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LE SEQUENCAGE DU GENOME HUMAIN

*W. Gilbert & F. Sanger )

Premiere méthode de séquencage ~800 bases en 5 jours

Prix Nobel de Chimie

Composés fluo et automatisation

. . . —->500 000 bases en 1 jour
Projet génome humain

Premiere séquence du génome >13 ans et 3 milliards S

—>1 génome en 1 jour
colt ~1000€

Miniaturisation et nanotechnologies ]
Séguencage NGS




AVANCEES TECHNOLOGIQUES
VERS UNE CARACTERISATION PLUS FINE
DE LA VARIABILITE DU GENOME HUMAIN

AACGAATTCGGGCCAATCGGGAAGGTTTCCCACGACG
ACCGAGTTCGGGCAAATCGGGAGGGCTTCCCACGAAG
ACCGAGTTCGGGCCAATCCGGAAGGTTTCCCACGAAG
AACGA%TTCGGGCCMTCGGGAAGG%TTCCCCCGA%G

SNP-chip
NGS ¢ 4 L S | 4 ¢ 4
SOIN RECHERCHE
Médecine Génomique efectsize /A . Architecture des maladies

Low-frequency
variants with
intermediate effect

Rare variants of
small effect
very hard to identify
by genetic means

Allele frequency



ANALYSE DES DONNEES DE SEQUENCAGE

* Pour le diagnostic de maladies génétiques
Analyse individuelle
— ldentifier le variant causal dans le génome de l'individu

* Pour rechercher des associations dans les maladies complexes
Analyse populationnelle

— Etude cas-témoins
— Recherche d’un enrichissement en variants rares dans un gene

j‘> Filtrer les variants selon leur fréquence




BASES DE DONNEES PUBLIQUES

1000 Genome Project
2504 individus
26 populations a travers le monde
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DES DIFFERENCES GENETIQUES
SELON L’ORIGINE GEOGRAPHIQUE
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5,811 individus issus de 12 populations européennes
121,242 SNPs (Heath et al., EJHG, 2008)
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DES DIFFERENCES GENETIQUES

SELON L’ORIGINE GEOGRAPHIQUE
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VERS LA MISE EN PLACE DE PANELS
J-F Deleuze DE REFERENCE

CEA-CNRGH, institut du thorax
"=  French Exome Project (FREX) Nantes

Financement de France Génomique 2013 Call
574 exomes de 6 régions francaises

= VaCaRMe (Institut du Thorax, Nantes)
Financement de |la Région Pays-de-la-Loire
Population du Grand-Ouest (PREGO)

" France GenRef Project
Financement du Labex GENMED
~900 WGS (cohorte GAZEL + PREGO)

* Projet POPGEN
Plan France Médecine Génomique 2025 — MESR
4 000 WGS (cohorte Constances)



LE PANEL FREX COMPARES AUX AUTRES
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PANELS EUROPEENS

Espagne

Données FREX
574 exomes
6 régions




VARIABILITE DES FREQUENCES ALLELIQUES
EN FRANCE

Données FREX
574 exomes
6 régions
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FREX COMPARE A Exac & GNOMAD

18.36% des variants codants de FREX (autosomes) sont absents d’ExAC
17.97% des SNVs et 36.74% des Indels

9.95 % sont absents de GhomAD
9.83% des SNVs et 15.45% des Indels

Ces SNVs de FREX absents de GnomAD ont des impacts forts

Plus souvent annotés par VEP « HIGH » ou « MODERATE »
43.1% vs 36.6% pour les SNVs présents dans GnomAD

Plus souvent annotés SIFT « deleterious » et POLYPHEN « prob-damaging »
25.6% vs 17.6% pour les SNVs présents dans GnomAD

FREX Coding Variants in GhomAD FREX Coding Variants Not in GhomAD
(N=200,405) (N=21,860)

LOW 26% MODIFIER 39%

LOW 18%

MODIFIER 38%

HIGH 1% HIGH 2%

MODERATE 36%
MODERATE 42%



CONTRIBUTION DE FREX A L’ INTERPRETATION
DES DONNEES NGS DE PATIENTS

Variants Total Absents des Bases de Absents des Bases de
données données et de FREX
(%) (%)
Tous les SNVs 100 055 4775 (4.8%) 2168 (2.2%)
SNVs Exonic 14 968 168 (1.1%) 81 (0.5%)
SNVs Faux sens 6 450 56 (0.9%) 30 (0.5%)

Valeurs médianes obtenues sur 10 exomes réalisés pour un autre projet
sur une autre plateforme de séquencage.

[
"\t
ee0®

GenMed




CONTRIBUTION DE FREX AUX ETUDES D’ASSOCIATION

ORIGINAL ARTICLE
SORLI rare variants: a major risk factor for familial
carly-onset Alzheimer’s disease

Molecular Psychiatry (2015), 1-6 Familial cases - CMC/Fisher
© 2015 Macmillan Publishers Limited Al rights reserved 1359-4184, e Tests
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Figure 1. Quantile-quantile plot of gene-level Fisher’s P-values
among 205 early-onset A%lsease (EOAD) cases with
positive family history and 498 controls| (n = 13630 tests).




