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Abstract: Urea cycle disorder is a group of rare, inherited metabolic disorders in the pathway transforming
ammonia to urea. The mutations in genes coding for 6 enzymes that are participated including carbamoyl
phosphate synthase I (CPSI), ornithine transcarbamylase (OTC), argininosuccinate synthase (ASS1),
argininosuccinate lyase (ASL), arginase (ARG1), and N-acetyl glutamate synthase (NAGS), and 2 transport
systems ((ornithine translocase (ONT1), citrin)) in the urea cycle are responsible for ammonia accumulation
in the blood. Hyperammonemia is the cause of severe neurological symptoms and even death. In almost all
cases, clinical examinations and biochemical experiments are necessary, but insufficient information for an
accurate diagnosis. Mutation analysis is an effective method to confirm the diagnosis and could be the basis
for genetic counseling. The rapid development and widely using of next generation sequencing (NGS) have
brought incredible advances in molecular diagnosis of genetic diseases in general. In this article, we
systematize the UCD genetic studies applying NGS method, thereby providing a basis for not only disease
diagnosis but also future research.
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Tém tit: RSi loan chu trinh chuyén héa uré (UCD) 1a rbi loan chuyén hoa bim sinh, hiém gip, gdy
ra do dot bién trén cac gen ma hoa cho 6 enzyme: carbamoyl phosphate synthase I (CPSI), ornithine
transcarbamylase (OTC), argininosuccinate synthase (ASS1), argininosuccinate lyase (ASL),
arginase (ARG1), N-acetyl glutamate synthase (NAGS) va 2 h¢ théng van chuyén, ornithine
translocase (ONT1), citrin, ciia chu trinh chuyén héa uré. Sy & dong amoniac 14 nguyén nhan din
dén cac tridu chirng thin kinh nghiém trong, tham chi tir vong. Cac tham kham 1dm sang, xét nghiém
hoa sinh 1a can thiét, nhung chwa di théng tin dé dwa ra chan doan chinh xac. Phan tich dot bién 1a
phuong phap hiru hi¢u aé phat hién ban chét di truyén ctia bénh tir 46 dua ra chén doan x4c dinh. Su
phat trién nhanh chéng ctia phwong phap giai trinh ti gen thé hé méi (NGS) mang dén nhiéu tién b
dang kinh ngac trong chén doan phan tir bénh di truyén noéi chung va bénh nhan 16i loan chu trinh
chuyén hoa uré noi riéng. Bai viét nay hé théng cac két qua dat dwoc khi sir dung NGS trong nghién
ctru di truyén bénh UCD, cung cép co s cho cong tic chin doan va nghién ciru.

Tur khoa: Bénh di truyén; Bién thé ; Dot bién; Giai trinh tu gen thé hé méi (NGS); Réi loan chu trinh

chuyén hoéa uré (UCD)
1. Gioi thiéu

Bénh rdi loan chu trinh chuyén héa uré
(UCD) 1a bénh di truyén do cac dot bién xay ra
trén cac gen ma hoa cho 1 trong 6 enzyme va 2
hé théng van chuyen lién quan (Bang 1) [1]. Bay
1a dang bénh hiém gip véi ty 1& méc wdc tinh
khoang 1/35.000 [2]. Hau hét, cac bénh thudc
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nhoém UCD déu 14 bénh di truyén lin trén nhidm
sic thé thudng ngoai trir bénh lién quan dén gen
OTC 14 bénh di truyén lin, lién két nhidm sic
thé gioi tinh X. Khiém khuyét trén con duong
chuyén hoa, khién cho nito khong thé chuyén
héa thanh uré va tich lily dudi dang amoniac
(NH3), rat doc cho ndo, can tré qua trinh tao ra
ning lugng ciing nhu chuyén héa binh thuong
clia céc chat din truyén than kinh. Khi ndng d6
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Bang 1: Céc bénh thugc nhém réi loan chu trinh chuyén héa uré (UCD) va cdc gen lién quan.

Bénh Gen Vi tri Exons Kiéu di truyén
Thiéu hyt Carbamylphosphate synthetase I CPS1 2935 38 AR
Thiéu hyt Ornithine transcarbamylase orc Xpll4 10 X-linked
Thiéu hut Argininosuccinate synthetase ASS1 9q34.11 16 AR
Thiéu hut Argininosuccinate lyase ASL 7q11.21 17 AR
Thiéu hut Arginase ARG 6923.2 8 AR
Thiéu hut N-Acetyl glutamate synthase NAGS 17q21.31 7 AR
Thiéu hyt Ornithine translocase SLC25415 13ql4.11 7 AR
Thiéu hut Citrin SLC25413 7921.3 18 AR

AR: Di truyén lgn trén NST thiwong; X-linked: Di truyén lién két NST gii tinh X.

NH; trong mau ting lén tdi muc 100-200
pmol/L (binh thuong <50 umol/L), bénh nhan
thuong biéu hién cac triéu ching nhu ching thd
o va nén mira [2]. Khi ndng d6 NH; ting cao
hon, bénh nhan ¢6 thé bi phu ndo lan téa, hon
mé va tir vong [2]. Muc d6 nghiém trong cla
bénh phu thudc vao loai enzyme thiéu hut va
muc do bit hoat cua enzyme d6 [1]. Cac bénh
nhan thiéu hut nghiém trong hodc mat hoan toan
hoat tinh ciia cac enzyme thudng co biéu hién
kiéu hinh nghiém trong [3]. Cac thé bénh nhe
hon thuong xudt hién & cac bénh nhan mang dot
bién gayra thiéu hut hodc mat mot phﬁn hoat tinh
cua enzyme. Bén canh do, cac tri€u chirng cua
bénh ¢6 thé duge kich hoat do céc tac nhén bén
ngodi nhu the trang dau yéu hoic stress, dan dén
sy gia tang ndng d6 amoniac trong méau. Néu cac
ri loan chu trinh uré khong dugc phat hién som
va diéu tri kip thoi, bénh c6 thé din dén céc bién
chimg nghiém trong, tham chi de doa dén tinh
mang [3].

