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boaanap munauii mub6uém mapkasu, Towkenm, Y36ekucmoH

AHHOmayusa. Ywoéy makoaada Ku3uayHead ampesuscu 6u1aH myfu/a2aH bemop.sapoa
Kywumya 2eHemuK KacaaaukJAapHu aHUuKjAauoa myauk 3k3oMHu cekeeHyusiiauw (Whole Exome
Sequencing - WES) ycyauHuHz axamusimu yp2aHuaou.

Taokukom wMmakcadu — KauHuk mawxuc xapaéHuda WES mexHos02UsICUHUHE
camapadopauzuHu  6axosaul  8a  YHUHZ2  MOJeKy/sp-ceHemuk  mekuwupysaapdazu
UMKOHUSIMAAPUHU o4ub 6epuwdaH ubopam. Acocull ea Kuécaaw 2ypyxaapudazu 6oaaaapoa
ousasull aHamHe3 Xamda KAUHUK 6es2uiapu 6uaaH y3eull 60rauk ceHemuk eapuaHmaap NGS
acocudazu DNBSEQ-G50RS Kypuamacu opkaau maxaua KuauHou. Xap 6up HamyHadaH ypmava
10 T mawsaymom oauHdu ea yaap SEQ Platform v8.2.0 dacmypu épdamuda kaiima uwiaaHou.
Taxaun xcapaénuda xap 6up 6emopda maxmuraH 200 000 ceHemuk eapuaHm aHUKAAHUO, yaap
KAUHUK Xo/am 6unaH 60fauK Xoada 6axonaHou. Hamudcanapza kypa, WES ycyau 6ymyH
2eHoMHU cekgeHyusiaaw (WGS) ea Hucbaman kamop agsaniukaapza 32a: gakam kod.1084u
2EHAApPHU Kampab OAuWu, OKCUA My3uauwu 8a (GYHKYuUsicu 6uaaH 60FAUK MymayusiaapHu
camapaau aHukaAawu xamoa ukmucodull xuxamoaH mexcamauauzu. Xysaoca Kuaub atimeaHaaq,
WES ycyau KuduayHeau ampe3usicu 8a yHed XaMpoX 2eHemuk KAacCaAAUK/AApHU aHukKjaauoa
camapanu Mo/ekyaAsip-2eHemuK 0cuma Xuco6,1aHadu 8a KAUHUK amMaiuémaoa KeHe Kyaiau yvyH
Kkamma uamuii-amanuli axamusmea 32a.

Kaaum cy3aap: KusuayHeau ampe3usicu, 2eHemuk Kacaaaukadp, myaux 3K30M
cekeenyusicu, WES, NGS mexHos02uscu, Mo1eKy151p-2eHemuK mawxuc.

Abstract. This study investigates the significance of Whole Exome Sequencing (WES) in
identifying additional genetic disorders in patients with esophageal atresia.

The objective was to evaluate the effectiveness of WES technology in molecular-genetic
diagnostics and to explore its potential in clinical practice. Genetic variants associated with
clinical features and family history were analyzed in both the main and comparison groups using
next-generation sequencing (NGS) on the DNBSEQ-G50RS platform. Each sample produced
approximately 10 GB of sequencing data, which was processed with the SEQ Platform v8.2.0
bioinformatics software. On average, about 200,000 variants per patient were identified and
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analyzed in correlation with clinical manifestations.

The findings demonstrate that WES offers several advantages over whole-genome
sequencing (WGS): it focuses exclusively on protein-coding regions, enables the detection of
mutations directly affecting protein structure and function, and provides a more cost-effective
and time-saving approach.

In conclusion, WES is a highly efficient molecular diagnostic tool for detecting genetic
conditions associated with esophageal atresia and presents significant scientific and practical
value for broader application in clinical diagnostics.

Keywords: esophageal atresia, genetic disorders, whole exome sequencing, WES, NGS
technology, molecular genetic diagnostics

AHHOmMayus. B danHoM uccsiedosaHuu paccmampugaemcsl 3Ha4eHue mMemoda no/aHo2o
3K30MHO020 cekeeHuposaHus (Whole Exome Sequencing, WES) 04 evisisieHuss 0onosHUMeNbHbIX
2eHemu4eckux 3a60.1e8aHull y nayueHmos ¢ ampesuell nuwesodaa.

Ilenab pabombl 3akawuanace 8 oyeHke PpekmusHocmu mexHoaozuu WES e
MOEKYASPHO-2eHemu4eckoll duazHOCMuke U U3y4YeHuu e€é nomeHyua/d 8 K/AUHUYecKol
npakmuke. [ eHemuyeckue 8apuaHmbl, C8s13aHHblE C KAUHUYECKUMU NPOABAEHUSAMU U CeMELHbIM
AHAMHE30M, aHA/AU3UPOBAJIUCL 8 OCHOBHOU U CPABHUME/ALHOU 2pynnax ¢ UCNO/1b308AHUEM
MexHo/102UuuU CeK8eHUpPOo8aHusi Hoeozo nokoseHnusi (NGS) Ha naamgopme DNBSEQ-G50RS.
Kasxcdelii  obpasey eeHepuposan okoao 10 B OaHHbIX CEeKBEHUPOBAHUS, KOMOpble
06pabamvi8aIUCL € NOMOWbI0 OGUOUHPOPMAYUOHHO20 NPO2PAMMHO20 obecneyeHuss SEQ
Platform v8.2.0. B cpedHem Ha 00HO20 nayueHmMa 8blA81410Cb U AHAAU3UP08AA0CL 0K010 200
000 eapuaHmos 8 conocmaseHuu ¢ KAUHUYEeCKUMU NPOSABAEHUSMU.

