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Global transcriptome analysis : Goals, technical approaches
and potential bias

How to capture RNA subpopulations with RNA-sequencing
: Concepts and Protocols

Address biological questions and uncover molecular
mechanisms with RNA-seq

Combine technologies to access multiple gene expression
regulations tiers in specific cells



RINA-SEQ OR TRANSCRIPTOME SEQUENCING

O

* Transcriptome

- Itis a set of all transcripts in any given cell, all
products of the transcriptional machinery.

- It includes coding (protein encoding) and non-
coding RNA (not protein encoding).
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RINA-SEQ OR TRANSCRIPTOME SEQUENCING

O
Transcriptome: RNA World
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http://finchtalk.geospiza.com/2009/05/small-rnas-get-smaller.html
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(GOALS TO STUDY THE TRANSCRIPTOME :

O

v Biological question ?
= What kind of RNA (mRNA, ncRNA, smallRNA, ...) ?

v Quantification ?
» Abundance of transcripts between different conditions

v Genome annotation ?
» Identify genes, exons, splicing events, ncRNAs, etc.
» Novel genes or transcripts

Ecole-Chercheurs : De 1'expression des génes aux réseaux Jérémie Bazin 30/05/17




CAPTURE THE TRANSCRIPTOME : THE CDNA LIBRARY

e cDNA, not RNA sequencing @
e Old technique to study gene expression (Sim et al., Cell 1979)

Cell, Vol. 18, 1303-1316, December 1979, Copyright © 1879 by MIT " . ’
’ Genes in expression
Use of a cDNA Library for Studies on Evolution and mRNA
Developmental Expression of the Chorion Multigene F—
Families Reverse ‘|( transcription
.. Grow - I
. 9 — - — cDNA v Complete gene

Insert plasmids
into bacteria

Isolate plasmid ;
and
purify DNA

Vector: Plasmid
A C G cT G
Sequence TCCTAT Tae

4

DNA
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NEXT GENERATION CDNA LIBRARY

 Basic steps :

AAAAAAAAA 1) PolyA+ RNA captured

o RNA Fragmentation

o Reverse transcription = =

o 5 /3’ Adapter Ligation = — — —

— = “m= 2)RNA fragmented and primed

= = == 3) First strand cDNA synthesized

o PCR amplification

4) Second strand cDNA synthesized

o Library quantification

B,

o High throughput sequencing +
AN

A 5) 3’ ends adenylatedand 5’ ends repaired

'p

/ 6) DNA sequencing adaptersligated

7

Barcode

N

7) Ligated fragments PCR amplified
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NEXT GENERATION CDNA LIBRARY

O

 Possible bias (most protocols)

o RNA degradation during extraction
o RNA fragmentation
o PCR artifacts :
= GC content sequences: depend on the DNA polymerase

= PCR over-amplification : The number of cycle may need to be optimized
: the less the better

o Adapter dimer contamination
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THE LIFE OF AN RNA, A JOURNEY OF MANY PATHWAYS
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Adapted from Bailey-Serres et al., 2009
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Based on intrinsic chemical features of the RNA
(Size, 5 /3 end)

Subcellular localization (Nucleus, organelles...)
Association with proteins complexes
Combination of these approaches

Everything is possible but need to be designed
carefully !



QQ: What is the effect of my favorite stress, mutation
on nuclear gene expression ?

@,

Nucleus f‘, RNA
Pre-mRNA Q _— T~ degradation
. Pri-miRNA . i ?
5-capping * miRNAs
=L —  geg oo
L :':* Splicing miRNA Translational P Processin
oh: Ech processing repression _L- 7 bod &
CRCTR 0 y

o

% export @

+ Lt S Active
o Translation
(@)

Stress granule

Ch.emlca}l RNA
modification Storage
(CH3, 0X)
\ Intercellular
9 trafficking
Plasmodesmata

Ecole-Chercheurs : De 1'expression des génes aux réseaux Jérémie Bazin 30/05/17




MRNA-SEQ

O

o mRNA features :

= Broad size distribution,
o Will require fragmentation before cloning

= polyA tail, 5” Cap
o PolyA tail can be used to enrich for mRNA among other RNA
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MRNA-SEQ