Phuong phép giai trinh tu truyén thong,
Sanger, da dat dugc nhiéu thanh tyu quan trong
trong d6 c6 thanh cong trong viéc hoan thanh
du an hé gen nguoi (HGP) vao nam 2003 [4].
Tuy nhién, dy an nay can hon 1 thap ky va tiéu
tén gan 1 ty USD dé hoan thanh. Trong nhiing
nam sau d6, mic du c6 nhiéu cai tién nhung chi
phi giai trinh ty toan bo hé gen van con rat dat
d6 dé co thé str dung thuong xuyén trong thuc
hanh 1am sang. Vi duy, chi phi giai trinh ty toan
bd hé gen ngudi vao nam 2006 ude tinh khoang
20-25 triéu USD [4].

Ké tir ndm 2008, voi sw ra doi clia céc
phuong phap giai trinh tu gen thé hé moi (next
generation sequencing —NGS), cho phép toan
bd hé gen (whole-genome sequencing - WGS)
hodc toan by vung ma hoa (whole-exome
sequencing - WES) hodc cac vung trinh ty dich
dugc giai trinh ty nhanh hon, voi luong thong
tin lon. Nho do, chi phi dung cho viéc giai trinh
ty giam xudng dang ké va viéc Gng dung
phuong phap niy vao cong tac chan doan lam
sang co tinh kha thi hon. Trong d6, phuong
phép giai trinh tu toan by ving ma héa (WES)
1a mét trong nhiing ung dung cua NGS da duoc
chung minh la cong cu hi¢u qua trong viéc xac
dinh gen giy bénh theo di truyén Mendel do
ving md héa chi chiém 1% hé gen nhung sb
luong bénh do dot bién nam trong vung nay
chiém t&i 85% [5].

2. Phwong phap giai trinh ty gen thé h¢ méi

Viéc ap dung phuong phap giai trinh ty gen
thé hé méi (NGS) trong chan doan bénh di
truyen lin dAu tién vao nam 2009 1a mot budc
tién nhay vot trong cudc cach mang céng nghé,
¢6 y nghia quan trong dbi voi nghién ctru di
truyén y hoc [6]. NGS 1a mot cong cu sinh hoc
manh, chinh xac, linh hoat, va dugc st dung
rong rdi, s¢ cung vdi phuong phap giai trinh tu
Sanger xdy dyng cac ti€u chuin chan doan.
NGS c6 mét s6 vu diém nhu sau:

+ Tiéu ton it thoi gian va ré tién hon so voi
phuong phap giai trinh tu truyén thong Sanger.
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Phuong phap NGS c6 thé giai ma toan bo 1 bd
gen nguoi chi trong 1 ngay trong khi phuong
phéap Sanger can dén ca mot thap ky [7]. Theo
so liéu thong ké cua Schwarze K.B va cong su
(2020), chi phi dé giai trinh tu 1 bd gen ngudi
d6i voi truong hop mic bénh ung thu 1a 6841
EUR (8346 USD), d6i v6i truong hop méc bénh
hiém 1a 7050 EUR (8601 USD) [4].

+ Do nhay cao, co thé phat hién cac dot bién
trén toan hé gen bao gdm dot bién thay thé, mat
doan, chén doan, lap doan, thay ddi sb luong
ban sao, dao hoac chuyén doan nhiém sic thé,
1a co so dé cac bac sy dua ra chan doan nhanh
tir 46 quyét dinh lidu phap diéu tri tdi wu cho cac
bénh nhian méc bénh di truyén [8].

+ Can dén luong DNA thap hon so voi
phuong phap giai trinh ty DNA truyén thong.

+ Phuong phap giai trinh tu gen thé hé méi
sit dung RNA (NGS-based RNA-Seq), c6 thé
cung cp toan bo thong tin phién ma, khong cin
dén thong tin trinh ty di truyén. Do vay, phuong
phap nay co6 thé 1a sy thay thé tdi wu cho phuong
phap microarrays trong cac nghién ciru biéu
hién gen [9].

Thap ky qua da chimg kién sy tién bo vuot
béc trong quéa trinh phat trién cong nghé giai
trinh ty gen vao sy cai tién cac cong cu phat hién
méi, hiéu qua dong thoi thu nho cac may giai
trinh tw sin c6, gop phan dang ké vao viéc
nghién ciru hé gen. Hién nay, hai hé thong giai
trinh ty dugc sir dung chu yéu la Ion Torrent va
[lumina. May Ion Torrent Personal Genome
Machine (PGM) ra mét vao nam 2011, trong khi
cac may cua Illumina duoc st dung rong rai cho
muc dich chan doén 1a MiSeq dugc ban trén thi
truong vao nam 2011, may MiniSeq dugc tung
ra thi truong vao nam 2016, may iSeq100 vao
cubi ndm 2017 [10]. Hé thong Ton Torrent khai
thac PCR nhii tuong dé xac dinh trinh tu céc
nucleotide thong qua vi€c phat tin hi¢u do ion
H™ dugc giai phong trong qua trinh tong hop
DNA bing 1 chip silicon dugc cai bién. Cong
ngh¢ Illumina giai trinh ty dya trén nguyén ly
téng hop chudi (Sequencing by Synthesis) bd
sung v6i gen dich, st dung cac soi lién tuc rat

nho dé giam thoi gian ghi hinh anh dong thoi
day nhanh qua trinh giai trinh tu [10].