[lonyueHnHble pe3ysbmambl nokasvieaiom, umo WES umeem psad npeumyujecms no
CPABHEHUK C NO/JHO2EHOMHbIM cekeeHuposaHuem (Whole Genome Sequencing, WGS): oH
cocpedomoyeH UCKAIYUMEAbHO HA KOJupylwux 6e/10K pe2UuOHAax, no3eosiem 8bulsa8/151Mmb
Mymayuu, HenocpedcmeeHHo 8AUsIIoWUe Ha CMpPYKmMypy u QyHKyur 6e4K08, u as151emcs 6osee
9KOHOMUYHbIM U MEHEE 3aMPAMHbIM NO 8PEMEHU MEMOJOM.

3akawueHue: WES npedcmassasiem co60l  8bICOKOIPEHEKMUBHLIL UHCMPYMEHM
MONEKYASAPHOU OUAZHOCMUKU 0/151 Bbl8/AEHUS 2eHeMU4ecKuX HapyweHull, C8s3aHHbIX C
ampesuell nuwegoda, u o6.1adaem 3HA4YUMEAbHOU HAYYHOU U NpaKmMu4eckol YeHHOCMbK 05
WUPOKO20 NpUMEHEHUs 8 KAUHUYeCcKol duazHOCMukKe.

Kawuesswle cno8a: ampesus nuuegoda, 2eHemuyeckue 3a6041€8aHUS, NOJIHOE IK30OMHOE
cekeenuposaHue, WES, mexrnosozusi NGS, MoneKyA5ipHO-2eHemu4eckas duazHocmuka

Kupum: Kusuayneau ampesuscu (KA) myrma pugoxcaaHuw avomaausicu 6yau6b, xap
3000-4500 mupuk myrusean yakaiokaapdaH 1 macuda aHukaaHaou 8a 55% xoanapda 6owka
Oop2aHAap 8a MU3UMJAAPHUHZ HYKCOH/Apu 6usaH 6upza yupaiiou. Kywma aHomaausaap KA
6usaH onepayusi KUuAuHzaH 60.1a4apoa YAuM 6ad HO2UPOHAUK Xag@duHu owupadu [6, 10].
lllynuHedek, adabuémaapda xampoxX aHoMmaausaap opacuda Kyn.iab zeHemuk y3zapuulaap
yupawu keamupuszaH. bowka HykcoHaap (cuHOpomuk wakau) 6usaan yupatidueaH KA au
bemopsaapda yaap 6up2aaukda eeHemuK CUHOPOM KU accoyuayussHu mawkua KUAUWU MYMKUH.
3amoHasull MoAEKYASAp-2eHEMUK MeKWuUpys8 YcyAaapu 3ca Yuw6y HYKCOH 6a Kyuumua
AHOMANUANAPHUHZ 2eHEMUK KOOUHU 04Ul UMKOHUSMUHU 6epadu.

XX acpHuHz uamuli-mexHuk romykaapu 6uos02usi 6a mubobuém coxacudazu 3aMOHABUU
mMaokKuKOmM/AapHUH2 UMKOHUSAM/AApu XaKudazu macassypaapHu my6daH y3zapmupdu. Xosupda
2y8ox 6ysnaémeaH uHKU/106ull y3eapuwaap, xymaadan, 1953 tiuada JHK mysuauwu ovuauwu
6usnam 6ofauk 30u [1]. 1983 iiusnda kawg smuseaH noaumepas 3aHxcupau peakyuscu (I13P)
Kabu sHau mexHoso2usiapHuHe naido 6yauwu /JHKHU ypeanuwea 6ysnzan éHdauysHu, ea
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WyHea Moc pasuwida cym 3mu3y84u OpP2aHU3IMAAD 2€HAAPUHU MAaXAua KUAUW ycyAnapuHu
y3eapmupou. 1977 iiunda JHK cekeeHyusicu ycyanapu xakuda UKKU acocull Mako/ad Hauip
smuszaH 30du [3, 4]. F. Sanger ea Xamkopsaapu MmMoOMOHUOAH makaug smuazaH ycya [4]
KelUuHYa/AUuK MakoMuAAaumupuadu 8a Xo3upau KyHOd madkukom amaauému Xamoa KAUHUK
mawxucda /JHK cekeeHyusaaawHuHz "onmuH cmaHdapmu” cugpamuda KyaaaHuamokda. Maskyp
ycya acocuda uwiaatioueaH 0acmaabku WKoOpU camapaau cekgeHamopaap mawxyp 13 tiuaiuk
«HHCOH 2eHOMU» /0lIUXacuda KyA1aHua2aH 30u [5—7].

