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How will it works ?

e Each afternoon, teaching and practices altogether

Each evening & morning,on your own exercices
e Some exercices will be done alone
e Most can be done by groups
e Debrief and solution every afternoon

We will be on Slack all the time (almost)

One speaks, the other doing the "service aprés-vente"



The NGS in themselves



A little history of sequencing...
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...From Data Rarity to Data Deluge
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What can we do with it ?

e Genetic diversity

e Gene discovery

e Genomic structure

e Contamination/pathogen detection
e Metagenomic

e Pangenomic

e And many other things...



Methods
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Current Technologies

2"d Generation Sequencing

e DNA fragmentation (short) 454
e Matrix amplification lonTorrent
e Short reads lllumina

e Limited error rate

High throughput

3@ Generation Sequencing

o DNA fragmentation (long)
ey emderass e NO MATRIX AMPLIFICATION
Oxford Nanopore e Long reads

e Important error rate

Medium throughput
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lHllumina
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lHllumina

1. PREPARE GENOMIC DNA SAMPLE 2. ATTACH DNA TO SURFACE 3. BRIDGE AMPLIFICATION

oot
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& 11
Randomly fragment genomic DNA Bind single-stranded fragments randomly to  Add unlabeled nudeotides and enzyme to
snd ligste adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge smplificstion
Fogments.
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lHllumina

4. FRAGMENTS BECOME DOUBLE 5. DENATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIFICATION
STRANDED MOLECULES

The enzyme incorp: o D Ieaves single-stranded Several millon dense dusters of double-
buld double stranded bridges on the solid-  templates anchored to the substrate, stranded DNA are generated in each channel
phase substrote. of the flow eell.
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lHllumina

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND BASE

First chemistry cydle: tointtiate the first After laser excitation, ﬂpmn-them.wgeof Second chemistry cyde: to initiste the

sequencing cyde, add oll four labeled reversible  emitted onthe next cyde, add all four labsled
terminators, primers and DNA polymersse flow cell. Record the identity of the fist base reversible terminatars and enzyme to the
enzyme to the flow cell. For each duster, fow cell.
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lHllumina

10. IMAGE SECOND CHEMISTRY CYCLE 11. SEQUENCE READS OVER MULTIPLE 12. ALIGN DATA
CHEMISTRY CYCLES
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After laser excitation, collect the image data  Repest cycles of sequending to determine Align data, compare to a reference, and
= before. Record the identity of the second  the sequence of bases in a given fragment idantify saquence diffrences
base for each duster. a single base at time.
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lllumina - Advantages and Limits

Advantages :

Output volume (20 billions of 150b reads/6Tb,
NovaSeq6000)

Accuracy (99.99 % - but questionable)

Run is cheap

MySeq is cheap (around 60 000 USD per machine)

Limits : Size (150 + 150 in NovaSeq, but 400 for MySeq)
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The FASTQ Format

GHWI-EAS235_3_FC_20BTNAAXX:2:1:215:533 <= Sequencing info
GAGAAGTTCAACAGCTGGTATTATTTTTGTTAACAT
+HWI-EAS236_3_FC 20BTNAAXX:2:1:215:593

TGGGACTTTATCTGGAGGAGTGTTTGGAAAGCCATT
+HWI-EAS236 3 FC 20BTNAAXX:2:1:234: 55?\ Nucleotide sequence

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

BHWI-EAS236 3 FC_20BTNAAXM:2:1:338:194
TGETTTATGCAGARATTTCTAGARTARGGGTAACTT

@I-IWI—EA5236_3_FC_203TNAAXX:2:1:363:717‘\ ' )
TCTCAGAAACTTGTTTGTGATGTGTETATTCAACTA Quality score in ASCII

+HWI-EAS236 3 _FC Z20BTNAAXN:2:

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

BHWI-EAS236 3 FC_20BTNAARX¥:2:1:208:209
TTGATTTAACTCTGACRARATARACRAAGTCTTAGE
+HWI-EAS236 3 FC Z20BTNAAXX:2:1:208:20
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The QPHRED Scale

I "#$%&" ()*+, -. /0123456789 : ; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]A_ abcdefghijklmnopgrstuvwxyz{|}~
| | | | |

|
33 59 64 73 104 126
Mos0000000000050000030300 Ao oEllooo .40
=50 o8)o0000000050500000502000505050 40
05 208)05000000000205000000000009000 40
oPdoscnoacs05an0500000a00 Ao sc8cosasoss 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I

- Illumina 1.3+ Phred+64, raw reads typically (0, 40)

L - I1lumina 1.8+ Phred+33, raw reads typically (0, 41)
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The QPHRED Value

