AIAITNQ2H T'ONIAIAKQN NO2HMATQN 2E EMBPYA ME
[MAGOAOTIKA YITEPHXOI PA®IKA EYPHMATA META
AlTO ®Y2|OAOTTKO MOPIAKO KAPYOTYTIO

K. MaykaAog, Mb, bsc
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TL KAVOUPE PTIPOOTA o€ eva TtaboAoyko U/S eupnua

«  Mégvoupe otnV aviyveuon-6Lamiotwon TS avwuaAtlag
KAL JOVO ;

« Mag evéLagepeL N EKBacn-Tipoyvwon Kal Je TL akpiBela;
« H mpoyvwon ylvetal PJe EPTIELPLKA-OTATLOTLKA dedopeva

» TEAKQ, N OLVEXLON N OXL TNG KUNONG ETIAPELETAL OTOUG
YOVELG, XWPLG OPWC CUYKEKPLUEVN dLayvwon Tng attiag;

* Nwg dLaxelpl{OPAOTE TOV AVaTIapaywyLKo Kivéuvo og
ETIOPEVEC KUNOELG ;
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EkBacon evoc TTaBoAoyLKOU UTIEPNXOYPAPLKOU
EUPNUATOC

KaAn ?

Kakn ?

KQPLO EPWTNUO KT TN OLOPKELD EVOC
JTOOYEVVNTIKOU EAEYYOU



Altla U/S eupnuatwv Kat SLepeuvnon Toug

* [eveTLKa (de novo r) KAnpovouoUupEvQ)
— XPWHOOWPATLKA — PJOPLAKOC kKapuotutiog (aCGH)
— yovLdLaka — otoyeupeva (Sanger) n padka (NGS)

« Mn-yevetika
— AVAyvVWPLOPEVOL TIEPLBAANOVTIKOL TTApAYOVTEC
* HIKpORLa/iol
« pappaka
* OKTLVOBOALq, K.Q.

— HUN-avVayVWPLOPEVOL TIAPAYOVTEG
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> UYYEVELC aVWPAALEC O0TN yEvvnon

Group of Conditions Birth Early Chronic Cure/1,000

Prevalence /1000 Mortality/L000(%)  Problems/1,000 (%) (%)

Chromosomal Disorders 1.8 1.3 (34%) 24 (54%) 0.1(2%)

3.8(31%) 14 [11%)

Table 1, Birth defect prevalence and clinical outcome (The data is from Global Report on Birth Defects)

@ InterGenetics
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[EVETIKA Vooruata otn yevvnon

MeTaAAA&eLg o€ €va r] TTOAAA yovidSla \

65%

Down
syndrome

XpWHoOoOWHATLKEG aviooluyleg aVvEULTIAOELSLCUOL, EANELDE\C, \
StrtAaoctaocpol, CUMTIEpLAAUBAvoueEvVwWwY
CNV'’s TtoU aViXVEUOUE HETAYEVVNTILKA
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Diagnostic performance of routine ultrasound screening for
fetal abnormalities in an unselected Swedish population
in 2000-2005

G. ROMOSAN*, E. HENRIKSSONT, A. RYLANDERT and L. VALENTINT Ultrasound Obstet Gynecol 2009; 34: 526-533

16 775 fetuses

« o I —
Fetal outcome 576 fetuses with malformations 3’ 5 A) 16 180 normally formed fetuses
— + 19 fetuses with an ultrasound
T diagnosis of anomaly lost to
-"\—\.\_\_\__\-
follow-up

524 normal chromosomes
(3.12% of all fetuses)

52 abnormal chromosomes
(0.31% of all fetuses)

T 1

—a
222 minor malformations |

v v v v

i

/
/
/

/
v 1 3

Diagnosis AC| |US<22||US=222| |After| |US<22||US=22| | After| |US< 22| |US =22 || After | | US diagnosis
weeks weels birth | | weeks weeks birth | | weeks weeks birth | | not confirmed
8 17 7 20 112 93 97 2 1 219 50
Consequence of TOP & TOP 17 TOP 51 19 lost to follow-up
diagnosis Miscarriage 1

Figure 1 Schematic drawing illustrating the retrospective analysis with regard to ultrasound findings and the consequences of ultrasound
findings of 16 775 tetuses that underwent routine ultrasound examination. AC, diagnosis by amniocentesis at 15-17 gestational weeks for
an indication other than fetal malformation detected at ultrasound examination; TOP, termination of pregnancy; US, ultrasound; US

< 22 weeks, ultrasound diagnosis of malformation at < 22 gestational weeks; US = 22 weeks, ultrasound diagnosis of malformation at =22

gestational weeks. =5
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[EVETLKN SLaXELPLON UTIEPNXOYPAPLKWV
EUPNUATWVY OTN KUNON

« 10-15% ypwpoowpatikeC aviooluyieg (aveutthoLeldlopol
KOl UTTO-JLKPOOKOTILKEG AVWHIAALEC - HOPLAKOG
KapuoTtuttoc-aCGH)

*  ZNUAVTLKOG UTTOAELTTIOPEVOC KLvOUVOC yLa YOVLSLAKO
voonua

+ Mo0oo¢ elval TEALKA aUTOC O UTTOAELTTIOPEVOG KivOUVOC Kal
nw¢ Ba tov SLayxeLpLOTOUE;

Hillman et al., Ultrasound Obstet Gynecol 2013;41:610-620
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XpWHOCWHATLKA . .
P ”aiuz NovidLaka aitia NepLBaAAovtika aitia

¥ Cromogond Postion. v

Z

—_-‘:d-‘.":

| bogiRatio Chiche

R R R R A

Hypoplastic left heart syndrome
Hypoplastic right heart syndrome
Endocardial fibroelastosis
Complete heart block
Supravalvular aortic stenosis
Wolff-Parkinson-White syndrome
Apert,