Ommasuli  napaasen  cekgenyusiaaw  (OIIC) yuyH 6up kKamop  muixcopam
naamgopmaaapuHuHe naido 6yAuwu 6us1aH cekgeHyusAaw Hapxu nacas 6owiadu. 2005 tiuada
6upuHuu 6y1u6 6030pda nupocek8eHYUs/AAW MexHoJ02usicu acocuda uwaaiiduzav «454 Life
Sciences» («Roche») komnaHusicuHuHe GS20 cekeeHamopu natido 6ya0u [8]. By naamgopma
madkKukomuuaap yuyH 2zeHom /JHKcuHu roKopu camapada maxaua Kuauw dagpuHu o4ou. bynoati
yecyanap "siHeu asno0 ceksenyusacu" — NGS (next-generation sequencing) de6 xam amasaadu.
2006 iiunda «Solexa» komnaHusicu Genome Analyzer 1G cekeeHamopuHu makoum 3mou, y
CUHMe3 OpKa/u cekeeHyusiiaw mamotuauza acocaaHean 30u [9]. Llyndarn cyHe «lon Torrent
Systems» Inc. komnaHnusicu /JHK noaumepusayusicu sxcapaénuda axcpaaub yukaduzai 800opod
UOH/IAPUHU QHUK/AAW2A ACOCAAH2AH SH2U CEK8EHYUSAAW YCYAUHU uwaa6 yukdu. 2010 iiuada aca
ywéy mamoliua2a acocAaHeaH UK SPUMymKas2u4au cekeeHyusaaw naamgopmacu — lon
Torrent 603opza yukdu [10].

Aeap 2008 ilunda uHcoH 2eHOMUHU cekgeHyusiau 5 ol eakm ea 1,5 musnuon doanap
manaab KuaeaH 6ysaca, 2011 liusea kKeaub wyHza yxuwiaw JA0UuXaHu 6up Heuya KyH u4uda
maxmuHau 10 000 dosanapza amanza owupuw MyMKuH 6ya0u. 2014 tiuada sca, «Illumina» Inc.
(AKLl) mawsaymomaapuea kypa, HiSeq X Ten cekeeHamopu o0OpKa/au UHCOH 2eHOMUHU
cekgeHyusiaaw maHHapxu 1000 doanapeaua mywuwu mymkud 30u [11]. llyHea kapamati,
National Center for Human Genome Research (NCHGR) 6axoaapuza kypa, 2013 iiun okmsib6pb
xo/namuza Kypa 2eHOMHU CeK8eHYUSAAWHUHZ2 ypmauya Hapxu maxmuHaH 5000 doasapHu
mawkua Kusazai [12]. Aabamma, 6y Ku4ukK KAUHUK Jabopamopusaapda 2eHoM
MexHO/102Us1NaPUHU KeH2 KyA1au2a MyCKUHAUK KUAAO0U.

bymyn eenomHu cekgeHyusdaaw (WGS) ocyda Kummam  6ysazaHu  cababau,
madKukomuuaap kKamma Mukd0opoa MasAyMOmAApHU Kalima uw.iawea myrFpu keaaodu. By sca
Kyn eakm ea Ky4au KoMnblomep pecypcadpuHu maaab kuaadu. Ammo, namoeeH
MymayusiiapHuUHe akcapu 3K30HAap 6ad Cn/AalicCuHz HykmaJ/aapoa xicoliiaweaHausu cababau,
MadKuKom HapxuHu kamaumupuuw y4yH 6ymyH sk3omHu cekeeHyusaau (WES — Whole Exome
Sequencing) ycyau KyAAGHUAUWU MYMKUH.

IK30M — 6y 2eHoMmdazu 6apya 3K30HAAPHUHZ UuFuHOucu. IK30HAap — 6y cnaalicuHe
Hcapaénudan Keliun mampuyaau PHKda KoaadueaH gotidaau Kucmaap 6yaub, yaap okcualiap
CUHmMe3u Yy4YyH Myxumoup. AHa wy 3k30M — 6uU3 max/aua Ku/aub, masHocuza ema 0/1a0u2aH
2eHOMHUHZ acocull Kucmu xucobaauvadu [13].

Ywo6y makonamuzda WES mexHoa102UsICUHUHE KAUHUK AMAAuémaa, XyCcycaH, KU3uayH2ay
ampe3usicuda Xampoxaukda yuypatiousaH Kywumua 2eHemuK KacaaaukJaapHu mawxuciawdazu
KYAAQHUAUWU MYXOKAMA KUAUHAOU.

KA namozene3u myauk yp2aHuamazav, amMmo 6y HYKCOH 3MOPUOH pugoxcaaHuwudazu
xamosukaap my@aiiau pugoxcaaHadu de2aH ukpaap Masxcyd. Xomuaa XaémuHuHz mypmuHyu
xagmacuda 6upsaamuu u4aK eeHmpa 8a opka Kucmaapza 6yauHaou. Ywoy 6yAuHUWHUHE QHUK
MEXAHUSMAAPU SXWU YP2aHUAMA2aH, aMMO 3KcnepumeHmasa Modeanapda Yymkasua2aH
maxcpubaaap KA smuosozusicuda Hoxc4, Rara, Rarb, Sox2, Nog, Foxf1, Nkx2.1, Shh, Gli2 ea Gli3
Kabu 2eHAQpHUH2 POAU GYAUWU MYMKUHAU2U aimuaadu.

KA 7 ma anukaavean 2eHemuk kacaaaukaap: VATER/VACTERL-accoyuayuscu, Feingold
cuHopomu, CHARGE cuHdpomu, aHogpmaabmus-KusuayHeay-eeHumaa (AEG) cundpomu,
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Pallister-Hall cundpomu, Opitz cuHdpomu ea PaHKOHU aHemusicu Kabuaap buaaH bupza y4pawu
MYMKUH. By 2eHemuk kacaaaukaapda Kyliudazu eeHaap Mymayusicu aHukaaHaou (XKadean 1).

