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Thomas Dugé de Bernonville
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Pourquoi séquencer des acides nucléiques?

I Comprendre le déterminisme génétique d’un phénotype
I Outils de diagnostic/prédiction
I Outils biotechnologiques

I Retracer des histoires évolutives
I Génomique comparative
I Phylogénie moléculaire (phylogénomique)



Pourquoi séquencer des acides nucléiques?
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I Sanger

I NGS (Next Generation Sequencing) ou High Throughput
Sequencing
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Séquençage première génération

Sanger - principe



Séquençage première génération

Séquençage des premiers génomes

Sanger - limitations

I Faible débit

I Coût





Méthodes de séquençage
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454



454



454

I jusqu’à 1000 pb

I jusqu’à 1 million de lectures

I moins de 1 jour

I 1Gb: $9500
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IonTorrent

I 200 ou 400 pb SE

I <100 000 lectures

I quelques heures

I 1Gb: $80
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Illumina



Illumina



HiSeq

I jusqu’à 150 pb

I jusqu’à 4 milliards de lectures

I de 1 à 6 jours

I 1Gb: $30



HiSeq X

The HiSeq X Ten System is the world’s first to break the $1000 genome barrier for human whole-genome
sequencing (WGS). The system consists of a set of 10 HiSeq X ultra-high-throughput instruments that deliver over
18,000 human genomes per year. Each HiSeq X System can sequence a human genome at 30x coverage or greater
for significantly less than $1000 in consumables.



MiSeq

I jusqu’à 300 pb

I jusqu’à 50 millions de lectures

I de 1 à 4 jours

I 1Gb: $110
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Applied Biosystems - SOLiD



Applied Biosystems - SOLiD

I 50 ou 75 pb

I jusqu’à 700 millions de lectures

I 6 jours

I 1Gb: $70

I en cours d’abandon



Beijing Sequencing



Beijing Sequencing



Beijing Sequencing

I jusqu’à 100 pb

I nombre de lectures?

I 24h

I Coût non défini



Plan

NGS 2e génération
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ONT

Alpha-hemolysin
A large biological pore
capable of sensing DNA

Current
Passes through the pore
and is modulated as
DNA passes through

Leader–Hairpin template
The leader sequence interacts
with the pore and a motor
protein to direct DNA,
a hairpin allows for
bidirectional sequencing
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ONT

I jusqu’à 200 Kpb

I jusqu’à 100 000 lectures

I moins de 2 jours

I 1Gb: $750
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PacBio

I Lectures longues: jusqu’à
20 Kbp

ZMW wells
Sites where 
sequencing 
takes place

Labelled nucleotides
All four dNTPs are 
labelled and available 
for incorporation

Modified polymerase
As a nucleotide is 
incorporated by the 
polymerase, a camera 
records the emitted light

SMRTbell template
Two hairpin adapters 
allow continuous 
circular sequencing 

PacBio output
A camera records the changing 
colours from all ZMWs; each 
colour change corresponds to 
one base



PacBio

I jusqu’à 20 Kpb

I jusqu’à 55 000 lectures

I 4h

I 1Gb: $1000
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Débit et longueur des lectures
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Débit et longueur des lectures
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Les coûts de séquençage ont très largement chuté

I Annonce d’un génome humain pour 1000$

I Augmentation du nombre de projets de séquençage de
manière générale



Stratégies pour le séquençage des génomes

Human Genome Sequencing

Generating a Reference
Genome Sequence

(e.g., Human Genome Project)

Generating a Person’s
Genome Sequence
(e.g., Circa ~2016)

Genomic DNA Genomic DNA

Break genome into
large fragments and

insert into clones

Order clones

Break individual
clones into

small pieces

Generate thousands
of sequence reads

and assemble
sequence of clone

Assemble sequences
of overlapping clones

to establish
reference sequence

Break genome
into small pieces

Generate millions
of sequence reads

Align sequence reads
to established 
reference sequence

Deduce starting
sequence and identify
differences from
reference sequence

Reference Sequence

Reference Sequence

....TATGCGATGCGTATTTCGTAAA....



Applications

Predominant applications:
• Structural variants
• Point mutations
• Copy number variation

Predominant applications:
• Point mutations
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Predominant applications:
• Point mutations
• Deletions

Predominant applications:
• Gene expression
• Gene fusions
• Splice variants

Predominant applications:
• Gene expression
• Gene fusions
• Splice variants
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