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Syndromes poly-malformatifs

Au moins deux malformations
congénitales
3 — 5% des naissances

K 20% de pertes foetales /

/90% anomalies génétiques\

Anomalies chromosomiques
Microremaniements

NGS WES ET SPM PERSPECTIVES CONCLUSION
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Bilan des syndromes poly-malformatifs

ANTENATAL

e Echographie +/- imagerie complémentaire

e Biologie sur liquide amniotique :
e Génétique : Caryotype/FISH et CGH-array
e Métabolique, infectieux, biochimique ...

POSTNATAL

* Foetopathologie +++
e Hypothese diagnostique : test ciblé
e Absence d’hypothése diagnostique : CGH-array +/- panel
de genes

Equipe multidisciplinaire
GAD Consultations pré-test / post-test / synthése
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of hands and feet, and growth
trisomy 21, the associated defects
and included nuchal oedema,
atrioventricular septal defects, mild
5, clinodactyly, and sandal gap. The

ultrasonographically detectable phenotyr
the different types of chromosomal ab
aimed to achieve these two objectives
cytogenetic findings in 2086 fetuses with
malformations, growth retardation, or t
ultrasound examination.

itosomal abnormalities increased with
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e 2086 grossesses avec malformations congénitales

e = 15% d’anomalies chromosomiques :
e Anomalies de nombre : T13, T18, T21, monosomie X, triploidie
e Anomalies de structure : Translocations déséquilibrées, délétions,
marqueurs chromosomiques

Prospective ranking of the sonographic markers for aneuploidy:
Data of 2143 prenatal cytogenetic diagnoses referred for
abnormalities on ultrasound

Art Daniel, Neil Athayde, Robert Ogle, Alice M. George, Jonathan Michael, Mark d Pertile,
Jennifer Bryan, Vapinder Jammu, Brian ). Trudinger

e 2143 grossesses avec malformations congénitales

o ok 20 % d’anomalies chromosomiques
W
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2- CGH-arra
Prenatal Diagnosis 2012, 32, 986995

Detection rates of clinically si?nificant gienomic alterations by
microarray analysis for specific anomalies detected by ultrasound

lisa G. Shaffer'*, Jill A. Rosenfeld", Mindy P. Dabell!, Justine Coppinger', Anne M. Bandholz', Jay W. Ellison', J. Britt Ravnan', Beth S. Torchia,
Blake C. Ballif' and Allan J. Fisher

e 2858 grossesses avec malformations congénitales a
caryotype normal

e Apport de la CGH-array :
* 6,5 % de diagnostic supplémentaire en MOYENNE
e Rendement variable

Microarray results

Ultrasound category Normal (%) Unclear (%) Significant (%)

Structural abnormalities in multiple systems 492 (85.0) 29 (5.0) 579

Structural abnormalities in multiple systems + nonstructural anomalies: TOTAL 196 (85.6) 14 (6.1) 710. 229
+ IUGR 17 (77.3) 2(9.1) 3(13.9) 22
+ Abnormal amniotic fluid volume 34 (97.1) 01(0.0) 1(2.9) 35
+ Soft marker(s) 119(83.8) 9(6.3) 14(9.9) 142
+ Multiple additional findings 26 (86.7) 3(10.0) 1(3.3) 30

i
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2
Quel rendement : 006, 2013

Whole exome sequencing asa diagnogtic adjunct to din ical tegting in a tertiary referral

Total cohort of 3988 |

Excluded 39 failed CU|tUF€(0.98%,) cohort of 3988 fetuseswith structural abnormalities

Fang Fu®, Ru Li%, Yan Li*, Zhi-Qiang Nie®, Ting-ying Lei? Dan Wang?, Xin Yang?, Jin Han?,

\ 4

v

SUCCGSSfU| karyotypl ng on 3949 Min Pan?, Li Zhen? Yan-mei Ou?, Jian Li2 Fao-Tao Li? Xiang-yi Jing?, Dong-zhi Li*, Can

