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What Is a transcriptomic analysis ?

Quantification of the changing expression levels of each transcript during
development and under different conditions



What Is a transcriptomic analysis ?

Quantification of the changing expression levels of each transcript during
development and under different conditions

Microarray technology in the mid-1990s
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What Is a transcriptomic analysis ?

Repression of phosphatidylinositol transfer protein Uameliorates the
pathology of Duchenne muscular dystrophy
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What Is a transcriptomic analysis ?

Limitation of microarray analysis :
Why did we need another techniqgue of gene expression analysis?

- Arrays had to be designed and manufactured for each species

- Detection of only « known » genes
- No detection of genes weakly differentially expressed




What Is a transcriptomic analysis ?

Limitation of microarray analysis :
Why did we need another techniqgue of gene expression analysis?

- Arrays had to be designed and manufactured for each species

- Detection of only « known » genes
- No detection of genes weakly differentially expressed

In 2008 , the first RNA-Seq protocol appering

- measuring transcriptomes at base-par resolution

- using essentially the same protocol for any species
- minimal noise level




What Is a transcriptomic analysis ?
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‘ RNA-Seq can detect 25% more genes than can microarrays



What Is a transcriptomic analysis ?

An overview of the eukaryotic transcriptomeé
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What Is a transcriptomic analysis ?

An overview of the eukaryotic transcriptomee

A Catalogue all species of transcript, including mRNAs, non-codin RNAs and
small RNAs;

A Determine the transcriptional structure of genes, in terms of their start
sites, 50 spicand paBedns and atrer, post-transcriptional
modifications;

A and to quantify the changing expression levels of each transcript during
development and under different conditions



DNA Sequencing History
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DNA Sequencing History

1St generation sequencing _ Sanger sequencing

Frederick Sanger
13 Aug 1918 — 19 Nov 2013

Won the Nobel Prize for Chemistry in 1958 and
1980. Published the dideoxy chain termination
method or “Sanger method” in 1977
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DNA Sequencing History

1St generation sequencing _ Sanger sequencing

Reads per SEIES (2
Platform P Read length run
run .
(gigabases)
S— AB| 96 800  0.0000768
» Primer and DNA tempiate  » DNA polymerase 1.1.1 ,._:, Sanger
» &dNTPs with flourochromes » dNTPs (GATP, dCTP, 4GTP, and dTTP) 50 \_/
wladoda .1. d
W |
* Capillary gel electrophoresis
separation of DNA fragments

PUPPIPPPOLOPOPIPIOOOOAUADO4AD>

* Laser desection of flourochromes
| and competational sequence analys

.

http://bit)

The methods relies on the use of (dideoxynucleotide) ddNTP which will
terminate the polymarization



DNA Sequencing History

15t generation sequencing _ Sanger seguencing

Reads per Bases per
Platform Read length run
run .
(gigabases)
ABI 96 800  0.0000768

Sanger




DNA Sequencing History

1St generation sequencing _ Sanger sequencing

Reads per SCEIE e
Platform Read length run
run (gigabases)
ABI
Formien o964 — Sanger 96 800 0.0000768
ﬂ@ | e The International Human Genome Consortium
- 13 years (1990-2003)
PV — ey e

L *. the

- o 4 human

‘ genome

T s A

Nature. 2001 Feb 15;409(6822):860-921.
Initial sequencing and analysis of the human genome.



DNA Sequencing History

15t generation sequencing _ Sanger seguencing

e Very high quality sequences (99.999%), 800 bp
\‘; & ,
s > M , anger sequencing is not an high throu ut technolo



DNA Sequencing History

1St generation sequencing _ Sanger sequencing

Very high quality sequences (99.999%)

Sanger sequencing is not an high throughput technology

$

Massive parallel sequencing
No need to clone sequences and performe
libraries of plasmids in bacteria

$

2nd /3rd generation sequencing technologie Next Generation Sequencing_NGS




Avallable High Throughput SequencingTec hnol ogli es

1000}
100}
| -~ ]

Ej 10 1 MinlON
m -
L]
("] L
c. -
o
C -
=
3]
th 0.1
un - -
-% GS Junior
= !
o 0.01}

0.001}

0.0001 | &
m Lex Nederbragt (2012-2016)
0.0000 _ http://dx.doi.org/10.6084/m9.figshare.100940

| o 100 1000 10000

Read length (log scale)



Avallable High Throughput SequencingTec hnol ogli es
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Avallable High Throughput SequencingTec hnol ogli es
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Avallable High Throughput SequencingTec hnol ogli es

The general principle of NGS is to sequence several DNA fragments in the same sample

Samp!e L|brar¥ QC ar!d Sequencing Raw data Analysis
reparations Zconstructio qguantif.




