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Tém tit: Di tit van tim bam sinh déic trung boi mot hodac nhiéu van tim phat trién bat
thwong. C6 mot sé nguyén nhan phé bién gdy ra bénh nhw nhiém déc va nhiém bénh trong
thoi gian thai ky ddc biét 1a do di truyén. Gidi trinh fir todn b viing gen mé hda cho phép xac
dinh bién thé di truyén trén dong thoi nhiéu gen dwoc coi la phwong phdp thich hop trong
nghién cuu di truyén di tét van tim bam sinh. Nghién ciru nay thuc hién gidi trinh tu toan b
vung gen md hoa cua mot bénh nhdan mdc di tat van tim bam sinh tir d6 phdn tich xdc dinh
diroc 82.556 dot bién dang thay thé nucleotide va 11.334 dét bién thém bt nucleotide trén
toan b¢ viing ma hda bao gom ca nhitng dét bién da dwoc béo cao trén co sé dir liéu dbSNP
Va dét bién méi. Két qua ciia nghién ciru cho thdy tiém néng ciia viéc sir dung cong nghé gidi
trinh fi toan bé viing gen ma héa trong nghién ciru va chan dodn di tdt van tim bam sinh.

Tir khéa: Di tdt van tim bam sinh, dét bién gen, gidi trinh ty toan by ving md hoa, gidi trinh
tw thé hé mdi, tin sinh hoc

Abstract: Congenital valvular heart valve defects are characterized by abnormality of
the heart valves, such as any valve in the heart that has damage or missing. There are several
causes of this disease such as infections, degenerative conditions and genetic variants. Whole
exome sequencing (WES) allows simultaneous analysis of variants of multiple or even all

* Truong Pai hoc Mo Ha Noi

+ Vién Nghién ctru h¢ gen — Vién Han 1d&m Khoa hoc va Cong nghé Viét Nam
1 Vién Nghién ctru hé gen — Vién Han 1am Khoa hoc va Cong nghé Viét Nam
8§ Vién Nghién ctru hé gen — Vién Han 1d&m Khoa hoc va Cong nghé Viét Nam
1 Bénh vién E
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genes, thereby reducing the time needed to diagnose for patients. Therefore, WES has been
considered as an effective tool for the detection of novel causal genes in the study of genetics
of the heart valve defects. In this study, by applying whole exome sequencing in 01 patient
with congenital heart valve defects, we detected 82,556 missense and 11.334 indel including
variants were reported in the database of single nucleotide polymorphisms (dbSNP) and novel
variants. The result of this study shows potential of WES in genetic research, particularly in
the identification of inherited genetic disorders.

Keywords: Bioinformatics, genetic variant, next generation sequencing, valvular heart disease,

whole exome sequencing, bioinformatics.
I. Pit vin dé

Di tat van tim bam sinh (Valvular
heart disease — VHD) la tinh trang khi mot
hodc nhiéu van trong bon van tim khong
duogc phat trién dung cach trong thoi gian
con 1a phoi thai, gdy nén nhitng khiém
khuyét vé ciu trac tim va lam anh hudng
dén qué trinh luu thong méu. Di tat van
tim bao gom ca hai dang bam sinh va mac
phai 12 mot van dé strc khoe cong dong
quan trong va ngay cang tang. Dua trén
cac nghién ctru dich t& hoc & Hoa Ky, ty 1é
mac bénh 13 2,5%, va ty 1¢ mic bénh ting
theo tudi tac. Ty 1¢ dj tat van tim bam sinh
chiém 10% trong tong s di tat tim bam
sinh dugc phat hién. Cac di tat van tim
bam sinh thudng gip nhat va 1a nguyén
nhan gay tir vong hang dau trong sd cac
di tt bam sinh ¢ tré. Ngay nay voi nhiing
tién bo trong chan doan va diéu tri da lam
tang dang ké ty 1é séng cta nhitng trudng
hop tim bam sinh phirc tap.