Excluded 720 abnorn@ s(18.2% Liao*.
\ 4

Of these, 3229 had normal
karyotyping

\ 4

A 4

Excluded 1549 insufficient DNA
— samples(47.97%)
Successful CMA on 1680

A 4

Excluded 138 had pathogenic CNV's

1542 had normal CMA resuilts (.(8:2%)

= 20 % de diagnostic en cytogénétique conventionnelle
=~ 10 % de diagnostic en cytogénétique moléculaire
30 % de diagnostic
Ca? 2/3 des couples sans réponse
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Evolution de la génétique

F. Sanger

Technique CFTR

J. Rommens
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Technique
Sanger

WES ET SPM PERSPECTIVES CONCLUSION
‘ Next Generation Sequencing (NGS)
= Haut débit = massif en parallele

Préparation
des librairies

Ay
A

e PCR par émulsion : pyro-séquencage, séquencage par liguation, séquencage par
libération de protons
e PCRen pont : séquencage par terminateurs réversibles

Génération

o 2°me génération : technologies nécessitant un lavage entre chaque cycle
» 3eme génération : technologies ne nécessitant plus de lavage

o 4°me génération : séquencage par libération de protons

Cibles

______________________________________________________________________________________________________________________________________________

e Génome : Whole Genome Sequencing (WGS)
e Exome : Whole Exome Sequencing (WES)
 ARN: RNA Sequencing (RNA-Seq)...

______________________________________________________________________________________________________________________________________________
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e Génome humain :
e =20000 genes
e Gene : séguences codantes ET non codantes

e Exome : ensemble des séquences codantes des genes

| ’ Exon Exon Exon Exon Exon
Intron Intron Intron Intron
ATy A Thall 0 Nl ] ‘&'nlh A I D Al 5

Intron Exon Intron Intron Exon Intron Exon
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mRNA %
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GAD non-coding (99%) coding (1%)
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e 2 stratégies principales :
e Solo : ADN du feetus

e Trio : ADN du feetus et des deux parents

* Que peut-on détecter avec cette technique ?

* SNV exoniques
e SNV jonction intron/exon

* CNV exoniques de petite taille (< résolution de la CGH-

array)
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Contraintes :
e Techniques : qualité/quantité d’ADN, erreurs
e Scientifiques :

BN, 4,570
Dissected OMIM Morbid Map Scorecard (Updated October 2nd, 2018) :
4,000
§ Class of phenotype Phenotype Gene *
=
Q9 3,000 Single gene disorders and traits 5,220 3,583
@
e
o Susceptibility to complex disease or infection 697 503
= 2,000
g "Nondiseases" 147 116
1,838
1,000 Somatic cell genetic disease 211 120
*Some genes may be counted more than once because mutations in a gene may cause more than one phenotype and the
0 phenotypes may be of different classes (e.g., activating somatic BRAF mutation underlying cancer, 164757.0001. and
142004 1/2008 12008 12010 172012 112014 112016 germline BRAF mutation in Noonan syndrome, 164757.0022.)

Date

g@g > Interprétation des données et corrélation phénotype/génotype



SPM WES ET SPM PERSPECTIVES CONCLUSION

Controle Préparation
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Pré-analyse

GAD

WES ET SPM PERSPECTIVES

CONCLUSION

ldentification
des variants

Annotation
priorisation

Etapes Outil

Controle qualité des données brutes

FastQC

Elimination des adaptateurs

Trimmomatic

Elimination des bases de mauvaise qualité Trimmomatic

Alignement par rapport au génome de
référence (hgl19)

