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ABSTRACT

Next generation sequencing (NGS) is one of the modern tools strongly
supporting for DNA sequencing. Many applications of such innovative
technology have been successfully conducted in various research areas
worldwide. In Vietnam, especially Mekong delta region, there are several
NGS systems installed in some research institutions, universities and
hospitals. However, applications have been slowly implemented due to
numerous barriers. With the aim of effectively exploring the installed NGS
instruments, we are going to demonstrate some feasible applications
related to plant classification, aquaculture and medicine. In medicine, the
novel and remarkable applications of NGS in early detection of cancers,
non-invasive prenatal testing, and common genetic diseases will be
revealed. In aquaculture, the practicable applications on genetic breeding
and pathology will be illustrated. In plant taxonomy, important gene
regions involving in evolution will be described in detail. Additionally, this
article also discusses current research achievements and potential
applications of NGS in other fields in Vietnam.

TOM TAT

Gidi trinh tw thé hé méi (NGS) la mét trong nhitng cong cu hién dai hé tro
ddc luc trong viée gidi trinh tw DNA. Trén thé gii, rat nhiéu img dung cua
cong nghé nay da dwoc trién khai trén nhiéu linh vue khac nhau. o Viet
Nam, ddc biét la vimg Dong bang séng Ciru Long nhiéu vién, truong, bénh
vién da dau tw hé théng gidi trinh ty thé hé méi. T uy nhién, viéc trién khai
img dung con nhiéu bat cdp. Nham khai thac hiéu qua cdc hé théng gidi
trinh ti thé hé méi da dwoc lap dat, cdc vmg dung kha thi o Pong bang
song Curu Long lién quan, dén phan loai thire vit, nudi trong thity san va y
hoc sé dwgc trinh bay. Vé y hoc, nhitng iing dung méi va néi bt ciia NGS
trong chdn dodn chinh xdc mot s6 bénh ung thi, chin dodn tién sinh khéng
xdm lan va mét sé bénh ly phé bién do gen sé dwoc thao ludn. O linh vue
thity san, cdc g dung trong di truyén chon giong va bénh hoc sé dwoc dé
cdp. Con phan phdn logi thiee vt, cdc vung gen va hé gen quan trong lién
quan dén phan logi sé dwoc mé ta chi tiét. Ngodi ra, bai bdo ciing thao
ludn cdc thanh tuu nghién cieu dén thoi diém hién tai ciing nhie tiém néing
ung dung trong cdc linh vue khac cia NGS o Viét Nam

Trich dan: 6 Tan Khang, Tran Thi Thanh Khwong, Nguyén Pham Anh Thi va Tran Thi My Duyén, 2019.
Tiém nang mo rong (mg dung cong nghé giai trinh tu gen thé hé méi & Bong bang song Curu Long.
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1 GIOI THIEU

Cong nghé sinh hoc trén thé gidi dang phat trién
voi téc d6 kha nhanh, nhiéu cong nghé, ky thuat méi
lién tlep dugc cong bd, trong d6 dang chi ¥ 1a su
bung nd cua coéng nghé giai trinh ty thé hé méi.
Cong nghé nay cho phép phan tich trinh ty song
song voi khdi dit lidu cuc 1on tir nhiéu mau véi chi
phi thap, dong thoi giam thoi gian phan tich. Thoi
gian can thiét dé thiét bi cho ra céac trinh tur c6 kich
thudc 1én dén nhiéu gigabase duogc tdi gian tir hon
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mudi ndm xudng con vai tiéng dong hd véi chi phi
giam dang ké. Mot vi du dién hinh 1a du 4n giai trinh
tu bo gen ngudi dugc thuc hién trong gan 15 nam
v6i chi phi hon 1 triéu d6 la My khi str dung phuong
phap Sanger (NIH, 2019). Trong khi dé hé théng
giai trinh ty thé hé méi sit dung hé théng 454
Genome Sequencer FLX chi mét 2 thang véi chi phi
thap hon 100 lan (Patrick, 2008). Gia giai trinh tur bd
gen vi khuan str dung cong nghé nanopore chi tén
khoang 1.000 do la My (Kulski, 2016) (Bang 1).