Vai trd quan trong ctia CAc yéu
t6 di truyén trong bénh van tim cua con
nguoi ngay cang trd nén rd rang. Nguyén
nhan di truyén cua cac di tat van tim bam
sinh duoc x4c dinh 1a do dot bién trén
nhiéu gen gay ra nhu NOTCH1, GATAS,
TGFBR1 va TGFBR2 [1], [2]. Nam 2016,
nhém nghién ctru Dargis va cac dong tac
gia sur dung phuong phap giai trinh tu gen

thé hé méi qua do xac dinh duoc 9 gen
lién quan dén dj tat van tim bam sinh goém:
NOTCH1, AXIN1, EGFR, ENG, GATAS5,
NKX2-5, NOS3, PDIA2, TGFBR2 [3]. Su
phat trién ctia phuong phap giai trinh ty
thé hé méi da tao diéu kién thuan loi cho
giai trinh ty gen mot cdch nhanh chong
trong y hoc. Giai trinh tu gen thé hé¢ méi
cho phép phan tich ddng thoi nhidu hoic
tham chi tat ca cac gen do d6 giam thoi
gian chin doan cho nhiéu bénh nhan.
Giai trinh ty ving ma hoa - Whole exome
sequencing (WES) 1a mot (rng dung cua
cong nghé giai trinh tu thé hé mai dé xéac
dinh céc bién thé trén tit ca cac ving ma
hoa, hoac exon cua gen dugc biét dén. Vi
thé WES di duoc su dung rong rai trong
cac nghién ctru 1am sang vai nim gan
day, dac biét trong viéc xac dinh cac gen
bénh di truyén. Hang chuc nghin bién thé
gen c6 thé dugc xac dinh trong exome va
WES dang duoc coi 1a huéng di ding dan
dé nghién ctu di truyén. WES da duoc
mg dung trong nghién ciru di truyén dic
biét 1a ddi v6i nhitng bénh co tinh khong
d6ng nhét cao nhu tim mach va rdi loan co
xuong [4], bénh than kinh [5].

Di tat van tim bam sinh do bién dj di
truyén trén nhiéu gen gay ra. Vi sé luong
va kich thudc gen 16n, viéc nghién ctru
ting gen riéng 1é doi hoi nhiéu thoi gian,
chi phi cao. Giai trinh ty toan bo vung méa
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hoa bang cong nghé giai trinh tu thé hé
moéi cho phép xac dinh bién thé xay ra
dong thoi trén nhiéu gen, qua d6 rat ngén
qua trinh phan tich da tr¢ thanh phuong
phap thay thé hiéu qua khi tién hanh cac
nghién ctru di truyén. Trong nghién ctru
nay chung t6i sit dung phuong phap giai
trinh tu toan bd ving gen mi hoa nhiam
xéac dinh bién d6i di truyén & bénh nhan
méc dj tit van tim bam sinh, qua d6 danh
gia tinh kha thi va hiéu qua cua phuong
phép nay trong nghién ctru.

I1. Phwong phap nghién ciru

2.1. Vit ligu nghién ciru

Vit liéu nghién ctru 1a mau mau cua
bénh nhan mic di tit tim bim sinh duoc

cung cap boi Trung tim tim mach - Bénh
vién E.

2.2. Phuwong phép nghién ciru

Phuong phép nghién ctru bao gdm
cac budc nhu sau: thu thip mau mau cua
bénh nhan, tach chiét DNA téng sb tlr mau
mau cua bénh nhan sau khi thu nhan, giai
trinh ty toan bo vung gen ma hoda, phan
tich sb liéu thu dugc va sang loc ra céc
bién thé/ dot bién c6 kha nang gay bénh.

2.2.1. Tach chiét DNA tong s6

DNA tong s duoc tach chiét tir
mAu mau toan phan cta bénh nhan bang
bo kit QlAamp DNA Blood Mini Kit
(QIAGEN, brc).