3. Gidi trinh ty gen thé hé¢ méi (NGS) trong
chin doin bénh roi loan chu trinh chuyen
héa uré

Réi loan chu trinh uré (UCD) 14 mot nhom
céc bénh rdi loan qué trinh chuyén hoa nito din
dén tang ndng d6 amoniac trong mau va nudc
tiéu. Tuy nhién, triéu ching nay chi 1a mot dau
hiéu co ban dai dién cho céc triéu chirng cua
bénh. Trong bat ky trudng hop nghi ngd nao,
cac xét nghiém sinh hoa xac dinh sy c6 mat va
nong d6 amino acid trong mau la can thiét. Tuy
nhién, nhiéu loai bénh UCD khong co déu hiéu
sinh héa nhét dinh. Chinh vi vy, phuong phap
xét nghiém enzyme hodc phén tich dot bién
duogc st dung dé phat hién rd hon nguyén nhan
gay bénh. Miac du viy, cac xét nghiém enzyme
thuong khong dugc khuyén céo trong céc
truong hop nhu bénh thiéu hut N-
acetylglutamate synthase (NAGS),
carbamoylphosphate synthetase (CPS1) va
ornithine transcarbamylase (OTC) do phai tién
hanh sinh thiét gan [11]. Trong khi phwong
phap giai trinh ty gen s€ gitip xac dinh nguyén
nhan di truyen hodc tu phat trong qua trinh phat
trién co thé. Trong nhiéu nim, cac dot bién duoc
phat hién chii yéu bang phwong phép giai trinh
tu Sanger. Tuy nhién, phuong phap nay yéu cau
phai xu ly mét luong cong viée 16n, do d6 tiéu
t6n nhiéu thoi gian ciing nhu kinh phi. Vi du,
nhom nghién ctru Ulrich Finckh (1998) da st
dung phwong phap Sanger dé giai trinh tu 11
vung dac hiéu cia gen CPSI va phat hién dugc
dot bién p-T544M [12]. Larovere, L. E. va cong
su (2009) da giai trinh ty 16 exon cta gen 4SS
bing phuong phap Sanger va phat hién dwoc
mot dot bién trén gen (c.1168G>A), p.G390R
trong cac gia dinh & mot ving c6 gisi han vé dia
1y & Argentina [13]. Nam 2016, Al Kaabi, E. H.,
& El-Hattab, A. W. ciing da sit dung phuong
phap nay dé giai trinh ty cac gen CPSI, NAGS,
OTC, ASSI, ASL, ARGI, két hop thim kham
lam sang va xét nghiém sinh hoa dé xac dinh
mot dot bién trang thai ddng hop tir ¢.1097-
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2A>T tai vi tri ghép ndi trén gen NAGS & bénh
nhén nhi nit, 2 ngay tudi [13]. Trong nhitng nim
gin day, phuong phép giai trinh tu thé hé méi
(NGS), da tao ra cudc cach mang trong nghién
ctru hé gen, cho phép phat hién cac dot bién mot
céch nhanh chong va dang tin cay. Nho d6, phd
dot bién trén cac gen lién quan dén chu trinh
chuyén hoa uré, gy bénh UCD ngay cang duoc
mo rong.

3.1. NGS phat hién dot bién trén gen CPS1

Carbamoylphosphate synthetase 1 (CPS1)
1a enzyme dau tién trong chu trinh uré, xic tac
cho phan tng tong hop carbamoyl phosphate tir
amoniac trong co chat cia ty thé. Gen ma hoa
cho enzyme nay nim & vi tri 2q35, gdm 4500
nucleotide, 38 exon mi hoa cho chudi
polypeptide gdm 1500 amino acid [14]. Bénh
thiéu hut CPS1, gay ra do cac dot bién trén gen
CPS1, 1a mot réi loan di truyén lan trén nhiém
sic thé thuong. Pay 1a mot trong nhimg bénh
thuc nhém UCD nghiém trong nhit véi ty 18
méc uée tinh 1a 1/1.300.000 [15]. Hién nay, co
s¢ dir liéu ClinVar dd cap nhét 491 dot bién gay
bénh trén gen CPS1.