Bang 1: Pic diém vé thoi lwong va gia ciia mot s thiét bi giai trinh tw thé h¢ méi (Kulski, 2016)

Thoi gian chay Chi phi (USD)/1 Phin trim Gia thiét bi

Thiét bi/Cong ty (git’ hoiic ngay) triéu base 13i ditlidu  (USD)
454 GS FLX/Roche 24/48 gio 10 1 500.000
GS Junior/Roche 18 gio 9 100.000
Hiseq/Illumina 27/240 gid 0,1 0,8 750.000
Miseq/Illumina 27 gio 0,13 0,8 125.000
SOLiD/Life Technologies 14 ngay 0,13 0,01 350.000
Ion Proton/Life Technologies 2-5 gid 1 1,7 215.000
Ion PGM/Life Technologies 2-5 gio 1 1,7 80.000
SMRT/Pac Bio 1-2 gio 2 12,9 750.000
Nanopore/Oxford Nanopore Technologies 48/72 gio <1 34 1.000

Hién nay, cac ting dung cua gidi trinh tu thé hé
méi (NGS) bao gém: giai trinh ty toan bo hé gen
sinh vat, giai trinh ty hé exon, gidi trinh ty RNA,
sang loc trude sinh khong xam 1an (NIPT), sang loc
di truyén trude chuyén phoi (PGT), sang loc va chan
doan ung thu (vom hong, phdi, mau, gan, da day, dai
tryc trang), bénh di truyen trong nong nghiép (xac
dinh kiéu gen cta dong bd me), xac dinh cong ddng
vi sinh vat, khoa hoc hinh sy (xac dinh tdi pham, xac
dinh danh tanh hai c6t, xac dinh quan hé huyét
thdng),... (Yadav et al., 2014; Motro and Moran-
Gilad, 2017). Trén ca nudc ¢ trén 25 hé thong gidi
trinh ty tr cac cong ty khac nhau da duoc trang bi
va van hanh tai nhiéu vién, truong, trung tdm ciing
nhu bénh vién. Riéng & thanh phd HO Chi Minh va
khu vye Pong bang séng Ciru Long (PBSCL) hién

¢6 khoang 15 may giai trinh ty thé hé méi da duoc
lap dat (Bang 2). Nhiéu may di dua vao str dung cho
céc cong tac nghién ctru va chan doan, nhung van
con nhidu may dang trong tinh trang khong sir dung.
Néu cac may nay khong duoc stir dung s& 1a mot sy
lang phi v6 cing 16n xét vé& mit tién cua va ca vé
mit cong nghé. Su phat trién cta cong nghé c6 thé
néi tung ngay tung gio, nhung viéc dua cac cong
nghé nay vao thuc tién & nudc ta con qua cham do
nhiéu nguyén nhan khac nhau. Mot trong nhiing
nguyén nhan quan trong 1a nguoi ding chwa nim rd
dugc hét cong dung cuia thiét bi nay. Thir hai, chi phi
cho céc bo kit hoa chat dé giai trinh tw con kha cao
néu sé luong mau duoc giai khong nhiéu. Thi ba,
mdt s6 hé thong co quy trinh phirc tap va can sy hd
tro ctia nhiéu thiét bi khéc.

Bing 2: Cac don vi trang bi h¢ thong gii trinh ty thé hé¢ méi ¢ thanh phé Ho Chi Minh va ving PBSCL
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Véi mong mudn ting cudng sy van hanh cua cac
thiét bi giai trinh tw thé hé méi, ddng thdi mé rong
c4c tmg dung cia cong nghé vuot trdi ndy, mot sb
mg dung tiém nang kha thi & PBSCL noi riéng va
ca nude noi chung lién quan dén hé thong giai trinh
tu thé hé méi s& duogce thao luan. Cac linh vuc duoc
dé cap lay hoc chin doan, bénh hoc va bd gen thuy
san va cac ung dung trong nghién ciru thyc vat.

2 CAC UNG DUNG CUA GIAI TRINH
TU THE HE MOI TRONG Y KHOA

Sinh thiét long 1a mot k¥ thuat khong xam 1an
duogc st dung dé chan doan bénh va theo doi tinh
trang bénh. Trong sinh thiét 10ng, thay vi tac dong
vao md dich, mau ngoai vi ciia bénh nhan dugc léy
mot cach don gian, khong gay dau dén dé phuc vu
cho cac xét nghiém hoac phan tich (Dahl and
Kloten, 2015). Trong huyét thanh bénh nhan, c6 mot
thanh phan nho cac té bao khdi u tuan hoan (CTC)
va cac phan tr DNA ty do (cfDNA) 1a muc tiéu di
truyén cho cac xét nghiém (Sausen ez al., 2014). Cac
DNA ty do trong mau nay c6 ngudn gbc tir khdi u
hodc tir thai nhi dugc phat hién 1an dau tién vao nam
1948 boi Mandel and Matais. Nhung phai dén
nhiing nim gan day, cfDNA cung véi NGS da mo
ra rat nhidu Gmg dung trong chan doan trén nhiéu
linh vuc an toan va chinh xéc cao, ndi bat nhit trong
hai linh vuc chin doan tién sinh khong xam l4n va
chan doan sém cac bénh ung thu (Abou and
Mahfouz, 2018; Mellis et al., 2018). Bo d6i NGS va
cfDNA da giup cac nha nghién clru ciing cac bac si
1am sang c6 nhitng budc tién vugt bat trong viéc tim
soat, chan doan va diéu tri cac bénh nguy hiém, giam
chi phi diéu trj va dic biét gia ting ti 1& séng ddi voi
céc bénh nhan ung thu mot cach dang ké (Paolillo er
al., 2016).