Avallable High Throughput SequencingTec hnol ogli es

The genaral principle of NGS is to sequence several DNA fragments in the same sample




2"d Generation sequencing

Amplification

Library amplification is required to obtain a sufficient signal from the sequencer.
Two types of amplification:

1- the oil/ water emulsion _ePCR_emulsion PCR

Roche 454, SOLID, lon PGM

2- immobilisation on solid phase with an oligonucleotide (primer) and bridge amplification
lllumina



2"d Generation sequencing

Amplification

1- Emulsion PCR (Roche 454, SOLID, lon PGM)




2"d Generation sequencing

Amplification

1- Emulsion PCR (Roche 454, SOLID, lon PGM\

1 million copies of template/bead



2"d Generation sequencing

Amplification

1- immobilisation on solid phase with an oligonucleotide (primer) and bridge
amplification (lllumina)

Adapter

DNA fragment

]

—71—— Dense lawn of primers

Adapter

AN
/'l
T =

Attach DNA to surface

Bind single stranded fragments randomly to
the inside surface of the flow cell channels.

na Il Repare genomic DNA sample
i

u Adapters Randomly fragment genomic DNA and ligate
adapters 1o both ends of the fragments




2"d Generation sequencing

Amplification

1- immobilisation on solid phase with an oligonucleotide (primer) and bridge
amplification (lllumina)

-
©
/ /....
o i |/
/ 8! ;;-/ Attached terminus
- Free terminus
Bridge amplification
Add unlabeled nucleotides and enzyme to Fragmentsbecome

initiate solid-phase bridge amplification. double granded




2"d Generation sequencing

Amplification

1- immobilisation on solid phase with an oligonucleotide (primer) and bridge
amplification (lllumina)

Attached Free
terminus  terminus

The enzyme incorporates nucleotides to build double-stranded bridges on Denaturation leaves singlo-stranded templates anchored o the substrate.
the solid-phase substrate.



2"d Generation sequencing

Amplification

1- immobilisation on solid phase with an oligonucleotide (primer) and bridge

amplification (lllumina)

H

Clusters

Completion of amplification

On completion, several million dense clusters
of double stranded DNA are generated in each
channel of the flow cell



2"d Generation sequencing

Sequencing

Several types of sequencing dependent on the sequencer.

1- Pyrosequencing
Roche 454

2- sequencing by ionic detection
lon PGM_lon Proton_lonS5 by lon Torrent / Thermo Fisher

3- sequencing by ligation
SOLID

4- sequencing by four-color reversible termination
lllumina



2"d Generation sequencing

Reads per Read length  Bases per

. Platform Label (mode or run
Seq U e n C I n g run average) (gigabases)

ABI Sanger AB;%%’:(?” 96 800 0.0000768
- ' 454 GS .
1- Pyrosequencing _ Roche 454 . N - a9
FLX

- - - W a 454 pyrosequencing Single nucleotide addition

... « .. ..‘ (Roche) ° v Onl?f one dNTP species is present during

(92 each cycle; multiple identical ANTPs can be
’ incorporated during a cycle, increasing
emitted light
o

L4 »
%mmmuwm Cycle 1

APS PP

|
ATP )
sulfurylase £) ) A‘1:P Cycle 2
Luciferase LUCllfeﬂn 450 ) OOO $
Y
Light and oxyluciferin Cycle 3

Pyrosequencing
As a base is incorporated, the release of an inorganic
pyrophosphate triggers an enzyme cascade, resulting in light

Cycle 4



2"d Generation sequencing

Sequencing

1- Pyrosequencing _Roche 454

ﬁ & Analysis of one million base pairs of Neanderthal DNA

e * Homo Sapiene ,conocpsiensic Nature 444, 330-336 (16 November 2006) | doi:10.1038/nature05336

