L'intérét du génome individuel

28/11/2012 Nom: Vincent Bours C'!"Q\/ e U
e lLiege de Liege




cH Historique et grands projets

de Liége

1953: structure de I'ADN

Fin 1980s: Human Genome Project
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. 2.7 milliards $ Phy?  laons
. Coordination par HUGO " %aj“r?h“'“
. Pilotage par NIH (J. Watson) = ’
— NHGRI (FS. Coliins)
. Objectifs:
Séquencer les 3.2 107 pb du génome humain

Identifier fous les genes (25.000)

Amélioration des techniques de sequencage (couts,
efficacité) & des outils d’analyse de séquence.

Catalogue des polymorphismes (SNPs,...)

genome.gov
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Finalized sequence in 2004

Login | Register | BLAST/BLAT

Search: [ All species

e.g. human gene BRCA2 or rat X:100000..200000
disease

http://www.ensembl.org
Browse a Genome

The Ensembl project produces genome databases for ve
eukaryotic species, and makes this information freely ave

Click on a link below to go to the species' home page.
Popular genomes (Log in to customize this list)

mef Human
\ & RCh37
!-@1 GRCh3

Mouse
NCBIM37

=] for
| _Co|

<2 NCBI Genomic Biology Homo sapiens

Search | All Databases (Entrez) jforl . Go| Clear
http://www.ncbi.nim.nih.gov/

Human
Genome

Browse your Genome
Click on the Chromosome to
show

Genes

{ ;l
2

http://Iwww.genome.ucsc.edu/

The UCSC Genome Browser was created by the Genome Bioinformatics Group of UC Santa Cruz.
Software Copyright (c) The Regents of the University of California. All rights reserved.

clade genome

L] | Human

assembly
~| [Feb. 2009 (GRCh37/hg19) ¥| [chr13:110,765,826-112,782,216 |

position or search term image width

[620

gene

|Mammal

submit

Click here to reset the browser user interface settings to their defaults.

track search | add custom tracks | configure tracks and display | clear position |

About the Human Feb. 2009 (GRCh37/hg19) assembly (sequences)

The February 2009 human reference sequence (GRCh37) was produced by the Genome
Reference Consortium.

Sample position queries

A genome position can be specified by the accession number of a sequenced genomic clone, an
mRNA or EST or STS marker, a chromosomal coordinate range, or keywords from the GenBank
description of an mRNA. The following list shows examples of valid position queries for the
human genome. See the User's Guide for more information.

Request: Genome Browser Response:
chr7
chrUn_gl000212
chr3:1-1000000

Displays all of chromosome 7
Displays all of the unplaced contig gl000212
Displays first million bases of chr 3, counting from p-arm telomere

Resources
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= Le génome humain en 2012:
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GRCh37
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-23.739 genes annotes

-11.122 pseudogenes

-3.031 genes non codants (avec produit ARN)
-> 30 000 000 SNPs - rs # (dbSNP132)

- forte homogénéité génétique de I'espéce humaine (99,9%)




On attendait de 100 a

200 000 genes humains...
on nen trouve gue 25 000

Homogénéité génétigue de
['humanité (99,9%)

Trés forte parenté entre
les génes de différentes
especes

R
anywhere
else.

te LifeSeq® Gold

en  -- powerful and complete view
" of the human genome

* Mose than £.8 milion cDNA saquancas
* Moee than 1 millon sequencas acded Rach year
* Mare than 120,000 genes—60,000 genes not avallable anywhere sise
¢ Warifiod cloro rcogonis for every gen

LifeSeq® Gold. Accelerate your target discovery today. Find out how we
can provide access for you. Call 877 746-2&3 \@nd visit www.incyte.com

hem com Incytela enomics
Y no Q For Lite
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CH History and projects
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1953: DNA structure

1977 Fred Sanger, DNA sequencing

Late 1980s: Human Genome Project
2005: NGS (Next-Generation Sequencing)

e

454 GS FLX* AB SOLID Illumina GAII

Reversible terminators

=

Chemistry Pyrosequencing
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NGS performance

Whole genome: 5 — 10000 Euros
Exome: 1500 Euros

A single run

Difficulty: bio-informatics

The sequence is generated by small DNA pieces that overlap.
A large coverage of every region is required.

