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TOM TAT: Trong khoa hoc phép y, cac mau giém dinh ADN thuong c6 nhitng han ché do ¢é lvong ADN
thap, mau bi nhiém tap chét va phén hiy cao bédi nhitng tac dong cua yéu tb moéi trudong, nén réat khé cé thé
dap (rng déng thoi cac yéu céu khi phéan tich kiéu gen trén cac nhiém séc thé khac nhau. Piéu nay dan dén
khé khén trong viéc cung cép day du thdng tin va cé thé han ché viéc sir dung két qué giam dinh. Xéac dinh
dau vét c6 ADN la hén hop, céc truong hop cé mbi quan hé cha con phtre tap ciing khéng thé gidi quyét
duoc bang phuvng phap phan tich nhitng doan gen lap lai ngan (STR), phan tich ADN ty thé (mtADN) béi
dién di mao quan Gén day, céng nghé giai trinh tw gen thé hé méi (NGS) véi hiéu suét va tinh chinh xéc
cao da phat trién nhanh chéng, tré thanh phuwong phap phan tich quan trong déi véi nhiéu nha nghién ciru
toan bé trinh tw gen nguoi. Céng nghé gidi trinh tw gen thé hé méi con duoc (ng dung trong nhiéu khia
canh cta cac nghién ctru, nhw xay dung co sé di liéu ADN, suy luén vé té tién va kiéu hinh, nghién ctru
song sinh cung trieng, xac dinh loai, nghién ctru trén ddng vat, thure vat, cac phan tich vi sinh... Chang toi
néu mét sé trién vong tng dung céng nghé giai trinh tw gen thé hé mai trong linh vurc giam dinh phép y.

Tir khéa: Phap vy, giai trinh tw gen thé hé méi, doan gen 13p lai ngén (STR).

ABSTRACT: In forensic science, DNA assessment samples often have limits due to their low DNA
template, high contamination, and degradation by the adverse effects of environmental factors, so it is
difficult to simultaneously meet the requirements when analyzing genotypes on different chromosomes.
This causes difficult to provide adequate information and may limit the use of the results of the
assessment. Identification of mixed DNA samples and analysis of complex paternity cases also cannot be
solved by Short Tandem Repeat (STR) analysis methods, mitochondrial DNA (mtDNA) methods as well by
capillary electrophoresis. Recently, Next-generation sequencing (NGS) technology, with its high efficient
capacity and high accuracy, has developed rapidly in recent years and become an important analytical tool
formany genomics researchers. NGS technology can also have potential applications in many other aspects
of research, including DNA database construction, ancestry, and phenotypic inference, monozygotic twin
studies, species identification, and forensic animal, plant, and microbiological analyses... We present
some prospects for applying next-generation sequencing technology in the field of forensic science.
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1. DAT VAN BE

Viéc ap dung ki thuat phan tich ADN trén hé giai
trinh tw gen bang mao quan trong khoa hoc giam
dinh phap y da lam cho ADN tré thanh mét cong cu

thoéng tin cho két qua giam dinh. Khi phan tich dau
vét c6 ADN la hén hop, cac trudng hop quan hé
cha - con phtrc tap thi khéng thé gidi quyét dwoc
bang phuong phap phan tich doan gen lap lai ngan

quan trong khi diéu tra cac vu an hinh sw. Phuong
phap giam dinh nay can d6 chinh xac va kha nang
dinh danh ca thé cao, thai gian va chi phi giam dinh
phi hop yéu cau nhiém vu. Tuy nhién, & hau hét cac
VU Viéc, mau giam dinh ADN trong phap y thwdng
c6 nhirng han ché do chira lwong ADN thap, mau
bi nhiém tap chat va kha nang bi phan hiy cao b&i
nhirng tac dong cla yéu té6 méi trudng..., nén rat
khé dap ng ddng thoi cac yéu cau khi phan tich
kiéu gen trén cac nhiém sac thé khac nhau. Diéu
nay dan dén khé khan trong viéc cung cép day du
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(Short Tandem Reapeat - STR) va phéan tich ADN
ty thé (mtADN) ciing con nhiéu han ché.