~
‘ Homo erectus

Paranthropus Par;noll_!;:_;p s

robusws

0 A complete Neandertal mitochondrial genome sequence determined by
Homo habilis high-throughput sequencing

Austalopithecus
africanus

Ausvalopithecus afarensis

Cell. 2008 August 8; 134(3): 4161 426 | doi:10.1016/j.cell.2008.06.021

Austvalopithecus
garhi

Paranthropus
aethiopicus

<

Ardepithecus
ramidus

Nillions of years ago

Australopithecus anamensis




2"d Generation sequencing

Sequencing

1- Pyrosequencing _Roche 454

ﬁ & Analysis of one million base pairs of Neanderthal DNA

e m Homo Sapiene ,conocpsiensic Nature 444, 330-336 (16 November 2006) | doi:10.1038/nature05336

ﬁ Homo erectus

Paranthropus
Paranthropus boisei

robusws

0 A complete Neandertal mitochondrial genome sequence determined by
Homo habilis high-throughput sequencing

Austalopithecus
africanus

Ausvalopithecus afarensis

Australopithecus anamensis R l P
Y

2013

Cell. 2008 August 8; 134(3): 4161 426 | doi:10.1016/j.cell.2008.06.021

Austvalopithecus
garhi

Paranthropus
aethiopicus

<

Ardepithecus
ramidus

Nillions of years ago




2"d Generation sequencing

R0 (G Bases per run

Seq u e n C | n g Platform Reads per run ;Tgrdaeg g; (gigabases)

ABI Sanger 96 800 0.0000768
2- Sequencing by ionic detection _lon Torrent 454 1 millions 700 0.7
ST lon Torrent 75 millions 200 15
::::::o::
1P 0 Ve ® ¢
'........ b lon Torrent

«
« w " ('™ .. (Thermo Fisher)

\,‘, r t,\ V

M

_/;I/,I‘4

TAACAGTA

TAACAGTA

Single nucleotide addition

Only one dNTP species is 49' 65,000$
present during each cycle;

several identical dNTPs can be

incorporated during a cycle,
increasing the emitted ions

Iy
£ =
A TT

Semiconductor sequencing

As a base is incorporated, a single
H* ion is released, which is detected
by a CMOS-ISFET sensor




2"d Generation sequencing

Read length (mode  Bases per run

Seq uenc I N g Platform Reads per run or average) (gigabases)

ABI Sanger 96 800 0.0000768
3- Sequencing by |iga’[i0n 454 1 millions 700 0.7
lonTorrent 75 millions 200 15
SOLID 3 billions 75 320
a Adapter sequence ngahon cleavage cycle no. for each sequencing primer
I PrimerN LU " Ll 3 " 4 s "
g _W’QM'[’]'IH[“J‘HT{"TIH?M§MW
§q O TR RROTIE R OTR ML Beh &R Wik DIk D B |
g % rimer ™ Y LTy LTy o T B T BT
s ﬂ I I Y LY Lol Y BT BT
™w wrrrwmzmmmmm
2 N d Ba SE é:‘mggﬂ:’?s 11}  Baseffile name order
(- A C G T \ b @ bPa':ebz :g&;mg) c Input color sequence with a known base in red ‘ ) e -
% A . ml Template?ndease ‘.....‘. 251’000 $
o C A CGT AAAG AT AC/AG AC AG AC
m Tt e \.:8: Qg cc GA\TA CA GA\CA GA CA
!l G m \T.... G§ GG CT GC GT CT GT\CT/GT
— T N ——0000T T TC CETE TE 16 TC 76

= T

II Cleavage site

Template second base AAGCAGTCA

Template first base Output sequence



2"d Generation sequencing

Sequencing

3- Sequencing by four-color reversible termination_Illumina

Scond Chemidry Cyde:
determine sscond base

To initiate the next sequencing cycle, add all
four labeled reversible terminators and
enzyme lo the flow cell.

Hlumina



2"d Generation sequencing

Sequencing iIIumlna®

3- Sequencing by four-color reversible termination_Illumina

Scond Chemidry Cyde:
determine sscond base

To initiate the next sequencing cycle, add all
four labeled reversible terminators and
enzyme fo the flow cell.




