TAP CHI NGHIEN ClPU Y HOC

THIET KE VA TOI U HOA PHAN UPNG PCR KHUECH DAl
TOAN BO GEN CPT1A PHUC VU CHAN POAN THIEU HUT
CARNITINE PALMITOYLTRANSFERASE 1A TAI VIET NAM
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Thiéu hut Carnitine palmitoyltransferase 1A (CPT1A deficiency) Ia réi loan chuyén héa bédm sinh hiém gap, géy
suy gidm néng lwong do khiém khuyét van chuyén acid béo chubi dai vao ty thé. Tai Viét Nam, chua c6 nghién ciru
vé dic diém gen CPT1A. Nghién ctru nay thiét ké 19 cap mdi déc hiéu khuéch dai toan bé exon gen CPT1A va tbi
wu héa phan tmg PCR (nbng d6 méi 0,5uM, nhiét d6 gén mdi 55°C) béng gidi trinh tw Sanger. Két qué cho théy tét
c& 19 exon duoc khuéch dai thanh céng, két qué dién di sdn phdm PCR cho két qué sac nét, diing kich thuéc (228
-458bp). Két qua gidi trinh tu thé hé méi (NGS) ctia mét méu bénh phédm cho thay trinh tw gen thu duroc tring khép
hoan toan véi gen CPT1A (NC_000011.9). Nghién ctru dat nén tdng cho chan doan di truyén CPT1A deficiency
tai Viét Nam, hé tro sang loc sém va tw van di truyén, mé duong cho tng dung Iam sang va tich hop ki thuédt NGS.

Tir khéa: Thiéu hut CPT1A, gen CPT1A, PCR, chan doan di truyén, sang loc so sinh, NGS.

. DAT VAN BE

Réi loan chuyén héa acid béo (Fatty Acid
Oxidation Disorders - FAODs) la nhém bénh
di truyén bam sinh do khiém khuyét trong qua
trinh B-oxy hdéa acid béo tai ty thé hoac van
chuyén acid béo qua con dwdng carnitine,
dan dén suy gidm san xuét nang lwong. Theo
Marsden et al. (2021), ty 1é mac FAODs wéc tinh
khoang 1/5.000 - 1/10.000 tré so sinh.' Thiéu
hut enzyme carnitine palmitoyltransferase 1A
(CPT1A deficiency), mét dang FAOD, la rdi loan
di truyén I&n trén nhiém séc thé thuwong, gay
suy gidm chuyén hoéa acyl-CoA chudi dai thanh
acylcarnitine, dan dén réi loan oxy héa acid
béo.2 Gen CPT1A cé cAu trdc 19 exon, v&i cac
bién thé gay bénh phé bién nhw p.Gly710Glu &
quan thé Hutterite (ty I& mang 1/16) va quan thé
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Alaska (ty 1& mé&c 1/780), thwérng lién quan dén
vung exon 18-19.3,4 Viéc thiét ké mdi bao ph
toan bd exon sé& hd tro hiéu qua cho budc xac
dinh bién thé gay bénh.34

Biéu hién lam sang cla thiéu hut CPT1A
thwdng xuét hién khi co thé chiu stress chuyén
hoa (nhw doi hodc nhiém tring), véi cac triéu
chirng bao gdm ha dwdng huyét, co giat, hon
mé, gan to, va tding ammoniac mau. Néu khéng
dwoc chan doan va can thiép kip th&i, bénh co
thé gay t& vong, v&i ty 1& tlr vong trong cac dot
clp vuot 60% & tré em.® Chan doan thuong
dwa trén sang loc so sinh, xét nghiém sinh hoa,
va phan tich acylcarnitine mau, nhwng can ky
thuat sinh hoc phan tl nhw giai trinh tw Sanger
ho&c Next Generation Sequencing (NGS) dé
xac dinh chinh xac dot bién gen CPT1A va
phan biét v&i cac rdi loan khac nhw CPT2 hay
CACT.®

