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K thuat Multiplex-PCR khiuéch dai trinh t Lip li ngan (STR) trong phén tich
di truyén lién ket gen GAA tmg dung trong chan doan bénh Pompe

Nguyén Vin Phong!, Triéu Tién Sang"’, Tran Van Khoa', Nguyén Thi Viét Ha', Nguyén Ha Hwong Ly', Lé Vian Hai?

!B$ mén Sinh hoc - Di truyén y hoc, Hoc vién Qudn y, 160 Phiing Hung, phworng Ha Péng, Ha Noi, Viét Nam
2B6 mén Y co sé - Phdn hiéu Trwong Pai hoc Y Ha Ngi tai Thanh Héa, 722 Quang Trung, phwong Hac Thanh, tinh Thanh Héa, Viét Nam

Ngay nhén bai 1/7/2025; ngay chuyén phan bién 5/7/2025; ngay nhin phan bién 19/7/2025; ngay chdp nhan diang 25/7/2025

Tém tat:

Muc tiéu: Hoan thién ky thuat Multiplex-PCR khuéch dai dong thdi cac chi thi trinh tw 1ap lai ngan (STR) gan
gen GAA, phuc vu phan tich di truyén lién két chan doan bénh Pompe. Ddi twong va phwong phap: Nghién
ctru thwe hién trén mot gia dinh gom b, me va ba ngwi con, trong dé mot ngwdi con mac bénh Pompe, mang
bién thé dong hop tir cia gen GAA: ¢.1933G>C (p.Asp645His). Phan @rng Multiplex-PCR dworc tdi wu khuéch
dai dong thoi cac STR gan GAA, dién di mao quan phén tich ki€u gen STR va so sanh ddi chiéu véi két qua
giai trinh ty Sanger. Két qua: P hoan thién thanh cong ky thuiat Multiplex-PCR khuéch dai 6 STR: D175802,
D17S1806, D17S784, D175928, D17S78.0 va D17S78.57. Két qua dién di mao quan cho thiy, cac STR dwoc
Khuéch dai dic hiéu, tin hiéu ré rang. Phan tich kiéu gen STR phu hop véi két qua giai trinh tw Sanger. Két
luin: Pa hoan thién ky thuit Multiplex-PCR Khuéch dai STR lién két gen GAA phuc vu phin tich di truyén lién
két. Ky thuat c6 tiém ning @ng dung trong chan doan di truyén tién lam té6 bénh Pompe.

Tir khéa: bénh Pompe, gen GAA, Multiplex-PCR, trinh tw 13p lai ngan.
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Abstract:

Objective: To establish and refine a Multiplex-PCR protocol for the simultaneous amplification of short
tandem repeat (STR) markers closely linked to the GAA gene, enabling linkage-based genetic diagnosis of
Pompe disease. Subjects and methods: The study was conducted on a nuclear family comprising a father,
mother, and three children, one of whom had Pompe disease and carried the homozygous GAA gene variant
¢.1933G>C (p.Asp645His). A Multiplex-PCR assay was optimised to simultaneously amplify multiple STR
markers flanking the GAA locus. STR genotyping was performed by capillary electrophoresis and compared
with Sanger sequencing results. Results: The optimised Multiplex-PCR assay successfully amplified six STR
markers: D175802, D17S1806, D17S784, D175S928, D17S78.0, and D17S78.57. Capillary electrophoresis
revealed specific amplification of the STR markers with clear signal profiles. The STR genotyping results
were fully concordant with the Sanger sequencing results. Conclusion: A Multiplex-PCR method for the
amplification of STR markers linked to the GAA gene was successfully established for linkage analysis. This
technique has potential applications in preimplantation genetic diagnosis of Pompe disease.
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1. Ddt van de

Bénh Pompe (OMIM #232300) 14 bénh rdi loan dw
trir glycogen, di truyén l13n trén nhiém sic thé thuong.
Bénh gy ra do bit thuwong gen GAA lam thiéu hut
enzyme alpha-glucosidase din dén tich tu glycogen
trong lysosome té bao, gy tén thwong co tim, co xwong
va nhiéu co quan khéc. Biéu hién 1am sang dién hinh la
suy tim phi dai, gidm trwong luc co, suy ho hip (thé khai
phéat sém - IOPD), yéu co tién trién & thé mudn (LOPD)
[1, 2]. Hién nay, liéu phap thay thé enzyme (ERT) da giup
cai thién tién lwgng bénh, song chi phi diéu tri rit cao
van 1a ganh ning lén d6i véi gia dinh ngwoi bénh va hé
théng y té. Vi vdy, chién lwoc dw phong bénh théng qua
phéat hién sém nguwdi mang gen bénh, chidn doan trudéc
sinh va chdn doan di truyén tién lam t8 (PGD) trong cac
gia dinh c6 nguy co tré nén ngay cang can thiét.