2"d Generation sequencing

Sequencing iIIumlna®

3- Sequencing by four-color reversible termination_Illumina

Slide 38 | -

——

2
Cg o ===

Image of firg chemigry cyde  Before initiating
After laser excitation, capture the image of the next chemidry cyde
emitted fluorescence from each cluster onthe  The blocked 3 terminus and the fluorophore

flow cell. Record the identity of the first base  from each incorporated base are removed.
for each cluster.




2"d Generation sequencing

Sequencing iIIumlna®

3- Sequencing by four-color reversible termination_Illumina

| -0 -6 -0 v
Qo 0 ©v o @uo ©oe @sc

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle §
|

Squence read over multiple
chemidry cydes

Repeat cycles of sequencing to determine
the sequence of bases in a given fragment
a single base at a time,




2"d Generation sequencing

. Platform Reads per run Read length (mode Bag,es per run
Seq uencing or average) (gigabases)
3 ABI Sanger 96 800 0.0000768
®
I I I u I I l I n a 454 1 millions 700 0.7
lonTorrent 75 millions 200 15
SOLID 3 billions 75 320

600 millions to

lllumina - 100 to 300 7.5t0 2 000
6 milliards
MiniSeq System MiSeq Series © NextSeq Series ©
Upto 7.5 Gb Up to 15 Gb Uptol20Gb  °
: 1 : i -—
= [ ]
NextSeq Series © HiSeq Series © HiSeq X Series’ NovaSeq Series ©

Up 10120 Gb Up to 750 Gb Up to 800 Gb Upto2Th



2"d Generation sequencing

Read length (mode Bases per run

) Platform Reads per run or average) (gigabases)
Seguencing
ABI Sanger 96 800 0.0000768
454 1 millions 700 0.7
[ ]
I I I u m I n a® lonTorrent 75 millions 200 15
SOLID 3 billions 75 320
lumina 900 millionsto 15545300 7.5t0 2 000
6 milliards
MiniSeq System MiSeq Series © NextSeq Series ©
50,000 $ 99,000 $ 250,000 $ *
- ) . 1 -~
= =———x
Series © HiSeq Series © HiSeq X Series! NovaSeq Series ©
690 000 $- 1, OOO 000 $ 850,000 $-

900,000 $ (X10= 10,000,000 $) 985,000 $



2"d Generation sequencing

+Advantages

- High throughput technology
- Very good quality of the sequences, error rate< 0.1 %

-leltatlons

Process of reverse transcription

- Secondary structure of RNA

- PCR-biais

- Sequences with high AT do not amplify as well as GC-
normal one

- Short reads



2"d Generation sequencing

—r

Short reads

Long reads




3'd Generation sequencing

Since 2012, a new cohort of techniques has been developed:

- using single molecule sequencing
- single real time sequencing
- removing the need for clonal amplification.

This :
- reduces errors caused by PCR
- simplifies library preparation
- and, most importantly, gives a much higher read length

Oxford

o e NANOPORE

BIOSCIENCES® Technologies®

€




3'd Generation sequencing

Single molecule Long Read Sequencing

PACIFIC Oxford
BIOSCIENCES® NANOPORE

Technologies®

‘_.,‘




3'd Generation sequencing

Single molecule Long Read Sequencing o
ABI Sanger
6 PACIFIC -
BIOSCIENCES® SOLID
lonTorrent
lllumina
PacBio
RSII 700,000 $ Sequel

. Operator *
| D

\

Robotics

Sequencing

*not included
Compute

Year Reads per run
2002 96
2011 1 millions
2013 3 milliards
2015 75000000
600 millions to
2016 6 milliards
2014 660000
350,000 $

Read length
(mode or
average)

800

700
75

200

100 to 300
13500

Bases per run
(gigabases)

0.0000768

0.7
320

15
7.5to 2000

20



3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC

BIOSCIENCES® —
DNA Sample —

_— -ﬁa N —

Fragment DNA

DETYEL
Repair/End
Repair

Ligate adapters

SMRTbell™ Template preparation can be used to create

libraries of various insert sizes from 250 bp to 20,000 bp
depending on the needs of the application.




3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC
BIOSCIENCES®

b Phospholinked hexaphosphate nucleotides

{WG i%_n %T “_c

Fluorescence —
pulse

—Intensity »  «

Kirn Caesar

Epifluorescence detection — — .
Time >




3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC
BIOSCIENCES®

Application: Whole genome

Bickhart et al. (2017) Nature genetics

Brozynska et al. (2016) Plant
Biotechnology Journal

Jarvis et al. (2017) Nature .