Ngay nay, phan I&n cac xét nghiém ADN trong
giam dinh phap y dwoc thwc hién b&i phan ng
nhan gen va dién di mao quan. ADN hé gen nhan
phan tich dwa trén céac trinh tw STR dé phat hién
sy thay dbi do dai cac doan I&p trong thoi gian
ngan b&i hé théng tin hiéu huynh quang. Céc trinh
tw doan 18p nay dwoc doc trén phdn mém chuyén
dung Gemapper ID. Phwong phap giai trinh tw
gen dwa trén dién di mao quan ciling da dwoc
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st dung dé phan tich cac vung cu thé cia gen
mtADN. Sw phat trién cla phwong phap dién di
bang mao quan da tré thanh tiéu chuan vang cho
gidi trinh tw ADN. Tuy nhién, phan tich ADN dya
trén phwong phap dién di mao quan cé nhirng
han ché, bao gdm nhirng lién quan dén tin hiéu
nhan dién huynh quang v&i thudc nhudm huynh
quang ddNTP va viéc phat hién hoac phan biét tin
hiéu phat ra khdng hiéu qua. Viéc giai trinh tw mao
quan tén nhiéu thoi gian va dat tién, (rng dung cua
n6 da bi han ché khi gidi trinh tw exome hoéc toan
bo trinh tw bd gen nguoi. Tl lau, cac nha y hoc tw
phap trén thé gi¢i da tim kiém phwong phap méi,
nghién ctu nhirng Igi ich clla cong nghé giai trinh
tw gen thé hé tiép theo.

Co6ng nghé giai trinh tw gen thé hé mai [a mot
bwéc tién vwot bac vé cong nghé gidi trinh tw gen
(Next-generation sequencing - NGS), cho phép giai
trinh tw dwoc tr 8Gb dén 600Gb - tirc Ia gidi trinh
tw toan bo hé gen cla con nguwoi (whole genome
sequencing) v&i tbc dd nhanh va sai s twong dbi
th4p. Sy phat trién manh mé cta ki thuat NGS 1a
mét cudc cach mang trong cong nghé giai trinh tw
ndi riéng va trong céng nghé sinh hoc phan t& néi
chung. Cac co hdi méi trong linh vire phap y xuét
hién khi khai thac si/c manh ctia cong nghé NGS
thé hé mai, co thé ké dén khi (rng dung dé phan
tich STRs trén hé gen nhan, phan tich mtADN, xay
dwng co s& di liéu ADN, suy luan vé td tién va
kiéu hinh, nghién ctvu song sinh cuing trirng, xac
dinh loai, nghién ctru trén dong vat, thyc vat va cac
phan tich vi sinh, nghién clru gen gay bénh... V&i
nhirng phat trién cia khoa hoc va céng nghé ngay
nay, cong nghé NGS thé hé mai c6 nhiéu co hoi tré
thanh mot phwong phap thwong quy, dé tiép can
trong thiwe hanh giam dinh phap vy.

2. TRIEN VONG ’NG DUNG CONG NGHE
NGS THE HE MOI TRONG GIAM DINH PHAP Y.

2.1. Phan tich STR:

Trong twong lai khdng xa, phan tich STR van
gitr mét vai trd quan trong, |a ki thuat di truyén hay
duwoc st dung nhét trong gidam dinh phap y. Phan
tich STR ¢6 nhiéu wu diém, nhv xac dinh alen
nhanh choéng, chinh xac; mau ADN duwoc khuéch
dai da kénh va dwa trén sw phat hién cia coéng
nghé NGS, két qua dir lieu gen dwoc sé hoa, lvu
trr, d& phan tich.