Burrows-Wheeler Aligner

Elimination des duplicats de PCR

Picard

Réalignement, scores de qualité

Genome Analysis ToolKit

Identification SNV

HaplotypeCaller

Identification CNV

eXome-Hidden Markov Model

Annotation SNV

SeattleSeq

Annotation CNV

RefSeq

Annotation complémentaire

Cosmic, ClinVar, OMIM
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Position ,Gene, Variation, transcrit, protéine, ségrégation
génotype
F G H I J K L M N o] P Q
v |dijex1602 » Genelisi * |Accession ~ | FunctionGV5 ¥ | AminoAci | ProteinPd ~ | cDNAPosi| » | DistanceT = | Truncating ~ | NSSSI ~ |DeNovo |~ |Recessive =

cil 11142 /8
chrl2oa911/c
chid 271197 AJACGETTT
chr2:1109044G/A
chr2:1574072 A/G
chi2167136- A0
chr2:1794281G/A chr2:g.17942..
chr2:1794602 A/T chr2:2.17946 .
chr2:1794602 ¢/T
chr2:2024945 ¢/T chr2:g.20249.,
chi2 15094 1/ chr2:g.21929..
chr2: 2281945 G/GGTGAGL chrZ:g 22819 Multiallelic
chr2:208J05( T/TACCTGTG chr2:g.22830 .
chrd 7926925 G/ A chrd:g. 79369 .
chr4:1046402 C/T
chr5:799507C TGCAGCGGL chra:p.79950 Multiallelic
100{chrs:12 7206 0/1 chr3:g. 13720 .
103|chra: 1622 791 ATGC/ATGC L chiag 16227 Multiallelic
104| chr6:2455694 A/G chrb:g. 24556 .
105{chr6. 248528 (/1 chrb:g.24852 .
109| chr6:3365585 G/A chrb:g.33655 .
112|chr6:8020232 C/T chr6:g.80202 .
113|chr6: 1100362 T/C chre:g. 11003 .
117|chr6:1192525 G/A chr6:2.11925 .
118|chr6: 1318106 T/C chrb:g. 131911,
119|chia:123789 01 chré:g. 13378 .
120{chr7:299735 C/1 chi7:g.29973..
127|chr7:2301803 T/C chrZ:p. 23018,
133|chraa 2072 A/ chri:g.92730 .
138|chr7:128829( G/GGCT chrZ:p 10880,
142|chr7:1507104 G/A chr7:g.150711.
145| chr8:100874C C/T
147} chr8:1356146 G/A
151 chra 2 N U TCAAATT
155{chra: 11 780Me T/
156/ chra: 1318608 A/G
157 chrisee 01
161 chra: 1012 7e G/ A chr9:g.14012 .
162| chr10:60663C G/A chrl0:g.6066 .

