TAP CHI NGHIEN ClPU Y HOC

XAC DINH BIEN THE GEN LIEN QUAN DEN KIEU HINH
O TRE EM MAC BENH TIM BAM SINH MOT TAM THAT CHU’C NANG
Lé Trong Ta', Nguyén Thi Kim Lién2, Nguyén Van Tung??

Vii Quynh Nga*, Dang Thi Hai Van', Nguyén Minh Dlrc2®
va Nguyén Huy Hoang?3*

"Trirong Pai hoc Y Ha Noi

2Vién Nghién ctru hé gen

SHoc vién Khoa hoc va Céng nghé

“Bénh vién Tim Ha Noi

5Vién Duoc liéu

Bénh tim b&dm sinh mét tam thét chire ndng (FSV) Ia mét bénh tim bam sinh (CHD) phtic tap bao gém nhiéu
khiém khuyét c6 mirc do di truyén tuong déi cao va nguy co tai phéat & anh chj em ruét. Nguyén nhan da yéu
t6 ctia FSV dat ra thach thirc trong viéc xéc dinh ré rang cac yéu té gay bénh cu thé va lap ké hoach can thiép
diéu tri hiéu qua. Gidi trinh tw WES ngay cang duoc ép dung trong nghién ctru dé xac dinh cac bién thé gen
lién quan dén céc bénh di truyén, déc biét la nhiing bénh cé co ché di truyén phirc tap nhw FSV. Trong nghién
ctru nay, ching toi da st dung gidi trinh tw WES dé xéac dinh céc bién thé trong céc gen ¢ lién quan & nhiing
nguoi bénh méc FSV. 55 bién thé trong 28 gen lién quan dén CHD (trong dé c6 16 gen lién quan dén dj tat
tim nghiém trong bao gém BMP4, COL11A1, ELN, EOGT, HSPG2, KMT2D, LRP2, MYBPC3, MYH6, MYH?7,
NFATC1, NIPBL, NOTCH1, SEMA3C, TBX2, USH2A) d4 duoc xac dinh va danh gié bang phdn mém dé dw
doan tac déng cua céc bién thé, két qua cho thdy day la cac bién thé gay bénh & nguoi bénh. Két qua nghién
ctru déng gép cac théng tin hitu ich vao sw hidu biét chung vé nguyén nhén gay bénh va cung cap co sé
khoa hoc cho céc bac silam sang trong chan doan, diéu tri va tw vén di truyén cho ngudi bénh va gia dinh ho.
T khéa: Bénh tim bam sinh (CHD), Bénh tim mét tdm that chire nang (FSV), Bién thé gen, Giai trinh tw

toan bd vung gen ma héa (WES), ngw®i bénh Viét Nam.

l. DAT VAN BE

Céc di tat tim bam sinh (Congenital heart
defects - CHD) dwoc cho la do cac bat thuwong
trong qua trinh phat trién cha tim & giai doan
phéi thai gay ra. CHD la loai dj tat bam sinh
thwdng gap nhat & con nguoi, véi ty 1& méc
wéc tinh 14 1% trong tat ca cac ca sinh sbng va
chiém khoang mét phan ba trong sb tat ca cac
di tat bAm sinh." CHD la nguyén nhan hang dau
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gay tlr vong & tré so sinh, v&i gan 24% tré so
sinh t& vong.2Bénh tim bam sinh mot tam thét
chirc nang (Functional single ventricle - FSV)
la di tat nang va phtrc tap hiém gap, chiém ti
I& 7,7% trong céac di tat tim bdm sinh.2 Nguoi
bénh méc FSV can dwoc phau thuat can thiép
s&m nham dam bao hoat déng chirc ndng binh
thwdng cda tim. Cac nghién ctvu gan day cho
thdy két qua phadu thuat gitka nhitng nguoi
bénh rat khac nhau c6 lién quan dén nén tang
di truyén. Sy hiéu biét vé cach cac yéu tb di
truyén anh hwéng dén cac két qua lam sang
cho phép xem xét cac yéu td6 nay khi danh
gia hiéu qua cla cac bién phap can thiép va
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phwong phap diéu trj déi v&i nguwoi bénh dang
tré nén hét strc can thiét.

FSV Ia nhém cac bénh tim bam sinh c6 thé
c6 mét hodc hai tam that tuy nhién, chi cé mot
tam that cé du kich thwédc va chirc nang tim binh
thwdng va tdm that con lai khéng ton tai hodc
thiéu san nén khéng dadm nhiém dwoc chirc
nang cla tuan hoan phdi hodc hé théng. Nhém
bénh nay bao gébm nhiéu thé bénh khac nhau
lién quan toi thiéu san, hep hoac teo van nhi
that, thong lién that I&n va xuét phat bat thuong
clia déng mach chi va dong mach phéi, cac
di tat nay cé thé la théng lién nhi (atrial septal
defect - ASD), thong lién that (ventricular septal
defect - VSD), teo van hai la (mitral atresia -
MA), teo van ba la (tricuspid atresia - TA),
con éng ddng mach (patent ductus arteriosus
- PDA), that phai hai duwong ra (double-orifice
mitral valve - DORV), hep déng mach cht va eo
déng mach chu (aortic stenosis - AS), chuyén vi
cac déng mach I&n (transposition of the great
arteries - TGA), hep dong mach phdi va van
dong mach phéi (pulmonary stenosis - PS),
thiéu san tam thét trai (hypoplastic left ventricle
syndrome - HLHS), tinh mach phéi két néi bat
thwong (total anomalous pulmonary venous
connection - TAPVC)...

Gidi trinh tw toan b vung ma hoéa gen
(Whole exome sequencing - WES) clia nhirng
ngwdi mac bénh va cha me khéng bi anh
hwéng cla ho da xac dinh rang 10% CHD la
do cac bién thé méi phat sinh de novo (ttrc 1a
khong xay ra & ca cha va me). Néu CHD di kém
v&i cac bat thwdng ngoai tim, thi cac bién thé
de novo c6 thé giai thich nguyén nhan gay bénh
cho khoang 20% nguoi bénh.? Cac bién thé de
novo gay bénh thwong xay ra & cac gen dwoc
biéu hién nhiéu & tim dang phat trién va trong
mot sd con dudng sinh hoc nhw tai céu trac
chromatin, chtrc nang I6ng mao, tin hiéu notch
va cac gen méa hoéa cho protein chl¢c nang

sarcomere.*5 Gidi trinh tw WES dang ngay
cang duwoc (rng dung nhiéu trong cac nghién
ctu nhdm xac dinh cac bién thé gen lién quan
dén cac bénh di truyén dac biét la nhirng bénh
c6 co ché di truyén phtrc tap nhw FSV.