O

lllumina Tru-Seq RNA-seq protocol

(A AmAAA Y e ®) B
@-TTITTTTY o,
& | 3 ®)
- — — ('Ei A
\ Poly-A selection, fragmentation and random priming ) \ End-repair, phosphorylation and A-taling )
" L4
(B — — — B 6 N anse . ¥ "E-I'—/... =
Pa—— et e o — T
& - 3 i
_— —_— P P Ra1SP DNA insort inctes
— 2 o or
k Frist and second-strand cONA synthesis / \ Adapter ligation, PCR amplification and sequencing )

Library prep begins from 100ng-1ug of Total RNA which is poly-A selected (A) with magnetic
beads. Double-stranded cDNA (B) is phosphorylated and A-tailed (C) ready for adapter
ligation. The library is PCR amplified (D) ready for clustering and sequencing.
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MRNA-SEQ

e Potential bias I

o Based on purification of polyA RNA : sensitive to RNA degradation !!
o Can create a 3’end biased coverage which may compromise quantification

g s | ““m‘m
M Sample A

P mm;n _d_m e Sample B M cabhasaihiak Mx A “l i ‘1

5) =SSISSSIniT=ise==s=t] 3

» Solutions : Check RNA integrity
o Agilent Bioanalyzer (RIN>8)

-
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]
Partially degraded RNA
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MRNA-SEQ

O

» Potential bias II
* PCR overamplification :

o Reduce library complexity, results in overrepresented sequences.
* GC content

o Polymerase dependent
o Can be reduced by reducing PCR cycles

‘ nél::l.:m Yiew Ggto Ldit (reate Bun Qreph DRisplay

i T e T e e e

A C . — GC-coptent “i

Telomere AL W N W ot

g \M. \'\,f\ verage: ~ Phusion e Platinum

g B * AccuPrime m— Kapa HiFi ===PCR-free

- «w,ﬂ wa i f /“ 1

g [vw\/v A w“”‘”ﬂ‘“ "’\uf" L vt 7‘\}«‘ it ”‘ AM\ E
O —— ——m—l--_rl—n- N I T 5
:,-:r:"_w_:::ﬂ::_"“%

T ~ - e —
10 20 30 40 50 o - o
GC content (%)

Oyola et al., 2012 BMC Genomics
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MRNA-SEQ

» Potential bias III
» Adapter dimer contamination:

o Shorter fragment are sequenced preferentially = loss of usable reads

O

PAS OK
6 . E " ) [FU]— Adapters Library
R AR N
o kS - 50
o DS O b - l AL AT
TS ’r " | - B R R
k Adapter ligation, PCR amplification and sequencing J R -
. ] 35 150 300 500 1000  10380[bp]
At this step, adapters can be ligated together.
Especially when RNA input is to low [FU] OK

50 _
AN
s’ e
== — T
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 AMPure XP bead purification

» At each step or the protocol, where buffer or removal of primer is
required.

Is also used to separate dsDNA by size

[
o
D x x x X X X X X x
O B © 1 © ® K © 1 <
Z a d -~ »~ 0 0 6 © o
{, Agencourt — S - —
AMPure XP Binding Separation Ethanol Wash Elution Buffer ~ Transfer i E g E : ;
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— — -
?‘?*; ?.?*,o Rl 4 300bp TR -—
ey D ~2 045 2 930
ent Bnd  wa Wl
» . | - n o
E n 507 oa ' v <3 ) oo 8 oy § 200 bp [
7 .’ f\. "~ B oo
=Y \ 'Y 7 Y 5
Magnet - Magnet Magnet -
- - - -



Design your experiment carefully, use the right depth, more
replicates is often better than more depth.

Prices of sequencing are constantly decreasing but not the
cost of library prep kits !

You can use a home made protocol, this is just basic
molecular biology!

Ex : Wang et al., Plos One 2011 : TrueSeq like protocol , 5$ per
library vs 50$ for Illumina TrueSeq mRNA

The amount of reagents Illumina TrueSeq and Script-seq
protocols can be reduced to half (25$/Library)



QQ: What is the effect of my favorite stress, mutation
on global gene expression ?
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TOTAL RNA SEQ

O

® Illumin a S cript— S eq V2 500 pg to 50 ng rRNA-depleted or poly(A)+ RNA

. (AAAA)
N " Fragment RNA
R andom Hexamer wi 3' NNNNNN m—
O Generally used after rlbOSO I,].] al Tagging Sequence S-Zgugei:i;e Anneal cDNA Synthesis Primer

RNA depletion (Ribo-zero kit) | Syinesze VA
3' ‘—NNNNNN\ 3 ‘_NNNNNN\

o Ligation of adapter on single l
stranded cDNA

(AAAA)