Véi mue dich xac dinh dot bién nhanh va
chi phi thdp, Amstutz, U va cong sy (2011) da
sir dung hé théng FLX (454 Life Sciences) dé
gidi trinh ty toan bd gen OTC, CPS1, NAGS cia
4 miu DNA ciia cac bénh nhan duge chin doan
mic bénh UCD trong d6 2 mau di duoc xac
dinh mang dot bién trén gen OTC va 2 miu
mang dot bién trén gen CPSI bang phuong phap
Sanger. Cac dot bién phat hién dugc trén 2 gen
OTC va CPS bang hé théng giai trinh tu toan bd
hé gen FLX (454 Life Sciences) 1a co s¢ dé
khing dinh giai trinh tu gen thé méi 1a cong cu
hiru hiéu dé phat hién dot bién [16]. Nam 2017,
Choi va cong su di cong bd 1 dot bién vo nghia
méi ¢.580C>T (p.Q194*) va 1 dot bién dich
khung cii ¢.1547delG (p.G516Afs*5) ¢ 1 bé trai
Han Quoc 4 ngay tudi v6i cac tridu chung suy
ho hap do bénh nao chuyen hoéa, nong do
amoniac mau ting cao bang giai trinh twy WES
[14]. Ciing bang cong nghé nay, nim 2018, cac
thanh vién trong nhém nghién ciru ctia Zhang

da phat hién dugc ba dot bién thay thé méi
(c.2537C>T, p.P846L va  ¢.3443T>A,
p-M1148K, ¢.1799G>A, p.C600Y) va 1 dot
bién mit doan da cong bd (c.4088 4099del, p.L
1363 _11366del) trén gen CPS! & hai tré so sinh
39 tudn tudi, ngudi Trung Qudc véi cac biéu
hién nhu hon mé, bénh nio va ting amoniac
mau [17].

Str dung hé théng HiSeq2000 (Illumina) dé
giai trinh ty ving mi héa & 2 bénh nhan méc
bénh thiéu hut CPS1 ngudi Trung Qudc, khai
phat so sinh, 3 dot bién méi bao gdm 1 dot bién
thay thé (c.1981G>T, p.G661C), 1 dot bién vo
nghia (c.2896G>T, p.E966*), 1 dot bién mat
doan nho (c.622-3C>G) va 1 dot bién thay thé
cli (c.1631C>T (p.T544M) dugc nhom nghién
ctru Yang va cong sy tim théy [18]. Trong s610
ddt bién duogc Zhou va cdng su (2020) phat hién
bang giai trinh ty WES & 9 bénh nhan nguoi
Trung Qudc mic bénh UCD, khoi phat so sinh,
¢6 4 dot bién trén gen CPSI bao gdbm 2 dot bién
moéi (c.2938G>A, p.G980S va c.3734T>A,
p.L1245H) va 2 dot bién dd duoc cong bd
(c.2162G>A (p-R721Q), c.3784C>T,
p.-R1262X) [15]. Nhom nghién ctu cua Fan
(2020) da sang loc dugc 9 dot bién trén gen
CPS! & 5 bénh nhan mic bénh thiéu hut CPS1
bao gdm c.478G>A (p.A160T), ¢.3949C>T
(p-R1317W), c.3945G>A (p-W1315X,
¢.1958T>G (p.V653G) c.1271A>T (p.E379V),
¢.3928C>T (p.P1265YS), c.1760G>A
(p-R587H), c.1145C>T (p-P382L),
c.2865 ¢.2869delAAACT (p.T955Tfs*) [19].
Moi day, nghién ciru ctia Liu va cdng sy (2021)
cling dd phat hién dugc 1 dot bién mai trén gen
CPSI: ¢.2429A>C (p.Q810P), 3 dot bién cii
¢.2876A>G (p. Y959C), 2339G>A (p.R780H),
¢.3520C>T (p.R1174X) & 2 bé trai 4 va 2 ngay
tudi [20].

3.2. NGS phit hi¢n djt bién trén OTC

Ornithine transcarbamylase (OTC) la
enzyme xic tac cho phan tung tong hop
citrulline tir carbamoylphosphate va ornithine.
Gen OTC nam trén canh ngén cua nhiém sic thé

5
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X, vi vdy bénh thiéu hut OTC 1a bénh di truyén
lan, lién két nhidm sic thé gisi tinh X. Cac dot
bién trén gen OTC la nguyén nhan giy bénh
thiéu hut OTC, mdt trong cac bénh UCD phd
bién nhit voi ty 1& udce tinh khoang 1/77.000 -
1/62.000 [21]. Dén nay, co s& dit licu Clinvar
dd cap nhat 642 dot bién giy bénh trén gen
OTC. Phan 1én cac dot bién dugc tim thiy &
bénh nhan mic bénh thiéu hut OTC 14 dot bién
diém. Trong do6, dot bién sai nghia chiém ty 18
16n nhit (84%), sau d6 dén dot bién vo nghia,
mat hodc xen doan nho.

Nam 2016, nhém nghién ctru cua Qin da s
dung NGS dé sang loc dot bién trén gen OTC &
175 gia dinh. Két qua da phat hién duoc 1 dot
bién thé kham c.386 +1G>T & bénh nhan nam
19 tudi va 1 dot bién thé thay thé, dang di hop
tir ¢.1046T>C (p.L349P) & bé gai 7 tudi trén gen
OTC [22]. 1 d6t bién xen doan nhé tai vi tri moi
nbi, thé dong hop tir ¢.298+5G>C trén gen OTC
cling dugc xac dinh la nguyén nhan giy bénh
thiéu hut OTC & 1 bénh nhan trong nghién ctru
cua Park va cong su (2016) [23]. Phuong phép
giai trinh ty gen thé hé moéi ciing dugc ap dung
thanh cong dé phat hién dot bién gay bénh trén
3 bé gai nguoi Thai Lan ¢ biéu hién khong
kiém soat dugc hanh vi, suy gan cép tinh, bénh
nio [20]. Hai dot bién thé méi, thé di hop tir trén
gen OTC bao gdm 1 d6t bién dich khung doc
(c.209 210delAA, p. K70Rfs*17) va 1 dot bién
thay thé (c.850T>A, p.Y284N) & bénh nhan 1
va 3. Mot dot bién di hop tir da duge cong bd
482A>G (p.N161S) dugc ghi nhan ¢ bénh nhan
2 [24]. Cac két qua 1am sang, sinh hoa va sang
loc di truyén 1a co s& dé x4c nhan 3 bénh nhan
méc bénh thiéu hut OTC [24]. Trong s6 10 dot
bién dugc tim thdy trén gen OTC va CPSI1 ¢ 9
bénh nhan Trung Qudc chin doan UCD khéi
phat so sinh bang giai trinh ty toan bd ving
exon ¢o 1 dot bién méi (c.176T>C, p.L59P), va
6 dot bién da duoc ghi nhan (c.119G>A,
p-R40H; ¢.540G>C, p.Q180H; ¢.803T>C,
p-M268T; ¢.626C>T, p.A209V; c.626C>T,
p-A209V) trén gen OTC [15]. Nghién ctru cta
Olga va cong su (2021) st dung phuong phap
WES da phat hién dugc 1 dot bién dich khung
moi, ¢.78-1G>A, trén exon 2, gen OTC lam mét