Kadean 1.
Ku3uiayHeau ampe3usicu y4poevu 2eHemuK cuHopomiap
CuHOpOM HOMU I'en deHomunuk HyKcoH1ap
Feingold cundpomu MYCN Huaknap ampesuscu, 6ylu nacmauk, Kyj1-0éx
HYKCOH/AApU
CHARGE cuHdpomu CHD7 Kosoboma, 1opak HYKCOHU, XoaHa ampe3usicu,
NCUXOMOMOpP 8a HCUCMOHUU PUKONCAAHUWOIAH opKada
KOAUW, XCUHCULl — a®s30/1ap 2Uunonaasusicu, Ky/10K
cynpacu HyKCoHU
AEG cuHOpomu S0X2 AHogpmanvmusi, Kos060Ma, uU4aKaAap ampesusicu,
KY/10K Cynpacu HyKCOHU, 20.10p033HYedanus
Pallister-Hall cundpomu GLI3 T'unomaaamuk zamapmomda, hoau-, CUHOAKMUJIUS,
aHyc ampesusicu, XUKUADOK HYKCOHU,
2unonumyamapusm
Opitz cuHOpomu MID1 l'unepmesiopusm, JapuHzompaxeoszogazean €puk,
a2unocnadust 8a U4AK/1Ap ampe3usicu
daHKkoHU aHeMmusICU FANCA Cysik KyMmueu aunonasusicu 8a
namyumoneHus, Ymkup mueaoud .Jelikos, mepu
nuemeHmayusicu 6y3uauuiu
VATER/VACTERL- FANCC, V - ymypmga HyKcoHu, A — aHyc ampe3usicu,
accoyuayusicu FANCD1, C- wpak HykcoHu, T- mpaxeoszogazean okma, E-
FANCDZ, KuauayHzay ampesusicu, R- 6ylipakaap HyKcoHu, L-
FANCG, KJ1-0€K HYKCOHU, .
FANCB + H (hydrocephalus) 2udpouedaaus

AHeu asn0d monekyasp-zeHemuk (NGS) mexHoso2usinap pugoxcAaHUWU Hamuxcacuda
KA da zemom mekwupysaapu ywby HyKCOH 8a 60WKA XAMPOX QHOMAAUSAIAD 2eHemUK KOOUHU
aHUKAQW UMKOHUHU 6epadu.

Maxkcapa: KusuayHeau ampesuscu 8a bupzaaukoa yupaiiduzaH eeHemukK KacaaaukaapHu
MONIEKYASAP-2eHEMUK mawxuciauwoda myauk 3k3omHu cekgenyusiaaw WES - (Whole Exome
Sequencing) ycyauHuHz camapadopau2uHu 6axoaaul.

MaTtepuanaiap Ba ycyanap: JKaxon 6ankununz "MUNIS" ("Y36exucmon muaauii
UHHOBAYUOH MU3UMUHU ModepHusayus kuauw'") sotiuxacu doupacuda Boaanap Muanutl
mu6buém wmapkazuda 2022-2024 ituasapda amasza owupuseaH “bosaasapda ofup upcull
Kacaaaukaap duazHocmukacudd Mo/1eKyasap 2eHemuka mexHoi02usicuHu sxcopuli amuw” (REP-
05032022-238) asoliuxacu amasza owupuadu. YHuUHe acoculi makcadu myauk 3K30MAU
cekeenyuss (WES) acocuda ofup upcull KacaanukAapHU AHUKAQUW 6d YJAAPHU axcpamuud
duazHoCMuKacuHu masMuHiawdaH ubopam 3du. by mexHosozus okopu camapadopauzu 6u1aH
KACAANUKAAPHUHZ UpCUull XycycusimaapuHu aHukaawda myxum eocuma 6yadu. Jlotiuxa
doupacuda Y36ekucmonHunz mypau xydydaapudan 18 éweaua 6yazan scamu 300 Hagap 6oaa
mekwupysdaH ymkazuidu. lwmupok4uaap yuma 2ypyxaa axcpamuaou:

e Acocuil Typyx, — OFuUp myFma upcull Kacaaaukaapaa yaauHeaH 6emopaap.
o Kuécnam rypyxu — upcull kacaaiukaap 6opaucu aHUKAAH2aH OUAAAAPHUHZ KAUHUK

HcuxXamaoau cornom 6oaanapu.

o Hasopar rypyxu — upcuil kacaaiukaapea MOUUAIUK 6YAMA2AH OUAAAAPHUHE COFA0M
6osanapu.

