leaf area). The analysis revealed that growth 
strategies are constrained by a trade-off  between the durati on of the 
lifecycle and the rate of growth, as refl ected by a decrease in the allometric 
exponent with fl owering ti me. GWAS and genomic selecti on scans 
identi fi ed a region on chromosome 2 that contains genes involved in the 
secondary metabolism, and which are associated with both the variati on 
of the allometric exponent and the precipitati on and temperature 
during summer. Our results suggest that the genes modulati ng growth 
strategies through the secondary metabolism mediate the adaptati on to 
the summer conditi ons. Interesti ngly, our fi ndings also suggest that there 
is selecti on for allometric exponents out of the three-quarter-power 
law observed between species when accessions come from dry and hot 
environments. 
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P451 (Talk) - Epistasis Unravelled with a Novel 
Chromosome Substitution Mapping Set in 
Arabidopsis thaliana 
 

WIJNEN Cris(1), WIJNKER Erik(1), VAN DE BELT José(1), BOER 
Martin (2) , VAN EEUWIJK Fred (2) , KEURENTJES Joost(1) 
(1) Laboratory of Genetics, Wageningen UR, Wageningen, THE 
NETHERLANDS (2)  Biometris, Wageningen UR, Wageningen, THE 
NETHERLANDS 
Arabidopsis thaliana has been widely used in a diverse number of 
mapping populati ons. The general aim for those populati ons is to explain 
phenotypic variati on using geneti c informati on. For quanti tati ve traits 
this might be very diffi  cult due to either many small eff ect loci that 
add up to a large additi ve eff ect, or due to non-additi ve interacti ons 
between multi ple loci, referred to as epistasis. The recent development 
of chromosome substi tuti on lines through repression of crossovers and 
haploid inducti on in Arabidopsis hybrids implies a major step forward 
in unravelling complex trait variati on (Wijnker et al. 2012). The derived 
homozygous lines contain a combinati on of the intact chromosomes 
present in the founding parents. In Arabidopsis with fi ve chromosomes, 
a complete chromosome substi tuti on mapping set consists of 2^5 = 32 
lines. The disti nguishing advantage of these geneti cally simple, completely 
balanced chromosome substi tuti on mapping sets is that they off er a 
design in which all possible contrasti ng sets of genotypes can be assessed 
for any kind of geneti c eff ect. Here we present the genesis of such a new 
type of populati on for the explorati on of largely elusive geneti c concepts 
like epistasis, GxE, epigeneti cs and their importance to phenotypic trait 
variati on. Finally, stati sti cal work can be built upon results from this new 
populati on for unravelling the geneti c basis underlying epistasis and 
complex trait variati on. 

P452 (Talk) - The complex evolution of the 
CYSTEINE-RICH RECEPTOR-LIKE KINASEs (CRKs) 
as mediators of signaling specifi city 
 
VAATTOVAARA Aleksia(1), LI Chunxiang (2) , LÖYTYNOJA Ari 
(2) , SALOJÄRVI Jarkko(1), KANGASJÄRVI Jaakko(1), WRZACZEK 
Michael(1)  
(1) University of Helsinki/Dept of Biosciences, Helsinki, FINLAND (2)  
University of Helsinki/Institute of Biotechnology, Helsinki, FINLAND 
The CRKs are a large group of receptor-like protein kinases (RLKs) in 
Arabidopsis with 44 members. CRK expression is responsive to stress 
and our previous analysis of a crk mutant collecti on revealed phenotypes 
related to ROS signaling. Results suggest an intricate signaling network 
of CRKs in order to survive in a complex environment. CRKs contain the 
plant-specifi c DUF26 (domain of unknown functi on 26; PF01657) in their 
ectodomain. DUF26, hallmarked by a conserved cysteine moti f, is also 
found in the plasmodesmata-located proteins (PDLPs) and cysteine-rich 
receptor-like secreted proteins (CRSPs). Higher plants encode a large 
number of DUF26 proteins. Gene family expansion and the impact on the 
evoluti on of functi on are a major challenge in understanding the roles of 
gene families. To understand why so many DUF26 genes are maintained 
in plants aft er duplicati on events and why expansions are so strikingly 
diverse in diff erent plant lineages we have identi fi ed CRKs, PDLPs and 
CRSPs from more than 20 plant species covering most plant lineages. 
DUF26 originates with the fi rst land plants and two DUF26s appear in the 
lycophytes. Intriguingly, in genes with two DUF26, the fi rst and the second 
domain have diff erenti ated into specifi c forms with unique sequence 
context surrounding cysteines. Variati on within DUF26 domains between 
the diff erent phylogeneti c subgroups of the CRKs may have functi onal and 
structural importance for the extracellular domain of the CRKs. 

P453 - Functional analysis of fl owering time 
gene FRIGIDA natural alleles in Arabidopsis 
thaliana 
 
ZHANG Lei(1), SCHMALENBACH Inga(1), JIMÉNEZ-GÓMEZ Jose(1)  
(1) Max Planck Institute for Plant Breeding Research, Cologne, 
GERMANY 
Allelic variati on at FRIGIDA (FRI) contributes to most of the fl owering 
ti me variati on of Arabidopsis thaliana in the wild. FRI delays fl owering 
by promoti ng the expression of the fl oral repressor FLOWERING LOCUS 
C (FLC). Multi ple studies have defi ned two main classes of FRI alleles: the 
fi rst includes winter-annual accessions carrying the functi onal wild type 

allele (FRI-wt), and the second class involves early fl owering summer-
annual accessions that encode truncated FRI proteins. Two most frequent 
null FRI alleles in nature are the ones present in the lab strains Columbia 
(FRI-Col) and Landsberg erecta (FRI-Ler). The variati on in fl owering ti me 
among Arabidopsis accessions in these two allelic classes leads us to test 
the eff ects of various FRI alleles in a common geneti c background. We 
transformed multi ple FRI alleles into the Col-0 strain and quanti fi ed their 
fl owering ti me and FLC expression. We demonstrate that the FRI-Ler 
allele is able to induce FLC expression, delay fl owering ti me and confer 
sensiti vity to vernalizati on in the presence of a functi onal FLC allele, as 
opposed to the true null FRI-Col allele. Nevertheless, the FRI-Ler allele 
revealed reduced eff ect when compared to the fully functi onal FRI-wt
allele, in part due to its reduced expression levels. We also found FRI 
allele from Wa-1 accession (FRI-Wa-1) is non-functi onal, although it 
encodes a full-length FRI protein. The amino acid substi tuti on in FRI-Wa-1 
may provide us insight in FRI protein functi on. 

Abiotic stress 
Posters 454 to 536

 P454 - Molecular analysis of signal transduction 
mechanisms involved in plant-organic pollutant 
interactions 
 

ALBERTO Diana(1), SERRA Anne-Antonella(1), COUÉE Ivan(1), 
SULMON Cécile(1), GOUESBET Gwenola(1)  
(1) Université de Rennes 1, Rennes, FRANCE 
Plants have been exposed for millions of years to a myriad of natural 
chemical stressors related to bioti c and abioti c stresses. Moreover, 
in the last decades, anthropogenic-related xenobioti cs have broadly 
spread throughout the environment, thus resulti ng in strong ecological 
and evoluti onary pressure on the dynamics of plant communiti es. It has 
emerged that xenobioti c eff ects involved major disrupti on of signalling 
pathways, besides the more evident target-related perturbati ons at 
biochemical and physiological levels. A major diffi  culty is therefore 
to separate direct xenobioti c eff ects from indirect eff ects related to 
stress-induced damages. These two diff erent responses can however 
be disconnected by using low doses of xenobioti cs or their less-acti ve 
degradati on products, which elicit signifi cant responses. Numerous 
secondary enti ti es generated under mild chemical stress may represent 
relevant signals that develop effi  cient responses through metabolic 
and gene expression changes. Moreover, as described in animals, 
yeast and bacteria, rapid primary sensing of xenobioti c compounds 
involving mechanisms of percepti on and transducti on is likely to exist 
in plants. We are using multi disciplinary approaches at diff erent scales 
in Arabidopsis thaliana (physiological, metabolomic and transcriptomic 
analysis, functi onal genomics, mutant analysis) in order to obtain detailed 
biochemical and structural characterizati on of sensor-related cellular 
components. 

P455 - RNA-Seq Analysis of the Eff ect of 
Kanamycin and the ABC Transporter AtWBC19 
on Arabidopsis thaliana Seedlings Reveals 
Changes in Metal Content 
 

AYALEW Mentewab(1), MATHESON Kinnari (2) , ADEBIYI 
Morayo(3) , ROBINSON Shanice(1), ELSTON Brianna(4)  
(1) Spelman College, Atlanta, USA (2)  Molecular Biology Department, 
Princeton University, Princeton, New Jersey, USA(3)  The Graduate 
School of Biomedical Sciences, University of Texas Health Science 
Center at Houston University, Houston, Texas, USA(4) College of 
Health Care Sciences, Nova Southeastern University, Davie, Florida, 
USA 
Plants are exposed to anti bioti cs produced by soil microorganisms, but 
litt le is known about their responses at the transcripti onal level. Likewise, 
few endogenous mechanisms of anti bioti c resistance have been reported. 
The Arabidopsis thaliana ATP Binding Cassett e (ABC) transporter 
AtWBC19 (ABCG19) is known to confer kanamycin resistance, but the 
exact mechanism of resistance is not well understood. Here we examined 
the transcriptomes of control seedlings and wbc19 mutant seedlings 
using RNA-seq analysis. Exposure to kanamycin indicated changes in 
the organizati on of the photosyntheti c apparatus, metabolic fl uxes and 
metal uptake. Elemental analysis showed a 60% and 80% reducti on of 
iron uptake in control and wbc19 mutant seedlings respecti vely, upon 
exposure to kanamycin. The drop in iron content was accompanied by 
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the upregulati on of the gene encoding for FERRIC REDUCTION OXIDASE 
6 (FRO6) in mutant seedlings but not by the diff erenti al expression 
of other transport genes known to be induced by iron defi ciency. In 
additi on, wbc19 mutants displayed a disti nct expression profi le in the 
absence of kanamycin. Most notably the expression of several zinc ion 
binding proteins, including ZINC TRANSPORTER 1 PRECURSOR (ZIP1) was 
increased, suggesti ng abnormal zinc uptake. Elemental analysis confi rmed 
a 50% decrease of zinc content in wbc19 mutants. Thus, the anti bioti c 
resistance gene WBC19 appears to also have a role in zinc uptake. 

P456 - CAX1 co-segregates with Cd tolerance 
in the metal hyperaccumulator Arabidopsis 
halleri and plays a role in limiting oxidative 
stress in Arabidopsis 
 
BALIARDINI Cecilia(1), MEYER Claire-Lise(1), SALIS Pietrino(1), 
SAUMITOU-LAPRADE Pierre (2) , VERBRUGGEN Nathalie(1)  
(1)ULB- Université Libre de Bruxelles, Bruxelles, BELGIUM (2)  
Laboratoire Evolution, Ecologie, Paléontologie - Université de Lille 
1, Villeneuve d’Ascq, FRANCE 
Arabidopsis halleri is a model species to study the adaptati on to extreme 
metallic conditi ons. In this species, cadmium tolerance seems to be 
consti tuti ve and the mechanisms underlying the trait are sti ll poorly 
understood. A previous QTL analysis, performed on a A. halleri x A. lyrata 
back-cross populati on (BC1), identi fi ed the metal-pump HMA4 as the 
major geneti c determinant for Cd tolerance. However, although necessary, 
HMA4 alone is insuffi  cient for determining this trait. Aft er fi ne-mapping, 
CAX1, encoding a Ca2+/H+ anti porter, was identi fi ed as a candidate gene 
for the second QTL of Cd tolerance in A. halleri. BC1 individuals displaying 
the A. halleri allele for CAX1 locus showed signifi cantly higher CAX1 
expression compared to the ones displaying the A. lyrata allele and a 
positi ve correlati on between CAX1 expression and Cd tolerance was 
assessed. We showed that this QTL is conditi onal and was only detectable 
at low external Ca concentrati on. CAX1 expression in A. halleri was higher 
in both roots and shoots compared to the related Cd sensiti ve species 
A. lyrata and A. thaliana. Moreover, the loss of functi on of CAX1 in A. 
thaliana led to higher Cd sensiti vity at low Ca concentrati on, higher 
sensiti vity to methyl-viologen and stronger accumulati on of ROS upon 
Cd treatment. Together, our results strongly support the involvement of 
CAX1 in Cd tolerance, most probably by limiti ng ROS accumulati on. 

P457 - Arabidopsis microRNA expression 
regulation in a wide range of abiotic stress 
responses 
 
BARCISZEWSKA-PACAK Maria(1), MILANOWSKA Kaja(1), KNOP 
Katarzyna(1), BIELEWICZ Dawid(1), PLEWKA Patrycja(1), PACAK 
Andrzej(1), VAZQUEZ Franck (2, KARLOWSKI Wojciech(3) , 
JARMOLOWSKI Artur(1), SZWEYKOWSKA-KULINSKA Zofi a(1)  
(1) Department of Gene Expression, Institute of Molecular Biology 
and Biotechnology, Faculty of Biology, Adam Mickiewicz University 
in Poznan, Poznan, POLAND (2)  Botanical Institute of the University 
of Basel, University of Basel, Zurich-Basel Plant Science Center, Part 
of the Swiss Plant Science Web, Basel, SWITZERLAND(3)  Department 
of Computational Biology, Institute of Molecular Biology and 
Biotechnology, Faculty of Biology, Adam Mickiewicz University in 
Poznan, Poznan, POLAND 
 
Arabidopsis microRNA expression regulati on was studied under drought, 
heat, salinity, Cu excess/defi ciency, Cd excess and S defi ciency stresses. A 
home-built RT-qPCR mirEX platf orm for the amplifi cati on of 289 miRNA 
transcripts was used to study their response to the stresses. Small RNA 
sequencing and Northern hybridizati on were performed to study the 
expression of mature miRNAs. In the case of drought, heat and salinity, 
we observed broad inducti on of the level of primary miRNAs that 
was not observed at the level of miRNAs. In the case of heavy metal 
contaminati ons or deprivati on of a specifi c micro- or macroelement, 
the transcripti onal response of pri-miRNAs was limited but also not 
predicti ve to the level of the mature miRNA, pointi ng to an essenti al 
role of postt ranscripti onal regulati on of miRNA expression. New abioti c 
stress responsive miRNAs were discovered. MiR319a/b, miR319b.2 and 
miR400 have been found to be responsive in several abioti c stresses and 
can be regarded as general stress-responsive microRNAs. A new target 
for miR319b.2 -TBL10 has been experimentally confi rmed. However, 
its expression level under diff erent abioti c stresses is unchanged in 
comparison to control conditi ons. In the promoter region of the TBL10 

we found numerous stress-responsive elements. We suggest that 
transcripti onal inducti on resulti ng in the increase of transcript levels is 
downregulated by the increase of the miR319b.2 ulti mately resulti ng in a 
stable level of TBL10 mRNA. 

P458 (Talk) - Characterizing the Role of Heat 
Stress-Inducible Small Open Reading Frames 
(sORFs) 
 
BASHIR Khurram(1), NAKAMINAMI Kentaro(1), HIGUCHI 
Mieko(2) , YOSHIZUMI Takeshi(3) , OKAMOTO Masanori(4), 
TANAKA Maho(1), MATSUI Minami (5, SHINOZAKI Kazuo (2) , 
HANADA Kousuke (6), SEKI Motoaki (7)  
(1) Plant Genomic Network Research Team, CSRS, RIKEN Yokohama 
campus, Yokohama, JAPAN (2)  Gene Discovery Research Group, 
CSRS, RIKEN Yokohama campus, Yokohama, JAPAN(3)  Inst Adv 
Biosci, Keio University, , JAPAN(4) Arid Land Research Center, Tottori 
University, Tottori, JAPAN (5) Synthetic Genomics Research Team, 
CSRS, RIKEN Yokohama campus, Yokohama, JAPAN (6) Frontier 
Research Academy for Young Researchers, Kyushu Institute of 
Technology, Kyushu, JAPAN 
Abioti c stresses such as heat stress, signifi cantly aff ect crop yield and 
product quality, and ulti mately reduce the opportuniti es to increase 
crop producti on for rapidly increasing populati on. Recent developments 
in molecular biology and the availability of complete genome sequence 
of numerous plant species provide a sound platf orm for characterizing 
the functi on of individual genes involved in stress response/tolerance. 
Besides the already characterized genes, presence of novel small open 
reading frames (sORFs) encoding small pepti des(less than 100 amino 
acids residues) and their involvement in stress tolerance is an emerging 
and interesti ng fi eld. In Arabidopsis, 7,901 sORFs have been reported. 
Among these, a number of genes are predicted to be involved in abioti c 
stress tolerance. The expression of AT4, which is predicted to encode two 
small pepti des (AT4a & AT4b), is upregulated in response to heat stress. 
Arabidopsis plants overexpressing AT4 exhibited heat tolerance. Further 
characterizati on of AT4 would reveal the role of small pepti des in heat 
stress response. 

P459 - Reil1-1 reil2-1 double mutant “in 
the grip” of cold stress: Morphological and 
physiological phenotypes
 
BEINE-GOLOVCHUK Olga(1), KOPKA Joachim(1)  
(1) Max-Planck-Institute of Molecular Plant Physiology, Potsdam OT 
Golm, GERMANY 
The Rei1 and Reh1 proteins are yeast paralogs that are part of the 
maturati on machinery of the 60S eukaryoti c large ribosomal subunit. 
Deleti on of Rei1 or of both yeast paralogs causes cold sensiti vity. Reduced 
growth of the yeast deleti on mutants at low temperature is associated 
with an aberrant polysome profi le that is characterized by accumulati on of 
free 40S and 60S subunits. A. thaliana has two Rei1-like (REIL) homologs, 
REIL1 and REIL2. We discovered that loss of REIL2 causes reduced 
growth in the cold. The reil1-1 reil2-1 double mutant is even more cold-
sensiti ve but, in contrast, has only a marginal growth defect at opti mal 
temperature. This surprising match of growth defects between yeast and 
A. thaliana led us to investi gate whether the functi on of REIL genes is 
conserved and whether the reil genes may have acquired new functi ons 
in a plant. In the presented work we focused on the characterizati on of 
the reil1-1 reil2-1 mutant. The cold sensiti vity was explored at constant 
cold and by temperature shift  experiments. The reil1-1 reil2-1 mutant 
is an extreme dwarf but sti ll viable at constant 10°C and arrests growth 
when shift ed from 20°C to 10°C as was demonstrated by detailed 
morphometric analyses. The growth arrest is not accompanied by loss 
of cellular integrity in the cold. Electrolyte leakage analyses of non-
acclimated and cold-acclimated mutant plants compared to A. thaliana
Col-0 wild type (WT) revealed identi cal freezing tolerance as determined 
by LT50 values determined aft er cold acclimati on to both, 4°C or 10°C. 
Exposure of A. thaliana to two subsequent cold (10°C) stresses separated 
by an intermitt ent period at opti mal temperature revealed that the fi rst 
cold stress primes the growth responses of the WT to the second stress. 
The reil1-1 reil2-1 was priming defi cient. In summary, our data suggest 
that the reil1-1 reil2-1 has a growth defect that is linked to the acclimati on 
process to mild cold (10°C). In order to understand the underlying 
mechanism for which the double mutant is defi cient and the implied 
link to ribosomal functi on we initi ated an integrated systems analysis of 
short- and long-term, transcriptomic and metabolomic responses to 10°C 
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cold which we plan to complement by comparati ve analyses of ribosome 
compositi on and acti vity. 
References Stefanie Schmidt, Frederik Dethloff , Olga Beine-Golovchuk, Joachim 
Kopka (2013) The REIL1 and REIL2 proteins of Arabidopsis thaliana are required for 
leaf growth in the cold. Plant Physiology 163: 1623-1639 (DOI: 
10.1104/pp.113.223925). 
Schmidt S, Dethloff  F, Beine-Golovchuk O, Kopka J (2014) REIL proteins of Arabidopsis 
thaliana interact in yeast-2-hybrid assays with homologs of the yeast Rlp24, Rpl24A, 
Rlp24B, Arx1 and Jjj1 proteins. Plant Signaling and Behavior 9: e28224 (DOI: 
10.4161/psb.28224). 

 

P460 - Heat-Induced ribosome pausing triggers 
mRNA co-translational decay in Arabidopsis 
thaliana. 
 
MERRET Rémy (2) , NAGARAJAN Vinay K(3) , CARPENTIER Marie-
Christine(1), PARK Sunhee(3) , FAVORY Jean-Jacques(1), CHARNG 
Yee-Yung (2, GREEN Pamela J(3) , DERAGON Jean-Marc(1), 
BOUSQUET-ANTONELLLI Cecile(1)  
(1) Universite de Perpignan-CNRS, PERPIGNAN Cedex, FRANCE 
(2)  Academia Sinica-ABRC, Taïpeï, TAÏWAN, ROC(3)  University of 
Delaware-DBI, Newark, Delaware, USA 
The reprogramming of gene expression in heat stress is a key determinant 
to organism survival. Gene expression is downregulated through 
translati on initi ati on inhibiti on and release of free mRNPs that are 
rapidly degraded or stored. In mammals, heat also triggers 5’-ribosome 
pausing preferenti ally on transcripts coding for HSC/HSP70 chaperone 
targets, but the impact of such phenomenon on mRNA fate remains 
unknown. Here, we provide evidence that, in A. thaliana, heat provokes 
5’-ribosome pausing leading to the XRN4-mediated 5’-directed decay of 
translati ng mRNAs. We also show that hindering HSC/HSP70 acti vity at 
20°C recapitulates heat eff ects by inducing ribosome pausing and co-
translati onal mRNA turnover. Strikingly, co-translati onal decay targets 
encode proteins with high HSC/HSP70 binding scores and hydrophobic 
N-termini, two characteristi cs that were previously observed for 
transcripts most prone to pausing in animals. This work suggests for the 
fi rst ti me that stress-induced variati on of translati on elongati on rate is an 
evoluti onarily conserved process leading to the polysomal degradati on of 
thousands of “non-aberrant” mRNAs. 

P461 - New cytonuclear combinations lead 
to diff erent phenotypic responses under salt 
stress conditions in Arabidopsis thaliana 
 
BOUSSARDON Clément(1), WENES Estelle(1), BUDAR 
Françoise(1)  
(1) INRA, Institut Jean-Pierre Bourgin, UMR 1318, ERL CNRS 3559, 
Saclay Plant Sciences, RD10, F-78026, VERSAILLES, FRANCE 
In plants, mitochondria and plasti ds are mainly known as sites of 
respirati on and photosynthesis, but also contribute to stress percepti on 
and tolerance. These organelles have semi-autonomous genomes that 
need to import a major part of their proteome from the nucleus. The proper 
functi oning of plant cells needs opti mal interacti ons between products 
from both organelle and nuclear genomes, and therefore these genomes 
have evolved to fi nely tuned coadaptati on. In order to understand how 
disrupti ng cytonuclear co-adaptati on impacts the phenotype, cytolines, 
lines containing the nuclear genome of an A. thaliana natural accession 
and the cytoplasmic genome of another were constructed as part of the 
Cytopheno project (ANR project, htt ps://www6.inra.fr/cytopheno). A 
core collecti on of 8 accessions, chosen to cover nuclear and cytoplasmic 
geneti c diversity, was used to construct 56 cytolines. In this study we 
address the impact of a disrupti on of cytonuclear coadaptati on on the 
plant response to salt stress at early stages of development. Among all 
abioti c stresses plants can be facing, soil salinity is a major issue due 
to the accumulati on of toxic ions, mainly Na+ and Cl-, in leaf ti ssue 
causing physiological and biochemical alterati ons. We will show that new 
nucleo-cytoplasmic combinati ons modify the response of plants to salt 
in early stages of their life. Our observati ons suggest that cytonuclear 
coadaptati on parti cipate in the elaborati on of abioti c stress tolerance. 
 

P462 - A forward genetic approach to seed 
longevity uncovers the role of hormones, light 
and seed coat 
 
BUESO Eduardo(1), MUÑOZ-BERTOMEU Jesús(1), CAMPOS 
Francisco(1), YENUSH Lynne(1), MARTÍNEZ-ORTUÑO Cándido 
José(1), TELLO Carlos(1), MARTÍNEZ Irene (1), SERRANO 
Ramón(1)  
(1) Universidad Politécnica de Valencia (UPV-IBMCP), Valencia, 
SPAIN 
Seeds consti tute the main system for plant propagati on but a major 
limitati on is their loss of viability during storage, so called aging. In order 
to identi fy novel determinants of seed longevity we have screened an 
“acti vati on-tagging” mutant collecti on of Arabidopsis for tolerance to 
accelerated aging of seeds. This method mimics natural aging and we 
isolated fi ve dominant mutants with increased seed longevity (isl1/5). We 
have already characterized isl1-1D (over-express transcripti on factor gene 
ATHB25 that up-regulates gibberellin biosynthesis; Bueso et al, 2014, 
Plant Physiol 164:999) and isl2-1D (over-express RSL1 gene, encoding 
an ubiquiti n ligase that targets ABA receptors to down-regulate abscisic 
acid signalling; Bueso et al, 2014, Plant Sci 215:110 and Plant J 80:1057). 
We describe now isl3-1D and isl5-1D that over-express two homologous 
genes encoding transcripti on factors, CDF4/DOF2.3 and COG1/DOF1.5, 
respecti vely. Both factors have been shown to att enuate light responses 
mediated by phytochromes and now we found that they act by increasing 
auxin biosynthesis. Phytochrome mutants have increased seed longevity 
and, similarly to isl1-1D, isl3-1D and isl5-1D mutants, display a seed coat 
modifi cati on at the outer layers, with increased suberin and reduced 
permeability. Mutants defecti ve in suberin biosynthesis have reduced 
seed longevity, pointi ng to an important role of this sealing phenolic 
compound to protect seeds during aging. 

P463 - Screening Corn (Zea mays) Varieties for 
Tolerance to Drought 
 
CARTER Jamaya(1), MORTLEY Desmond ()  
(1) Talladega College, Talladega, Alabama, USA (2)  Tuskegee 
University, Tuskegee, Alabama, USA  Screening Corn (Zea mays) 
Varieties for Tolerance to Drought  Jamaya Carter1, Desmond 
Mortley2 
1 Department of Biology, Talladega College, Talladega, AL 35160 
2 Department of Agricultural Sciences, Tuskegee University, Tuskegee, 
AL 36088 
Drought is the most limiti ng factor for corn producti on and is high 
among the criteria considered by farmers when selecti ng varieti es. Also 
availability of varieti es tolerant to drought is sti ll a problem that needs 
to be addressed. Due to issues with climate change rainfall patt erns 
have been disrupted and are no longer reliable sources of moisture to 
produce a complete crop and corn needs about 635 mm of water from 
planti ng to harvest for opti mum producti on. Breeding for drought 
tolerant maize have been performed in many countries, and hybrid 
together with geneti cally modifi ed varieti es are available. In the US there 
are numerous maize drought tolerant varieti es such as AQUAmax hybrid 
developed by Pioneer, Droughtgard GM by Monsanto & Agrisure Artesian 
by Syngenta. We hypothesize that drought tolerant plants will perform 
bett er in terms of grain yield than drought suscepti ble plants. Therefore, 
the objecti ves of the study are to 1) compare water use, grain yield 
and growth performance of several corn varieti es under well watered 
and water stressed conditi ons, and 2) profi le the expression of genes 
associated with drought tolerance during grain fi lling. Ten accessions will 
be grown in a randomized complete block design with three replicati ons 
in a greenhouse and fi eld. Each replicati on will consist of three -row plots 
5m long and 1 m wide. In all plots water will be applied through furrow 
irrigati on. Drought stress will be imposed by reducing irrigati on by half 
from the 10 fully expanded leaf stages to two weeks aft er fl owering. 
Leaf samples will be collected at diff erent development stages for RNA 
fi ngerprinti ng to gain insight into the mechanism of drought tolerance 
in maize. Varieti es will be assessed based on plant survival/populati on, 
photosyntheti c rate, stomatal conductance and transpirati on, total leaf 
area, silking date, plant height and ear length and grain yield. Germplasms 
with opti mum response under water stressed conditi ons will be termed 
as drought tolerant. 
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P464 (Talk) - Regulation of manganese 
uptake and interplay with iron transport in 
Arabidopsis thaliana 
 
CASTAINGS Loren(1) CURIE Catherine(1)  
(1)Laboratoire de Biochimie et Physiologie Moléculaire des Plantes, 
Centre National de la Recherche Scientifi que, Unité Mixte de 
Recherche 5004, Institut de Biologie Intégrative des Plantes, 
F-34730 Montpellier cedex 2, FRANCE 
Manganese (Mn) is a trace element important for oxidati ve stress 
responses and essenti al as a cofactor of the photosyntheti c machinery. 
Mn defi ciency is a severe plant nutriti onal disorder while Mn toxicity can 
become a problem in poorly drained acidic soils. In Arabidopsis, the natural 
resistance-associated macrophage protein 1 (NRAMP1), has been shown 
to mediate Mn uptake in roots (Cailliatt e et al., 2010). As for all potenti ally 
toxic compounds, Mn entry within root cells must be ti ghtly controlled. 
How this occurs in Arabidopsis is sti ll unknown but is likely to involve 
post-translati onal regulati on of NRAMP1. Moreover it is sti ll not clear 
whether NRAMP1 provides the only route of entry of Mn across the plasma 
membrane. Several lines of evidence suggest that Mn can be transported 
along with iron (Fe) by the Fe high affi  nity transporter IRT1 (Vert et al., 2002). 
To address the questi on of NRAMP1 and IRT1 functi onal redundancy, an 
indepth study of the double mutant nramp1 irt1 supported by a promoter 
swap strategy has been undertaken. Moreover, post-translati onal control 
of NRAMP1 has been investi gated by monitoring Mn-dependent NRAMP1 
stability and localisati on in planta and in yeast. The fi rst results obtained 
with these approaches highlighti ng an unexpected and important functi on 
of NRAMP1 in Fe transport will be presented here. 