Trong nghién ctru nay, chiing téi da str dung
phwong phép gidi trinh tw WES dé& xac dinh
céac bién dbi di truyén trén cac gen lién quan &
ngwoi bénh méc FSV. Céc két qua trong nghién
clu s& gop phan vao su hiéu biét vé co s& di
truyén va nguyén nhan gay bénh & nguoi bénh.

Il. DOl TVQNG VA PHUONG PHAP

1. Déi twong

23 tré < 16 tudi dwoc chan doan miac FSV tai
Bénh vién Tim Ha N&i trong thoi gian tir thang
1/2016 - 8/2024.

Tiéu chudn chon méu

Ngwoi bénh dwoc kham lam sang, siéu am
tim thwec hién bdi 2 bac si tim mach chan doan
mac cac bénh:

- Két ndi nhi that véi mot tam that bao gém:
teo van hai Ia, teo van ba 14, that trai hai dwéng
vao, that phai hai dwéng vao.

- Két ndi nhi that véi hai tam that va cé mot
tam that thiéu san:

+ Thiéu san tam that trai: Hoi ching thidu
san that trai, thiéu san van hai la nang, thiéu san
dong mach chl nang, théng san nhi that toan
bd thé mat can bang, hdi chirng heterotaxy, hoi
chirng Shone.

+ Thiéu san tam théat phai: teo phdi ¢ vach
lién that nguyén ven; Ebstein thé nang; thiéu
san van ba la nang.

- Thé khéng xac dinh: gébm nhitng bénh
tim bam sinh co6 kiéu hinh hai tam that nhung
khong thé phau thuat stra chira dwoc vi nguy
co cao. Bao gébm: that phai hai dwéng ra cé 16
théng lién that xa hodc han ché, théng san nhi
that toan bd két hop dao gbc dong mach.
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Tiéu chuan loai trore

- Ngwoi bénh cé cac di tat & co quan khac:
di tat & dwong thé, bd mat bat thuwong, di tat
ngon tay, ngén chan, dj tat & nao, dj tat dwong
tiéu hoa...

- Mac céac hoi chirng di truyén da biét: hoi
chirng Down, hdi chirng Digeorge, hdi chirng
Marfan, hdi chirng Allagie. ..

2. Phwong phap

Thiét ké nghién ctru

Nghién ctru md ta chum ca bénh.

Dja diém nghién ctru

Bénh vién Tim Ha Noéi. Giai trinh tw gen thé
hé md&i thye hién tai Vién Nghién ctru Hé gen -
Vién Han 1&m Khoa hoc va Cong nghé Viét Nam.

Thoi gian nghién ctru

Nghién cru dwoc tién hanh trong thoi gian
tw thang 1/2023 dén thang 8/2024.

MA&u nghién ciru

23 nguwdi bénh dwoc lwa chon theo phwong
phap chon mau thuan tién.

Céc chi sé nghién ctru

Céc di tat cla clu truc gidi phau tim; cac
bién thé gen lién quan t&i bénh tim bam sinh.

Quy trinh nghién ciru

Thu thdp méu: Khodng 2mL mau ngoai vi
chéng dong EDTA-K2.

Téch chiét va do do tinh sach DNA: DNA
tbng sb6 dwoc tach chiét bang bd kit Qiagen
DNA Blood Mini cia hang QIAGEN (Buc).
Kiém tra do tinh sach ciia DNA téng sb bang
may do Nanodrop 2000. Bao quan & -20°C cho
dén khi phan tich.

Giai trinh tw gen

Giai trinh tw WES dworc thue hién bang bo
kit Next Seq 500 véi thw vien DNA dugc lam
giau bang bo kit SureselectXT (MJ). Qué trinh
giai trinh tw dwoc thwe hién trén hé thdng may
gidi trinh tw gen thé hé méi lllumina (My).

TAP CHi NGHIEN CU’U Y HOC

X ly div liéu

D@ liéu dwogce can chinh va so sanh véi trinh
tw bd gen tham chiéu ctia ngwoi phién ban Hg19
bang phan mém BWA v0.7.10. Phan mém Picard
v2.18.2 va phan mém GATK v3.4 duoc sir dung
dé can chinh va phat hién cac bién thé. Tac déng
clia c&c bién thé dén chirc nang protein dwoc xac
dinh bang phan mém SnpEff v4.1. Cac bién thé cd
kha nang gay bénh & nguoi bénh dwoc sang loc
dwa trén danh sach gébm 654 gen da cong bb ¢
lién quan dén CHD. Céc bién thé gay bénh va cac
bién thé hiém gap (co6 tan suét thdp trong quan
thé, MAF < 0,001) dwoc sang loc. Sau dé céc bién
thé méi dwoc kiém tra trén cac co s& di liéu mé
nhw dbSNP, Dw an 1000 Genomes, Dw an Giai
trinh tw Exome, co’ s& di¥ liéu EXAC, co s& di¥ liéu
ClinVar va co s& di liéu n6i b6 (n = 300).

Dw dodn anh huwéng

Anh huwéng cla cac bién thé méi hoac
chwa dwoc danh gia trén co sé& di liéu ClinVar
sé dwoc danh gia bang cac cdng cu phan tich
dy doan in silico: CADD (https://cadd.bihealth.
org/snv), Fathmm (http://fathmm.biocompute.
org.uk/inherited.html), M-CAP (http://bejerano.
stanford.edu/mcap/), Meta  (http://www.hrc.
es/investigacion/metadisc_en.htm), Mutation
assessor (http://mutationassessor.org/r3/),
Mutation Taster (https://www.mutationtaster.org/),
PolyPhen 2 (http://genetics.bwh.harvard.edu/
pph2/), PROVEAN (http://provean.jcvi.org/index.
php), SIFT (https:/sift.bii.a-star.edu.sg/www/
SIFT_seq_submit2.html) va SNP&GO (https:/
snps-and-go.biocomp.unibo.it/snps-and-go/).
3. Pao dirc nghién ciru

Viéc 1dy mau mau ngoai vi phuc vu cho phan
tich di truyén tuan tha theo cac quy dinh va da
dwoc sw cho phép clia Hoi ddng dao dirc trong
nghién clru Y sinh hoc clia Vién Nghién ctru
hé gen, Vién Han Iam khoa hoc va Khoa hoc
Viét Nam theo Quyét dinh s6 02-2021/NCHG-
HDDD ky ngay 29/10/2021.
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Ill. KET QUA

1. Két qua danh gia vé kiéu hinh & cac bénh
nhan

Trong nghién ctu nay, 23 ngwdi bénh gém
13 nam va 10 ni c6 d6 tudi tir 1 dén 12 tudi da
dwoc kham, chin doan mac bénh tim mét tam
that chirc ndng bam sinh véi cac ddc diém kiéu
hinh dwgc ghi trong Bang 1.