Nhirng théng tin tir hdi nghi chuyén dé céng
nghé giam dinh ADN phap y va héi nghi qubc té
chuyén dé nhirng tién bo trong di truyén hoc phap
y tai Trung Quéc, ndm 2012 cho thay, da c6 hon 60
quéc gia trén thé gidi thiét 1ap co s& di liéu ADN
phap y dwa trén STRs. Cac co s& di liéu nay dang
tiép tuc phat trién nhanh chéng (nhw & Trung Quéc,
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da coé hon 27 triéu co s& di¥ liéu trong phap y). Xac
suat ngdu nhién gitra cac ca thé khong lién quan
tinh toan dwa trén 13 diém danh dau STR cua hé
théng CODIS (CSF1PO, FGA, THO1, TPOX, VWA,
D3S1358, D5S818, D7S820, D8S1179, D13S317,
D16S539, D18S51 va D21S11) hodc 15 diém
danh dau STR (13 CODIS cong v&i D2S1338 va
D19S433). Bé tang tinh chinh x&c trong xét nghiém,
cac nha khoa hoc khuyén nghi nén két hop nhiéu
diém danh d4u STR hon vao xét nghiém. Tuy vay,
viéc phat hién dong thdi nhiéu diém STR hon sé
rat khé, do nhirng han ché ki thuat ctia dén huynh
quang. Phwong phap phan tich STR dwa trén dién
di mao quan phat hién cac doan ADN c¢ kich thwéc
khac nhau. Do d6, khéng thé phan biét dwoc cac
doan ADN c6 dd dai gibng nhau hodc twong tw
nhwng khac nhau vé trinh tw. Trong trwdng hop cac
STR c6 hién twong dét bién khi xac dinh quan hé
huyét thdng cha - con, thwérng khong thé giai quyét
dwoc voi phan tich STR dwa trén phuwong phap
dién di mao quan. Mét thach thirc niva dbi véi cac
xét nghiém ADN trong phap y la phan tich mau cé
ADN hén hop phtrc tap (bao gdm ADN cua nhiéu
céa thé cé trong mau can giam dinh), cac phan tich
hién tai v& mau cé ADN hén hop thwéng mang lai
ti 1& phat hién thap.

Nhirng tién bd trong gidi trinh tw gen bang cach
st dung cdong nghé NGS thé hé mai va sb hoa
céac div liéu gen c6 thé tao diéu kién thuan lgi cho
xac dinh cac mau ADN hdn hop va phan tich cac
trwdng hop quan hé cha - con phirc tap. Gan day,
mot s& nha nghién clru da bat dau s& dung cong
nghé NGS thé hé m&i dé kiém tra STR. M6t tién
phong nghién cru dwoc thwe hién bédi Zajac va
coéng su (Trwong Cong nghé Sinh hoc, Vién Cong
nghé Hoang Gia, Thuy Bién), ndm 2009, phan tich
3 locus CODIS STR, TPOX, CSF1PO va D18S51,
st dung cach tiép can phan ludng trinucleotide
(TnT) cla 454, hé théng gidi trinh tw Genome.
Sau d6, Jodi Irwin va cdng sw (Phong thi nghiém
nhan dang ADN cua Lwc lwgng Vi trang Hoa Ky),
nam 2011, phan tich 13 locus CODIS STR béng
hé théng 454 GS Junior khi két hop véi cong nghé
nhan dang da kénh cho 1 nguén mau, danh gia
tbng quan cong nghé NGS trong giam dinh phap
y. Bornman va cong sv (Vién Columbus, Hoa Ky),
nam 2012 d& nghién clru cong nghé NGS thé hé
mé&i co thé xac dinh chinh xac 13 locus CODIS
STR ciing nhw gen AMEL cho loai mau ¢6 nguén
ADN don |& va ca cac mau cd ADN hén hop phirc
tap. Dé xt |i dir liéu NGS thé hé méi trong phap v,
Warshauer va cong s (Vién Di truyén (rng dung,
Phong Phap y va Diéu tra Di truyén, Trung tdm
Khoa hoc Y té Pai hoc Bac Texas, Hoa Ky), nam
2013 da phat trién STRait Razor - mét phan mém
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c6 thé phan tich di liéu gidi trinh tw thé hé moi
cho 44 STR, bao gdm 22 nhiém s&c thé thwdng va
nhiém séc thé Y. Bén canh d4, Van Neste va cong
sy (Phong thi nghiém Céng nghé sinh hoc dwoc
pham, Dai hoc Ghent, Bi), ndm 2014 da s dung
hé théng MiSeq cta lllumina, thiét 1ap co s& dir liéu
alen tham chiéu dé phat hién nguén ADN don [ va
cac mau ADN hén hop. C4c tac gia nay quan sat
thay, hau hét cac két qua xac dinh kiéu gen locus
STR Ia 6n dinh va dang tin cay.

