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NTS : Nouvelles Technologies de Séquencage

NGS : Next Generation Sequencing

=>1000 $/génome humain

www.roche-applied-science.com

Genome Sequencer FLX System

More appTications- More publications << 2d generation technologies >>
« massively parallel sequencing »

Thelllumina Genetic Analyser:

Technologyand Applications =
& Applied -
A‘BBiOSVStems Sequencing by Oligonucleotide Ligation and Detection

= VermCads, Ofstar, belikyb, Salest,
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Les 3 technologies implantées

GS-FLX (Roche), GA (Illumina), SOLiD (ABI)

m Préparation de la banque de molécules
. fragmentation (nébulisation, ultrasons)
. ligation d’'adaptateurs aux extrémites
. isolement du simple brin

s Amplification clonale de chague molécule (PCR)
m Séquencage par synthese ou hybridation-ligation
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Les 3 technologies implantées

GS-FLX (Roche), GA (Illumina), SoLid (ABI)

MacLean & al, Nature_avril2009

o Adaptors DA immobilized on
bead and amplified in

L. ligated to / 2 I
" DMNA - h»«a?,wa water—oil emulsion
PN

séquencage par synthése / pyroséquencage

,
a(a

54
— Picolitre well —
o + 250 nucleotides
DNA polymerase ? e é 1 ; % + 400,000 reads
and enzy - . Light 100 Mb

on bead sw . F \GE:P.—'/

b(soLD, Random oligonudeotides with
Primer to kngwn 3’ dinuclectide + 35-50 nucleotides
adaptor—, ¢ " Q o « 171 million reads
séquencage par hybridation-ligation sacarTenn /cTnon_GAnnn. TGnon | * 6,000 Mb

HECTCTHCCHCGRCCTHCTGA”&ACAGT&CIm

Adaptor sequence {} P s
CGACATHIL. ;CCnﬁn :iGnnn {TTonno. | second base

AGCTETACGACGACETACTGACAACAGTACT..

{

Known base from adaptor —— ¢4  ¢¢ &0 o0
TA _ e ok C 2 A
séquencage par synthése, terminateur réversible

First base

c(Solexa GA Amplified . Termimator
=t DNE spnts < COANGNTP A ;
—_— ’ T VA —— 1 + 50 nuclectides
,_‘_{ 0, i ﬁ c {%_ o ‘fr c = 30 million reads
G - G o 1,500 Mb
W::} DA A
Immabuluzed on substrate polymerase
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Les technologies
en cours d'implantation

Single-stranded o  Adaptors
DA L ligated to
N, — L‘{] DMA

l d( Heliscope P Single spacies Single species
dNTP dNTP,
Unamplified . o i & &:}& Ga ;i oc be O + 50 nucleotides
immobilized DN M S ¢a c dc + 30 million reads
‘ a : 3 o + 1500 Mb
" T QD T
DA polymerase
X €(Pacific Biosciences
; Highly focused detection path
Detection volume - - - -=%=-- - -
Immobilized DMNA

MacLean & al, Nature_avril2009 polymerase

et ... a venir! ... NANOpores ...
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Comparatif GS-FLX / GA

454 Roche Solexa Illumina

(- ) ( )

Lectures/run 400 x 103 1 x 106 80-100 x 106 80-100 x 10°

Longueur de lecture 250 bases 400 bases 35 bases 75/100 bases

Bases/run 100 Mb 400-600 Mb 3Gb 7,5/10 Gb

Tps de run _ _
(simple lecture) ZoE \ 10h ) 3-5jrs K4 9,5jrs / )

iy ree s 2-4-8-16 fractionnements
Flexibilite . . - s 8 canaux
(avec réduction nb lectures liée au masque)

3kb, 8 kb, 20 kb 200a 5 kb

Extrémités appariées
Lectures appariées

Multiplexage
/adressage

/

Inconvénients

12 tags 12 tags

/ Homopolymeres | assemblage

lecture a 500->1000 bases Lecture a 125 puis 150 bases

Evolutions . . . , .
automatisation des étapes de préparation
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Que peut-on réaliser avec ces technologies ?
Quelles technologies pour quels besoins ?