Ibp va dich chuyén khung doc c.78delG
(p.C27Vfs*11) & bé gai, 4 tu01 voi cac tri€u
ching nhu, tir chéi an thit, réi loan than kinh,
cham noi, nf‘)ng d6 ala-ninefminotransferase
(ALT), aspartate aminotransferase (AST) tang
gap 10 lan. Dot bién nay ciing duoc tim thiy &
trang thai di hop tir trén bd bénh nhan, nhung
khong biéu hién tridu ching [21].

3.3. NGS phat hién dpt bién trén gen NAGS1

N-acetylglutamate synthase (NAGS) xuc tac
cho phan tmg két hop glutamate va acetylCoA
tao N-acetylglutamate (NAG). NAG la chat hoat
hoa allosteric ctia CPS1. Gen ma hoa cho NAGS,
nam trén canh dai ctia nhiém sic thé 17 tai vi tri
17q21.31. Cac dot bién trén gen NAGS dan dén
su thiéu hut NAG va sai hong CPS1. Day chinh
1a nguyén nhan 1am cho phan tng chuyén dbi
amoniac thanh carbamoylphosphate khong thuc
hién duoc do Véng mat cua NAG, giy bénh thiéu
hut NAGS. Thiéu NAGS 1a r6i loan di truyén lin
trén nhiém séc thé thuong siéu hiém véi ty 16 méic
khoang 1/7.000.000- 1/3.500.000 [25]. Nam
1981, bénh nay 1an dau tién duoc mo ta & mot
tré so sinh tdng amoniac mau nhung khong phat
hién duoc hoat tinh NAGS ¢ md gan [25]. Nam
2002, nho vao viéc xac dinh gen NAGS, cac dot
bién trén gen nay da dugc phat hién. Nam 2016,
s6 liéu ghi nhan 59 bénh nhan mic bénh thiéu
hut NAGS, ¢ 45 gia dinh, da duoc xac nhan &
mirc d6 di truyén phan tir [25]. Nam 2020, tir 48
bai bao dwoc cong bd, Kennenson va Singh
(2020) da thong ké dugc 98 truong hop mic
bénh & 79 gia dinh [26]. bén nay, 83 dot bién
gdy bénh trén gen NAGS!I duogc co so dit licu
ClinVar ghi nhan. Phuong phép giai trinh tu gen
thé hé méi chua dugc sir dung phd bién dé phat
hién do6t bién trén gen nay.

3.4. NGS phat hién dot bién trén gen ASS1

Argininosuccinate synthetase (ASS1) xuc
tac cho phan tmg két hop giira citrulline va
aspartate tao ra argininosuccinate trong té bao
chat cta cac té bao gan. Gen ASSI ndm trén canh
dai ciia nhidm sic thé s6 9 tai vi tri 9934.1, c6
kich thudc 63 kb, 16 exon, trong d6 qua trinh
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dich ma bét dau tr exon 3, ma héa cho chudi
popypeptide gdbm 412 amino acid [27]. Co s& di
liéu Clinvar da cap nhat 255 dot bién trén gen
ASS1 gay bénh Citrullinemia typ 1. Bing cong
nghé¢ WES, nhém nghién ciru cua Constantinos
Pangalos (2016) da thyc hién phén tich trén 758
gen lién quan dén céac ri loan di truyén o 14
phéi c6 cac biéu hién bat thuong qua kham siéu
am truge sinh. Két qua da phat hién duoc dot
bién & 6 phoi, trong d6, 3 truong hgp mang cac
dot bién lién quan dén hoi chimg Ellis-van
Creveld, hoi ching Ehlers-Danlos va bénh co
Nemaline 2 bi dinh chi thai ky, 3 trrong hop con
lai mang cac dot bién lién quan dén bénh
Citrullinemia, hdi ching Noonan, hdi ching
Kallmann lién quan dén PROKR?. Hai bién thé,
ddng hop tir ¢.725C>T, p.T2421; c.971G>T,
p-G324V trén gen ASSI da duoc xac dinh, co
thé 1a nguyén nhén cua cac diu hiéu bit thuong
ndo khi chup cong hudng va 1a co s¢ dé chan
doan bénh Citrullinemia & thai nhi, 23 tuan tudi
[28]. Tién hanh sang loc bang WES trong 1 gia
dinh ngudi Trung Qudc, ¢6 1 thanh vién duoc
chin doan méc bénh Citrullinemia typ 1, Lin va
cong su (2019) da xac dinh dugc 1 dot blen tai
vi tri mbi noi, thé dong hop tt, c.773+4A>C va
duogc di truyen tu bo va me [27]. Két qua nay la
co s¢ dé hiéu rd mbi twong quan giita kiéu gen
va kiéu hinh ctia bénh Citrullinemia typ 1 trong
cong ddng ngudi Trung Qudc [23].