N

Seo et al. (2016) Nature

INRA TOULOUSE/SUNRISE PROJECT

Driscoll et al. (2017) Standards in
Genomic Sciences



3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC
BIOSCIENCES®

Application: Targeted sequencing

to fully characterize genetic complexity 6 including structural variation, rare SNPs,
indels, copy number variation, microsatellites, haplotypes, and phasing




3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC
BIOSCIENCES®

Application: Epigenetics
Single Molecule, Real-Time (SMRT) Sequencing directly detects epigenetic modifications by
measuring kinetic variation during base incorporation. By capturing these modifications
simultaneously with sequence data, this method eliminates the need for special sample

preparation and additional sequencing.
| w G ml\ LW T w ifj/cm j\fj’/\OH i/ | o )N:’ | .
. o o i T T
5-mC 5-hmC 5-fC 5-caC

'
—Intensity»
i

Epifluorescence detection


http://www.pacb.com/smrt-science/

3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC
BIOSCIENCES®

Application: Epigenetics
Single Molecule, Real-Time (SMRT) Sequencing directly detects epigenetic modifications by
measuring kinetic variation during base incorporation. By capturing these modifications
simultaneously with sequence data, this method eliminates the need for special sample

preparation and additional sequencing.
| w G ml\ LW T w ifj/cm j\fj’/\OH i/ | o )N:’ | .
. o o i T T
5-mC 5-hmC 5-fC 5-caC

HN/C H'1 H o NH;

B-ox0G S-0x0A

Wu et al. (2016) Nature

4-mC

Role in gene activation

'
—Intensity»
i

Epifluorescence detection
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3'd Generation sequencing

Single molecule Long Read Sequencing

6 PACIFIC
BIOSCIENCES®

Application: RNA Sequencing

- The isoform sequencing (Iso-Seq) application generates full-length cDONA sequences 8 from the
56 end of tr an-Ataiditranscsiptome recortsteuctipno | vy

- The Iso-Seq method generates information without about alternatively spliced exons and
transcriptional start sites. It also delivers information about poly-adenylation sites for transcripts
up to 10 kb.

/' PacBio Iso-seq
/|RefGen_v3

>

it T i Workman et al. (2017) bioRxiv
Wang et al. (2016) Nature Communications




3'd Generation sequencing

Read length
. . Bases per run
Platform Reads per run mode or .
Single molecule Long Read Sequencing : o (digabases)
Cﬁﬁr d N OP ORE ABI Sanger 96 800 0.0000768
A Technologies® 45{r 1 m_ill_ions 700 0.7
SOLID 3 milliards 75 320
lonTorrent 75000000 200 15
. 600 millions to 6
Al milliards 100t0300 (102000
PacBio 660000 13500 12.000
ot 4400000 9545 42
Nanopore

MinION 1,000 $

MinlON MKI: portable, real time biological analyses



3'd Generation sequencing

Single molecule Long Read Sequencing

Oxford Leader-Hairpin template
N ANOPORE W The leader sequence interacts
Technolooias® with the pore and a motor
cenneRaes protein to direct DNA,
a hairpin allows for

bidirectional sequencing

Motor
protein

Alpha-hemolysin
A large biological pore
capable of sensing DNA

Current

Passes through the pore
and is modulated as
DNA passes through

o ONT output (squiggles)
5 Each current shift as DNA
=nh e translocates through the

0 1 2 3 4 pore corresponds to a
Time (seconds) particular k-mer




3'd Generation sequencing

Single molecule Long Read Sequencing
NANOPORE

Technologies®

Resuspension
in buffer

Cell lysis by
bead beating
(e.g. Omnilyse)

v
L.

A S /

e

Extraction: 2 minutes

Column or Transposome complex High molecular
AMPure/SPRI (transposase + adapters) weight gDNA
clean-up -
. =
W =
)
g -
Cleavage and addition of
transposase adapters

—> Purified

high molecular

—

Attachment of 1D l

weight gDNA sequencing adapters e
— :::;_-:__:::_._::::::::Q:::;:::;: k] _f ; -;:-
v é a

Clean-up: 5 minutes Library prep: 5 minutes Analysis_; f;eal time

Total < 20 minutes

Fig. 1 Identification of bacterial, archaeal, fungal and viral species using rapid gDNA library preparation and the real-time WIMP analysis workflow




3'd Generation sequencing

Single molecule Long Read Sequencing
NANOPORE

Technologies®

J’ NANOPORE APPLICATIONS

Nanopore sequencing offers advantages in all areas of research...