Tai Viét Nam, chan doan di truyén thiéu hut
CPT1A can céc cong cu co ban nhw hé théng
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méi PCR d&c hiéu. Cac nghién ctu québc té
da phat trién cap moi dic hiéu va téi wu hoa
PCR cho gen CPT1A, nhwng chwa c6 cdng b
nao tai Viét Nam thiét ké hé thdng méi bao phu
toan b exon gen nay dé phuc vu gidi trinh tw
Sanger. Do d6, nghién c(ru nay nham:

(1) Thiét ké cac cap méi d&c hiéu dé khuéch
dai toan b exon cla gen CPT1A;

(2) T6i wu hoéa diéu kién phan &ng PCR,
d&t nén tang cho giai trinh tw Sanger trong cac
nghién ctru tiép theo, gép phan xay dwng cong
cu chan doan di truyén va tw van di truyén tai
Viét Nam.

Il. DOI TVONG VA PHUONG PHAP
1. Béi twong

Mau DNA chirng khéng mang cac doét
bién trén gen CPT1A (xadc nhan bang
Sanger), dwoc cung cap bdi Cong ty Cd phan
Chemedic Viét Nam.
2. Phwong phap

Dja diém nghién ciru

Nghién ctu dwoc tién hanh tai Phong
Nghién ctru, Coéng ty Cé phan Chemedic Viét
Nam, Ha Noi.

Thoi gian nghién ctru

Tw thang 08/2024 - 05/2025.

Thiét ké nghién ctru

Nghién ctru mé td cat ngang, chon mau
thuan tién va nghién ctru thwc nghiém trong
phong thi nghiém.

Trang Thiét Bj va Héa Chat

Trang thiét bi: May ly tam (Thermofisher,
M), may lac vortex (Velp, Y), may quang phé
UV/Nis (Nabi, Han Quobc), may RT-PCR DT-
96 (DNA-Technology, Nga), hé thong dién di
nanoPAC-300 (Cleaver Scientific, Anh).

Héa chéat: MasterMix 2X PCR (Intron, Han
Quoc), dung dich dém TAE 50X (Norgen Biotek,

Canada), agarose (Cleaver Scientific, Anh),
chat nhudém DNA RedSafe 20.000X, thang
chuén DNA 100 bp, kit tach chiét DNA G-spin™
Total DNA Extraction Mini Kit.

Vat liéu: 03 mau DNA ching (khdéng chira
bién dbi, do Chemedic cung cép).

Cap moi: 19 cdp mdi dac hiéu khuéch dai
gen CPT1A (8 cap thiét ké md&i, 11 cap tham
khao), bao phl toan bd exon. Trinh ty dwoc
tbng hop tai Phusangenomics (Viét Nam)

Quy trinh nghién ctru

Thiét ké moéi: S dung phan mém
Ugene va trinh ty gen CPT1A tir GenBank
(NC_000011.9). Tiéu chuan: D6 dai 18 - 27bp,
Tm 50 - 65°C, GC% 40 - 60%, han ché ty b
sung (hairpin/dimer).

Phan »ng PCR: Thanh phan: 10ul
MasterMix 2X, 5ul moi xubi/nguwoc (0,5uM), 5ul
DNA khuén, téng thé tich 20ul. Chu trinh nhiét:
Bién tinh 95°C (5 phut); 45 chu ky: 95°C (30
gidy), gan mdi 55°C (30 giay), kéo dai 72°C (30
giay); kéo dai cudi 72°C (5 phat). Téi wu hoéa:
Khao sat néng do médi (0,1 - 1uM) va nhiét do
gan mdi (53 - 57°C).

bién di va phan tich: Gel agarose 1-2%,
chay dién di 130V, 300mA, 30 phut; soi UV,
chup anh.

Tinh sach san pham PCR: Cét bang gel, U
v&i BNL Buffer/Plus, ly tdm qua cét loc, thu DNA
v&i Elution Buffer.

Xac nhan bang NGS: 01 mau dwoc phan
tich bang giai trinh tw thé hé maéi (NGS) trén hé
thdng Nanopore (Oxford, Anh).

X ly sé liéu

D@ liéu PCR nhap vao Excel dé phan tich
thdng ke.

