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ARTICLE INFO ABSTRACT

Received: 05/5/2025 The human mitochondrial genome (mtDNA) plays a vital role in medical
research, kinship identification, and population evolutionary analysis,
especially when dealing with highly degraded samples. However, in
Published: 31/10/2025 Vietnam, research on mtDNA has primarily focused on the hypervariable

regions within the D-loop, while the entire mitochondrial genome has not

Revised: 30/10/2025

KEYWORDS yet been fully explored. In this study, we employed high-accuracy PacBio

HiFi sequencing technology to sequence and assemble the complete
mtDNA mitochondrial genome from a Vietnamese individual. The assembled
Sequencing genome is 16,809 base pairs in length, with a GC content of 44.4%. The
Assembly findings provide more comprehensive data for mtDNA -related studies and

. highlight the advantages of long-read sequencing technology in
HiFi read mitochondrial genome assembly. Our result contributes to providing data
SMRTbell for more in-depth applications in genetics and forensic science in Vietnam,
especially expanding complete mtDNA analysis beyond the D-loop region
to enhance the understanding of mitochondrial diversity and its
implications for biomedical and anthropological research in the region.
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THONG TIN BAI BAO TOM TAT

Ngay nhén bai:  05/5/2025 Hé gen ty thé (mtDNA) nguoi dong vai tro quan trong trong nghién ctru y
hoc, gidm dinh huyét thong va phan tich tién hoa quén thé, dic biét véi cac
mau bi thoai héa ning. Tuy nhién, tai Viét Nam, cac nghién ciru vé mtDNA
Ngay ding: 31/10/2025 van chu yéu tip trung vao cac ving siéu bién thudc ving D-loop, trong khi

toan bo hé gen ty thé van chua dugc khai thac day di. Trong nghién ctru nay,

Ngay hoan thién: 30/10/2025

TU KHOA chiing toi str dung cong nghé giai trinh t PacBio HiFi v6i d6 chinh xdc cao

de giai trinh tu va lap rap toan bg h¢ gen ty theé tr mot ca thé nguoi Viét Nam.
mtDNA Heé gen thu duoc c6 chiéu dai 16.809 bp va ham lwong GC 13 44,4%. Két qua
Giai trinh tyu nghién ctru dong gdp vao viée cung cap dir liéu ddy du hon cho cac nghién
Lip rép ctru lién quan dén mtDNA va cho théy loi ich cta cong nghé giai trinh ty doc

o dai trong viéc lap rap hé gen ty thé. Nghién ctru gop phan cung cép dit liéu
Poan doc HiFi cho céc tmg dung sau hon trong di truyén hoc va giam dinh tai Viét Nam,
SMRTbell dac biét 1a cac nghién ctru phan tich mtDNA hoan chinh vuot ra ngoai ving
D-loop dé nang cao hiéu biét vé sy da dang ty thé va y nghia ciia n6 déi voi
nghién ctru y sinh va nhan chung hoc trong khu vuec.
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1. Gi6i thiéu

Ty thé 1a mot bao quan thiét yeu trong hau hét cac té bao nhan thyc, mang theo nhiéu ban sao clia
mot by gen nho dang vong ¢6 ngudn goc tir mot sinh vat ¢b timg song tu do. Bo gen ty thé cua nguoi
dai 16.569 cap base, mi hoa tong cong 37 gen —bao gdm 13 gen cho céc protein thudc chudi ho hap té
bao, 22 tRNA va 2 rRNA — dong vai tro then chdt trong qua trinh phosphoryl hda oxy héa [1], [2]. Su
hién dién dong thoi cta nhidu bién thé thudc mtDNA trong cung mot té bao — con goi 1a di hop tir ty
the (heteroplasmy) — la mot hién tuong duge ghi nhan & nhiéu ca the nguoi, dac biét trong cac mo co6
tbc do phén chia cao hogc trong bbi canh 130 hoa, bénh Iy hoic di truyén me - con. Mic dit heteroplasmy
khong pho bién trong tat ca moi ca thé hay m6, nhung khi xuét hién, n6 co the gdy anh huong dang ké
dén sirc khoe, phu thudc vao ty 1& dot bién, vi tri xay ra va twong tac voi cac yéu to noi sinh — ngoai sinh
[3], [4]. Do vay, viéc phat hién va dinh lwong chinh xac cac bién thé mtDNA 1a yéu t6 cdt 18i trong chan
doan bénh, tu van di truyen va xay dung phac do diéu tri [5].