P465 - Rearrangement of central metabolism 
and photosynthesis is linked to the dynamic 
phosphoproteome in abiotic stress signaling in 
Arabidopsis 
 
CHEN Yanmei(1)  
(1) China Agricultural University, Beijing, CHINA 
1 State Key Laboratory of Plant Physiology and Biochemistry, College 
of Biological Sciences, China Agricultural University, Beijing 100193, 
China, email: chenyanmei@cau.edu.cn 
Salinity and oxidati ve stress are major factors aff ecti ng and limiti ng the 
producti vity of agricultural crops. The study of biochemical and molecular 
responses of plants in response to these stresses is important for crop 
geneti cs and breeding. Here, we performed a far reaching quanti tati ve 
analysis of the early response of Arabidopsis phosphoproteins and 
metabolites to salt and oxidati ve stress over ti me using15N-metabolic 
labeling and liquid chromatography and mass spectrometry (LC-MS). We 
found the phosphoproteomic response is more specifi c compared to the 
general response observed on the metabolite level refl ected by much 
higher specifi city especially in the very early stress phase. Despite these 
diff erences, the response on both levels sti ll follows the same general 
dynamics and strategy of photosynthesis as refl ected by rapid changes 
in the phosphorylati on patt ern of central carbon metabolism enzyme 
coinciding with the decrease of metabolites related to cell growth. Novel  
phosphorylati on sites were found for AKIN10 and AKIN11, indicati ng 
their central roles in the stress regulated responses. Seven SnRK2 kinases 
showed varying levels of phosphorylati on at multi ple serine/threonine 
residues in their kinase domain upon stress, demonstrati ng temporally 
disti nct modulati on of the various isoforms. K+ and Na+ transporters 
showed coordinated changes in the phosphorylati on patt ern, indicati ng 
the importance of dynamic ion homeostasis for adaptati on to salt stress. 

P466 - Arabidopsis RCAR3 gene plays a major 
role in drought tolerance 
 
LEE Han Yong(1), JANG Gue Pil(1), LEE Jong Seob (2) , KIM Ju 
Kon(3) , CHOI Yang Do(1)  
(1) Department of Agricultural Biotechnology and Research Institute 
of Agriculture and Life Sciences, Seoul national  university, Seoul, 
SOUTH KOREA (2)  School of Biological Sciences, Seoul National 
University, Seoul, SOUTH KOREA(3)  Crop Biotechnology Institute/
Green BioScience and Technology, Seoul National University, 
Pyeongchang, SOUTH KOREA 
 The phytohormone abscisic acid (ABA) plays an important role in 
developmental processes and stress responses. A family of soluble 

ABA receptors, REGULATORY COMPONENTS OF ABA RECEPTORs 
(RCARs)/PYRABACTIN RESISTANCE1 (PYR1) and PYR1-LIKEs(PYLs), have 
been identi fi ed, which enables bett er understanding of the signaling 
mechanisms of ABA. Functi onal analysis of one of those receptor genes, 
RCAR3, was att empted in this study. Consti tuti ve overexpression of RCAR3
gene (RCAR3ox) confers ABA hypersensiti vity and drought tolerance. On 
the contrary, consti tuti ve RNA interference of RCAR3 (RCAR3i) resulted in 
resistance of germinati on and root growth inhibiti on by ABA. The stomata 
aperture of RCAR3i plants was reduced by approximately 20% less than 
the wild type plants and showed resistance to drought. Overexpression 
of RCAR3 enhances resistance on drought and showed higher expression 
levels of ABA-responsive genes than wild type plants when ABA was 
treated. On the contrary, RCAR3i plants displayed reduced expression of 
these genes. RCAR3 is localized in both the nucleus and the cytosol but 
it moves to the nucleus in response to ABA. These results indicated that 
RCAR3 mediates plant ABA response. Histochemical assay of PRCAR3:GUS 
revealed that RCAR3 is expressed in the internal stele layers in roots, 
veins and guard cells of leaves suggesti ng its point of acti on during 
ABA regulati on. Phenotypic changes by overexpression or suppression 
of RCAR3 alone suggest that it functi ons major role in developmental 
processes and stress responses by ABA 

P467 - Identifi cation of a drought response 
gene encoding a nuclear protein involved 
in drought and freezing stress tolerance in 
Arabidopsis 
 
MOON Hyun Duk(1), LEE Myung Shin(1), KIM Sun-Hee(1), 
JEONG Won-Joong (2) , CHOI Dong-Woog(1)  
(1) Chonnam National University, Gwangju, SOUTH KOREA (2)  KRIBB, 
Daejeon, SOUTH KOREA 
Plants have developed adapti ve strategies to survive the diff erent abioti c 
stresses they may be exposed to. Appreciable eff orts have been made 
to determine which genes are involved in abioti c stress tolerance in 
plants and their specifi c roles. To identi fy new components involved in 
abioti c stress tolerance, we screened unannotated ESTs and evaluated 
their cold or drought response in Arabidopsis. We identi fi ed a drought 
response gene (DRG) encoding a 39.5-kDa polypepti de. This protein 
was expressed specifi cally in the siliques and was induced by drought 
stress in most ti ssues. When a DRG-GFP construct was introduced into 
Arabidopsis protoplasts, GFP signals were detected only in the nucleus. 
The drg mutant plant is more sensiti ve than the wild-type to osmoti c 
stress caused by mannitol in agar plates and to drought and freezing 
stress in soil. Acti vati on of the DRG gene restored the normal sensiti vity 
of drg mutants to abioti c stress. No signifi cant diff erences in drought 
and freezing tolerance were observed between wild-type and transgenic 
plants overexpressing the DRG gene. When DRG was expressed in cold-
sensiti ve Escherichia coli BX04, the transformed bacteria grew faster 
than the untransformed BXO4 cells under cold conditi ons. These results 
demonstrate that DRG is a nuclear protein induced by abioti c stress, 
required for drought and freezing tolerance in Arabidopsis. 

P468 - PRSD, a transcription factor implicated 
in seed germination under osmotic stress 
 
CELIZ Jonathan(1), HENRIQUEZ-VALENCIA Carlos(1), MORENO 
Adrián(1), MITINA Irina(1), ORELLANA Ariel(1), CIFUENTES 
Nicolás(1) 
(1) Universidad Andrés Bello, Centro de Biotecnología Vegetal; 
FONDAP CRG, Santiago, CHILE 
Plants have evolved to control their growth and development in response 
to signals from their environment. A good example is the seed germinati on 
process, which determines the end of the dormancy period and allows 
the plant growth. Therefore, to begin the process of seed germinati on, 
favorable environmental signals must be detected producing the silencing 
of seed development genes and the acti vati on of vegetati ve growth 
genes. During stressful environmental conditi ons such as drought or lack 
of nutrients, is necessary to delay germinati on, for which transcripti on 
factors involved in both development and stress response are required. 
PRSD (Positi ve Regutator of Seed Dormancy) is a transcripti on factor 
involved in both salt stress Arabidopsis thaliana. However, its role during 
abioti c stress seems not completely clear. Here we investi gate its role 
during seed germinati on under abioti c stress conditi ons, and we found 
that knockout lines (prsd) display an early germinati on phenotype under 
osmoti c stress compared with wild type. In additi on the molecular 
response during germinati on of prsd plants showed that the expression 
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of several genes associated with seed development and dormancy (genes 
GASDs) were decreased in this mutant under osmoti c stress. These results 
suggest that PRSD parti cipate as a negati ve regulator of germinati on 
during osmoti c stress, through the regulati on of genes implicated in seed 
development and dormancy. 
Acknowledgments: PAI nº 821320026 

P469 - Identifi cation and characterization 
of an ABA-activated MAP kinase cascade in 
Arabidopsis thaliana 
 
BOUDSOCQ Marie(1), DANQUAH Agyemang(1), DE ZELICOURT 
Axel (2) , NEUBAUER Jorinde(1), FREI DIT FREY Nicolas(1), 
PATEYRON Stéphanie (1, HIRT Heribert (2) , COLCOMBET 
Jean(1)  
(1) Institut of Plant Sciences - Paris-Saclay/INRA, Evry, FRANCE (2)  
Center for Desert Agriculture/KAUST, Thuwal, SAUDI ARABIA 
The mitogen-acti vated protein kinases (MAPKs) functi on in modules 
composed of MAPKK kinases, MAPK kinases and MAPKs that acti vate 
each other by sequenti al phosphorylati on. Despite their key roles in 
plant stress signaling, only few complete MAPK cascades have been 
functi onally characterized in plants. In parti cular, there is no evidence 
of such cascades mediati ng signal transducti on of the important plant 
stress hormone abscisic acid (ABA). Here, we identi fi ed a complete 
and functi onal ABA-acti vated MAPK cascade, composed of the 
MAP3Ks MAP3K17/18, the MAP2K MKK3 and the four C group MAPKs 
MPK1/2/7/14. Using transient expression in mesophyll cell protoplasts, 
we demonstrated that the four C-group MAPKs are acti vated by ABA in 
a MKK3-dependent manner. In planta, using specifi c anti bodies raised 
against MPK7, we show that ABA acti vati on of endogenous MPK7 is 
blocked in mkk3-1 and map3k17mapk3k18 plants. Coherently, both 
mutants exhibit hypersensiti vity to ABA and drought stress, as well as 
mis-regulati on of a set of ABA-dependent genes. A geneti c analysis 
further reveals that this MAPK cascade is acti vated by the PYR/PYL/RCAR-
SnRK2-PP2C ABA core signaling module through protein synthesis of the 
MAP3Ks, unveiling a new mechanism for MAPK acti vati on in eukaryotes. 
Our work provides evidence for a role of an ABA-induced MAPK pathway 
in plant stress signalling. 

P470 (Talk) - Genetic dissection of the primary 
root growth response to low phosphate in 
Arabidopsis 
 
DARTEVELLE Thibault(1), BALZERGUE Coline(1), LAUGIER 
Édith(1), MEISRIMLER Claudia(1), BROUCHOUD Corinne(1), 
CHIARENZA Serge(1), CREFF Audrey (1, THIBAUD Marie-
Christine(1), NUSSAUME Laurent(1), DESNOS Thierry(1)  
(1) Laboratory of Developmental Plant Biology UMR 7265 CEA/CNRS/
AMU, St PAUL-LEZ-DURANCE, FRANCE 
Phosphate (Pi) is an essenti al nutrient for plant growth, Pi starvati on 
leading to a rapid growth arrest of the primary root (PR) in Arabidopsis. 
New Arabidopsis mutants that exhibit reduced PR growth arrest under 
Pi defi ciency were isolated, among which many stop1 and almt1 alleles. 
STOP1 is a transcripti on factor that positi vely regulates the expression 
of ALMT1, which encodes a malate effl  ux transporter. Their role in 
the tolerance to proton and aluminium rhizotoxiciti es is already well 
documented, however this is the fi rst descripti on of their functi on in 
the root growth response to low Pi. We observed a STOP1-dependent 
inducti on of ALMT1 mRNA accumulati on in wild-type (WT) seedlings under 
Pi defi ciency, whereas the expression level of STOP1 remained stable. 
We also showed that STOP1 is targeted to the nucleus and functi onally 
interacts with a ~300 bp region of the ALMT1 promoter. Inducti on of 
ALMT1 by Pi starvati on correlated with an increased excreti on of malate 
and citrate by WT seedling roots, whereas this excreti on was signifi cantly 
reduced in stop1 and almt1 mutants. Interesti ngly, the lpr1/lpr2 double 
mutant, which does maintain PR growth in low-Pi conditi ons, excreted 
as much malate and citrate as did the WT. Our results shed a new light 
on the role played by STOP1 and ALMT1 in the root growth response to 
low-Pi environments. 
 

P471 - Natural variation of the root 
morphological response to nitrate supply in 
Arabidopsis thaliana 
 
DE PESSEMIER Jérôme(1), HERMANS Christian(1)  
(1) Université Libre de Bruxelles, Brussels, BELGIUM 
Plant mineral nutriti on underpins global food security. Nitrogen (N) is 
the quanti tati vely most important nutrient required by crops, however a 
considerable fracti on of N ferti lizer gets lost as runoff s with detrimental 
consequences to the environment and greenhouse gas emission. 
Faced with those pressing societal costs, innovati on has to make a step 
change to improve Nitrogen Use Effi  ciency (NUE) of plants. The goal of 
our research is fi rst to identi fy the geneti c determinism that regulate 
N-related root morphology in the model species Arabidopsis thaliana, 
then to use that informati on in parented Brassica crops for redesigning 
their root architecture and ulti mately improve NUE. The focus here is 
on nitrate since it is the major nutriti onal determinant of yield and root 
morphology. Naturally occurring geneti c variability is exploited in order to 
identi fy key genes that determine root morphology in response to nitrate 
supply. Our preliminary results with 24 accessions maximizing geneti c 
diversity of the species, already showed variati on for root biomass and 
root architecture traits and demonstrated that those traits were primarily 
geneti cally determined (De Pessemier et al., 2013. Mech. Dev. 130: 45-
53). Here, we have generated a larger set of phenotypic data using a larger 
panel of accessions, for which associati on mapping tools are available. 
We selected also eleven accessions with contrasti ng root morphology and 
then characterized that plant material in further details. 

P472 - C-TERMINALLY ENCODED PEPTIDE 3 
coordinates plant development in response to 
environmental stress 
 
DELAY Christina(1), IMIN Nijat(1), DJORDJEVIC Michael(1)  
(1) Australian National University, Canberra, AUSTRALIA 
Complex local and systemic signalling systems enable plants to coordinate 
their growth, development and architecture with nutrient availability, 
uptake and distributi on. Recently, small signalling pepti des such as the 
C-TERMINALLY ENCODED PEPTIDE (CEP) family have been shown to be 
important components of these regulatory circuits (Delay et al. 2013 JEB 
64, 5383; Imin et al. 3013 JEB 64 5395; Tabata et al. Science 2014 346, 
343). We have shown that AtCEP3 specifi cally responds to environmental 
cues such as nitrogen defi ciency and salinity. Characterising mutant 
and over-expressing lines has revealed CEP3 negati vely regulates 
root meristem development under stress conditi ons where resource 
reallocati on is crucial. The interplay between CEP3, nutrient use and 
growth has been explored using restricti ve nutrient assays, fl uorescent 
microscopy and transcriptomic analyses. Overall, our data indicate CEP3 
plays an important role in regulati ng plant development in response 
to plant nutrient status. Modulati ng CEP3 in agricultural systems may 
provide an opportunity to increase stress tolerance without severe yield 
penalti es. 

P473 - Route to the roots: carbon source-sink 
relationship in response to water defi cit 
 

DURAND Mickael(1), PORCHERON Benoit(1), MAUROUSSET 
Laurence(1), LEMOINE Rémi(1), POURTAU Nathalie(1)  
(1) Université de Poitiers, UMR CNRS 7267 EBI, Poitiers cedex 9, 
FRANCE 
Root development is highly plasti c to adapt to its changing environment. 
Water defi cit impairs growth leading to sugar accumulati on in leaves, 
part of which can be exported to roots via sucrose phloem transport. 
Phloem loading is widely described in A. thaliana while unloading is 
poorly understood. To gain informati on on leaf to root transport during 
water defi cit, a soil-based culture system was developed where root 
growth can be monitored in 2D. Physiological measurements and14CO2
pulse/chase experiments indicated that, although roots were smaller 
aft er water defi cit, relati ve14C exported to the roots increased during 
chase, corroborati ng the increase in Root/Shoot rati o noted aft er 30 days 
of water defi cit. Phloem loading of sucrose occurs in leaves through the 
acti on of effl  uxers (AtSWEET11-12) and H+ symporter AtSUC2. During 
water defi cit, the transcript levels of SWEET11-12 and SUC2 genes were 
also signifi cantly up-regulated in leaves, in accordance with the increase 
in carbon export to the roots already noted. Interesti ngly, transcript 
levels of SUC2 and SWEET11-15 were signifi cantly higher in stressed 
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roots, underlying a putati ve role of these transporters in root sucrose 
apoplasti c unloading. These data demonstrate that, during water defi cit, 
plants respond to growth limitati on by allocati ng relati vely more C to the 
roots to maintain an effi  cient root system and that a subset of sucrose 
transporters are potenti ally involved in the fl ux of carbon to and in the 
roots. 

P474 - Characterization of epigenetic gene-
regulation through the AvSAMS1 gene derived 
from a poaceae wild plant Andropogon 
virginicus L. in Al tolerance 
 
EZAKI Bunichi(1), UTSUMI Kaori(1), INADA Mari(1), NANBA 
Norie(1)  
(1) Institute of Plant Science and Resources, Okayama University, 
Kurashiki, Okayama, JAPAN 
Aluminum (Al) toxicity is one of the major factors limiti ng plant growth 
in acid soil. A wild species of poaceae, Andropogon virginicus L. shows 
a high Al tolerance by a combinati on of fi ve mechanisms. To clarify its 
high tolerance mechanism, isolati on of the tolerant genes from this plant 
were performed and S-adenosyl methionine synthase gene (AvSAMS1) 
was obtained. The AvSAMS1gene moreover conferred Al tolerance to 
Arabidopsis transformants (TF). Since SAMS synthesizes SAM (S-adenosyl 
methionine) which is the main methyl-residue-donor, SAMS has been 
suggested to be related to “epigeneti c gene-regulati on” under various 
environmental stresses. Our microarray analysis indicated that a 
change of gene-expression was preferenti ally occurred in the AvSAMS1 
expressing Arabidopsis TF rather than in a control Col-0 ecotype under 
Al stress. To confi rm this result, DNA sequencing aft er bisulfi te treatment 
was applied to several genes. Diff erence in DNA-methylati on by Al stress 
was detected between the two lines in the tested genes. Moreover, 
change of methylati on status in histone H3 by Al stress was investi gated 
in both lines. Higher gene-inducti on or &ndash;repression caused by the 
stronger interacti on with tri-methylated H3K4 or H3K9 in the AvSAMS1 
expressing Arabidopsis TF than in Col-0 ecotype was detected in some 
of the tested genes. This is the fi rst report indicati ng that the Al tolerant 
gene, AvSAMS1, is related to an epigeneti c gene-regulati on under Al 
stress in Arabidopsis. 

P475 - Optimizing chlorophyll extraction 
protocols and conductivity measurements 
using wild type Columbia ecotype plants. 
 
FIELDS Joseph-Michael(1), NAIDOO C. Ghanambal(1)  
(1) Langston University, Ardmore, USA 
The reported data is part of a larger study to determine the role of 
lipoxygenases and acyl hydrolases controlled by genes MOP9.2, LOX 4, LOX 
5 and MES 1 during light deprivati on stress. We hypothesized that greater 
leakage and chlorophyll degradati on would occur with increased light 
depravati on stress. We report on our experiments to confi rm the double 
knockout nature of our mutants, procedure to standardize methods for 
working with larger sample sizes in the dark and present data on our 
initi al experiments conducted with wild type Arabidopsis thaliana. PCR 
confi rmati on and mRNA profi les were done to confi rm the nature of the 
double knockout mutants of Arabidopsis thaliana. Wild type plants grown 
in soil for three weeks and an equal number of were randomly subjected 
to the dark. Enti re plants were harvested at 24 hours post darkness. Ion 
leakage measurements were made with a conducti vity meter once aft er 
holding the plants at 4C for 24 hours and again subsequent boiling for 
10 minutes. Relati ve ion leakage of the autoclaved leaves was calculated. 
Ethanol extracti ons of chlorophyll and chlorophyll measurements of 
samples subject to the same conditi ons (including sampling ti me) were 
also carried out. Data analyses of Chlorophyll a concentrati ons and 
ion leakage measurements from dark stressed plants do not support 
our hypothesis. We att empt to discuss these discrepancies and proff er 
suggesti ons for future work. 

P476 - Characterization of the chloride channel, 
AtCLCg, involved in chloride tolerance in 
Arabidopsis thaliana 
 
NGUYEN Chi Tam(1), AGORIO Astrid(1), JOSSIER Mathieu(1), 
THOMINE Sebastien(1), FILLEUR Sophie(1)  
(1) CNRS I2BC, GIF SUR YVETTE CEDEX, FRANCE 
In plant cells, anion channels and transporters are essenti al for key 
functi ons such as nutriti on, ion homeostasis and resistance to bioti c or 
abioti c stresses. In Arabidopsis, members of the ChLoride Channel (CLC) 
family localized in the tonoplast are required for nitrate homeostasis 
(AtCLCa and AtCLCb) or salt tolerance (AtCLCc). We characterized AtCLCg, 
another member of CLC family in Arabidopsis found in the tonoplast. 
When grown on NaCl or KCl, atclcg knock-out mutants showed a decrease 
in biomass. In the presence of NaCl, these mutants over-accumulate 
chloride in shoots and sulphate in roots compared to wild-type. No 
diff erence in growth was detected in response to osmoti c stress by 
mannitol. These results suggest a physiological functi on to AtCLCg in the 
chloride response during NaCl stress. Since AtCLCg and AtCLCc proteins 
share a high degree of identi ty (62%), and both parti cipate in NaCl 
tolerance, an atclcc atclcg double knock-out mutant was constructed. The 
atclcc atclccg plants are not more sensiti ve to NaCl than single mutants. 
As the eff ects of both mutati ons are not additi ve, gene expression 
analysis were performed and revealed that: (i) AtCLCg is expressed in 
mesophyll cells and phloem while AtCLCc mRNA are in stomata and (ii) 
AtCLCg is repressed in the atclcc mutant background, and vice versa. 
Altogether these results demonstrate that both AtCLCc and AtCLCg are 
not redundant and form part of a complex auto-regulatory network 
controlling chloride sensiti vity. 

P477 - Infl uence of magnesium availability on 
root architecture of Arabidopsis 
 

XIAO Qiying(1), VERBRUGGEN Nathalie(1), HERMANS Christian(1) 
(1) Université Libre de Bruxelles, Brussels, BELGIUM 
The root system exhibits a high degree of architectural plasti city in 
response to nutrient availability in the soil. While the scarcity of certain 
major mineral elements triggers the proliferati on of lateral roots, the 
depleti on of magnesium (Mg) noti ceably represses it in Arabidopsis 
Columbia-0 (Col-0) seedlings grown in vitro. First, microscopic analyses 
indicated a slowdown in the growth of pre-emerged lateral root meristems 
upon low Mg supply. Second, split-root systems revealed the absence of 
mechanism to refrain lateral root growth in unfavorable nutrient zone. 
The extra source of the element acquired by the plant in Mg-rich zone, 
sti mulated lateral root outgrowth also in Mg-deprived zone. Third, the 
roles played by hormones in shaping root architecture were examined. 
Upon low Mg, founder cell specifi cati on was aff ected most probably 
through auxin mediated pathway and repression of lateral root elongati on 
parti ally exerted by abscisic acid. Finally, 36 natural accessions of 
Arabidopsis were screened for identi fying diff erences in root morphology. 
All accessions responded to Mg depleti on by a lower number and length 
of lateral roots but some had higher foraging capacity than the Col-0 
reference. Our study did not reveal a clear trade-off  between primary and 
lateral root elongati on. The diversity of morphological variati on will be a 
useful resource to determine the geneti c determinants of the root system 
architecture in response to Mg availability. 

P478 - Subcellular localization analysis of the 
membrane-localized ubiquitin ligase ATL31 in 
Arabidopsis 
 
HUARANCCA REYES Thais(1), MAEKAWA Shugo (2) , UEMURA 
Tomohiro (2) , SATO Takeo(1), YAMAGUCHI Junji(1)  
(1) Hokkaido University, Sapporo, JAPAN (2)  The University of Tokyo, 
Tokyo, JAPAN 
In Arabidopsis thaliana, ATL31 encodes a membrane-localized protein 
belongs to the plant specifi c ubiquiti n ligase Arabidopsis Tóxicos en 
Levadura (ATL) family. We previously reported that ATL31 is involved in 
growth regulati on in response to balance of carbon/nitrogen nutrient 
availability during post-germinati ve development (Sato et al. 2009). To 
determine the detailed functi on of ATL31, we examined ATL31-interacti ng 
proteins using Arabidopsis cultured cells expressing ATL31-FLAG. We 
identi fi ed several membrane-localized proteins as novel ATL31 interactors 
by proteomic analysis. In this study, we will report detailed subcellular 
localizati on and physiological functi on of ATL31 in Arabidopsis. 
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Reference: Sato T, Maekawa S, Yasuda S, Sonoda Y, Katoh E, Ichikawa T, 
Nakazawa M, Seki M, Shinozaki K, Matsui M, Goto DB, Ikeda A, Yamaguchi 
J (2009) CNI1/ATL31, a RING-type ubiquiti n ligase that functi ons in the 
carbon/nitrogen response for growth phase transiti on in Arabidopsis 
seedlings. Plant J 60: 852-864 

P479 - Towards Understanding BIG’s Function 
in Temperature Responses 
 
IBANEZ Carla(1), KLAUSE Tanja(1), DELKER Carolin(1), 
MARILLONET Sylvestre(1), QUINT Marcel(1)  
(1) Leibniz Institut for Plant Bioquemistry (IPB), Halle, GERMANY 
Among the stresses plants perceive from the ever-changing environment, 
the constant increase in global ambient temperature is considered to be 
one of the most severe future challenges aff ecti ng quanti ty and quality of 
crop yield. The growth related hormone auxin has been identi fi ed as one 
of the major players triggering plant morphological and developmental 
changes in response to warmth. Among these changes, hypocotyl 
elongati on serves as a model response phenotype to high ambient 
temperature. However, the molecular mechanisms behind this response 
are sti ll poorly understood and novel players remain to be identi fi ed. Here 
we present the isolati on and characterizati on of the opi2 mutant impaired 
in temperature-induced hypocotyl elongati on. Mapping-by-sequencing 
identi fi ed a SNP in BIG/TIR3/DOC1 as the most likely candidate for the 
causal mutati on in opi2. BIG/OPI2 is encoded by a 17.5 kb gene and codes 
for a protein involved in polar auxin transport. While BIG/OPI2 has been 
associated with several auxin-related physiological processes, molecular 
characterizati on was so far hindered by the failure of successful cloning of 
the gene or cDNA. However, a combinati on of Golden Gate and Gateway 
techniques enabled us to clone a full length BIG fragment. In the future, 
generati on of a variety of tagged BIG fusion constructs will in principle 
allow its molecular characterizati on. We anti cipate that this will provide 
signifi cant contributi ons to the auxin and temperature signaling fi elds. 

P480 - The abiotic stress response data of 
Arabidopsis closely related species and its 
database provided by RIKEN BRC 
 
IUCHI Satoshi(1), KAWAMURA Setsuko(1), KOBAYASHI 
Masatomo(1)  
(1) Experimantal Plant Division, BioResource Center (BRC), RIKEN, 
Tsukuba, Ibaraki 305-0074, JAPAN 
RIKEN BioResource Center (BRC) took over the project of the Sendai 
Arabidopsis Seed Stock Center (SASSC) and started distributi ng the 
Arabidopsis closely related species. To establish the research platf orm of 
this invaluable resource, we now collect phenotype and genotype data. 
At the beginning, we obtained the DNA sequences of the chloroplast 
genome regions, rbcL and matK as genotype data to classify the species. 
Then 19 species were chosen based on the classifi cati on data and seed 
availability, and the abioti c stress response data of the species were 
collected. The phenotype and genotype data are now introduced into the 
database that will be useful for studying environmental stress response 
and evoluti onal history of Brassicaceae. When ready, the database will be 
accessible from the public via our web site (htt p: //epd.brc.riken.jp/en/, 
e-mail; plant@brc.riken.jp).<

P481 - The role of the large cytoplasmic loop 
of IRON-REGULATED TRANSPORTER1 in the 
regulation of Arabidopsis iron acquisition 
 
BRUMBAROVA Tzvetina(1), GRATZ Regina(1), DENEZHKIN 
Polina(1), ANGRAND Kalina(1), BAUER Petra(1), IVANOV 
Rumen(1)

(1)Heinrich Heine University Düsseldorf, Düsseldorf, GERMANY 
Dicotyledonous plants acquire soil iron using a mechanism that consists 
of three principal steps: the solubilizati on of soil iron, its reducti on from 
ferric (Fe3+) to ferrous (Fe2+) iron and its import into the cell. The last 
step is achieved through the acti on of the bivalent metal transporter 
IRON-REGULATED TRANSPORTER1 (IRT1). IRT1 was shown to have a 
complex endomembrane traffi  cking behavior resulti ng in a regulated 
iron intake. Our aim is to understand how external signals and the 
plant developmental program aff ect iron acquisiti on, focusing on the 
mechanisms ensuring the presence and correct regulati on of IRT1. We 

have discovered that members of the SORTING NEXIN protein family 
parti cipate in the recycling of IRT1 at the sorti ng endosome. In an att empt 
to understand the molecular basis of IRT1 post-transcipti onal regulati on, 
we are focusing on the cytoplasmically-exposed side of IRT1 and its 
protein environment. Functi onal and gene expression analyses of an IRT1-
interacti on partner suggest the existence of negati ve root-zone-specifi c 
events regulati ng iron acquisiti on. 