3. Pao dirc nghién ctru

Nghién ctvu nay duoc thuc hién nham thiét ké

va t6i wu héa cac bé mdi rng dung xac dinh bién
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ddi gen CPT1A gay bénh thiéu hut CPT1 giup
chan doan dé diéu tri sém cho bénh nhan. Cac
thoéng tin thu thap dwoc trong nghién ctru nay chi
nham muc dich khoa hoc va phuc vu kham chira

TAP CHI NGHIEN ClPU Y HOC

bénh ma khéng vi muc dich nao khac.

Ill. KET QUA

1. Thiét ké cap méi dac hiéu

Bang 1. Méi cho phan (rng PCR trong khuéch dai toan bd exon trén gen CPT1A

TT Moi Trinh tw moéi Kich thwéec %GC Tm TLTK
san pham
(bp)

F1 AGTTTCCCTCCCCTCCTAGC 458 60 60,3 .

1 Mbi m&i
R1 AGCCCCGGCCTCTTTCT 458 64,71 60,2
F2 AGTGTCTGGTCACACGTTCC 281 55 59,9

2 [7]
R2 ACCTCAATAGCAGCCAGAGC 281 55 59,8
F3 TGGGTTGTGGGAGGACACC 228 63,16 61,5 .

3 Mdi mai
R3 GGTAACTTCCCAGACAATTGG 228 4762 56,5
F4 TCCCTTGTCTGGGTCTGTCT 272 55 59,8 .

4 Mbi m&i
R4 CTTCCGCAGGGGTGTCCTT 272 63,16 61,9
F5 CTTCGGATCTTTAACATAGCC 383 4286 542

5 [7]
R5 CCTACCAGGCACACCGC 383 70,59 60,1
F6 AAGGCACAAGTGAGGCAAAC 302 50 59,2 .

6 Mdi mai
R6 TTTCAGCCCTGTTATCCCTG 302 50 57,2
F7 CTAGTTAGGACTGCGTTCCC 364 55 57,4

7 [7]
R7 AGGAGCATGAGCCAATCC 364 55,56 56,7
F8 GAACGTGTGCAGGATGTGC 357 57,89 59,1

8 [7]
R8 TAACCTCAGATGATCCGCC 357 52,63 56,3
F9 TACTGACCTCGTGATCCGC 297 57,89 58,9 .

9 Mdi mai
R9 TGACACTTCCTAATTCTGAGC 297 42,86 553
F10 AGAGTCAGGGTACGGTCG 379 61,11 57,7

10 [7]
R10 AGTCCCGTGCCAGGATTCC 379 63,16 61,7
F11 CCATCGCTGCAGGTCGG 301 70,59 60,6

11 [7]
R11 CAACGGGTATTTCTTCCAAGC 301 4762 56,9
F12 TGAAGCAGAGAGGTGCAATG 260 50 58,2 .

12 Mdi mai
R12 TGTGCGCCACTGCGCCT 260 70,59 65,6

TCNCYH 197 (12) - 2025 465



TAP CHI NGHIEN CUU Y HOC

TT Moi Trinh tw moéi Kich thwéc %GC Tm TLTK
san pham
(bp)

F13 GCCTTAACAGCTGTGATTCAAACTT 371 40 60,5

'3 R13 CTTTCAGCCTCAGTGGTCTTCAACT 371 48 62,9 7
F14 TTGTGTACTTCCCAGTACCG 353 50 56,8

1 R14 CAGTCTTGGGCAGGTGTAGG 353 60 60,0 d
F15 GAAGTCCACGTCTCCTTGC 314 57,89 58,2

10 R15 AGAAGCTGGAGTGATGGCC 314 57,89 59,4 g
F16 CGGTGGCTAACTTAGATCCG 359 55 57,9

10 R16 CAGCTACACCCACAGACCC 359 63,16 59,7 g
F17 GTCTTCCCAAAGCGACTCC 243 57,89 58,2

" R17 CATTACCCATCCCATCACC 243 52,63 55,0 ]
F18 CGCCAGTGTTGCATTTAGAA 324 45 57,0 .