Noonan

Holt-Oram

Marfan

Osteogenesis imperfecta
Tuberous sclerosis

Ehlers-Danlos syndromes
Ellis-Van Creveld

Carpenter syndrome
Meckel-Gruber syndrome

Laurence-Moon-Bied| syndromes
Mucopolysaccaridosis, mucolipidosis, and
glycogenosis

Thrombocytopenia-absent radius
Duchenne muscular dystrophy

Dreifus muscular dystrophy, etc

Maternal diabetes mellitus
Phenylketonuria

Rubella
Lithium
Alcohol
Amphetamines
Hydantoin
Trimethadione
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XpWHOCWHATLKA . . .
P paiuz NovidLaka aitia NepLBaAlovtika aitia

v Qromgrnd Posticn v

| bog2 Rt Ch1Jk2

31—

P s

= 3 " = 7 g " 7 "
~ - - = s < e L - =

Meckel-Gruber syndrome Alcohol

Dubowitz syndrome Amniopterin

Roberts syndrome Hydantoin

| Seckel syndrome Maternal phenylketonuria
- Cornelia De Lange syndrome Rubella

Coffin-Siris syndrome

Bloom syndrome
Heart and brain malformation

-| syndrome

Cortical dysplasia, complex, with
other brain malformations 1

Walker-Warburg syndrome
Lissencephaly (>10 types)
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XPpWUHOCWUATLKA ., MepLBaAAovTiLKa
PWH , H NovidLaka aitia P B.
altia aitia

¥ Cromogond Postion. %

| ogi Ratio Chijche

3
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= 4 & 3 9

IR

Ellis-van Creveld syndrome

Campomelic dysplasia, metaphyseal
chondrodysplasia

~| Split-Hand-Foot syndrome

| Osteogenesis imperfecta

Achondroplasia - Hypochondroplasia

Achondrogenesis

.| Hypophophatasia
_| Craniosynostosis syndromes

| Thanatophoric dwarfism

Achondrogenesis, short rib polydactyly (Saldino-
Noonan type)

Cleidocranial cleidostosis, acrodysostosis, VATERS

Short rib polydactyly, campomelic dwarfism,
asphyxiating thoracic dysplasia (Jeune type)

Diastrophic dysplasia

Neivergelt or Langer dysplasia

Alcohol

Amniopterin

Hydantoin

Maternal

phenylketonuria

Rubella

(4
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U/S finding Genetic disorder(s) Genes

Cystic hygroma, Elevated N.T.,
Cardiac anomalies,
Macrosomia, Polyhydramnios,

BRAF, HRAS, KRAS, MAP2K1, MAP2K2, PTPN11,

Noonan syndrome RAF1. SHOC2, SOS1

Lymphoedema
ATRX,CHD7,DHCR7,EYA1,FANCA,FANCB,FANCC,
FANCD2,FANCE,FGF10,FGFR2, FGFR3, GDF6,
Townes-Brocks syndrome, HNF1B,HOXD13, INSL3,KAL1,KCTD1,LRP4,
Renal abnormalities - renal Duane-Radial-Ray syndrome, MBTPS2,MKS1,PAX2,PROKR2,PTPN11,PUF60,R
. . Acro-renal-ocular syndrome ET,
dysplasia/agenesis Renal Hypodysplasia/Aplasia 1, AR RPL26,RXFP2,SALL4,SEMA3E,SF3B4,TBC1D24,
e ; ; TBX1,TFAP2A, TP63,UPK3A,WNT3,WNT4SALL1,
Nephronophthisis, Renal agenesis/dysgenesis SALL4, EVATITGAS NPHP1 NPHP4 OCRL PAXD,
RET,SIX5, VIPAS39,VPS33B,WNT4, .....
Androgen Insensitivity syndrome (AIS)
Campomelic dysplasia, 5-Alpha Reductase Deficiency,
XY Complete or Partial Gonadal Dysgenesis CYP17A1,NROB1,SRY,NR5A1,DHH,SRD5A2,
17 Alpha-Hydroxylase/17,20-Lyase Deficiency AR,POR,CYP19AT1,50X9, DHCR7, SRD5A2, SRY,
46,XY Disorder of Sex Development, AKR1C2,ARX,ATRX,BDNF,BUB1,BUB1B, BUB3,
, o 46,XY Gonadal Dysgenesis (SRY-related), CEP41,CEPS7,COX7B,CYPT151,
Ambiguous genitalia, sex 46,XY Gonadal Dysgenesis +/- adrenal insufficiency, ¢'P77A1,DHCR24, DHCR7,DYNC2HT, FRAST,
reversal 46,XY Gonadal Dysgenesis +/- polyneuropathy, FREM2, GATAZ, GRIP1,
! ' - " HCCS,HOXD13,HSD17B3, ICK,IFT80,IRF6, LHB,
hypospadia 5-Alpha Reductase Deficiency, Adrenal Hypoplasia y14p3y1 vks7 NEK1,NROBT,NRSAT, PAX6, POR,
Congenlta (AHC), X—Ilnked, Androgen |nS€nSItIVIty RIPK4,SC5D,SHH,SOX3,SOX9,SRD5A2,SRY,
Syndrome (AIS), TBX15,
Antley-Bixler Syndrome (ABS), Aromatase Deficiency, TNXB,TSPYL1,VANGL1,WDR34,WDR35,WDR60,
Campomelic Dysplasia, Cytochrome P450 WT1,WWOX¥, .....