P482 (Talk) - Selection of high temperature 
resistant germination mutants that have 
defect in abscisic acid regulation at high 
temperature 
 
KAJI Masanori(1), KAWANO Shione(1), MORITA Megumi(1), 
SHIOZAWA Kaiki(1), KAWAKAMI Naoto(1)  
(1) Meiji University, Kawasaki, JAPAN 
Germinati on of winter annual seeds is inhibited by high temperature 
during summer, and this enables the seeds to germinate in autumn. 
High temperature suppresses germinati on of Arabidopsis seeds by 
up-regulati ng abscisic acid (ABA) biosynthesis genes (ZEP, NCED2, 5, 
9), and the expression of gibberellin (GA) biosynthesis genes (GA3ox1, 
GA3ox2) are suppressed by ABA synthesized de novo. To fi nd the genes 
that transduce high temperature signal to phytohormone regulati on, we 
fi rst selected 31 lines of high temperature resistant germinati on mutants 
from more than 32,000 M1s of ethyl methanesulfonate mutagenized 
populati ons of Arabidopsis. The seeds of nine out of the 31 lines showed 
normal ABA sensiti vity, and required GA synthesis for germinati on. The 
seeds of the three lines (TRL14-3, TRL19-2, LE23-4) out of the nine lost 
inducti on of an ABA inducible gene, EM6 at high temperature, suggesti ng 
that the mutants have defect in the sti mulati on of ABA synthesis at high 
temperature. TRL19-2 and LE23-4 showed increased expression of GA3ox2
at high temperature. TRL19-2 lost inducti on of ZEP, NCED2 and NCED5 at 
high temperature, and induced ABA catabolism gene, CYP707A1, even at 
high temperature. LE23-4 lost inducti on of ZEP, NCED2, NCED9 at high 
temperature, and induced CYP707A1 even at high temperature. These 
results suggest that TRL19-2 and LE23-4 may have defect in the process of 
high temperature signaling. 

P483 - Phosphate defi ciency primes the 
jasmonic acid pathway and increases defense 
against herbivory. 
 

KHAN Ghazanfar Abbas(1), VOGIATZAKI Evangelia(1), 
GLAUSER Gaétan (2) , POIRIER Yves(1)  
(1) Department of Plant Molecular Biology, University of Lausanne, 
Lausanne, SWITZERLAND (2)  Chemical Analytical Service of the 
Swiss Plant Science Web, University of Neuchâtel, Neuchâtel, 
SWITZERLAND 
Plants oft en encounter several bioti c and abioti c stresses simultaneously. 
Although the response of plants to individual stresses has been widely 
studied, much less is known about how the adaptati on of plants to one 
stress aff ects its ability to adapt to another unrelated stress. Phosphate is 
one of the most limiti ng nutrients for plant growth, and plant adaptati on 
to Pi defi ciency leads to large changes at the biochemical, developmental 
and gene expression levels. Here we report that Pi defi ciency enhances 
the defense of plants against herbivory via the jasmonic acid (JA) 
pathway. JA synthesis and the expression of marker genes associated 
with the JA signaling pathway were increased in the shoots of both wild 
type Arabidopsis grown in Pi-defi cient media and in the Arabidopsis pho1 
mutant defi cient in the transfer of Pi from roots to shoots. Furthermore, 
wounding induced greater JA accumulati on in pho1 shoots than in 
WT, indicati ng that Pi defi ciency induced priming of the JA pathway. 
Consequently, pho1 mutant and Pi-defi cient Arabidopsis, tomato or 
tobacco were more resistant to herbivory compared to their Pi-suffi  cient 
controls. Comparison of pho1 with the pho1 aos and pho1 coi1 double 
mutants revealed that inducti on of the JA pathway excarbated several 
phenotypes typically associated with Pi-defi ciency in the pho1 mutant, 
such as increased anthocyanin accumulati on, reduced shoot growth and 
inhibiti on of primary root growth. 
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P484 - Chloroplast-driven ROS are key player in 
regulating the crosstalk between abiotic and 
biotic stresses 
 
KIM Chanhong(1), APEL Klaus (2)   
(1) Shanghai Center for Plant Stress Biology, Chinese Academy of 
Sciences, Shanghai, CHINA (2)  Boyce Thompson Institute, Ithaca/
New York, USA 
Chloroplast is fragile as ROS are generated in response to various stresses. 
Apart from being toxic, mounti ng evidences suggest that ROS play 
important role in triggering retrograde signaling. Amongst singlet oxygen 
(1O2) has been extensively studied to delineate the enti re pathway with 
following reasons:(1)1O2 seems unable to diff use chloroplast envelope 
membrane because of their extreme short lifespan and reacti vity 
with macromolecules; (2)  identi fi cati on of Arabidopsis fl u mutant 
generati ng1O2in controlled manner allowed us to diff erenti ate one 
parti cular ROS from the others;(3)  photosystem II is the major place where 
the1O2 and thus it compels us to propose that PSII might be able to sense 
the level of1O2 and subsequently triggers retrograde signaling to regulate 
the photosyntheti c acti vity and to acti vate defense response. Recent 
studies show that plants accumulate ROS in chloroplast upon pathogen 
invasion and in parti cular, a large porti on of pathogen-responsive 
genes overlaps with1O2-responsive genes, suggesti ng that1O2-triggered 
chloroplast retrograde signaling seems to parti cipate in the basal defense 
response. Moreover, we found that the1O2 confers signifi cant resistance 
of plants to subsequently challenged adversity caused by bacterial 
pathogen. Our recent data suggests that chloroplast-driven ROS and 
the cognate retrograde signaling might play an important role in the 
molecular and the sub-cellular crosstalk in response to abioti c and bioti c 
stresses. 

P485 - Arabidopsis RING E3 Ubiquitin Ligase 
AtMNRP, which Localizes to Microtubule and 
Nucleus, has Positive Roles in Drought Stress 
Response 
 
KIM Jong Hum(1), OH Tae Rin(1), KIM Woo Taek(1)  
(1) Department of Systems Biology, College of Life Science and 
Biotechnology, Yonsei University, Seoul, SOUTH KOREA 
To study the relati onships between ubiquiti nati on and abioti c stress 
responses, we previously collected 100 diff erent T-DNA inserti on mutants, 
in which RING-type E3 ubiquiti n (Ub) ligase genes were suppressed, 
and screened the phenotypes of these mutants in terms of responses 
to abioti c stress and stress hormone ABA. One of the mutants, atmnrp 
(Arabidopsis thaliana microtubule and nucleus RING protein), showed 
a hyposensiti ve response toward ABA in seed germinati on. This mutant 
showed parti al impairment of ABA-mediated stomatal closure and faster 
stomata opening than wild type. When wild type and mutant plants were 
subjected to dehydrati on, the mutant was more suscepti ble to drought 
stress than wild type plant. AtMNRP has the C3H2C3-type RING domain 
at its C-terminus and bacterially-expressed MBP-AtMNRP recombinant 
protein showed E3 Ub ligase acti vity in vitro. When the 35S:AtMNRP-sGFP 
fusion construct was transiently expressed in protoplasts, fl orescence 
signal was detected in both cytosolic microtubule and nucleus. Collecti vely, 
our data suggested that a corti cal microtubule- and nucleus-localized 
AtMNRP RING E3 is involved in drought stress response through ABA-
mediated stomatal regulati on. This work was supported by grants from 
the Nati onal Research Foundati on (Project No. 2014R1A2A2A01003891 
funded by the Ministry of Educati on, Science, and Technology, Republic 
of Korea). 

P486 - Title: Involvement of pectin modifying 
enzymes in responses to trace elements and 
heavy metals in Arabidopsis thaliana 
 
KONSTANTINOVA Nataliia(1), HOCQ Ludivine (2) , SÉNÉCHAL 
Fabien (2) , HOFTE Herman(3) , PELLOUX Jérôme (2) , HAUSER 
Marie-Theres(1)  
(1) University of Natural Resources and Life Sciences, Wein, AUSTRIA 
(2)  Université de Picardie Jules Verne, Amiens, FRANCE (3) Institut 
Jean-Pierre Bourgin INRA, Versailles, FRANCE 
Cell walls are not only a protecti ve barrier around protoplasts but 
serve as signaling platf orm between the extracellular environment and 
the intracellular physiology. Primary cell walls consist of cellulose and 

xyloglucans embedded in a complex pecti c and protein matrix. Pecti ns 
and in parti cular homogalacturonans (HGs) play a key role in transmitti  ng 
exogenous bioti c and abioti c signals to the interior of the cell. HGs are 
secreted in a highly methylated and acetylated form into the cell wall. 
In muro the degree of methylati on/actetylati on and polymerizati on is 
mediated by multi gene families of pecti n methylesterases (67 PMEs), 
PME inhibitors (76 PMEIs), pecti n acetylesterases (12 PAEs), poly-
galacturonases (66 PGs), and pectate lyases-like (27 PLLs)(1). De-esterifi ed 
carboxylic groups of HGs account for most cati on exchange capaciti es 
of cell walls and bind Ca2+, Pb2+, Cu2+, Co2+, Ni2+, Zn2+, Cd2+ and 
Al3+ (2) . Recently, it has been shown that the overexpression of PME3 
interferes with Zn2+ mediated growth processes(3) . To characterize in 
more detail growth eff ects and PME acti vity upon long term heavy metal 
and trace element exposure, a targeted geneti c screen with mutants and 
overexpressors of pecti n modifying genes has been initi ated and the 
results will be presented and discussed. 
1) Sénéchal et al., (2014) J Exp Bot 65, 5125-5160 
2) Kartel et al (1999) Chemosphere 38:2591&ndash;2596 
3) Weber et al. (2013) Plant J 76, 151-164 

P487 - Trehalose metabolism plays an 
important role in fl ooding tolerance 
 
KOOIKER Maarten(1), SCHLUEPMANN Henriette(1), VOESENEK 
Rens(1), SASIDHARAN Rashmi(1)  
(1) Utrecht University, Utrecht, NETHERLANDS 
Enormous areas of land are fl ooded each year due to extreme weather 
events like cyclones, heavy rainfall and meltwater (or combinati ons of 
these events). These extreme weather events are increasing in frequency 
and severity due to climate change. Flooding restricts respirati on and 
photosynthesis due to limited gas exchange in the aff ected organs. Not 
surprisingly fl ooded plants will rapidly encounter an energy crisis. In the last 
decade, the trehalose synthesis pathway and in parti cular the metabolite 
trehalose-6 phosphate (T6P) have been linked with energy sensing and 
the response to energy crisis. Here we show that trehalose metabolism is 
aff ected during fl ooding stress resulti ng in specifi c regulati on of the levels 
of the signaling metabolite T6P, both during and aft er submergence. 
Accordingly, Arabidopsis mutants altered in endogenous T6P levels had 
altered fl ooding tolerance. The regulatory eff ect of T6P is presumably 
via its regulati on of starch metabolism and SnRK1 acti vity and this was 
tested via measurement of starch and soluble sugar levels and SnRK1 
acti vity. We hypothesize that specifi c dynamics of T6P both during and 
aft er fl ooding are criti cal to facilitate metabolic adaptati on in response 
to energy supply and demand via regulati on of SnRK1 acti vity. Our data 
strongly suggest that manipulati on of the trehalose synthesis pathway 
will allow us modulate fl ooding tolerance through this pathway and could 
also be the basis of natural variati on in fl ooding tolerance. 
 

P488 - Rice Cyclophilin OsCYP18-2 is 
Translocated to the Nucleus by an Interaction 
with SKIP and Enhances Drought Tolerance in 
Rice and Arabidopsis 
 
LEE Sang Sook(1) PARK Hyun Ji(1), YOON Dae Hwa (2) , KIM 
Beom-Gi(3) , AHN Jun Cheul (2) , LUAN Sheng(4), CHO Hye Sun(1) 
(1) Sustainable Bioresource Research Center, KRIBB, Daejeon, 
SOUTH KOREA (2)  Department of Pharmacology, College of 
Medicine, Seonam University, Namwon, SOUTH KOREA(3)  Divisions 
of Bio-Crops Development, National Academy of Agricultural 
Science, RDA, Suwon, SOUTH KOREA(4) Department of Plant and 
Microbial Biology, University of California at Berkeley, Berkeley, CA, 
USA 
Cyclophilin 18-2 (CYP18-2) genes, homologues of human pepti dyl-prolyl 
isomerase-like 1 (PPiL1), are conserved across multi cellular organisms 
and Schizosaccharomyces pombe. Although PPiL1 is known to interact 
with ski-interacti ng protein (SKIP), a transcripti onal co-regulator and 
spliceosomal component, there have been no functi onal analyses of PPiL1 
homologues in plants. Rice cyclophilin 18-2 (OsCYP18-2) bound directly 
to amino acids 56-95 of OsSKIP and its binding was independent of 
cyclosporin A, a cyclophilin-binding drug. Moreover, OsCYP18-2 exhibited 
PPIase acti vity regardless of its interacti on with OsSKIP. Therefore, the 
binding site for OsCYP18-2”s interacti on with SKIP was disti nct from the 
PPIase acti ve site. OsCYP18-2”s interacti on with SKIP full length protein 
enabled OsCYP18-2”s translocati on from the cytoplasm into the nucleus, 
and AtSKIP interacted in planta with both AtCYP18-2 and OsCYP18-2. 
Drought and salt stress induced similar expression of OsCYP18-2 and 
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OsSKIP. Over-expression of OsCYP18-2 in transgenic rice and Arabidopsis 
thaliana plants enhanced drought tolerance, and altered expression and 
pre-mRNA splicing patt erns of stress-related genes in Arabidopsis under 
drought conditi ons. Furthermore, OsCYP18-2 caused transcripti onal 
acti vati on with/without OsSKIP in the GAL4 system of yeast; thus the 
OsSKIP-OsCYP18-2 interacti on has an important role in the transcripti onal 
and post-transcripti onal regulati on of stress-related genes, and increases 
tolerance to drought stress. 

P489 - ROLE OF PLASMA MEMBRANE PROTON 
PUMP H+-ATPASES IN CESIUM TOLERANCE IN 
ARABIDOPSIS 
 

LEONHARDT Nathalie(1), MARTIN Ludovic(1), SATO Satomi(1), 
SARROBERT Catherine (2) , VAVASSEUR Alain(1)  
(1) CEA/Laboratoire de Biologie du Développement des Plantes/ 
Institut de Biologie Environnementale et de Biotechnologie/Service 
de Biologie Végétale et de Microbiologie Environnementales-
UMR 7265 CNRS-CEA-Université AixMarseille II, St Paul lez 
durance, FRANCE (2)  CEA/Groupe de Recherches appliquées en 
Phytotechnologie/ Institut de Biologie Environnementale et de 
Biotechnologie/Service de Biologie Végétale et de Microbiologie 
Environnementales-UMR 7265 CNRS-CEA-Université Aix-Marseille II, 
St Paul lez durance, FRANCE 
In 2011, the Fukushima nuclear power plant accident released a large 
amount of radioacti ve nuclides into the atmosphere of Japan, which then 
caused serious contaminati on of large ecosystems including agricultural 
farmlands. Among them, radiocesium (137Cs) is one of the major 
radionuclides, which consti tutes a considerable environmental threat 
because of its high relati ve mobility in the soil&ndash;plant system, long-
term bioavailability, high radiotoxicity and relati vely long half-life (30.17 
yrs.). Finally, the 137Cs uptake by plant roots is the main pathway for the 
migrati on of 137Cs from soil to humans via plants. Cesium is a weakly 
hydrated alkaline metal with chemical similariti es to potassium and 
several previous studies suggest that the uptake and the translocati on 
of cesium is operated mainly by two transport pathways on plant root 
cell membranes, namely the K+ transporter and the K+ channel pathway. 
Since, the uptake of nutrients into and within the plant is energized 
and regulated by plasma membrane H+-ATPases, we evaluate the role 
of several isoforms of plasma membrane H+-ATPases in the uptake 
and the translocati on of cesium in Arabidopsis plants. Altogether, our 
knowledge on plant uptake of radiocaesium will be important for devising 
eff ecti ve strategies and developing techniques, such as agricultural 
countermeasures and phytoremediati on, to minimize the transfer of 
radiocaesium from soil to humans. 

P490 - Role of PI3K (PhosphatidylInositol 
3-Kinase) and TOR (Target Of Rapamycin) 
kinases on proline metabolism upon salt stress 
in Arabidopsis thaliana 
 
MAGALHAES Nelly(1), SZAMBIEN Maxime (2) , DE VOS 
Delphine(1), BORDENAVE-JACQUEMIN Marianne (2) , CRILAT 
Emilie (2) , CLEMENT Gilles (1, MEYER Christian(1), MUNNIK 
Teun(3) , SAVOURE Arnould (2) , LEPRINCE Anne Sophie(1) 
(1) INRA IJPB, VERSAILLES, FRANCE (2)  UPMC APCE, PARIS, FRANCE(3)  
University of Amsterdam SILS, AMSTERDAM, PAYS-BAS 
The TOR kinase is a central node parti cipati ng to the integrati on of 
informati on from the environment and their translati on in developmental 
and metabolic responses. In animals TOR can be regulated by a class-III 
PI3K via PI3P (Phosphati dylInositol-3-Phosphate). In plants, these two 
kinases are known to be involved in the regulati on of growth and the 
adaptati on to various environments. In Arabidopsis, TOR forms a complex 
(TORC1) with two others proteins, LST8 and RAPTOR, and is acti vated 
under favorable conditi ons while nutrient limitati ons or stresses modify its 
acti vity. Accumulati on of proline is a widespread plant adapti ve response 
to environmental stresses such as salt constraint and is a consequence 
of both proline biosynthesis and catabolism regulati on. LY294002, a PI3K 
and PI3K-related kinase inhibitor, aff ects PI3P levels in vivo and triggers a 
decrease in proline accumulati on only in response to salt treatment in A. 
thaliana seedlings. This lower proline accumulati on is correlated with a 
lower transcript level of Pyrroline-5-carboxylate synthetase 1 (P5CS1) and 
higher transcript and protein levels of Proline dehydrogenase 1 (ProDH1), 
encoding respecti vely the key-enzymes of proline biosynthesis and 
catabolism. ProDH1 expression is also induced in both pi3k-hemizygous 
mutant and raptor mutants. Taken together, these data suggest that both 

PI3K and TORC1 are involved in the regulati on of proline metabolism and 
that these signaling pathways could be interconnected. 

P491 - MOLECULAR MECHANISMS UNDERLYING 
ARSENIC PERCEPTION IN PLANTS 
 

MOHAN Thotegowdanapalya C(1), CASTRILLO Gabriel(1), 
RAMIREDDY Eswarayya (2) , ZARCO Sonia(3) , ZAMARREÑO 
Angel M (4), HERNANDEZ Luis E (5, PAZ-ARES Javier(1), 
GARCÍAMINA Jose M(4), SCHMÜLLING Thomas(3) , LEYVA 
Antonio(1)  
(1) Department of Plant Molecular Genetics, Centro Nacional de 
Biotecnología, Consejo Superior de Investigaciones Científi cas 
(CSIC), Campus de Cantoblanco, 28049-Madrid, Cantoblanco, 
SPAIN (2)  Freie Universität Berlin. Dahlem Centre of Plant Sciences. 
Institute of Biology/Applied Genetics. Albrecht-Thaer-Weg 6, 
D-14195 Berlin, Berlin, GERMANY(3)  Department of Analytical 
Chemistry, School of Chemical Sciences, Universidad Complutense 
de Madrid, Madrid, SPAIN(4) Department of Environmental Biology. 
Agricultural Chemistry and Biology Group. Faculty of Sciences. 
University of Navarra, Sciencies Building, 31008 Pamplona, 
Pamplona, SPAIN (5) Universidad Autónoma de Madrid, Edif. de 
Biológicas BS13, Campus de Cantoblanco, 28049-Madrid, Madrid, 
SPAIN 
Arsenic has been a major challenge for organism survival since life 
incepti on. In plants, the mechanisms underlying arsenic response are 
mostly unknown. Arsenate is the most abundant chemical form of arsenic 
and based on its similarity with phosphate, it is easily incorporated into 
cells through the phosphate transporters. In plants, once arsenate is 
perceived, the phosphate transporters are rapidly downregulated. This 
response exerts a parti cular dilemma for plants; to suff er a phosphate 
starvati on conditi on, or to be arsenic intoxicated. In order to withstand 
this parti cular situati on, plants adapt the expression of arsenate /
phosphate transporters to the detoxifi cati on capacity through the acti on 
of phytohormones. Here we will present our recent results to understand 
the molecular mechanisms underlying this coordinated response. 

P492 - Using Quantitative Trait Locus Mapping 
to Better Understand Arsenic Tolerance 
Mechanism in Arabidopsis 
 
LI Dan(1), QI Baoxiu(1), BRENNAN Adrian (2) , ROD Scott(1)  
(1) University of Bath, Bath, UNITED KINGDOM (2)  Durham 
University, Durham, UNITED KINGDOM 
Arsenic is an environmental contaminant; either human acti viti es or natural 
processes can cause arsenic polluti on. Soil with a high arsenic content 
can inhibit normal crop growth and these crops will also have food safety 
issues. Oil crops like Brassica juncea grown in an arsenic environment can 
accumulate arsenic in its seeds and seed oil. Thus, arsenic polluti on not 
only harms people”s health but also damages local agriculture, especially 
in developing countries. Arabidopsis thaliana is used as a model organism 
in this project to identi fy genes associated with arsenic tolerance, which 
can help to bett er understand arsenic tolerance and reduce the impact 
of arsenic contaminati on in agriculture. Hydroponic culti vati on system 
was employed and chemical analysis was used to assess the presence of 
arsenic. Aft er screening the arsenic tolerance of a recombinant inbred 
line populati on, quanti tati ve trait locus mapping was used thereaft er to 
fi nd out locus or loci associated to arsenic tolerance and detoxifi cati on. 
We fi rstly confi rmed arsenic accumulati on in both seeds and seed oil of 
Brassica juncea. We then selected a recombinant inbred line populati on 
that was previously made for other research purpose, to screen arsenic 
tolerance. Finally, quanti tati ve trait locus mapping and a further fi ne 
mapping were both processed to target arsenic tolerance related genes. 
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P493 - Two NAC transcription factors from 
Caragana intermedia altered salt tolerance of 
the transgenic Arabidopsis 
 

HAN Xiaomin(1), FENG Zongqi(1), XING Dandan(1), YANG Qi(1), 
QI Liwang (2) , WANG Ruigang (1), LI Guojing(1) 
(1) College of Life Sciences, Inner Mongolia Agricultural University, 
Hohhot, CHINA (2)  Research Institute of Forestry, Chinese Academy 
of Forestry, Beijing, CHINA 
Plants are conti nuously challenged by diff erent environment stresses, 
and they vary widely in their adjustability. NAC (NAM, ATAF and CUC) 
transcripti on factors are known to be crucial in plants tolerance response 
to abioti c stresses, such as drought and salinity. ANAC019, ANAC055, 
and ANAC072, belong to the stress-NAC TFs, confer the Arabidopsis 
abioti c stress tolerance. Here we isolated two stress-responsive NACs, 
CiNAC3 and CiNAC4, from Caragana intermedia, which were induced 
by ABA and various abioti c stresses. Localizati on assays revealed that 
CiNAC3 and CiNAC4 localized in the nuclei, consistent with their roles 
as transcripti on factors. Histochemistry assay using ProCiNAC4::GUS 
transgenic Arabidopsis showed that the expression of the GUS reporter 
was observed in many ti ssues of the transgenic plants, especially in the 
root vascular system. Overexpression of CiNAC3 and CiNAC4 reduced ABA 
sensiti vity during seed germinati on, and enhanced salt tolerance of the 
transgenic Arabidopsis. The results indicate that CiNAC3 and CiNAC4 play 
essenti al roles not only in promoti ng lateral roots formati on, but also in 
responding to salinity and ABA treatment of Arabidopsis. 

P494 - Genome-wide Association Study for 
Shoot and Root Variations in Arabidopsis under 
diff erent Growth Temperatures 

LI Jinquan(1), KOERBER Niklas(1), JANSEN Marcus(1), BRAUN 
Silvia(1), BREHM Thorsten(1), BLEISE Birgit(1), HEINZ Kathrin (1), 
KASTENHOLZ Bernd(1), NAGEL Kerstin A.(1), FIORANI Fabio(1)  
(1) IBG-2: Plant science, Institute for Bio- and Geoscience, 
Forschungszentrum Juelich, Juelich, GERMANY 
The analysis of shoot and root variati ons under diff erent growth 
temperatures is of importance to reveal the mechanism of how plants 
interact with the environment. We selected 80 Arabidopsis ecotypes 
from the 1001 genome project for high throughput phenotyping 24 shoot 
traits and 14 root traits under contrasti ng growth temperatures during 
the light period (15ºC, 27ºC, and 20ºC as control). A web applicati on for 
genome-wide associati on study (GWAS) (htt p://gwas.gmi.oeaw. ac.at) 
with Accelerated Mixed Model and the 250K SNPs was applied for GWAS. 
Based on Bonferroni threshold, 76 loci were signifi cantly associated 
with 7 root traits, mainly with growth rate of total and lateral roots, 
length of lateral and terti ary roots at the growth temperature of 27ºC. 
At 15ºC, only 11 loci were signifi cantly associated with length of lateral 
and primary roots. For the shoot traits, there were 4 loci signifi cantly 
associated with dry weight, leaf area and its growth rate and stockiness 
at 15ºC, respecti vely, two of which also signifi cantly associated at 20 ºC. 
The gene functi ons underlying the mapped SNPs include anti oxidant/
oxidase protein, protein kinase, sodium/hydrogen exchanger, cellulose/
callus synthase, proteasome, DNA methyltransferase. Our results indicate 
that GWAS with a relati ve small number of ecotypes could be possible 
with high density SNPs and the genes relevant to stress reacti on pay an 
important role for plants adapti ng to a range of growth temperatures. 

P495 - Improvement of oxidative stress 
tolerance in Arabidopsis by over-expression of 
a heat shock factor A3 
 
SONG Chieun(1), LIM Chae Oh(1) 
(1) Gyeongsang National University, Systems and Synthetic 
Agrobiotech Centre, Jinju, SOUTH KOREA 
Heat stress transcripti on factors (Hsfs) regulate plant responses to 
environmental stresses. In current study, transcripti on of HsfA3, a class 
A Arabidopsis Hsf, was induced by a reacti ve oxygen species, hydrogen 
peroxide (H2O2) and a herbicide, 2,5-dibromo-3-methyl-6-isopropyl-p-
benzoquinone (DBMIB) in seedlings. Transgenic plants overexpressing 
HsfA3 (35S: HsfA3) were tolerance to oxidati ve stress, as identi fi ed by 
lower levels of ion leakage and higher contents of chlorophyll fl uorescence 
than wild-type Arabidopsis plants (wt) under light conditi ons. The 
transcripti onal acti vity of galacti nol synthase (GolS) genes, a key enzyme 

in synthesis of osmoprotecti ve substances, especially raffi  nose family 
oligosaccharides (RFOs), was induced in HsfA3 overexpressors. Among the 
RFOs, galacti nol level was increased in HsfA3 overexpressors compared 
with the wt under control growth conditi ons. Additi onally, the transient 
transacti vati on assay and electrophoreti c mobility shift  assay showed that 
GolS1 and GolS2 were directly regulated by HsfA3. These data provide 
evidence that some GolS genes are directly regulated by HsfA3 and HsfA3
plays an important role in improvement of oxidati ve stress tolerance by 
synthesis of galacti nol in Arabidopsis. 

P496 - Signaling components involved in the 
induction of acid phosphatases by phosphate 
starvation 
 
LIU Dong(1), WANG Liangsheng(1), ZHANG Ye(1), SUN Lichao(1), 
LU Shan(1), SONG Li(1), WANG Xiaoyue(1) 
(1) Tsinghua University, Beijing, CHINA  
Inducti on and secreti on of acid phosphatases (APases) is a hallmark 
response of plants to phosphate (Pi) starvati on. These APases can 
enhance Pi uti lizati on effi  ciency of plants under Pi starvati on. We have 
used Arabidopsis to investi gate the signaling mechanism that underlies 
this adapti ve response. Using forward geneti cs, we fi rst determined that 
three members of a purple acid phosphatase (PAP) family, AtPAP10, 
AtPAP12, and AtPAP26, are responsible for most of the Pi starvati on-
induced APase acti vity in Arabidopsis. We then identi fi ed sucrose and 
ethylene as two positi ve regulators of APase acti vity on the root surface. 
Using split-root experiments, we found that the root surface-associated 
AtPAP10 acti vity is diff erenti ally regulated by systemic and local signaling 
at multi ple levels. Previously, a MYB-CC transcripti on factor, PHR1, had 
been shown to bind to the P1BS element on the AtPAP10 gene promoter 
and serve as a transcripti onal acti vator. In our work, we identi fi ed 
another cis-element, LPRE, on the AtPAP10 promoter that is criti cal for 
the transcripti on of AtPAP10. Two PHR1-like proteins, PHL2 and PHL3, 
directly bind to LPRE and act as transcripti onal acti vators. PHR1 can also 
bind to the LPRE. Interesti ngly, when PHR1 binds to the LPRE, it acts as a 
transcripti onal repressor. Besides, a SPX domain-containing protein was 
found to be a negati ve regulator of AtPAP10 acti vity. A model for the 
transcripti onal control of AtPAP10 expression will be presented. 