18 Moi méi
R18 TCCATTTATGTGAAAATTCCCG 324 36,36 55,1
F19 CTTAGAAATGCAGTGTGAATGTAGG 399 40 58,2 o

19 R19 GCTATTTCTTTACAGCAATGTGAG 399 37,5 56,7 Motma

Mu®i chin cap mdi (8 cdp méi: 1, 3, 4, 6, 9, (cha yéu 40 - 60%), Tm tir 54,19 - 65,57°C,
12, 18, 19; 11 c&p tham khao t [7]) dwoc thiét chénh léch Tm gitra méi xudi/nguec < 5°C. Chi
ké va tham khao, bao phl toan bd exon gen sb tw bd sung (2 - 8) va tw bb sung dau 3’ (0 - 5)
CPT1A, véi kich thwéc sédn phadm PCR tir 228 dam bao han ché hairpin/primer dimer.

- 458bp. Gia tri %GC dao dong 36,36 - 70,59% 2. T6i wu héa phan (rng PCR
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Hinh 1. Hinh anh dién di cGia cac san pham PCR & cac diéu kién dwoc khao sat
a) khuéch dai exon 11 véi nbéng doé primer thay déi (0,1; 0,25; 0,5 va 1.0 uM),
b) khuéch dai céc exon 6, 7 va 11 tai nhiét d6 gén méi (Ta) 53°C; 55 °C va 57 °C
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Hinh 1a 1a két qua khao séat phan (rng PCR
khuéch dai exon 11 v&i ndbng d6 mdi khac nhau.
Khi thay ddi néng d6 mdi tr 0,1 dén 1 uM cho
thdy bang DNA rd nét & kich thuéc ~301bp.
Néng dd 0,5 uM duwoc xac dinh la tbi wu nhe
tao sadn pham sic nét, va khong xuét hién san
ph&m phu.

Hinh 1b 1a két qua khao sat phan 'ng PCR

M1

-
=
—
—_—
_—
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——
—_—
-

khuéch dai exon 6, 7 va 11 & cac nhiét do gén
mdi (Ta) 53°C, 55°C va 57°C cho thdy bang
DNA ré nét va khong c6 san pham phu. Nhiét
do 55°C dwoc chon la tdi wu do dam bao hiéu
qua khuéch dai 6n dinh va phu hop véi kich
thuwéc san phdm dy doan (~ 302, 364 va 301,
twong ng).
3. Khuéch dai 19 exon gen CPT1A

2 345 6 7 8 9101112 1314 1516 17 18 19

Hinh 2. Két qua dién di 19 exon gen CPT1A tai néng dé6 mdi 0,5 uM, nhiét dé gan méi 55°C

Hinh 2 13 hinh anh dién di san phdm PCR
clia 19 exon trén gen CPT1A s dung néng do
mdi 0,5 uM va nhiét d6 g&n mdi 55°C. Hinh anh
cho thay 19 bang rd rang, khéng xuét hién cac
bang phu, c6 kich thwéc phu hop véi tinh toan
ly thuyét (228 - 458bp). Két qua xac nhan 19
exon duwoc khuéch dai thanh cong trén tat ca
3 mau, voi do dac hiéu cao. Giai trinh tw NGS
01 cho thdy trinh tw khép 100% véi RefSeq
NC_000011.9, khéng cé bién thé.

IV. BAN LUAN

Thiéu hut carnitine palmitoyltransferase
1A (CPT1A deficiency) 1& mét rdi loan chuyén
héa acid béo badm sinh hiém g&p, dwoc dac
trwng bdi sw suy gidm van chuyén acid béo
chudi dai vao ty thé, dan dén cac biéu hién lam
sang nghiém trong nhw ha dwong huyét, ting
ammoniac mau, va nguy co tl vong cao néu
khéng dwoc can thiép kip thdi.2® Nghién clru
hién tai tap trung vao viéc thiét ké va téi wu hoa

hé théng khuéch dai gen CPT1A, dat nén tang
cho chan doan di truyén tai Viét Nam, noi cac
k§ thuat phan tich gen van con han ché. Két
qua nghién ctru cho thay sy thanh coéng trong
viéc phat trién 19 cap mdi déc hiéu, tbi wu hoa
diéu kién PCR, va khuéch dai toan bd exon cta
gen CPT1A, mé ra trién vong cho cac nghién
ctu tiép theo str dung gidi trinh tw Sanger hodc
NGS, dbng thoi va (rng dung trong chan doan
so sinh, sang loc di truyén gia dinh dé giam ty
Ié t&r vong.