Terminal-Tagging Oligo (TTO)

O Requires leSS RNA (50 —5 O Ong) 3end blocked 5 mNNNNNX # Anneal TTO

Sequence Synthesize 3'-tagged DNA

5" mm— NNNNX

o Less sensitive to RNA 3 - —
degradation 1 iy o

Di-tagged cDNA 3 '
o Sensitive to gDNA | — oo
contamination Dy
Index/Bar Code (optional)
O MUCh faster ! Adaptor-tagged RNA-Seq library Baré)de

for directional sequencing (optional)
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(Q2: WHICH MIRNAS ARE EPRESSED IN A PARTICULAR
CONDITION/ SPECIES

@,
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SRINA-SEQ

O

o SRNA features :

= Narrow size distribution,
o Do not require fragmentation, can be size selected

= 5 phosphate end, 3’0-methylated (plant)
o 5P end can be used to ligate selectively SRNA
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SRNA-SEQ

o Ligation of adapter
directly on the end of the
sRNA

o Uses the 5" phosphate
end to select for miRNA

O Very sensitive to RNA
degradation !

o Require a high amount of
RNA.

O
-

primer 1 —
primer 2 ——— E—— 2) RT-PCR
(barcoded)
R RRR R R RN R RN R R RN RN RN RN RRRRNRNE
B) miRNA P E——
H ES I ~ -
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SRNA-SEQ

Illumina Small RNA Library Prep kit

T.Otal Aor o Ligate Adapters

S1ze Selected Reagents: ATP, HML, RA3, RA5, RNase Inhibitor, STP,
—_— T4 RNA Ligasse, Ultrapure Water

sRNA (50ng)

Separate library from

o Reverse Transcribe and Amplify Libraries contaminant on PAGE or
Reagents: dNTP Mix, PML, RP1, RNA PCR Primer Index, s
R'T'?’,g;rlll:se Inhibit(g):, Ultrapure Water e Plppln prep

Safe Stopping Point

° Purify cDNA Construct

Reagents: CRL, HRL, Ultrapure Water

Check Libraries
Reagents: Agilent DNA 1000 Kit or High Sensitivity DNA F

Library

Normalize Libraries 140 by
Reagents: Tris-HC1, [Optional] Tween 20 120 bp~ ] Adapters

Safe Stopping Point 0 bp =~

@ Pre-PCR @ Post-PCR 145
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SRNA-SEQ

IIlumina Small RNA Library Prep kit

Total RNA or .
. Ligate Adapters
S1z¢€ SeleCtEd Reagents: ATP, HML, RA3, RA5, RNase Inhibitor, STP,

T4 RNA Ligasse, Ultrapure Water
sRNA (50ng) Separate library from

o Reverse Transcribe and Amplify Libraries contaminant on PAGE or

Reagents: dNTP Mix, PML, RP1, RNA PCR Primer Index, 3 3
RTP, RNase Inhibitor, Ultrapure Water Plppln prep

Safe Stopping Point

Purify cDNA Construct
Reagents: CRL, HRL, Ultrapure Water

Check Libraries
Reagents: Agilent DNA 1000 Kit or High Sensitivity DNA Kit

Normalize Libraries
Reagents: Tris-HC1, [Optional] Tween 20

[ . Pre-PCR . Post-PCR ]

Safe Stopping Point
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SRNA-SEQ

O

e A few recommendations:
o Work with high integrity (RIN>=9) pure RNA

o Extract with Trizol or miRNA kit (eg miRVana Ambion)
o Start with a high amount of material (> 10ug)

o Size select on a 15% denaturing UREA TBE PAGE gel to enrich
for 18-25nt long RNA

Small RNA
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Q: Understand translation dynamics in response to an
environmental stress
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CAPTURE ACTIVELY TRANSLATING MRNA

O

. @ | 80S

s

Polysomal RNA

UM
0 1000 2000773000 4000

polysomes “

PolyA+ RNA-seq
=Translatome

Translating Ribosome Affinity

@ Purification 7
ad (TRAP) -,
o ¢

Polysomal RNA

= ¢ °( Polysome
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QQ: Which RNA species are bound to an RNA binding
protein ?

@,
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Pre-mRNA ' Q _— = ? degradation
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(): WHAT ARE THE MECHANISMS OF TRANSLATIONAL
REGULATION ?