Két qua Bang 1 cho thay c6 15 ngudi bénh
c6 ASD, 14 ngudi bénh cé6 VSD, sau nguoi

bénh cé AVSD, 13 nguwdi bénh c6 DORYV, 14
ngu®i bénh cé TGA, 8 ngudi bénh con PDA,
6 ngwdi bénh cé MA - HLHS, 9 nguwdi bénh co
TA, 9 ngu®i bénh c6 PS/PVS; va 4 nguwdi bénh
c6 TAPVC. Mbi ngudi bénh cé tir 3 dén 7 dang
di tat tim khac nhau, trong dé 6 ngu¢i bénh cé
ba di tat, 9 ngudi bénh c6 bdn di tat, 2 nguoi
bénh c6 nam di tat, 4 ngudi bénh co sau dj tat
va ca biét c6 2 nguwdi bénh cé bay di tat.

Bang 1. Kiéu hinh ctia ngwi bénh trong nghién ctru

Madu ASD AVSD BAV DORV MA PDA PS/PVS TA TAPVC TGA VSD
HN3 X X X X

HN8 X X X X

HN9 X X X X X

HN14 X X X
HN15 X X X
HN16 X X X
HN20 X X X X X X
HN21 X X X X X X X
HN22 X X X X

HN34 X X X X X X X
HN35 X X X X X X
HN41 X X X X X X
HN43 X X X X X X

HN46 X X X X
HNS50 X X X X

HN76 X X X X X

HN79 X X X

HN82 X X X X
HN115 X X X X
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Mau ASD AVSD BAV DORV MA PDA PS/PVS TA TAPVC TGA VSD
HN121 X X X X
HN122 X X X X
HN125 X X X
HN128 X X X

ASD - Atrial septal defect: Théng lién nhi;
AVSDs - AV septal defects: Khuyét tat vach
ngén nhi that; BAV - Bicuspid aortic valve: Van
déng mach chad hai la; DORV - Double outlet
right ventricle: That phadi hai duwong ra; MA
- Mitral atresia: Teo van hai la; PDA - Patent
ductus arteriosus: Con éng déng mach; PS -
Pulmonary stenosis: Hep ddéng mach phoi:
PVS - Pulmonary valve stenosis: Hep van déng
mach phéi; TA - Tricuspid atresia: Teo van ba I4;
TAPVC - Total anomalous pulmonary venous
connection: Két ndi tinh mach phéi bét thuong
toan by, TGA - Transposition of the great
arteries: Chuyén vi cac déng mach Iém; VSD -

IM 1 2 3 45 6789

Ventricular septal defect: Théng lién that
2. Két qua phan tich kiéu gen & ngw®i bénh
MA&u mau clia ngudi bénh dwoc thu thap va
st dung dé tach chiét DNA téng sb cho phan
tich di truyén. Két qua dién di kiém tra DNA téng
sb tach chiét dwoc trén gel agarose 1% (Hinh
1) cho thay cac band dién di déu rd rang, sac
nét chirng t& cac mau DNA cé chét lugng tét
(phan tr DNA con nguyén ven khéng bj diet gay,
khong bi 1an tap chat nhu RNA hoac protein) co
thé st dung cho phan tich di truyén tiép theo.
DNA téng sé6 dwoc st dung dé xay dwng thw
vién va giai trinh tw WES.

1112 13 14 15 16 17 18 19 20

Hinh 1. Két qua dién di kiém tra DNA téng sé tach chiét tir cac mau nghién ctru

M: Thang DNA kich thuéc 1kb;

1 — 20: Mdu DNA téng sé duoc tach chiét tir madu mau cua nguoi bénh.

D@ liéu gidi trinh tw WES dwogc phan tich
bang cac phdn mém dé lwa chon ra cac bién
thé trén cac gen lién quan dén CHD (dwa trén
danh sach 654 gen da dwoc cong bd trén y
van). C4c bién thé Iya chon Ia cac bién thé mai,
cac bién thé da dwoc danh gia 1a gay bénh trén

co s@ di liéu ClinVar hodc cac bién thé hiém co
tan suat xuét hién thap (MAF < 0,01) trén co s&
di liéu trinh tw hé gen nguwoi (Bang 2).

Két qua Bang 2 cho thay 55 bién thé dwoc
xac dinh trén 28 gen lién quan dén CHD (Bang
3), méi ngwdi bénh cé tr mot dén nam bién thé
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MAF (Minor allele frequency): tan sé alen
nhd; ASD - Atrial septal defect: Théng lién nhi;
AVSDs - AV septal defects: Khuyét tat vach
ngdn nhi that; BAV - Bicuspid aortic valve: Van
déng mach chad hai la; DORV - Double outlet
right ventricle: That phdi hai dwong ra; MA
- Mitral atresia: Teo van hai la; PDA - Patent
ductus arteriosus: Con éng déng mach; PS -

Pulmonary stenosis: Hep ddéng mach phéi:
PVS - Pulmonary valve stenosis: Hep van dong
mach ph6i; TA - Tricuspid atresia: Teo van ba la;
TAPVC - Total anomalous pulmonary venous
connection: Két néi tinh mach phéi bét thuong
toan by; TGA - Transposition of the great
arteries: Chuyén vi cac déng mach Ién; VSD -
Ventricular septal defect: Thong lién thét