P497 - tasiRNA-ARF pathway moderates fl oral 
architecture in plants subjected to drought 
and high-salinity stress 
 
MATSUI Akihiro(1), TANAKA Maho(1), KAMINUMA Eli (2) , 
NGUYEN Anh Hai(3) , NAKAJIMA Maiko(1), KIM Jong-Myong(1), 
NGUYEN Dong Van (3, TOYODA Tetsuro(4), MOTOAKI Seki(1)  
(1) RIKEN Center for Sustainable Resource Science, Yokohama, 
JAPAN (2)  National Institute of Genetics, Mishima, JAPAN(3)  AGI, 
Hanoi, VIETNAM(4) RIKEN ACCC, Wako, JAPAN 
We studied the expression profi les of small RNAs in plants subjected to 
drought, cold, high-salinity stress, and ABA treatments, using 454 DNA 
sequencing technology. Expression of three groups of ta-siRNAs (TAS1, 
TAS2 and TAS3) and their precursors was downregulated in plants 
subjected to drought and high-salinity stress. Analysis of ta-siRNA 
synthesis mutants and mutated ARF3-overexpressing plants that escape 
the tasiRNA-ARF target indicated that self-pollinati on was hampered by 
short stamens in plants under drought and high-salinity stress. Microarray 
analysis revealed that expression of auxin biosynthesis-related genes, 
YUCCAs and auxin response-related genes was downregulated by drought 
stress and by the RDR6 mutati on. In additi on, arti fi cial auxin, 2,4-D 
treatment rescued short stamen phenotype of rdr6. The overall results 
of the present study indicated that tasiRNA-ARF is involved in maintaining 
the normal morphogenesis of fl owers in plants under stress conditi ons 
through the fi ne-tuning expression changes of auxin-related genes. 
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P498 - Nitrate and phosphate signaling 
interactions 
 

MEDICI Anna(1), MARSHALL-COLON Amy (2) , RONZIER Elsa(1), 
SZPONARSKI Wojciech(1), GOJON Alain(1), CRAWFORD Nigel 
M. (3, RUFFEL Sandrine(1), CORUZZI Gloria M. (2) , ROUACHED 
Hatem(1), KROUK Gabriel(1)  
(1) INRA - B&PMP, Montpellier, FRANCE (2)  Center for Genomics and 
Systems Biology, Department of Biology, New York University, New 
York, New York 10003, USA(3)  Section of Cell and Developmental 
Biology, Division of Biological Sciences, University of California at 
San Diego, La Jolla, California 92093-0116, USA 
Nitrogen and Phosphate are two of the most important elements 
sustaining plant growth and nutriti on. However, Nitrate (NO3-) and 
inorganic phosphate (Pi) are also important signalling molecules whose 
interacti ons are not very well documented. Here, we identi fi ed a nitrate 
regulated GARP transcripti on factor, HRS1, which integrates NO3- and Pi 
signals at the root ti p of Arabidopsis. HRS1 takes part in the regulati on of 
the root shortening in Pi defi cient conditi ons, only when NO3- is present. 
We propose an explanatory mechanism by which NO3- and Pi regulates 
the same transcripti on factor, at two diff erent levels: transcripti onally 
and post transcripti onally1. We fi nally open perspecti ves showing 
interesti ng elements of the interacti on between phosphate and nitrate 
signalling per se. 
1. Medici, A. et al. AtNIGT1/HRS1 integrates nitrate and phosphate signals 
at the Arabidopsis root ti p. Nat Commun 6: 6274 (2015). 

P499 (Talk) - Light signaling controls nuclear 
architecture reorganization during seedling 
establishment 
 
MESTIRI Imen(1), BOURBOUSSE Clara(1), ZABULON Gerald(1), 
BOURGE Mickaël (2) , KOINIG Maria(3) , BROWN Spencer (2) , 
FRANSZ Paul(2), BOWLER Chris(1), BARNECHE Fredy(1)  
(1) Institut de Biologie de l’Ecole Normale Supérieure IBENS, PARIS, 
FRANCE (2)  Pôle de Biologie Cellulaire, Imagif, Centre de Recherche 
de Gif , Gif-sur-Yvette, FRANCE(3)  Nuclear Organization Group, 
Swammerdam Institute for Life Sciences, University of Amsterdam, 
Amsterdam, THE NETHERLANDS 
Nuclear organizati on and genome expression are subject to extensive 
reprogramming during most developmental transiti ons. However, the 
mechanisms triggering them in response to environmental sti muli are 
poorly understood. Here, we determined that light percepti on triggers 
a switch between two diff erent nuclear architectural schemes during 
Arabidopsis post-embryonic development. While progressive nucleus 
expansion and heterochromati n rearrangements in cotyledon cells are 
achieved similarly under light and dark conditi ons during germinati on, 
the later steps that lead to mature nuclear phenotypes are inti mately 
associated with the photomorphogenic transiti on in an organ-specifi c 
manner. The light signaling integrators DET1 and COP1 maintain 
heterochromati n in a decondensed state in eti olated cotyledons. In 
contrast, under light conditi ons, cryptochrome-mediated photopercepti on 
releases nuclear expansion and heterochromati n compacti on within 
conspicuous chromocenters. Finally, we report that global engagement 
of RNA Polymerase II in transcripti on is highly increased under light 
conditi ons, suggesti ng that cotyledon photomorphogenesis involves a 
transiti on from globally quiescent to more acti ve transcripti onal states. 
Given these fi ndings, we propose that light-triggered changes in nuclear 
architecture underlie interplays between heterochromati n reorganizati on 
and transcripti onal reprogramming associated with the establishment of 
photosynthesis. 

P500 - The Arabidopsis nitrate transceptor 
NRT1.1/NPF6.3 that governs distinct signaling 
pathways is subjected to a complex post 
transcriptional regulation. 
 

BOUGUYON Eleonore(1), PERVENT Marjorie(1), PERRINE-
WALKER Francine(1), KUBEŠ Martin (2) , ZAŽÍMALOVÁ Eva 
(2) , HOYEROVÁ Klara (2, KROUK Gabriel(1), GOJON Alain(1), 
NACRY Philippe(1)  
(1) Biochemistry and Plant Molecular Physiology INRA, CNRS, 
UM2 et AgroM, Montpellier, FRANCE (2)  Institute of Experimental 
Botany, Academy of Sciences of the Czech Republic, Prague, CZECH 
REPUBLIC 
Nitrate (NO3-) is both the main nitrogen source for higher plants, and a 
signal molecule regulati ng their metabolism and development. The roots 
sense the NO3- concentrati on in the soil soluti on, and trigger signalling 
pathways allowing plant adaptati on to its availability. In Arabidopsis, 
this response depends on the NRT1.1/NPF6.3 transceptor. We recently 
reported that NRT1.1 acts not only as a NO3-transporter but also 
facilitates infl ux of the phytohormone auxin in a NO3 concentrati on 
dependent manner defi ning a new mechanism for sensing environmental 
sti muli, and for connecti ng nutrient and hormone signalling in the control 
of root development. NRT1.1 was also shown to regulate the expression 
of hundreds of genes in response to NO3- supply. Using point mutati ons 
in the NRT1-1 protein, we showed that NRT1.1 acti vates four separate 
signalling mechanisms, which have independent structural bases in the 
protein. We also show that these mutati ons have diff erenti al eff ects on 
genome-wide gene expression. Besides, our results also demonstrate 
the occurrence of at least two levels of postt ranscripti onal regulati on 
of NRT1.1 aff ecti ng independently mRNA and protein accumulati on 
depending of root ti ssues and NO3- concentrati on. Our fi ndings add 
to the evidence that NRT1.1 is subjected to a complex regulati on and 
triggers independent signalling pathways in Arabidopsis in response to 
diff erent environmental conditi ons. 

P501 - Functional analyses of CBL10 induced by 
ROS in salt and drought stresses 
 

KANG Hyun Kyung(1), NAM Kyoung Hee(1) 
(1) Deparment of Biological Science, Sookmyung Women’s 
University, Seoul, SOUTH KOREA 
Cellular levels of Ca2+ and Reacti ve Oxygen Species (ROS) that are ti ghtly 
regulated to keep at low levels in cytosol are greatly fl uctuated as 
second messengers to decode many environmental and developmental 
signals. Phytohormones are representati ve primary signals leading to 
various changes ROS or Ca2+ signaling with synergisti c and antagonisti c 
cross-talks. In additi on to its diverse roles in plant development, 
brassinosteroids (BRs) are also involved in thermotolerance through heat-
shock protein synthesis, dose-dependent cold resistance in Arabidopsis, 
and higher resistance to bacterial and fungal pathogens in tobacco 
and rice. However, how BR exerts their eff ects on stress tolerance are 
not understood yet. In this study, we found that the BR-induced ROS 
producti on was impaired in BR biosyntheti c or signaling mutant. We also 
found that CBL10, one of the calcineurin B-like (CBLs) proteins that sense 
calcium, can be signaling component for BR-induced ROS by showing that 
ROS-induced CBL10 expression was nullifi ed and the endogenous CBL10 
expression in shoot was reduced in the BR signaling mutant. Moreover, 
we provided a possible explanati on for positi ve role of CBL10 in salt 
tolerance by showing BR sensiti vity in hypocotyl growth was reduced in 
cbl10 under salt conditi on. Additi onally we found that CBL10 functi ons 
negati vely in drought tolerance, opposite aspect for its positi ve functi on 
in salt resistance. 

P502 (Talk) - Suppressor screening of 
autophagy-defective mutants based on early 
senescence 
 

NAYA AQUILUE Loreto(1), MASCLAUX-DAUBRESSE Céline(1), 
YOSHIMOTO Kohki(1)  
(1) INRA IJPB, VERSAILLES, FRANCE 
Autophagy is a conserved mechanism for degradati on of cellular contents 
to recycle nutrients, and it is coordinated by Autophagy related (ATG) 
proteins. Dysfuncti onal proteins or damaged organelles are recognized 
and enclosed in a double membrane vesicle called autophagosome, 
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and then delivered to the vacuole, where the contents are degraded 
by vacuolar hydrolases. In plants, autophagy is very important during 
development, senescence, and to deal with starvati on and other adverse 
conditi ons(1). Autophagy-defecti ve mutants show an early senescence 
phenotype under normal growth conditi on and carbon- or nitrogen-
starvati on conditi ons (2, 3). This phenotype is parti cularly strong in 
atg2, in which the gene disrupted by a T-DNA inserti on encodes ATG2, a 
protein involved in the formati on/expansion of the double membrane of 
autophagosomes. atg2 mutant plants grown without sugar and exposed 
to prolonged darkness cannot be recovered when they are exposed 
to light again, contrary to wild type plants. This conditi on was used to 
perform a suppressor screening on atg2 aft er EMS mutagenesis, to 
identi fy genes connecti ng autophagy and senescence processes. A total 
of 6 suppressors were confi rmed on M3 generati on. The 6 candidates are 
currently being sequenced and characterized phenotypically. 

P503 - Analysis of direct target genes of SOG1, 
a key transcription factor involved in DNA 
damage response 
 

OGITA Nobuo(1), OKUSHIMA Yoko(1), KURATA Tetsuya(2), 
TOKIZAWA Mutsutomo(3) , YAMAMOTO Yoshiharu(4), 
TAKAHASHI Naoki(1), UMEDA Masaaki(1) 
(1) Graduate School of Biological Sciences, Nara Institute of Science 
and Technology (NAIST), Nara, JAPAN (2)  Graduate School of Life 
Sciences, Tohoku University, Sendai, JAPAN(3)  United Graduate 
School of Agricultural Science, Gifu University, Gifu, JAPAN(4) Faculty 
of Applied Biological Sciences, Gifu University, Gifu, JAPAN (5) 
JST,CREST, Nara, JAPAN 
Plants are constantly exposed to a risk of DNA damage induced by DNA 
replicati on error and environmental stresses such as UV, heavy metals 
and pathogen att acks. Therefore, DNA damage response is important for 
plants to survive under various environmental conditi ons. In Arabidopsis, 
it has been reported that SUPPRESSOR OF GAMMA RADIATION 1 (SOG1) 
transcripti on factor functi ons as a master regulator of DNA damage 
response. However, the signaling pathway downstream of SOG1 has been 
less understood. To uncover the mechanisms underlying DNA damage 
response controlled by SOG1, we performed microarray and ChIP-Seq 
analyses to identi fy direct target genes of SOG1. We identi fi ed about 120 
genes as SOG1-direct target genes. Many genes related to DNA repair 
and cell cycle regulati on were included in the target genes. Interesti ngly, 
some key genes in plant immune signaling were also identi fi ed as SOG1-
target genes, suggesti ng that SOG1 is involved in defense response. Also, 
we could identi fy shared consensus sequence in the promoters of SOG1-
direct target genes. One of the promoters with base substi tuti ons in the 
consensus sequence did not respond to DNA damage in planta, indicati ng 
that the consensus sequence functi ons as cis-regulatory element 
recognized by SOG1. Our fi ndings suggest that SOG1 directly induces a set 
of genes, which are involved in DNA repair, cell cycle and plant immunity 
system, through binding to the consensus sequence. 

P504 - Plant Growth At High Densities: Shade 
Avoidance Responses To Neighbors 
 

PANTAZOPOULOU Chrysoula(1), PIERIK Ronald(1)  
(1) Plant Ecophysiology, Institute of Environmental Biology, Utrecht 
University, Utrecht, NETHERLANDS 
One of the main problems in agriculture is the loss of crop yield due to 
weeds. The competi ti on for resources, including light, between crops and 
weeds is parti cularly severe at high plant densiti es. In dense stands, the 
light environment is already changing before true shading occurs, due to 
selecti ve wavelength refl ecti on by neighboring plants. Previous studies 
have shown that the earliest neighbor responses in dense stands of 
Arabidopsis are induced through touching of leaves and lead to upward 
leaf movement (hyponasty). The resulti ng verti cal canopy structure 
increases the horizontal refl ecti on of far-red (FR) light by the elevated 
leaves towards neighboring plants. This FR enrichment in turn lowers 
the Red:Far-red light rati o (R:FR) perceived by neighbors, consti tuti ng a 
signal for upcoming competi ti on for light. In response, plants follow a 
defensive strategy of &lsquo;shade avoidance&rsquo; in order to survive 
as individuals. These responses lead to more open crop canopy, in which 
more light penetrates through the canopy facilitati ng weed growth. 
We will further elucidate the mechanism(s) involved in plant neighbor 
detecti on and study the consequence of plant neighbor detecti on for 
weed suppression by testi ng whether inhibiti on of shade avoidance 
responses through geneti c approaches, leads to a bett er “closed” crop 
canopy that can eff ecti vely cooperati vely suppress weeds. 

P505 - Eff ects of a Variety of Environmental 
Factors on the Splicing of Chloroplast Introns 
 

PARK Su Jung(1), CHOI Min Ji(1), KANG Hunseung(1)  
(1) Chonnam National University, Gwangju, SOUTH KOREA 
Chloroplast gene expression is mainly regulated at the postt ranscripti onal 
levels, including intron splicing, rRNA processing, and editi ng. Although 
several recent studies have demonstrated that these postt ranscripti onal 
RNA metabolism in chloroplasts is aff ected by developmental and 
environmental cues, reports investi gati ng the eff ects of environmental 
factors on chloroplast RNA metabolism are severely limited. To get 
insights into the importance of chloroplast RNA metabolism during stress 
responses, we carried out a comprehensive analysis of the intron splicing 
of chloroplast transcripts in Arabidopsis thaliana and cabbage (Brassica 
rapa) under diff erent environmental conditi ons, such as applicati on 
of photosynthesis electron transfer inhibitor, DCMU and DBMIB, and 
treatment of a variety of environmental stresses, including drought, 
salt, cold, UV, or heat stresses. The results showed that splicing patt erns 
and transcript levels of the selected chloroplast genes are modulated 
by diff erent environmental factors and photosynthesis electron transfer 
inhibitors. Taken together, our results demonstrate that splicing of 
chloroplast transcripts is aff ected diff erently by various environmental 
factors, which suggests that proper splicing of chloroplast genes is 
important for plant response to environmental cues. [Supported by 
grants from NRF and Next-Generati on BioGreen21] 

P506 - Nucleocytoplasmic NPR1 is Pivotal 
Signaling Component in Response to Salt Stress 
in tobacco roots 
 

SEO So Yeon(1), WI Soo Jin(1), PARK Ky Young(1)  
(1) Sunchon National University, Sunchon, SOUTH KOREA 
Translocati on of nonexpressor of pathogenesis-related (PR) gene 1 (NPR1) 
protein, a transcripti onal coacti vator for salicylic acid-mediated pathogen 
att ack, from cytoplasm to the nucleus is involved in early regulatory 
pathway of salt stress in tobacco roots. NPR1-green fl uorescence protein 
(GFP) fusion protein exhibited strong localizati on in the cytoplasm of 
the elongati on zone (EZ) and diff erenti ati on zone (DZ) in control roots 
of NPR1-GFP transgenic plants (35S:: NPR1-GFP). But GFP fl uorescence 
was not observed at all in the meristamati c zone (MZ), indicati ng that 
NPR1 is consti tuti vely cleared by 26S proteasome, and then did not 
involve in cell division. We next analyzed subcellular localizati on of NPR1-
GFP protein aft er salt stress. Aft er 1h, translocati on of cytosolic NPR1 
fl uorescence into the nucleus was clearly observed in the EZ, whereas 
NPR1-GFP protein was strongly localized in the plasma membrane of the 
DZ. Oligomeric NPR1 remained at a steady-state level in roots during salt 
stress. However, dimeric and monomeric NPR1, translocati on forms from 
cytosol to nucleus, were signifi cantly cleared by proteasome-mediated 
degradati on in tobacco roots during salt stress. Tissue-specifi c distributi on 
of NPR1 proteins was well in accordance with stress-induced patt ern of 
reacti ve oxygen species (ROS) accumulati on in roots during salt stress. 
These results indicated that the eff ects of NPR1 in response to salt stress 
are regulated in a ROS-mediated spati al subcellular manner. 

P507 - ROS Homeostasis Under Anoxia is 
Mediated by the Universal Stress Protein HRU1 
 
GONZALI Silvia(1), LORETI Elena (2) , CARDARELLI Francesco(3), 
NOVI Giacomo(1), PARLANTI Sandro(1), PUCCIARIELLO 
Chiara(1), BASSOLINO Laura(1), BANTI Valeria(1), LICAUSI 
Francesco(1), PERATA Pierdomenico(1) 
(1) Institute of Life Sciences, Scuola Superiore Sant’Anna, Pisa, ITALY 
(2)  Institute of Agricultural Biology and Biotechnology, CNR, Pisa, 
ITALY(3)  Center for Nanotechnology Innovation @NEST, Istituto 
Italiano di Tecnologia, Pisa, ITALY 
The response of Arabidopsis thaliana to low oxygen is acti vated by the 
oxygen sensor RAP2.12, which controls a core set of hypoxia-responsive 
genes responsible for metabolic acclimati on. Anoxia also induces 
genes that have been identi fi ed as related to reacti ve oxygen species 
(ROS). Here, we show that a low-oxygen responsive Universal Stress 
Protein (HRU1) is induced by RAP2.12 and modulates ROS producti on. 
Mutati ons in HRU1 result in misregulated ROS producti on and aff ect 
tolerance to both anoxia and submergence. We found that HRU1 aff ects 
ROS producti on by interacti ng with ROP2 small GTPase, RbohD NADPH 
oxidase, and thioredoxin-h, thus highlighti ng the existence of an anoxia-
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specifi c mechanism for the modulati on of ROS producti on. We suggest 
that the inducti on of HRU1 under anoxia integrates the anaerobic 
response with the producti on of ROS and consequent signaling. 

P508 - Hydrotropic response defi ciency in the 
ahr1 mutant aff ects the expression Upbeat1, 
High Ploidy2, and Cobra genes during water 
stress conditions 
 

CASTILLO-OLAMENDI Luis, G.(1), CASSAB Galdys(1), PORTA 
Helena(1), PORTA Helena(1)  
(1) Instituto de Biotecnologia Universidad Nacional Autonoma de 
Mexico, Cuernavaca, MEXICO 
Hydrotropism involves the percepti on of water and consequently the 
change of the growth directi on of the root to the water source. This 
process is considered an adapti ve strategy to resist drought. Interested in 
described if some root growth genes were altered in the ahr1 mutant, we 
analyzed the expression of genes that parti cipate in root development, 
like SUMO E3 Ligase (HIGH PLOIDY2, HPY2), a glycosylphosphati dylinositol 
(GPI)-anchored protein (COBRA), and a tonoplast intrinsic protein 
(GAMMA). We also analyzed the mRNA level of UPBEAT1 (Upb1) a 
negati ve regulator of peroxidases acti vity during root growth that directly 
regulates the expression of a set of peroxidases. Results showed that 
Cobra expression diminished in wild type roots grew on water stress 
system, however the mRNA levels did not change signifi cantly in the ahr1 
roots, in the same conditi ons. Polar expansion of roots might be negati vely 
regulated during water stress in Col-0 but did not aff ect ahr1 root growth. 
Cobra functi on might be required for a longitudinal expansion allowing 
root growth during water stress. Hyp2 expression diminished in wild 
type roots grew on water stress system, however the mRNA levels did 
not change signifi cantly in the ahr1 roots, in the same conditi ons. This 
down-regulati on of Hpy2 transcript levels might be related to an increase 
drought tolerance in ahr1 mutant. Wild type roots and ahr1 showed low 
levels of Upb1 expression during water stress. 

P509 - Chloroplast signals in the control of 
plant growth, programmed cell death and 
defense mechanisms 
 
BRUGGEMAN Quentin(1), HUDIK Elodie(1), MAZUBERT 
Christelle(1), BOURGE Michael (2) , YOSHIOKA Yasushi(3), 
DELARUE Marianne (1), BERGOUNIOUX Catherine(1), 
BENHAMED Moussa(1), RAYNAUD Cécile(1)  
(1) IPS2, Orsay, FRANCE (2)  IMAGIF, Gif-sur-Yvette, FRANCE(3)  Nagoya 
University, Nagoya, JAPAN 
Plants are sessile organims and therefore have to adjust to a changing 
environment. Because they play a central role in various aspects of 
plant metabolism and their functi on is exquisitely sensiti ve to external 
conditi ons, chloroplasts are ideally suited to play a role as sensors of 
stresses, and a wealth of retrograde signaling pathways have been 
identi fi ed that modulate nuclear gene expression in response to external 
sti muli. Using various geneti c approaches, we have shown that reduced 
photosynthesis impacts cell cycle progression, but also that chloroplast 
dysfuncti on causes consti tuti ve acti vati on of stress responses leading to 
the upregulati on of specifi c cell cycle inhibitors and triggering premature 
exit of proliferati on and cellular diff erenti ati on. In additi on, chloroplast-
derived signals also play a role in the control of programmed cell death: 
we have shown that photosyntheti c acti vity is required for the onset of 
cell death, and that the producti on of 3’-phosphoadenosine 5’-phosphate 
(a metabolite involved in high-light response) in chloroplasts is a negati ve 
regulator of programmed cell death. Together, our results provide 
evidence for the central role of chloroplastderived signals in all aspects of 
plant development, bioti c and abioti c stress response. 

P510 (Talk) - Cross-species-functionality of a 
Salix caprea CELL WALL ASSOCIATED KINASE-
LIKE protein in Arabidopsis 
 

RICHTER Julia(1), SHI Shengqing (2) , SÜß Claudia(1), 
KONLECHNER Cornelia(1), PITZSCHKE Andrea(3) , OBERWALDER 
Mario(4), HANN Stephan (4), HAUSER Marie-Theres(1)  
(1) Department of Applied Genetics and Cell Biology, University of 
Natural Resources and Life Sciences, Muthgasse 18 1190, Vienna, 
AUSTRIA (2)  Research Institute of Forestry, Chinese Academy of 
Forestry, P.O. Box 1958, 100091, Beijing, P.R. CHINA(3)  Division 
of Plant Physiology, University of Salzburg, Hellbrunnerstrasse 
34, 5020, Salzburg, AUSTRIA(4) Division of Analytical Chemistry, 
University of Natural Resources and Life Sciences, Muthgasse 18 
1190, Vienna, AUSTRIA 
Isolates of the fast growing willow tree Salix caprea are capable of 
tolerati ng and accumulati ng heavy metals from soil and thus are 
candidates for phytoremediati on strategies. Previously, we have shown 
that upon long ti me exposure with cadmium (Cd) and zinc (Zn) a CELL 
WALL ASSOCIATED KINASE-LIKE gene (ScWAKL) was highly upregulated(1). 
Phylogeneti c analysis with all WAK and WAKL proteins of Arabidopsis, 
Brachypodium distachyon, Populus trichocarpa and Salix purpurea 
positi oned the ScWAKL in a disti nct subfamily specifi c to the Salicaceae. 
Here, we present the functi onal analysis of ScWAKL in a cross-species 
approach expressing a ScWAKL-GFP fusion protein in Arabidopsis. We 
show that ScWAKL-GFP is localized in the plasma membrane and does 
not aff ect growth as long as the transgenes are not exposed to heavy 
metal or trace elements. In root growth assays, ScWAKL-GFP transgenes 
exhibit the same responses as wild type on medium supplemented 
with manganese and nickel. While the transgenes are hypersensiti ve to 
cadmium, copper and zinc, they show a higher tolerance towards lead 
(Pb). To understand the molecular basis of this selecti ve mechanism of 
recogniti on and response, expression of metal responsive genes was 
quanti fi ed and evaluated in the context of the ionome data of Cd and Pb 
treated ScWAKL-GFP and wildtype seedlings. A model will be presented 
describing how ScWAKL mediates selecti ve responses towards Cd and Pb. 
(1) Konlechner et al. (2013) Environ Pollut 178C, 121-127 

P511 - Discovery and characterization of 
putative plant prions using an integrated 
approach 
 

RIVAL Pauline(1), SITKO Kate(1), ESPINOSA Claudia(1), FOWLER 
Doug(1), QUEITSCH Christine(1)  
(1) University of Washington, Seattle, UNITED STATES 
Prions are self-replicati ng protein structures that can be transferred 
between cells or organisms by conversion of the nati ve protein to the 
aggregated prion form. Prions have been associated with diseases in 
mammals, but in fungi and fl ies they govern diverse phenotypic switches, 
for example in metabolism and learning. Surprisingly, prions have not 
been identi fi ed in plants yet. Recently, we have taken advantage of a 
computati onally study that predicted a set of prion candidates in A. 
thaliana to characterize potenti al plant prions. Using well established 
yeast assays we have shown that three of these, NRPE1, PosF21 and 
Med9, form SDS-resistant aggregates, a property consistent with prions. 
Furthermore, the gold standard S. cerevisiae phenotype switching assay 
revealed that PosF21 behaves as a prion in yeast. Several A. thaliana 
mutants for these genes were selected and grown in several conditi ons 
aff ecti ng protein folding. These experiments uncovered a role for these 
genes in salt stress tolerance, with the line overexpressing NRPE1 
prion domain being very sensiti ve to cold, heat and salt. Deleti ng or 
overexpressing these prion domains in A. thaliana transgenic lines will 
address their functi onal importance in plants. Changing chaperone 
levels in these plants will tell us whether the prion domain-dependent 
phenotypes we observe are chaperone dependent. This work could 
reveal the existence of prions involved in key biological processes in a 
new kingdom of life, plants. 
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P512 (Talk) - ABA and fl g22 signaling pathways 
inducing stomatal closure: role of aquaporins 
in regulation of water and hydrogen peroxide 
transport 
 

RODRIGUES Olivier(1), GRONDIN Alexandre(1), RESHETNYAK 
Ganna(1), MERLOT Sylvain (2) , LEONHARDT Nathalie(3) , 
VERDOUCQ Lionel(1), MAUREL Christophe(1) 
(1) Biochimie et Physiologie Moléculaire des Plantes, INRA/CNRS, 
Montpellier, FRANCE (2)  Institut des Sciences du Végétal, CNRS, Gif-
sur-Yvette, FRANCE(3)  Laboratoire de Biologie du Développement 
des Plantes, CEA/CNRS Cadarache, St Paul lez Durance, FRANCE 
Stomatal movements are crucial for controlling the plant water status 
under changing environmental conditi ons and for protecti ng plants 
against pathogens. Although stomatal movements involve marked 
water fl uxes, the role of aquaporins (AQP) has remained hypotheti cal. 
Functi onal assays in epidermal peels of Arabidopsis leaves showed that 
pip2;1 plants invalidated for plasma membrane AQP PIP2;1 gene have a 
defect in stomatal closure in response to abscisic acid (ABA) and fl agellin 
pepti de fl g22, but normal responses to dark, light or carbon dioxide. 
Guard cell (GC) protoplasts from wild-type plants showed an increase 
in osmoti c water permeability (Pf) in response to ABA and fl g22 which 
was fully abrogated in pip2;1 GC protoplasts. Transgenic expression of 
hydrogen peroxide (H2O2) sensiti ve probe HyPer revealed that ABA and 
fl g22 induce an accumulati on of H2O2 in GCs of wild-type but not of pip2;1 
plants. OST1, a key kinase in ABA signaling was able to phosphorylate 
in vitro a cytosolic pepti de of PIP2;1 at Ser121. OST1 also enhanced 
PIP2;1 water transport acti vity aft er co-expression in Xenopus oocytes. 
Furthermore, expression in pip2;1 plants of phospho-mimeti c or phospho-
defi cient forms of PIP2;1 indicated that the increase in GC protoplast Pf, 
intracellular accumulati on of H2O2 and stomatal closure induced by ABA 
and fl g22 require phosphorylati on of Ser121. This work provides the fi rst 
direct geneti c evidence for aquaporin functi on in GCs. We propose that 
PIP2;1 plays a hydraulic and signaling role in GC pathways requiring H2O2, 
with a key regulatory role of Ser121 phosphorylati on. 