Chén doan tién sinh khong can thi¢p (non-
invasive prenatal testing- goi tat 1a NIPT)

Trude ddy, khi chua phat hién ra té bao thai nhi
tu do Iuu hanh trong huyét thanh ngudi me (cell —
free fetal DNA goi tit 1a cffDNA), ngudi phu nit
mang thai thuwong duoc chi dinh thye hién nhitng xét
nghiém sang loc trudc sinh truyén thong nhu siéu
am, choc i, triple test (Beta ez al., 2018). Nhiing thu
thuat xam 14n nay c6 mang mot nguy co xay thai
nhat dinh, dic biét dbi voi nhitng thai phu 16n tudi
hodc ¢6 tién sir cic bénh nguy hiém lién quan dén
thai ky (Niederstrasser et al., 2017). Hon thé nita, dé
chén doan mot cach chinh x4c hon, cac phuong phap
truyén théng nay thuong duoc thyc hién & nhing
giai doan sau cua thai ky va ddy s¢ 1a han ché 16n
néu nhu c6 su can thiép trong diéu tri bénh (Liao et
al., 2014).
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Véi su hién dién ciia cffDNA trong huyét trong
ngudi me dd mé ra canh cira chin doan tién sinh
khong xam l4n. Nhimg doan DNA ngin (100 —
200bp) nay cung cdp mot phuong tién phén tich di
truyén vira chinh xéc, don gian lai khong giy nguy
co xay thai. Trong qué trinh mang thai, khoang bon
tuén thai, mot lugng nhd DNA cuia thai nhi duoc giai
phong vao mau ngudi me tir nhau thai, chiém 5-20%
tong lugng cfDNA c6 trong huyét thanh cta nguoi
me (Liao ef al., 2014). Nhitng doan DNA nho nay
chitra hau hét cac thong tin di truyén dén tir thai nhi
va day chinh 1a ngudn nguyén liéu di truyén dai dién
cho bao thai dugc dung cho cac xét nghiém. Nho
vao cffDNA va cac k¥ thuat hién dai cua cong nghé
sinh hoc, dac biét 1a NGS da cho phép thyc hién lam
sang nhimg sang loc bat thuong pho b1en trong thai
nhi nhu r6i loan vé sb luong nhiém sac thé thuong,
mat doan trén nhidm sic thé thuong, rdi loan nhiém
sdc thé gigi tinh hodc rbi loan don gen (Wei et al.,
2011; Taneja et al., 2016).

Khoang 50% truong hop say thai ngau nghién c6
nguyén nhén do bat thudng veé s6 luong nhiém sic
thé. Trong d6 tam nhiém 21 la thuong gap nhit. Céac
truong hgp tam nhlem 16 gan nhau khong tim thay
& cac tré em sinh song va truong hop nay néu khong
xay thai thi s& chét ngay sau khi sinh. Vi vay xét
nghiém v& tam nhim hau nhu duoc chi dinh cho
nhitng phu nit mang thai c6 do tubi tir 35 tro 1én.
NIPT dua vao cffDNA va NGS trong xét nghiém
tam nhiém 16, 18, 21 1a phuong phap NIPT déu tién
dugc ap dung 1am sang voi do chinh xdc cao. Hién
nay, trén thé gioi da cho ra doi nhitng bo kit thuong
mai v6i quy md sir dung ngay mot 1on. No6i bat va
déu tién 1a bo kit MaterniT21 Plus dugc dua vao thi
truong vao khoang cubi nim 2011 ctia Sequenom’s
Laboratories. Phuong phap nay vai muc dich xac
dinh nhitng bét thudng trén nhiém sic thé 21, 18, 13
va trén nhiém sic thé gisi tinh. Ung dung céng nghé
giai trinh ty gen thé hé mai, toan bd gen da duogc
kiém tra chinh x4c. Cting véi d6 14 4p dung phan tich
sinh tin hoc cao cép v6i hang triéu diém dit liéu tir
nhiém sic thé trén bo gen, két qua cudi cing 12 hinh
anh 1am sang rat chinh xac. Cu thé Palomaki ef al.
(2011) da khao sat trén 1.696 bénh nhan c6 nguy co
mang thai bi hi chung Down. Chi khoang 10 ml
mau ngoai vi lay tir ngudi me mang thai ¢ tuan thai
tha 10, kit MaterniT21 Plus da cho két qué do chinh
xac cao > 99,1 % cho tam nhiém 21, > 99,99 cho
tam nhiém 18 va 91,7% cho tam nhiém 13
(Palomaki et al., 2011). Hay trong mét nghién ctru
khac, tac gia sir dung NIPT — ILLumina, khao sat &
85.000 truong hop v6i do chinh xac rat cao >99,9%
(Bang 3) (Taneja et al., 2016).
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Bang 3: Két qua xét nghiém tam nhiém ctia bd kit MaterniT21 Plus- Illumina trén 85.000 truwong hop