Bang 3. Cac gen lién quan dén bénh tim bam sinh xac dinh dwoc

Gen OMIM Kiu hinh Tatlieu
tham khao
ACTC1 NM_005159.4 ASD, VSD 1
BMP4 NM_001202.4 Severe CHDs, ASD, TA, VSD 6
COL6A3 NM_004369.3 TOF 7
COL11A1 NM_080629.2 AVSD, BAV, TGA 7
DNAJC18 NM_152686.3 VSD 8
DNAH7 NM_018897.2 TOF 9
EIN NM 001278939.1 Severe CHDs, AS, ASD, BAV, LVOTO, PDA, 10
- PS, TOF, VSD
EOGT NM_001278689.1 ASD, DORYV, HLHS, VSD 11
EvVC2 NM_147127.4 ASD, AVSD, VSD 11
HSPG2 NM_001291860.1 AVSD, DORYV, TAPVC, TGA 12
KMT2D NM_003482.3 AVSD, BAV, TOF, VSD 10
LAMBS3 NM_000228.2 TOF 9
LRP2 NM_004525.2 AVSD, HLHS, PS, TGA 12
MYBPC3 NM_000256.3 ASD, BAV, HLHS, VSD 13
MYH6 NM_002471.3 AS, ASD, AVSD, FSV, HLHS, LVOTO, PFO, TA, TGA 14
MYH7 NM_000257.3 ASD, FSV, HLHS, VSD 1
MYOM?2 NM_003970.3 TOF 9
NFATC1 NM_001278675.1 AVSD, DORYV, TA, TGA, TOF 10, 15
NIPBL NM_133433.3 ASD, AVSD, PDA, PVS, VSD 11
NOTCH1 NM 017617 4 AS, ASD, AVSD, BAV, DORY, FSV, HLHS, 10
- LVOTO, PS, TA, TOF, VSD
NRAP  NM_001261463.1 FSV 16
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Gen OMIM Kidu hinh Tai ligu
tham khao
NRP1 NM_003873.5 TOF 17
PTPRM  NM_001105244.1 TOF 12
SEMA3C NM_006379.3 ASD, VSD DORYV, TOF 1,10
SRCAP NM_006662.2 ASD, AVSD 18
TBX2 NM_005994.3 Severe CHDs, DORV, TGA, TOF 15
TTN NM_001267550.2 FSV 19
USH2A NM_206933.2 Severe CHDs, ASD 20

AS - Aortic sterosis: Hep déng mach chi;
ASD - Atrial septal defect; Théng lién nhi;
AVSDs - AV septal defects: Khuyét tat vach
ngén nhi that; BAV - Bicuspid aortic valve:
Van déng mach chd hai la; DORV - Double
outlet right ventricle: That phéi hai duong ra;
FSV - Functional single ventricle: Tim mét tdm
thét chire ndng; HLHS - Hypoplastic left heart
syndrome: Hoi chiing thiéu san tim trai; LVOTO
- Left ventricular outflow tract obstruction: T&c
nghén duong ra théat trai; MA: Mitral atresia;
PDA - Patent ductus arteriosus: Con éng dong

mach; PFO - Patent foramen ovale: Con |16 bau
duc; PS - Pulmonary stenosis: Hep dong mach
phéi; PVS - Pulmonary valve stenosis: Hep
van déng mach phdi: Severe CHD - Severe
congenital heart defects: Cac khuyét tat tim bam
sinh nghiém trong; TA - Tricuspid atresia: Teo
van ba la; TAPVC - Total anomalous pulmonary
venous connection: Két ndi tinh mach phéi bét
thuong toan b, TGA - Transposition of the
great arteries: Chuyén vi cac déng mach I6n;
TOF - Tetralogy of Fallot: Ttr chieng Fallot; VSD
- Ventricular septal defect: Thong lién that.

10

TCNCYH 189 (04) - 2025



TAP CHI NGHIEN ClPU Y HOC

) a i a a ) a a o (evygLADd)  (ASA/ASY)
LY 000} Y00 1660  0L'/C - 0<9156™ 1903
i ) i a a ) ) a oI (siHZvLLBavd)  (VOL/ASAV)
000’k 0000 002 - V<O0pre™ Z9dSH
VINH
Bunoiyuod 1O OPG-6.66"0 (VoLvL)
IHAN
) ) i a a ) a a O (ney6610id'd)  (ASH)
866'0 8000 1660  09'€Z - 1<0126657 NLL
6NH
a ] a a a W a a oI (Aloeggely d) (AS4)
S¥0'0 09S°€- 000’} 0000 S8l'e  ¥660  09/C - 9<08Y9Z™2 dV&N
a ) N a a N N a 1896610000  (BIV68LYAID ) (ASANASAY)
66€°0 09€°0 866'0 0000 SYE'0 2090 067C €L209€ZEGS!  O<D99GCL™O azLn
i ) i a ) ) a a oI (ne1GLLLIeAd) (SHIH/ASY)
666°0 966'0  00'SZ - O<OEYEED  £OdIAN
8NH
i ] i a a ) ) a O\ (sh1goesbiv'd)  (ASH)
1660 1000 0€°€C - V<9806G1 2 NLL
i N i a a ) a a Zv0665000'0  (ne}igoid d) (d01)
4% 6,60 €000 6Y6'0  0SvZ  91G99L.¥LSI 1<0zeyeo ZWOAN
ENH
09 ssosse N dVIN/ANSAP  uisjoid /YNA2 usg/
NV3IAO¥d usydhlod 14IS .
dvOIN 2dNS uoneny uoneINy Wwyley AAVI UM 9S BN ugsy 113 iA new

ueop Ap waw ueyd oed Bueq 20np Yuip oex 9y} ugiq oed end ey Aeb op anw e1b yuep enb 9y 'y Bueg

11

TCNCYH 189 (04) - 2025



TAP CHIi NGHIEN ClPU Y HOC

i ) i a a q ] a a Zv0665000'0  (4esgiyizihid)  (ASH)
000k 000 966'0 08'CC 0£6G9LELSGSI  O<VESZYY™D NLL
i N i a a q ) a a 19€66£000'0  (BavessiHd)  (ASAv/ASY)
91y G680 2000 €66'0 08'€Z  OYLL0GSGSS! D<V8.Z70 dvo4S
LZNH
a a a a a q W a N 1896610000  (elv8zA©'d)  (VOL/ASAV)
9920 91 0€6°C- S86'0 2100 968'C G180  8¥9lL  Z./ET88IVGS! 0<9€ET? Zd¥1
i ] i a a a ) a a 189661000°0 (sAoglogebivd)  (AS4)
000k €000 160  OV'lz  LIE09Y89SS!  1<OLE0S0L™ NLL
0ZNH
(siegzies d) (d01)
- IO
VvIep28."0 LdEN
i N i a a g ) a N §/50680°0  (dsvozeelv'd) (d01)
S| 666'0 2000 9¢8'0  GL'8L  2CeoLoes! V<0L11T? eIV
i ) i a a q ) a a O (dudsooriesd) (vOL/ASAY)
16,0 8€0°0 8/6'0  06'%C - 1<0¥61210 Z9dSH
9LNH
i ) i a a q ) a N 9//6€100'0  (1osesyLbivd)  (AS4)
666'0  0L0°0 1680 G9'6L  956.589/€S! L<v6SEY NLL
i N i a a g ) a N G/50680°0  (dsvozeelvd) (101)
€1y 666'0 2000 9¢8'0  GL'8L  ZTeoLoes! V<0LL1T? EaNVT
SINH
09 leyse} ssesse N dVIN/ANSAP  uisjoid /YNa2 usg)
NV3IAOYd usydhlod 14IS .
dVON ®dNS uonenjy uoneINN Wwyled AAVO U QS BN uga 13 in new