Gen GAA ndm trén nhanh dai nhiém sic thé 17
(17g25.3), cac bién thé gy gidm hodc mit chirc ning cla
enzyme alpha-glucosidase rat da dang bao gobm cac bién
thé sai nghia, vo nghia, bién thé mit doan, chén doan,
bién thé ldp doan, bién thé cit nédi... din dén phd kiéu
hinh bénh rong tir IOPD dén LOPD. Bao quanh ving gen
GAA ton tai nhiéu da hinh di truyén nhw da hinh don
nucleotide (SNP) va cac STR. Cac SNP c6 mat do phan
b6 cao trén bd gen nhwng thwong chi cé hai alen, mirc da
hinh thip va tin suit di hop tir han ché. Nguoc lai, mot
s6 STR lai ¢6 s6 lwgng alen phong phu va do di hop tir
cao, nh¢ d6 mang tinh “ca thé héa” vwot troi khi st dung
lam diu 4n di truyén trong phan tich lién két.

Cac phwong phap hién nay dung dé€ phan tich bién
thé va da hinh lién quan dén GAA bao gom: Giai trinh tw
Sanger dé phat hién truc tiép cac bién thé diém, MLPA
hoic qPCR d€ phat hién mat/lap doan, giai trinh tw gen
thé& hé mai (NGS) dé khao sat toan bo gen cling cac SNP
lién két, va Multiplex-PCR khuéch dai STR dé phan tich
di truyén lién két. Mac du giai trinh tw truc tiép (Sanger
hodc NGS) déng vai tro trung tdm trong xac dinh bién
thé giy bénh, cac kj thuat ndy van c6 han ché khi ap
dung cho PGD bd&i lwong vat chit di truyén it va nguy
co mat alen (ADO). Phan tich SNP c6 thé ho tro thiét 1ap
haplotype, nhung do mirc da hinh thip nén SNP don 1é
thwong khong da thong tin, viéc xay dwng haplotype
SNP yéu cau phéan tich rat nhiéu vi tri va doi héi thuit
toan phtrc tap hon.
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K§ thuat phan tich di truyén lién két dwa trén céc chi
thi STR 12 phwong phap chin doan gian tiép c6 gia tri cao
nho kha ning phan biét nhiéu alen, dé thiét k& Multiplex,
chi phi thip va mrc do tin ciy cao. Phwong phap nay dwa
trén nguyén ly cac alen STR nam gan gen muc tiéu c6 xu
hwéng di truyén cung nhau trong pha hé, tir d6 cho phép
xac dinh gidn ti€p bién thé gen bénh qua kiéu gen STR
cla cic thanh vién gia dinh. Ky thuit nay con gitp kiém
soat mat alen, khuéch dai wu tién va ngoai nhiém, diéu
ma chin doan truc tiép dé bd sét va giy chan doan sai
trong PGD [3].

Hién tai, chwa c6 bo chi thi STR thwong mai nao dwec
thiét ké chuyén biét cho bénh Pompe, trong khi cac
bénh don gen phd bién khac nhuw beta-thalassemia hay
hemophilia A da c6 nhitng b kit STR phan tich lién két
dwoc thwong mai héa. Do dé, nghién ctru nay dwoc thuc
hién nhdm hoan thién kj thuat Multiplex-PCR khuéch
dai ddng thoi 6 STR ndam gan gen GAA trén ddi twong cac
thanh vién ciia mot gia dinh c6 con méc bénh Pompe, tir
d6 xay dwng tién dé cho phan tich di truyén lién két trong
PGD bénh Pompe.