Cac phuong phap truyén thong nhu PCR két hop véi giai trinh tu doc ngan da giup xac dinh nhiéu
bién thé ty thé. Tuy nhién, nhimg ky thuat ndy thuong bi han ché boi chiéu dai doc ngan khong cho
phép phat hién day du cac tai to hop 16n hay bién thé ¢ pha lién két, dong thoi tiém an nguy co tao 16i
polymerase trong qua trinh khuéch dai. Gan day, cong nghé giai trinh ty doc dai PacBio HiFi di mo ra
mot hudng di méi nho kha ning bao phu toan dién cac viing phc tap cia bd gen, mic du van con
nhiing thach thirc vé d chinh xéc trong viéc nhan dién dot bién nho va indel [6], [7].

Trudce day, voi han ché vé kinh phi va quy mé thuc hién, cac nghién ctru vé mtDNA tai Viét Nam
chu yéu tap trung vao hai viing siéu bién HVI va HVII nam trong vung D-loop — noi c6 tan suat dot
bién cao — phuc vu cho giam dinh huyét théng va nghién cru mdi lién hé gitra cac nhom dan cu. Déc
biét, trong cac mAau DNA thoai hoa, kha ning truy xuat thong tin tir mtDNA vugt troi hon DNA nhén
nh¢ s6 luong ban sao cao, lam tang do thanh cong trong lap ho so di truyén [8]. Tuy nhién, trong
nhitng nim gan ddy, mot sé nhiém vu cap qudc gia da tién hanh giai trinh tu toan bd hé gen ty thé
ctia ngudi Viét thude nhiéu nhom dan toc khac nhau. Nhimg két qua nay gop phan lam sang to su da
dang di truyén va ngudn gc tién hoa ctia cac dan toc sinh song tai Viét Nam.

K& tir khi ban d6 di truyén dau tién cia mtDNA ngudi duoc cong b [1] dd md dudng cho hang
tram nghién ctru chuyén sau vé mtDNA trong cac quan thé khac nhau. Dén nay, hang chuc nghin
trinh ty hé gen ty thé hoan chinh di duoc luu trit tai ‘Ngén hang gen thugc Trung tdm Thong tin
Cong ngh¢ Sinh hoc Qudc gia (NCBI) cua Vién Y té Qudc gia Hoa Ky, phan 4nh sy da dang di
truyen sdu sic gitra cac dan tdc trén the gidi.

Trong nghién ctru nay, ching t6i tién hanh giai trinh ty va lap rap mot mtDNA nguoi tir dir liéu
PacBio HiFi c6 d0 chinh xac cao. Nghién ctru khong chi dong gop vao h1eu biét vé bién the mtDNA
trong bénh hoc, ma con mé rong tiém ning ing dung trong nghién ctru tién hoa, dan sé hoc va cac
loai sinh vat nhan chuan khac.

2. Phuong phap nghién ciru
2.1. Thu thip méu

Nghién ctru duoc thyc hién theo phé duyét cua Hoi dong Khoa hoc Vién Cong nghé sinh hoc,
Vién Han 1am Khoa hoc va Cong nghé Viét Nam, vao ngay 01 thang 6 nam 2021. Mau mau duoc
thu thap tir tinh nguyén vién nam dam bao cac tiéu chi: 1/C6 do tudi nam trong khoang tir 30-59
nhim dam béao su 6n dinh nhat vé mit sinh hoc va su thay ddi tdi thiéu vé mat di truyen va sure khoe.
2/Tinh nguyén vién tu ké khai tinh trang strc khoe, khong c6 bénh di truyén, c¢6 t6 tién 1a nguoi Kinh,
c6 gia dinh sdng tai Viét Nam tam thé hé. 3/Tinh nguyén vién can c6 it nhat mot ngudi con trai khoe
manh khong c¢6 bat ky bénh di truyén hodc tién sir bénh tat nao.

2.2. Tach chiét

DNA tong s dugc téch chiét tir mdu méu méi bang bo kit Blood & Cell Culture DNA Midi
Kit (QIAGEN) theo huéng dan cia nha san xuat. Chat lugng DNA dugc kiém tra bang dién di trén
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gel agarose 1%, do nong do Qubit 3 Fluorometer (Invitrogen), va kiém tra d6 dai bang hé thong
Bioanalyzer 2100 (Agilent).

2.3. Chudn bi thw vién va gidi trinh tw SMRTbell

Thu vién SMRTbell cho gidi trinh tu PacBio dugc thuc hién theo huéng dan cta nha san xuit
v6i mot vai thay ddi nho. Nghién ctru d bo qua bude phan doan DNA tong s6 thanh cac doan 10—
15 kb do kich thuéec DNA dugc kiém tra dd niam trong pham vi ndy. Thu vién SMRTbell duoc
chuan bi v&i bd SMRTbell Express Template Prep Kit 2.0 (PacBio) va tinh sach bang AMPure PB
beads (PacBio). Thu vién duoc kiém tra chat luong 1an cudi v6i Bioanalyzer 2100 (Agilent) trudc
khi tai 1én SMRT Cells (PacBio) va giai trinh tu bang hé théng giai trinh ty doan dai PacBio theo
quy trinh dugc tao bédi SMRTLink portal phién ban 9.0.