CONTRIBUTION DE FREX AUX ETUDES D’ASSOCIATION

European Journal of Human Genetics (2017) 25, 995-1003
© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 1018-4813/17

www.nature.com/ejhg

Rare RNF213 variants in the C-terminal region
encompassing the RING-finger domain are associated
with moyamoya angiopathy in Caucasians

Stéphanie Gueyl, Markus Kraemer®5, Dominique Hervé!»®, Thomas Ludwig4, Manoélle Kossorotoff,
Francoise Bergamettil, Jan Claudius Schwitalla®, Simone Choi', Lucile Broseus', Isabelle Callebaut®,
Emmanuelle Genin*® and Elisabeth Tournier-Lasserve*"7? the FREX consortium'®

Moyamoya angiopathy (MMA) is a cerebral angiopathy affecting the terminal part of internal carotid arteries. Its prevalence is
10 times higher in Japan and Korea than in Europe. In East Asian countries, moyamoya is strongly associated to the R4810K
variant in the RNF213 gene that encodes for a protein containing a RING-finger and two AAA+ domains. This variant has never
been detected in Caucasian MMA patients, but several rare RNF213 varian i ian cases. Using a
collapsing test based on exome data from 68 European MMA probands andmwe showed a
significant association between rare missense RNF213 variants and MMA in European patients (odds ratio (OR) =2.24, 95%
confidence interval (ClI)=(1.19-4.11), P=0.01). Variants specific to cases had higher pathogenicity predictive scores (median
of 24.2 in cases versus 9.4 in controls, P=0.029) and preferentially clustered in a C-terminal hotspot encompassing the
RING-finger domain of RNF213 (P<10 —3). This association was even stronger when restricting the analysis to childhood-onset
and familial cases (OR =4.54, 95% Cl =(1.80-11.34), P=1.1x103). All clinically affected relatives who were genotyped
were carriers. However, the need for additional factors to develop MMA is strongly suggested by the fact that only 25% of

mutation carrier relatives were clinically affected.
European Journal of Human Genetics (2017) 25. 995-1003: doi:10.1038/eihg.2017.92: published online 21 June 2017
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Projet fastq bam vcf

FRENCHWGFIN (50 individus) 3,2 To 6 To 206 Go
FRENCHWGPREGO (354 individus)| 24 To 40 To 1,3 To
FRENCHWGGAZEL (458 individus)| 34 To 49 To 1,6 To
Total 61,2 To 95 To 3,1To

V. Meyer - CNRGH

Controle qualité: exclusion de 6 individus
- 4 apparentés proches
2 ADNs mélangés

PREGO 177 175 352

FINISTERE 24 24 48

GAZEL 384 72 456 LI
g ¢

TOTAL 585 271 856

M. Karakachoff — Linstitut du Thorax @y



DESCRIPTION DES VARIANTS
ECHANTILLON TOTAL

e All
* NotGnomAD

1.0

08
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25,729,497 variants (filtre PASS)
30.1% sont des singletons

06

Froporton ot variants

04

6,957,985 absents de GhomAD
92.3% sont des singletons
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Variants_Per_Individual
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DESCRIPTION DES VARIANTS
PAR INDIVIDU
En moyenne: 4,467,190 variants par individu
dont 14,100 singletons

Le nombre de singletons est plus faible en Bretagne:
11,118 pour Finistére vs 14,528 ailleurs (p<2 10-19)

Nombre de variants / Département de naissance de la grand-meére mat
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STRATIFICATION GENETIQUE

Isabel Alves, Joanna Giemza et Christian Dina

* * Chromopainter & FineStructure
sl 1,393,454 SNVs

.# 15 clusters avec plus de 10

= ‘ individus




PARTAGER LES DONNEES

= Quelles données ?
= Données agrégees

19



THE FREX BROWSER
http://med-laennec.univ-brest.fr/FrExXAC/

Choose one or more variants

One per line
(ex - "1:1657123", "rs123456789", "ABCA1")

4
* Show both SNPs and INDELS ?
Show only SNPs ? i
Show only INDELs ? b
Ok — -

Protein ExAC

Position 4 RSID Csq 4 Transcript Csq 4 Annotation 4 NFE AF Alt{Homo)/Tota 4

147204093 rs4151639 Downstream Gene SPINK1 s 8. 0257 28(@)/1108
147204192 rs11319 .*320T 3' UTR SPINK1 8.8769 8.8455 B. 29(1)/1108
147204266 rs143014431 ] p.Lys66Asn .198A>C Missense SPINK1 s 1(e)/1188
147204290 rs377350168 .195-21T>A Intron SPINK1 1(e)/1108
147204334 rs554919880 i .195-69_195-66dupTTTT Intron SPINK1 9126 14(@) /1108
147207258 .194+335G>C Intron SPINK1 1(e)/1084
147207401 rs114094661 .194+184T>A Intron SPINK1 5 .15 17(1)/1094
147207616 COSM223032 p.Pro555er .163C>T Missense SPINK1 6 6 @.00542 6(0)/1106
147207678 rs17167315 p.Asn345er .181A>G Missense SPINK1 2 8.8104 3 5 9.0126 14(0) /1108

147287692 -88-1G>A SPINK1 1(e)/11e8

Download results as TSV, CSV, CSV FR ("." instead of ".")