Cong nghé NGS thé hé méi co nhiéu loi thé,
tiém ndng cho phan tich STR. N6 ¢6 néng suét cao,
chi phi thap, phat hién déng thoi sé lwong 16N cac
locus STR trén c& nhiém sac thé thwdng, nhiém
sac thé gidi tinh va kha nang phan biét cac alen co
dd dai twong tw. Do d6, cdng nghé NGS thé hé mai
sé tao diéu kién thuan loi cho viéc xac dinh mau cé
ADN Ia hén hop, phan tich cac truéng hop cé mébi
quan hé cha - con phurc tap va cudi cung lam tang
dang ké hiéu qua, chi phi ctia cac vu viéc phap |Ii.

2.2. Phan tich mtADN:

Phan tich mtADN d& dwoc chirng minh 1a mét
phuwong phap hiru ich trong giam dinh cac trwdng
hop lién quan dén lwong ADN c6 néng dd thap
ho&c di truyén theo dong me can duoc diéu tra (do
d&c diém co cAu tric bén virng hon ADN hé gen
nhan, co nhiéu ban sao, dwoc thira ké tr me, ti
l&é dot bién cao). Hién tai, trong giam dinh phéap vy,
phan tich mtADN thwdng chi phat hién cac da hinh
trong vung siéu bién. Céng nghé NGS thé hé moi
c6 tiém nang hd tro rét nhiéu trong viéc phan tich
toan bo trinh tw mtADN.

V&i viéc tang cwdng rng dung cdng nghé NGS
thé hé méi trong cac Iinh vwe khac nhau, chi phi
cua thiét bj va héa chét gidm rd rét. Cong nghé
NGS thé hé méi cho phép phan tich déng thoi
nhiéu mau. Vi duy, sb lwong dia picotiter dwoc st
dung trong thiét bj GS-FLX da tang tr 2 Ién 16 va
moi kénh cé thé phan tich dong thoi 192 mau st
dung céng nghé dinh danh da kénh trong nghién
clru clia Binladen va cong sy (Trung tam Di truyén
cb dai, Vién Sinh hoc, Pai hoc Copenhagen, Ban
Mach), nam 2017. Kithuat ma hda méi va san xuéat
256 mdi dwoc gan thé dé st dung song song nhiéu
gidi trinh tw, cho phép 256 mau dwoc giai trinh tw
trong mét 1an chay mau. Gunnarsdo va cong sy
(Vién Nhan ching hoc tién héa Max Planck, Burc),
nam 2011, st dung cong nghé NGS thé hé méi dé
gidi trinh tw toan bd hé gen ty thé ctia 109 ca thé
ngwdi Philippines trong mét 1an chay mau.

Coéng nghé NGS thé hé méi da nghién ctu
thanh phan “di dwéng” ctia mtDNA trén con nguoi.
Do la thanh phan phd bién clia cac té bao, thanh
phan di dwéng la heteroplasmy - mét trong nhirng
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yéu td anh hwéng dén qua trinh phan tich kiéu gen
cua mtADN trong giam dinh phap y. Viéc phat hién
di dwéng & cap do toan bod bod gen ty thé da dwoc
hoan thanh b&i cong nghé NGS thé hé méi, dwa
trén do chinh xac, do nhay, thdng Iwvong cao, chi
phi thap va thao tac don gian.

Nam 2011, mét nghién clru vung siéu bién dbi
gen ty thé kiém tra bang cach s dung 454, hé
thdng GS Junior, tac gid Mitchell M Holland va cong
sw (Pai hoc Pennsylvania, Hoa Ky) da chirng minh,
sy pha tron ti 1& 2 ngudn ADN trong hdn hop mau
thap t&i 1:250 cé thé dwoc phat hién. Bé so sanh
trinh tw cac kiéu gen don boi & cap do toan bo hé
gen ty thé, xac dinh bang cong nghé NGS thé hé
m&i v&i gidi trinh ty Sanger thong thwong, tac gia
Martin Mikkelsen va cdng sw (Bai hoc Copenhagen,
Pan Mach), nam 2014 nghién ctu 64 mau co trinh
tw toan bé hé gen ty thé da dwoc phan tich, cho
thay su khac biét < 0,02% nucleotide khi st dung 2
phwong phap nay va khoang 2/3 sy khac biét dwoc
quan sat thdy nam trong khu vwc homopolymeric,
vi nhirng khu vc nay dé bi 16i trinh tuw.