Acoculi 2ypyxdazu upcull Kacaaauzu 6op 6emopsaap opacuda KA 6usan myruieaH
6osanap 6 HagpapHu 8a Kuécaaw 2ypyxu opacudd yAapHUH2 ouad as301apu 5 HaghapHu mawku
samau.
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NGS acocudazu mexHonozus acocull 2ypyx ea Kuécaau 2ypyxudazu 601a1apHUH2 KAUHUK
xonamu €ku ouaasull aHamHe3u O6UAAH OOFAUK 2eHEeMuKk 68apuaHmMJAdpHU AaHUKAAW YYYH
Kyaaanuadu. DNBSEQ-G50RS Kypuamacu opkaau cekgeHyusiiaul Hamuxcacudd OJAUH2AH
MasAymMomaap Kammuk QUCKKA cakaaHdu. Xap 6up HaAMyHa YYYH myauk 3K30M CeK8EeHYUsICU -
WES 10 I'b mawsaymom 6epadu. WES masaymomaapu 6uoungpopmamuxa dacmypu SEQ Platform
v8.2.0 2a wkaauadu (http://seq.genomize.com) (pacm 1). SEQ naamg¢opmacu WES
MABAYMOMAAPU CEKBEHYUSANAH2aH Xydydaapudazu sapuaHmaapHu (bup nayueHmaa maxmuHaH
200 000 sapuaum) aHukaalidu ea yaapHU 6eMOpPHUHZ2 KAUHUK X0/4amu €KUu COF/0M
UWMUPOKYUIAPHUH2 0U/1A8ULl AHAMHE3U bU/IAH Y38Ull 60FAUK X0.10a Maxaua KUaaou.

LEEEEEEE——
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Pacm 1. SEQ Platform v8.2.0 niatrdpopMacHaa ceKBeHIMAJIaHTaH MabJIyMOTJ/IAapHU
uJeHTUPUKALUA KUTHLI

Hatmxkanap Ba MyxokKama: Kamu madkukom uwmupoK4u/aapuHuHe 2ypyxaapada
makcuMAaHUWU KypcameaHvudek, acocull zypyxdazuaap - 235 unagap (783%), makkocaaw
eypyxudazuaap 30 Hagap (10%) ea Hazopam 2ypyxudazuaap 3ca 35 HagapHu (11,7%) mawkus
amou (Pacm 2). Yaap opacuda KA 6usaaH myruazaH 6emopaap 64 YJAAPHUHZ SKUH
kapuHdownapu 11 nagap (4.7%) Hu mawxkus amaou.

Takkochnam rypyxu; 0,1;

Haszopar rypyxu; 12%

acocuil rypyx; 78%

Pacm. 2. KiMHUK rypyxJjiap 6yiinya TEKIIMPUJITAaHJIAPHUHT TAKCUMOTH.

XKuHc 6yliuva makcumaaw ymymuii oa2aHda, meKwupua2avaapHuHe 57% yrua 6oaanap
8a 43% Kkusz 6osnanapHu mawkua amaou. Acoculi eypyxda 58,7% yrua 6oaanap ea 41,3% Kus
6osaaap, makkocaaw 2ypyxuda 43,3% yrusa 6oaanap ea 56,7% Ku3 6oaaaap, Hazopam 2ypyxuda
aca 57,1% yruna 6oaaaap ea 42,9% kusaap 6yazaH (Pacm 3).
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Hasopat rypyxu 57,1% A%
TakkocJaam rypyxu 43,3% - 567%
Acocuii rypyx 58,7% S 413%
Kavun 57,0% o amw

Vrun 6ona M Kus 6ona

PacmMm. 3. ’KuHcu 6yiiM4Ya TaKCUMJIAHULIH.

TadkukomHuHz snabopamop 6ocku4u mynaamoa mascuss 3mu/a2aH OnMuMan
wapoumaapda amanza owupusadu 8a OJNUHSAH XOM awé 6up Kamop xcapaéHaapdaH ymu6b
maxauaza maiépaanou. Taxauanap dagomuda 6apuaHmMAApHU MAJAKUH KUAUW YYYH Mypau
Masaymomaap 6aszanapuHuHe xcopulli eepcusiaapu (Human Genome hgl19/GRCh37, RefSeq
(release 61), dbSNP (v147), 1000 Genomes phase3, gnomAD, ExXAC03) uwaamuadu. Kuuuk aanen
vacmomacu (1000 T'evom, ExXAC, sa gnomAD mawsaymomaap 6asanapuda) 5% dau wKopu
6y12aH Mymayusaap uHobameaa 0AUHMA2AH.

AHuknaHzaH eapuaumaap 2015-iiuanda yon amuazan ACMG (Amepuka mubbuti 2eHemuka
804 2eHOMUKA KoJJjexcu) Mme3oHaapu 6ytuya macHugaaudu. (PMID: 25741868) Taxauaaap
Hamuxcacuda 6eMOpHUHZ2 KAUHUKACU 6UAAH 6OF/AUK NAMO2€eH, 3XMUuMO/ NAmMoz2eH 8a KAUHUK
HCUXamOaH HOMA®JAYM 6apuaHmaap Xxakuda masaymomaap oauHdu. ByHoaH mawkapu,
6eMOpHUH2 KAUHUKAcU 6uaaH 6oFauk 6yamaca xam, ACMG momoHudaH masaymom 6epuauuiu
mascusi 3muJjeaH 2eHAapdad AaHUK/AAH2AH NAMo2eH 8d 3XMUMOJ NAMo2eH 8apudHm./aap
xucobomea kywuszaH. (PMID: 34012068). Byndan mawkapu, xucobomda 6owka aymocomasn
peyeccug kacaaaukaap 6uaaH 60FAUK eapuaHm.ap xakuda xabap 6epusamazaH. bemopHuHe
3K30MU MABAYMOMAApuU Aa6opamopusimuidda cakaaHadu 8a 6emop HUKOXOaH 010UH peyeccus
KACaANUKAAPHUHZ MAWys4ucu Xo0/1amu JaHUK/AGH2aH0a ékKu siH2u Kypcamku4v naiido 6y/a2au
makdupda maxaua KUAull y4yH Mypoxcaam KuAuwu MyMKUuH 6y.1aou.