* 8 &» § 8 &

Pathogens / Environmental Microbiome Basic genome Human genetics ~ Cancer research
Microbiology / research research
Antimicrobial
resistance
222
222
Clinical research Plant research Transcriptome Population

analysis genomics



3'd Generation sequencing

Single molecule Long Read Sequencing

Oxford

NANOPORE

Technologies®

Application: Microbiome




Single molecule Long Read Sequencing
fYNANOPORE

Bork et al., (2015) Science
Application: Microbiome O

A world

. of plankton




3'd Generation sequencing

Single molecule Long Read Sequencing
NANOPORE

Technologies®

Application: RNA Sequencing

Nanopore technology is the only available sequencing technology
which can sequence RNA directly

= bioRxiv

THE PREPRINT SERVER FOR BIOLOGY

HOME | ABOUT | SUBMIT | ALERTS/RSS | CHANNELS

Q
Advanced Search

New Results © Previous Next ©
Highly parallel direct RNA sequencing on an array of nanopores Posted August 12,2016,

Daniel R Garalde, Elizabeth A Snell, Daniel Jachimowicz, Andrew | Heron, Mark Bruce, Joseph Lioyd,
Anthony Warland, Nadia Pantic, Tigist Admassu, Jonah Ciccone, Sabrina Serra, jemma Keenan, Samuel Martin,
Luke McNeill, Jayne Wallace, Lakmal Jayasinghe, Chris Wright, Javier Blasco, Botond Sipos, Stephen Young, L Q Cration Tooks

Sissel Juul, James Clarke, Daniel | Turner
doi: https://doi.org/10.1101/068809 onl'a

Download PDF 7 Share

This article is a preprint and has not been peer-reviewed [what does this mean?).
Abstract Info/History Metrics [ Preview PDF
Abstract
Ribonucleic acid sequencing can allow us to monitor the RNAs present in a sample.
This enables us to detect the presence and nucleotide sequence of viruses, or to build All Articles
a picture of how active transcriptional processes are changing -- information that is
Animal Behavior and Cognition
useful for understanding the status and function of a sample. Nanopore-based
sequencing technology is capable of electronically analysing a sample's DNA directly,
and in real-time. In this manuscript we demonstrate the ability of an array of
) . ) Biownformatics
nanopores to sequence RNA directly, and we apply it to a range of biological
Biophysics
situations. Nanopore technology is the only available sequencing technology which
Cancer Biology

Garalde et al., (2016) bioRxiv



3'd Generation sequencing

Single molecule Long Read Sequencing
NANOPORE

Technologies®

Nexté .

SmidglON

r"\IIQQION )

MinlON X5 MinlON X48 Always mo r e é .



Application of RNA sequencing

RNA Sequencing provides insight into :

- gene expression analysis

- discovery of novel transcripts

- identification of alternatively spliced genes

- detection of allele specific expression

- de novo RNA sequencing (whithout reference transcriptome)
- single cell RNA sequencing

In addition to polyadenylated messager RNA (mRNA) Transcripts , analysis of
différent poppulation of RNAs :

- Total RNA

- Pre-mRNA

- Non coding RNA : micro RNA, long ncRNA

- tRNA sequencing
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Application of RNA sequencing

Single Cell RNA-Seq
9 FLUIDIGM
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Application of RNA sequencing

Single Cell RNA-Seq 1 O \ V4 .
/\ GENOMICS

10x Chromium Sequencer 10x Analysis Suite 10x Loupe
DNA or Cell Barcoding & Library Sequence Genome or Long Ranger & Cell Ranger Report &
Suspension Construction cDNA Pipelines Visualization
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100 to 80,000 cells in 10 min