3.5. NGS phat hién dot bién trén gen
SLC25A413

Gen SLC25413 ma hoéa cho protein citrin,
hoat dong nhu 1 protein van chuyén aspartate —
glutamate xuyén mang ty thé. Gen SLC25413,
nam trén canh dai cua nhidm sic thé s6 7 tai vi
tri 7q21.3 gdbm 18 exon va 17 intron [29]. Co s&
dir lidu Clinvar di cap nhat 233 dot bién gay
bénh trén gen SLC25413. Cac dot bién trén gen
nay lam mat hoat dong cua citrin, do do, qua
trinh van chuyén aspartate tur ty thé sang té bao
khong thuc hién duge. Piéu nay lam aspartate
khong c6 mat dé tham gia vao phan trng chuyén
dbi citrulline thanh argininosuccinate voi sy xtic

tadc cla argininosuccinate synthetase. Pay la
nguyén nhan gy bénh thiéu hut citrin hay con
goi la Citrullinemia typ 2.

Trong nhitng nim gan day, cong nghé giai
trinh tu thé hé méi duoc st dung rong rai trong
viéc phat hién dot bién trén gen SLC25A413.
Nam 2014, Liu va cong sy da giai trinh ty 5,63
kb cac viing ma hoa va ving khong ma hoa tiép
gidp cia gen SLC25413 bang hé théng
HiSeq2000 (Illumina) va phat hién dugc 1 dot
bién da cong bd c.1177+1G>A va 1 dot bién
méi ¢.754G>A (p.E252K) ¢ 1 bé gai Trung
Quéc, 5 thang tudi da duoc chin doan mic thiéu
hut citrin thong qua phan tich 1am sang va hda
sinh [29]. Bing phuong phéap giai trinh tu gen
dich, nhém nghién ctru cua Togawa (2016) da
sang loc 109 tré so sinh c6 me méc bénh & mat
thai ky va xac dinh dugc 5 bénh nhan mang cac
d6t bién di hop tir trén gen SLC25413 [30]. Tir
269 mau mau c6 két qua dwong tinh véi cac xét
nghiém sang loc so sinh ctia 120.700 tré so sinh,
nhom nghién ctru Han Qudc da sang loc trén 97
gen dé phat hién cac bénh chuyén hoa di truyén.
Trong sb 45 dot bién duogc cong bd, dot bién
c.851delGTAT (p.M285Pfs*2) trén gen
SLC25A413, dang di hop tir duwoc phat hién la
nguyén nhan gay bénh Citrullinemia typ 2 ¢ 2
bénh nhan [23]. Berna Seker-Yilmaz va cong su
(2017) da sir dung cong nghé giai trinh ty gen
thé hé méi ctia Illumina dé phat hién 1 dot bién
thay thé, dang ddng hop tir (c.1354G>A,
p-V452I) trén gen SLC25413 & bé trai Thé Nhi
Ky, 3 thang tudi, dugc chin doan thiéu hut citrin
[31]. Phuong phép giai trinh ty ving ma hoa
dugc so dung dé phat hién dot bién
c.1610_1612delinsAT, ¢ bé trai 13 tudi, trong 1
gia dinh An P9 ¢6 hon nhan cén huyét, véi cac
triéu chirng mé sang tai phat, rdi loan gidc ngu,
tang amoniac mau [32]. Xu J va cdng su (2018)
d3 st dung cong nghé NGS dé giai trinh ty gen
SLC25A413 va sang loc dugc 8 dot bién trong d6
¢6 2 dot bién méi (c.1357A>G & ¢.1663dup23)
& 5 bénh nhan ngudi Trung Qudc. Nhom tac gia
cling da xac nhan dot bién c.851del4 va c.1638-
1660dup 1a cac dot bién phd bién trén gen nay
[33].
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Chuong trinh sang loc so sinh & Trung Qudc
da thuce hién phan tich 573 gen lién quan dén cac
rbi loan di truyén nguy hiém bang WES trén 1127
tré so sinh. SO liéu phén tich ghi nhan SLC25413
14 1 trong 5 gen c6 tan suat mang dot bién cao nhat
[34]. Ciing bang cong nghé ndy, chuong trinh
sang loc so sinh bd sung trong cong ddng dan cu
khu vie Tay Bic, Trung Quéc, giai doan tir 2014-
2019, da tién hanh sang loc trén 14615 tré so sinh,
phat hién dugc 61 bénh nhan méc bénh rdi loan
chuyén héa bam sinh. Trong s6 cac dot bién dugc
cong bd, o 1 dot bién mét doan, dang di hop tu
trén gen SLC25413 (c.852_855del), 1 dot bién vo
nghia trén gen OTC (c.958C>T, p.R320X), 1 dot
bién thay thé va 1 dot bién vo nghia trén gen ASL
(c.206A>G, p.KO9R; ¢.637C>T, p.R213X) [35].
Nghién ctru cta Liu va cong sy (2021) khi sang
loc dot bién & 5 bénh nhan UCD ciing da phat hién
dugc 2 dot bién, di hop tr trén gen SLC25A413 bao
gdm ¢.852 855delTATG, ¢.1021+1G>A trong
do6 dot bién ¢.1021+1G>A 1a phat hién mai [20].