2. D6i tuong va phuong phap nghién ciiu
2.1. Béi twong

boi twong nghién ctru 1a 5 thanh vién trong mot gia
dinh gdbm b6, me va ba ngui con, trong d6 c6 mot nguoi
con trai mic bénh Pompe da dwoc xac dinh mang kiéu
gen dong hop bién thé GAA: c.1933G>C (p.Asp645His)
bang NGS.

Nghién ciu di dwoc HOi dong dao ddic cua
Hoc vién Quin y théng qua véi ma s6 hoi dong:
1068/2019/VMMU-IRB. Cac thanh vién/cha me va
nguwdi gidm ho da dong y tham gia nghién ciru, dir liéu da
dwoc ma héa bao mat.

2.2. Phwong phdp nghién ctru

Phdn trng Multiplex-PCR khuéch dai cdc STR lién két
vdi gen GAA: Dua trén khodng cach dé tién hanh lwa chon
6 STR lién két gen GAA. Cac cip moi dic hiéu dwoc tham
khdao trong co sé& dit liéu UCSC Genome Browser hodc
nhém nghién ciru tw thiét ké biang phin mém Primer
BLAST (NCBI) (bang 1).

Phan &rng gradient - PCR dwoc thuc hién dé xac dinh
nhiét do gan moi t6i wu cho tirng STR. Dua trén kich
thwéc dé€ ghép cap va toi wu hai bé phan &ng Multiplex-
PCR dé khuéch dai 3 STR trong mdi by phan ng.
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Bang 1. Trinh tw cac cap méi sir dung khuéch dai cac STR.

N Loai trinh Kich thwéc Khoang cach dén gen GAA =
STR Trinh tw tw lap (bp) (vi tri theo GRCh38/hg38)  \8uon
D175802 e 196 1,8 M UCSC Genome
(AFM210XA5) T (GT)n ~ (78.238.445- 78.238.716) Browser
DTS 5'-/FAM/-GATGTGCTTATTTGAAACCTGC-3’ . 0.6 cM O
(NI G =) I S——————— (CA)n ~ (79.449.450-79.449.737) Browser
e 5'-/FAM/-GAGTCTCCTAAATGCTGGGG-3’ e 03 cM T —
(AFM044XG3) e (TC)n(CA)m (79.828.322-79.828.625) Browser
s 5'-/FAM/-TGGGTGACAGAGCTGGAC-3’ o 0.02 M .
’ 5 AGCAGTTTTATGGGGAAAG-3’ (CA)n - (80.127.616-80.127.719) nhém nghién ctru
5'-/FAM/-TATCCAGAAGAGCTGCTCAGT-3’ 0148 oM T
D17578.57 (CTAT)n ~232 p N
5 AGGTTGAGGCTGCAGTGATC-3’ (80.598.784-80.598.998) nhém nghién ctru
DT 5'-/FAM/-TAAAACGGCTACAACACATACA-3’ e 22cM e —
(RPN ] IS —— (GT)n ~ (82.294.963-82.295.264) Browser

Phdn tich STR di truyén lién két gen GAA: San phim
phan &ng Multiplex-PCR dwoc dién di gel agarose 3%
kiém tra. Sau d6 tién hanh dién di mao quan trén may
SeqStudio (Thermo Fisher Scientific, My7). Phan tich kich
thwéc alen bing phan mém GeneMapper ID 6.0. Théng
ké kich thwéc san phdm khuéch dai (cac alen) trén cac
locus STR cuia cac ca nhan, tir dé so sanh va danh gia sy
di truyén lién két ctia cac STR véi bién thé gen giy bénh

(hinh 1).

Lua chon péc chi thi STR
va thiet ke cac cp moi
khuéch dai STR

!
Ghép cip va chudn hod
phan tmg Multiplex-PCR

!
bién di trén gel agarose 3%
kiém tra san pham

+
Tién hanh dién di mao quan So sanh két qua giai trinh tur
va phan tich ket qua gen Sanger