GT=0/1;AD=5GSF3 NM_001007237.2,N missense ARG/LEU 614/1195,634 1841,1901,19 189 False True - no
GT=0/1;AD=£ LAMB3 NM_000228.2,NM_Umissense ASP/GLY 982/1173 2945 36 False True . no
GT=0/1;AD=1GCKR NM_001486.3, XM_( coding,coding,coding,5 . . . 45 False True . no
GT=0/1;AD=7 NPHP1 NM_000272.3,NM_Uintron-near-splice ! b b 2 False True b no
GT=0/1;AD=1GPD2 NM_000408.4, NM_(missense ILE/VAL 308/728,308/ 922,922,922, 50 False True . no
GT=0/1;AD=5 SCN9A MiA_002977.3, XM _( missense LEU/SER 748/1978,75¢ 2243,2276 68 False True . no
GT=0/LAD=1TTIN/TTN AlMM_001256850.1,M missense,missense,mi: ALA/VAL AL 25923/34351 77768,82691, 4131 False True . yes
GT=0/LAD=1TTN/TTH AlMM_001256850.1,H intron-near-splice,intre. . . 4 False True . yes
GT=0/LAD=1TTN/TTH AlMM_001256850.1,H intron-near-splice,intre. . . 3 False True . yes
GT-0/1AD=S TMEMZ37 MM 001044385.2 M missense MET/ILE 206/409,198/ 618,594,633 &0 False Trug . no
GI-0/L,AD=5VIL1 MM_007127.2 intron-near-splice . . . 6 False True . no
GT=0/1;AD=1 MFF MNIV_001277061.1,N splice-donor,intron,int . - - 0 True True - yes
GT=0/1;AD=F MFF NM_001277061.1,N frameshift-near-splice, . . . 0 True True . yes
GT=0/1;AD=1FRAS1 NM_025074.6 missense GLY/ARG 2019/4013 6055 45 False True . no
GT=0/1;AD=-4ATACR3 NM_001059.2 intron-near-splice . . . 4 False True . no
GT=0/2;AD=5 DHFR/MSH|NM_000791.3,NM_(5-prime-UTR,codingCor . . . 75 False True . no
GT=0/1;AD=1 MYDT MNM_001135240.1,N intron,missense, intron none, ARG/C NA,6/499,NANA,16,NA 140 False True - no
GT=0/3;AD=4 ATXN1 NM_000332.3,NM_{ codingComplex . . . 786 False True . no
GT=0/LAD=2KIAAD319 [NM_0D1168374,1,M missense LEU/PRD 906/ 1064,91F 2717,2744,26 10 False True . no
GT=0/1LAD= FAMGSE  |MM 014722.2 MM _{missense ARG/HIS 216/1069,21¢ 647,647,734, 19 False True . no
GI-0/1LAD-11TPRY M_002224.3,%M_( missense GLU/LYS 2110/2672,216328,6415,35 48 False True . no
GIO/LADSLLAS MM_001122769.2,M missense ARG/HIS a01/698 902 44 False True . no
GT=0/1;AD=5 FIG4 MW_014845.5, %W _{ missense,S-prime-UTR ILE/THR,nom 41/908,MA 122 MA 44 False True . no
GT=0/1;AD=E MICM3 MM_153255.4, %M _Cintron-near-splice . . . 4 False True . no
GI-0/1LAD- MEDZ2: Mi_001270521.1,M missense HIS/ARG 1287/1360,1: 3860,3860,38 53 False True . no
GI-0/1;AD=1EYA4 NM_004100.4,NM_ missense THR/MET  289/640,266/ 866,797,866, b2 False True . no
GT=0/1;AD=E FAM20C NM_020223.3,XM_C missense ALAVAL 515/585,183/ 1544,548 39 False True . no
GT=0/1;AD=1FAM126A MNM_032581.3,XM_{ missense, missense,mi: TYR/CYS, TYR 64/522,64/42 191,191,191, 38 False True - no
GT=0/1;AD=15AMD9 NM_001193307.1,N missense ILE/THR 1553/1590 4658 4666 False True . no
GT=0/1;AD=£ SMO NM_005631.4 coding . . . 284 False True . no
GT=0/1;AD=1NOS3/ATG MNM_000603.4,NM_ missense, 3-prime-UTR, GLY/GLU,nor 1068/1204,N 3203,NA,272 53 False True . no
GT=0/1;AD=5VPS13B NM_017830.4,NM_: missense ARG/TRP 3725/4023,3711173,11098, 54 False True . no
ET:D;’I;AD:] ZFAT MiA_001029929.2,M missense ALA/VAL 364/1232,36¢ 1091,1091,94 342 False True . no
GT=0/1;AD=F KLNV2 MM_133497.3 frameshift . . . 1348 True True . no
GT=0/1;AD=4TNC Mi_002160.2,XM_C missense MET/WAL 1710/2202,1F 5128,4855,40 3 False Trug . no
GT=0/1;AD=4 CRAT MM _000755.3,MM_{ missense PHE/LEU 432/627,411/1294,1231,12 35 False True . yes
GT=0/1;AD=S CRAT MM _000755.3,MM_{ missense ARG/HIS 277/627,256/ 830,767,833, 25 False True . yes
GT=0/1;AD=ESLC34A3 |NM_001177316.1,N intron-near-splice . . . 6 False True . no
GT=0/1;AD=11L2RA MNM_000417.2,%M_C missense THR/MET  91/273,91/2C 272 16 Ealse True . no
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Fréquence Bases de données