O

Ribo-Seq : Sequencing of ribosome footprints

5'UTRE start® CodingBequencel 3'UTRE
A

— I} Y \ e —_—
° % c (e ‘ 6 6 6 % AAAAAAAE

40SBcanningd Initiationd Elongation( Termination®

1. RNAsel@ligestionl
2. Footprintfibrary@reparationl
3. Sequencing@mapping®oBEenomel

Termination
0.28

Coverageplots® B’ UTR,E
CDSENdB’UTRE
3’UTRE  ArabidopisBeedlingoots
35S:FLAG-RPL18E

0.15(

0.18

0.05(

Hootprintsk
mean@®’Eoveragel

oz

018 .
¥ = J T T 1
200 208 202 400
5’UTRE .

Start Bazin et al., under review
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RIBOSOME FOOPRINT SEQUENCING: RIBO-SEQ

O

o Ribosome footprint features :

= Size distribution : 26-32nt
o Require optimal RNAse1 digestion

= 5 phosphate end,)
o 5P end can be used to ligate RNA adapter




RIBOSOME FOOPRINT SEQUENCING: RIBO-SEQ

@ Reverse transcription
* Protocols : P

« Ingolia et al., 2012 Nat. Prot. : o ¥
« Illumina ArtSeq Kits |

RNAse1 digestion , o
: Circularization

5-0,PO ﬁ(
Ho

>

Steps 45 and 46: circularization

>
RPF
RPF
28nt RNA
10bp ladder

|

¢ @
®

Steps 1-17: cell lysis,
nuclease footprinting and ribosome recovery

- Footprint purification PCR

OH-3' JuntaWOHg et al., 2015 > @ —_— —_— é é é

p—

Steps 18-29: footprint fragment purification

Steps 55-64: PCR amplification




RIBOSOME FOOPRINT SEQUENCING: RIBO-SEQ

25{ewuwpey |1 T CRF10
c TEDOWN(IB) | T —
S P,
g 19 : RNA-seq Y Vs evy
3 P.
g 0.5- \“\\\ : I . -l B I l l
% _ +P
£ 059 Ribo-seq R PR
£ i .I.l i
£ -1.51
L]

-2.51

50 -25 0.0 25 50
Transcriptome change

v' Régulations traductionnelles des
ARNmM a I'échelle du génome

v" Mecanismes de régulation:
roles des uORF

Bazin et al., under review
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RIBOSOME FOOPRINT SEQUENCING: RIBO-SEQ

e A few recommendations: @
o Adjust RNAse1 digestion for each tissue type/Species

o Use a standardized protocol, always the same reagents (specially
RNAse1 batch)

o Start with a relatively high amount of material (>= 1oug of
RNAse1 digested RNA fragment )

o Use ribo-zero kit to remove rRNA fragments from the ribosome
footprints (can make up to 90% of the final read number!)




QQ: Which RNA species are bound to an RNA binding

protein ?

@,
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Q: Which RNA species are bound to an RNA binding
protein?

e Full length target RNA sequencing
o RIP-seq : RNA immunoprecipitation
« Analysis by RNA—seq of the RNA which co-immunoprecipitate with
the target protein.

e RNA binding protein footprints

o CLIP-seq : Cross-linking Immunoprecipitation :

« Tissue cross-linking, immunoprecipitation and digestion of the
unprotected RNA. Sequencing of the protected fragments is done
using protocol similar to small RNA seq

o Small RNA-seq reanalysis : Some small RNA sequencing
contains footprint of RNA Binding Protein (eg PPR)
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Q: Find the mRNA targets of microRNAs
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Q: Find the mRNA targets of microRNAs

O

e Degradome sequencing/ 5P seq : Sequencing of mRNA
decay intermediate

o Based on chemical features of mRNA fragments :
« PolyA tail / 5P end

Plant Total RNA CCAAT-binding transcription factor
TITTTITITIITITITTIT 36 l mRNA isolation by Cligo-dT Mag-beads Glymal8g07880 & GCGGCAAAUCALIUCULIGGCULY ¥
SQ TITTTTTITTITITITIT T T TIT- Degraded mRNA PN'I‘I‘IiH'ﬂﬁBﬂ 3' Aééééﬂﬂlﬂﬁéﬂ%ﬁééﬁﬂ&'
FI— 1 &'-Adaptor Ligation @ E':;‘;:f ;:gm
3 J \\
57 NN m— l 3'-Random Primer Rev. Transcript 4
o B —
—N
| Firet Strand cDNA _E
B o —n &
SNS— |
l PCR ~ =
I Select~200 bps gt | | “l |
Gel Purification & Quantification v y y .
o 500 1000 4500
17 Mucleotide position