3.6. NGS phat hi¢gn djt bién trén gen ASL

Gen ASL mé hoa cho argininosuccinate
lyase, xuc tac cho phan tng chuyén hoa
argininosuccinate thanh arginine va fumarate.
Céc dot bién trén gen nay 1a nguyén nhén giy ra
bénh thiéu hut ASL hay con goi
argininosuccinic niéu. Day 1a loai bénh phd bién
thir hai trong nhém céc bénh UCD vdi ty 16 méc
wéc tinh khoang 1/70.000 [36]. Pén nay
(3/2021), co so dit ligu Clinvar da cap nhat 209
dot bién trén gen ASL.

Niam 2016, Wei Wen va cong su di két hop
phuong phap giai trinh ty gen thé hé méi va
phuong phép bay exon (exon trapplng) dé sang
loc va phat hién dugc 1 dot bién méi c.434A>G
(p.D145G) va 1 dot bién di dugc cong bd
¢.1366C>T (p.R456W) trén gen ASL & 1 bénh
nhan Trung Qudc, mic bénh argininosuccinic
niéu [36]. Dic biét, bang cong nghé giai trinh tyr
toan by vung ma hoa, nhom nghién ctu cua
Ganetzky (2017) da sang loc dugc 2 dot bién da
duge cong bd ¢.765dupG; p.M256Dfs*79 va
¢.1135C>T; p.R379C trén gen ASL & 1 bé trai
26 thang tudi & New Jersey c6 két qua sang loc

so sinh binh thuong [37]. 1 dot bién thay thé
méi ¢.206A>G, p.K69R va 1 dot bién mét bo ba
két thiic da cong b6 (c.637C>T, p.R213%) & bé
trai, 23 thang tudi, ngudi Trung Quéc da duge
Zhao va cong sy (2019) phat hién bing cong
nghé WES [38]. Nam 2020, Osawa va c0ng su
d3 bao céo 2 dot bién thé di hop tor c.91G>A
(p.D3IN) va ¢.1251-1G>C & bé trai 14 tudi,
mic bénh argininosuccinic niéu khéi phat mudn
[39]. Bing phuong phap nay, 10 bién thé trén 4
gen ASL, CPS1, OTCva SLC25A413 da duogc Liu
va cong su (2021) phat hién ¢ 5 gia dinh trong
d6 c6 2 dot bién trén gen ASL bao gbém
¢.311C>T (p. R111W) va ¢.630_646del [20].

3.7. NGS pht hi¢n djt bién trén gen ARGI

Arginase 1 (ARG1) xtc tdc cho phan tng
thay phan arginine thanh
ornithine va uré, 1a phan ung cudi cing trong
chu trinh chuyén hoa uré. Cac dot bién trén gen
ARGT lam sai hong hoat dong cia ARG1 va la
nguyén nhan cua bénh thiéu hut Arginase 1, loai
bénh it phd bién nhét trong cac bénh UCD. Co
s& dit lidu Clinvar da cap nhat 101 dot bién trén
gen ARGI. Su dung cong ngh¢ giai trinh tu gen
thé hé méi, Yucel va cong sy vao nam 2018 da
sang loc duge 1 dot bién dich khung doc, thé
dong hop tr
¢.703_707delGGACTinsAGACTGGACC
(p.G235Rfs*20) ¢ bénh nhan méc bénh thiéu
hut arginase 1 véi cac biéu hién dong kinh co
giat khong tai phat va suy gan [40]. Nhom
nghién ctru cia Elsayed, L. E. O. (2020) da tién
hanh phan tich ving ma hoa ctia 5 bénh nhan, &
mot gia dinh nguoi Sudan cé mdi quan h¢ can
huyét véi cac biéu hién dién hinh nhu liét tir chi,
cham phat trién vé tri tué. Két qua da sang loc
dugc 1 dot bién thay thé, dang dong hop tir méi
c.458T>A, p.VIS53E trén gen ARGI [41].

3.8. NGS phat hién dot bién trén gen
SLC25A415

Qua trinh véan chuyén ornithine tir té bao
chat dén chat nén ty thé va van chuyén citrulline
tur ty thé vao té bao chat dugc thyc hién nho
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protein van chuyén ORNTI. Gen mé héa cho
protein ORNT1, SLC25415, nam trén canh dai
ctia nhidm séc thé 13 tai vi tri 13ql4, gf‘)m 7
exon, ma hoa cho chudi polypeptide dai 301
amino acid [42]. Cac dot bién trén gen
SLC25A15 gay ra bénh thiéu hut ornithine
translocase hay con goi la hdi ching HHH
(Hyperornithinemia-hyperammonemia-
homocitrullinuria), chiém ty 1& khoang 1,0 -
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Béng 2. M6t s6 dot bién trén cac gen lién quan dén bénh UCD dugc phat hién bang NGS.