In silico

dbSNP_IdE[ inDbsNP E[E"E'ESDBE gennmesE genamesiz] Freq_EESE Freq_EE}LE[ BatchSEmE[ ControlSa » |OMIM @ ACMG E ClinVar E| COSMIC E

~

135 C/A C:13006 T:2/C:1217920.0000 0.00000
1347/C C:23/T:12583 C:148/T:12270.0018 0.00120
- - InsCGGTTT:2 0.0000 0.00013

134 G/A A:34/G:1797. A:259/6G:122:0.0026 0.00211
132 A/G G:52/A:1295{ G:359/A:122:0.0040 0.00293
- A:11838 - 0.0000 0.00000

129 6/A A:5/G:12301 A:50/G:1218:0.0004 0.00074
A:l1602 . 0.0o000 0.00000

C:11608 . 0.0o000 0.00000

ks e T:1/C:1222790.0000 0.00001

T:130086 . 0.0o000 0.00000

?Lacrimal_duct_defect,_149700_(3)

Joubert_syndrome_14, 614424 (3)
Cholestasis,_progressive_canalicular_(1)

.

0.0000:0.00010.00000:0.001 01:00:00 :01:01| Encephalopathy_due_to_defective_mitochondri .
0.0000 0.00000 Encephalopathy_due_to_defective_mitochondri .

G:12136 - 0.0000 0.00000 Fraser_syndrome,_219000_(3)
C:13006 T:1/c:1221310.0000 0.0000

126 01G[6 28] . - 0.0000:0.0001 0.00000:0.0014 1:0 22:13:2:2:1:2Spinocerebellar_ataxia_1,_164400_(3)
A:13006 . 0.0000 0.00000 {Dyslexia,_susceptibility_to, 2}, 600202 (3)
1) A:1/T:1/C:12 0.0000 0.00001
. G:12006 A:6/G:12254:0.0000 0.00005
134 c/1 T:5/C:12971 A:1/T:46/C:5 0.0004 0.00089
133 T7/C €:15/T:12989 C:119/T:12150.0012 0.00098
. G:12000 . 0.0000 0.00000
134 7/C C:9/T:12987 C:54/T:122500.0007 0.00014
127 ¢/t T:8/C:12956 T:78/C:122580.0005 0.00004
. L4566 . 0.0000 0.00000
1347/C C:16/T:12590 C:165/T:12150.0012 0.00136
134 A/G G:1/A:13005 G:11/A:1228 0.0001 0.00009
. . 0.0000 0.00000
G:12006 . 0.0000 0.00000
. L1996 T:5/C:52605 0.0000 0.00010
12 6/8 A:3/Gi12899 A9 Gi12200 0,000 0.00007
. . . 0.0000 0.00000
137 7/C C:4/T:13002 C:42/T:122400.0003 0.00034
134 A/G G:5/A:13001 G:56/A:1226:0.0004 0.000145
134 c/1 T:6/C:13000 T:62/C:119020.0005 0.0005.
. G108 A:2/G:24054 0.0000 0.00008
130 6/A A:11/G:12998 A:012/G:12250.0008 00017

Leber_congenital_amaurosis_5,_604537_(3)

Ovarian_dysgenesis_4,_616185_(3)

Raine_syndrome,_259775_(3)

Cohen_syndrome,_216550_(3)

Retinal_cone_dystrophy_3B,_610356_(3)

?Carnitine_acetyltransferase_deficiency_(1)
?Carnitine_acetyltransferase_deficiency_(1)

L

Amelogenesis_imperfecta,_type_lA,_104530_(3) .
[Fasting_plasma_glucose_level_QTL_5],_613463_.
Joubert_syndrome_4, 609583_(3) | Nephronopht .
{Diabetes,_type_2, susceptibility_to},_125853_{..
Epilepsy,_generalized,_with_febrile_seizures_pl.
Cardiomyopathy,_dilated,_1G,_604145_(3)|Cardi.
Cardiomyopathy,_dilated,_1G,_604145_(3)|Cardi.
Cardiomyopathy,_dilated,_1G,_604145_(3)|Cardi.