2.2.2. Phurong phap giai trinh fur WES

DNA tong s6 s& duoc cit, lai va tinh
sach be“mg bo kit SureSelect All Exon V7
dé tao thu vién. Qua trinh tao thu vién
dugc thuc hién theo 4 budc chinh: phan
cit DNA tong s6 thanh nhitng doan nho;
gan moi giai trinh tir va index; khuéch dai

thu vién; tinh sach va kiém tra chit luong.
Nong d6 va kich thudc thu vién duoc kiém
tra bang may Bioanalyzer 2100.

Thu vién exome sau khi dugc xtr ly,
duoc tién hanh giai trinh ty trén may giai
trinh tu thé hé méi Illumina theo hudng
dan ctia nha san xuat.

2.2.3. Phan tich tin sinh hoc dé do
tim cdc bién thé.

Sau khi giai trinh tu trén may
Illumina, chat luong doc dugc kiém tra
bang phan mém FastQC. Dir liéu trinh tur
dugc sip xép va so sanh voi trinh ty hé
gen nguoi (hgl9) bang phan mém BWA
0.7.10 [6]. Cong cu Picard dugc sir dung
dé xir 1y dir liéu sau khi giong hang. Cac
bién thé duoc phat hién bang phan mém
Genome Analysis Toolkit v3.4 [7]. Anh
hudng cta bién thé duoc xac dinh bang
cac phan mém SnpEff v4.1 [8]. Pay la
cong cu chd thich va duy b4o anh hudng ctua
céc bién thé gen (nhu thay ddi axit amin).
Dir liéu dau vao ciia cong cu nay 1a cac
bién thé dugc du doan (SNPs, chén, x6a
va MNPs), la két qua cua giai trinh ty, va
c6 dinh dang VCF (Variant Call Format).
Anh huéng cia dot bién dén chirc ning
protein duoc danh gia bang cac phan mém
SIFT [9] va Polyphen2 [10].

I11. Két qua va thao luin
3.1. Thu thip méu mdu

Pé tai thu thap mau mau ciia 01 bénh
nhan va céc thanh vién trong gia dinh bao
gém bd va me. B6 me cua bénh nhan déu
binh thuong, bénh nhin dugc chan doan
hep trén van dong mach phoi kém theo cac
biéu hién 1am sang nhu bo mat bat thuong,
cham phat trién than kinh van dong va bi
suy tim cip do 1. Bénh nhan dugc chan
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doan bi tim bam sinh, va & lai bénh vién
dé diéu tri cho t&i hién tai. Viéc phan tich
di truyén duoc tién hanh véi sy déng ¥ ciia
bd me bénh nhan.

3.2. Tach chiét DNA tong sé

MaAau mau ctia cac bénh nhan duoc
tach chiét bang bo kit QIAamp DNA. San
pham DNA tong s6 cua cac mau duoc
dién di trén gel agarose 1% dé kiém tra
chét luong va dg tinh sach.

Hinh anh trén dién di d6 cho thay
DNA tong s6 tach tir mdu mau bénh nhan
va cac thanh vién trong gia dinh c6 chét
lugng tt, hién bang rd rang, khong bi dut
giy va khong 14n tap chat (Hinh 1). DNA
tong sd dugc luu giit va bao quan trong &
nhiét d6 -20°C.

Hinh 1: Pién di d6 do san pham DNA
tach chiét tir mau mau bénh nhan

3.3. Két qua tao thw vign va gidi
trinh tw toan bg ving gen ma hda

Thu vién DNA duoc tao béng kit
SureSelect All Exon V6 theo huéng dan
ctia nha san xuat. Pé kiém tra kich thudc
ctia manh PCR khuéch dai, ching tdi kiém
tra sy phan b kich thudc mau bang cach
chay mau trén may Agilent Technologies
2100 Bioanalyzer str dung mot chip DNA