TCNCYH 189 (04) - 2025

12



TAP CHI NGHIEN ClPU Y HOC

a a a a a q N a N 1896610000 (eivgzAi9°d)  (VOL/ASAY)
99Z'0 91y 0€6°2- G86'0  LL00O 968'C G180 8¥9lL  Z.£Z8891GS) D<DEET 0 2d¥1
LYNH
a N a a a 1 a a (sh0961LBiy d) (ASAv/ASY)
. . ) . a ) ) . LGOEBESLES! )
€6L°0  61Y 0S8°¢- 000°L 1000 Ghy'L  G¥6'0  00°€EE 1<098G€™0 dvoyS
5 £0¥866000°0 (UI9985010.4d"d) (AS4H)
unoIuoo
L¥€65100ZS! V<D/G/LED NLL
a N a a a q 7 a a £0¥866000°0 (sA102u19°d) (asn)
9ye’0  GIY 0S.°¢- 1860 2000 G690 G260 0L'8C  €£9v¥8L0.LES) V<08022 8LOrvNa
GENH
a a a g a W a a (siH8gG0Id'd) (VOL/ASAV)
. . ) ) a ) ) . 8886018G/8! .
Z.L0 o 08¢2- 8000 0000 G66'C 1660  0£'8C V<D€/910 LVLLTOO
) N a a a q H a a 19¢66€0'0  (1oNLEEleAd)  (ASA/ASY)
LY 09.°2- 000°L 0000 G/6'C €960 00¢C¢E Z8v.2ZS1Ls! V<96001 2 OEVYNIS
a N a a a q H a a Z¥0665000°0  (1@NOLEZIYL ) (asv)
G/.0 81 090t~ 000} 1000 G96E  ¥96°0 0SS 99¥/S0LGLS! 1<062690 VYZHSN
YENH
i i i a a a ) a a oI (bivzio6Loidd)  (ASH)
000'L 0000 G66'0 0292 - 9<0G£0.52 NL1L
oI (lepg29ADd)  (@sSA/ASY)
v OVOIeP0Z0Z 81022 N3
ZZNH
i ) i a a q ) a a 19€66£000'0  (A1D0SzZEIRA D)
/86'0 9900 €66'0 062C  0£Zye9sssd 9<16¥.67
09 Jojse} ssasse I 4dVIN/ANSAp  uigjoid /¥NA2 uag/
NV3IAO¥d udydAlod L1dIS .
dVON ®dNS uopeln|y uoneINN wWwyleq @AvVO U oS eI ugJ} 13 iA new

13

TCNCYH 189 (04) - 2025



TAP CHIi NGHIEN ClPU Y HOC

9/NH
a N a a a a 1 a a L9E£66£000°0 (BaygesiHd)  (@sSA/ASVY)
€00 91y 086°L- G68'0 0000 0ze'L €66'0 08'€Z  OvL.0GGSSS! 9<Vv8.20 dvoyS
a N N a a N a a (sM1Lzeno°d)  (AsA/ASY)
. . . . a ) . . 82£018626S! i
Z80°0 a1y 0Lz’ L- 6860 L0L°0 G/ZZ G880 029C V<OLLLLD ZoN3
OSNH
a a a a a q [ a a 22.86.000'0 (ALrggsiHd)  (asn/asvy)
8600  6IY 20°G- 966'0 0000 GoL'e  v¥66'0 06'8C  ¥6012900ZS! 1<01620 vdNg
9YNH
i i ) ) ) q ) a a oI (lenoggoldsyd)  (ASH)
/860 0lL'€C - 1<V6¥961°0 NLL
) N ) a ) a ) a N O (SIHGLLYBavd)  (asv)
]}S| Z29%°0 656'0 998l - V<OPreEZL0 VYZHSN
SYNH
5 19€66£000°0  (Bav2292A19°d)
unoIjuod
G¥1928.9€S! V<9620£22
5 L9€66£000°0  (48S1882£0.d°d) (ASH)
unoIjjuoo
7856.6.9€S1 1<01%98670 NL1L
a N a ) a a L a a 1896610000  (lenzieuL'd)  (VL/ASAV)
€v0°0 61y 09¢°2- 1000 G88'L 1920 O¥'le ¥eveeLL0ozs] 1<06€/20 LOLVAN
1 ] a a a a W a a CEStAZAJIERY) (Asd)
2200 0,9°¢- 000°L €200 ov.'c 2660 0¥'SC LOv.GE9//s) 1<0¥2.0 dV8N
09 Joyse} ssasse N dVIN/ANSAp  uigjoid /¥NA? uag/
NV3IAOUd uaydhAlod LdIS .
dVOIN %®dNS uoneniy uoneINy wwyle4 AAVO U oS e\ ugJ} 13 iA new

TCNCYH 189 (04) - 2025

14



TAP CHI NGHIEN ClPU Y HOC

a N a a a H a a (dyLozogcelld) (asv)
. . ) . a ) . . £6€1809./¢€s! )

/G€0  8Id 009°¢- 666'0 2000 910 6160 00SC D<165801 0 VZHSN
a i a a a a N a a O (tlengoziiyrd)  (4oL)
9200 089'¥- 000'L 0000 0822 1660  00°€E - 1<0p19€0 WSdLd