P513 - The Organization of Controller Motifs 
Leading to Robust Plant Iron Homeostasis 
 

AGAFONOV Oleg(1), SELSTØ Christina H.(1), THORSEN 
Kristian(2) , XU Xiang M.(1), DRENGSTIG Tormod (2) , RUOFF 
Peter(1)  
(1) Centre for Organelle Research, University of Stavanger, 
Stavanger, NORWAY (2)  Department of Electrical Engineering and 
Computer Science, University of Stavanger, Stavanger, NORWAY 
Homeostati c mechanisms are essenti al to keep cells and organisms 
fi t in a changing and challenging environment. An important task is 
to identi fy the principles, which contribute to the functi onality and 
robustness of homeostati c mechanisms in the presence of environmental 
perturbati ons. Although key components of iron homeostasis have been 
identi fi ed in Arabidopsis and other plants, the ways these components 
integrate and interact are not well understood. We use a computati onal 
approach to describe robust iron homeostasis in Arabidopsis roots. We 
show that a functi onally conserved hierarchical set-point structure of 
the key regulators needs to be established in order to obtain a concerted 
and integrated homeostati c behavior during high- and low-affi  nity iron 
uptake, assimilati on, storage, as well as iron remobilizati on from the 
vacuolar store. If this hierarchical set-point structure is not met, several 
dysfuncti onal behaviors in iron regulati on are observed. In agreement 
with experimental results the emerging model points towards a central 
regulatory functi on of the global transcripti on factor FIT during high-
affi  nity uptake of iron. It further predicts a dramati c improvement in the 
iron uptake system’s response ti me due to an experimentally identi fi ed 
stabilizing eff ect of FIT on the iron transporter IRT1. By including an 
additi onal infl ow controller in the vacuolar membrane, the model suggests 
an iron bioforti fi cati on approach, which allows an increased vacuolar iron 
storage capacity in roots even under iron limiti ng conditi ons. 

P514 - RCI1A connects low temperature 
response with ET biosynthesis to regulate 
freezing tolerance in Arabidopsis 
 

CATALÁ Rafael(1), LÓPEZ-COBOLLO Rosa(1), SALINAS Julio(1) 
(1) Department of Environmental Biology, Centro de Investigaciones 
Biológicas (CIB-CSIC), Ramiro de Maeztu 9, 28040 Madrid, SPAIN 
For plants, as sessile organisms, extreme temperatures are among the 
environmental factors that most conditi on their development and 
distributi on. Understanding how plants cope with extreme temperatures 
is interesti ng not only from a basic point of view but also from a more 
practi cal aspect to design molecular tools that can be used to improve 
crop tolerance to this adverse environmental conditi on. During the last 
years, an important eff ort has been devoted to unveil the molecular 
mechanisms underlying plant response to low temperature, and more 
specifi cally the process of cold acclimati on, the adapti ve process whereby 
many plants from temperate regions are able to increase their freezing 
tolerance aft er a period of exposure to low non-freezing temperature. In 
our lab, we previously identi fi ed the Arabidopsis RARE COLD INDUCIBLE 
1A (RCI1A) gene, which encodes the 14-3-3 psi isoform. 14-3-3 proteins 
have the potenti al to regulate plant responses to abioti c stresses, 
however their role in such responses remains poorly understood. The 
functi onal characterizati on of RCI1A has revealed that this 14-3-3 isoform 
interacts with diff erent key enzymes of the ethylene biosyntheti c pathway 
to control the phytohormone levels which, in turn, regulate cold-induced 
gene expression and freezing tolerance. We propose that RCI1A negati vely 
modulates ethylene biosynthesis and contributes to determine the 
precise levels of ethylene that are necessary for accurate development of 
consti tuti ve freezing tolerance and cold acclimati on in Arabidopsis. Work 
funded by the Ministerio de Economía y Competi ti vidad, Grants BIO2010-
17545 and BIO2013-47788-R. RC was supported by a JAE Doc contract 
from CSIC. 

P515 (Talk) - Seed Longevities in Arabidopsis 
Natural Variations after Priming Treatments 
 

SANO Naoto(1), SEO Mitsunori(1)  
(1) RIKEN Center for Sustainable Resource Science, Yokohama, 
JAPAN 
Seed longevity, the periods in which seeds remain viable, is more than 
100 years in some cases. One of the determinants of seed longevity is 
dryness of the seeds, because seed longevity remarkably decreases as 
seed moisture content increases. On the other hand, priming is a kind of 
treatment given to seeds to achieve uniformed seed germinati on in crop 
culti vati ons. The treatment, which oft en includes temporal imbibiti on and 
subsequent drying of seeds, is required to release seed dormancy and 
acti vate metabolic events associated with germinati on, however, such a 
treatment reduces seed longevity. Thus, it is important to improve the 
seed longevity aft er priming for sustainable seed supply in agriculture. 
To clarify the molecular mechanisms involved in the regulati on of seed 
longevity before and aft er priming treatments, we investi gated the 
seed longevity in 235 accessions of Arabidopsis natural variati ons. 
Aft er priming (imbibiti on for 3 days in the dark at 4°C and subsequent 
incubati on for 12 hours in conti nuous light at 22°C) treatments, most 
of the accessions showed signifi cant reducti on in their seed longevity, 
whereas three accessions exhibited markedly longer longevity aft er the 
priming treatment compared with a standard accession Col-0. By using 
recombinant inbred lines from a cross between the accessions and Col-0, 
we are looking for quanti tati ve trait locus determining the seed longevity 
aft er priming treatments. 



163
THE 26TH 
INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

P516 - Arabidosis DPB3-1 and NF-Y Subunits  
Forms a Transcriptional Complex and Enhances 
the Heat Stress-Specifi c Expression of DREB2A 
Target Genes 
 

SATO Hikaru(1), MIZOI Junya (2) , TANAKA Hidenori (2) , 
MARUYAMA Kyonoshin(3) , QIN Feng(3) , OSAKABE Yuriko 
(2) , NAGATA Maika (2), SHINOZAKI Kazuo(4), YAMAGUCHI-
SHINOZAKI Kazuko (2)   
(1) The University of Tokyo, Tokyo, JAPAN (CURRENT ADDRESS: RIKEN 
CSRS, TSUKUBA, JAPAN) (2)  The University of Tokyo, Tokyo, JAPAN(3)  
Japan International Research Center for Agricultural Sciences, 
Tsukuba, JAPAN(4) RIKEN CSRS, Tsukuba, JAPAN 
Appropriate gene expression in response to changes of the environmental 
conditi ons is necessary for plants to survive. Arabidopsis DREB2A is an 
important transcripti on factor that regulates dehydrati on and heat stress-
inducible genes. The DREB2A gene is induced by dehydrati on and heat 
stress conditi ons and the encoding protein is stabilized under those stress 
conditi ons. The DREB2A protein induces the expression of dehydrati on 
or heat stress-inducible target genes according the environmental 
conditi ons. However, detailed mechanisms in which DREB2A selects 
its target genes under stress conditi ons remain to be elucidated. In 
this study, we identi fi ed DPB3-1 as an interacti ng protein with DREB2A 
using yeast two-hybrid screening. DPB3-1-overexpressing Arabidopsis 
showed signifi cantly increased heat stress tolerance, while the drought 
stress tolerance was not signifi cantly changed. Moreover, the analysis 
of gene expression patt erns revealed that the expression levels of heat 
stress-inducible DREB2A target genes were enhanced, while those of 
dehydrati on stress-inducible genes were not aff ected. These results 
suggest that DPB3-1 is a positi ve regulator of DREB2A specifi cally under 
heat stress conditi ons. Further analysis for protein interacti ons suggested 
that NF-Y subunits formed a heat stress-specifi c transcripti onal complex 
with DPB3-1. Now, we are analyzing the detailed mechanisms in which 
the identi fi ed proteins regulate the stress-specifi c acti vity of DREB2A. 

P517 (Talk) - HMA6 and HMA8 are two 
chloroplast Cu+-ATPases with diff erent 
enzymatic properties 
 

SAUTRON Emeline(1), GIUSTINI Cécile(1), PRO Danièle(1), 
CROUZY Serge (2) , ROLLAND Norbert(1), CATTY Patrice (2) , 
SEIGNEURIN-BERNY Daphné(1)

(1) Laboratoire Physiologie Cellulaire et Végétale UMR5168-UJF/
CNRS/CEA, USC1359-INRA, Grenoble, FRANCE (2)  Laboratoire 
Chimie et Biologie des Métaux UMR5249-CNRS/CEA-DSV iRTSV/UJF, 
Grenoble, FRANCE 
Copper (Cu), a transiti on metal, is a key element in redox reacti ons but 
also a toxic compound when present in excess in the cell. Therefore, 
assimilati on and distributi on of Cu must be ti ghtly regulated to fi t 
cellular requirements. In Arabidopsis chloroplast, Cu plays a key role 
in the photosyntheti c process as cofactor of the plastocyanin (PC). 
Since PC is an essenti al component of the chloroplast photosyntheti c 
electron transfer chain, Cu delivery to the thylakoid lumen is a priority 
for plant cells. In Arabidopsis, Cu delivery into the thylakoids involves 
two transporters of the PIB-1 ATPases family, HMA6 located at the 
chloroplast envelope and HMA8 at the thylakoid membrane. To gain 
further insight into the way Cu is delivered to PC, we have analyzed the 
enzymati c properti es of HMA8 and compared them to HMA6 ones. To 
achieve that goal, nati ve and mutated forms of the transporters have 
been produced in Lactoccoccus lacti s. Their enzymati c properti es have 
been determined by in vitro phosphorylati on assays, and confi rmed 
by phenotypic analysis in yeast. These experiments reveal that HMA6 
and HMA8 display diff erent enzymati c properti es: HMA8 has a higher 
apparent affi  nity for Cu+ but a slower dephosphorylati on kineti cs than 
HMA6. Modeling experiments suggest that these diff erences could be 
explained by the electrostati c properti es of the Cu releasing caviti es of 
the two transporters and/or by the diff erent nature of their cognate Cu 
acceptors (metallochaperone/PC). 
 

P518 - Molecular and functional 
characterization of the mitochondrial proline 
dehydrogenase 1 in Arabidopsis thaliana 
 

CABASSA-HOURTON Cécile(1), SCHERTL Peter (2) , 
BORDENAVE-JACQUEMIN Marianne(1), SAADALLAH 
Kaouthar(1), GUIVARC’H Anne(1), PLANCHAIS Séverine (1), 
LEBRETON Sandrine(1), CAROL Pierre(1), BRAUN Hans-Peter (2), 
SAVOURE Arnould(1) 
(1) UPMC, Paris, FRANCE (2)  Leibniz University Hannover, Hannover, 
GERMANY 
Proline is accumulated in many plant species in response to environmental 
stresses. Upon relief from stress, proline is rapidly oxidized in mitochondria 
by the rate limiti ng proline dehydrogenase (ProDH) enzyme and then by 
the pyrroline-5-carboxylate dehydrogenase (P5CDH) enzyme. Although 
two ProDH genes have been identi fi ed in the Arabidopsis genome, 
litt le is known about the functi on of these isoforms. A viable double 
prodh1prodh2 mutant was generated. To evaluate the contributi on of 
each isoform to proline oxidati on, mitochondria were either isolated from 
wild-type, prodh1, prodh2, prodh1 prodh2 or p5cdh mutants. Oxygen 
consumpti on, ProDH acti vity and proteomic analysis were conducted. We 
show that root growth as well as root density are diff erenti ally aff ected in 
the diff erent prodh mutants in response to proline. We also demonstrate 
that ProDH acti vity is linked to ProDH content. In additi on we show 
that ProDH1 forms part of a low molecular weight complex in the 
mitochondrial membrane. Finally, protein separati on by 2D Blue nati ve 
/ SDS PAGE in combinati on with immunoblotti  ng and protein analysis 
by mass spectrometry allowed the identi fi cati on of ProDH1 pepti des in 
mitochondria. Molecular and biochemical analyses indicate a key role of 
ProDH1 in proline oxidati on and electron transfer to the respiratory chain. 

P519 - Regulation of Na+ transport, the 
role and control of AtHKT1;1 expression in 
Arabidopsis thaliana ecotypes Col-0 and C24 
 

SCHMÖCKEL Sandra(1), SUNDSTROM Joanna (2) , TESTER 
Mark(1), BERGER Bettina(3) , ROY Stuart (2)   
(1) King Abdullah University of Science and Technology (KAUST), 
Thuwal, SAUDI ARABIA (2)  Australian Centre for Plant Functional 
Genomics (ACPFG) and the University of Adelaide, Adelaide, 
AUSTRALIA(3)  The Plant Accelerator and University of Adelaide, 
Adelaide, AUSTRALIA 
Two Arabidopsis ecotypes, Col-0 and C24, have previously been identi fi ed 
as interesti ng candidates to study plant salinity tolerance. Notably, C24 
accumulates signifi cantly more Na+ in the shoot than Col-0. Despite its 
superior Na+ exclusion, the Col-0 ecotype is less salt tolerant than the C24 
ecotype, based on its reducti on in dry weight under stressed conditi ons. 
We investi gated the basis for the diff erence in shoot Na+ accumulati on 
between Col-0 and C24 using a geneti c approach. Quanti tati ve trait loci 
analysis of a Col-0 × C24 mapping populati on indicated that the diff erence 
in Na+ accumulati on mapped to a locus that included AtHKT1;1. AtHKT1;1 
encodes a protein likely to mediate the retrieval of Na+ from the xylem, 
thereby reducing translocati on of Na+ to the shoot. C24 and Col-0 HKTs 
were compared at the protein and transcripti onal levels. RT-PCR showed 
that the levels of mRNA of AtHKT1;1 in roots were much lower in C24 
than Col-0. To determine the mechanism of diff erences in expression 
levels between the two ecotypes, a series of AtHKT1;1promoter:: GFP 
constructs were tested in Arabidopsis. Results show that both the Col-0 
and C24 AtHKT1;1 promoters are able to drive GFP expression, suggesti ng 
that diff erences in the promoter region are not responsible for the low 
levels of AtHKT1;1 mRNA in C24 roots. However, a transposable element 
identi fi ed in the second intron of the C24 AtHKT1;1 genomic sequence 
seems likely to be determining diff erences between the two ecotypes. 
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P520 - Identifi cation of Genetic Determinants 
of Root Hydraulics in Arabidopsis thaliana 
 

SHAHZAD Zaigham(1), LI Guowei(1), SUTKA Moira(1), 
TOURNAIRE-ROUX Colette(1), POSTAIRE Olivier(1), MAUREL 
Christophe(1)

(1) Biochimie et Physiologie Moléculaire des Plantes, UMR5004, 
Montpellier SupAgro/CNRS/INRA/Université Montpellier II, 2 Place 
Viala, F-34060 , Montpellier, FRANCE 
Roots play a crucial role in soil water uptake, and their hydraulics has 
been the object of intense research in many plant species. We are using 
a combinati on of forward and reverse geneti cs approaches to provide a 
more detailed overview of Arabidopsis thaliana root hydraulics. Study of 
natural variati on among 13 A. thaliana accessions revealed the existence 
of a 2-fold variati on for root hydraulic conducti vity (Lpr), and variable 
contributi on of cell-to-cell and apoplasti c water transport paths (Sutka et 
al., 2011). The disti nct suberizati on patt erns observed among accessions 
did not correlate with their root hydraulic properti es. In comparison, a 
positi ve overall correlati on was found between transcripts abundance 
of certain plasma membrane intrinsic proteins aquaporins (PIPs) 
isoforms and Lpr. Further, geneti c characterizati on of two of the most 
highly expressed PIP aquaporins in roots i.e., AtPIP2;1 and AtPIP2;2 was 
performed (Péret et al., 2012). Single mutants for these PIPs did not show 
any alterati on of Lpr, whereas Lpr was found to be reduced by ~40% in the 
double mutants hinti ng to the functi onal redundancy for Lpr between PIP 
paralogues. A. thaliana lines over-expressing AtPIP2;1 exhibited 47-63% 
increase in Lpr. The overall work provides clues on the main aquaporin 
isoforms that determine root hydraulics in A. thaliana. It also shows that 
a wide range of root hydraulic profi les, as previously reported in various 
species, can be observed in a single model species. 

P521 (Talk) - Identifi cation and characterization 
of low Ca sensitive mutants in Arabidopsis 
 

SHIKANAI Yusuke(1), YOSHIDA Ryosuke(1), ENOMOTO 
Yusuke(1), LI Baohi(1), ASADA Mayu(1), YAMAGAMI Mutsumi(2), 
SHIGENOBU Shuji (3), YAMAGUCHI Katsushi(3) , KAMIYA 
Takehiro(1), FUJIWARA Toru(1)  
(1) The University of Tokyo, Tokyo, JAPAN (2)  Institute for 
Environmental Sciences, Aomori, JAPAN(3)  National Institute for 
Basic Biology, Aichi, JAPAN 
Calcium (Ca) defi ciency symptoms such as blossom end rot in tomato 
or ti p burn in foliar vegetables are one of agricultural problem which 
can be caused by not only low Ca concentrati on in soil but also other 
environmental stresses including drought and salinity. In spite of the 
economical importance of solving this problem, our understandings on 
molecular mechanisms of the adaptati on to low Ca circumstances in 
plants is sti ll limited. To identi fy the genes which are involved in low Ca 
adaptati on and to clarify molecular mechanisms how plant face with low 
Ca, we characterized mutants sensiti ve to low Ca and identi fi ed several 
essenti al genes for low Ca adaptati on in Arabidopsis. Some of these genes 
encode one of cell wall polymer synthase, and we also showed that these 
genes can complement a yeast mutant defecti ve in homologue genes. 
Elemental analysis revealed that there was no signifi cant diff erence 
between shoot Ca concentrati on of mutants and that of the wild type 
under the normal and the low Ca conditi on. The double mutant of these 
genes showed enhanced sensiti vity to low Ca. It has been already reported 
that the acti vity of synthesis of this cell wall polymer is dependent on 
Ca concentrati on. It is conceivable that the defect in the genes promotes 
low synthesis acti vity under low Ca conditi on and causes the poor growth 
under low Ca. 

P522 - Global Changes in Expression Pattern of 
Rice Non-Coding RNAs in Response to Nitrogen-
Defi cient Conditions 
 

SHIN Sang-Yoon(1), LIM Jaeyun(1), JEONG Jin Seo (2) , KIM Ju-
Kon (2) , SHIN Chanseo(1)  
(1) Department of Agricultural Biotechnology, Seoul National 
University, Seoul, SOUTH KOREA (2)  Seed Biotechnology 
Institute, Green Bio Science and Technology, Seoul National 
University, Pyeongchang-gun, Kangwon-do, SOUTH KOREA 
Nitrogen is a key component of crop plants growth. To increase the crop 
yield, the enormous amount of nitrogen-containing ferti lizer is used, 

which increases the total producti on cost and leads to environmental 
polluti on caused by residual nitrogen source which crop doesn’t take 
up. Small RNAs and long non-coding RNAs are non-coding RNAs, which 
regulates the expression of their target genes by their own specifi c 
molecular mechanisms. Recent studies showed that the expression pool 
of those non-coding RNAs could be modulated in response to nutrient-
defi cient conditi ons. In this study, we aim to investi gate the transcriptome-
wide responses of rice non-coding RNAs on nitrogen-defi cient conditi ons. 
For this, we performed strand-specifi c RNA-Seq and small RNA-Seq for 
identi fying nitrogen-responsive long non-coding RNAs and microRNAs, 
respecti vely. We observed the considerable expression changes of long 
non-coding RNA pool on nitrogen-defi cient conditi ons, and some of 
those showed nitrogen starvati on ti me-dependent expression patt erns. 
Moreover, microRNAs, such as miR169 family, were also showed nitrogen 
starvati on-dependent expression patt erns. Our study suggests that long 
non-coding RNAs and microRNAs may have roles in regulati ng expression 
of rice genes in response to nitrogen starvati on and supply state. This work 
is supported by a grant from the Next-Generati on BioGreen 21 Program 
(PJ01101803), Rural Development Administrati on, Republic of Korea. 

P523 - Lon protease domain-containing 
protein, LPCP1 regulates CBSX1, which is a 
key regulator of redox system in Arabidopsis 
chloroplast 
 

SHIN Jin Seok(1), KIM Soo Youn(1), SHIN Jeong Sheop(1)  
(1) korea university, seoul, SOUTH KOREA 
In our previous report, we identi fi ed proteins consisti ng of a single 
cystathionine b-synthase (CBS) domain pair stabilize cellular redox 
homeostasis via regulati on of Trx (thioredoxin) systems. Based on Y2H, 
BiFC assay and immunoprecipitati on, we found that LPCP1 (Lon protease 
domain-containing protein 1) interacts with CBSX1, one of CBS domain-
containing protein in chloroplast. Knock-down lines constructed by the 
arti fi cial microRNA showed severe sterility, due to their shorter siliques 
relati ve to the wild type and anther indehiscence. The sterility was 
severer with the higher CBSX1 overexpression. Moreover, compared to 
the wild type, the expression levels of ROS-related genes were decreased 
in LPCP1 knock-down lines but were increased in LPCP1 overexpressed 
lines. These expression patt erns were opposite to CBSX1 knock-out and 
overexpressed lines. Taken together, we suggest that LPCP1 acts as an 
antagonisti c regulator of CBSX1 which modulates Trx (thioredoxin) 
acti vity, so that maintains ROS homeostasis. 

P524 - A device for imaging and asymmetric 
perfusion of Arabidopsis roots 
 

STANLEY Claire (2) , SHRIVASTAVA Jagriti(1), BRUGMAN Rik(1), 
VAN SWAAY Dirk (2) , DEMELLO Andrew (2) , GROSSMANN 
Guido(1) 
(1) Centre for Organismal Studies (COS), Ruprecht-Karls-Universität 
Heidelberg, Heidelberg, GERMANY (2)  Institute for Chemical and 
Bioengineering, Department of Chemistry and Applied Biosciences, 
ETH Zürich, Zürich, SWITZERLAND 
Plant roots are highly sensiti ve to changing environmental conditi ons such 
as water and nutrient availability, bioti c and abioti c stresses. Response 
mechanisms involve local sensing, intracellular signaling and intercellular 
communicati on. We only begin to understand how environmental signals 
are integrated to modulate growth and development, how acclimati on 
and immunity are triggered, and how responses are being coordinated 
between distal ti ssues in the plant. To understand how roots perceive and 
process informati on about their change in environment we need tools 
that allow live imaging of roots and provide precise control over the root 
microenvironment. Over the past years, a number of microfl uidic devices 
have been developed that have substanti ally advanced experimental 
access to roots. A limitati on of existi ng devices has been the inability 
to dynamically simulate heterogeneous environments, which is an 
important characteristi c of natural growth conditi ons. Here we present 
a novel imaging and perfusion device for Arabidopsis roots that guides 
the growth directi on and allows controlled symmetric or asymmetric 
perfusion of the root to apply treatments only to one side. This device 
allows us to disti nguish cell-autonomous and coordinated responses that 
depend on intercellular communicati on. The possibility to switch the side 
of root treatment allows to study response kineti cs to locally changing 
environmental conditi ons. 
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P525 (Talk) - A mutation in NAC103 suppresses 
ROS accumulation in root tips caused by excess 
boron stress 
 

SOTTA Naoyuki(1), SAKAMOTO Takuya(1), KAMIYA Takehiro(1), 
SAWA Shinichiro (2) , TABATA Ryo (2) , YAMADA Masashi(3), 
HASEBE Mitsuyasu (4), SHIGENOBU Shuji(4), YAMAGUCHI 
Katsushi(4), FUJIWARA Toru(1)  
(1) The University of Tokyo, Tokyo, JAPAN (2)  Kumamoto University, 
Kumamoto, JAPAN(3)  Duke University, Durham, USA(4) NIBB, 
Okazaki, JAPAN 
Excess boron (B) is toxic to plants. The molecular mechanism of B toxicity 
is unclear. We have demonstrated that rpt5a-6, an Arabidopsis thaliana 
mutant of 26S proteasome, is sensiti ve to excess B. The mutant develops 
dead cells in its root meristem. We have also revealed that the sensiti vity 
is suppressed by a mutati on in a transcripti on factor NAC103, a substrate 
of proteasome, which functi ons in the unfolded protein response (UPR) 
pathway (Sun et al., 2013). Furthermore, the mutati on in NAC103 
alleviates DNA damage accumulati on, which is caused by excess B stress 
(Sakamoto et al., 2011). 
Based on the knowledge that one of the most common causes of DNA 
damage and unfolded protein producti on is oxidati on by reacti ve oxygen 
species (ROS), we hypothesized that ROS accumulati on is a primordial 
defect in excess B toxicity in root growth. DAB staining revealed that 
excess B causes H2O2 accumulati on in root ti ps, especially in rpt5a-6, 
and the accumulati on was reduced in rpt5a-6 nac103-1 double mutant. 
We also identi fi ed some ROS producti ve genes which were upregulated 
by excess B stress, which supported our hypothesis. Considering the 
recent report that exogenous over-expression of NAC103 resulted in ROS 
accumulati on in canola leaves (Niu et al., 2014), we suggest that NAC103 
regulati on through proteasome is essenti al for meristem maintenance, by 
preventi ng ROS accumulati on under excess B stress. 
 

P526 - Characterization of a MAPK signaling 
module involved in Arabidopsis response to 
wounding 
 

SOZEN Cécile(1), COLCOMBET Jean(1)  
(1) Institute of Plant Sciences - Paris Saclay (IPS2), ORSAY, FRANCE 
The sessile conditi on of plants exposes them conti nuously to any 
environmental stress. Injury, an important stress conditi on that plants 
must face, may cause harsh damages to the plant ti ssues and facilitate 
the entry of pathogens. Therefore, plants have evolved mechanisms to 
respond effi  ciently to wounding either by healing the damaged ti ssues 
or by isolati ng the wounded organs. Mitogen-Acti vated Protein Kinase 
(MAPK) modules, consisti ng of three kinases (MAP3K, MAP2K and MAPK) 
acti vated in cascade, play an important role in cellular signaling aft er stress 
percepti on by plants. In parti cular, several MAPKs have been reported to 
be acti vated by ABA, H2O2 or JA, that are well-known mediators of plant 
responses to environmental stresses, and produced upon wounding. The 
aim of this project is to identi fy a wounding-induced MAPK module and 
to characterize its functi ons in the wounding response by identi fying the 
upstream acti vati ng signals as well as the downstream cellular responses 
triggered by this pathway (gene expression, resistance to pathogens, 
etc.). Our fi rst biochemical and geneti c results led us to identi fy some 
MAPKs acti vated in response to wounding and JA in a MAP2K-dependent 
manner. The role of this pathway in the wound-induced cellular responses 
has also been tested. 

P527 - Analysis of Splicing, Processing, and 
Expression of Chloroplast Genes in Arabidopsis 
thaliana and Coff ea arabica under Abiotic 
Stress Conditions 
 

SY Nguyen Dinh(1), GU Lili(1), KANG Hunseung(1) 
(1) Chonnam National University, Gwangju, SOUTH KOREA 
Although many recent studies have demonstrated that chloroplast gene 
expression is regulated mainly at post-transcripti onal levels, the splicing 
and processing of chloroplast RNA transcripts and their eff ects on 
plant growth and stress responses are largely unknown. To understand 
how splicing and processing of chloroplast transcripts are related to 
plant growth and stress responses, we analyzed the intron splicing, 
gene expression, and rRNA processing of chloroplast transcripts in 
Arabidopsis thaliana and Coff ee tree (Coff ea arabica) under normal and 

stress conditi ons. The results showed that intron splicing and expression 
of many chloroplast genes were diff erently aff ected in Coff ee plants 
under drought, cold (6oC), or combined drought and heat (38oC) stress 
conditi ons. In additi on, splicing of many chloroplast RNAs and processing 
of rRNAs were impaired in Arabidopsis mutants lacking chloroplast-
localized DEAD-box RNA helicase or S1-domian RNA-binding protein, 
which results in abnormal growth and sensiti vity to environmental 
stresses. Taken together, these results demonstrate that correct splicing 
and processing of chloroplast RNAs are important for the growth of the 
plants under normal conditi ons as well as for the adaptati on of the plants 
to abioti c stresses. [Supported by grants from NRF and Next-Generati on 
BioGreen21] 

P528 - The Ethylene Response Factor-VII 
genes RAP2.12, RAP2.2 and RAP2.3 regulate 
low oxygen, oxidative and osmotic stress 
responses. 
 