Hé thdng 19 c&p mdi dwoc thiét ké va tham
khdo trong nghién clru nay bao phl toan bd
exon gen CPT1A, véi kich thwdc san pham
PCR dao dong tr 228 dén 458bp, phu hop voi
cac phan (rng PCR tiéu chuan.” Gia tri %GC
(36,36 - 70,59%) va nhiét do nong chay (Tm)
(54,2 - 65,6°C) dwoc duy tri trong khoang ly
twéng, véi chénh léch Tm gitra moi xudi va
ngwoc dwdi 5°C, ddm bao tinh dac hiéu va
hiéu qua khuéch dai.” So sanh vé&i nghién ciru
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ctia Gobin et al (2002), cac cap mdi méi duwoc
thiét ké trong nghién ctu nay (bao gébm cép 1,
3,4,6,9 12, 18, 19) bd sung va téi wu hoa
pham vi bao pht, khc phuc han ché cta cac
cap mdi tham khao trong viéc khuéch dai mot
sb exon c6 %GC cao hodc vung trinh tw phirc
tap. Didu nay dic biét quan trong trong bdi
canh gen CPT1A c6 sy bién dong I&n vé thanh
phan nucleotide, doi hai thiét ké mdi linh hoat
dé tranh hién twong hairpin ho&c primer dimer,
vén duwoc kiém soat tbt véi chi sb tw bd sung
(2 - 8) va tw bd sung dau 3’ (0 - 5).79

Nghién clru clia Bernhardt et al (2022) ciing
b&o céo thanh cong trong thiét k& mdi cho gen
CPT1A trong sang loc so sinh, nhwng tap trung
vao cac quan thé Thai Binh Dwong véi bién thé
p.Gly710Glu phd bién, trong khi nghién ctu
nay nham dén (rng dung chung tai Viét Nam,
noi chwa c6 div liéu di truyén cu thé. Sy khac
biét nay lam tang gia tri ciia hé théng mdi hién
tai, cung cAp mot cong cu linh hoat d& nghién
ctru thém céac dot bién dic trung tai dia phuong
trong twong lai.8

Két qua t6i wu hoa phan rng PCR cho thay
ndng d6 moi 0,5uM |a diéu kién ly twéng dé
khuéch dai exon 11, v&i bang DNA rd nét & kich
thwéc 301 bp va khéng cé sadn phdm phu, phu
hop v&i cac khuyén nghj ctia Bonnefont et al
(2004) vé tbi wu héa ndéng d6 primer dé tranh
hién twgng nhoe do dw thira.® Hinh 1a xac
nhan hiéu qua khuéch dai cao nhét tai 0,5uM,
trong khi ndng d6 1,0uM dan dén hién twong
nhoe, c6 thé do sw canh tranh khéng dac hiéu
gitra cac phan t&r primer.® V& nhiét d6 gan mdi,
Hinh 1b chi ra réng nhiét d6 55°C mang lai két
qua 6n dinh cho khuéch dai exon 6, 7 va 11
(kich thuwée dy doan ~302, 364 va 301bp), phu
hop v&i pham vi Tm (54,2 - 65,6°C) clia cac
cap mdi. So sanh véi nghién ctvu cla Tein et al
(1989), viéc chon nhiét Ao 55°C dam bao tranh
hién twong khong dac hiéu & cac vung trinh tw

giau GC, vén 1a thach thrc trong khuéch dai
gen CPT1A."

Hinh 2 chi*ng minh sy thanh cdng trong
khuéch dai 19 exon gen CPT1A véi ndng do
mdi 0,5 uM va nhiét do 55°C, v&i 19 bang DNA
ro rang, khéng cé bang phuy, va kich thwéc
khép voi tinh toan ly thuyét (228 - 458bp).
Két qua nay khang dinh do dac hiéu cao cla
hé théng mdi, tao diéu kién thuan loi cho cac
bwéc tiép theo nhw gidi trinh tw Sanger. So v6i
nghién ctru cla Baruteau, et al (2013), noi ty
I& t&r vong trong cac dot cap cia FAODs vuot
60%, viéc phat trién cong cu chan doan sém
dwa trén khuéch dai gen CPT1A c6 tiém nang
gidam dang ké ganh nang lam sang, dic biét &
tré so sinh tai Viét Nam.> Marsden, et al (2021)
cling nhan manh vai trd cla sang loc so sinh
trong cai thién tién lwong FAODs, va nghién
clu ndy cung cap nén tadng quan trong dé tich
hop vao chwong trinh sang loc tai dia phwong.!