2.3. Phan tich nhiém sac thé Y:

Cac diém da hinh di truyén gen trén nhiém séc
thé Y c6 vai trd quan trong trong gidm dinh phap
y, trong d6 cac doan da hinh trinh tw I&p lai ngan
Y-STRs dwoc rng dung trong giam dinh phén loai
thanh phan ADN ctia nam gidi cé trong loai mau
bi I&n tlr nhiéu ngudi (nhw méu hiép dam tap thé)
trong d6 cé ADN cla ni gi¢i chiém wu thé; st dung
trong cac trudng hop xac dinh médi quan hé huyét
théng theo dong bb.

Nam 2009, nhém cac nha khoa hoc nguwoi Anh,
Trung Québc cong bd nghién clru st dung cong
nghé NGS thé hé méi phan tich 10 triéu nucleotide
don (SNP) trén nhiém sac thé Y khi so sanh gitra 2
ngwdi dan 6ng cé cung td tién va cach nhau 13 thé
hé, da tim ra dwoc 4 khac biét di truyén. Nam 2013,
nghién ctru phan tich da hinh nucleotide don trén
nhiém s&c thé Y, xac dinh dwoc nhitng khac biét
gitra 118 ngudi khdng co ho hang tir 109 vung dia
li khac nhau, nhitng khac biét nay dung dé phan
biét chiing tdc nguwoi trén thé gidi, xay dwng cay
phat sinh loai.

2.4. Phan tich di truyén ngoai gen:

Gan day, mot sb6 nghién cru vé di truyén ngoai
gen (rng dung trong giam dinh hinh s, di truyén
ngoai gen khi phan tich trén hé théng NGS thé hé
ma&i da tim ra cac dac tinh phan biét cap song sinh
cung tring, dw doan dworc loai mé trén co thé con
ngwdi, xac dinh tudi cia mot ngudi thong qua céu
hinh methyl hoa ADN.

Phan tich dac tinh ctia cac cap sinh déi cung
trirng l& cht dé néng trong Iinh vie khoa hoc hinh

Tap chi Y HOC QUAN SV, SO 358 (5-6/2022)



s cling nhw trong giam dinh phap y. Phan tich dac
diém di truyén théng thwdng nhw STR, mtADN,
SNP trén hé gen cla nhirtng nguwoi sinh déi cung
trirng 13 khong thé phan biét. Nam 2010, T chire
nghién ctru sinh dbi cung tri'ng TwinsUK London
da nghién ctvu di truyén ngoai gen bang hé théng
NGS thé hé md&i va tim ra sw khac biét trong cac tin
hiéu di truyén ngoai gen tir 5.000 c&p sinh doi. Két
qua nghién cu cé tinh (rng dung cao trong giam
dinh hinh sy. Nam 2011, cac nha khoa hoc Trung
Quéc nghién ctvu cu hinh methyl héa ADN tir cac
mau mau cla cap song sinh cung trirng khac biét
dang ké véi nhau, twong tw nhw & cac ca thé khong
lién quan cung gidi tinh. Nhirng két qua nghién ctru
nay chi ra rang, sy methyl héa ADN & mét d4u hiéu
sinh hoc trong viéc phan biét ca thé gilra cac cap
song sinh cung trirng.

Nam 2016, cac nha khoa hoc thuéc Khoa Phap
y, Pai hoc Yonsei, Pai hoc Y Seoul, Cuc phap y
quéc gia Seoul, Han Quéc da xac dinh mot sb
nhirng thay dbi methyl héa ADN lién quan dén
tudi trong cac loai mé va té bao khac nhau. M6t sb
nghién clru da bao céo cac md hinh dy doan tudi
c6 thé dwoc ap dung trén nhiéu loai md, st dung
mau hodc nwdc bot véi d chinh xac dy doan (< 5
n&m). Cho dén nay, sy methyl héa ADN dwoc coi la
dau hiéu sinh hoc tién doan tudi hira hen nhat; xac
dinh cAu hinh methyl héa ADN khéac nhau cla cac
té bao hoac loai moé khac nhau da dwoc dé xuat dé
phéan biét cac loai dich co thé khac nhau, cac loai
mo khac nhau cutia co thé.