GLLNH
) 1896610000  (+¥LOYBIvd) (d01)
G¥189€1GGS! 1<D0t0Z1L 0 LHYNG
5 Z¥0665000°0 (UDyze6Lbay-d) (ASH)
unoIuoo
00560898151 V<OL.16.59 NLL
. . (VoL
] i a a a q N a a v¥/65100'0  (u©9L961y d) ANOQ)
95°z- G980 1000 GLg'Z 0660 086C 2260E6LBLSI V<9/¥81"0 el
i i a g a a N a a 62800200  (A19996dsy d) (Asd)
0€0°G- 1000 €100 062C 2ZVL0 0Z€Z  SvL8L9./S! O<V.6820 dVEN
ZSNH
a a a a a a N a a 19€66£000°0  (nepgLLuD d) (SHIH/ASY)
2980 6y 000'¥- 6890 1000 1ZE€0 6860 0S92 69698591GSI 1<V1GGE™D LHAW
5 1896610000  (neTLggneTd) (AQSA/ASY)
unoIjjuod
€Y/1LZELGLSI 0<9DES0LD LO10V
6.NH
a N a a a W a a (shoggebiy'd)  (AsA/Asy)
. . ) ) a ) . ] 691.6.0.€S! .
6120 8Id 069’ - 1660 €000 06.°C 116’0  06°6C 1<0€£98Z0 LHO1ON
a N a a a N a a (lengeshio d) (do01)
. . ) ) a ) ) ) 0669€.1./81 .
0S€0  8Id 061°8- 866'0 2000 ore'e  v.60 002 1<9¢1L9L0 ZWNOAN
09 Jojse} ssasse I 4dVIN/ANSAp  uigjoid /¥NA2 uag/
NV3IAO¥d udydAlod L1dIS .
dVON ®dNS uopeln|y uoneINN wWwyleq @AvVO U oS eI ugJ} 13 iA new

15

TCNCYH 189 (04) - 2025



TAP CHI NGHIEN CUU Y HOC

"yuyy
buny - (jeaneN) N ‘yuiq bunyy onw - (wnipayy) W ‘deyy anw - (mo) 7 ‘oed anw - (ybiH) H ‘rey Aeb - (builbeweq) @ ‘yuy yue| - (ublueg) g
a N a g a N a a (ne72101d°d) (d01)
. . ) ) a ) ) ] 1 /£59G89/51 .
960°0 FA}S| 0€8°C- 6/1°0  +¥00 09.'C €560 S66l 1<005210 £V9700
5 €0¥866000°0 (ne7izgoloidd)  (ASH)
unoIuoo
608007917184 1<02912E™0 NLL
8ZINH
dn
BURoIUOD t| pEL (VOL/asAY)
112822v€S1  -€G8€ YL-€G8€0  LVLLTOD
GZINH
a N a a a a g a a 19£66£000°0 (BawveesiHd)  (ASAV/ASY)
€€0°0 ]}S| 86°.- G680 2000 6660  0Z€L Z66'0 08'€Z  OvL.L0GSSSS! 9<V8.20 dvoyS
a a N g a a 1 a a 1896610000  (leagzlelv'd) (SHIH/ASY)
09%°0 61y 08€'¢- Z00°0 lL0'0  9/6'0  GGZ'L Y090 0£'SZ  vv9EL6LZLs! 1<0€81Z0 LHAW
Bunoipuod €07866000°0 V<OE+PE6SG0
09560217181
5 Z¥0665000°0  (81105£€€yLd) (AS3)
unoIuod
GEL00€02ESI  1<D6%000L°0 NLL
ZZINH
a N N g a 7 a N (sud.zevziend) (asa/asy)
. . . . a ) ) . 0G0S1LL6G/S) .
¥8L°0  OLIY 0EL’L- 962°0 LE00 00L°L 896°0 689 1<968Y.0 T9dIN
LZLNH
09 Joyse} ssasse N dVIN/ANSAp  uidjoid /¥NA2 uag/
NV3IAO¥d udydAlod LdIS .
dVOIN ®dNS uopeln|y uoneINN wWwyleq @AvVO U oS eI ugs 13 iA new

TCNCYH 189 (04) - 2025

16



IV. BAN LUAN

Trong nghién clru nay, ngudi bénh déu
mang da di tat tim phic tap (Bang 1) nhwng
khéng cé tién sk gia dinh mac CHD. Béang
phwong phap gidi trinh tw WES da xac dinh
dwoc 55 bién thé trén 28 gen khac nhau (Bang
2). Méi ngwdi bénh mang tr mot dén nam bién
thé trén cac gen khac nhau twong (rng véi tir
ba dén bay dang di tat tim khac nhau. Banh gia
murc d6 anh hwéng cla cac bién thé cho thay
day |a cac bién thé c6 kha nang gay bénh cao
(Bang 4). Trong dé co cac gen lién quan dén
cac dj tat tim nghiém trong nhw BMP4, ELN,
EOGT, HSPG2, MYH6, NFATC1, NOTCH1
va TBX2 xac dinh dwoc & chin nguwdi bénh.
Céc gen lién quan dén AVSD, ASD va VSD
nhv ACTC1, COL11A1, DNAJC18, EVC2,
KMT2D, MYH7, NIPBL, SEMA3C, SRCAP va
USHZ2A ciing dwoc xac dinh & 17 nguwdi bénh.
Céc gen lién quan dén di tat vang than nén,
duwdng thoat that phai nhw COL6A3, DNAH?7,
LAMB3, MYOM2, NRP1 va PTPRM xac dinh
duwoc & bay nguwdi bénh. Gen lién quan dén
HLHS, DORV nhw LRP2, MYBPC3, MYH7 va
SEMA3C xac dinh dwgc & sau nguwoi bénh.
Két qua phan tich ciing cho thay cé sy twong
quan kiéu gen - kiéu hinh & nguoi bénh. Hau
hét nguwoi bénh déu mang bién thé trén mot
dén hai gen c6 lién quan dén cac dij tat nghiém
trong cda tim (Bang 3) bao gébm: KMT2D va
MYBPC3 (ngwdi bénh HN8 mang bén dang di
tat); MYH6 (ngudi bénh HN9 mang nam dang
di tat); EOGT va HSPG2 (ngwoi bénh HN14
mang ba dang di tat); HSPG2 (nguwdi bénh
HN16 mang ba dang di tat); LRP2 (ngudoi
bénh HN20 mang sau dang dj tat); ELN (ngu&i
bé&nh HN22 mang bén dang dij tat); COL11A1,
SEMA3C va USH2A (ngu®i bénh HN34 mang
bay dang di tat); LRP2 va NFATC1 (nguwoi
bénh HN41 mang sau dang di tat); USH2A
(ngw®i bénh HN43 mang sau dang di tat);
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BMP4 (ngudi bénh HN46 mang bbn dang di
tat); NOTCH1 (ngw®i bénh HN76 mang nam
dang dij tat); MYH7 (ngw®i bénh HN79 mang
ba dang di tat); TBX2 (nguw&i bénh HN82 mang
bdn dang di tat); USH2A (ngudi bénh HN115
mang bén dang di tat); NIPBL (ngwdi bénh
HN121 mang bbn dang di tat); MYH7 (nguoi
bénh HN122 mang bén dang di tat); COL11A1
(nguw&i bénh HN125 mang ba dang di tat). Cac
két qua xac dinh bién thé gen lién quan dén
bénh trong nghién ctru cliia ching t6i hoan toan
phlU hop v6&i cac nghién ctru da duwoc cong b
trén thé gi¢i vé cac dang di tat tim bam sinh
gay ra b&i cac gen nay (Bang 3). Day la nghién
clru dau tién cta Viét Nam di sau phan tich
cac bién thé gen lién quan dén kiéu hinh &
nguoi bénh FSV, cac két qua cla chang toi sé
cung cap co s& dir liéu bién thé gen lién quan
dén CHD trén ngudi bénh Viét Nam.