PARTAGER LES DONNEES

* Quelles données ?
= Données agrégees
= Données individuelles

21



PARTAGER LES DONNEES

* Quelles données ?
= Données agrégees
= Données individuelles

* Comment les partager ?
= Réaliser des méta-analyses sur les statistiques des tests
= Echanger des fichiers
= Mettre en place une plateforme d’analyse sécurisée

— Le projet PRIVGEN

D. Niyitegeka, R. Bellafgira, G. Coatrieux — LaTim IMTA Brest
F.Z. Boujdad, M. Sudholt — LS2N IMT Nantes
T. Ludwig, E. Génin — UMR1078 Brest

22



LE PROJET PRIVGEN

=5
~~  Poster de Reda Bellafgira

L52N CNRS UMR 6004
1 UMR 1078

Privacy-preserving

i colaboration

sharing and processing of

genetic data oot

Challenge 1 - Mechanisms fora
continuous digital content

CEE)

protection
s i o,
e g g e

» Dlbjoctlve: Merging cfferent security mechanisms
It ane cordigurable digital content protection
taol for multipurposs security purposes.
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Poster de Thomas Ludwig

PrivAS: a tool to perform Privacy-rreserving

Nssociation Studies

Thomas E. Ludwig!?, Reda Bellafgira®, David Niyitegeka?, Daniel Salas?,
Isabelle Perseil®, Gouenou Coatrieux® and Emmanuelle Génin!

PrivAS is a tool to perform Genome-Wide Association studies (GWAS)
using the Weighted-Sum Statistic (W) algorithm in a Privacy-Preserving
environment. The underlying scenario takes into account three
interacting parties: (1) a Client, e.g. zgemm(resanhmn,wamngm
measure the association between an observed phenotype and regions of
the genome; (2) a Reference Panel Provider (RPP) possessing genetic
data for a Reference Panel, e.g. a priori healthy individuals of a carefully

Client (You)

In our impiementation of the s2cure WSS, three partie are involved:
L t cata for incivi e i

P 5
2
3. the Thirg-Party Server [

mmmummmmmmwrmmmmwu

the cata,
mwsvﬂmmmmmzmpmmmmmww

Y(RPF)

transit through the RPF server. Since the AP knows K, it i3 Bble to intercent the
Cieré's cata. So, these Gata ere encrypted wing the ASS sigorithm with & hey K
fgenerstad Dy the (=1L, As the TPS needs to be abie to decipher the Clirt's data, the
Gient z2ndz K, to the TPS via the RP?, protecting the key from &PF by uzing an RSA
encryption. The Cicrt uzes the public RSA by from the TPS K, and encrypts K y; with
it. Later the TPS uzes its secret RSA ey K% to decrypt the mes:age. Once ail
computations are cone, the TP sencs the rezuts (that contein hashed sene neme: snd

1 Inserm, Uiy Brest, EFS, UMR 1078 GG, F-29200 Brest
2 CHI) Brest, 5-25200 Bewst

3 Uit INSERM LIMR 1101 LaTIM, IMT Atiantique, Srest
4 INSERM DS - CB5, F-75013, Parts,

RPP (FrEx@U1078)

5 Gl wees Ky
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selected ancestry and (3) a Third-Party Server (TPS) with large
computational cpacities. Our tool and its underlying implementation
preserve both state-of-the-art performances and Privacy for all parties.
Indeed, through a series of hashing and encryption mechanisms, we cn
assure that no genetic data from neither the Client nor the RPP are visible
by the other parties involved. Furthermore, only the Client is able to view
a decrypted version of the WSS results.
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This work was supported by fhe labex COMINLABS a5 part of the PivGen project




ET LA SUITE...



FRANCE MEDECINE
GENOMIQUE 2025

PROJET PILOTE POPGEN
VARIABILITE DE LA POPULATION GENERALE

de la santé et de |a recherche médicale

Institut national

/  Augmenter le panel de référence en s’appuyant
sur la cohorte Constances

— Sélection de volontaires originaires des différentes régions
francaises

=
—
Q
n
=

— Couplage des données génétiques avec les données de suivi
longitudinal

— Intégration dans la base de métadonnées (CAD) du plan FMG




LE PROGRAMME TRANSVERSAL INSERM «VARIABILITE GENOMIQUE»

PROJET GOLD

Exploiter les données de séquences du projet POPGEN
pour étudier I'impact des variants génétiques sur la santé
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Données phénotypiques \

FRANCE MEDECINE
GENOMIQUE 2025

*i Viesan

POPGEN
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Données génétiques
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