Nhiém sic thé Do nhay quan sat dwgc (Observed sensitivity) Do nhay Do dic hiéu
21 >99,49% 100% 99,76%

18 97,23% 97,37% 99,57%

13 97,98% 87,50% 100%
Nhiém sic thé Sy phu hop

X 99,90%

XX 99,60%

XY 99,60%

XXX/XXY/XYY 97,40%

Bang 4 téng hop mot sb kit thuong mai ndi bat
dang duoc tmg dung tai My (sé liéu khao sat vao
nam 2013). Véi ti€u chi d¢ chinh xac cao, xét
nghiém don gian, lugng mau it, thoi gian xét nghiém
nhanh va dic biét 1a gia thanh thip luén mé ra mot
hudng nghién ciu dac biét ung dung & cac nudc

dang phat trién. O cac nu6e phat trién, phuong phap
sang loc trudce sinh rt phd bién. Phy nit mang thai
ttr 10 tudn thai d3 c6 thé duoc xét nghiém NIPT, do
d6 tinh trang bénh va di tét thai & cac nudc nay dugc
kiém soat rdt chat ché (Norton et al., 2012;
Kotsopoulou ef al., 2015; Renga, 2018).

Bing 4: Thong s6 ky thuat mot sd kit NIPT thwong mai tai My (nguon Agarwal ef al., 2013)

Noi sin xuat Sequenin Lab  Illumina Roche Natera Inc
Tén bo kit Materni T21 Plus Verifi prenatal Harmony prenatal Panorama
Tam nhiém 13, Tamnhiém 13, Tamnhi®ém 13, Tam nhiém 13, 18, 21, bat
18, 21, bat 18, 21, bét thuong 18, 21, bat thuong sé lugng NST gidi
Muc tiéu thuong s6 luong  s6 lugng NST thuong s6 luong  tinh va xéac dinh gidi tinh,

NST gidi tinh va gidi tinh vaxdc ~ NST gi¢i tinh va  hoi ching mét doan 22q11.2
i mat doan NST  dinh gidi tinh xac dinh gidi tinh va cac mat doan khac
Thé tich mau 20ml (2 6ng) 7ml (1 ong) 10ml (1 6ng) 20 ml (1 ong)
Thai ky 10 tuan 10 tuan 10 tuan 7 tuan
Do chinh xac >99% 100% >99% 100%
D§ nhay 92 - 99% 87 —99% 80-99% 92 - 99%
o ;?anh (vao nam ¢ 15008 800% 15008
Thoi gian thyc hién 7 ngay 3-6 ngay 8-10 ngay 7-10 ngay

NIPT khong chi dugc ap dung trong tim soat cac
bi tat do bét thuong NST, ma con dugc st dung rat
nhiéu trong céc rdi loan di truyén khac & thai nhi nhu
fetal rhesus D determination (Saramago et al.,
2018), bénh lién quan té6i NST gidi tinh nhu
duchenne (Parks ez al., 2016) va cac bénh do rbi loan
don gen (Lench et al., 2013; Verhoef et al., 2016) .

Thalassemia, bénh tan mau bam sinh 1a mot
trong nhimng bénh di truyén rbi loan don gen lin phd
bién nhat trén thé giéi. Theo thdng ké ciia Lién doan
Thalassemia va WHO (2007), thalassemia chiém
khoang 7% dan s6 thé gidi, v6i khoang 330.000 tré
em sinh ra hang nim bi mic bénh va 1,1 % céc cap
vo chdng sinh c6 nguy co mang bénh. Tai Viét Nam,
tan mau bam sinh di truyén rat thudng gap va chiém
ti 1€ cao so v64i cac bénh di truyen do roi loan don
gen khéac. Bénh tan mau bam sinh ciing nhu cac bénh
do rbi loan don gen thuong duoc chan doan bing
cffDNA két hop v6i phuong phap PCR nhu AS-
PCR, COLD-PCR hoic enzyme cit giéi han da cho
két qua nhat dinh trén nghién ctru ciing nhu 1am sang