. Hypogonadotropic_hypogonadism_11_with_or_\.
120delly . delGCAGCGE0.0000:0.00010.01021:0.00; 02:01:00 :00:02| Megaloblastic_anemia_due_to_dihydrofolate_re.
C:13006 - 0.0000 0.00000 1 Muscular_dystrophy,_limb-girdle,_type_1A,_153.

?Deafness,_autosomal_recessive_104, 616515 { .
{Diabetes,_type_1, susceptibility_to},_222100 (..
?Polymicrogyria,_bilateral_temporooccipital,_61.

Mental_retardation,_autosomal_recessive_18, €.
Cardiomyopathy,_dilated,_1J, 605362_(3)|Deafn.

Leukodystrophy,_hypomyelinating,_5,_610532_{ .
MIRAGE_syndrome, 617053_(3)| Tumoral_calcine.
Basal_cell_carcinoma,_somatic,_605462_(3)|Curr.
{Alzheimer_disease,_late-onset,_susceptibility_.
{Autoimmune_thyroid_disease,_susceptibility_t.
Deafness,_autosomal_dominant_56,_615629_(3) .

Hypophosphatemic_rickets_with_hypercalciuria, .
Immunaodeficiency_41_with_lymphoproliferatiol.

Uncertain_si.

Uncertain_si.

COSM16665: .

.,.,Uncertain .,.,COSM37:

Pathogenic| .

Uncertain_si.
Uncertain_si.

COSM11696

. COSM54821
Pathogenic| .

] scoremD palyPhen consScor

27.800
10.230

10.720
21.900
21.800
14.220
8.455

10.520
17.670
0.361

21.900
12530

22.100
4.
14.840
32.000
8.932
23.100
22.800
5.610
13.070
22.400
17.090
21.300
11.630

£ .
20.900
24,700
£ 6.017

2.950
28.700
14.050
8137
7.324

0.997

0.107
0.935
0.8952

0.03

0.003

0.612
0.997
0.816
0.97

0.816
0.007
0.551

0.003

0.557

4.570

04470

1.310
3.070
5.780
5.500
5.750
3.730
5.200
5,770
-6.780
5.730
5.950
1 5.680
-1.540

1 5.490
046
14.020
1/5.570
4.850
15250
1 5.680
2.250
5.230
5.730
14.520
1 5.860
4.340
3.740
4.180
1 4.860
3.940
4.520
4.960
5.130
2.690
2.430
-5.470
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Pre- |dentification Annotation
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ESp mode Esp mode
Yes T | Yes T |
Autosomal Autosomal Autosomal a
i g . Autosomal " utosomal Autosomal Unknown
InHGMD? st recessive Flinked Dominznty  [S7 In HGMD? recessve recessve Dominant/ inheritance
c ezl Sporadic {eonsaguinty] [recidive) Sporadic
T C d No
5 heteromgosity | sl cuveearcn Matchwith Match with T 3 compound | Mo Search for Search forall
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Pourquoi I'exome et non pas le génome ?

e 85% des mutations rapportées alterent le cadre de lecture
* On ne peut pas encore faire du génome en routine

e Technique performante :
e Amélioration du rendement diagnostique
* |dentification de nouveaux genes

The oral-facial-digital syndrome gene C2CD3 encodes a The contribution of de novo coding

q 2 . Targeted Next-Generation Sequencing
positive regulator of centriole elongation mutations to autism spectrum disorder

Identifies Pathogenic Variants in
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WES et syndromes poly-malformatifs

Genomes and Exomes Home About For Parents For Researchers

Striving for a better understanding of
genetic variants causing developmental
problems during pregnancy.

Aiming to improve prenatal diagnostics and
parental counselling in the future.

OBIJECTIF : 1000 familles sur signes
d’appel échographique
Débuté en 2014, pas encore de résultats
définitifs The 100,000 Genomes Project

Genomics England & Partners

GAD
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Que dit la littérature ?