Oxidoreductase (POR) Deficiency, Smith-Lemli-Opitz
Syndrome, Testicular Feminization Syndrome (TFM)

%9 InterGenetics
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U/S finding

Genetic disorder(s)

Genes

Skeletal dysplasias,
limb abnormalities

Hydrocephalus and/or
aqueductal stenosis

Achondroplasia, Hypochondroplasia,
Ectrodactyly-Ectodermal Dysplasia-Cleft
Lip/Palate (EEC),

Split Hand-Split Foot Malformation
(SHFM),

Hay-Wells syndrome, ki dAAa toAA&

X-linked hydrocephalus,
MASA syndrome,
CRASH syndrome,
and many more

BMP2,BMPR1B,CHSY1,COLT1A1,COLT1AZ2,
COL2A1,DYNC2HT,EFNB1, EVC1, EVC2,
FANCA,FANCB,FANCC, FANCD2, FANCE,FANCF,
FANCG,FANCI,FANCL, FANCM,FGFR2,FGFR3,GDF5,
GJA1, GLI3,HOXD13, HPGD,IHH, LMBR1,LRP4,
NEK1,NOG,SKI,SLC26A2, TP63, TRIP11, TWIST,
WDR19,WDR35, ......

AHIT,AKT3,ALG13,ALX3, AMERT,AP152,ARHGAP31,
ARL13B, ARSB, ATXN10, B3GALNT2, B3GALTL, B3GATS3,
B3GNTT,
B4GALT1,B9D1,B9D2,BRAF,BRIP1,BUB1B,C50RF42,CC
2D2A,CCDC88C,CEP290,CEP41,CLCN7,CLIC2,COL18AT,
COL4A1, COX7B,CSPP1,CTSK,DHCR24,DHCR7,DMPK,
DNAI1, DNMT3B, DOCK6,DOK7,EOGT,ERCC4,ERCCE6,
ERCCS,ERF, ESCO2,EZH2,FAM111A,FAM20C, FANCA,
FANCB, FANCC, FANCDZ2,FANCE,FANCF, FANCG, FANCI,
FANCL,FANCM, FGFR1,FGFR2, FGFR3,FKRP,FKTN, FLNA,
FLT4,FLVCR2,FRAS1, FREM2, FTO, FUZ GALC,GBA,
GFAP, GLI2,GLI3, GMPPB, GPC3, GPSMZ2,GRIP1,GUSB,
HCCS,HDAC6,HRAS, HYLS1, ICK,IDS,IDUA,IFT172,IFT8S,
INPP5E,ISPD,KDM6A,KIAAO196, KIF7,
MT2D,KRAS,L1CAM, LAMB1,LARGE,MAP2K1, MAP2K2,
MBTPS2,MED12,MIPOL1,MKS1,MMACHC,
MPDZ,MTM1, NF1, NOTCH2, NPHP1, OFD1,0GDH,
OSTM1, PALB2, PIGV, PIK3CA,PIK3R2,PLG, POMGNTI,
POMGNTZ, POMK POMT1, POMT2,PORCN, PRKARTA,
PTCH1, PTDSS1,PTEN,PYCR1, RAD51C, RAPSN, RBPJ,
RECQL4,RNASEH2A,ROGDI,RPGRIP1, RPGRIP1L,
SF3B4,SHOC2,SKI,SLC17A5,5LX4,SMARCB1,
SMOCT,SNX10,SOX18,S0X2,SOX9,SUMF1,TBX15,
TCIRG1, TCTN1,TCTN2Z,TGFBR1,TGFBR2, TMEM138,
TMEMZ216,

TMEMZ231,TMEM237, TMEMS5, TMEM67, TNFSF11,TP53,T
REMZ2,TRPV4,TSC1,TSC2, TYROBP,
VANGL1,VANGL2,VHL,VSX1, WDPCP,WNTS3,
ZBTB24,ZIC2,ZIC3,ZNF423,.......

%9 InterGenetics
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U/S finding

Genetic disorder(s) Genes

Cleft lip - cleft palate

Holoprosencephaly

Heart abnormalities / heart
dysplasias

Abnormalities/dysplasia of the eyes
(anophthalmia, microphthalmia)

IUGR

Orofacial cleft 5, AD, Cleft lip/palate-

: : BMP4,MSX1,PVRL1,SUMO1,TBX22,T
Ectodermal dysplasia syndrome, Orofacial

P63,UBB, .....
cleft 7, AR
) : : SHH, SIX3, TGIF, ZIC2, GLI2, PTCH1,
Non-syndromic or syndromic S o O oL
holoprosencephaly TDGF1, GAS1, DLLT, CDON, .....

Hypoplastic left heart syndrome, Hypoplastic right
heart syndrome, Endocardial fibroelastosis,

Complete heart block (AD) COL1A1,COL1A2,COL3A1, DMD,
Supravalvular aortic stenosis (AR), Wolff-Parkinson-  g/n, EMD,EBLN5, FBN1, GATA4,
White syndrome, Apert, Noonan, Holt-Oram, Marfan, GATA6, GDF1, GJA1JAGT,LMNA,
Osteogenesis imperfecta, Tuberous Sclerosis, Ehlers- NKX2-5 PRKAGZ, SYNET,SYNEZ,
Danlos syndromes, Ellis-Van Creveld, Carpenter, TAZ, BX1,T5C1, TSC2, ZFPM2, ...
Meckel-Gruber, Laurence-Moon-Biedl syndromes,
Duchenne/Becker and Dreifus muscular dystrophies

ALDH1A3,BMP4,FKTN,GDF6,
Anophthalmia / Microphthalmia MFRP,0TX2,PAX6,POMT1, POMT2
PRSS56,RAX,SOX2,VSX2, OTX2

ARID1A,ARID1B,ARVCF,ASXL1,ATP6VOA2 ATP7A, ATR, ATRIP, B3GALTL, BCS1L, BLM, BMPER, BRAF,
BRIP1, BUB1, BUB1B,BUB3,CCDC8,CDC6,CDKN1C,CENPJ,CEP152,CEP57, CHD7, CHRNA1, CHRND,
CHRNG,COMT, CTC1,CTDP1,CUL7,DDX11,DHCR24,DHCR7, DKC1,DLL3,DNAJC19,DOK7, EIF2AK3,
EMG1,EPHX1,ERCC1, ERCC2,ERCC4,ERCC5, ERCC6,ERCC8,ESCO2,EVC,EVC2,FAM111A, FAM20C,
FANCA, FANCB,FANCC,FANCD2,
FANCE,FANCF,FANCG,FANCI,FANCL,FANCM,FBN1,FGFR1,FGFR3,FIG4, FLNB, FLVCR2, GBA,GCK,
GDF1,GFM1,GLI3,GLIS3,GP1BB,HDAC6,HDACS8,HES7,HIRA,HMGA2,HOXD13,