PAPDI Csaba(1), PÉREZ-SALAMÓ Imma(1), JOSEPH Mary-
Prathiba(1), GIUNTOLI Beatrice (2) , BÖGRE László(3) , KONCZ 
Csaba (4), SZABADOS László(1)  
(1)Biological Research Centre, Szeged, HUNGARY (2)  Scuola Superiore 
Sant’Anna, Pisa, ITALY(3)  University of London, Egham Hill, UNITED 
KINGDOM(4) Max-Planck-Institut für Züchtungsforschung, Cologne, 
GERMANY 
The ERF-VII transcripti on factor RELATED TO APETALA2.12 (RAP2.12) was 
previously identi fi ed as an acti vator of the ADH1-LUC reporter gene (Papdi 
et al., 2008, Plant Physiol, 147: 528-542). RAP2.12 protein functi ons in 
oxygen sensing via the N-end rule protein degradati on pathway (NERP, 
Gibbs, D.J. et al., 2011, Nature 479, 415-418, Licausi, F. et al., 2011, Nature 
479, 419-422). Inducible overexpression of RAP2.12 and its homologs 
RAP2.2 and RAP2.3 conferred tolerance to anoxia, oxidati ve and osmoti c 
stresses, and enhanced the sensiti vity to ABA, while the rap2.12-2 rap2.3-
1 double mutant was hypersensiti ve to submergence and osmoti c stress. 
All three RAP2 factors sustained ABA-mediated acti vati on of ADH1 
and acti vated hypoxia marker genes. RAP2.12 protein level is not only 
controlled by NERP, but is also regulated by the RING-domain containing 
SEVEN IN ABSENTIA of Arabidopsis thaliana 2 (SINAT2). Silencing of 
SINAT1/2 genes lead to enhanced RAP2.12 abundance independently 
of the presence or absence of its N-terminal degron. These results 
suggest, that RAP2.12 and its homologs act redundantly in multi ple 
stress responses that sequenti ally occur during and aft er submergence 
in Arabidopsis. Besides NERP, alternati ve protein degradati on pathways 
may regulate the abundance of RAP2 transcripti on factors during disti nct 
stresses (Papdi et al., 2015, Plant J. doi: 10.1111/tpj.12848). Research 
was suported by the OTKA grants K-81765, NN-110962, IPA project 
HUSRB/1002/214/036. 

P529 - Sequence comparison of four 
hyperaccumulator Noccaea caerulescens 
accessions and related species including 
Arabidopsis thaliana 
 

BLANDE Daniel(1), HALIMAA Pauliina(1), TUOMAINEN Marjo(1), 
KÄRENLAMPI Sirpa(1), TERVAHAUTA Arja(1), TERVAHAUTA 
Arja(1)  
(1) University of Eastern Finland, Department of Biology, Kuopio, 
FINLAND 
Noccaea caerulescens is a metal hyperaccumulator plant which has 
a great potenti al to serve as a model in plant evoluti onary genomics. 
Various accessions show remarkable diff erences in their abiliti es to 
accumulate and tolerate metals. All accessions are hyperaccumulators for 
zinc. Calaminous accessions show a great diff erence in cadmium tolerance 
and accumulati on. Ganges (GA) is a hyperaccumulator, La Calamine (LC) 
is hypertolerant and Lellingen (LE) is sensiti ve to cadmium. Serpenti ne 
accession Monte Prinzera (MP) is a Ni hyperaccumulator. In this study we 
compare the sequences from the accessions of metal hyperaccumulator 
to related species, including a non-metal hyperaccumulator 
species Arabidopsis thaliana, to examine the evoluti on of metal 
hyperaccumulati on and &ndash;tolerance. We have used Illumina system 
to sequence and de novo assemble the whole transcriptomes including 
both shoots and roots of four contrasti ng accessions of N. caerulescens. 
The transcriptomes were assembled in search of sequence diff erences 
that might aff ect gene functi on. Assembly was conducted using the Trinity 
assembly program and proteins were predicted using Transdecoder and 
Augustus. The transcriptome assembly produced ca. 65,000 nucleoti de 
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conti gs for each accession, of which ca. 45,000 yielded a predicted 
protein sequence. Protein sequences from each species and accession 
were grouped into orthologous sequences and a multi ple alignment 
produced. The signifi cance of the results will be discussed. 

P530 - Root cap cells play a key role in 
phosphate uptake and homeostasis 
 

THIBAUD Marie-Christine(1), KANNO Satomi (2) , ARRIGHI Jean-
François(1), BAYLE Vincent(1), CHIARENZA Serge(1), DELANNOY 
Etienne(1), NAKANISHI Tomoko(2), NUSSAUME Laurent(1)  
(1) CEA-Cadarache, IBEB/SBVME/Developmental plant biology 
Laboratory, saint Paul les durance, FRANCE (2)  University of Tokyo, 
Graduate school of agricultural and life sciences, Tokyo, JAPAN 
Mineral ion uptake by plants represents one of the initi al food chain 
inputs, and a crucial factor that controls yield. Cellular and molecular 
mechanisms driving ion absorpti on remain poorly characterised and 
oft en involve broad multi genic families and overlapping functi ons. In the 
model plant Arabidopsis, the expression of several high affi  nity phosphate 
(Pi) transporters (PHT1 family) is highly regulated depending on the 
phosphate status of the plant and restricted to specifi c cell layers of the 
root. By specifi c complementati on of phf1-1 mutant (strongly altered in 
phosphate uptake regulati on), using GAL4-enhancer trap strategy, we 
investi gated the role of several root cell layers. Coupling this technique 
with high-resoluti on real ti me 33P-imaging, we were able to diff erenciate 
Pi uptake and Pi translocati on in the plant and more specifi cally in the 
root ti p. We showed that the root cap accounts for a signifi cant amount 
of the whole plant phosphate uptake (around 20%). Such Pi absorpti on 
is effi  cient for shoot biomass producti on and repression of Pi-starvati on-
induced genes. This work reveals that the root cap surrounding and 
protecti ng the root stem cell niche (meristem) at the root ti p harbors an 
unexpected crucial role for Pi nutriti on, extending the role of this ti ssue 
from that previously described in environmental percepti on (gravity, light, 
moisture). 

P531 - Functional characterization of salicylic 
acid-inducible genes coding for GSTs and 
GRXs in the defense response to stress in 
Arabidopsis thaliana 
 

UGALDE Jose Manuel(1), FONSECA Alejandro(1), SALINAS 
Paula(1), HOLUIGUE Loreto(1)  
(1) Departamento de Genética Molecular y Microbiología, Facultad 
de Ciencias Biológicas, Pontifi cia Universidad Católica de Chile, 
Santiago, CHILE 
Plants are constantly exposed to several bioti c and abioti c stress 
conditi ons that increase the producti on of reacti ve oxygen species 
(ROS). The survival of plants depends on a complex balance between the 
producti on and detoxifi cati on of ROS. Salicylic acid (SA) is a key hormone 
in the establishment of the defense response to stress, being essenti al for 
the producti on and also for the contenti on of the oxidati ve burst needed 
to establish the defense responses. SA induces the expression of genes 
coding for proteins with anti oxidant and detoxifying functi on, among 
them GLUTATHIONE S-TRANSFERASES (GSTs) and GLUTAREDOXINS 
(GRXs). In this work, we performed an extensive microarray analysis of 
available databases to determine the expression patt erns of GSTs and 
GRXs under diff erent stress conditi ons where SA is involved as a signal. 
We selected 2 GSTs and 2 GRXs genes and confi rmed their expression 
patt erns under stress conditi ons using real-ti me PCR. We used mutant or 
silenced plants for the selected GSTs and GRXs genes and evaluated their 
relevance to overcome diff erent stress conditi ons such as treatments 
with methyl viologen, and UV-B radiati on. Our results indicate that SA 
induces the expression of a set of GSTs and GRXs genes in a temporal 
specifi c manner and that these genes are important for the contenti on of 
oxidati ve damage produced by diff erent types of abioti c stress, suggesti ng 
a parti cular role for them in controlling ROS accumulati on in the plant 
defense responses. 

P532 - X-ray induced Arabidopsis long non-
coding RNAs derived from transposons/repeats 
are regulated by ATM 
 

WANG Zhenxing(1), KUNZE Reinhard(1)  
(1) Institute of Applied Genetics, Freie Universität Berlin, Berlin, 
GERMANY 
Double-strand breaks (DSBs) are a severe threat to genome integrity 
and invoke a rapid turn on of DNA repair processes. Concomitantly, 
transcripti onal and transpositi onal reacti vati on of individual transposons 
(TEs) has been observed. However, the genome-wide scale and mechanism 
of DNA damage-induced TE reacti vati on are not well understood. In this 
study, two weeks old wild type and ATM (ataxia telangiectasia mutated)-
defi cient Arabidopsis plants were treated with 80 Gy X-ray irradiati on. 
Three hours aft er the treatment RNA was isolated from the plantlets for 
transcriptome analysis by RNA sequencing. Mapping the reads against 
the Arabidopsis genome sequence and a comprehensive repeti ti ve DNA 
element library revealed that TEs and repeats are transcripti onally up- 
and downregulated aft er DNA damage and this transcripti onal response 
is largely ATM-dependent. Interesti ngly, many ATM-dependently 
regulated TEs/repeats are part of long non-coding RNAs (lncRNAs). We 
discuss factors downstream of ATM that might play a role in regulati ng 
TEs/lncRNAs in response to DNA damage. 

533 - Intrinsically disordered proteins as 
modulators of plant plasticity: How disorder 
leads to orderly plant growth 
 

WOOD Marion(1), UVERSKY Vladmir (2)   
(1) Plant and Food Research Limited, Auckland, NEW ZEALAND (2)  
University of South Florida, Florida, USA 
The DRM (dormancy-related) protein family - is an example of a 
terrestrial-plant-specifi c Intrinsically disordered protein (IDP) family 
whose expression is strongly associated with multi ple abioti c stresses. 
During stress, other unrelated IDPs, have been shown to stabilize both 
the cytoskeleton and mitochondrial membranes and act as a “molecular 
shields” to protect enzymes. In contrast the mode of acti on of the highly 
conserved plant-specifi c DRM protein family remains to be determined. 
Multi ple lines of bioinformati c-based evidence support the predicti on 
of protein disorder and the presence of multi ple conserved molecular 
recogniti on features (MoRFs), which are short disordered regions that 
are postulated to become fully ordered upon binding to a partner in this 
physically small (12-15 kDa) protein family. It has also been demonstrated 
that the two closely related family members AtDRM1 and AtDRM2 
overexpression lines are hypersensiti ve to various abioti c sti muli and 
display growth retardati on under standard growth conditi ons; the 
converse being true in down-regulated lines. The lack of recovery of true 
DRM1 knock out plants to date suggests loss-of-gene-induced-lethality 
and a fundamental role for DRM in a plant”s growth cycle. 

534 - Phytochrome Control of Resource 
Allocation and Growth in Arabidopsis 
  

YANG Deyue(1), HALLIDAY Karen(1)  
(1) SynthSys, University of Edinburgh, Edinburgh, UNITED KINGDOM 
Plants use light as a source of energy to drive photosyntheti c 
carbon (C) fi xati on, and as a signal to provide informati on about the 
environment. Light is sensed by a suite of receptors, including members 
of the phytochrome family. Phytochrome functi on has been intensively 
researched during seedling establishment, yet phytochromes are 
principal environmental regulators of adult plant architecture, resource 
allocati on and growth. Currently, we understand almost nothing of how 
light signalling is integrated with photosynthesis to opti mise autotrophic 
growth. Our recent work has provided some of the fi rst intriguing insights 
into how phytochrome regulates C metabolism. Phytochrome ko mutants 
are reported to have less chlorophyll, yet they accumulate more sucrose 
and starch than wild type plants during the day ti me. However, growth, 
biomass and protein producti on are severely compromised in these 
mutants. Our metabolome data show that phytochrome mutants have 
elevated levels of amino acids and tricarboxylic acid cycle (TCA cycle) 
intermediates: a profi le is that is associated with physiological stress. 
Indeed, preliminary experiments suggest that light mutants have a 
consti tuti ve-stress phenotype that results in increased tolerance to dark 
induced starvati on and senescence. Our data therefore indicate that 
phytochromes play a vital role in switching the metabolic state to favor 
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growth or a stress-resistance depending on the availability of light for 
photosynthesis. 

P535 - Identifi cation of genome-wide binding 
sites of a bZIP transcription factor ZW1 under 
normal and drought conditions in rice 
 

ZONG Wei(1), YANG Jun(1), TANG Ning(1), XIONG Lizhong*(1)  
(1) National Key laboratory of Crop Genetic Improvement, 
Huazhong Agricultural University, Wuhan, CHINA 
 *Corresponding author: lizhongx@mail.hzau.edu.cn 

Transcripti on factors such as many members in basic leucine Zipper (bZIP) 
family have been shown to play important roles in regulati ng drought 
responses in plants, but their molecular mechanisms is largely unclear 
mainly because a complete profi le of all the putati ve targeti ng genes or 
binding sites for a given transcripti on factor was seldom reported. Here, 
we performed a genome-wide binding site (or target gene) identi fi cati on of 
a bZIP transcripti on factor ZW1 by using chromati n immunoprecipitati on 
sequencing (ChIP-seq) and RNA-Seq methods. By ChIP-seq, 681, 2128, 
and 7194 genes associated with ZW1 binding sites were identi fi ed in 
wild type rice Zhonghua 11, under normal growth conditi on, wild type 
rice under moderate drought stress, and ZW1-overexpression rice under 
normal conditi on, respecti vely. The ABA responsive element (ABRE) was 
highly enriched in the ZW1-binding peaks. Further analysis showed that 
ABRE was required for ZW1 binding to the promoters of target genes. 
Genome-wide expression profi ling by RNA-Seq revealed ZW1 plays 
important roles in many biological processes. Integrati on analyze the 
results of ChIP-Seq and RNA-Seq, 131 direct target genes of ZW1 were 
identi fi ed. Furthermore, we found the bioti c stress and abioti c stress 
processes were mainly aff ected by ZW1. Interesti ngly, a type 2C protein 
phosphatase (PP2C) gene, which is a homolog of the negati ve regulator 
ABI1 in ABA signaling, was directly regulated by ZW1. These results 
provided valuable clues to completely unveil the molecular mechanism of 
the bZIP transcripti on factor in the regulati on of drought tolerance in rice. 

P536 - Genetic analysis of mitochondrial 
functions and stress responses 
 

ZSIGMOND Laura(1), BOROS Bogáta(1), KOERBER Niklas (2), 
FIORANI Fabio (2) , SZABADOS László(1)  
(1) Institute of Plant Biology, Biological Research Center HAS, Szeged, 
HUNGARY (2)  Institute of Bio- and Geosciences, Forschungszentrum 
Jülich, Jülich, GERMANY 
Plant mitochondria have essenti al role in adapti ve responses to 
unfavorable environmental conditi ons. Reacti ve oxygen species (ROS) 
can be produced in the mitochondrial electron transport chain (mETC) 
under stress, where Complex I and III are the major sites of ROS synthesis. 
Stabilizati on of the electron fl ow in the mETC can protect plants by 
reducti on of oxidati ve damage, control of redox balance and support 
photosynthesis during stress. To reveal the functi on of genes encoding 
subunits of Complex I and III of the mitochondrial electron transport in 
stress responses, we are characterizing Arabidopsis thaliana mutants 
carrying mutati ons in genes encoding such proteins. When compared 
to wild type several mutants showed morphological and physiological 
changes under stress conditi ons. Phenotypic diff erences in tolerance 
to drought and salinity were revealed through in vitro germinati on and 
growth tests, as well as by complex phenotyping of soil-grown plants. 
Several mutants showed altered tolerance to osmoti c or salt stress. 
Two mutant alleles were characterized in detail in which the mutati ons 
disrupted the NDUSF8a gene. Both ndusf8a mutants were hypersensiti ve 
to salt stress, although they had lower H2O2 content and lipid peroxidati on 
rates during osmoti c stress. Changes in chlorophyll fl uorescence under 
stress showed that these mutati ons infl uence photosynthesis and the 
NDUSF8a gene is important in regulati on of stress responses. Supported 
by OTKA NN-110962 and EPPN program. 

Systems biology and new approaches 
Posters 537 to 555
P537 - A multi-scale model capturing the fractal 
nature of caulifl owers 
 

AZPEITIA Eugenio(1), TICHTINSKY Gabrielle (2) , LE MASSON 
Marie (2) , FARCOT Etienne(3) , GODIN Christophe(1), PARCY 
François (2)   
(1) INRIA project-team Virtual Plants, joint with CIRAD and INRA, 
Montpellier, FRANCE (2)  Laboratory Physiologie Cellulaire et 
Végétale, CNRS - iRTSV/CEA - UJF - INRA, Grenoble, FRANCE(3)  
School of Mathematical Sciences, Centre for Plant Integrative 
Biology,University of Nottingham, Nottingham, UK 
Fractals are mathemati cal objects forming mesmerizing shapes due to a 
high degree shape irregularity and self-similarity. Many biological objects 
display fractal features. The curd morphology of Brassica Oleracea, (i.e., 
broccolis, caulifl owers and Romanesco) are among the most striking 
example. However, how such biological curiositi es can develop from 
rules governing meristem growth and geneti c regulati on largely remains 
elusive. Using the geneti c knowledge established in Arabidopsis, where 
a mutant (namely the double mutant ap1 cal) generates caulifl ower-like 
structures, we have built a gene regulatory network whose properti es 
recapitulate the recursive behavior of a fractal development. We have 
then integrated this geneti c network within a 3D model of Arabidopsis 
development. This integrati on revealed missing links between the GRN 
and the growth parameters. We have explored the biological nature of 
these links and were able to produce a multi scale model of plant growth 
capturing the various curd shapes found in brassicacae genera. 

P538 - Genome-Wide Profi ling of Translatome 
Changes During Seed Germination 
 

BAI Bing(1), HANSON Johannes(3) , BENTSINK Leónie (2)   
(1) Utrecht University, Utrecht, NETHERLANDS (2)  Wageningen 
University, Wageningen, NETHERLANDS(3)  Umeå University, Umeå, 
SWEDEN 
Seed germinati on is a crucial stage during the plant life cycle. Seeds are 
unique structures that contain reserves used by the growing seedling 
unti l photosynthesis is established. Seed stored mRNAs are produced 
during seed development, retain their functi on during dry storage, and 
are translated during the early phases of imbibiti on. The importance of 
these mRNAs is demonstrated by the absolute requirement of translati on 
for germinati on. Here we present the genome-wide profi ling of the total 
mRNA and polysome associated mRNA pool (translatome) from fully-aft er-
ripened dry seeds to greening seedlings. For these analyses ribosomes 
are size separated on a sucrose gradient, which allows the separati on of 
polysomes (mRNAs that contain more than one ribosome and therefor 
represent mRNAs that are acti vely translated). These analyses provided 
insight in the translati on dynamics during seed germinati on, and 
identi fi ed two phases during germinati on where translati onal control of 
gene regulati on is especially evident. Diff erent sequence moti ves were 
enriched in the mRNAs regulated specifi cally in the two phases indicati ng 
specifi c regulatory mechanisms being acti ve during germinati on. 
 

P539 - From Bench to Bountiful Harvests - 
Past, Present and Future Research Under the 
Umbrella of the Multinational Arabidopsis 
Steering Committee (MASC) 
 

BRAND Luise H.(1), LEPINIEC Loïc (2) , PROVART Nicholas(3)   
(1) University of Tübingen, Tübingen, GERMANY (2)  INRA Versailles-
Grignon, Versailles, FRANCE(3)  University of Toronto, Toronto, 
CANADA 
The Multi nati onal Arabidopsis Steering Committ ee (MASC) has its origin in 
the 1990s when scienti sts from the US, Europe, Japan and Australia formed 
an ad hoc committ ee to promote large-scale studies in Arabidopsis thaliana. 
During the last two decades the idea of a combined and coordinated eff ort 
accompanied by the policy of open data sharing has proven successful and 
led to the establishment of Arabidopsis thaliana as the reference plant. 
The MASC is led by chair and co-chair with support of the only funded 
member the MASC coordinator (DFG). Today eight MASC subcommitt ees 
monitor and coordinate research in major Arabidopsis research areas: 
Bioinformati cs, Epigeneti cs and Epigenomics, ORFeomics, Metabolomics, 
Natural Variati on and Comparati ve Genomics, Phenomics, Proteomics 
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as well as Systems and Syntheti c Biology. Two additi onal key groups of 
MASC represent major Arabidopsis projects and resources as well as 
representati ves from 26 countries. MASC publishes an annual report that 
outlines progress and acti viti es of the Arabidopsis community as well as 
analysis and recommendati ons for the next year according to the road map 
(2012-2021) “From Bench to Bounti ful Harvests” (Lavagi, Plant Cell, 2012). 
The MASC report 2014/2015 will be published at the 26th Internati onal 
Conference on Arabidopsis Research (ICAR) in Paris, France. The 27th ICAR 
will be in Gyeongju, South Korea, June 29th- July 3rd 2016. If you would like to 
know more about MASC, please visit: www.arabidopsisresearch.org 
 

P540 - Systems genetics identifi es regulatory 
gene modules that quantitatively regulate root 
growth 
 

SATBHAI Santosh(1), OGURA Takehiko(1), SLOVAK Radka(1), 
BELKHADIR Youssef(1), BUSCH Wolfgang(1)  
(1) Gregor Mendel Institute, Vienna, AUSTRIA 
Plants have evolved a high level of phenotypic plasti city in traits related 
to growth and development. While this modulati on of growth and 
development occurs in response to environmental conditi ons, both its 
onset and extent are geneti cally determined. However, very litt le is known 
about the genes and geneti c mechanisms that govern the plasti city of 
growth and development. There is growing evidence that rather than 
single genes, networks of epistati cally interacti ng genes are key for this 
geneti c regulati on. We use an approach combining custom phenotyping 
pipelines that enable us to capture quanti tati ve root phenotypes of a very 
large number of geneti cally disti nct individuals, genome wide associati on 
studies to identi fy the associated loci in the genome, and systems-biology 
driven approaches to identi fy the gene networks and pathways that 
quanti tati vely regulate root growth. Using these approaches, we have 
recently identi fi ed and experimentally verifi ed multi ple novel regulators. 
Importantly, we identi fi ed a regulatory module of leucine-rich repeat 
receptor-like kinase (LRR-RLK) genes that regulate root growth in an 
epistati c manner. We are currently investi gati ng the interacti on of these 
genes at the molecular level and have found that at least two of these LRR-
RLKs act in the same protein complex. Overall, our results demonstrate 
that, using a systems-geneti cs approach, it is possible to identi fy geneti c 
networks that quanti tati vely regulate plant growth and development. 

P541 - Emergence of novel phenotypes 
in co-evolving biological systems:allelic 
diversifi cation and dominance at the 
selfi ncompatibility locus in Arabidopsis 
 

CHANTREAU Maxime(1) BURGHGRAEVE Nicolas(1), POUX 
Céline(1), BILLIARD Sylvain(1), VEKEMANS Xavier(1), CASTRIC 
Vincent(1)  
(1) Laboratoire Evo-Eco-Paléo - CNRS 8198 , Villeneuve d’Ascq, 
FRANCE 
System biology approaches are currently changing the way we think 
about evoluti onary processes by revealing the high level of integrati on 
of biological systems, whereby individual interacti ng components evolve 
under a strong co-evoluti onary constraint, rather than as independent 
enti ti es. This raises the questi on of how novel phenotypes can emerge 
in such highly integrated co-evolving biological systems. To shed light 
on this fundamental biological process, we focus on the sporophyti c 
self-incompati bility (SI) system in outcrossing Arabidopsis species. SI is a 
reproducti ve system by which hermaphrodite fl owering plants recognize 
and specifi cally reject self-pollen. In the Brassicaceae, it is based on a 
molecular lock-and-key mechanism involving two genes (a male and a 
female determinant). Both display large allelic series (at least 50 alleles 
within outcrossing Arabidopsis species) and are ti ghtly linked in a small 
non-recombining region which ensures strict haplotypic associati on 
between co-adapted alleles. This reproducti ve model system allows the 
study of two co-evoluti onary processes: i) between the male and the 
female reproducti ve proteins allowing self-pollen rejecti on and ii) between 
small non-coding RNAs and their target sites controlling the dominance/
recessivity interacti ons between SI alleles. By using a multi disciplinary 
approach combining functi onal and geneti c approaches, we will aim to 
decipher mechanisms of emergence of functi onal and regulatory novelty. 

P542 - Information extraction from articles for 
the elaboration of the regulatory networks 
involved in Arabidopsis seed development 
 

DUBREUCQ Bertrand(1), VALSAMOU Dialekti (2) , FATIHI 
Abdelhak(1), CHAIX Estelle (2) , BOSSY Robert (2) , BESSIERES 
Philippe (2) , DELEGER Louise (2), ZWEIGENBAUM Pierre(3) , 
NEDELLEC Claire (2) , LEPINIEC Loïc(1)  
(1) INRA IJPB, VERSAILLES, FRANCE (2)  INRA MaIAGE, Jouy-en Josas, 
FRANCE(3)  CNRS LIMSI, ORSAY, FRANCE 
Seed is the main vector for breeding and producti on of annual fi eld 
crops, and the accumulati on of seed storage compounds (sugars, 
lipids, proteins) is of primary importance for food, feed and industrial 
uses. Seed development requires the coordinated growth of diff erent 
ti ssues and involves complex geneti cs and environmental regulati ons. 
A comprehensive understanding of the molecular network underlying 
these regulati ons remains a major scienti fi c challenge with important 
potenti al impact for agriculture and industry. Knowledge on these  
regulati ons is spread in a high number of scienti fi c arti cles (e.g. Pubmed 
query “Arabidopsis seed” yields more than 6000 references) and is 
diffi  cult to analyze. The molecular and geneti c mechanisms are described 
by complex expressions that involve biological enti ti es linked by various 
specifi c semanti c relati ons. The aim of this work is to automati cally 
extract the informati on (i.e. enti ti es and relati ons between enti ti es) by 
developing generic Natural Language Processing and Machine Learning 
methods. The approach consists in 1) the formal annotati on of examples 
in a set of documents with respect to an annotati on model, 2) training 
methods on the examples and, 3) the applicati on of the methods to 
new texts to extract knowledge. Last we plan to integrate the extracted 
knowledge in a comprehensive regulatory model, with database and 
graphical representati on tools. We expect these tools to be useful for 
analyzing other gene regulatory networks. 

P543 - SmartLeaf: An automated system for 
tracking circadian leaf movement rhythms 
 

GREENWOOD Mark(1), DIAZ Patrick(1), ROTHWELL Amy(1), 
GOULD Peter(1), HALL Anthony(1)  
(1) University of Liverpool, Liverpool, UNITED KINGDOM 
Leaf movement in plants is an example of a rhythmic output under control 
of the circadian clock. Circadian research groups use leaf movement 
rhythms in Arabidopsis thaliana as a high-throughput assay for circadian 
clock functi on. However, current systems possess serious limitati ons. 
Firstly, the cost of the camera system is prohibiti vely expensive for all 
but the best-funded laboratories. Secondly, current methods involve 
multi ple ti me-consuming manual steps for the researcher. Here we 
present SmartLeaf, a high-throughput automated system for measuring 
leaf movement rhythms in Arabidopsis. The system consists of two 
components: a ti me-lapse image capture program based on web cameras 
and an automated leaf-tracking algorithm. SmartLeaf successfully images 
and tracks wild type and several mutant lines at the seedling stage, 
validati ng our system as a method. SmartLeaf is a system for image 
capture and tracking of leaf movement in Arabidopsis. Here it is applied 
for period esti mati on of several mutant genotypes demonstrati ng its 
eff ecti veness. SmartLeaf is automated, aff ordable and accessible to the 
non-specialist. 
 