1000. Thu vién DNA tao ra c6 kich thuéc
351 bp, nong do 122,27 ng/pl (Hinh 2).

]
&

— <%,

Hinh 2. Phan b6 kich thueée thur vién DNA

Két qua kiém dinh chat lugng doc
trinh ty ban dau bang phan mém FastQC
cho thay mau thu dugc c6 sd luong trinh
tu doc 16n, bao gdm 62.552.002 doan doc.
Ti 18 trinh tu c6 diém chét luong Phred
trén 30 (Q30) 1a 93,3%. Trung vi d sau
bao phi viing quan tim cta cac mau nim
trong khoang 90,4-100,1X. Ty 1&¢ % vo&i
d6 sau bao phu >30X cua c4c mau déu
16n hon 80%. Cac két qua trén cho thiy
c4c trinh tu thu dugc 12 ¢6 chat luong cao,
du diéu kién dé tién hanh phan tich nham
xac dinh dot bién di truyén & bénh nhan.
Thong tin chat luong doc trinh ty dugc thé
hién & Bang 1.

Bdang 1. Thong tin chdt lwong doc trinh tu

Téng so nucleotide 9.378.354.365
Tong sb trinh tw doc 62.552.002
Q20 (%) 97,6
Q30 (%) 93,3
Trung vi d9 su bao pha 91,6
vung quan tam (x)

% voi d sau bao phi >30X 89,8

3.4. Két qud phan tich so liéu va
sang loc bién thé

Sau khi xac dinh va cha giai bién
thé, mot sd lugng 16n cac bién thé thay
thé mot nucleotide (82.556 bién thé) va
c4c bién thé thém mat nucleotide (11,334
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bién thé) dugc phat hién trong dir liéu
WES (Bang 2). Céac bién thé dugc chia
thanh cac nhoém theo murc d§ anh hudng
chtrc ning cua bién thé nhu bién thé dong
nghia, bién thé sai nghia, thém/mat mot bd
ba ma hoa két thuc, bién thé dich khung,
thém/mat bo ba ma hoa...

Trong tong sb 82,556 bién thé duoc
tim thdy ¢ bénh nhan tham gia nghién
clru, co 8 bién thé trén 8 gen gy bénh c6
tan suit alen <0,01 (Bang 3). Trong dé
c6 6 bién thé ¢ trang thai di hop tir bao
gdm ¢.17_18delCC trén gen NOTCH?2,
€.751C>T trén gen ABCG5, ¢.8069C>T
trén gen TTN, ¢.1675G>A trén gen ROR2,

€.389A>G trén gen MAP2K1, ¢.2101A>G
trén gen FANCA; 2 bién thé & trang thai
ddng hop tir ¢.163_166dupGATG trén gen
LFNG, c.85G>Atrén gen AMERL1.

Bdng 2. Két qua xdc dinh va chii gidi

bién thé
Tong SNP 82.556
Bién thé dong nghia 12.008
Bién thé sai nghia 11.500
Thém b ma hoa két thic 114
Mat by ba ma két thlic 34
Tong s6 bién thé Indel 11.334
Bién thé dich khung 332
Thém by ba ma hoa 196
Mat by ba ma hoa 231
Pa dwoc bao cao trén doSNP142 (%) | 96,0

Bang 3. Két qua loc cdc ddt bién cé dnh hwong chirc nang co kha nang lien quan dén bénh
trén bénh nhdan mac dj tat van tim bdm sinh

Gen Ditruyén Trang thai Anh Exon Thay d6i DNA Thay di
hwéng protein

NOTCH2 Di hop tir Troi  Dichkhung 1/34 .17 _18delCC p.Pro6fs
ABCG5 Dihop ttr Lan V0 nghia 6/13 c.751C>T p.GIn251*
TTN  Dihgp tir Troi Sai nghia  34/363 .8069C>T p.Thr26901le
LENG Dont%rh(-’p Lin  Chén  2/9 163 166dupGATG  p.Glus6fs
ROR2 Dihgpter  Léan Sainghia  9/9 c.1675G>A p.Gly559Ser
MAP2KL Dihoptd  Troi  Sainghia  3/11 C.380A>G p.TyrL30Cys
FANCA Dihopts Lan  Sainghia 23/43 ¢.2101A>G p.Lys701Glu
AMERL Ponghop  Xelinked o0 o o c.85G>A 0.Ala29Thr