(Van et al., 2017). Tuy nhién, mdt trong nhitng han
ché 16n nhat cta cac k¥ thuat sinh hoc phan tir nay
la do chinh xac chi phu hop trong truong hop dot
bién tai mot diém, nhung khong thé phat hién bénh
do dot bién nhiéu diém nhu bénh thanataphoric
dysplasia (Chitty et al., 2015). Sy ra doi va cai tién
ctia hé thdng NGS di khic phuc dugc han ché cua
cac ky thuat PCR khi c6 nhiéu dot bién trén cling
mot gen. Chi trong mot lan chay, NGS cung véi
NIPT da phat hién ra nhiéu dot bién mot cach don
gian. Cu thé, Chitty et al., 2015 da phat trién mot hé
gen dot bién (panel of mutation) danh cho bénh loan
san xuong nguyén nhan 1a do dot bién & nhiéu vi tri
khac nhau trén gen FGFR3 va da chirng minh d6
chinh xac vuot trdi khi so sanh véi phuong phap
PCR-RELP truéc dé. Trong lan thir nghiém nay,
nhém da phat hién ra 29 dot bién chi trong mét lan
chay. Phuong phap sir dung NGS v6i hé gen dot
bién nay da dugc dwa vao chan doan 1am sang tai rat
nhiéu bénh vién & Anh tir nm 2014. Nhitng nghién
clru va ap dung trong chan doan rdi loan gen lin
khéc nhu ¢ bénh xo nang (Hill et al., 2015) va
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thalassemia (Xiong et al., 2015) dang duoc tién
hanh rong rai ¢ cac phong th1 nghiém trén thé gioi,
va huéng dén phat trién cac kit chdn doan & phd rong
nhiéu dot bién va nhiéu gen hon chi trong mét phan
ung.

Tai Viét Nam, NIPT d4 bude dau duoc ung dung
& cac bénh vién va trung tdm phu san tai thanh phd
Ho Chi Minh va Ha Noi, qua d6 cho thiy tiém ning
mg dung rat cao. Nhu vay, NGS va cffNDA sé 1a
xu thé tuong lai trong chan doan tién sinh khong
xam lan trén thé gisi va tai Viét Nam. Véi két qua
chinh xac, gi4 ca phu hop, thoi gian tam soat som s&
phan nao giam di lo ling cia cac bac cha me va dong
thoi gitp x4 hoi giam di rt nhiéu nhirng bénh nguy
hiém khong mong muédn.

Trong linh vic diéu tri cac bénh ung thu, nhiing
niam gan day NGS da dong gop déc luc vao cac linh
vuc nhu tdm soat ung thu di truyén (Price ef al.,
2018), chan doan ung thu giai doan sém (Paolillo et
al., 2016) va phat hién dot bién khang thudc trong
qué trinh didu tri ung thu (Xue and Wilcox, 2016)
dd va dang mang lai nhitng két qua rat kha quan.
Ung dung phd bién va hiéu qua nhét 1a nay cia NGS
trong linh vuc tdm soat ung thu di truyén. Tir céc sd
liéu théng ké, ung thu di truyén chiém khoang 10%
cac loai bénh ung thu (Stanislaw et al., 2016). Cac
nha nghién ciru di tim ra mdi lién hé chit ché giira
do6t bién cac gen voi trén 35 hoi ching ung thu di
truyén. Nghién ciru dugc thyc hién giai trinh ty cac
gen hoi nhap cao lay tir du 4n ban d6 gen ung thu
clia vién sic khoe qudc gia My (NIH) trén 3.000
truong hop ung thu. Két qua cho thay, trong 12 loai
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ung thu phd bién, ung thu budng trimg c6 dot bién
di truyén cao nhét, tiép dén l1a ung thu da day, ung
thu va, 4% xay ra ¢ ung thu than kinh dém, ung thu
déu, cb, ung thu tuyen tién liét va ung thu phéi.
Trong cac gen dot bién di truyen noi bat va duoc
nghién ctru nhiéu nhat 12 by d6i gen BRCAI va
BRCA2. Nhitng nguoi binh thuong dugc xét
nghiém mang dot bién 2 gen nay cd nguy co 65%
méc bénh ung thu va va 50% miac bénh ung thu
budng trimg. Trén nhidu nghién ctru khac, cac bénh
nhan ung thu tuyén tuy, ung thu tuyén tién liét ciing
nhu ung thu vii & nam giéi déu duge phat hién cé
xay ra hién tuong dot bién trén bd doi gen nay.
Ngoai ra, dot bién xay ra trén nhom gen MLHI,
MSH2, MSH6, PMS2 va EPCAM dugc phat hién &
nhitng bénh nhan c6 hoi chimg Lynn, tién than cta
ung thu tryc trang (Rahner et al., 2010, 2013). Véi
s6 liéu hién tai, da co trén 27 gen ¢o lién quan toi
ung thu di truyén. Va s lugng cac gen twong tu
ngay cang duogc phat hién (Gardner et al., 2018).
Vi cong nghé giai trinh ty thé hé mdi, cac nha khoa
hoc da nhan biét chinh xé4c trinh ty dot bién cung
mot lac sb luong rat 16n cac gen lién quan t6i cac
bénh ung thu di truyén. K¥ thuét nay thuc hién méot
cach don gian va tiét kiém chi phi, 1am giam thoi
gian xét nghiém nhiéu gen ung thu trén chi mot lan
chay. Bang 5 1iét ké mot sb kit tAm soat ung thu p
dung NGS dang sir dung phé bién va dua vao 1am
sang & mot so quoc gia trén thé gidi, chimg to duge
hiéu qua va tiém ning cao cua NGS trong tam soat
cac bénh ung thu di truyén.