2.4. Trinh tw DNA ty thé tham chiéu

Nghién ctru sir dung trinh tw DNA tyvthé Cambridge (rCRS) ma s6 NC012920 cua Ngén hang
gen lam tham chiu. Day 1a trinh tu chuén c¢6 chiéu dai 16.569 bp va dugc sir dung pho bién nhat
trong cac nghién ctu vé mtDNA ngudi.

2.5. Lip rdp hé gen ty thé tiv cac doan doc SMRT sequencing

Trinh ty DNA thu duoc ¢6 ngudn gde tir hé gen ty thé duoc xac dinh thong qua cin chinh voi
NC012920 béng chuong trinh pbmm?2. Sau do, cac doan doc co chiéu dai trén 18 kbp s€ duoc loai
bo béng viéc st dung option filter tiy chinh cua awk, cac doan doc con lai dugc gilt cho cac phan
tich tiép theo. Két qua cin chinh dang BAM duoc chuyén d6i thanh dang FASTQ bang céch sir
dung samtools fastq dé tao dau vao cho budc lap rap bang Hifiasm phién ban v0.19.8. Két qua lip
rap 14 tép tin GFA dugc chuyén thanh dang fasta bang awk. Cudi cung, nghién ctru tién hanh loc,
loai bo cac trinh ty 1ap rap duoc c6 chidu dai dudi 15 kb va trén 20 kb, dé thu trinh ty ¢6 kich thudce
ky vong ciia mtDNA ngudi (~16,5 kb).

2.6. Biéu dién di ligu

Trinh ty mtDNA ldp rap duoc biéu dién bing cach so sanh véi rCRS bing chuong trinh
MITOMASTER.

2.7. Lwu triv div liéu

Trinh ty mtDNA ldp rap duoc va toan bo dir liéu lién quan duge luu trit tai hé thong may chi
thudc quan 1y ctia Vién Han 1am Khoa hoc va Cong nghé Viét Nam, véi ky hiéu mtDNA do Dy an
c6 ma so CT0000.09/21-22 quén ly va str dung.

3. Két qua va thio luin
3.1. Két qud tach chiét DNA téng sé tiv méu mdu

bé thu duoc néng d6 DNA cao va c6 d6 sach toi da, nghién ctru da tién hanh tach chiét DNA
tir miu méau bang bo kit QIAamp DNA Blood Midi (QIAGEN) theo huéng dan ctia nha san xuét.
Sau d6 tién hanh tinh sach (TS) bang hat tir PB (PacBio) dé loai cac doan ngén va cac thanh phan
ngoai DNA.

Dua trén két qua dién di trén gel agarose cho thay mau DNA tach chiét dugc c6 kich thudc nim
trong khoang 10-15 kb (Hinh 1a). Sau khi tinh sach bang PB bead, vach DNA (Sau TS) thu hep va
phan kich thudc nhé da giam bét do di bi loai trong qua trinh tinh sach. Diéu nay hoan toan tring
khop véi két qua dién di (Hinh 1b) va dién tim do trén Bioanalyzer (Hinh 1c). Dé biét chinh xéac
nong o DNA thu dugc, nghién ctru tién hanh do ndng d6 DNA sir dung chat nhuém huynh quang
Qubit. Két qua néng d6 DNA cta mau dugc thé hién & Bang 1.
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Hinh 1. Hinh dnh DNA tong sé trén a) Agarose gel | %6, maker 1kbp, b) Ban gel va c) Dién tam do trén
Bioanalyzer dién di sit dung thang chuan ADN thugc bo ADN 12000 HS

(Ghi chii: True TS: Mdau DNA tach chiét dwoc. Sau TS: Mau DNA sau tinh sach bang PB bead)
Bang 1. Két qua do nong dé mau DNA téng sé bang Qubit

Mau Trude TS Sau TS
Nong d¢ (ng/ul) 150 62,35

Mau DNA sau tinh sach c¢6 kich thudc tr 10-15 kb, néng dd 62,35 ng/ul (Bang 1) 1a du diéu
kién cho chuan bi thu vién cho gii trinh ty PacBio.