¥
K thudt phdn tich di truyén
lién két sit dung STR

Hinh 1. So’ d6 nghién ctru.
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Gidi trinh tw gen Sanger: Phan tng PCR khuéch
dai doan trinh tw dai 230 bp ch&a bién thé gen
GAA: c.1933G>C (p.Asp645His) str dung cap moi ¢6 trinh
tw sau: GAA-f: 5-TGAGGACCAGCCTGACTCT-3’; GAA-r:
5’-CTTGGGTGGGTGGGATCG-3". San phidm khuéch dai
dwoc gidi trinh tw bang bo kit BigDye® Terminator v3.1
Cycle Sequencing (Thermo Fisher Scientific, My) trén
may SeqStudio (Thermo Fisher Scientific, M§). Trinh tw
nucleotide clia mdi doan gen dwoc xac dinh bang phan
mém BioEdit Sequence Alignment Editor nham x4c dinh
bién thé gen GAA:c.1933G>C, so sanh kiém ching két

qua phan tich di truyén lién két.
3. Két qua
3.1. Két quad chudn héa phan iwng Multiplex-PCR

Dwa vao két qua chay Gradient-PCR, nghién citu lwa
chon dwoc dai nhiét do khuéch dai phu hop cho tirng STR
la cac dai nhiét do ma tai d6 bang lén rd nét, ding kich
thwdc va khong c6 bang phu (hinh 2). Dwa trén dai nhiét
do6 gan moi va kich thudc cac doan moi da thiét ké, tién
hanh ghép cdp 3 bd STR véi nhau trong ciing mot phan
trng: set 1 gobm 3 STR: D17S802, D1751806 va D17S784;
set 2 gobm 3 STR: D175928, D17S78.0 va D17S78.57.
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=252bp

200bp 200bp
~122bp
(A) (B)
50.2 508 517 528 541 554 56.7 57.9 58.8 505 502 508 517 528 541 M 554 567 57.9 588 595
~232bp
200bp 200bp
~131bp
(C) (D)
502 50.8 51.7 52.8 541 554 567 57.9 58.8 59.5 il i RS e
500bp 500bp
«167bp =196bp

(E) (F)

Hinh 2. Két qua dién di san phdm phan (rng Gradient-PCR khuéch dai cac STR. (A) STR
D17578.0; (B) STR D175784; (C) STR D17S1806; (D) STR D17578.57; (E) STR D175928; (F)
STR D17S802. Nhiét dd g&n mdi clia tirng cap dwoc chu thich trén cac giéng nhw hinh; M: marker
50 bp.

Bang 2. Thanh phan phan (ng Multiplex-PCR.

Chuin ho4 phan &ng Multiplex-
PCR v6i thanh phan méi moi c6
nong d6 nhw nhau (10 pmol/ul).
D17S802 c6 nhiét do noéng chay
ciia mé6i thdp hon cic STR khéc,
dan dén dai nhiét t6i wu 45,3-
54,5°C. Do sw khac biét dang ké
vé Tm, nhém STR nay khong thé
ghép chung véi cac STR ¢6 Tm cao
(56-60°C). Vi vay, cac STR duwoc
nghién ctru chia thanh hai set dwa
trén sy twong dong vé nhiét do
gan moi va kich thwdc sdn pham.
Nhiét do 54,5°C dwoc chon cho set
1 vi day 1a mc nhiét cao nhit ma
D17S802 van khuéch dai dic hiéu
dong thoi ddm bao cho D1751806
va D17S5784. Ngworc lai, set 2 dwoc
téi wu & 59,5°C - mirc nhiét phu
hop cho ca D175928, D17S78.0 va
D17578.57 (bang 2).

Két qua dién di san pham cua
hai b6 phan &ng Multiplex-PCR
cho thiy cdc biang san phim ré
nét, phan tach tét, khuéch dai dic
hiéu ddang kich thudéc thiét ké va
khong xuit hién bang phu (hinh 3).

Chu trinh nhiét
Thanh phan Thé tich (ul) ey
MyTaq HS Mix 2X 12,5
Nuéc deion 4,5
Mbi mbi F 0,5
Mb&i mdi R 0,5
Template DNA 5,0 40 chu ky
. Ta= 54,5 do vai set 1
Tong 25,0 Ta=59,5 do voi set 2
Multi Multi
M - DI78802 D175784 DI7S1B06 gof | M - DI17578.57D175928 D17S78.0 ot 2
500bp
500bp
100bp
100bp

Hinh 3. Két qua dién di gel agarose kiém tra san pham phan (rng Multiplex-PCR.
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Hinh 4. Két qua dién di mao quan san pham phan (ng Multiplex-PCR trén cac mau b, me va con bi bénh. Cac alen danh diu mau xanh:

Alen lién két v&i bién thé gen gay bénh.