Ecole-Chercheurs : De l'expression des génes aux réseaux Jérémie Bazin 30/05/17



Identify/quantify methylated RNAs

@,
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D N ANANANSNN—
NN '\/\/\/\k
N\
—OANNANNANNNANAN
NI A
Purified B e ks
RNA AN~
ps 1-5
sample. ~IS AP~ SR (e 1] D = IP reads
~AANANANS— A = Inputreads
~ANNNUAN—
T RRRAARARAAN ] -
Chemical - ol N
l fragmentation
s AT5G01920
\ﬁ NS N
Fragmented X/‘RV’\,‘X
RNA e s c
(~100 nt) NN A @
o N~
/\/\/\- AN 100 B i
Immunoprecipitation with
anti-m°A antibodies il aal "
g 60
Input S
npu . L
control l Elution Steps 19-25 . 8 *
with free m”A w 20
S | |
;] — - =
R .
Random primed cDNA 5 UTR 3 UTR
P l library generation,
adaptor ligation and SIEIEA0-28 Start codon St°p codon
<«— |llumina sequencing
E—
Sequencing primer
Dominissi et al., Nat. Prot 2013 Luo et al., Nat. Com 2014
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PROBE RNA STRUCTURE AND PROTEIN BINDING SITES ?

» Protein interaction profile sequencing : PIP-seq
o Based on crosslinking and selective digestion of Protein / RNA complexes

A Formaldehyde crosslinked
10-day-old seedling nuclei
Homogenize and .
lyse nuclei Structure Score / RNA folding
Y
D E
g © Structure score P
9 = 356 3.20 3,
i @ —
Footprint sample Structure only sample P& 3
RNase digestion Protein denaturation and § ,’w’&
Proteinase K treatment g < et 2 éf;,,
dsRNase ssRNase Protein ¢ Protein 2 ¥ L O
digestion digestion digestion ' digestion 3y 7
Q

J l | 0 2000 4000 6000

fgj : Relative position (nt)
~ “8)& L . Protein Binding Sites

Reverse Reverse dsRNase ssRNase ke oy s itk s shas
crosslinks crosslinks digestion digestion 10 !
O O 3 08
% 06
H
ALY ' ’ A ' i 02
¢ ¢ ¢ ¢ T -3 Donor Site 430 -30 Acceptor Site +30
- Relative position to the splice donor and acceptor sites (nt)
Lz ] ~ High-throughput & ﬂ

J sequencing

Calculation of structure

scores based on reads in

SsnKDasaayRoRtYl Sandes Anderson et al., 2016 (Current Prot. Plant. Biol)
Gosali et al., 2015 (Mol. Cell)

Identification of protein
protected sites (PPSs) by
Poisson model (CSAR)
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RNA POPULATIONS ARE DIFFERENTS IN DISTINCT CELL TYPE

O

» Gene expression is highly variable in space

pGL2::GUS (Rerie et al., 1994)
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HIGH-THROUGHPUT METHODS FOR CELL-SPECIFIC GENE
REGULATION ASSESSMENT

O

 Dissection-based and sorting-based methodologies :

o Laser Capture Microdissection (LCM)

e TFixed tissue
* Time consuming
e Access to whole cell content

——— i ey e
P.Gamas (LIPM, Toulouse)

o Fluorescence activated cell sorting (FACS)

® GFP labelled
population

* Live tissue

* Give little RNA

» Stress during protoplast isolation
» Access to whole cell content
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HIGH-THROUGHPUT METHODS FOR CELL-SPECIFIC GENE
REGULATION ASSESSMENT

O

o Affinity purification and immunoprecipitation :
O Translatlng Ribosome Affinity Purification (TRAP)

» Live tissue/in vivo
» Ribosome associated RNA
» Require transgenics

Polysome

,"\OO

Mustroph et al. PNAS 2009

Isolatlon of Nuclel Tagged in Specific Cell Types (INTACT)

» Live tissue/in vivo
* Nuclear RNA/Chromatin
* Require transgenics

e | =5 |
S ——

Nuclear Fluorescence Biotin
envelope visualization acceptor
targeting peptide

Deal and Henikoff., 2013
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RINA-SEQ FROM LIMITED AMOUNT OF RNA