Bang 5: Mt s6 bd kit thwong mai tAim soat ung thw ing dung k¥ thuit NGS (Paolillo ez al., 2016)

Hang sin xuat Tén S6 lugng gen
TruSight Caner 94

. ~ TruSight Tumor 15 15
lllumina, Inc (M) TruSight Myeloid 54
TruSeq Amplicon Cancer Panel 48

. oy - Ion AmpliSeq Cancer Hotspot Panel v2 50

Thermo Fisher Scientific (M) Ion AmgliSeg Comprehenslive Cancer Panel 400
Qiagen (Ptrc) Actionable Inside Tumor Panel 12
ClearSeq Comprehensive 151

Agilent Technologies (M¥) 8:2;2:3 iaMnier ;(7)
Cancer research Panel 47

Foundation Medicen, Inc (My) Foundation One 315
University of Washington (M) UW-Oncoplex 234
ParadigmDX (M¥) PCDx 114
ARUP Lab (My) Solid Tumor Mutation Panel 48
Caris Life Science (M¥) MI Profiles 46
Kight Diagnostic Lab (M¥) GeneTrails Cancer Gene Panel 38
PahtGroup (M¥) SmartGenomics 35
Life Technologies (M) Pervenio Lung NGS assay 25
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Véi viée tim soat ung thu di truyén bang cong
nghé giai trinh ‘tu, d0i ngil bac sT s€ danh gia dugc
cac nguy co méc bénh va dua ra ddu chi diém bénh
Iy tién ung thu va ung thu thong qua cac xét nghiém
tai mo dich. Tam soat sém ung thu di truyén dang
dugc cho 1a chia khoa vang dé phat hién va dua ra
c4c phuong phap ngin chin ung thu, giam dang ké
nguy co t vong va chi phi cho nguoi bénh.

Bén canh tam soat ung thu, nhimg khé khin
trong qua trinh diéu tri ung thu ciing dang 1a mot bai
toan rat kho ddi véi cac nha nghién ciru. Mot trong
nhitng nguyén nhan gay that bai trong qua trinh diéu
trj chinh 1a viéc té bao ung thu khong dap tng thude
diéu tri. Nguyén nhan cua hién trong nay dugc cho
1a do dot bién cac gen lién quan (Adashek et al.,
2018).Véi cong nghé gidi trinh ty thé hé méi, toan
bd qua trinh diéu trj cta bénh duge kiém soat mot
cach chit chg, theo dbi kha nang déap tung diéu tri va
phat hién ra dot bién khang thudc phat sinh trong
qua trinh diéu tri mot cach chudn xéc. Vi viée xac
dinh dugc nguyén nhan do dot bién gen cu thé,
nhiing thudc diéu tri dich s& duoc sir dung dé wre ché
gen dot bién, ding lidu va dung thoi diém, qua dé
mang lai hi¢u qua diéu tri cao nhat (Stanislaw et al.,
2016).

Nhu vay, véi kha nang giai trinh ty chinh xac va
s6 lwong 16n trong cung mot luc, viée hoan hién quy
trinh NGS dugc hira hen s& 1a cong cu dic luc giup
cac nha khoa hoc chién thing _trong cude chién
chéng ung thu khéc liét dang dién ra trén toan thé
gioi.