CuHos Hamudcacuda O0JAUH2AH Masaymomaap 6emop, ou/ad mapuxu 6d O60wWKa
Aa6opamopusi MasAyMOMAAPU MOMOHUOAH 6u32a xabap KUAUH2AH KAUHUK Mawsjaymom.apad
MY80(pUK MAXAUA KUAUHOU. TYFpU MOAEKYASIp MAWXUC KyUuW y4yH myauk KAUHUK MEeKWUpys,
ousa mapuxu, paduo102uk 8a 6UOKUMEBUT KyWUM4Ya MEKWUPY8AAP MaAAab KUAUHUWU MYMKUH.
AHaMHe3 wakaudazu MmasAymMomaap HOMyFpu €ku myauk 6y/amaca, Hamuxcaaap HOmyrpu
MAaKuH KUAUHUWU MYMKUH. OAUH2aH Hamuxcaaap KAUHUK MA®BAYMOMAAp2a MOC Keamdaca,
yAapHu 6owka b6apya mecmaap 6uiaH 6upzaaukda 6axoaawl OpKaAU KywuMmM4ya maxauanap
maaab KUAUHUWU MYMKUH. fIH2U ae/100 CeK8eHYUsl MexHO./102UuscudaH @olda/laHeaH X0.10a
9K30M KemMma-Kkemauzu @Hakam 3K30H 84 3K30H-UHMPOH 6UPUKMAAAPUHU Kampab o0.1adu.
CuHOHUM eapuaHmaapu 8d YYKyp UHMPOH edpuaHm.aapu, azap aodabuémada namos02uK
sapuaHm xakuda xabap bepuamazaH 6y/1ca, UCmucHo KUAuHaou.

Amepuka mubbull eceHemuka 86a 2eHOMUKA KOJAAEHCUHUHZ2 UKKUHYU dapaxcaau
monuamaaapHu cakaaw uwvu 2ypyxu (SFWG) momoHudaun siHeunaHzan ACMG SF v3.0
pylixamuza Kupumu/iz2aH 2eHAapda namozeH 6y/AmMazaH/3Xmumoa namozeH y32apuuiiap siHeu
asn00 cekeenyusiaaw (NGS) ycyauda avukaaHeaH makdupda uHobamea oauw 8a Xxy/aocada
Keaimupuw mascusi smuaadu. KOKopudazu mascusiniapea acocaaHzaH xoada 6u3HuHz KAau
bemopsaapuMu3 8a YJAAPHUHZ SKUH KapuHdow.iapu opacuda y4pazaH namoz2eH, 3XmuMmoJ
namozeH 8a NAMo2eHAu2U HOMA'BAYM 6Y12aH 2eHAap maxaua KuauHou (Pacm. 4).
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Kaasai 2.
KusuiayHray arpe3usicu OWjiaH TyFWIraH OGeMopJiapJa aHUKJAHTaH TeHeTHK
y3rapuuuiap

Up-
Fen 3urora- cHii-
Ne(Tpaunc- | KoiamyBu Kacaniuk TacHupu**
KpunT) JIUTH Ja- .
HUILIHU
C7 | Intron 4 Femepo- c7 IlaToren
1. | (NM_000 | Chr5:4093643 P ’ . AR (PVS1,  PM2,
587) 9 3ueo emuwmogyuaUU PM3, PP5)
DNAH5 Exon 49 I'emepo- ggfkuualfesuﬂ situs Matorex
2. | (NM_000 | Chr5:1379381 suzom inversus CUAaH AR (PVS1, PM2,
587) 9 . PM3, PP5)
6upza éku aaoxuda
EYS Exon 32 I'emepo- :ngeflm/zu nepoa iﬁ:greorf
3. | (NM_001 | Chr6:6479176 3uzom ducmpodgusicu AR (PM2, PM3, PP1,
142800) | 3 pP5)
GRK1 Exon 7 Femepo- IlaToren
4. | (NM_002 | Chr13:114438 su20 rrlz) Ozy4u kacaaauzu AR (PVS1, PM2,
929) 250 PM3, PP5)
PIEZ01 Exon 38 IlaToren
5 | (NM_001 | Chr13:887880 g 5;’(’550' ﬁ Zil”gzg’ ;"i’w’; | AR (PVS1, PM2, PS4,
142864) | 60 prMay PP5)
MYCN Intron 2 Deiinzon0 22;‘;:*:;:“‘"
6. | (NM_005 | Chr2:1608297 | I'emepo- cundpomu AD (VUS) (PM2,
378) 9 3uzom
PP3)
COL1A1 | Exon 48 Marorexnru
7. | (NM_000 | Chr17:482641 I'emepo- Tyzaanaumazau AD HOMa'bJIyM
’ 0 88]_ 27 ’ 3uzom ocmeozeHe3 (VUS)
(PM2, PP2, PP3)
ACADSB | Exon 4 Femepo- 2- IlaTore
8. | (NM_001 | Chr10:124800 o rrl; Mmemunabymuazauy | AR (PM2, PM3, PS3,
609) 121 UHYpUs PP5)
MPZL2 Exon 2 Temepo- IlaToren
9. | (NM_005 | Chr11:118133 U0 nlz Kapauk AR (PVS1, PM2,
797) 651 PM3, PP5)
CLDN11 | Exon2 I'emepo- T'unomueauH084u }[llg;(;l';)?yjll\frn
10. 21\0]%‘005 gi11r3:1 701409 3uzom Jelikoducmpodgus AD (VUS) (PM2,
PP3)
AGL Exon 30 Femepo- I'nukoeen IlaToren
11. | (NM_000 | Chr1:1003791 3uzors mynaaHuu AR (PVS1, PM2,
642) 13 Kacaaauzu PM3, PP5)
SBDS Intron 2 Temepo- HlsaxmaH- IlaToren
12. | (NM_016 | Chr7:6645919 3ueonlqg Jaiimond AR (PVS1, PM2,
038) 7 CUHOpoMu PP5)
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SLC4A11 | Exon 5 Temepo- Kopnean IlaToren