Q score
20
|

10

0.0 0.2 0.4 0.6 0.8
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Mapping

Align reads to
genome

Genome

Assembile transcripts
from spliced alignments

CI—E—{—] More abundant
C——-—]
(] Less abundant

Assemble transcripts
de novo

e

Allign transcripts
to genome

-]
—_e—a

From EMBL-EBI
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Mapping approaches for differences

Generally with Pair-End data

l:I—_
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Mapping approaches for differences

Generally with Pair-End data
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Mapping

a Spaced seeds b Burrows-Wheeler
Reference genome Short read Reference genome  Short read
(> 3 gigabases) (> 3 gigabases)
Chrt Chrt
Chr2 Chr2 s
Chr3=== Chr3 ===
Chra Chr4
Concatenate into
Extract seeds single string

Position 2
TG0 GGTA AAGT AATG

Position 1
ACTG CCGT AMC TAAT

e e avc TAAT
ACTG CCAT +es+ seas
4ams COGT ARG +ar

Seed index
(tens of gigabytes)

ACTG +ess ARAC

Index seed pairs

Burrows-Wheeler
transform and indexing

Bowtie index
(~2 gigabytes)

ACTC CCAT ACTC TAAT ACTCCCGTACTCTANT

Lt o7
Six seed L2 Look up r
pairs per ‘suffixes’
read/ 4 of read
fragment LS5

L6 |

‘acTeCeaTACTCTART
Hits identify
positions in

genome where [

Look up each pair  read is found "

of seeds in index

Hits identify positions
in genome where
spaced seed pair

is found

Confirm hits
by checking
“enns” positions

Convert each
hit back to
genome location

From Trapnell & Salzberg, 2006

T Report alignment to user €——

Ittt e Recherche
Deveoppement
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From Eurofins

” ” Restriction enzymes
A N P

Restriction enzyme
digestion
Ligation of P1 adapters

Multiplexing ~ Restriction site

Illumina
adaptor barcode

Pooling of samples.
Shearing, Size Selection
Adapter ligation (P2)
PCR enrichement

P2 adapter

Barcoded RAD end ‘Sheared end

Single end sequencing/ \Paired end sequencing

Single end assemblies

- —
~100 bp contigs

Ittt e Recherche
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Paired end assemblies

— 10—
~100 bp + ~400 bp contigs

\ 40 sequencing

= RAD sequences
== stacks

In comparison: Shotgun Sequencing
—_—

FEETEET—T
DNA is digested with a specific set of

restriction enzymes and two adaptors
ligated to the fragments afterwards.

Sequencing the fragments from either
one side or both sides results in RAD
stacks.

Single end assemblies Paired end assemblies

The stacks are the perfect starting point
to identify and analyse genetic markers.
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CaptureSeq

Biotinylated
GENE A sg e
GENE B %
1 é 5 " 3 . ﬂ .
GENE C #’* 2
Genomic DNA Library P Hybr Capture and Amplification Sequencing
Fragmentation Washing and QC

and adapter ligation

From CGFB, Bordeaux, France
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SNP and InDel Detection

Genome of individual re-sequenced
by aligning short reads against the
reference genome

reference genome sequence

Individual is Individual is
homozygous T at this heterozygous at this
AIT polymorphism. GJ/A polymorphism.
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SNP and InDel Detection

Delstion lnsedion  loversion Breakooinl
500 bp 500 bp 500 bp 500 bp
—— —— —— ——
Paired-
end Read E'—j /3—*9\ W ?
Recipient - —
Genome — —_— 5 e
500 bp 1000 bp 100 bp
500 bp

Types of variants

SNPs Insertions

Alignment VCF representation Alignment VCF representation
ACGT POS REF ALT AC-GT POS REF ALT
ATGT 2 C T ACTGT 2 C T
Deletions Complex events

Alignment  VCF representation Alignment  VCF representation
ACGT POS REF ALT ACGT POS REF ALT
A--T 1 ACG A A-TT 1 ACG AT