Barcoded DNA
primer library
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Application of RNA sequencing

tRNA Sequencing

tRNA

BRIEF COMMUNICATIONS |

S\ NH o NH,
«Nfﬁ’.‘, (/NrLN."; ﬁ;‘.\
N N’) N N’)\Nm '.*'g°
RNA RNA RNA
3,

Demethylation m'A m'G m°C

Demethylase mix

* Methylations

L 5 s and are particularly problematic for reverse transcriptases (RTs), )
Efﬁ aen t an d q uan tl tat] ve causing cDNA synthesis to stop or incorporate a wrong nucleotide. RNA primer 4 Tomplate-switch

5’ CCA-OH 3’ + 5w 3

. In mammals, N‘—methyladenosine (m'A)is presentinalltRNAs g 3 5 90 sz
hlgh'th rough p Ut tRNA at position 58, N*-methylcytosine (m*C) is present in five tRNAs - by T A '?-jmr‘ e
. at position 32 and the variable loop, and N'-methylguanosine Sk,
Seq ll e I'I C'I n g (m'G) is present in about half of all tRNAs at position 37 or 9. We ". GIR..'
applied two recombinant enzymes as a mixture to remove these B L ¢
Guanqun Zheng'”, Yidan Qin®7, Wesley C Clark’, three methylations in human tRNAs. The first was the wild-type - G'el purlflca_tlon
Qing Dai’, Chengqi Yi'*6, Chuan He!-3-5, enzyme AIKB from Escherichia coli, which is known to efficiently - Circularization
Alan M Lambowitz®® & Tao Pan!+8 demethylate m' A and m*C in single-stranded nucleic acids as its
DNA and RNA repair function®®. Wild-type AIkB, however, works
Despite its biological importance, tRNA has not been adequately  very poorly on m'G modification’. On the basis of its known
; sequenced by standard methods because of its abundant three-dimensional structure complexed with nucleic acids, we
! post-transcriptional modifications and stable structure, which engineered AlkB to generate a specific mutant, D1358, that

PCR amplification

Zheng et al., (2015) Nature Methods

— |ndexed library
-



Application of RNA sequencing

Dual RNA-Sequencing

. Westermann et al., (2017) Plos Pathogens
@PLOS ’ PATHOGENS

REVIEW

Resolving host-pathogen interactions by dual

RNA-seq
Alexander J. Westermann'®, Lars Barquist'®, Jérg Vogel'2*
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Application of RNA sequencing

In situ RNA-Sequencing

BRIEF COMMUNICATIONS | Ke et al., (2013) Nature methods

FISSEQ, Fluorescent In Situ RNA SEQuencing Fye—— B

i MRNA ———omemes AR

cDNA

In Situ Seq uen Ci n g fo r are limited in spatial resolution. Also, because of sanj

the collected cells might not reflect the nature of th

: : compartment targeted for expression profiling. Thus,{ ‘
R N A a n a lySl S 1 n p re Se rve d single molecules directly in the tissue environment is a 060 W paciook probe Hy aocs pacioek proh
d for single-cell analysis technology. ( ? ( )
t] ssue an d ce lls Here we show that sequencing chemistry can be apy e e =
for analysis of up to four-base-pair fragments in sin

Ronggin Ke!-»>, Marco Mignardi'->?, molecules in the unperturbed context of fixed cells 2 %1‘:{::‘2? na tfril',f,'; <
Alexandra Pacureanu?, Jessica Svedlund', Our method is based on padlock probing, rolling-cir padiock probe padiock probe
Johan Botling?, Carolina Wihlby** & Mats Nilsson'-? cation (RCA) and sequencing-by-ligation chemistry® Q Q
RCA in combination with padlock-probe circulariz{ st
Tissue gene expression profiling is performed on homogenates tions has been used to produce clonally amplified ro CDNA cDNA
— v min mamailadliavcn Af danlatad mlnnla malla #a vacaliia caalacidas mvm Avsmkn DDA Atk hinlh Aawaiber foa o ~aalla awd #innian

v Sequencing by ligation Base 2 Base 3
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NGS technologies are now routine part of biological research.
To date more than 14,000 genomes have been deposited within NCBI

In 2013 Schatz and Langmead reported that the world can generated ~15 petabytes per year!!
The new c h aprdvidennfrastéucturesfor analyses and storage.

The NGS arm race is not finishedé

-GenapSys (Sigma-Aldrich)

-Genia (Roche)

-new nanopore technology with Firefly (lllumina)
-é
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