T4t ca cac phan rng Multiplex-PCR nay di dwoc l3p lai
ba lan déc lap, dam bao tinh nhit quan va do tin ciy
cua két qua.

3.2. Két qua phan tich di truyén lién két

Dwa vao két qud NGS da xac dinh nguwoi con bi bénh
mang kiéu gen dong hop tir bién thé gen GAA: ¢.1933G>C
(p.Asp645His) gdy bénh Pompe, tién hanh phéan tich di
liéu ki€u gen STR tai cac locus giita ngwdi con bi bénh
(11.3) va b6 me (1.1 va 1.2) d€ suy luin c4c alen lién két v&i
bién thé (hinh 4). Cac san phdm PCR ctia tirng locus dugc
phan tich bang dién di mao quan, v&i cic dinh tin hiéu
(peak) thé hién kich thwéc manh khuéch dai (bp) do
phdn mém nhin dién sau khi so sdnh v&i thang chuln.
Tailocus D17S802, ngwi con bi bénh mang hai alen 183
bp va 187 bp, nhw vy cac alen lién két bién thé gen giy
bénh 1a cac alen 187 bp dwoc di truyén tir b6 va alen 183
bp di truyén tir me. Quy trinh twong tw dwgc 4p dung
cho cac locus khac, xac dinh dwoc cac alen STR lién két
v&i bién thé GAA:c.1933G>C di truyén tir b6 va me lan
lwotla: 139 bp va 137 bp (D17S1806), 249 bp va 249 bp
(D175784), 120 bp va 120 bp (D17578.0), 235 bp va 235
bp (D17S78.57), 165 bp va 167 bp (D175928). Tt cac
locus nay, hai haplotype lién két véi bién thé gy bénh
dwoc xac dinh, twong rng di truyén tir b6 va me.
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2

qCen
DI78802 17| | [1s3ffff
D1751806 139 137
D178784 49 [ | |249fi[H2s.
DI7§78.0 120 120(4
D17§78.57 35( | |235/[E
D17§928 165 167} (167
qTel

n (] 0

2 i

qCen
D178802 18711183 187) 183
D1751806 1370l 137 1390 H137
D178784 2531l 249 R49 N H249
GiAd
D17§78.0 st 120 120 120
D17878.57 249HIH 235 RISP HAS
D178928 167HIH 167 1651 {167
qTel

Hinh 5. So d6 phan tich STR di truyén lién két gen GAA cua gia
dinh. Haplotype dwoc déng khung dé: Haplotype STR lién két v&i bién
thé gen GAA gay bénh.



Doi chiéu haplotype mang bién thé gen giy bénh da
xac dinh trén hai ngwoi con géi (111 va 11.2), c6 thé suy
luan hai d6i twong nay la nguwdi lanh mang bién thé gen
GAA: c.1933G>C (p.Asp645His) c6 ngudn goc di truyén
tr me (hinh 5).

€.1933G>C

CAG ACG TS G GCCCCOQG

MJMM/WW\

Mau bé (1.1)

c.1933G>C

CAG ACGTS G GCCCCOG C

ool ool

Mau con gai (11.1)

AG

Hinh 6. Két qua giai trinh tw gen Sanger trén cac mau cia gia dinh.

So sanh cac két qua phan tich di truyén lién két
vGi dir liéu gidi trinh ty Sanger xac dinh bién thé GAA:
¢.1933G>C (p.Asp645His) cho thdy hoan toan trung
khép & cac mau (hinh 6). Nhuw vy, ki thuat Multiplex-
PCR khuéch dai STR lién két v&i gen GAA da dwoc hoan
thién, ddm bao do chinh xac.

4. Ban luan

Ky thuit phan tich di truyén lién két dwoc xiy dung
dwa trén viéclwa chon 6 chi thi STR ndm gan gen GAA trén
nhanh dai nhiém sic thé s§ 17. Viéc lwa chon cac STR nay
dwa trén hién twong cac locus gin nhau trén cung mot
nhiém séc thé c6 xu hwéng dwgc di truyén cing nhau do
it kha ning xay ra trao d6i chéo trong ky dau giam phan
[. Khoang cach gitra cac STR va gen GAA trong nghién ctru
gidi han dwdi 2,2 Mbp vé hai phia nham gidm nguy co
tai t0 hop, ddm bao mirc do lién két cao gitra chi thi va
bién thé gen giy bénh, tlr 46 nang cao do chinh xac cua
phwong phap phén tich di truyén lién két.