Reference Genome Sequence




1000 Genomes

iF

\' g
A Deep Catalog of Human Genetic Variation‘l\. ¢

2008

- Whole genome sequence
2700 ind. from 27 different populations
- NGS

- Support : Wellcome Trust Sanger Institute, Beljing genomics Institute,
NHGRI

1,100 samples early 2011; 2,500 samples 2011/12

Antarctica




CH. International Cancer

de Lisge Genome Consortium

Whole genome sequences from 50 types of human cancers

Objective: to identify mutations acquired during cancer
development.




my LSS avancées méedicales liees au
cHy/ sequencage du génome

de Liége

Domaines:

Maladies monogéniques
Maladies complexes
Cancers




Single gene

£)

Mendelian

Reduced
penetrance

Genetic

Multifactorial with single
major locus

Multifactorial

Polygenic Environmental



CH Les maladies complexes
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Figure 4-13 Human Molecular Genetics, 3/e. (@ Garland Science 2004)
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Quelles sont les bases de la diversité du
génome humain?




Differences ponctuelles : les Snips
(Single Nucleotide Polymorphism, SNP)

Un Snip toutes les
mille bases
environ dans

[ADN

GAAA T A AT AT T T T T T T T T T AT T TG T CTTTAC TTCAATTTATTTATTITATTATTAATATTATTATTTITTTG
AGACGGAGTTTCACTCTTGTTGCCAACCTOGAGTGCAGTGOCGTGATCTCAGCTCACTGCACACTCCGCTTTCOTGSG
T AR AT T O IO T AL TCC TCAC TAGC TG CACTACAGTCACACACCACCACCOCCOOCTAATITTITG
AT I AGTACACTIGGCCTITCACCATGTICGCCACACTOOTCTCOAACTCCTCGACCTTIGTCATCCGECAGCCTCT
LT CAAA A IO G CA T T A A CTCAG AL OO CCC TOOGCCCTTICCATCAATTIC TACACCITGITIICTT
T TGGACTTTACAAGTCTTACCTTGTICTGCCTTCAGATATTTGTGTGGTCTCY ARG TGTGCCAGTAGETAAAL
ATCC-ATMTTTGC—TCTC-‘TCCCACTCCTGTTGTTCATCTCCTCTTATCTGOGGTCTCTTC-GTMTTGCATT
CTEATCCCCAGTACTTAGCATCIGCOGTAACAACTCTIGCCTCTGCTITOCCAGGETY COCUTGCTGTTCATGCC
TCACAAAAATGCATTETAACT TAAATTATTAAACATTTTAAATATAGOAAARAAGTAACCARAACATAAGGAACARAARA
GOAAAGAACATGTATTCTAATCCATTATTTATTATACAATTAAGAAATTTGGAAACTTTAGATTACACTGCTTTTAGASG
ATGOAGATGTAGTAAGTCTTITACTCTTTACAAAATACATGTGTTAGCAATTTTGOGAAGAATAGTAACTCACCOGAR
CAGTGTAATGTGAATATGTCACTTACTAGAGGAAAGAAGGCACTTGAAAAACATCTCTAAACCGTATAARAACAATTA
AT CATAATCATGARAAC CCAAGCAATTITIT T TAGAAAACATTACCAGOUCTAATAACAAAGTAGAGCCACATGICAT
A T TG G T TG TGN CACAAT TCTAGAG TTATATT TGTACATAGCATGUAAAAA TCACACCCTAGTITATC
AACTAGTTCATT T I TAARAG TCTAACACATCCTAGGTATAGGTCGAACTOGTCCTCCTGCCAATGTATTGCACATITGIGC
COAGATCCAGCATAGGGTATGTTTGCCATTTACAAACGTTTATGTCTTAAGAGAGGAAATATGAAGAG CAAAACAGT
GCATGCTOGAGAGAGAAAGCTGATACAAATATARATGAAACAATAATTGGAAAAATTGAGARACTACTCATTTTOTAA
ATTAC T AT G AT T T T TAGAATTTAAGTCTTTTAATTTTTGATAAATCCCAATGTGAGACAAGATAAGTATTAGTGAT
CETATGAGTAATTAATATCTGT TATATAATATTCATTITCATAGT GEAACAAATARAATARACCITGICATGATICTTIC
ATTATTIT I I TAGAG GG T T T CAG G CAAACAAATIGCTTITITTCATICTCTCTITCCACTAAGAAAGTTCAACTATY
AATTTAGGCACATACAATAATTACTCCATTETAAAATGCCAAAMAGG TAATTTAAGAGACTTAAARCTGAAAAGTTTA
AGATAGTCACACTGAACTATATTAAAMAATCCACAGOGTOGTTGGAACTAGGCCTTATATTAAAGAGGCTAARAATTG
CAATAAGACCACAGGCTTT GCTTTAAACTGTGAAAGGTGAAACTAGAATGAATAAAATCCTATAAATTTAA
ATCAAAAGARAGAAAT AAR w TTAAAGTTAATATACAAGAATATGGTAGECTGOATCTAGTGAACATATAGT