3 CAC TIEM NANG UNG DUNG CONG
NGHE GIAI TRINH TU THE HE MOI
TRONG THUY SAN O PBSCL

Trong linh vyc thuy san, cong ngh¢ NGS da
dugc st dung rong réi trén the gidi, gitp cac nha
nghién ctru hiéu 1o hon vé t6 chirc, cdu tric, chirc
ning ciing nhu s tién hod ciia bd gen cua dong vat
thuy san (Yafiez et al., 2015; Yue and Wang, 2017),
tim hiéu co ché di truyén cua céac dic diém ndi bat
cua dong vat thuy san va sy tuong tac cua nd voi
mdi trudng, cung cap di lidu trong viée tim kiém
cac chi thi phan tir trong qua trinh chon giéng, xac
dinh gioi tinh hay danh gia da dang di truyén
(Kumar and Kocour, 2017; Robledo et al., 2017).
Bén canh d6, cong nghé NGS con dugc tng dung
trong viéc quan 1y bénh truyén nhiém trén dong vat
thuy san, vi du nhu giai trinh ty toan bd bo gen cua
vi khuén va vi-rat gdy bénh cho dong vat nudi thuy
san dé giam thiéu su xuat hién va lay lan cta bénh
(Bayliss et al., 2017; Nkili-Meyong et al., 2017),
trong cac nghién ciru vé doc chat hoc trong moi
truong nudc (Mehinto et al., 2012) hay trong céac
nghién ctiu vé da dang sinh hoc cda sinh vat bién
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(Huete-Pérez and Quezada, 2013). Trong phan nay,
tiém nang tng dung cua NGS trong quan ly dich
bénh ciing nhu trong di truyén va chon giong s&
duogc trinh bay.

3.1 Ung dung cong ngh¢ NGS trong quan Iy
dich bénh thuy sin

Quan 1y dich bénh 1a mét thach thirc quan trong
trong phat trién NTTS bén virng. Nhdm giam thiéu
su xuét hién va lay lan cta dich bénh, nguy co bung
phat va phuong thirc 1ay truyén cua cac tic nhan giy
bénh cin duoc tim hiéu. Nguyén nhan bung phat
bénh co thé do su tién hoa cua cac ching méi (Coté
et al., 2008), su lan truyén cua cac chung giira cac
qudc gia théng qua xudt nhap con giéng, ca thé
truong thanh, ca thé bd me hodc do cac tac dong cua
bién d6i moéi truong (Marcos-Lopez et al., 2010;
Walker and Winton, 2010). Ngoai ra, chung méi
xudt hién c6 thé do thay ddi vat chii trong qua trinh
nuodi ghép hoac tir nhitng sinh vat hoi sinh trong
cung mot loai, didu nay c6 thé do dot bién hodc su
lan truyén theo chiéu ngang giita cac gen mang doc
luc thong qua sy tai to hop giira cac ching gay bénh
trudc d6 (Wijegoonawardane et al., 2009).

Cong nghé NGS, dac biét 1a illumina miseq, cho
phép giai trinh ti toan bd hé gen ctia vi khuan va vi
rit gdy bénh (Nkili-Meyong et al., 2017). Hon 20 h¢
gen tham chiéu cta vi khuan, vi rat gy bénh trén
dong vat thuy san da dugc cong b, cung cip phan
16n thong tin vé trinh tu gen ctia cac chung vi khuan,
vi rat khac nhau trong ciing mot loai, cho thiy su
bién ddi trong hé gen cua loai, tir do tim lai nguy co
bung phat va phuong thtrc lan truyen thdng qua cac
bién thé gen cling nhu cung cap thong tin dy doan
lién quan dén cac kiéu hinh quan trong (Bayliss er
al.,2017). Barnes et al. (2016) da giai trinh ty 51 hé
gen cuia vi khuan Yersinia ruckeri, mot tic nhan gy
bénh phé bién trén c4 hoi. Dua vao céc chi thi phéan
to SNPs, so sanh phat sinh loai cua 58 chung vi
khudn thu thap tir Uc, New Zealand, My, Chile,
Phén Lan va Trung Qudc cho thay loai vi khuén nay
¢6 nhiéu ching khac nhau trén toan ciu cing nhu
trong ranh gi¢i ciia nuée Uc. Két qua cho thiy kiéu
huyét thanh O1b cua chung vi khuan thu & Uc khac
biét vé mit di truyén so véi kiéu huyét thanh cua cac
chung vi khuén thu & noi khac, va kiéu huyét thanh
nay chua dugc cong bd trude day. Nghién ciru cling
lan dau tién chimg minh sy hién dién cua kiéu huyét
thanh O2 & Tasmama kiéu huyet thanh nay cung
khac biét hoan toan vé mit di truyén véi kiéu huyét
thanh O2 cua chung vi khuan thu & My. Diéu nay
cho thay 2 chung vi khuén Yersinia ruckeri 1a chung
ban dia.