O

» Cell-specific Approach = limited amount of RNA

o Require optimization of RNA protocols

= If total RNA quantity is >= 10 ng :

o Protocols / Kits optimized for reduced RNA amount
+ Illumina Script-seq V2
Smarter Stranded (Clonetech)
NEBNext® Ultra™ II Directional RNA Library Prep Kit for Illumina
Townsley et al., 2015 (Front. Plant Sciences)
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RINA-SEQ FROM LIMITED AMOUNT OF RNA

- Smarter Stranded (Clonetech)

- Very simple design (Smart!)
- Based on template switching
activity of RT

- Reduced purification steps

O

% RNA
"7000( 5 3
== SMART Stranded
SMARTer Stranded N6 Primer
Oligo First-strand synthesis

and tailing by RT

S v
"

Template switching
and extension by RT

Jniversal Forward

PCR Primer
=0 5 VAAAAAAMAVAVVANVVNA

=== Reverse PCR

indexing primer

Amplify cDNA by PCR
with Illumina Indexing
Primer Set

Read 1 - RNA-Seq library

< Read 2
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RNA-SEQ FROM LIMITED AMOUNT OF RNA

O

» Cell-specific Approach = limited amount of RNA

o Require optimization of RNA protocols

= If total RNA quantity is <=1 ng:

o Protocols / Kits including an additional RNA amplification step
- Smarter Ultra Low Input RNA (Clonetech)
- Smart-seq2 (Picelli et al., Nat. Prot. 2013)
» Ovation RNA-seq System V2 (NuGEN)
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RINA-SEQ FROM LIMITED AMOUNT OF RNA

O

o Smarter Ultra Low Input RNA (Clonetech)

Total RNA or cell(s)

* , , o
’QO’J( 5 poly A 3 b
5 o arT oS « DNA seq library »
SMARTer Il A Primer Il A
Oligonucleotide First-strand synthesis Weibosces
and tailing by RT ~ P
N ot 2N Genomic DNA
Ca 2§ )
) v Y Y . .
N AV V.V V.V V VIV VV VIV V.V VS
5 % L 4
KRR e i
\ \
<& 'j 300 Q ”/
Template switching - VSR -
and extension by RT
5' blocked PCR & Trgmentation
Primer I1 A - v3 \J
5t —k
Reduced-Cyclo
Amplify cDNA by LD ¥ pcR Amplification
PCR with blocked PCR
Primer Il A - v3 p Y ¥
(c s
=

\

Double-stranded cDNA

Read 2 Sequencing Primar \p[
. A 4

Figure 2. Flowchart of SMARTer ¢cDNA synthesis. The SMARTer II A Oligonucleotide, 3° SMART CDS Primer IL A. anc
PCR Primer IT A - v3 all contain a stretch of identical sequence.

*
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RINA-SEQ FROM LIMITED AMOUNT OF RNA

O

* RNA amplification from very low amount of RNA
can introduce variabilty in the data

|1 ng

< ; @
S .09 g 4500¢ I 100 pg
@ v U]
£ % 0.8} , < 4000t = gg Pg
£ : 2 Pg
] %0'7 3 @ 3300 M not shared with
g 2 0.6} 1 1 é 3000} Std. RNA-seq (FP)
5 ® 0. . 2500 ]
Py '! 0.4* =
c £ .8 2000t
o 5 0.3} <
o @ g 1500}
€ = 0.2} | &
o 0.1} . £ 1000
< s ! 5 500}
Smart-seq DP-seq  CElL-seq 4 0
Std. RNA-seq Smart-seq DP-seq CEL-seq

Barghava et al., 2014
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GENOME-SCALE, CELL-SPECIFIC MONITORING OF MULTIPLE GENE
REGULATION TIERS USING RNA-SEQ

RNA

* degradation

5y Splif:i.ng ‘

miRNA
EJC

s processing repression Lo
e ~.

S0
. RNA

i‘-' export . oo

{ miRN

i?l'l'l'l_

Processing
body

Stress granule

- RNA

Storage

Chemical
modification
(CH 3, OX)

Intercellular

pA
pRPL1AC . .
rodi . trafficking
tip - \ ==
— L i Plasmodesmata
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* An RNA-seq library is just cDNA fragments between
adapters.

» There are always biases in genome-wide technologies
including RNA-seq: Just keep the same bias for all
samples

* One can sequence subpopulations of RNA based on
their chemical feature, localization and protein
assoclations

» By combining RNA-seq approaches and system
biology, one can answer complex biological questions