Cac nghién ctru trwdc day trén thé gidi cho
thdy FSV la mot nhém khéng déng nhét cac bat
thwdng nghiém trong trong ciu trdc tim va 1a
dang CHD phrc tap nhat, gay tlr vong cao néu
khong dwoc can thiép. Tuy nhién, cac co ché
chinh xac gay ra FSV van chwa dwoc hiéu rd,
dan dén han ché kha ndng xac dinh céc liéu
phép diéu tri y t& hiéu qua. FSV c6 mic do di
truyén twong ddi cao, do d6 cé 8% nguy co tai
phat & anh chi em ruét. Nhirtng nguoi cé tién
st mac FSV cling c6 tan suat mac CHD cao
hon du kién; trén thuc t&, anh chi em ruét cta
ngwdi bénh FSV cé nguy co méc CHD cao hon
22%.2" Céac di¥ liéu nay cho thdy cé sw dong
gop vé mat di truyén vao s phat trién ctia FSV.
Tuy nhién, mét phan 1&n cac trwong hop FSV
xay ra & nhirng gia dinh khong co6 tién st mac
CHD; do d6, cac trwdng hop nay co thé la do
cac bién thé gay bénh phat sinh méi de novo,
bao gdm bét thwdng nhiém séc thé, cac bién
thé sé lwong ban sao va dot bién diém.!
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Cac nghién ctru gan day cho thay khi xac
dinh dwoc nguyén nhan di truyén gay CHD, cé
thé cung cap thong tin cu thé hon vé& nguy co tai
phat & cac thanh vién khac trong gia dinh va tr&
thanh mot phan cGa cham séc tiéu chuan cho
ngwdi bénh mac CHD. Bén canh d6 két qua
phau thuat gitra nhirtng ngudi bénh rat khac
nhau cé lién quan dén nén tang di truyén, do
do xéac dinh ngudi bénh c6 nguy co trvdc phiu
thuat co thé cho phép cai thién cham séc phau
thuat va hau phau phi hop hon véi tivng nguoi
bénh. Viéc st dung théng tin di truyén dé diéu
chinh viéc cham séc cho bénh nhan, tién lvong
va tw van cho céc gia dinh bi anh huéng dang
tr& nén cap thiét.

Diém han ché trong nghién cru cia ching
téi la chwa thwc hién dwoc cac nghién ciru
nhw lai so sanh hé gen (Microarray-based
comparative genomic hybridization - aCGH),
lai huynh quang tai ché (Fluorescent insitu
hybridization - FISH), khuéch dai dau do phu
thudc lien két da kénh (Multiplex Ligation-
dependent Probe Amplification - MLPA), vi vay
nhirng thay ddi Ién nhw dao doan nhiém séc
thé hoac bién thé thém/mét doan I&n nhiém sic
thé c6 thé da bi bé qua, khong phat hién duoc
& nguwdi bénh. Bén canh do, trong nghién ctru
nay chung té6i mai chi dirng lai & viéc phat hién
cac bién thé va du doan mirc d6 gay hai bang
cac phan mém dy doan ma chwa cé dwoc cac
danh gia trén té bao hodc mé hinh dong vat dé
¢6 dwgc nhitng bang chirng xac dang hon vé
anh huéng cla cac bién thé nay Ién kiéu hinh
& nguwdi bénh.

V. KET LUAN

Trong nghién cru nay, ching téi d4 tién hanh
giai trinh tw WES 23 nguoi bénh méc FSV. 55
bién thé trén 28 gen lién quan dén CHD (trong
do6 co 16 gen lién quan dén céac dj tat nghiém
trong cla tim bao 96m BMP4, COL11A1, ELN,
EOGT, HSPG2, KMT2D, LRP2, MYBPCS3,

MYH6, MYH7, NFATC1, NIPBL, NOTCH1,
SEMAS3C, TBX2, USH2A) da duwogc xac dinh va
danh gia bang cac phan mém dy doan mirc do
&nh hwdng cla cac bién thé cho thay day la cac
bién thé nguyén nhan gay bénh & ngudi bénh.
Cac két qua trong nghién ctru dong gop théng
tin hbu ich vao sy hiéu biét chung vé& nguyén
nhan gay bénh va cung cap co s& khoa hoc cho
cac bac sy lam sang trong viéc chan doan, diéu
tri va tw van di truyén cho ngudi bénh va gia
dinh ngudi bénh.

LOI CAM ON

Nghién clru nhan duoc sy tai tro vé kinh
phi tir Dé tai DLCN.45/21 cta Bd Khoa hoc
va Cong nghé cho Vién Nghién ctru hé gen,
nhém nghién ctru xin trén trong cam on. Nhém
nghién clru xin tran trong cdm on Bénh vién
Tim Ha Noi da tao diéu kién thuan loi trong qua
trinh kham va 1y mau dé& hoan thanh nghién
ctru nay. Nhém nghién ctru xin tran trong cam
on téi ngwdi bénh va gia dinh ngwdi bénh tham
gia vao nghién ctru.

TAI LIEU THAM KHAO

1. Zaidi S, Brueckner M. Genetics and
genomics of congenital heart disease. Circ.
Res. 2017; 120: 923-940. doi:10.1161/
CIRCRESAHA.116.309140.

2. Benjamin EJ, Virani SS, Callaway CW,
et al. Heart disease and stroke statistics-2018
update: a report from the American Heart
Association. Circulation. 2018; 137:e67—-e92.
doi:10.1161/CIR.000000000000055.

3. Homsy J, Zaidi S, Shen Y, et al. De novo
mutations in congenital heart disease with
neurodevelopmental and other congenital
anomalies. Science. 2015; 350: 1262-1266.
doi:10.1126/science.aac9396.