2.5. Phan tich gen di truyén gay dot ti:

Dot t&r do tim (Sudden Cardiac Death - SCD)
duwoc dinh nghia la t& vong dot ngot, bat ngd xuét
hién trong vong 1 gi¢ tir khi khéi phat triéu chirng
hodc xuét hién & cac bénh nhan dwoc xac dinh ti
vong trong pham vi 24 gi® khi khéng ca triéu chirng,
c6 kha nang do réi loan nhip tim ho&c suy sup huyét
déng. Cac hdi chirng réi loan nhip tim di truyén, lién
quan dén gen di truyén gay bénh va chét tim dot
ng6t nhw: Long QT syndrome, Brugada syndrome,
Cardiac conduction system disease, Short QT
syndrome, Hypertrophic cardiomyopathy... do cac
gen quy dinh: KCNQ1, KCNH2, SCN5A, KCNH2,
KCNJ2, MYBPC3, MYH7, TNNI3, TNNT2, TPM1...

Dot ter tim 1a mét van dé I6n cta linh vuc st
khoée cong dé“)ng, dwa trén nhirng tién bod cla cbng
nghé NGS thé hé méi, c6 thé phan tich kiéu gen
di truyén gay bénh vai téc do nhanh va tinh chinh
xac cao, cho phép ap dung rong rai dé xac dinh cac
hoi chieng rdi loan nhip tim di truyén, véi muc dich
la quan li bénh nhan, trong tuyén quan, tim dwoc
nguyén nhan dét tl trong linh vyc phap y khi co
gen mang hdi chirng rdi loan nhip tim.
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3. KET LUAN.

Cong nghé NGS thé hé mai da phat trién manh
& cac nuéc co nén khoa hoc tién tién nhw Hoa Ky,
Han Quéc, Trung Québc.. Céng nghé nay mé ra
nhi*rng co hoi d& chung ta kham pha nhiéu linh vuc
khac nhau, cho phép cac nha khoa hoc nghién cru
vé hé théng sinh hoc & mirc d6 chua tirng dat dwoc
tr trwdc téi nay. Cung véi sw phat trién cia cong
nghé, cac phuong thirc chuan bj mau va cbng cu
phan tich di¥ liéu cling dwgc tang cwdng manh mé,
lam gidm gia thanh qua trinh phan tich ADN, tang
nang suét va tang chat lwong cho cac phan tich. Vi
vay, NGS thé hé m¢i da tré thanh cong nghé chii
chét cha nghién ctvu khoa hoc co ban va nhanh
chong tré thanh cdng cu nghién ctru vé di truyén
hoc va cac nghién ctru lién quan khac.

O Viéet Nam, &ng dung céng nghé NGS thé hé
m¢i trong giam dinh phap y, giam dinh hinh sy dang
bat didu dwoc trién khai. Nhitng hop tac vé khoa
hoc cong nghé v&i cac nwéc phat trién nhuw Hoa
Ky, Ha Lan trong nghién ctru cdng nghé NGS thé
hé m&i dang mé ra nhitng co hdi trng dung thwe
tién. Phan tich ADN trong linh vwc phap y, giam
dinh hinh sw la van dé khé khan. Céng nghé NGS
thé hé mai ki vong sé dap (rng va tré thanh mét
phuong phap thwong quy, dé tiép can trong thuc
hanh tai cac labo sinh hoc phan t& trong nwéc. Tai
Vién Phap y Quan doi, cong nghé NGS thé hé méi
cling dang tirng bwéc dwoc nghién clru (’ng dung
trong phan tich ADN. Trong twong lai khéng xa,
nhiéu co s& giam dinh ADN trong nwéc, trong dé
c6 Vién Phap y Quan ddi sé lam chu dwoc cong
nghé NGS thé hé m&i véi nhiéu ng dung hiéu
qua, chat lwong.
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