13. | (NM_001 | Chr20:321481 U0 rrlzj 3Hdomeauan AR (PVS1, PM2,
174089) |9 ducmpogus PM3, PP5)
TBX3 Exon 6 I'emepo- Yanap-  mamma 23;‘;19;”:“'“

14. | (NM_005 | Chr12:115112 p p Plap y
996) 201 3uzom CUHOpOM ?VUS))

PM?2

HNRNPA IlaTorensiuru
2B1 Intron 6 Temepo- Okynogapenzean HOMaLAYM

15. Chr7:2623617 MYWakK AD
g];%_OOZ 4 3uzom ducmpodusicu I()\;I;)S) (PM2,
BTD Exon 4

t6. Qo | crstssssss | Temere | Bromoniee g | Haroren, (1
370658) | 3 ’
fPGRIPI Intron 21 Femeno- Ky6ep cundpomu 7 IlaToren

17. Chr16:536716 p / Mekken | AR (PVS1, PM2,
(NM_015 3uzom
272)‘ 06 cuHopomu 5 PP5)
TBCE Intron 2 IlaToreHn

18. | (NM_003 | Chr1:2355434 g e;’(’;fl"" fe:g"’o - IKr‘r’fﬁf“ AR (PVS1,  PM2,
193) 65 u UHOpoMU, 2 mu PM3, PP5)

®poumomemnopa IXTHMOI

SQSTM1 | Exon 8 Temepo- a demeHyus II);TOI‘EH

19. | (NM_003 | Chr5:1792635 sa/éxu samepan | AD
g 00) o7 suzom aM/u ompoun p (PM2, PP3, PS3,

ckaepos PS4, PP5)

GJB2 Exon 2 Femepo- IlaToreH

20. | (NM_004 | Chr13:207633 o rrl; Kapauk AR (PVS1, PM2,
004) 94 PM3, PP5)
MPZL2 Exon 2 Temepo- IlaToren

21. | (NM_005 | Chr11:118133 3ueon€ Kapauxk AR (PVS1, PM2,
797) 651 PM3, PP5)

*AR -aymocom-peyeccus, AD-aymocom-domMuHaHm

SEQ Pathogenicity Evaluation | v2.2 i: L &

Banign L iy

Eanign

Lismiy
Fathogenic

Pacm. 4. Tennap marorensuru 6yiinmda SEQ Platform v8.2.0 maardopmacuga
TaCHUPIAHUIIH.

¥ ACMG  (Amepuka mubbuill z2eHemuka KoJjiexcu)
macHugaaueau (Richards et al. 2015, Tayoun et al. 2018).

Kypcammanaapuea Mmy8o@uk
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Ymkasuazan maxauasap wyHu Kypcamaduku, 6 Hagap KA 6usan myruszaw
b6emopaapumuzda ACMG (Amepuka mu6bbull 2eHemuka Kojajdexcu) macHugpu o6yliuya
namoezeHAu2u mypau xua 6yazau sxcamu 21 ma 2zeH aHukaaudu (Kadeana 2). 14 (66.7%) macu
namoeeH 2eH, 2 (9.5%) macu saxmumos namoeex ea 5 macu (23.8%) namozeHauzu HOMA®BAYM
2eH cugamuda macHugaaHeaH. YaapHuHe 6apuya z2emepo3uzom xoaamuda  6yaub,
upcutinaHuwuea kypa 15 (71.4%) macu aymocom-peyeccus xosamda 6yaca, 6 macu (28.6%)
aymocom 0OMUHAHM 3KAHAU2U AHUK/AAH2aH. YHOGH mawKapu, AHUK/AdH2aH eeHaapHuHe 71.4%
(15/21) sk3oHaapda ea 28.6% (6/21) unHmpoHaapda rHcollrawaaHauau MasayM 6y10u.

Kaasai 3.