%9 InterGenetics
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> NUEPLVOL TPOTIOL SLEPEVVNONG YOVLOLAKWVY
UETAAAEEWV

«  AvaAucon OAwWV TwV YovLSlwv Tou avBpwTtou -
Whole Genome Sequencing (WGS)

« AvaAucon OAWV Twv €E0ViWV TwV yovidlwv Tou
avBpwTrou -
Whole Exome Sequencing (WES)

e KAwLKO WES - AvAGAUGN GUYKEKPLUEVWV YOVLSLWV
KALVLKWV OVTOTHTWV -
Multi-gene exome sequencing (NGS panels)

« XTOXEUMEVN aAAnNAoUYLoN Kata Sanger -
Targeted gene sequencing - Sanger

@ InterGenetics
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Proton
Semiconductor Sequencer
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Ta teyvika otadia tou WES

ﬁi:ﬂtg!h-;clfbra g Hybridization ) ;\ %é f(i

Genomic DNA Fragments X/ WV

AvaAuon SeSopévwv SUNOYT| SeSopévwy Wash S, = ey
Pulldcren /“ﬁ ﬁtz?%
= b =y
ASGTCETTACSTACGCTA
GACCTACATCAGTACAT
Mapping, alignmen & =
wvariant calling C.ﬁ. EE-E'.EI‘H:II‘I Captured DNA
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ELSLka epyaAeia BLO-TIANPOPOPLKNC

I

Exome Management
Application

EMA®

Mlatl pla petadMagn
elval apketn ywa
V'aA\d&sL auTo....

I | I Fetalis® algm
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TL tpooepel N avaiuon NGS

YPNAOTEPN SLayvwaoTLKL evalcbnola og cuykpLon
LE TLG 'KAOOOLKEC TIPOOEYYLOELC

[MapAdAANAN avaAucon TTOAATIAWY YoVLSLWV
MapAA\NAn avaAucon TToAAATAWY SELYUATWY

Aviyveuon OAQN twv Bavwy petaAa&ewv KL OXI
TIEPLOPLOPEVO — OTOXEUPEVO EAEYXO

> APWC OLKOVOULKOTEPN TIPOOEYYLON
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Teot Fetalis® - ettlhoyn ~760 yovidlwv

>UvVOeta epyalela BLOTTANPOPOPLKNG

Data mining amo stawopec Bacelg dedopevwy (OMIM,
Ultrasound Diagnosis of Fetal Anomalies, ClinVar, k.a.)

ETtiAoyr) yovidilwy Kal avtioTolYWwV YEVETLKWY VOO UATWV-
oUVOPOHWY, TTIOU Elval Suvatov (OxL TTAvTa) va EKSNAWCOUV
avayvwplolpa Kat TtpoANUATLKa UTtEpNXoypapLKa
gUPNUATA 0To 1° 1) 0TO 2° TPLPNVO TNE KUNONG

Ta maparnavw yovidia dtactaupwBnkav Ye TIEpLOcOTEPA
arto 500 yovidia, TTou €lval yWwaoTo OTL cuvdEovTal e
coBapa matdlatplka vooruata
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Katnyopleg eupnNUATWY — HETAANAEEWV
(variant classification)
M'vwoTteg maboyoveg PETAAAEELG, TIOU £XOUV TIpONYyoUUEVa v

avagepbel og aoBevelg r)/kal UTIAPYOUV KATAXWPNHUEVES OE OXETLKEC
Baoelg Sedopevwy (mutation databases - 1.x. HGMD)

M'VWwOoTEG TTaBoydveg HETAMAEELG, pE PETABANTY) SLELOSUTIKOTNTA KL 4/ / P,
EKPPAOTLIKOTNTA, OXETL(OPEVEC e UPNAO KivEuvo yLa Tn vooo )

M'VWOoTECG pn-TtaboAoyLkeg aAlayec/uetalageL (benign variants) X

NEeC ‘UTTOXPEWTLKA TTABOYOVEC HETAMNAEELG, PE peEyalo Babuo v
BeBalotntag (T.X. truncating nonsense mutations, frameshifts,
indels, consensus splice-site)

NEeC HETAAAEELG, EKTLHWPEVEG W TILBavA TTABOAOYLKEC JETA ATIO
ouvBetn in silico avaAuon (SIFT, PolyPhen, kATt.) —

ncCco<

Neeg HETAAAEELG, EKTLHWHPEVEG WG PN-TIABOAOYLKEG JETA ATTIO
ouvBetn in silico avaAuon (SIFT, PolyPhen, kAT.)

% InterGenetics
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Katnyopleg eupnNUATWY — HETAANAEEWV
(variant classification)

N'Vwoteg maboyoveg HETAAAEELG, TIOU £XOUV TIPONYyOUHEVA
avagepBel og aoBevelg /KAl UTIAPYOUV KATAXWPNPEVES OE OXETLKEG v
Bdaoelg dedopevwy (mutation databases - 1.x. HGMD)

M'VwoTteg Taboyoveg HETAANAEELG, pe petaBANT SletodutikotnTa Ki v D
EKPPAOTLIKOTNTA, OXETL(OPEVEC e UPNAO KIVEUVO yLa Tn VOoOo .