AARCATAAARCAGAATATTT : T G CARAR T T T I GG T AACCTCAARACACTATATTICARACTATTY
TTAAMMATGCAGTGATACTAGAAATATTTTAGAATCATATGTA




Les deux alleles d’un Snip

e REgiON AU SNfp ey
Al .. GTTACCTGGCATGECACATTECTTTAA...

A2 ... GTTACCTGGCATAGCACATTGCTTTAA. ..

1

Snip
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Data base dbSNP
> 30 millions SNPs




mn Copy number variations
C-!;'L,-‘ég; o \AVAS

Variation du nombre de copies de certains segments
chromosomiques / genes




CH. Réle des polymorphismes

de Liége

Phénotypes a variation continue (faille, poids,
couleur de la peau, Ql, ...)

Prédisposition génétique aux maladies complexes

Pharmacogénetique




Détermination (Scoring) de
500,000 Snips en une seule
expérience

Careér prospec
Sequience creates ety
oppoOriunitics s




Frequency

Etudes dassociation

Snip A, alléles 1 & 2:
pas dassociation

Snip B, alleles 3 & 4:
association de |alléle 3
avec la maladie :

Platform of 500,000 SNPs; un gene impligué doit étre
each with two alleles ppoche adu Sn/'p B
Healthy controls Disease cases
Risk

1 2 3 4 1T 2 3 4
Alleles




Etudes d’association génome entier
(GWAS, Genome-Wide Association studies)

2000 malades, 3000 témoins
Lecture de 500,000 Snips dans chague ADN

Recherche dune association des cas avec certains alleles
de Snips

Approche objective (pas a priori)
Statistiguement solide (et généralement confirmée)

Les alléles de Snjps sont des margueurs - et non pas des
mutations causales

17,000 personnes (7 maladies), 50 labos, 17,000+
microarrays, plusieurs millions deuros...




-10g,,\")

-y Dipoar aisoraer
10 =
oikbbh dibed e mde A ol S W W 0 ko
0 - “ h
15 - Coronary artery disease
10 - '
5-||Ii° ®s_ 2 g . > ® ® 2 e i. I Io i
0- — o < N o Fe>) - o © . . -
o -t
15 .
10 i . i Crohn’s disease
0_ amill. o (%) o~ o Po ) - o r7e) —
o —

15 _

Hypertension
10
5 2 e i ) e .
o - B i e B M M OH s Gah

— ) w - w » ~ @ o = - = = P os SommeN X<

15
10
S
0
15
10
S
0
15
10
5




The case of the missing heritability

When scientists opened up the human genome, they expected to find the genetic components of
common traits and diseases. But they were nowhere to be seen. Brendan Maher shines a light on
six places where the missing loot could be stashed away.




La proportion de ['héritabilité
expliguées par les loci trouvés via
GWAS est généralement trés faible...

L

The caseofthe missingheriabity
' Number of Proportion of heritability

Discasc loci explained

Age-related macular [ ‘ 4

degeneration’s . ? ' ke

Crohn's disease=t 32 20%

Systemic lupus erythematosus?® | 6 15%

Type 2 diabetesZ® 18 6%

HDL cholesterolZ2 7 5.2%

| Height12 40 5% Herit. 0.8 /

Early onset myocardial 5 > 8o

infarctionZ2 o0

Fasting glucose?Z 4 1.5%

From: Finding the missing heritability of complex diseases, Manolio et al,

Nature 461 | 747-753'8 OCfier 2009i




CH. Diabéte de type |
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5 GWAS + grosse étude (> 30 000 échantillons)
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Composante génétique majeure. Héritabilité > 70%