Large structural variants

VCF representation

POS REF ALT  INFO

100 T  <DEL> SVTYPE=DEL;END=300
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Common File for all Variations, the VCF
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Example
##fileformat=VCFv4.0 v header lines
##fileDate=20100707
##source=VCFtools
##reference=NCBI36 Optional header lines (meta-data
i ##INFO=<ID=AA,Number=1,Type=String,Description="Ancestral Alle > about the annotations in the VCF body)
°
3 1
= ##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotyfe Quality (phred score)">
o] ID=GL ,Numbe loat,Description="LikeljHoods for RR,RA,AA genotypes (R=ref,A=alt)">
> ID=DP,Number=1, Type=Integer,Description="Re#d Depth">
#HALT=<I EL,Description="Deletion">
##INFO=<ID=SVTYPE,Number=1, Type=String,Descriptiga="Type of structural variant"s
##INFO=<ID=END, Numbe r=1, Type=Integer,Description="End position of the variant"> Reference alleles (GT=0)
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMP
> (1 I ACG_ A, AT . PASS o GT:DP 1/2:13  0/0729
= i 2 rsl T,CT PASS H2; AA=T GT:GQ 0]1:100 2/2YJ0
@ |1l 5 . A 6 ONPASS . GT:GQ |0:
1 100 T/ <DEL> P SVTYPE=DEL ;END=300  GT:GQ:DP Alternate alleles (GT>0 is
an index to the ALT column)
DeIStion SNP Insertion Other event Phased data (G and C above
Large SV are on the same chromosome)

VCF - Variant Ca” Format From 1000 Genomes Project
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Limits, Wetlab

e Amount of original samples

Choice of Sample

Purity of Sample

Size of sequenced unit

e Error rate

Volume of Outputted data

All linked to technical constraints

27



Limits, Technical

Cleaning data level

Mapping Conditions

Mapping Cleaning Conditions

Variation Calling level

All linked to the Specificity /Sensitivity Informatics Paradox

28



Applications




Population Genomics/Genomics

Gene discovery/GWAs

Species Definition

Subspecies/specific subgroup definition

Global genotyping (for breeding in agriculture e.g.)

Genomic Ecology (Transposable elements, etc...)

29



Example in GWAs & Population Genomics

) T i Il National Human
GWAS Diagram Browser %M Genome Research EMIBL-EBI

Institute
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Example i
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Example in Global Genotyping & Population Genomics

Latitude

. -100

-120

-20
1

-40
1

T T T
0 20 40 60

Longitude

From Cubry et al, 2018
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Large Projects

“
1001 Genomes
A Catalog of Arabidopsis thaliana Genetic Variation #

Home  Colborators  Accessons  ools  Sotwars  DataCentsr  Gallery  About  Hepossk

1 Genom Lnks

Project

TN e £
0% ]
GENOME 10K

Data accsss Inks: EB1/NCE!

Unveilinganimal diversity

Genome 10K Project
Join us

complex animai ife changes in DNA and.
become better stewards of the pione.

Become o G10K affiale

April 2008—The Genome 10K project sims to assembie a genomic 200—3 collection of DNA sequences
Fepresenting the genomes of 10,000 vertebrate Species, approximataly ane o every vertebrate genus.
Th tratectory of cost recuction in DA SS0USNCING SUGOESEs that this Croject will 2 feasibie WA 3 few
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Sample types

DNA from plant, animal, microbial...

Organite DNA (mitochondria, chloroplast)

Subsample DNA (exon capture, 16S capture for Barcoding)

Viral sample from infected tissue

e Environmental sample: water, feces, cloud...

34



Possibilities in the next 5-10 years (From a presentation in

2013) RD

e Real-time Transcriptomics
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Possibilities in the next 5-10 years (From a presentation in

Real-time Transcriptomics
Single-Cell Genomics -> DONE in 2014
Single-Cells Transcriptomics (and smallRNA) -> DONE in 2015

Personal Genomics medicine (ethical problems...) -> Available
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Possibilities in the next 5-10 years (From a presentation in

Real-time Transcriptomics
Single-Cell Genomics -> DONE in 2014
Single-Cells Transcriptomics (and smallRNA) -> DONE in 2015

Personal Genomics medicine (ethical problems...) -> Available

And any new ideas you will have...
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Cost

— Information
—— Cost
=== Bioinformaticians

= Computing capaciti

uoneuLIou|
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...From Data Rarity to Data Delug

1,000,000 100,000,000
NGS (bp/$)
Doubling time 5 months 10,000,000
100,000 \
1,000,000
2 10,000
f;; 100000 o
= s
e 1,000 1000 8
8 g
§
s [
¥ 3
2 00 1000 £
Pre-NGS (bp/$) 2
Doubling time 19 months 100 =
10
10
1
q

0 0.1
1990 1992 1994 1996 1998 2000 2003 2004 2006 2008 2010 2012

Year

From L. Stein, 2010
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Be Careful to data drowni

DATA Datarmu D52 Data
nA'IAn!\'%\M Pata Dz Data , Vata %}‘e
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Barcoding Assembly
uge

Del

Thanks for your attention

PacBio s

umlna
Data’ =2

lonTorrent

Population
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