Reference Nombre de cas Stratégie ES Variation pathogéene Variation
probablement
pathogéne

11 Trio 6/11 (54%) -
Carss et coll., 2014 30 Trio 3/30 (10%) 5/30 (16.7%)
24 14 solo 5/24 (20.8%) 1/24 (4.2%)
10 trio
7 Trio 3/7 (42.9%) 1/7 (14.3%)
6 Trio 3/6 (50%) :
168 Trio 13/168 (7.7%) 30/168 (17.9%)
14 Solo 6/14 (42.9%) -
84 33 solo/duo 17/84 (20%) 38/84 (45%)
51 trio/quattor
15 Trio 7/15 (46.7%) 1/15 (6.7%)
196 34 solo 47/196 (24%) 25/196 (12.8%)
13 trio
Daum et coll., 2018 77 14 solo Consanguin 7/14 (50%) -
63 trio Solo 11/44 (25%)
Trio 5/34 (15%)

Arabi et coll., 2018 Trio 1/20 (5%) 2/10 (10%)
GAD RE nt : 25 % - 35 % selon la strat egie et le phéno ype

Q‘ Y 4 [ ] vV 4
B sélectionné
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Investigateurs principaux :

Dr Julien THEVENON et Dr Mathilde LEFEBVRE

PHRC national « FOETEX »

PHRC FOETEX

Criteres d’inclusion Criteres d’exclusion

e Syndrome poly-malformatif ¢ Refus des parents

e Absence d’hypothese  Hypothese diagnostique :
diagnostique séguencage ciblé

e Caryotype standard normal

e ACPA normale

DIAGNOSTIC RECHERCHE

e Identifier un variant dans un gene * Identifier le role de genes non encore
connu en pathologie humaine connus en pathologie humaine
compatible avec le phénotype clinique * Elargir le spectre phénotypique des

genes connus en pathologie humaine
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NGS

Foetopathologie

108 foetus
574,519

13 ADN insuffisant
12 %

95 WES interprétés

20 WES positifs

13 WES négatifs

60 -

50 -

40 -

30 +

20

10

WES ET SPM

PERSPECTIVES CONCLUSION
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Transmission

21 % 79 %
[ |
11 VUS 7 génes candidats 57 négatifs
11,5 % 7,3% 60,2 %

GAD

m AR = Sporadique = AD
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Phénotypes typiques Phénotypes aspécifiques

B3GALTL: c.660+1G>A/p.Arg375*
FGFR2: p.Ser351Cys Peters Plus Syndrome
Pfeiffer type Ill Syndrome

RCIU, fente labio-palatine, hypoplasie du
RCIU, Craniosténose CC
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Phénotypes extrémes ou atypiques

\\.

TREX1 : p.Leu123Cysfr*27 ALDH18A1 : p.(Arg425Cys) et p.(Lys59Asnfs*9)
Syndrome d’Aicardi Goutiere Cutis Laxa IlIA

RCIU, ACC, dysmorphie, hydronéphrose, os

RCIU, microcéphalie, calcification NGC
longs courts, cotes courtes

i
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Simulation DPN

MATERIEL ET METHODES

Double lecture en aveugle
2 binbmes de 2 lecteurs
Rendu des résultats en RCP

Cas positifs
Données prénatales

e 15 dossiers complets

e Concordance :
e 13/15 entre les deux lecteurs
e 15/15 lors de la RCP clinico-biologique
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Perspectives pour les cas négatifs

Rendement diagnostique = 21%

Clinical whole-exome sequencing for the diagnosis of rare

® RE-analyse individuelle disorders with congenital anomalies and/or intellectual
, disability: substantial interest of prospective annual
e Ré-analyse globale reanalysis