Etude internationale

GWAS >7000 patients et > 30 000 contrdles
+ étude de réplication sur 32 SNPs

18 loci associés a la pathologie dans les populations
caucasiennes et asiatiques

Variants génétiques rares associés a DMLA & trouver




1 J Médecine Personnalisee

de Liége

Identifier des facteurs individuels de predisposition
ad une pathologie et proposer une attitude de
prévention et/ou de surveillance




\f U_)QN\T—
(WIORK [/
MOST RISk FACTORS
ARE NoT wsStFuLy
PREDICTIVE ...
PREDICTION
RARELY LEADS
TO EFFECTIVE

¢ MAGNOSE + TREAT?
™ A

Etude: les individus interrogés se disent préts a changer

leur mode de vie si une prédisposition génétique a
'obésité ou au T2D est démontrée.



my LSS avancées méedicales liees au
cHy/ sequencage du génome

de Liége

Domaines:

Maladies monogéniques
Maladies complexes
Cancers




Single gene

£)

Mendelian

Reduced
penetrance

Genetic

Multifactorial with single
major locus

Multifactorial

Polygenic Environmental
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NGS In genetic diseases

Exome sequencing

NGS sequencing of the coding regions of all the genes
Cost: 1500 € (reagents)

To study families / individuals with a genetic disease of
unknown origin:

Children from consanguineous parents
Children with development defects, mental retardation, ...

Exploration of any genetic condition without a known genetic
cause

Can identify copy number variants as well as point mutations




nawture
REVIEWS

R Exome sequencing as a tool for
Mendelian disease gene discovery

De novo mutations in human
genetic disease

Human genetics: Fruits of
exome sequencing for autism

Six genes were found to have a
gene-disrupting de novo
mutation in more than one
individual with ASD




e
natare” &/

De novo germline and postzygotic
mutations in AKT3, PIK3R2 and PIK3CA
cause a spectrum of related
megalencephaly syndromes

Exome sequencing identifies MLL2
mutations as a cause of Kabuki
Syndrome

Exome sequencing identifies ACSF3
as a cause of combined malonic and
methylmalonic aciduria




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Diagnostic Exome Sequencing in Persons
with Severe Intellectual Disability

Diagnostic Exome Sequencing — Are We There Yet?
Heather C. Mefford, M.D., Ph.D.




-Mental retardation: 0.5% of the population.

-Current investigations (including CGH): cause found in
maximum 40 % of patients

-Usually genetic origin. More than 1000 genes can be
Involved.

-Diagnostic setting.

-Study on 100 patients fully explored without success:
exome sequencing of the patients and the two parents.
Potentially causative de novo mutations in 22 patients,
confirmed in 16 pts. Other variants yet to be explored.

-Risk of incidental finding !
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Example

Consanguineous family
1 child with a muscular disease, exploration negative
Exome sequencing

Filters to find mutations homoZ in the affected child, heteroZ in
the parents

Filters based on gene function
A few candidates

G37012




CH./ Séquencage de I'exome
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|dentification de nouveaux genes

Entre en cliniue. Permet de répondre a des
questions familiales non résolues avec un impact

clinigue direct (risque de récurrence, pronostic,
traitement...), mais reste cher.




Difficulté majeure: interprétation des
données pour ou avec le clinicien
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Séqguencage complet du génome de chacun 22
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Séqguencage complet du génome individuel:
tous les SNPs et fous les CNVs

e 2004: 1° séquence du génome humain. 15
ans de travail. 3 milliards $

e 2012: séquence d’un génome. Quelques
semaines de travail. 7500 €
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Séqguencage complet du génome individuel:
tous les SNPs et fous les CNVs

* |dentification de tous les facteurs génétiques

(connus) prédisposant aux maladies complexes.
Médecine prédictive et préventive.




“Meédecine prédictive” et géné

tique personnelle

AmpliChip relevance

>y ) =
Du sérieux... o

PESY
etk
et adu "bidon” ¥

Antidepressants
Antipsychotics
Beta-blockers

Proton Pump Inhibitors

Anti-epileptics

Others

() Navigenics~

a ‘ About Health Compass ‘
| |

Membher Services
Overview

View a demo
Conditions we cover

of our service
Membership benefits

How the process works

How we
Protecting your legal rights

estimate risk
Requestinformation

e a:’"

The
\ -'"

: Z | e Navigator

Vife haVP preparerj a set of example gene test results to demaonstrate the genetic testing

service we provide to our members. To view the example genetic test results, sign in to
your free Navigenics account, or create a free account below.