KA 6eMOp/IapMHUHT IKUH KaPUHOLIAPUAA AaHUKJ/IAHTAH FeHEeTHK y3rapuuuiap

Ne Pen Koirnamysu 3urota- Kacannuk l/lpcmul Tacuudpu**
(TpaHckpunT) JIUTH AHUIIU
IlaToreH-
1. | TBX3 ?2%’;11511220 I'emepo- | Yanap- mammap AD nn:nr :
(NM_005996) 1 ' 3uzom CUHOpOM HOMa'bJIYyM
(VUS) (PM2)
IlaToren-
. JIUTU
2. | RPS19 Exon 5 T'emepo- ’gﬁ:;g:g AD HOMa'bJIyM
(NM_001022) Chr19:42373774 | 3uzom AHEMUSICU (VUus)
(PM2,  PMS5,
PP2)
. IlaTorensiuru
3. | CDH15 Exon 12 T'emepo- Asgg;maﬁuw AD HOMa'bJIyM
(NM_004933) Chr16:89259988 | 3uzom g SUAULLL (VUS)
Y (PM2, PP3)
IlaToreH-
T'unomuenunios [—
4. | CLDN11 Exon 2 T'emepo- | uu AD HOMATIIVM
(NM_005602) Chr3:170140971 | 3uzom Jelikoducmpogdu (VUS) y
A (PM2, PP3)
I'nukoeen IlaToren
5. | AGL Exon 30 T'emepo- »
) myniaHuw AR (PVS1, PM2,
(NM_000642) Chr1:100379113 | 3uzom AU PM3, PP5)
IlaToren
6. | ALOX12B Exon 12 T'emepo-
] TyFma uxmuo3s AR (PM2, PM1,
(NM_001139) Chr17:7978925 3uzom PM3, PP2, PP5)
HlsaxmaH- IlaTorexn
7. | SBDS Intron 2 T'emepo- .
(NM_016038) | Chr7:66459197 | suzom | AAUMOHO AR (PVST,  PMZ,
cuHdpomu PP5)
8 SLC4A11 Exon 5 Femepo- Kopuean IlaToren
" | (NM_00117408 PO™ | sndomenuan AR PVSI,  PM2,
Chr20:3214819 3uzom
9) ' ducmpodusi PM3, PP5)
IlaToreH-
9| MATN3 Inton 6 T'emepo- fr)zlggjﬁfzj:«:w;;ﬂ AD Jl:l(/)lll\::l'bnym
(NM_002381) Chr2:20196883 suzom ducnaazus, 5 (VUS)
(PM2)

KA 6emopaapHuHe ssKUH KapuHdow (aka-yka, ona-cuHzus) saapuda ymkasunzaH WES
2eHemMuK meKwWupysu Hamuxcacudd namozeHausu mypau xua 6ysnzaH xamu 9 ma 2eH
aHukaaudu (Kadean 3). YaapdaH, 6apuacu eemepo3zuzom xonamaa, 5 (55.6%)macu aymocom-
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domuHaum ea 4 macu (44.4%) aymocom-peyeccus xonamda upcutinaHeaH 6ysaca, ACMG
macHugu 6ytiuua 4 macu (44.4%) namoeen (P) ea 5 (55.6%)macu namozerauzu HoaHuk (VUS+/
VUS++) 2eHnap skaHaucu mawsaym 6ya0u. lllynunzoek, 6y 2ypyxdazu eevaapHuHe 77.8% (7/9)
3k30HAapda 8a 22.2% (2/9) unmpoHaapda xHcotlaauysu aHUKAAHOU.

Xynoca. KA 6emopaap ea yaapHuHz sikuH KapuHdow.iapu opacuda ymkasusazaH WES
meKwupysu Hamuxicaaapu maxAauaudad Xy/aoca Kuaul MYMKUHKU, 6YMyH 3K30MHU
ceksenyusinaw (WES) — upcuti omuanap 6unaH 60Fauk Mypakkab KacaaaukAapHu aHUKAQuwoa
acocull eocuma 6yauwu Kepak. YyHku 6yHdall kacaaaukaapoa mMyammo akam éumma smac,
6up Heuma mypAau 2eHaapdazu Mymayusaap opkKaau 103aza Keauwu MyMKuH. Azap xap 6up 2eH
asoxuda-anoxuda mexkwupuaca (IILP ea Sanger ycyau 6uaaH), mawxuc Kyiuw xcyda Kyn eakm
s8a mabsaar maaa6b kuaadu. llly eakm uuuda sca 6emop kepakau 0agHuU oAMacaucu MyMKuH. by
xosnam atiHukca KA HuHe cuHOpoman mypaapuda xasgaudup, YyHKU 6y kabu kKacaaaukaapoa
me3 8a AHUK MawXxuc #cyoa Myxum.

ByayHeu KyHOa KauHuk mawxuc coxacuda WES ycyau 6ymyH 2eHOMHU ceK8eHyus/1aul
(WGS) ycyaudaH Kyn scuxamadaH agzaa xucobaanaou.

BupunyudaH, WES ycyau ¢pakam okcus kK00.1084U 2eHAAP — SABHU 2EHOMHUH2 3H2 SAXWU
Yp2aHu/i2aH KUCMUHU yp2aHuwea UMKOH 6epadu.

HKkkuHYudaH, Kyn.aab Kacaaaukaap OKCUAAAPHUHZ HOMYFpU UWAauu éKu HOMyFrpu
mysuauwu cababau rw3aza keaadu. By myammonap odamda eeHOaz2u HOHCEHC, MUCCEHC
Mmymayusiiap éku cnaaticuHzdazu xamo Hamudcacuda r3aza keaadu. WES ana wy myammonu
JHcolliapHu aHukaawea épdam 6epadul.

Yyunuudax, WES anua ap3oHpoK. Aeap 6ymyH 2eHOMHU cekgeHYyusiiauwoda 3 mMuaauapd
HyK/J1eomudHu YKuw Kepak 6y/ca, 3K30MHU cekgeHyusiaiawda gakam 1-3% — sAsHU K0OD/1084U
KucmaapauHa yKkuaadu. by eakm ea mabaarHu mexcatiou.
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