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Introduction

Sequencing the genomes
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Why sequencing these genomes?

Complete inventory of the genes of various organisms
Information about the sequence of every polypeptides
Basis for new technologies

Global data at the level of the whole cell

New data for evolutionnary and species classification analysis

Medical applications
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The Sanger Method (1977)
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End of
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The Sanger Method (1977)
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The Sanger Method (1977)

a “template strand”
1 2 35 6 K s 9 10 kK12
3Q A TGCGACTTAC
primer
5@ G 3
5@ GHJ¥
5@ GHJ3

DNA synthesis ———»

substrates:

CJATP BGIGTP

dd €3
SICTPRGITTP

b
12
11
10
9
nucleotide 8
length 7
beyond 6
the primer 5
4
3
2
1

ddATP,

ddCTP_ \Q /

[N nnm . o

[0 | WHNSR ] | (m >

[ 11 IR . o
IRE LN LIN T T N e =

ddGTP
ddATP

“O0OrPO-HOOOOMOEHA-HOOPO-EHOOMOOP>P>P>PO0-HG
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The caveats of the Sanger Method

Technically cumbersome and time consuming (limited samples processing)
High amounts of starting material

=>» Not well-suited for high-throughput analyses (genome sequencing)
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The Sanger Method (1977)

1st generation sequencing : Improvement of sequence analysis (column
electrophoresis)
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The Sanger Method (1977)

1st generation sequencing : Improvement of sequence analysis (capillary
electrophoresis)

HPLC System
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1st generation sequencing : Improvement of the methodology

Parallel random sequencing : after fragmentation (shotgun sequencing) and cloning
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2nd generation and next generation (NGS) sequencing : Areas of improvement

Shotgun Sanger NGS
a DNA fragmentation b DNA fragmentation
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) In vivo cloning and amplification In vitro adaptor ligation
B Template preparation -~
amplification by PCR — = > ==
B Sequencing and imaging
Cycle sequencing Generation of polony array
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2nd generation sequencing/NGS :

Improvement of template preparation : amplification by PCR

Emulsion PCR (emPCR)

+ PCR Reagents

A
5 A

————
+ Emuision Oil I
LY v, Micro-reactors
Adapter carrying Mix DNA Library Create
library DNA & capture beads “Water-in-oil”
(limited dilution) emulsion

“Break micro-reactors” Perform emulsion PCR

Isolate DNA containing beads

+ Generation of millions of clonally amplified sequencing templates on each bead
» No cloning and colony picking

Used by 454 (life science), Polonator, lon torrent and Solid
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2nd generation sequencing :
Improvement of template preparation : amplification by PCR

Bridge PCR (illumina plateform)

1. Attach DNA 2. Perform bridge 3. Generate clusters 4. Anneal sequencing
o flow cell amplification primer
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2nd generation sequencing :

Improvement of template preparation : Single Molecule Sequencing (SMRT)

- Requires less strating material

- Provides longer contigs

B Immobilized on the solid surface by

Primers: Helicos BioSciences
Template: Helicos BioSciences

Polymerase: Pacific Biosciences, Life/Visigen, LI-
COR Biosciences
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2nd generation sequencing : real-time sequencing

SMRT Sequencing Technology : Single-Molecule Real-Time Sequencing

A true continous imaging of dye-labelled nucleotides incorporation

Pacific Biosciences — Real-time sequencing
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Phospholinked hexaphosphate nucleotides
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Limit of detection zone

Fluorescence pulse

INtensity g

Epifluorescence detection

Nature Reviews | Genetics

Pacific Biosciences : SMRT : Single Molecule Real-Time Sequencing
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2nd generation sequencing : real-time sequencing

Sequencing by reversible terminator (illumina/Solexa genome Analyzer)

a 3'-blocked reversible terminators
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» after each nucleotide incorporation process stops

» camera reads fluorophore signal (filter for each
nucleotide type)

« terminator and labeling is removed and cycle starts
again
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2nd generation sequencing : real-time sequencing
Sequencing by reversible terminator

Used in combination with bridge PCR in the illumina/Solexa genome Analyzer

lllumina Colonies (called polonles )

Hllumina/Solexa — Reversible terminators
]
R
b Illumina/Solex
Sldph mplf atio
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Each nucleotide has a dye with a different color

4-color fluorescent image of chip gathered after
each chemical flows through

Register each image and follow color change of
each colony to determine sequence

FCF/RinF 418

https://www.youtube.com/watch?v=fCd6B5HRazZ8
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2nd generation sequencing : real-time sequencing

Pyrosequencing

o Template y
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2nd generation sequencing : real-time sequencing

lon proton sequencing (lon torrent)
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2nd generation sequencing : real-time sequencing

Ligase-based sequencing (ABI’s Solid technology)

m Difference — DNA ligase

m Hybridization of a fluorescently labelled

probe

m SOLID cycle of 1,2-probe hybridization

1. Prime and Ligate
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2. Image :
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3. Cap Unextended Strands
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4. Cleave off Fluor

Cleavage Agent ..X.
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5. Repeat steps 1-4 to Extend Sequence

Ligation cycle 1 2 3 4 5 6 7 ...{n cycles}

1 A AA AL CG

6. Primer Reset
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7. Repeat steps 1-5 with new primer
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2nd generation sequencing : real-time sequencing

Ligase-based sequencing

SOLiD DNA Sequencing Technology (Applied Biosystems)

8. Repeat Reset with , n-2, n-3, n-4 primers
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Throughput Quality
Sanger
454 750Mb/day 102- 10 ~20$/Mb
lon Torrent 1600Mb/day 102-10-3 ~10$/Mb
lllumina 102-10-3
SOLID 4 102-10 3
Helicos

Today's technologies generate huge amount of short, high quality sequencing data



Il. Data analysis

Sample collection and : Data reduction Downstream
< : s : uenc
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Il. Data analysis

B Bioinformatics tools for:
= Alignment
= Base calling/polymorphism detection
= De novo assembly
= Genome browsing or annotation

B Challenging problems:

= De novo assembly of short reads -> mate-paired
libraries required

= Reads in repetitive regions
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B Genome resequencing: polymorphism and
mutation discovery in humans (1000

Genomes Project)
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lll. NGS Applications
B Transcriptome sequencing:

Gene expression

Alternative splicing

Transcript annotation
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