ACTUALITE Le Journal du médecin | 2152 | Mmardi 5 avril 2011

Le séquencage intégral,
bientot un test de routine

Le génome pour le prix d’'une petite voiture!




ACTUALITE Le Journal du médecin | 2152 | Mardi 5 avril 2011

Biotechnologies en Wallonie

Le séquencage intégral,
bientot un test de routine

Le génome pour le prix d’'une petite voiture!

First European service provider to provide

Complete Human Genome DNA sequencing

Discover
our SPECIAL

OFFER at 7500€
for 30x coverage!!



Personalized Medicine
solutions in a high quality
certified laboratory

‘
i
» ._ .
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i
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Gene ChiF,

HG - U1

At the forefront of the genomic revolution with all the leading
technologies in next gen sequencing

January 2011,
we are the bigg
private DNA seque
service provider in Euro
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Séqguencage complet du génome individuel:
tous les SNPs et fous les CNVs

* |dentification de tous les facteurs génétiques

(connus) prédisposant aux maladies complexes.
Médecine prédictive et préventive.

* Pharmacogénétique. Facteurs génétiques liés
aux riques d’effets secondaires ou a la

meétabolisation des médicaments

e |dentification de mutations liees aux maladies
réecessives.




Séguencage systeématique
CH g cage sy Q

do Liee (pgissance-ou majorité)
HD

|dentification de mutations liees a des maladies
génétiques (risque génétique pour un couple)




Criblage pour I’ensemble des
mutations déléteres connues

L WU CARUE RN RN R U RUNE | T BRI

| »~e [ .- | s

] o ¢ . ' f 1 |
AV

About Publications Our Work My Genome Jobs Contact Us Search Support NCGR

e e d T e 3 E
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Universal Screening for Recessive Childhood Diseases

In collaboration with the Beyond Batten Disease Foundation
(BBDF), NCGR scientists are developing a test to identify the
mutations that cause most recessively-inherited diseases that result
in severe illness or death in children.(...) The NCGR team is
developing a single DNA sequencing test for 448 diseases that will
be offered in 2010 through a new diagnostic reference laboratory.
(Target cost: $500)




Le 'génome a 1000 dollars”
est pour bientot..

L interprétation reste un
probleme /
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La génétique aujourd’hui et
demain

Révolution technologique et bio-informatique

Explosion des données génétiques individuelles qu’on
peut générer, traiter et comprendre

Modification complete de I’approche du diagnostic
génétique, de plus en plus global et précis

Répercussions médicales !
Attention aux aspects éthiques, Iégaux et psychologiques




La génétique aujourd’hui et
demain

Séquence de tout le génome: encore trop long, trop cher,
trop difficile a interpréter (> 95% du génome n’est pas
exprimeé)

Séquencage haut débit (NGS)

-Dizaines de genes choisis ou tous les genes (exons)
-Identifications de mutations, SNPs et CNVs
-Indications: maladies génétiques inconnues, syndromes
(retard mental), cancer (traitements ciblés)

-A P’avenir sans doute, prédisposition génétique aux
maladies complexes




Les questions du “génome personnel”

Compréhension des informations obtenues...
et de leurs limites

——\/—\'—V
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Droit a I’ “intimité géenetique” (l)

Richesse des informations obtenues a partir de 'ADN
et caractere évolutif

T el s B e S Nécessite d'un consentement
CONSENTEMENT b€ WWELTE ES BINVES UEIWES S e pe
 Roose Néruones . spécifigue

Droit de ne pas savoir




Dr0|t a I’ “|nt|m|te genethue” (1)

S R R K R R R R R R

/ Case of
Discrimination:

A family’s health insurance is cancelled
after fragile X diagnosis

Intérét des
employeurs,
assureurs... pour

- votre information
génétigue

Top Stories - Reuters -updated 326 AMET Apr 18 Patients may shun health checks

Reuters | AP | AP U.S. | The New York Times | ABCNEWS.com |
Wednesday April 18 7:05 PM ET

e ootk s Life insurers

Employees

1 demand gene

WASHINGTON (Reuters) - Burlington Northern Santa Fe Railway
agreed on Wednesday to stop testing its workers for genetic defects

S s seresy  fest results

le X

» by Jamie Stephenson, director, Fragile X Resource
at- Center of Northern New England
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