NEEC ‘UTTOXPEWTLKA TTIABOYOVEC HETAMNAEELG, JE peEyaAo BabBuo v
BeBailotntag (T.X. truncating nonsense mutations, frameshifts,
indels, consensus splice-site)

NEeC HETAAAEELG, EKTLHWPEVEG WC TILBaVA TTABOAOYLKEC JETA ATIO v ?
ouvBetn in silico avaAuon (SIFT, PolyPhen, kAT.) ’
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First applications of a targeted exome
sequencing approach in fetuses with

Peerd ultrasound abnormalities reveals

an important fraction of cases with

associated gene defects

Submitted 17 February 2014 Constantinos Pangalos'~, Birgitta Hagnefelt’, Konstantinos Lilakos' and

Accepted 30 March 2016 _ . 12
Published 26 April 2015 Christopher Konialis

! Genomis Ltd, London, United Kingdom

! ImterGenetics—IMagnostic Genetlc Centre, Athens, Greece

* Department of Haematology, “Lalkon™ General Hospital - University of Athens Medical School, Athens,
(ETEeCe
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EDITORIAL

In case you missed it: the Prenatal Diagnosis editors bring you the
most significant advances of 2016

Tim Van Mieghem' * (&, Diana W. Bianchi® {2, Brynn lew?, Jon Deprest?, lyn 5. Chity™® and Alessandro Ghidini”

.D_‘[x_mm_‘ul of Obstetrics and Gynaanlagy, Maunt Sinal Haspital and University of Taranlo, Taranta, Canada
hather Inkant Reseanch Institute ot Tulls Medical Cenier, Baston, MA, USA

3D:;u|1l1w_‘||l of Pathalogy and Cell Biology, Calumbia University, MNew Yaork, MY, LSA

“Deparment of Obstetrics and Gynecology, University Hospitals Leuven, Leuven, Belgium

Sarth Thames MHS Genomic Medicine Centre, Great Omand Steet NHS Faundation Trust, Londan, UK
“Genalics and Genamic Medicine, UCL Great Ormond Sireat Institule of Child Health, Landan, UK

Tlnewe Mlesandia Heaspital, Alesandria, VA, USA

*Comespandence ta: Tim Van Misghem. Email: tim vanmieghem@sinaihealhsysiem ca

PRENATAL WHOLE EXOME SEQUENCING

Cuwrr Genet Med Rep @ R
DO 10.1007 /540142-017-0120-y o

GENETIC COUNSELING AND CLINICAL TESTING (BS LEROY AND N CALLANAN, SECTION EDITORS)

Prenatal Diagnostic Exome Sequencing: a Review

Lauren E. Westerfield - Alicia A. Braxton™? - Magdalena Walkiewicz 12

' Department of Molecular and Human Genetics, Baylor College of

Medicine, One Baylor Plaza, mailstop BCMG10,
Houston, TX 77030, USA Published online: 02 May 2017

Baylor Miraca Genetics Laboratories, Houston, TX, USA

(]

43+ Pangalos C, Hagnefelt B, Lilakos K, Konialis C. First applications
of a targeted exome sequencing approach in fetuses with ultrasound
abnormalities reveals an important fraction of cases with associated
gene defects. Peer J. 2016:4:¢1955. doi:10.7717/peerj.1955.
Importance: first clinical cohort of primarily ongoing

pregnancies and use targeted exome approach, demonstrating .
a 43 % diagnostic rate. o InterGenetics
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> UVOALKA QTTIOTEAECUATA YOVLOLAKOU EAEYXOU O€
eUBpua e UTIEPNXOYPAWPLKA EVpRUATa
51 €uBpua
v' 48 kata Tn SLapKeLa TG KUNONG
v' 3 o€ Tipolovta amoBoAng
ue dtapopa maboloyika/avnouyntika U/S supnuata

OAa pe UOLOAOYLKO pOopPLaKO Kapuotutto-aCGH

AviyveuBnkav taBoAoyLKeC HETAAAEELC KaL TEBNKE N
Stayvwon o€ 19 €uBpua

Atayvwotikn artodoon 37%

Y& 32 epBpua dev aviyveLuBnke TTaBoAOYLKN HETAAAEN Kal
0€ ToUAdyLoTo 12 armo autad ta euBpua yvwplloupe OTL

sVVNONKav (UOLOAOYLKA VEOYVA
Y I ¢ Y Y %9 InterGenetics
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E.K.

27"

n.A.

22n

n.A.

181

n.A.

12n

23"

22n

27"
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13"

24n

34n

210

21n

25N

1i7n

23N

22n

28n

23N

Ta 19 taBoAoyLKa TIEPLOTATLKA TOU TEOT Fetalis®

Y/X eupnuota

MoA\armAég SuomAaoieg Twv dkpwv

IUGR, Ao uSpokédalog, kaudn
apBpWOoEWV, HELWHEVN EUBPUIKNA KLVNTIKOTATO

YrniomAaoia AE avtiBpdylou, SucmAaacieg
Kapmou kat pardyywv AE xeplol

Auénpévn N.T. (4.8 mm) Kol KUOTIKO UypwHa
Avwpalieg MRI eykeddhou

Kapdlakég avwpalieg - ISD

Stpodr Tou oKWANKa TNG tapeykedaAidag,
Slevpuvon vwtiaiag Se€apevng
‘EpBpuo pe KovTd pHakpd 0oTa Kot Tibavn
kapdiakn SuomAacia

Auénuévn N.T.

Yriepnyoypadikd euprpata apBpoyplnwaong
AVW KoL KATW AKPWV

YriepnxoypadKd EUPHUATA UTIEPNXOYEVELAS
vedpwV Kat KUOTELG VEDPWV

Muehkog vedpodg aplotepd pe Suo VEDPLKEG
aptnpieg

Yriepnxoypadikd evpnpata pe IUGR
Kot Bpaxéa pakpd ootd
Yriepnyoypadikd euprpata pe popdwpa
8e€lol vedpou, pe acadn Stakplon
dAowdoug Kat pueAwsdoug poipag, He
TOAAQITAEG KUOTELG KAl UTIEPNYOYEVELA
Yriepnyoypadikd euprpata pe pikpoyvodio
KOLL LEGOKOLALOK ETILKOWVWVIA