Sophie Nambot, MD"?3#, Julien Thevenon, MD, PhD"**, Paul Kuentz, MD, PhD%3#,
Yannis Duffourd, MSc®?, Emilie Tisserant, PhD?*, Ange-Line Bruel, PhD?4,
Anne-Laure Mosca-Boidron, MD**#, Alice Masurel-Paulet, MD'"3, Daphné Lehalle, MD',
Nolwenn Jean-Marcais, MD'%, Mathilde Lefebvre, MD'?, Pierre Vabres, MD, PhD?#,
. Salima El Chehadeh- Dgebbar MD’, Chrlstophe Phlllppe MD, PhDZ4 Frederic Tran Mau Them MD*4,
Rec h e rC h e d e m Osa lau e Judith St-Onge, DEC**, Thibaud Jouan, BSc**#, Martin Chevarin, HNC 34 Charlotte Poe BSc“'1
q Virginie Carmlgnac PhD* Antonio Vltobello PhD>3* Patrick Calller MD, PhD??
Jean-Baptiste Riviére, PhD***, Laurence Faivre, MD, pPhD'34 , Christel Thauvin-Robinet, MD, Php'234
and Orphanomix Physmans Group®

Whole-genome sequencing offers additional but limited
clinical utility compared with reanalysis of whole-exome

WES en trio sequencing

Ahmed Alfares, MD, FACMGG', Taghrid Aloraini, MS?, Lamia Al subaie, MS?, Abdulelah Alissa, MS?,

Ahmed Al Qudsi, MS?, Ahmed Alahmad, MS?, Fuad Al Mutairi, MD3#, Abdulrahman Alswaid, MD3*#,

Ali Alothaim, MD?*4, Wafaa Eyaid, MD3**, Mohammed Albalwi, PhD**, Saeed Alturki, MD, PhD** and
Majid Alfadhel, MD>4

Whole-genome sequencing is more powerful than
WGS et RNA-Seq whole-exome sequencing for detecting exome variants

) iz Belkadi®®', Alexandre Bolze“'?, Yuval Itan‘, Aurélie Cobat*®, Quentin B. Vincent®®, Alexander Antipenko®,
Lei Shang®, Bertrand Boisson®, Jean-Laurent Casanova®®<%®34, and Laurent Abel*><34
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Avantages du WGS / WES

* Meilleure couverture de I'exome

-> 3 % de SNV exoniques en plus

Lecture ou
« Read »

Couverture

_/-\

/V
Profondeur de lecture

e Analyse des régions introniques : 15% des SNV

pathogenes

e Recherche anomalies de structure

i
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PLATEFORME AURAGEN

Qviesan

alliance nationale
pour les sciences de la vie et de fa santé

. Hospital : Clermont-Ferrand, Grenoble, Lyon, Saint-Etienne

. Cancer Center : Centre Léon Bérard, Centre Jean Perrin, Inst. Cancérologie.

— . University : Clermont-Ferrand, Grenoble, Lyon, Saint-Etienne FRANCE MEDECINE GENOMIQUE 2025

0 Industry : Eurofins-Biomnis
Core [l seauencing facility : Lyon
Facilities I Computing facility : Grenoble
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Projet de recherche ‘g** AnDDI-Rares Investigateurs principaux :
Pr Christel THAUVIN — Dr Nicolas BOURGON
PHRC ANDDI-PRENATOME

Criteres d’inclusion Criteres d’exclusion

e Au moins 2 malformations e Refus des parents
e Indication de prélevement * Hypothese diagnostique :
invasif séguencage ciblé

OBJECTIF PRINCIPAL

Evaluer de facon pilote la capacité a rendre un WGS rapide en
situation de diagnostic prénatal

Inclusion : 50 foetus

Comparer 2 stratégies :
e WAGS en trio sur LA
GAD e WGS en trio sur ADN feetal circulant
e
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Syndromes poly-malformatifs

0 Hétérogénéité clinique et génétique/moléculaire
0 Nécessité d’améliorer le conseil génétique pour 2/3 des
couples

Séquencgage d’exome

O Premiere étape de l'application du NGS
0 Approche trio semble étre supérieure au solo
O Faisabilité / colts

Malgré ¢a

0 50% de parents sans réponse
O Stratégie complémentaire : ré analyse / WGS ?
O NGS ne résout pas tout : anomalies cytogénétiques
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