4. Glessner JT, Bick AG, Ito K, et al,
Increased frequency of de novo copy
number variants in congenital heart disease

18

TCNCYH 189 (04) - 2025



TAP CHI NGHIEN ClPU Y HOC

by integrative analysis of single nucleotide
polymorphism array and exome sequence data.
Circ. Res. 2014; 115: 884-896. doi:10.1161/
CIRCRESAHA.115.304458.

5. Kim DS, Kim JH, Burt AA, et al. Burden of
potentially pathologic copy number variants is
higher in children with isolated congenital heart
disease and significantly impairs covariate-
adjusted transplant-free survival. J. Thorac.
Cardiovasc. Surg. 2016; 151: 1147-1151.
doi:10.1016/j.jtcvs.2015.09.136.

6. Qian B, Mo R, Da M, et al. Common
variations in BMP4 confer genetic susceptibility
to sporadic congenital heart disease in a Han
Chinese population. Pediatr. Cardiol. 2014; 35:
1442-1447. doi:10.1007/s00246-014-0951-1.

7. Sticchi E, De Cario R, Magi A., et
al. Bicuspid aortic valve: Role of multiple
gene variants in influencing the clinical
phenotype. Bio. Med. Res. Int. 2018; 8386123.
doi:10.1155/2018/8386123.

8. Spielmann M, Miller G, Oprea TI, et al.
Extensive identification of genes involved in
congenital and structural heart disorders and
cardiomyopathy. Nat. Cardiovasc. Res. 2022;
1: 157-173. doi:10.1038/s44161-022-00018-8.

9. Tang CSM, Mononen M, Lam WY, et al.
Sequencing of a Chinese tetralogy of Fallot
cohort reveals clustering mutations in myogenic
heart progenitors. JCI Insight. 2022; 7(2):
€152198. doi:10.1172/jci.insight.152198.

10. Yasuhara J, Garg V. Genetics of
congenital heart disease: a narrative review
of recent advances and clinical implications.
Transl. Pediatr. 2021; 10(9): 2366-2386.
doi:10.21037/tp-21-297.

11. Pierpont ME, Brueckner M, Chung WK,
et al. American Heart Association Council on
Cardiovascular Disease in the Young; Council
on Cardiovascular and Stroke Nursing; Council
on Genomic and Precision Medicine. Genetic

basis for congenital heart disease: revisited: a
scientific statement from the American Heart
Association. Circulation. 2018; 138: e653—
e711. [Erratum in Circulation 138: €73, 2018].
doi:10.1161/CIR.0000000000000608.

12. XuJ, Wu Q, Wang L, et al. Next-generation
sequencing identified genetic variations in
families with fetal non-syndromic atrioventricular
septal defects. Int. J. Clin. Exp. Pathol. 2018;
11(7): 3732-3743. PMID:31949757.

13. Zhao X, Hou C, Xiao T, et al. An
interesting Mybpc3 heterozygous mutation
associated with bicuspid aortic valve. Transl.
Pediatr. 2020; 9(5): 610-618. doi:10.21037/tp-
20-81.

14. Wu 'Y, Jin X, Zhang Y, et al. Genetic and
epigenetic mechanisms in the development
of congenital heart diseases. World Jnl. Ped.
Surgery. 2021;4:e000196. doi:10.1136/wjps-
2020-000196.

15. Li B, Li T, Pu T, et al. Genetic and
functional analyses detect one pathological
NFATC1 mutation in a Chinese tricuspid atresia
family. Mol. Genet. Genomic. Med. 2021;
9:e1771. doi:10.1002/mgg3.1771.

16. Zhang Z, Xu K, Ji L, et al. A novel loss-of-
function mutation in NRAP is associated with left
ventricular non-compaction cardiomyopathy.
Front. Cardiovasc. Med. 2023; 10:1097957.
doi:10.3389/fcvm.2023.1097957.

17. Duran |, Tenney J, Warren CM, et al.
NRP1 haploinsufficiency predisposes to the
development of Tetralogy of Fallot. Am. J. Med.
Genet. A. 2018; 176(3): 649-656. doi:10.1002/
ajmg.a.38600.

18. Rakhmanov Y, Maltese PE, Zulian A,
et al. Genetic testing for atrial septal defect.
EuroBiotech J. 2018; 2(1): 45-47. doi:10.2478/
ebtj-2018-0035.

19. Chen S, Jin Q, Hou S, et al. Identification
of recurrent variants implicated in disease

TCNCYH 189 (04) - 2025

19



TAP CHIi NGHIEN ClPU Y HOC

in bicuspid aortic valve patients through whole- 21. Loffredo CA, Chokkalingam A, Sill AM,
exome sequencing. Human Genomics. 2022; et al. Prevalence of congenital cardiovascular
16:36. doi:10.1186/s40246-022-00405-z. malfor-mations among relatives of infants

20. Nielsen AKM, Nyboe C, Ovesen ASL, with hypoplastic left heart, coarctation of the
et al. Mutation burden in patients with small aorta, and d-transposition of the great arteries.

unrepaired atrial septal defects. IJC Congenital Am. J. Med. Genet. A. 2004; 124A: 225-230.
Heart Disease. 2021; 4: 100164. doi:10.1016/j. doi:10.1002/ajmg.a.20366.
ijcchd.2021.100164.

Summary

IDENTIFICATION OF GENETIC VARIANTS ASSOCIATED
WITH PHENOTYPE IN CHILDREN
WITH FUNCTIONAL SINGLE VENTRICLE

Functional single ventricle heart disease is a complex form of CHD that includes multiple defects
with a relatively high degree of heritability and risk of recurrence in siblings. The multifactorial etiology
of congenital heart disease poses a challenge in clearly identifying specific causative factors and
planning effective treatment interventions. WES sequencing is increasingly being applied in research
to identify gene variants associated with genetic diseases, especially those with complex genetic
mechanisms such as functional single ventricle heart disease. In this study, we used WES sequencing
to identify genetic variations in relevant genes in 23 patients with FSV. A total 55 variants in 28 genes
related to CHD (including 16 genes related to severe malformations including BMP4, COL11A1, ELN,
EOGT, HSPG2, KMT2D, LRP2, MYBPC3, MYH6, MYH7, NFATC1, NIPBL, NOTCH1, SEMA3C,
TBX2, USH2A) were identified and evaluated by software to predict the impact of the variants, and
contribute useful information to the general understanding of the causes of the disease and provide
a scientific basis for clinicians in the diagnosis, treatment and genetic counseling of patients and their
families.

Keywords: Congenital heart disease (CHD), Functional single ventricle (FSV), variant, Whole
exome sequencing (WES), Vietnamese children.
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