Cac STR dwoc lwa chon ciAn dam bao c6 chi sd da hinh
va tan suit di hop t& cao, nham ting kha ning phan
biét giita cac ca thé va kha ning xac dinh nguén géc di
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c.1933G>C

ACGTSSG G CCCCOG

Mau con gai (11.2)
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truyén. Do chwa c6 dir liéu vé cac chi s di truyén ctia cac
STR trong quan thé ngudi Viét Nam, nhom nghién ciru
da tham khao cac nghién ctru khac trén thé gidi. Cong
trinh cua L.L. Marks va cs (2019) [4] khdo sat 15 STR trén
nhiém sic thé 17, trong d6 ba chi thi D175S802, D175784

€.1933G>C

CAG

ACGT S G G CCCCOG

Mau me (1.2)
c.1933G>C

CAGACGTGGGCCCCG

Ma&u con trai (11.3)

va D17S928 dwoc tac gia cho riang cé tiém nang (ng
dung trong phan tich lién két v&i gen GAA. Ngoai ba chi
thi néu trén, chi thi D175S1806 tirng dwoc cac nghién ctiru
st dung d€ hd trg phan tich haplotype cac gia dinh c6
nguwdi mic bénh Moyamoya nham xic dinh ving gen
lién quan dén bénh (mapping gene) [5, 6]. Do d6, nghién
ctu lwra chon D17S1806 bai chi thi nay c6 thé cé tinh da
hinh cao va hé tro trong xac dinh haplotype mang alen
bénh. Trong nghién cru dau tién tai Viét Nam vé PGD
bénh Pompe vao nam 2023, c6 ba STR di dwoc st dung
nhwng hiéu qua phan tich con gi¢i han bdi s6 lwong va
trang thai dong hop tir & mét locus [7]. Tir d6, nghién
ctru hién tai da nang s6 lwgng STR 1én 6 chi thi, ting
kha nang phan biét ca thé va cai thién do chinh xac cta
phuwong phap.

Cac STR dwoc thiét ké khuéch dai bang hai phan (rng
Multiplex-PCR, gitip don gidn hdéa quy trinh kj thuit,
gidm thoi gian thwe hién va han ché nguy co sai sét thao
tac hodc nhiém chéo so véi phwong phap PCR don moi.
Uu diém nay khéng chi gép phin tdi wu héa nguodn luc
va chi phi van hanh ma con lam tang kha nang &ng dung
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rong rai. Két qua chin doan tir mau nghién ctru phu
hop hoan toan véi két qua giai trinh tw Sanger, khang
dinh tinh chinh x4c va gi4 tri thuc tién ca bd phan tng
Multiplex-PCR dwoc xay dung. Ky thuat dwoc hoan thién
trong nghién cru nay gép phan dat nén tang cho viéc
phét trién cac cong cu phuc vu PGD bénh Pompe tai Viét
Nam.

Tuy nhién, do chwa cé dit liéu di truyén quan thé day
da vé cac STR tai Viét Nam nén hiéu qua phan biét ca
thé cia mdt s6 STR dwoc lwa chon trong quan thé nay cé
thé chwa t6i wu. Bén canh dé, nghién ctru chwa khao sat
cac mau tlr cic nhém dan tdc khac nhau, vi vay hiéu qua
phan tich trong cac quan thé khic van can dwoc kiém
chirng. Nhirng han ché nay sé la co sé quan trong cho cac
nghién ciru ti€p theo nham t6i wu hdéa va mé rong tng
dung ctia phwong phap trong chin doan di truyén lién
két bénh Pompe.

5. Két luan

Nghién ctru da hoan thién thanh céng hai quy trinh
Multiplex-PCR phuc vu phéan tich di truyén lién két gen
GAA, khuéch dai dong thoi 6 STR véi nhiét dd gdn moi
t8i wu lan Iwot 12 54,5 va 59,5°C, cho két qua én dinh va
chinh xac. Ky thuét c6 tiém nang &ng dung trong chan
doan di truyén tién 1am td bénh Pompe.
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