Yniepnxoypadikd euprjpata pe patBornodio
Yriepnxoypadikd evprpata cupBatd pe
Noonan
Avadépbnke moAuuSpapvIo

Yriepnxoypadikd eupripata pe papdopdwua
KapdLag epPBplou

lotoplko

OxL

Noat

OxL
OxL
Nau
OxL
Nat
OxL

OxL

Noat

OxL

Nat

OxL

OxL

Not

OxL

OxL

OxL

OxL

FovISLaKEG LETAANAEELG

EVC2 ¢.2776G>A (p.E926K) & ¢.707T>C (p.V236A),
SUTAOG eTEpOlUYWTNG

NEB c.11060C>T (p.A3687V) & ¢.11333T>C
(p.13778T), SuTA6G eTepOlUYWTNG

COL3A1c.811C>T (p.R271X), etepoluywtng

PTPN11c.181G>A (p.D61N), etepoluywtng

ASS1c.725C>T (p.T2421) & c.971G>T (p.G324V),
SUTAOG eTeEpOlUYWTNG

PROKR2 ¢.518T>G (p. L173R), etepoluywtng
ZIC1 c.1208C>A (p.S403Y), etepoluywtng
JAG1 c.3289C>T (p.R1097W), eTepoluywtng
NPC2 c.441+1G>A, opoluywtng

VMA21 c.94_96delTTC (p.Phe32del)
dulocuvdeTo, NUILLYWTNG

JAG1 c.1159G>C (p.G87R), etepoluywtng

PROKR2 c.518T>G (p. L173R), etepoluywtng
FUZ c.406G>A (p.D136N), etepoluywtng

S0S1 ¢.1829T>C (p.1610T), etepoluywng

TSC2 c.934C>T (p.L312F), etepoluywtng

COL11A1 c.4088G>T (p.G1363V), etepoluywtng,
TLATPLKA G TIPOEAELONG.

CHRNA1 c.491_492insT (p.M164lfs), etepoluywtng

CBL ¢.1561A>G (p.K521E), etepoluywtng

MAGED?2 c.1336C>T (p.R446C), nuiiuywtng,
dulocuvdeto

TSC2 ¢.3212C>G (p.T1071R), etepoluywtng

Aldyvwaon YeVETLKOU

VOO LOTOG
Syndrome d’Ellis-van Creveld
(AR)

Nemaline myopathy (AR)

Ehlers-Danlos syndrome IV (AD)
Z0vSpopo Noonan syndrome 1
(AD)

Citrullinemia (AR)
PROKR2-related Kallmann
syndrome (AD)

Vous
Coronal craniosynostosis (AD)

Alagille syndrome (AD)

Niemann-Pick disease type C2
(AR)

Congenital autophagic vacuolar
myopathy - X-linked, XLR

Alagille syndrome (AD)

PROKR2-related Kallmann
syndrome (AD)
Neural tube defects (AD)

Noonan syndrome 4 (AD)

Tuberous sclerosis 2 (AD)

Stickler syndrome type Il (AD)

Myasthenic syndrome,
congenital 1A (AD)
Noonan syndrome-like disorder
with or without juvenile
myelomonocytic leukemia (AD)
Bartter syndrome, type 5,
antenatal, transient, XLR

Tuberous sclerosis 2 (AD)

ErmuBeBaiwon - ékBaon
YOVelg popelg

yoveig dopeic

natépag dopéag, adeddog Tou matépa pe iSlo
dawotuno
uetdAAaén de novo, yvwotr maboloyikr,
Slakomn KUnong
yoveig dpopeig, Slakomr kUNong, TPONYoUUEVN
kUnon We mapopota US eupripata
yévvnon, o€ NAKIa 5 LNVWV XELPOUPYLKA
QIOKATAOTOON, Kapiot GAAN avwpoAio
UNTEépa popEac, ponyou eV KUNoN Tou
SLekomn pe (6la euprpata, Stakomn KUNong

Slakormn knong

yoveig dpopeig, dtakomn kUnong

T(PONYOUKEVN KUNGN LE YEVVNON APPEVOG
veoyvou pe apBpoypUlmnwaon, mou KatéAnge Heta
™ yévvnon. Mntépa dpopgag

Slakomn KUnong

TiPONYoUUEVN KUNGN (SLEKOTN) e TtaparAfoLa
unepnxoypadLka vprpata

Slakomn KUnong
Slakomn KUnong
KALVIKG EVPALOTA OTOV TTATEPQ WE HLkpoyvadia,
oupBatd pe Pierre Robin sequence
Slakomn KUnong

Slakomn KUnong

ouveéxLon kunong (??)

Slakomn KUnong



duAocuvdetn puotabeLla
vea petaiaén tou yovidiou VMAZ21T

« 24" gBéopada

* LOTOPLKO TIPONYyoUPEVNG KUNONG LE APPEV
VEOYVO PE apBpoypUuTiwan, TTou KateAn&e peta
N yevvnon

©  UTIEPNXOYPAWPLKOC EAEYXOC B' eTLIESOU TOU
euBpuou, TTou SLATILOTWOE Kal TIAAL AppEV

euBpuo pe apBpoypuTmiwon

« ANy apviakou uypou - HOPLAKOG KAPUOTUTIOG
aCGH @uUOLOAOYLKOC

*  €(ApPHOYN Tou TEoT Fetalis®

* amavtnon 5 epyAacluEC PEPEG

% InterGenetics
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VMAZ21 gene - c.94_96delTTC (p.Phe32del), maternal

in highly conserved transmembrane domain

| [ e
p21.3 p2l.1 pll.3 pl1.2? plilid ql2 ql3.2 q21.1 q2131 gq2133 qll2 q2:
58 bp
*50.572 130Ep 1351.572 140 bp 150572.150 bp 150.572.16
1 1 | | | | |
C ¥ A & G A& € G EC F CC ¥ @ ¥ 7 CI¥F T C A CEGGC F T T 2 A F 6