P544 - Dynamic chromatin changes in response 
to nitrate in Arabidopsis root 
 

JOSE MIGUEL Alvarez(1), ZHANG Tao (2) , MOYANO Tomas(1), 
JIANG Jiming (2) , GUTIERREZ Rodrigo(1)  
(1) Pontifi cia Universidad Catolica de Chile, Santiago, CHILE (2)  
University of Wisconsin-Madison, Wisconsin, USA 
Our understanding of plant gene regulati on is constrained by our limited 
knowledge of plant cis-regulatory DNA and its dynamics in response to 
environmental cues. Nitrate is a potent signal that control global gene 
expression, shaping plant growth and development. We integrated 
transcriptomics, Pol II ChIP-seq and mapped DNase I hypersensiti ve 
sites (DHSs) in Arabidopsis root in response to nitrate to uncover 
regulatory landscape dynamics, disclosing hundreds of nitrate sensiti ve 
elements and enabling mapping of key TF regulatory circuits underlying 
this fundamental response. This informati on will facilitate developing 
strategies to improve N-use effi  ciency and enhance plant producti on. 
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P545 (Talk) - Imaging analysis of phosphate 
absorption and distribution of Plants 
 

KANNO Satomi(1), THIBAUD Marie-Christine (2) , HIROSE 
Atsushi(1), SUGITA Ryohei(1), KOBAYASHI I. Natsuko(1), TANOI 
Keitaro(1), NUSSAUME Laurent (2, NAKANISHI M. Tomoko(1)  
(1) The University of Tokyo, Tokyo, JAPAN (2)  CEA, Cadarache, FRANCE 
Phosphorus is one of the crucial minerals for plant growth and 
therefore (Perret at al., 2014), Plants have evolved various physiological 
mechanisms to improve the uti lizati on of phosphorus. To understand 
how plants sense phosphate availability from the environment remains 
a challenging questi on. Understanding phosphate acquisiti on (Nussaume 
et al., 2011) and its usage by plants is also essenti al to opti mize ferti lizer 
usage to sustain crop yield. Orthophosphate ion, the main source of 
phosphorus available for plants, seems to act as a signal element itself 
for signaling processes. In order to analyze the spati otemporal dynamics 
of phosphate in plants we have developed real-ti me radioisotope imaging 
systems (RRIS) both at whole plants level and microscopic level (Kanno 
et al., 2007; 2012)). It provides unique opportunity to follow movement 
of phosphate radiotracer (32-P, 33-P) in living plants. Both systems allow 
quanti tati ve analysis and possess wide dynamic range of detecti on. 
A system which combined a microscope was able to image tracer in 
the plant ti ssue enlarged 40 ti mes. It also off ers opportunity to access 
chemiluminescent and fl uorescence signals in the same plants. It off ers 
opportunity to analyze plants where phosphate transport has been 
manipulated to investi gate the role of diff erent cell layers to phosphate 
transport. Kanno et al. J. of Radio analyti cal Nuclear Chemistry, Vol.272, 
No.3, pp.565-570, 2007 Nussaume et al. Fronti ers in Plant Science, Vol.2, 
No.83, pp.1-12, 2011 Kannoet al. Royal Society, Philosophical Transacti on 
B, Vol.367, pp1501-1508, 2012 Perret at al. Plant Physiol., 166(4), pp1713-
23, 2014 

P546 - Prometheus: Omics Portal for 
Comparative Genomics 
 

KIM Yong-Min(1), PARK Seongjin(1), JANG Insu(1), KO 
Gunhwan(1), KIM Pan-Gyu(1), YANG Jin Ok(1), KIM Ryan W.(1) 
(1) Korean Bioinformation Center, Korea Resarch Institute of 
Bioscience and Biotechnology, Daejeon, SOUTH KOREA 
Since NGS (Next Generati on Sequencing) technology were developed in 
mid 2000s, the huge amount of genome informati on has been generated 
and analyzed. Studies of reference genomes were contributed to 
unveiling biological responses, cloning of interested genes, molecular 
marker development, and development of new medicine. As number 
of sequenced genomes were increased, a lot of tools or pipelines were 
developed to identi fy the gene functi on or gene families such as InterPro, 
Pfam, SignalP, PSortII, ChloroP, TMHMM2, and NetPhos. Furthermore, 
rapidly increasing -genome informati on have been a major reason for 
spurring - genome wide functi onal studies of genes of interest or gene 
families through comparati ve genomics. Although many web-based 
platf orms for comparati ve genomics were developed, applicati on of those 
platf orms were limited as they allow only small numbers of genome or 
tools. The web-based comparati ve genomics platf orm for large amount 
of genome informati on and various tools is desirable for comprehensive 
genome wide gene family studies or functi onal studies for interested 
genes as well as their evoluti onary studies. Here we present Prometheus, 
the omics portal for comparati ve genomics. The Prometheus is a web-
based and cloud computi ng-based comparati ve genomics platf orm and 
contains more than 30,000 of genome informati on from prokaryoti c to 
eukaryoti c genome with 3 primary and 20 secondary database generated 
from various analysis such as InterPro, TargetP, and OrthoMCL. In additi on, 
the system of My Genes in the Prometheus gives chance to analyze 
interested genes with various tools or Chlosha, cloud-based analysis 
pipeline in the Prometheus as well as Chlosha II, a version for advanced 
users to allow customized analysis pipeline. Furthermore, assembly and 
annotati on pipeline for genome or transcriptome will be added in the 
Prometheus in the near future. 

P547 - TAIR: A Sustainable Community 
Database for International Arabidopsis 
Research 
 

LI Donghui(1), BERARDINI Tanya Z.(1), MULLER Robert(1), 
STRAIT Emily(1), MEZHERITSKY Yarik(1), LEONORE Reiser(1), 
HUALA Eva(1)

(1) Phoenix Bioinformatics - TAIR, Redwood City, UNITED STATES 
Started as a NSF-funded project in 1999, TAIR has served as the primary 
source and the main portal of curated Arabidopsis data, with worldwide 
usage of 66,000 visitors per month and over 2 million visits per year. 
Since the end of our NSF funding in 2013, TAIR has transiti oned to a new 
funding model supported by insti tuti onal and individual subscripti ons. 
We are now in the second year of user-supported funding. Subscripti on 
results indicate that this model is capable of sustaining TAIR for the long 
term and will enable TAIR to conti nue to grow and develop at a rate that 
will keep pace with the evolving needs of the research community. 
 

P548 - Identifi cation of chemical regulating 
cryptochrome-mediated blue light signaling 
in Arabidopsis by forward chemical genetics 
approach 
 

ONG Wen Dee(1), OKUBO-KURIHARA Emiko(1), KURIHARA 
Yukio(1), SHIMADA Setsuko(1), CUTLER Sean R(3) , SUDESH 
Kumar (2) , MATSUI Minami(1) 
(1) Center for Sustainable Resource Science, RIKEN , Yokohama, 
JAPAN (2)  School of Biological Sciences, Universiti Sains Malaysia, 
Penang, MALAYSIA(3)  Center for Plant Cell Biology and Department 
of Botany and Plant  Sciences, University of California, California, 
USA 
Chemical geneti cs involves the use of diverse small acti ve or syntheti c 
molecules to evaluate the biological processes. Classical forward 
geneti cs screening focus on identi fi cati on of target genes and pathways 
through the study of phenotype induced by random mutagenesis. This 
study aims at using conditi onal chemical forward geneti c approach to 
fi rst identi fy specifi c small molecule that promote hypocotyl growth 
of Arabidopsis seedlings under blue light and further identi fy the key 
protein modulators that correspond to the phenotype. A total of 3,700 
acti ve small molecules were used for the screening of potenti al chemicals 
that promote hypocotyl elongati on of wild type seedlings under 
conti nuous blue light. Of these, a specifi c small molecule was identi fi ed 
to only induced hypocotyl growth under blue and not under darkness, 
red or far-red light. Further evaluati on using blue light related mutants 
confi rmed the chemical induced physiological change was related to the 
cryptochrome-mediated blue light signaling. Microarray analysis showed 
that approximately 3% of the total genes were diff erenti ally regulated 
for at least 2-fold and of these about 300 genes were regulated at the 
similar manner in wild type (Col-0) and mutant (hy5) seedlings. Further 
evaluati on of possible protein targets will provide a bett er understanding 
of the eti olati on state of Arabidopsis under blue light and its roles and 
involvement under cryptochromes signaling. 

P549 - Form transcription to translation: 
Post-Transcriptional Coordination of the Iron 
Defi ciency Response in Arabidopsis 

PAN I-Chun(1), SCHMIDT Wolfgang (2)   
(1) Department of Horticulture, National Chung Hsing University, 
Taichung, TAIWAN (2)  Institute of Plant and Microbial Biology, 
Academia Sinica, Taipei, TAIWAN 
Acclimati on to changing environmental conditi ons is mediated by 
proteins, the abundance of which is carefully tuned by an elaborate 
interplay of DNA-templated and post-transcripti onal processes. To dissect 
the mechanisms that control and mediate cellular iron homeostasis, 
we conducted quanti tati ve high-resoluti on iTRAQ proteomics and 
microarray-based transcriptomic profi ling of iron-defi cient Arabidopsis 
thaliana plants. A total of 13,706 and 12,124 proteins were identi fi ed 
with a quadrupole-orbitrap hybrid mass spectrometer in roots and 
leaves, respecti vely. This deep proteomic coverage allowed accurate 
esti mates of post-transcripti onal regulati on in response to iron defi ciency. 
Similarly regulated transcripts were detected in only 13% (roots) and 11% 
(leaves) of the 886 proteins that diff erenti ally accumulated between 
iron-suffi  cient and iron-defi cient plants, indicati ng that the majority 
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of the iron-responsive proteins was post-transcripti onally regulated. 
Mutants harboring defects in the in the RING DOMAIN LIGASE1 (RGLG1) 
and RING DOMAIN LIGASE2 (RGLG2) showed a pleiotropic phenotype 
that resembled iron-defi cient plants with reduced trichome density and 
the formati on of branched root hairs. Proteomic and transcriptomic 
profi ling of rglg1 rglg2 double mutants revealed that functi onal RGLG 
protein is required for the regulati on of a large set of iron-responsive 
proteins including the coordinated expression of ribosomal proteins. This 
integrati ve analysis provides a detailed catalog of post-transcripti onally 
regulated proteins and allows the concept of a chiefl y transcripti onally 
regulated iron defi ciency response to be revisited. 

P550 (Talk) - ATHB5 mediates a hypocotyl-
specifi c gene regulatory network driving both 
expansin gene expression and the fi nal step of 
Arabidopsis seed germination 
 

STAMM Petra(1), TOPHAM Alexander T.(1), BASSEL George W.(1)  
(1) University of Birmingham, Birmingham, UNITED KINGDOM 
Plant growth is controlled by co-ordinated gene expression programmes 
in 3D space over ti me. The GA-DELLA signalling module controls plant 
cell growth through the proteolyti c degradati on of DELLA repressor 
proteins and transcripti onal regulati on of cell wall modifying gene 
expression. While the molecular basis of this growth control switch 
is well characterised, less is known about the pathways linking DELLA 
proteins to cell wall modifi cati ons, and how these events unfold within 
the context of dynamic organ growth. The embryo-to-seedling transiti on 
represents a simplifi ed growth system which is inhibited by DELLA and 
occurs exclusively through cell shape changes. Quanti tati ve 3D analysis 
of organwide cell shape changes driving this transiti on identi fi ed a sub-
domain of cells in the upper hypocotyl responsible for completi ng the 
fi nal step of germinati on. We bioinformati cally inferred a DELLA-repressed 
gene regulatory network (GRN) between the transcripti on factor ATHB5 
and the growth-promoti ng gene EXPA3. The spati al relati onship between 
ATHB5 and EXPA3 was quanti fi ed organ-wide at single cell resoluti on 
using custom-made image analysis soft ware. These network components 
are specifi cally induced in the upper hypocotyl prior to the completi on 
of seed germinati on and spati otemporally co-ordinated across individual 
cell types. This ATHB5-mediated GRN provides a mechanisti c link between 
GA signalling and cell type specifi c growth driving the seed to seedling 
transiti on. 
 

P551 - Construction of an Arabidopsis electron 
microscopy atlas 
 

TOYOOKA Kiminori(1), SATO Mayuko(1), WAKAZAKI Mayumi(1), 
HASHIMOTO Kei(1), KOBAYASHI Megumi (2) , SAWAKI Fumie(2) , 
KUTSUNA Natsumaro (3), NAGATA Noriko (2)   
(1) RIKEN CSRS, Yokohama, JAPAN (2)  Grad. Sci., Japan Women’s Univ., 
Tokyo, JAPAN(3)  Grad. Sch. Fro. Sci., Univ. of Tokyo/LPixel Inc. R&D 
Division, Tokyo, JAPAN 
Transmission electron microscopy (TEM) techniques are superior for 
acquiring images of limited regions under high magnifi cati on but not for 
wide areas such as those of plant ti ssues and large cells. To capture such 
digital images, we developed an auto-acquisiti on TEM system, in which a 
remote PC is used to adjust a X-Y stage, electron beam, and CCD camera. 
We successfully acquired gigapixel-class high-resoluti on TEM images, 
which were merged using an image-ti ling program. To take gigapixel-class 
TEM pictures of Arabidopsis, organs such as roots and leave were fi xed 
using a highpressure freezing method or general chemical method. Aft er 
embedding in resin, large ultrathin secti ons were cut and placed on a hole 
grid. We then acquired several thousand overlapping TEM micrographs 
using the auto-acquisiti on TEM system and merged. The gigapixel TEM 
images obtained included transverse and/or radial longitudinal secti ons 
of root ti p (columella, meristemati c zone, elongati on zone), cotyledon, 
anther, and shoot apical meristem. Using these gigapixel TEM images, 
we are now constructi ng a zoomable website, the “Arabidopsis Electron 
Microscopy Atlas”. The gigapixel TEM images can be converted to 
pyramidal ti led multi -resoluti on images and mounted on a web server. 
Such websites are accessible from any PC, tablet, or smartphone. This 
atlas is useful to for observing the ultrastructure of organelles in diff erent 
developmental stages and under various environmental conditi ons. 

P552 - Absolute units at the transcriptional 
level for cracking our understanding of 
circadian regulation in Arabidopsis 
 

URQUIZA GARCIA Jose Maria Uriel(1), MOLINA Nacho(1), 
MILLAR Andrew J.(1) 
(1) Synthsys, The University of Edinburgh, Edinburgh, UNITED 
KINGDOM 
A combinati on of experimental and theoreti cal work has been 
fundamental for understanding how circadian rhythms emerge from 
the complex interacti on of genes. Moreover, current clock models have 
lacked absolute units on the concentrati on scale, potenti ally hiding 
areas of ignorance behind unrealisti c mechanisms. Therefore, we 
converted the parameters to absolute units, within biologically relevant 
ranges. Exploring the literature showed us that some parameters follow 
a log-normal distributi on. Nonetheless, we found an important lack of 
quanti tati ve informati on for plant-relevant parameters for example 
transcripti on rates and Kds of protein-protein interacti on. Which is a 
problem that needs to be solved by the community. We observe by using 
P2011 model and mRNA data with absolute units, that transcripti on rates 
do not violate maximum esti mates from other eukaryotes apart from 
GIGANTEA (GI). Furthermore, using a translati on model and the TiMet 
Project mRNA datasets showed that PSEUDO RESPONSE REGULATORs 
(PRRs) have higher translati on rates than expected. Surprisingly, P2011 
and the translati on model give similar predicti ons for the relati ve levels 
between the PRRs apart from TIMING OF CAB EXPRESSION1 (TOC1). 
Finally, we tested how experimental error constrains our understanding, 
by propagati ng this uncertainty into model predicti ons. 

P553 - Modelling plant heterosis using genome-
scale metabolic networks 
 

VACHER Michael(1), IAN Small(1)  
(1)Plant Energy Biology, Crawley, AUSTRALIA 
Applicati ons of genome-scale metabolic reconstructi ons have conti nued 
to expand over the last decade. Herein, we introduce a novel method to 
simulate and predict plant heterosis using a manually curated genome-
scale model of Arabidopsis thaliana. The approach provides evidences 
of the presence of metabolic bott lenecks explaining the superior 
performance of heterozygous hybrid plants over their parental inbred 
lines. The presented results bring new clues on the geneti c and molecular 
basis of heterosis, a phenomenon that has remained enigmati c for 
decades, despite its paramount agronomic importance. 

P554 - The use of bulk segregant analysis 
to identify single nucleotide polymorphism 
related to Arabidopsis root morphological 
traits 
 

XU Jiajia(1), DE PESSEMIER Jérôme(1), HERMANS Christian(1)  
(1) Université Libre de Bruxelles, Brussels, BELGIUM 
The root morphology is highly responsive to nitrate, which acts at multi ple 
stages of root development. To elucidate the natural geneti c variati ons 
related to root morphology, two F2 populati ons were generated from two 
crosses between contrasti ng natural accessions of Arabidopsis thaliana, 
Pyl-1 (Le Pyla, France) crossing Bor-1 (Borky, Czech Republic) and C24 
(Coimbra, Portugal) crossing Ost-0 (Osthammar, Sweden). Upon in vitro 
culture at 10 mM NO3-, Pyl-1 had almost no visible lateral root (LR), while 
Bor-1 had about a dozen of long LRs. C24 had much shorter primary 
root length (LPR) compared with Ost-0. For each outcross, around 450 
F2 individuals were phenotyped and pools of 40 plants with extreme 
traits were identi fi ed. Bulked DNAs were sequenced by Illumina NextSeq 
platf orm. Raw reads were then fi ltered and mapped to Col-0 genome 
followed by consensus-calling programs. The SHOREmap pipeline (Nature 
Methods 8:550-551) was used for esti mati ng allele frequencies (AFs). 
By comparing the four bulks of recombinant genomes, we were able to 
detect a common peak of AF on the long arm of chromosome 4. Further 
GO enrichment analysis revealed genes with high AF values across all the 
chromosomes involved in signal transducti on. Phenotypes of knockout 
lines of candidate genes will be challenged in order to confi rm the roles 
of these genes in Arabidopsis root development. 
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P555 - CRISPR Primer Designer: Design primers 
for knockout & chromosome imaging CRISPR-
Cas system 
 

YAN Meng(1), ZHOU Shi-Rong(1), XUE Hong-Wei(1)  
(1) SHANGHAI INSITITUES FOR BIOLOGICAL SCIENCES, Shanghai, 
CHINA 
Clustered regularly interspaced short palindromic repeats &ndash; 
CRISPR associated system (CRISPR-Cas) enables biologists to edit genome 
precisely and provides a powerful tool for perturbing endogenous gene 
regulati on, modulati on of epigeneti c markers and genome architecture. 
However, there are concerns rose about the specifi city of the system, 
especially the usages of knocking out a gene. Previous designing tools 
either were mostly built-in websites or ran as command-line program, 
and none of them ran locally and acquired a user-friendly interface. In 
additi on, with the development of CRISPR derived-systems, such as 
chromosome imaging, there were sti ll no tools helping users to generate 
specifi c end-user spacers. We here presented CRISPR Primer Designer for 
researchers to design primers for CRISPR applicati ons. The program has a 
user-friendly interface, and can analyze the BLAST results by using multi ple 
parameters and score for each candidate spacers, generate the primers 
when using a certain plasmid. In additi on, CRISPR Primer Designer runs 
locally and can be used to search spacer clusters, and exports primers for 
CRISPR-Cas system based chromosome imaging system. CRISPR Primer 
Designer can be downloaded at: htt p://www.plantsignal. cn/CRISPR/
crispr_primer_designer.html. 

Epigenetics 
Posters 556 to 573 

P556 - Discovering the enigmatic DNMT2 
in Arabidopsis thaliana: more than a tRNA 
cytosine methyltransferase 
 

ALVES Cristiane(1), KHODDAMI Vahid(3) , DOTTO Marcela (2) , 
CAIRNS Brad(3) , TIMMERMANS Marja (2) , TEBALDI Fabio(1)  
(1) UNESP, Botucatu / SP, BRAZIL (2)  Cold Spring Harbor Laboratory, 
Cold Spring Harbor / NY, USA(3)  Huntsman Cancer Institute, Salt 
Lake City / Ut, USA 
DNA methyltransferase 2 (DNMT2) is highly conserved among diff erent 
kingdoms and does not have a biological functi on well defi ned so far; 
however, it has been shown that DNMT2 can methylate RNA in animal 
and plant cells, specifi cally the cytosine 38 (C38) of transfer RNAs (tRNAs). 
It is also responsive to stress conditi ons in animal cells and it seems to 
somehow play a role in early development and male gametogenesis in 
animals. This work aims to investi gate the possible role(s) of DNMT2 in 
Arabidopsis thaliana. dnmt2 mutant displays no obvious phenotypes 
in embryo or plant development. Using sodium bisulfi te treated-RNA 
high throughput sequencing, we found two new target candidates 
for AtDNMT2: tRNA GlyGCC and tRNA GlyCCC. To get a bett er view of the 
possible molecular roles of AtDNMT2, we analyzed its cellular localizati on. 
Based on transient expression assays, we showed that AtDNMT2 is mostly 
localized in the nucleus and it might interact with cytoskeleton proteins. 
To evaluate possible molecular and cellular pathways that DNMT2 
could infl uence, we constructed Col-0 and dnmt2 RNA-seq libraries and 
found that it may be involved in several cellular processes: metabolic, 
developmental, stress response, cell organizati on, signal transducti on, 
among others. Our preliminary data suggests that AtDNMT2 is playing 
various roles in Arabidopsis cells, probably acti ng as co-factor of the 
epigeneti c machinery and indeed parti cipati ng in tRNA C38 methylati on 
of specifi c tRNAs. 

P557 - Imprinting and redundancy of a cluster 
of Mcm1/SRF Type-I (γ) MADS-Box Factors in 
Plant Reproduction 
 

BJERKAN Katrine(1), JOHANNESSEN Ida M.(1), HORNSLIEN 
Karina S.(1), SHIRZADI Reza(1), GLÖCKLE Barbara M.(1), 
STØ Ida M.(1), BRAMSIEPE Jonathan (1), BOYER Daniel (2) , 
SCHNITTGER Arp(3) , GRINI Paul E.(1)  
(1) Section for Genetics and Evolutionary Biology, Department 
of Biosciences, University of Oslo, Oslo, NORWAY (2)  Institut de 
Biologie de l’Ecole Normale Supérieure (IBENS), CNRS, Paris, 

FRANCE(3)  Department of Developmental Biology, University of 
Hamburg, Hamburg, GERMANY 
MADS box transcripti on factors are evoluti onary conserved proteins 
found in yeast, animals and plants. The MADS box transcripti on factors 
can be divided into two groups, Type I and Type II. Type I have been shown 
to be regulated by an epigeneti c mechanism called imprinti ng where only 
one parental copy is acti ve. More specifi cally, the maternally expressed 
MADS box gene AGL36 has been shown to be regulated by a dual switch 
comprising of the METHYLTRANSFERASE1 (MET1), which maintains 
CG methylati on and DEMETER (DME), which removes methylati on 
by glycosylati on. Moreover, the FERTILIZATIONINDEPENDENT-SEED 
Polycomb repressive complex 2 (FIS-PRC2) is required for repression of 
AGL36. AGL36 clusters with AGL34, AGL35, and AGL90, sharing a high 
degree of sequence similarity and many of the AGLs have been found to 
interact and may form dimers or tetramers. AGL36 interacts with AGL28 
and AGL62 where the agl62 mutant has an endosperm phenotype, but 
preliminary studies show that none of the other single mutants have an 
apparent phenotype. Double and triple mutants are therefore necessary 
to investi gate redundant functi ons. In additi on, AGL28 and AGL90 
do not appear to be regulated by a dual MET1/DME switch. The Type 
I transcripti on factors are predicted to have been duplicated through 
local and more recent duplicati on events and we will report on the 
characterizati on of one such cluster and the nature of the surrounding 
region (e.g. transposon presence) in the genus Arabidopsis. 

P558 - Histone deacetylase HD2C interacts 
with BRM-containing SWI/SNF chromatin 
remodeling complex and coregulates response 
to heat stress in Arabidopsis. 
 

BUSZEWICZ Daniel(1), ARCHACKI Rafał (2) , PALUSIŃSKI Antoni 
(2) , KOTLIŃSKI Maciej (2) , FOGTMAN Anna(1), IWANICKA-
NOWICKA Roksana(1), WAWERSKA Katarzyna (1, DADLEZ 
Michał(1), JERZMANOWSKI Andrzej(1), KOBLOWSKA Marta(1)  
(1) Institute of Biochemistry and Biophysics, Polish Academy of 
Sciences, Warsaw, POLAND (2)  Faculty of Biology, University of 
Warsaw, Warsaw, POLAND 
Histone acetylati on is one of the key mechanisms regulati ng chromati n 
structure and transcripti onal acti vity of genes. The additi on of acetyl 
group to lysine side chain, by loosening chromati n structure, makes 
DNA more accessible to RNA polymerase and other regulatory factors 
and promotes transcripti on. Histone acetylati on is a reversible process 
that depends on the interplay between histone acetyltransferases 
(HATs) and histone deacetylases (HDACs). Both HATs and HDACs act as 
components of multi protein complexes and are recruited to target loci 
by specifi c transcripti onal regulators. Arabidopsis HD2C is the most 
thoroughly studied histone deacetylase of the HD2-type. It functi ons as 
a transcripti onal repressor and was shown to be involved in responses 
to ABA and abioti c stresses. In this work, we show evidence for the 
interacti on between Arabidopsis HD2C histone deacetylase and BRM-
containing SWI/SNF chromati n remodeling complex. Moreover, we reveal 
a novel functi on of HD2C and BRM ATPase as regulators of heat stress 
response and show that they co-regulate a subset of genes necessary for 
proper response and adaptati on of Arabidopsis to high temperature. 

P559 - Genome-wide Transcriptome Analysis of 
Brassica napus Epilines Selected for Energy Use 
Effi  ciency and High Yield 
 

BYZOVA Marina(1), MARTENS Cindy (2) , VERWULGEN Tom(1), 
DE BLOCK Marc (2) , VAN LIJSEBETTENS Mieke(1)  
(1) Department of Plant System Biology, VIB Ghent University, Gent 
(9052), BELGIUM (2)  Bayer BioScience N.V., Gent (9052), BELGIUM 
Plants uti lize sophisti cated epigeneti c regulatory mechanisms to 
coordinate changes in gene expression and thus, rapidly to respond 
to the environment. Moreover, one of the most complex quanti tati ve 
traits in plants, yield, has been demonstrated to possess an epigeneti c 
component that correlates with energy homeostasis (De Block M, Van 
Lijsebett ens M, 2011). The energy use effi  ciency (EUE) rate was used 
as a selecti on marker for arti fi cial selecti on in isogenic Brassica napus 
doubled haploid populati ons. Selected lines with high EUE had an 
increased seed producti on. All selected lines were found to be geneti cally 
identi cal but epigeneti cally diff erent. Epigeneti c states as well as the 
agronomic characteristi cs of the lines were stably transmitt ed for over 
eight generati ons (Hauben et al., 2009). To investi gate regulatory and 
metabolic pathways associated with transcripti onal states, we performed 
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RNA-seq analysis on EUE1 epiline. For functi onal analyses of Brassica 
diff erenti ally expressed genes Arabidopsis orthologous were used. 
The functi onal categorizati on of EUE1 DEGs showed an enrichment of 
GO terms related to drought stress response. A more detailed analysis 
revealed an over-representati on of stress responsive genes. A hierarchical 
clustering of EUE1 RNAseq data with Arabidopsis water stress-related 
transcriptome data sets showed a clear correlati on with drought stress 
treatments. These data were confi rmed by drought stress experiments 
on EUE1 plants. 

P560 - Silencing of developmentally regulated 
genes by the MUT9 kinases in Arabidopsis 
 

CASAS MOLLANO Juan Armando(1), MORAES Izabel(1), WANG 
Zhen (2) , CERUTTI Heriberto (2)   
(1) Departamento de Bioquímica, Instituto de Química, Universidade 
de São Paulo, Sao Paulo, BRAZIL (2)  School of Biological Sciences, 
University of Nebraska-Lincoln, Lincoln, USA 
MUT9 is a small family of plant-specifi c kinases fi rst described in 
Chlamydomonas reinhardti i. In this alga, MUT9 is responsible for the 
phosphorylati on of histone H3 threonine 3 (H3T3ph), a modifi cati on 
associated to the chromati n of transcripti onally silent transgenes and 
transposons. We present here the initi al characterizati on of four putati ve 
MUT9 orthologs in Arabidopsis, At2g25760, At3g13670, At5g18190 and 
At3g03940. RT-PCR and promoter fusion with GUS indicate that the 
four genes are expressed in the majority of plant organs. Analysis of 
translati on fusions with the fl uorescent protein GFP showed that MUT9 
proteins localize into the nuclei, someti mes distributed as a discrete foci. 
We also isolated homozygous T-DNA mutants in the four MUT9 genes. 
Analysis of these mutants did not reveal any obvious phenotypes or 
defects in gene silencing at the loci tested. However, crossing the T-DNA 
lines in all possible combinati ons revealed a double mutant combinati on 
displaying a drasti c phenotype. Plants of this double mutant were dwarf in 
appearance, oft en produced fl oral buds with narrower sepals resulti ng in 
exposed fl oral organs. RNA-seq and a candidate gene approach indicated 
that this mutant is defecti ve in the silencing of developmentally regulated 
genes such as PISTILLATA, APETALA1 and MEDEA. Thus, the MUT9 family 
appears to play essenti al role(s) in developmental programs and gene 
silencing in Arabidopsis. Funding: this work was supported by a FAPESP 
Jovem Pesquisador grant (N° 11/50483-2) to JAC-M 

P561 - Primer-dependent and primer-
independent initiation of double stranded RNA 
synthesis by Arabidopsis RNAdependent RNA 
polymerases RDR2 and RDR6 
 

DEVERT Anthony(1), FABRE Nicolas(1), FLORIS Maïna(1), 
CANARD Bruno (2) , ROBAGLIA Christophe(1), CRÉTÉ Patrice(1)  
(1) Aix-Marseille Université, CEA, CNRS, UMR 7265, Biologie Végétale 
et Microbiologie Environnementale, Laboratoire de Génétique 
et Biophysique des Plantes, Marseille, FRANCE (2)  Aix Marseille 
Université, CNRS, AFMB UMR 7257, Marseille, FRANCE 
In plants and many other eukaryotes, cellular RNA-dependent RNA 
polymerases (RDRs) are fundamental components of RNA silencing, 
a conserved RNA-based mechanism involved in stability, protecti on, 
inheritance and expression of eukaryoti c genomes at transcripti onal or 
post-transcripti onal levels. In Arabidopsis thaliana geneti c studies have 
demonstrated that RDR2 and RDR6 are involved in the synthesis of 
double stranded RNA (dsRNA) from single stranded RNA (ssRNA) targeted 
by RNA silencing. The dsRNA is subsequently cleaved by the ribonuclease 
DICER-like into secondary small interfering RNAs (siRNAs) that reinforce 
and/or maintain the silenced state of the target RNA. Models of RNA 
silencing propose that RDRs could use primer-independent and primer-
dependent initi ati on to generate dsRNA from a transcript targeted by 
primary siRNA or microRNA (miRNA). However, the biochemical acti viti es 
of RDR proteins are sti ll partly understood. Here, we obtained acti ve 
recombinant RDR2 and RDR6 in a purifi ed form. We demonstrate that 
RDR2 and RDR6 have primer-independent and primer-dependent RNA 
polymerase acti viti es with diff erent effi  ciencies. We further show that 
RDR2 and RDR6 can initi ate dsRNA synthesis either by elongati on of 21- 
to 24- nucleoti des RNAs hybridized to complementary RNA template or 
by elongati on of self-primed RNA template. These fi ndings provide new 
insights into our understanding of the molecular mechanisms of RNA 
silencing in plants. 