3.2. Két qua chudn bi thw vién SMRTbell va gidi trinh tw PacBio
Bang 2. Két qua chudn bi thw vién va gidi trinh tu SMRT

Thur vién SMRTbell Théng sb
Nong d6 (ng/ul) 3,13
Nong do (nM/ul) 0,48
Kich thudc trung binh 10.000 bp
Hiéu suét 82%
Thur vién tai SMRTcell Théng s6
Nong do 0,8 ng/uLL
Chit lwgng giai trinh ty Théng s6
Chiéu dai doan doc trung binh 11.727 bp
Chat luong giai trinh tu Q36

Mic du, mot s6 hé théng giai trinh ty doan dai nhu Pacbio hay Oxford Nanoport van con han
ché vé do chinh xac khi so sanh véi cac hé théng giai trinh tu doan ngan. Tuy nhién, gin day
PacBio di phat trién mot phuwong phap goi 1a giai trinh ty dong thuan vong tron (CCS - circular
consensus sequencing) [6], [7] nham dat dugc ty 1& 18i trinh tu tvong duong véi Illumina. Phuong
phap nay tao ra mot mau “SMRTbell” bang cach gin cac adapter ssDNA vao dsDNA dich, cho
phép polymerase giai trinh tu trén ting soi ciia dsSDNA dich nhiéu lan. Qua trinh nay dan dén mot
doan doc dai lién tuc (CLR - continuous long read) bao gdm nhiéu doan doc con cua trinh tu muc
tiéu [7]. Do d6, dé cai thién d6 chinh xac cua trinh tir 1én t6i 99%, nghién ctru da chuén bi thu vién
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SMRTbell v6i hidu sudt 82% (Bang 2) va tién hanh giai trinh ty PacBio CCS gitp thu duoc day
du @6 dai trinh tu t6i da cua cong nghé PacBio CCS ma khong anh hudng dén chét luong trinh ty.
Dit liéu trinh tu tho da duoc tao ra véi do dai doan doc trung binh 13 11,727 kb va chét lugng Q36
gan tuong dwong chat lugng doan doc cuia giai trinh ty Illumina (Bang 2, Hinh 2). Pay 1a dir liéu
c6 chét luong tt va phu hop cho bude lap rap tiép theo.
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Hinh 2. C:hcft lwong gidi trinh tw. a) Phan bé c{ziéu dai doan doc va chdt lwong doan doc cﬁg méu doi chitng
noi kiem (internal control). b) Phan bo chieu dai doan doc va so lwong doan doc cua mau nghién ciru

3.3. Két qud lip rdp hé gen ty thé tiv div ligu gidi trinh tw doan dai
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Hinh 3. So sdnh trinh tw mtDNA ldp rdp dwoc ciia mau nghién civu véi trinh tw tham chiéu rCRS
(NC012920)
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Mic du hé gen ty thé thudng c6 ciu truc dang vong, chira nhidu nhanh phirc tap va cac trinh ty
1ap lai, viéc 4p dung chién lugc giai trinh ty HiFi CCS két hop véi lap rap tir cac doan doc dai (lén
dén 18 kb) da cho phép thu nhan hé gen ty thé ¢ dang thang (linear) (Hinh 3), voi tong chiéu dai
16.809 bp va ham luong GC dat 44,4%. Dac tinh cua hé gen ty thé ma nghién ctru xay dung dugc
1a hoan toan phu hop véi cac cong bd trude d6 vé hé gen ty thé & ngudi vé chidu dai hodc tinh 6n
dinh cta thanh phan GC [1], [2].

Két qua so sanh trinh ty DNA ty thé d4 1ap rap véi trinh tu tham chiéu cho thay mirc d6 twong
ddng gan nhu hoan toan, khong ghi nhéan sy thay ddi cdu trac rd rét. Cac két qua giai trinh ty va
lap rap thu dugc cho thiy phuong phap nay 1a mot hudng tiép can hiéu qua va don gian trong viéc
tach chiét va xay dung trinh tw DNA ty thé & ngudi.

4. Két luan

DNA tong s dugc tach chiét bang phuong phap don gian str dung bg kit Blood & Cell Culture
DNA Midi (QIAGEN) dat chét lugng cao dé tién hanh giai trinh ty bang cong ngh¢ PacBio CCS
(circular consensus sequencing) voi doan doc dai. Dt liéu thu dugc tir h¢ gen ty thé c6 do dai doan
doc trung binh 1a 11.727 kb va chét luong Q36, tuong duong voi chét luong cua cac doan doc tur
cong nghé giai trinh ty Illumina. Qua trinh lap rap tao ra hé gen ty thé hoan chinh v&i kich thudc
16.809 bp va ham luong GC dat 44,4%, tuong duong vdi cac hé gen ty thé da cong bd trude do.
Nghién ciru nay cho thdy tiém ning tmg dung cong ngh¢ giai trinh ty doan dai trong viéc xac dinh
trinh ty mtDNA, phuc vu cho cac nghién ctru vé& bénh hoc, tién héa, dan s hoc va da dang sinh
hoc & céc loai sinh vat nhan chuan.

Lo1i cam on

Nghién ctru duoc hd trg boi Du 4n ¢6 ma s6 CT0000.09/21-22 cua Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam, do GS.TS. Truong Nam Hai chu tri.
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