t dominant

Anh huéng cua cac dot bién dén
chic ning protein dwgc danh gid bing
cac phan mém SIFT va Polyphen_2 thong
qua gia tri SIFT Score va Polyphen Score
tuong ung (Bang 4). Phan mém SIFT danh
gid mirc d6 anh huong cia dot bién dén
chte ning protein theo thang diém SIFT
Score tir 0 dén 1. Trong d6, gia tri cang
nho thi dot bién cang c6 kha ning gay hai.
SIFT danh gia mot dot bién 14 lanh tinh
— T (Tolerated) néu diém SIFT Score >
0,05, gay bénh — D (Deleterious) néu SIFT

Score < 0,05. Phan mém PolyPhen 2 c¢6
gia tri PolyPhen Score nam trong khoang
tir 0 dén 1, gid tri ndy cang 16n thi dot bién
cang c0 kha nang gay hai. Polyphen2 danh
gia dot bién 1a lanh tinh — B (Benign) néu
d6t bién c6 PolyPhen Score < 0,452, ¢ kha
nang gay bénh — P (Possibly Damaging)
néu PolyPhen Score nam trong khoang tir
0,453 dén 0,956, gay bénh — D (porobably
damaging) néu PolyPhen Score 16n hon
0,956. Tuy nhién 1 sé dot bién dich khung
hodc dot bién v nghi chua danh gia duoc
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anh huong chic nang cua protein nén da
khong thé cho diém danh gia chinh xéc
(duoc danh ddu “—” trong bang 4).

Két qua phan tich bang cac phan
mém tin sinh cho thiy dot bién ¢.389A>G
dang di hop tur trén gen troi MAP2K1 duwoc

ca hai phan mém danh gid la c¢é khd nang
gay bénh (SIFT Score: 1.00; Polyphen
Score: 0) ¢6 tiem ndng la nguyén nhdn
gay ra tinh trang bénh ¢ bénh nhan. Dot
bién nay di dugc bao céo trén co so dit
ligu dbSNP v6i ma s6 rs121908595.

Bang 4. Két qua danh gia dot bién trén cac phin mém tin sinh

Gen Thay ddi DNA Polyphen2 SIFT
NOTCH2 c.17_18delCC - -
ABCG5 C.751C>T - -
Damaging Deleterious
TTN c.8069C>T Score:0.991 Score:0.044
LENG €.163_166dupGATG - -
Benign Tolerated
ROR2 ¢.1675G>A score : 0.384 Score: 0.102
Damaging Damaging
MAP2K1 C.389A>G Score : 1.000 Score: 0
Benign Tolerated
FANCA ¢.2101A>G score : 0.006 Score: 0,262
Benign Damaging
AMER1 6.65G>A score : 0.000 Score: 0.009

Phuong phép giai trinh ty WES la
mot tng dung cua cong nghé NGS nham
xéc dinh cac bién thé trén tat ca cac ving
ma hoa trong hé gen. Uu diém cua viéc
giai trinh ty hé gen biéu hién (WES)
1a phuong phap tiép can hop ly d6i voi
nhitng vung gen quan tam hay nhing ving
exome chtra gen dot bién, vi du exome
chi chiém 2% trong hé gen ngudi nhung
bién d6i trong do lai gay nén 85% céc can
bénh da biét [11]a pattern of repetitive
behavior and/or restricted interests in early
childhood. The prevalence is higher in
male children than in female children. As
a complex neurodevelopmental disorder,
the phenotype and severity of autism are
extremely heterogeneous with differences
from one patient to another. Genetics
has a key role in the etiology of autism.
Environmental factors are also interacting