Tai Viét Nam, noi cac ky thuat nhw NGS van
chwa phé bién do chi phi cao va co sé ha tang
han ché, giai phap dwa trén PCR va giai trinh
tw Sanger v&i hé thdng mdi nay mang lai loi thé
kinh té va kha thi. Hon nira, viéc xac dinh dot
bién gen CPT1A thong qua Sanger co thé hd
tro tw van di truyén, giup gia dinh hiéu rd nguy
co di truyén va lap ké hoach sinh san, moét khia
canh con thiéu trong hé thdng y té hién tai.

Nghién ctru van con mot sé han ché nhu:
hiéu suat khuéch dai co thé khac nhau do %GC
bién ddng (36,36 - 70,59%); va chwa thwc hién
Sanger dé xac nhan dét bién. Cac budc tiép
theo bao gém: (1) Giai trinh tw Sanger dé xac
dinh dét bién Viét Nam; (2) Th&r nghiém trén
mau bénh nhan dé& danh gia d6 nhay. Nhirng
bwé&c nay sé tang cwdng gia tri nghién cu va
nang lwc chan doan di truyén.

V. KET LUAN

Nghién ctru da thiét ké va téi wu hoa thanh
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céng 19 cdp mdi diac hiéu khuéch dai gen
CPT1A, v&indng dd mdi 0,5uM va nhiét do gén
méi 55°C, ddm bao khuéch dai hiéu qua toan bo
exon. Két qua buéc dau cung cap cong cu chan
doan di truyén thiéu hut CPT1A tai Viét Nam, hd
tro sang loc s&m va tw van di truyén. Cac buéc
tiép theo bao gdm giai trinh tw Sanger va trng
dung |am sang dé cai thién quan ly bénh nhan.

Dir liéu b sung: D liéu chi tiét vé két qua
khuéch dai PCR (hinh anh dién di) va két qua
gidi trinh tw NGS clia 01 mau dwoc lwu triy tai
Phong Nghién ctu, Cong ty Cé phan Chemedic
Viét Nam. D liéu gii trinh tw thé hé méi (NGS)
clia gen CPT1A c6 thé duwoc cung cip theo yéu
cau, bao gébm théng tin trinh tw toan bd exon
va vung intron Ian can, nham hé tro' phan tich
sau hon.
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TAP CHIi NGHIEN ClPU Y HOC

Summary

PRIMER DESIGN AND PCR OPTIMIZATION FOR FULL-EXON
AMPLIFICATION OF THE CPT1A GENE TO SUPPORT GENETIC
DIAGNOSIS OF CARNITINE PALMITOYLTRANSFERASE 1A
DEFICIENCY IN VIETNAM

Characterization of Carnitine Palmitoyltransferase 1A gene by Sanger sequencingCarnitine
palmitoyltransferase 1A (CPT1A) deficiency is a rare inherited metabolic disorder causing energy
deficiency due to impaired transport of long-chain fatty acids into mitochondria. In Vietnam, no study
on CPT1A gene characteristics have been published. This study designed 19 specific primer pairs to
amplify all exons of the CPT1A gene and optimized PCR conditions (primer concentration 0.5 ymol/L,
annealing temperature 55°C) for Sanger sequencing. Results showed successful amplification of all
19 exons, with cycle threshold (Ct) values ranging from 16.105 to 23.441 and clear PCR products (228
— 458bp). This study establishes a foundation for genetic diagnosis of CPT1A deficiency in Vietnam,
supporting early screening and genetic counseling, and paving the way for clinical applications and
integration with Sanger or Next Generation Sequencing (NGS).

Keywords: CPT1A deficiency; CPT1A gene; primer design; PCR optimization; Sanger
sequencing; NGS.
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