P562 - Molecular Basis Of Transgenerational 
Progressivity Of DNA Methylation Restoration 
 

DE PAOLI Emanuele(1), KASSAM Mohamed (2) , ETCHEVERRY 
Mathilde (2) , HAKIM Vincent(3) , COLOT Vincent (2)   
(1) Università di Udine, Dipartimento di Scienze Agrarie e 
Ambientali, Udine, ITALY (2)  Ecole Normale Supérieure, Institut de 
Biologie (IBENS), CNRS-UMR8197, Inserm-U1024, Paris, FRANCE(3)  
Ecole Normale Supérieure, Laboratoire de Physique Statistique, 
CNRS-UMR8550, Paris, FRANCE 
Geneti c dissecti on of DNA methylati on of repeats elements in Arabidopsis 
has revealed a complex interplay between de novo RNA-directed DNA 
methylati on and maintenance methylati on, which is orchestrated by the 
ATP-dependent chromati n remodeler DECREASE OF DNA METHYLATION 1 
(DDM1; Law & Jacobsen, Nat Rev Genet 2010). Plants mutant for DDM1 
show much-reduced DNA methylati on over transposable elements and 
other repeats. Although at some loci this hypomethylati on is stably 
inherited upon restorati on of DDM1 functi on, this is not the case for 
a large class of repeat sequences, which reacquire wild-type DNA 
methylati on instead. This restorati on of DNA methylati on is however not 
immediate but rather proceeds in an incremental manner over several 
successive generati ons and during the sexual phase of the plant cycle 
(Teixeira et al., Science 2009; Teixeira & Colot, Heredity 2010). Here, we 
show that progressive DNA methylati on almost exclusively aff ects CG 
sites that are located within nucleosomal DNA, thus revealing a key role 
for chromati n organizati on in determining how DNA methylati on patt erns 
are established. 

P563 - SHOOT GROWTH1 Maintains Arabidopsis 
Epigenomes by Regulating IBM1 
 

DEREMETZ Aurélie(1), AGORIO Astrid(1), BROUSSE Cécile(1), 
BOUCHE Nicolas(1)  
(1) INRA IJPB, VERSAILLES, FRANCE 
Maintaining correct DNA and histone methylati on patt erns is essenti al for 
the development of all eukaryotes. In Arabidopsis, we identi fi ed SHOOT 
GROWTH1 (SG1)/INCREASE IN BONSAI METHYLATION2 (IBM2), a novel 
protein involved in the control of gene methylati on. SG1 contains both 
a Bromo-Adjacent Homology (BAH) domain found in several chromati n 
regulators and an RNA-Recogniti on Moti f (RRM). The sg1 mutati ons are 
associated with drasti c pleiotropic phenotypes. The mutants degenerate 
aft er few generati ons and are similar to mutants of the histone demethylase 
INCREASE IN BONSAI METHYLATION1 (IBM1). A methylome analysis of 
sg1 mutants revealed a large number of gene bodies hypermethylated in 
the cytosine CHG context, associated with an increase in di-methylati on of 
lysine 9 on histone H3 tail (H3K9me2), an epigeneti c mark normally found 
in silenced transposons. The sg1 phenotype is suppressed by mutati ons 
in genes encoding the DNA methyltransferase CHROMOMETHYLASE3 
(CMT3) or the histone methyltransferase KRYPTONITE (KYP), indicati ng 
that SG1 functi ons antagonisti cally to CMT3 or KYP. We further show 
that the IBM1 transcript is not correctly processed in sg1, and that the 
functi onal IBM1 transcript complements sg1. Altogether, our results 
suggest a functi on for SG1 in the maintenance of genome integrity by 
regulati ng IBM1. 

 
P564 - Role of RdDM in regulation of a cluster of 
Type-I (γ) MADS-box transcription factor genes 
 

HORNSLIEN Karina(1) JOHANNESSEN Ida Marie(1), BOUYER 
Daniel (2) , BJERKAN Katrine N.(1), GRINI Paul E.(1)  
(1) University of Oslo, Department of Biosciences, Oslo, NORWAY (2)  
Institut de Biologie de l’Ecole Normale Supérieure (IBENS), Paris, 
FRANCE 
The RNA Directed DNA methylati on (RdDM) pathway has been shown 
to be involved in several diff erent processes during plant development 
and reproducti on. RdDM produce and uti lize small interfering RNA to 
direct methylati on of DNA and thus can regulate expression of genes 
through epigeneti c mechanisms. RdDM has been linked to the regulati on 
of a cluster of Type-I (&gamma;) MADS-box transcripti on factor genes 
called AGAMOUS LIKE (AGL). In mutants lacking key components of the 
RdDM machinery, several of the AGLs show altered expression patt erns 
compared to Wildtype. It has been reported that several AGLs are 
upregulated in developing seeds when the maternal contributor lacks a 
functi onal RNA polymerase IV of the RdDM pathway. In this study, we 
have investi gated the parental origin of the diff erenti al expression of 
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Type-I (&gamma;) MADS-box transcripti on when RdDM is not functi onal 
in either of the parents. Several AGLs have also been shown to be 
imprinted and we investi gate the hypothesis that RdDM is involved in 
parent- of- origin dependent gene expression. 

P565 - INCURVATA11 is involved in chromatin 
remodeling 
 

MATEO-BONMATÍ Eduardo(1), JUAN-VICENTE Lucía(1), MICOL 
José Luis(1)  
(1) Instituto de Bioingeniería, Universidad Miguel Hernández, Elche, 
SPAIN 
We performed several screens for leaf mutants and found that mutati ons 
classifi ed together based on morphological phenotype actually 
aff ect genes involved in a single pathway or molecular mechanism. 
Gene&ndash;morphology relati onships among our mutants were 
reproducible and in not few cases predictable. One of the most represented 
phenotypic classes that we found was that of mutants with incurved 
leaves, some of which had defects in chromati n remodeling, an essenti al 
process for all eukaryotes that impacts growth and development. The 
incurvata11-1 (icu11-1) mutant exhibits curly leaves, a phenotype that we 
already observed in mutants carrying alleles of CURLY LEAF (CLF) and ICU2, 
both of which are involved in chromati n remodeling. ICU11 belongs to the 
CP family, which also seems to parti cipate in chromati n remodeling, as 
indicated by the synergisti c phenotypes of double mutant combinati ons 
of cp alleles and alleles of CLF and TERMINAL FLOWER 2 (TFL2). The CP 
family includes redundant and essenti al genes in Arabidopsis: the icu11 
cp2 and cp3 cp4 double mutants are lethal. In additi on, we found the 
ICU11 and CP2 proteins solely localized at the cell nucleus. Many genes 
were found derepressed in a global expression analysis of icu11-1 leaves. 
Taken together, our results indicate that ICU11 and other CP genes are 
new players on the chromati n remodeling scene. 

P566 - Long noncoding RNAs in root 
developmental plasticity 
 

MOREAU Jérémy(1), ROMERO-BARRIOS Natali(1), LELANDAIS-
BRIERE Christine(1), CRESPI Martin(1), ARIEL Federico(1)  
(1) The Institute of Plant Sciences - Paris Saclay (IPS2), Orsay, 
FRANCE 
In recent years, noncoding RNAs have emerged as major components of 
the eukaryoti c transcriptome. The producti on of 24nt siRNAs depends on 
noncoding transcripti on mediated by the plant-specifi c RNA polymerases 
Pol IV and Pol V, leading to DNA methylati on and transcripti onal gene 
silencing. Besides, Pol II is also capable of transcribing functi onal long 
noncoding RNAs (lncRNAs). Genome wide analyses have revealed the 
existence of thousands of lncRNAs in several plant species. In the last 
years, several Pol II lncRNAs have been characterized in a wide range of 
regulatory mechanisms in plants, including the recruitment of chromati n 
remodelers, the modulati on of alternati ve splicing factors, the fi ne-tune 
of miRNA acti vity or the control of mRNA translati on or accumulati on. 
Recently, dual noncoding transcripti on by alternati ve polymerase 
complexes was implicated in epigeneti c and chromati n conformati on 
dynamics, impacti ng gene expression. In our lab, we study the role of 
lncRNAs in the control of gene expression, leading to the modulati on of 
far-reaching developmental outputs 

P567 - Phosphate starvation in rice induces 
mitotically heritable modulation of DNA 
methylation at starvation responsive genes 
 

SECCO David(1), WANG Chuang (2) , SHOU Huixia (2) , SCHULTZ 
Matthew(3) , CHIARENZA Serge(4), NUSSAUME Laurent(4), 
ECKER Joseph R. (3), WHELAN James (5), LISTER Ryan(1)  
(1) University of Western Australia, Perth, AUSTRALIA (2)  State 
Key laboratory of Plant Physiology and Biochemistry and Joint 
Research Laboratory in Genomics and Nutriomics, College of 
Life Science, Hangzhou, CHINA(3)  Genomic Analysis Laboratory, 
The Salk Institute for Biological Studies, La Jolla, USA(4) UMR 6191 
CEA, Centre National de la Recherche Scientifi que, Laboratoire de 
Biologie du Développement des Plantes, Université d’Aix-Marseille, 
Saint-Paul-lez-Durance, FRANCE (5) Department of Botany, School 
of Life Science, ARC Centre of Excellence in Plant Energy Biology, La 
Trobe University, Melbourne, AUSTRALIA 

Cytosine DNA methylati on (mC) is a genome modifi cati on that can 
regulate the expression of coding and non-coding geneti c elements, 
however litt le is known about the involvement of mC in response to 
environmental cues. Using whole-genome bisulfi te sequencing to assess 
the spati o-temporal dynamics of mC in rice grown under phosphate 
(Pi) starvati on and recovery conditi ons, we identi fi ed widespread Pi 
starvati on-induced changes in mC in rice roots and shoots, preferenti ally 
localized in TEs and proximal to highly induced genes. These changes 
in mC occurred aft er changes in proximal gene transcripti on and were 
mostly DCL3a-independent. Furthermore, these changes in mC could be 
mitoti cally but not meoti cally propagated. Similar analyses performed in 
Arabidopsis revealed a limited eff ect of Pi starvati on on mC, suggesti ng 
a species-specifi c mechanism. Overall, this study provides insights into 
a cellular acti vity that potenti ally repress the acti vity of specifi c TEs in 
genomic regions that must be transcripti onally acti vated to respond to 
environmental perturbati on. 

P568 - DNA methylation and small RNAs 
cooperatively repress Athila retrotransposon 
to prevent developmental defects 
 

SHIMADA Atsushi(1), SASAKI Taku (2) , KAKUTANI Tetsuji (2) , 
MARTIENSSEN Robert A(1)  
(1) Department of Plant Genetics, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY, USA (2)  Division of Agricultural Genetics, 
National Institute of Genetics, Mishima, Shizuoka, JAPAN 
Small RNAs and DNA methylati on have pivotal roles in regulati ng gene 
expression. In Arabidopsis thaliana, RDR6, an RNA dependent RNA 
polymerase, has been shown to generate 21nt siRNAs required for post-
transcripti onal gene silencing. Because RDR6-dependent epigeneti cally 
acti vated 21nt easiRNAs are also generated from transposable elements, 
which are silenced by DNA methylati on, crosstalk between 21nt siRNA 
and DNA methylati on is suggested. Consistently, we observed the 
strong geneti c interacti on between rdr6 and mutants defecti ve in DNA 
methylati on. The rdr1 rdr2 rdr6 ddm1 quadruple mutant, losing both 
21nt and 24nt siRNAs and DNA methylati on, has dramati c fl oral defects, 
growth defect and loss of ferti lity. These defects are not observed in 
rdr1 rdr2 ddm1 or rdr1 rdr2 rdr6. Segregati on analyses in a rdr1 rdr2 
rdr6 background indicates that RDR6 cooperates with DNA methylati on 
to repress a single causati ve locus. Using EMS mutagenesis, we isolated 
suppressors that recovered these pleiotropic phenotypes, all of which 
gained hyper-methylati on at a specifi c centromeric Athila retrotransposon. 
In additi on, replacing easiRNA with RDR6-independent hairpin small 
RNAs from this Athila element suppressed multi ple phenotypes of the 
quadruple mutant, suggesti ng that Athila is the causati ve locus. Our data 
provide evidence that RDR6-dependent 21nt easiRNA compensates for 
the loss of DNA methylati on, preventi ng developmental defects caused 
by a specifi c perturbed transposon. 

P569 - Small molecules with big impact: 
functional characterization of embryonic 
miRNAs 
 

VASHISHT Divya(1), PLOTNIKOVA Aleksandra(1), MOSIOLEK 
Magdalena(1), NODINE Michael(1)  
(1) Gregor Mendel Institute of Molecular Plant Biology (GMI), Vienna 
Biocenter (VBC), Austrian Academy of Sciences, 1030 Vienna, 
AUSTRIA 
Plant microRNAs (miRNAs) are short non-coding RNAs (20-24nt) that 
post-transcripti onally regulate gene expression throughout plant life, and 
have diverse regulatory roles throughout development. Consistent with 
their importance during development, key developmental regulators, 
such as transcripti on factors and F-box proteins are downstream targets 
of plant miRNAs. We recently demonstrated that miRNAs are required 
for both body plan formati on, as well as proper developmental ti ming, 
during embryogenesis (Nodine and Bartel, 2010). However, the functi ons 
of individual miRNAs during embryogenesis are largely unknown. This is 
largely due to the inability to profi le small RNA populati ons from early 
embryos. We modifi ed next generati on sequencing protocols to enable 
highly accurate and reproducible small RNA and transcriptome profi ling 
from very low amounts of starti ng RNA. We used these approaches to 
profi le the small RNAs and mRNAs in wild type and miRNA-defi cient 
(dcl1-5) embryos. By comparing the RNA populati ons of Col-0 and dcl1-
5 embryos, we have obtained a genome-wide view of miRNA/target 
interacti ons in developing embryos. Furthermore, fl uorescence-based 
miRNA sensors together with RNA in situ hybridizati ons for selected 
miRNAs gave cellular resoluti on of miRNA acti vity and expression 
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domains during embryogenesis. We also systemati cally inhibited specifi c 
miRNA families in wild-type embryos, and identi fi ed a set of miRNAs that 
are required for embryo development. Together, our results demonstrate 
that miRNAs likely have a large impact on the gene regulatory networks 
at the beginning of plant life. 
Keywords: small RNA, miRNAs, embryo, development 
Reference: Nodine, M. D. and Bartel, D. P. (2010) MicroRNAs prevent 
precocious gene expression and enable patt ern formati on during plant 
embryogenesis. Genes & development 24, 2678-2692. 

P570 - Binding of ubiquitin by the WIYLD 
domain of the histone H3K9 methyltransferase 
SUVR4 changes its activity and product 
specifi city 
 

VEISETH Silje Veie(1), RAHMAN Mohummad Aminur (2) , 
KRISTIANSEN Per Eugen(1), THORSTENSEN Tage(3) , AALEN 
Reidunn Birgitta(1)  
(1) Department of Biosciences, University of Oslo, Oslo, NORWAY 
(2)  Department of Biomedicine, University of Bergen, Bergen, 
NORWAY(3)  Bioforsk Plant Health and Plant Protection, Norwegian 
Institute for Agricultural and Environmental Research, Ås, NORWAY 
In eukaryotes, diff erent chromati n states facilitate or repress gene 
expression and restrict the acti vity of transposable elements. Post-
translati onal modifi cati ons of amino acid residues on the N-terminal 
tails of histones are suggested to defi ne such states. The histone lysine 
methyltransferase SUVAR3-9 RELATED4 (SUVR4) of Arabidopsis thaliana 
functi ons as a repressor of transposon acti vity. Binding of ubiquiti n by 
the WIYLD domain facilitates the additi on of two methyl groups to 
monomethylated lysine 9 of histone H3. By using NMR spectroscopy 
we identi fi ed SUVR4 WIYLD (S4WIYLD) as a domain with a four-helix 
bundle structure, in contrast to three-helix bundles of other ubiquiti n 
binding domains. A model of the complex suggests that the N-terminal 
and C-terminal parts of S4WIYLD consti tute a surface that interacts 
with charged residues close to the hydrophobic patch of ubiquiti n. The 
WIYLD domains of the closely related SUVR1 and SUVR2 Arabidopsis 
proteins also bind ubiquiti n, indicati ng that this is a general feature of 
this domain. SUVR4 localizes to the enti re nucleoplasm and is associated 
with euchromati c genes in ChIP experiments, suggesti ng that SUVR4 
may have euchromati c targets in additi on to transposons. Ongoing ChIP-
seq and RNA-seq experiments will clarify whether SUVR4 has a role 
outside of transposon repression. We propose that SUVR4 is involved in 
the epigeneti c defense mechanism by trimethylati ng H3K9 to suppress 
potenti ally harmful transposon acti vity together with a possible acti vity 
on euchromati c genes. 

P571 - Deciphering Dynamic Chromatin 3D 
Organization by chromatin remodeler subunit 
BAF60. 
 

VELUCHAMY Alaguraj(1), JÉGU Teddy (2) , LE GRAS Stephanie 
(2) , JOST Bernard (2) , BERGOUNIOUX Catherine (2) , RAYNAUD 
Cecile (2) , BENHAMED Moussa(1)

(1) King Abdullah University of Science and Technology, Makkah 
Province, SAUDI ARABIA (2)  Institute of Plant Biology, Orsay, FRANCE 
Spati al organisati on of genomes are dynamically regulated by chromati n 
interacti ons, which can be deduced using chromosome conformati on 
capture (3C)-based techniques. This global chromati n interacti on 
patt erns regulate the cellular and geneti c process in Arabidopsis thaliana. 
SWI/SNF are multi -protein complexes which mediate ATP-dependent 
chromati n remodeling to regulate gene expression. This regulati on is 
mediated by changes in the topology of the DNA. BAF60 is a SWI/SNF 
subunit targets fl oral repressor FLC involving the photoperiod fl owering 
pathway in Arabidopsis. BAF60 accumulates in the nucleus and controls 
the formati on of the FLC gene loop by modulati ng histone density, 
compositi on, and post-translati onal modifi cati on. To decipher the role of 
BAF60 at the genome wide level and to uncover looping interacti ons, we 
performed and integrated ChIP-seq, RNA-seq and Hi-C data. We generated 
interacti on maps in BAF60 RNAi and found that BAF60 is a key regulator 
of chromati n architecture which controls the formati on of loop structure 
to modulate gene expression. Analysis of other Histone modifi cati on data 
with Hi-C data shows that BAF60 specifi c chromati n interacti on patt erns 
were correlated with other epigeneti c marks. Altogether our data open 
new avenue in understanding the mechanism of acti on of SWI/SNF 
complexes. 

572 - Coordination of transcriptional initiation 
and elongation via an antisense transcript-
mediated chromatin mechanism 

WU Zhe(1), IETSWAART Robert (2) , LIU Fuquan(1), HOWARD 
Martin (2) , DEAN Caroline(1) 
(1) Department of Cell and Developmental Biology, John Innes 
Centre, Norwich, UNITED KINGDOM (2)  Computational and Systems 
Biology, John Innes Centre, Norwich, UNITED KINGDOM 
The mechanisti c basis of how chromati n infl uences transcripti on remains 
unresolved. Here, through a combinati on of experiments and mathemati cal 
modeling we fi nd the mechanism underlying transcripti onal repression 
of Arabidopsis FLOWERING LOCUS C (FLC) involves ti ght coordinati on of 
transcripti onal initi ati on and elongati on. This is demonstrated through 
quanti tati ve model predicti ons followed by detailed measurements 
of total and chromati n-bound FLC intronic RNA, a new methodology 
for analyzing elongati on rate changes. Such coordinati on of initi ati on 
and elongati on is a key feature of an integrated mechanism involving 
both a changed chromati n state and the FLC anti sense RNA, COOLAIR. 
We propose coordinated initi ati on and elongati on rate changes via the 
chromati n state could be a general feature of robust transcripti onal 
regulati on. 

P573 - Enzymatic and Structural Assays of Class 
II AtHDA5 
 
YI-JUI Chen (2) , KEQIANG Wu (2) , YI-SHENG Cheng(1)  
(1) Department of Life Science & Institute of Plant Biology, National 
Taiwan University, Taipei, TAIWAN (2)  Institute of Plant Biology, 
National Taiwan University, Taipei, TAIWAN 
Arabidopsis thaliana histone deacetylase 5 (AtHDA5), a homolog of yeast 
RPD3 class II, contains the histone deacetylase 
(HD) conserved domain and shares the classII AtHDA18 HD domain with 
88% protein sequence identi ty. The N terminus of AtHDA5 from residues 
10th -26th was predicted as nuclear localizati on signal (NLS) and the C 
terminus is a highly variable region. Since the plant histone deacetylases 
remained undiscovered in molecular levels, it worths to study the 
molecular functi on and protein structures. In this study, the recombinant 
AtHDA5 was constructed with a Maltose Binding Protein fusion tag for 
protein expression and purifi cati on. Interesti ngly, AtHDA5 showed two 
diff erent sizes of polymer and monomer forms aft er the analyses of size-
exclusion chromatography and dynamic light scatt ering. To confi rm the 
enzymati c functi on, Boc-Lys(Ac)-AMC substrate was used to check the 
acti vity of polymer and monomer forms. To identi fy the phosphorylati on 
sites, the mutants of AtHDA5 ND26, AtHDA5 S7/8A and AtHDA5 S7A 
were prepared and showed the enzymati c acti vity decreased with 26%-
33% compared to wildtype. The mutant with mimic phosphorylati on 
S7/8D could rescue the 15% acti vity from S7/8A. The results showed 
that phosphorylati on in AtHDA5 would regulate the enzyme acti vity. 
Truncated C-terminal (residues 385-661) caused the loss of enzyme 
acti vity of histone deacetylase. Subcelluar localizati on confi rmed AtHDA5 
located at cytoplasm. Transmission electron microscopy was used to 
reconstruct a low resoluti on of 3D model of AtHDA5. The preliminary 
structure of MBP-AtHDA5 shows a monomeric form (~18 Å). A homology 
modeling of AtHDA5 was generated with the template of human HDAC4 
(pdbid: 2VOW). Furthermore, the AtHDA5 model was used to reveal 
the substrate Boc-Lys(Ac)-AMC in the binding pocket of AtHDA5. The 
enzymati c and structural analyses would provide the insight into the 
molecular mechanisms for regulati ng gene expression of plants.  
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SOCIAL PROGRAM 
WELCOME RECEPTION
The Welcome reception will take place at the Congress Center, in 
the exhibition/poster area, after the opening ceremony and the fi rst 
keynote lecture. 

Sunday July 5, 2015 at 6:00 pm
Palais des Congrès de Paris – Level 2

Reservation was required. To access the cocktail, please wear your 
badge (you can pick it up at the welcome desk if you have not printed 
it at home).  

GALA DINNER & SEINE RIVER CRUISE
The ICAR Gala dinner will be held on the Alizé boat on Thursday, July 9, 2015 from 7:00 pm

The cruise will start at 8:15 pm sharp and end at 10:30 pm. Be on time!

The party will last till midnight or so!

Address: 
Boarding Port de la Rapée, at the foot of the “Charles de Gaulle” Bridge (Paris 12th district)

Access: 

Metro 
 
Gare de Lyon station + 6 min walk

RER A
 
D  Gare de Lyon station + 6 min walk

From the conference venue: Metro 
 
from 

Porte Maillot to Gare de Lyon (Direction Château de 
Vincennes) - 30 minutes

Free car park on the quay

Reservation was required. To access the Gala dinner, pick 
up your ticket from the welcome desk at the conference 
venue and present it upon your arrival at the Alizé boat.

If you have not booked your ticket, please note that you are welcome to join us 
from 10:30 pm on the boat to party with us (access upon presentation of your badge).
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GENERAL INFORMATION
HOW TO REACH THE CONGRESS VENUE? 
Palais des Congrès de Paris
2 Place de la Porte Maillot
75017 Paris 
ICAR exhibition and conference rooms: Level 2, Paris Side

By car:
From A1, A4, A6, A10, A15: Take Paris direction, access via western section of the ring road, exit Porte des Ternes
From A3, A13, A14: Take Paris direction, access via southern section of the ring road, exit Porte Maillot

By Public Transportation:
-  Metro Line 1 (direction La Défense) Stop at Porte Maillot - Palais des Congrès
-  Bus : Line PC1, PC 3, 82, 73, 43, 244
-  RER Line C - Stop at Neuilly - Porte Maillot - Palais des Congrès

Download the free App for your smartphone

Visit Paris by Metro is the o�  cial application of the RATP. Fully translated into English, German, 
Dutch, Italian, Spanish and Japanese, it is intended for use by anyone who wishes to e� ortlessly 
explore Paris by Metro.
We invite you to upload it to help you getting around in Paris and visiting the best place of the 
Capital. The name of the App is: Visiter Paris en métro - RATP

PARKING
A VINCI PARK car park with almost 1,700 spaces is open 24/7 for your convenience. Access via “Place de la Porte 
Maillot”. Telephone: 0033 1 40 68 00 11.

REGISTRATION AND WELCOME DESK
If you provided a correct email address when you registered, your personal e-badge has been sent by email the 
week before the Conference. If you have printed your e-badge, please go directly to the welcome desk upon your 
arrival to get your delegate bag.

Opening hours of the Welcome Desk - Maillot Hall - Level 2
 • Sunday, July, 5  3:00 pm - 7:00 pm
 • Monday/Tuesday/Wednesday/Thursday 08:30 am - 6:00 pm

Please note that there will be no admittance to the congress without the appropriate identifi cation badge

INTERNET ACCESS
A free wifi  will be provided by the organisers on the venue. It is limited to 4 hours per day by connected device and 
disconnects every 15 minutes if not used. It only works on the frequency band 2.4 Ghz.
Select  the VIPARIS network
Password : 12345678

LIST OF PARTICIPANTS
You will fi nd the list of participants on your personal ICAR account.

ABSTRACT BOOK
The abstract book is uploaded on the USB stick provided in your delegate bag, together with the MASC report.

SPEAKER PREVIEW ROOM
All speakers must go to the Preview Room in order to download their presentation and associated fi les, preferably 
the day before and at least 4 hours before the start of the session.
Speakers of the morning sessions should download their presentation the day before.

The Preview room is located in room 204. Opening hours of preview room: 
 • Sunday, July 5 3:00 pm - 6:00 pm 
 • Monday/Tuesday/Wednesday 8:30 am - 6:00 pm 
 • Thursday, July 9 8:30 am - 11:30 am

Presentations must be provided in their fi nal version. Speakers will be able to check their presentation in the preview 
room with some assistance if required.
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POSTER SESSIONS
Posters will be displayed at di� erent spots on Level 2 of the Palais des Congres of Paris for the whole duration of 
ICAR2015. Posters will be grouped according to thematic sessions. A detailed map is provided page … of the conference 
booklet.

There are 3 dedicated poster sessions:
 • Monday July 6 at 6:00 pm (2 hours) - Even numbers (002, 004, 006 etc.)
 • Tuesday July 7 at 6:00 pm (2 hours) - Odd numbers (001, 003, 005 etc.)
 •  Wednesday July 8 at 6:00 pm (2 hours) - Even and odd numbers, at the convenience 

of the poster authors

The presenting author of each poster is required to be present at the dedicated poster sessions according to even or 
odd numbers. 
Drinks will be provided during the poster sessions.

CERTIFICATE OF ATTENDANCE
Your certifi cate of attendance will be accessible online on your personnal ICAR account the night after you came to the 
congress. Do not forget to get scanned everyday!

BREAKS & LUNCHES
Refreshments breaks will be provided every morning at 10:30 am and every afternoon at 4:00 pm in the Maillot Hall, 
next to the exhibitors and posters.

Lunch bu� ets will be available in the Maillot Hall from 12:30 to 2:00 pm. 

LIABILITY
The Organizing Committee will not be liable for personal accidents or loss/damage of private properties of congress 
participants either during the congress or during the gala dinner. It is therefore recommended that participants arrange 
their own personal health, accident and travel insurance. 

TAXI
Taxis G7: 39 85 or +33 1 41 27 66 99
Taxi bleus: 36 09 or +33 1 49 63 10 10
Alpha Taxis: +33 1 45 85 85 

OTHER INFORMATION
Pharmacy opens daily from 9.00 am to 8.00 pm.
Cash dispensers are available on levels -1 and 0.
Smoking is forbidden throughout the facility.
Most of the public areas are accessible to persons with reduced mobility. Special parking spaces are reserved for the 
disabled in the public car park. All levels are accessible by elevator.
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INTERNATIONAL CONFERENCE ON 

ARABIDOPSIS RESEARCH

Keynote 
Speakers5 Workshops4 Postertalk sessions 

for junior scientists6 A28 variety of cultural and 
sightseeing programs 

Lead Organizer: Inhwan Hwang, Professor(POSTECH, KOREA)

parallel sessions covering almost 
all areas in Arabidopsis research

ICAR 2016 KOREA, 
GYEONGJU

 International Conference on Arabidopsis Research 

From 6. 29   To 7. 3

GYEONGJU
From 6. 29   To 7. 3

Gene

mRNA

ProteinProtein

Ribosome

ICAR 2016 KOREA GyeongJu