with the genetic profile and cause abnormal
changes in neuronal development, brain
growth, and functional connectivity. The
term of exome represents less than 1% of
the human genome, but contains 85% of
known disease-causing variants. Whole-
exome sequencing (WES. Giai trinh ty
gen thé hé mai d3 duoc xem nhu 1a mot
cong cu hiru hi¢u cho phat hién cac gen
bénh mdi, dac biét giai trinh tu whole
exome ¢ thé sé trod thanh cong cu phd
bién nhit duoc st dung dé xac dinh gen
bénh cho nhiing nim t6i. Véi cac tién bo
khong ngung trong viéc ha gia thanh giai
trinh ty va phan tich trinh tu, giai trinh tu
thé hé méi sé tién t6i kha nang trd thanh
mot cong cu gan nhu thong 1 trong chan
doan di truyén cho bénh nhan. Giai trinh tir
gen thé hé moi da nhanh chong duoc cong
nhan 12 ¢d thé vuot qua nhitng han ché cua
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phuong phép giai trinh ty Sanger. Trong
nghién ctru ndy, tir 82.556 dot bién dang
thay thé nucleotide va 11.334 dot bién
thém bot nucleotide trén toan by ving ma
hoa thong qua cac budc phan tich tin sinh
c¢6 thé sang loc vé 8 dot bién tiém ning
gay bénh cho thay tinh kha thi cia phuong
phap nay trong viéc x4c dinh bién thé di
truyén 1a nguyén nhan giy bénh.

Tuy nhién, giai trinh tu toan bo vung
gen ma hoa con tdn tai mot sd diém han
ché. Luong dir liéu tao ra tr WES 16n do
do6 doi hoéi ki thuat phan tich phic tap.
Ngoai ra, dir li€u gidi trinh ty toan bo
ving mi hoa can dugc xur 1y bang cac
phan mém tin sinh hoc chuyén sau trén
hé théng tinh todn hiéu ning cao. Hon
nira, vi¢c phat hién va sang loc bién thé
béng cach so sanh dir li€u bénh nhan véi
dir liéu tham chiéu 1 chua du dé danh gia
mirc d6 anh huong cia bién thé d6. Can
c6 nhitng phan tich sau hon nhu giai trinh
tuw Sanger dé kiém chung dot bién, danh
gi4 anh huong cta dot bién dén cau tric
va chirc ning protein hodc khao sét trén s
lwrgng mau bénh va ddi chung 16n dé danh
gia mdi tuong quan cua bién thé dén nguy
co méc bénh néu bién thé do 1a da hinh
nucleotide don.

IV.Két ludn

Gidi trinh ty toan by vung gen ma
héa dang ngay cang phat trién v6i nhiéu
vu diém nhu gia thanh ré, thong luong
cao, chat lugng doc trinh tu tt. Nhitng uwu
diém do6 khién WES tr¢ thanh cong nghé
dugc nhiéu nha khoa hoc trén thé giéi ap
dung dé phan tich toan bd ving gen ma
hoa hoac toan by hé gen tir d6 tim ra cac
bién thé di truyén cta ddi twong nghién
ctru. Poi v6i cac hoi chimg di tat van

tim bam sinh, do sb luong va kich thudc
gen lién quan dén hoi chimg nay rét 16n,
viéc nghién ctru tirng gen riéng 1¢ doi hoi
nhiéu thoi gian, chi phi cao. Do do, viéc
giai trinh ty toan bd vung gen ma hoéa cho
phép phan tich dong thoi nhiéu gen qua
do giam chi phi va thoi gian phan tich tré
thanh phuong phap thay thé hiéu qua va
kha thi khi tién hanh nghién ctru di truyén
& hoi chung nay.
Loi cdm on

Cong trinh nghién ctru nay thuc hién
véi su tai trg kinh phi cua Bo Khoa hoc va
Cong nghé cho dé tai véi ma s6 DTDL.
CN-45/21. Cac tac gia xin gui 101 cam
on t61 bénh nhan va gia dinh da tham gia
nghién ctru nay.
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