Gen Dot bién TLTK Gen Dot bién TLTK
CPS1 ¢.580C>T, p.Q194* [14] orC ¢.298+5G>C [23]
c.1547delG, p.G516Afs*5 [14] ¢.209 210delAA, [24]
p.K70Rfs*17
¢.2537C>T, p.P846L [17] ¢.850T>A, p.Y284N [24]
¢.3443T>A, p.M1148K [17] 482A>G, p.N161S [24]
¢.1799G>A, p.C600Y [17] c.176T>C, p.L59P [15]
c.4088 4099del, p.L [17] ¢.119G>A, p.R40H [15]
1363 11366del
c.1981G>T, p.G661C [18] ¢.540G>C, p.Q180H [15]
¢.2896G>T, p.E966* [18] ¢.803T>C, p.M268T [15]
€.622-3C>G [18] ¢.626C>T, p.A209V [15]
c.1631C>T, p.T544M [18] ¢.626C>T, p.A209V [15]
¢.2938G>A, p.G980S [15] c.78-1G>A, ¢.78delG, [21]
p.C27Vfs*11
¢.3734T>A, p.L1245H [15] ¢.958C>T, p.R320X [35]
¢.2162G>A, p.R721Q [15] | SLC25413 c.1177+1G>A [29]
¢.3784C>T, p.R1262X [15] ¢.754G>A, p.E252K [29]
c.478G>A, p.A160T [19] ¢.851delGTAT, [23]
p.M285Pfs*2
¢.3949C>T, p.R1317W [19] ¢.1354G>A, p.V4521 [31]
¢.3945G>A, p.W1315X [19] ¢.1610 1612delinsAT [32]
¢.1958T>G, p.V653G [19] ¢.1357A>G [33]
¢.1271A>T, p.E379V [19] ¢.1663dup23 [33]
¢.3928C>T, p.P1265S [19] .852 855del [35]
¢.1760G>A, p.R587H [19] ¢.852 855delTATG [20]
¢.1145C>T, p.P382L [19] c.1021+1G>A [20]
¢.2865 ¢.2869delAAACT, [19] ASL ¢.434A>G, p.D145G [36]
p.T955Tfs
¢.2429A>C, p.Q810P [20] ¢.1366C>T, p.R456W [36]
¢.2876A>G, p. Y959C [20] ¢.765dupG; [37]
p.M256Dfs*79
2339G>A, p.R780H [20] ¢.1135C>T; p.R379C [37]
¢.3520C>T, p.R1174X [20] ¢.206A>G, p.K69R [38]
ASS1 ¢.725C>T, p.T2421 (28] ¢.637C>T, p.R213+ [38]
c.971G>T, p.G324V [28] c.91G>A, p.D3IN [39]
¢.773+4A>C [27] ¢.1251-1G>C [39]
ARGI ¢.703_707delGGACTinsAGACTG | [40] ¢.311C>T, p. R111W [20]
GACC, p.G235Rfs*20
c.458T>A, p.V153E [41] .630 646del [20]
SLC25415 ¢.446delG: p.S149Tfs*45 [44] ¢.206A>G, p.K69R [35]
orC ¢.386 +1G>T [22] ¢.637C>T, p.R213X [35]
¢.1046T>C, p.L349P [22]

3,8% cac bénh UCD [43]. T bao cao lam sang
dau tién dugc thyc hién vao cudi nhitng nam
1960 [11], dén nay co so dit liéu ClinVar da cap
nhat 148 dot bién gdy bénh trén gen SLC25415.

Mot sb nghién ctru da chi ra réng dot bién
p-F188del phd bién trong cong dong nguoi
Canada goc Phap tai Quebec, trong khi dot bién
v6 nghia p.R179X lai phd bién trong cong dong
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nguoi Nhat Ban [11]. Nam 2020, cong nghé
WES duoc sir dung dé sang loc trén cac gen lién
quan dén céc rdi loan than kinh trong 83 gia dinh
ngudi Plestinin va A rap gbc Isreal nghi ngo roi
loan than kinh di truyén. Két qua da xac dinh
duoc 1 @6t bién dich khung, dang déng hop tu
(c.446delG: p.S149Tfs*45) ¢ hai chi em vdi cac
tridu chirg nhu viém da ddy than kinh, liét cimg
co, mat diéu hoa tiéu ndo nhe [44].

Mot sb dot bién trén gen lién quan dén bénh
r6i loan chu trinh chuyén hoa uré biang phuong
phép giai trinh tw gen thé hé méi duoc tong hop
tai Bang 2.

4. Két luan

V6i nhitng wu diém vuot trdi so voi phuong
phap gidi trinh tu Sanger, phuong phap giai trinh
tr gen thé hé méi da thu duoc nhidu thanh tyu
dang ké, tir d6 khang dinh duoc vai tro trong
nghién ctru di truyén bénh ri loan chu trinh
chuyén hoa uré ndi riéng va bénh di truyén noéi
chung. Ngoai ra, sy két hop cua phuong phap
giai trinh ty gen thé hé mai voi phuong phap giai
trinh ty Sanger s& xay dung nhiéu quy trinh xét
nghiém gen hi€u qua, nhanh va chinh xac.

Loi cam on

Cong trinh nay duoc thyc hién béng surhd tro
kinh phi cia dé tai “Nghién ctru bién dbi gen ¢
céc bénh nhan méac mot sb hoi chung/bénh hiém
gip ¢ Viét Nam bang cong nghé gii trinh tw gen
thé hé méi”, thugc Chuong trinh phat trién khoa
hoc co ban trong linh vyc Hoa hoc, Khoa hoc sy
song, Khoa hoc trai dit va Khoa hoc bién giai
doan 2017-2025, Vién Han lam Khoa hoc va
Cong ngh¢ Viét Nam.
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