‘ Experimental approach

Assembly of
genome de novo

Gene expression
analysis

Features

Paired reads

SMP identification

Accurate reads

Resequencing
individuals in
population

Read length

Non-coding RNA
characterization

High number of
reads

Technologies

sOLiD

454 G5 FLX

Pacific
Biosciences

Solexa

Assembly by
alignment

Sequence single
molecules

|dentify protein
binding sites

Metagenomics

Heliscope

MacLean & al, Nature_avril2009
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Les outils bio-informatiques

Raw sequence source

Non-coding RNA cDNA Genoric DNA )
¥\ Y

Expression Identify Reference De novo or

analysis genes assembly no reference

#
#
*
F

¥ ¥
Align to a reference De novo assembly

For example, " de Bruijn Consensus wedapﬁ
Mag, SSAHA, assembler assembler
BLAT and SOAP » Velvet » Newbler

» ALLPATHS »« SSAKE
» Euler—SR » SHARCGS
\-Edena « WCAKE

— Mapping
studies
---» Expression Expression Draft assembly  ‘Gold-standard’
counting counting genome — finishing
De novo ", and closing
W
assembly \\ F

Y,

Annotation >
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Notre utilisation des nouveaux outils

m Exploration des NTS initiée fin 2008 : PlantReSeq, AIP Bio ressources

. Mutualisation de 7 équipes : exploration différente selon la question
posée pour les difféerentes especes végetales / matériels différents :

ADN genomique (représentation) ou LR-PCR, ARNs

. 2 outils : GS-FLX (454, Roche) et GA (Solexa, Illumina)

« premiers résultats sur le blé : construction d’'un index de séquences répétees
du Chr 3B

. en cours, I'analyse différentielle des séquences de pool d'amplicons de 10 kb
pour 2 accessions de tomate
s Développements : réduction génomique par « Sequence Capture »
« Nimblegen (en cours pour la vigne) : hybridation sur puce
« Agilent : hybridation liquide
« MIP (molecular inverted probes)
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Quelles nouvelles questions
#cientifiques vont pouvoir étre
traitées avec ces outils ?
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Document de lI'unité Prospective de 'INRA

« Next-generation high-throughput sequencing technologies »
Technological worksheet, Novembre2008

Catherine Golstein et Michel Caboche, Technology of the
Futures, INRA
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Next-generation high-throughput sequencing technologies

Techrological workshear Moy

Catherine Golstemn and M 5 of the Future, INEA
1. Introduction, background

Sequencing evoelution, achievements and Hmitations

genetic biueprint of afl life on Earth, Sang
From single genes o whole genomes, fro mpnka. )
n 2001 in & milestone for human |.L:[ Iy

the e]e::op':w!en
iform. Sequen:
ared 1o cost about £2
is a significant p 3
(over 10 ye i W W furt [|.L oughpur and
i demands of research in buman

ot de nove sequenci
3 nal Instmee of
proposzls, the race is on for novel, cheaper and faster sequencing technol og:e:

1. What are the next-generation sequencing technologies?

How de they work? Whar make them new rechnologies? What do they bring o
previous techrologies?

v oo sequencing is over. Launched between 2003 and
the second- or s d nexr-generation sequencing
W ' S:uzer the GS fGennme Sequeucel] FLX
System fror Roche (previons! 7
5 3, the Ibumina Cvenome -Ln'l!\ zer -;pt(e‘
ia), and the SOLID (Supported Olizonucteatide
Sequencer from Applied Biosystems.

of reads for GS FLX, tens of tons for Hiuminag GA avd over a hundred
for SOLiD, where the Iatest Sanger plarform produces only 96 reads at a time.

This increaze in throughpur was accompanied by a dramatic drop in sequencing
cost per base, down to a fraction of a percent that of Sanger sequencing. In addition,
logies kave In common to evercome the bias due fo bacterial cloning

Sanger, and to provide a quanfitative readout for each sequence, leading 1o a

gies are outlined i Fi
sed in Table 1, whick highlig
them complementary i

tioms. A referem zer platform stresses out
L saquencing technology.

Librery constructon
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Figure 1. Genome Sequencer FLX S\stem workflow. 1} Library construction: zencene TNA is
fragmented, DNA frazments are acdad
l_‘l.lh"tlmei ou primer-costed

b b

wnumls with pyrozequencis
platz; mucleotde mcorpor
of pyrophios

cour tomown. o8 covonees [
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