VA2
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MUltiz Aligiments of 168 Vertebrates
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Chicken
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Eakoon
Green_monkey
Froboscis_monkey
snub-hnosed_monkey
Marmoset
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Tree_shrew
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Dog
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Congenital autophagic vacuolar myopathy - X-linked

lulia Munteanu, MD, thar it is allelic o XMEA. Clinical derails are in the
N::i Ramachandean, GO NGENITAL AUTOPHAGIC VACUOLAR onginal publicadon® Brefly, 7 male members were
M'f‘::;m uggirt. D MYOPATHY IS ALLELIC TO X-LINKED MYOPATHY  affeacd. Of the seven, 5 died soon after bimh due w
Tomonai Awaya, MD,  WITH EXCESSIVE AUTOPHAGY inability to breathe and sudkdle, one was saved by
kh'i::}m‘h.lml D, intubarion-ventlarion and masogastrc feeding, and

PhD Mourckooy B4 Aol 21 2005 the other by nasogasmic feeding alone, Both were
Berge A Minassian, MD = ' . . . .
hypotonic with 10-fold-devared crearine  kinase.
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Clinical Case Reports

CASE REPORT

Prenatal diagnosis of X-linked myopathy associated with a
VMA21 gene mutation afforded through a novel targeted
exome sequencing strategy applied in fetuses with
abnormal ultrasound findings

Christopher Konialis'~ (%), Efstratios Assimakopoulos®, Birgitta Hagnefelt™*, Sophia Karapanou’,
Alexandros Sotiriadis® & Constantinos Pangalos'-?

lInterGenetics — Diagnastic Genetics Centre, Athens 11526, Gresce
*Genomis Ltd, Lynton House, London WC1H 980, UK
*2nd Department of Otstetrics and Gyneoology, |ppokrateion General Hospital, Arstotle Unversity of Thesaloniki, Thessaloniki, Greece

Clinical Case Reports 2017; 5(3): 308-311
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Niemann-Pick type C2
o€ EUBPLO PE auEnuevn auyevikn dltagavela

U/S 10V tpiunvou - augénuevn NT oto BnAu eupuo
HOPLAKOG KapuoTuttoG aCGH uUOLOAOYLKOG

1€0nke n Bavn dtayvwon cuvépopou Noonan kat pag {ntnnke n
EKTEAECN OTOXEUPEVOU YOVLOLAKOU EAEYXOU PETAAAAEEWY TOU
ouvépopou Noonan

TEALKA TIPOTLUNBNKE 0 EUPUTEPOC YOVLELAKOC EAEYXOG UECW TOU TEOT
Fetalis® (TTapatAr)cLou KOOTOUC PE TN OTOXEUUEVN AVAAUCH TWV
yoviSiwv Noonan)

% InterGenetics
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Niemann-Pick disease, type C2 (AR), euBpuo opoluywtng yLa
TNV taboAoykn petaliaén c.441+1G>A tou yovidiou NPC2

chrid o
I I T
W3 Wiz Wil nill FTEw] al2 3T qi33  q2Ll QT 213 33l 9323 q231 qI32 233 qiad q2d2 FPEE] a3l q312 q3L3  q3ail a3TI3 322  qIZH  qiiEs
127 bp
op 74847380 bp 74,947 380 bp 74,847,400 bp 4,847 420 bp 74.847.40 bp 74,947 450 bp
| | | | | | | | | | | |

fariant Calls n
VES_238
mpliSeqExome 20141113, desi NPC2_137001.13680
mpliSeqExome.20141113.desi NFC2_137001.13980

]

overage

Jignments
Sequence = CAGTCTGATTTCTCCTCCACTTTCTTCCCTCCACCCATGCCCTCTCACCCCCAGATAGACTTACGATCTGTACTGGGATTTCCCAGCAGAAGAGACTTTGGTTTTTGTICATCCTGAAGTTGCCACT(~
! 1 [s. W F 1 E C F S Q L] | D D Q L Q E
efSeq Genes NPC:

+9 InterGenetics
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Niemann-Pick disease, type C2 (AR), euBpuo opoluywtng yLa
TNV taBoAoyilkn petailiaén c.441+1G>A tou yovidiou NP(C2

« yoviéLo NPC2 - Niemann-pick disease, type C2
(OMIM 607625)

*  KAnpovopeitat KL ekdnAwveTalL Pe Tov
QUTOCWHATLKO UTIOAELTIOPEVO TPOTIO

*  KALVLKI €ELKOVAQ:

— VEUPOAOYLKA CUUTITWHATA

- umotovia, duotovia, avartuéLlakr kabuotepnon,
omtacpoug, ata&ia, K.a.),

— ekébnAwon spBpuikou aokitn (fetal ascites) oe
Ttacyovta epfpua

¢ eKONAWVETAL PE SLAPOPETLKA (PALVOTUTILKA
XAPAKTNPLOTIKA KAl NALKLa ppaviong

InterGenetlcs
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http://www.raredr.com/conferences/worldsymposium/qa-npc
https://www.google.gr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwi1qoX1pYfYAhXFvRQKHcxLB8kQjRwIBw&url=https://www.youtube.com/watch?v=qHnLOpwWOWE&psig=AOvVaw3Tdkhxlt3g85hx5zgR1ftl&ust=1513264405334850

Bartter syndrome type 5
uetalAa&n tou yovidiou MAGED?2

*  TIPOYEVVNTLKOG EAEYXOG AOYyW TIOAU-USPAPVLO

*  TO OUYKeKpLuevo U/S ebpnua amavtdtal o€ epimou
0.5- 3% Twv KUNOEWV KaL oTnv TIAcLoPneia Twv
TIEPUTTWOEWV dev avayvwpilletal n attia

* 0€ ~ 2-5% TWV TEPLITTWOEWV CUVUTIAPYOUV KL AAAQ
U/S eupnuata

« 06nyel o€ AUENPEVO KIVOUVO TTEPLYEVVNTLIKWVY
AVWHAALWY KAl O€ TIPOWPO TOKETO

* O TIPOYEVVNTLKOG POPLAKOG kKapuotuttog aCGH
(PUCLOAOYLKOG

* TNV 24" eBdopada epappoyn Tou TeoT Fetalis® -
aTavtnon o€ 3 EPYACLUEG NUEPES

% InterGenetics
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MAGEDZ2 gene, (UAOCUVEETO, pstaMaEn c.1336C>T (p.Arg446Cys)
elye Iponyoupeva avacpsp@a O€ €VA TIEPLOTATLKO pE L&LottaBbn early-onset
severe polyhydramnios, to appev epfBpuo aneBiwoe tnv 22" fdouada

chrX

pxI p22.32 p22.2

pI2i3  p2zil

p2i2z  p211

pild  pll3

pi1.22

plil  qii.2

CIERY

qi33

q21.1 q71.2 q2132 221

q223

a23 aza a25  q26.1 q26.3 q27.2 qz8

54.841.140 bp
|

54.841 150 bp
|

41bp

54.841.180 bp
|

54841170 bp
|

c.397A=T (F6) C.847-8C—G (F9) (F3) c.991-2A—G

p.K133*

|

|

p.AZ83SF*E

!

B
c.1336CT
c.274dupA .386_87delTG . 1038C~G p.R446C . 14B4C—G
p.T92Nf5*7 (F5) (F7) p.V129Gfs*2 {F1) p.Y346* (F8)  (F4) p.A495Dfs*39
MAGED2

!

(F2) c.1462_73del12
p-488_91delEAAA

M ENGL ) MED 374;10 NEJM.ORG MAY 12, 2016

The NEW ENGLAND JOURNAL of MEDICINE

“ ORIGINAL ARTICLE ”

Polyhydramnios, Transient Antenatal
Bartter’s Syndrome, and MAGED2 Mutations

Kamel Laghmani, Ph.D., Bodo B. Beck, M.D., Sung-Sen Yang, M.D.,
Elie Seaayfan, M.Sc, Andrea Wernzel, Ph.D,, Bjsrn Reusch, B.Sc,

Helga Vitzthumn, Ph.D., Dario Priem, M.Sc, Sylvie Demaretz, B.5c,
Klasien Bergmann, M.D., Leonie K. Duin, M.D., Heike Gobel, M.D.,
Christoph Mache, M.D., Holger Thiele, M.D., Malte P. Bartram, M.D.,
Carlos Dombret, Ph.D., Janine Altmiller, M.D., Peter Niirnberg, Ph.D,
Thomas Benzing, M.D., Elena Levtchenko, M.D., Hannsjorg W. Seyberth, M.D.,
Giinter Klaus, M.D., Gakhan Yigit, Ph.D., Shih-Hua Lin, M.D., Albert Timmer, M.D.,
Tom ). de Koning, M.D., Sicco A. Scherjon, M.D,, Karl P. Schlingmann, M.D.,
Mathieu .M. Bertrand, Ph.D., Markus M. Rinschen, M.D., Olivier de Backer, Ph.D.,
Martin Konrad, M.D., and Martin Kamhoff, M.D.
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[Mpoyevvntikn dltayvwon Bartter syndrome type 5
OUVOEOUEVO UE HETAANAEN Tou yovidiou MAGED?2

F&

B * To Antenatal Bartter's syndrome xapaktnpiZetat
QTIo €UBPULKN TTOAUOUPLA, TIOAUUSPAPVLO,
-1

TpowpoTNta Kat renal salt wasting

Mt~

«  To yoviéLo MAGED?2 amapaitnto yia tnv
OJOLOCTACH TOU AUVLAKOU uypou

«  To 2016 peTtal\a&eLg tou yovidiou MAGED2
oxetioBnkav pe X-linked polyhydramnios with
prematurity kat pe Bapid, aAAa TTaposLK), Hopen
TOU ocuvépopou Bartter, pe augnuevn
TIEpLYEVVNTLIKN Bvnolpotnta

% InterGenetics
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BLBALoypaLka dedopueva

Human Molecular Genetics, 2014, Vol. 23, No. 12 3269-3277
doi:10.1093/hmg/ddu038
Advance Access published on January 29, 2014

Exome sequencing improves genetic diagnosis of
structural fetal abnormalities revealed by ultrasound

Keren J. Carss', Sarah C. Hillman2, Vijaya Parthiban', Dominic J. McMullan?3,
Eamonn R. Maher?, Mark D. Kilby?** and Matthew E. Hurles'

Exome sequencing for prenatal diagnosis of fetuses with
sonographic abnormalities

Suzanne Drury!, Hywel Williams?, Natalie Trump', Christopher Boustred!, GOSGene?, Nicholas lench!, Richard H. Scott!
and Lyn S. Ch'ﬂyw*

Current controversies in prenatal diagnosis 2: should a fetal exome
be used in the assessment of a dysmorphic or malformed fefus?!

lyn S. Chitiy'*, Jan M. Friedman®* and Sylvie langlois®** Prenatal Diagnosis 2015, 35, 1-5

Editorial

Ultrasound Obstet Gynecol 2015; 45: 4-9

Prenatal exome sequencing for fetuses with
structural abnormalities: the next step

S. C. HILLMAN*+, D. WILLAMSH, K. J. CARSSS,
D.]. MCMULLAN{, M. E. HURLES§
and M. D. KILBY+
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H a&la Twv yoviSLaKwV eAeyyxwv oTnv KUNon

+ Av dLayvwaoBel TaBoAoyLko epnua
v/ 0pLOTLKN Layvwaon KAt Tipoyvwon
v" SLEUKOAUVON ATTOPACEWVY yLa TNV KUNoN
v 'KAELSL yLa TNV Ipocey N avarapaywyn tou (euyoug

* Av 0 gAeyxoc¢ amofel apvnTLKOC

v uPnAOC BaBuog acaAeLlag yla tTn yevvnon uyloug tatdlov

% InterGenetics
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