Khi so sanh trinh ty hé gen cua 3 dong vi rut
Cyprinid herpesvirus (CyHV), tac nhan gy bénh
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cho ca chép (Cyprinus carpio carpio) va ca chép koi
(Cyprinus carpio koi), két qua cho thay do tuong
ddng gilta cac chung la 99%, voi phan 16n su khac
biét nim trén cac ving lap lai lién ké khac nhau
(variable number of tandem repeats — VNTRs)
(Avarre et al., 2011). Dya vao sy khac biét cua cac
VNTRs, céc nha khoa hoc ¢6 thé phat trién cac ky
thuat chuin doan mam bénh chinh xac, nhanh va
nhay nhu ky thuat khuéch dai gen (polymerase chain
reaction — PCR), k¥ thuét khuéch dai déng nhiét
(loop-mediated isothermal amplification — LAMP).

Cong nghé NGS rat hiru ich khi xac dinh cac gen
lién quan dén dap ung mién dich khong dic hiéu
ciing nhu hé mién dich khong dic hiéu cua vat chi
khi chdng lai tic nhan gy bénh. Dya trén dir lidu
cua hé gen va hé phién ma, Ordas et al. (2011) da
lap duoc mot bo tham chiu chu thich cua cac gen
dap ung, cac protein chtre nang lién quan dén dap
mg cua hé mién dich khi phoi ca ngya van nhiém
Salmonella typhimurium. Ngoai ra, nhom tac gia da
tim dugc nhom gen dap tng va dy doan nhiing gen
¢6 tiém nang dap ung trong hé mién dich khong dic
hiu, nhitng gen nay déu hoat dong khi c6 sy hién
dién hay Véng mit cia hé mién dich dic hiéu. Trong
mot nghién ctru khac, Zhang et al. (2011) dya vao
trinh ty hé gen va hé phién ma dé xac dinh cac gen
mién dich khong dic hiéu ctia ca chép (Cyprinus
carpio).

3.2 Ung dung cong ngh¢ NGS trong di
truyén va chon giong dong vit thuy san

Chon gidng 12 mdt budc quan trong trong NTTS.
Muc tiéu ctia nghién ctru chon giéng va nhan giéng
1a dé tang cudng hiu qua san xuit NTTS, ting chét
lwong san phdm ciing nhu ting loi nhudn cua nguoi
nudi. Bén canh nhing két qua da dat duoc nho vao
cac phuong phap chon giéng truyén thong (lai tao,
chon loc dua trén dic diém kiéu hinh...), k¥ thuat di
truyén phan tir dang dan duoc dp dung vao cong tac
chon giéng trong NTTS. K§ thuét di truyén phan tir
cho phép so sanh sy da dang di truyén giita cac
gidng dong vat nudi thuy san dwa vao cdu tric hé
gen, chirc nang gen cua dong vat thuy san, cac bién
thé vé kleu gen va kiéu hinh. Cho dén nam 2017, véi
nhing tién b cua cong nghé NGS, trinh ty toan hé
gen cua hon 24 loai dong vat thuy san da dugc cong
bd (Yue and Wang, 2017) trong d6 c6 ca tuyét Dai
Tay Duong (Star et al., 2011), hao Thai Binh Duong
(Zhang et al., 2012) , ca chép (Xu et al., 2014), ca
r0 phi (Xia et al., 2014).... Dir liéu trén h¢ gen tham
chiéu bao gé)m trinh ty DNA, chu thich va thong tin
khac lién quan dén trinh ty DNA, nhiém sic thé va
cac gen chtrc nang...

Nghién clru tuong quan trén toan hé gen
(genome-wide association studies — GWAS), 1a mot
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céch tiép can twong ddi mai trong khoa hoc thiy san
dé xac dinh cac gen lién quan dén céc tinh trang
quan trong nhu tinh trang qui dinh tang truedng, gidi
tinh va khang bénh thong qua cac chi thi phan tir
(SNPs). Vi du, 4 locus diéu khién tinh trang
(quantitative trait loci - QTL) khang bénh
columnaris trén ca da tron (Ictalurus spp.) (Geng et
al., 2015) va 9 QTL khang bénh do vi khuan Vibrio
anguillarum trong hé gen cua ca bon Nhat
(Paralichthys olivaceus) (Shao et al., 2015) da dugc
xac dinh. Cong ngh¢ NGS ciing da dugc st dung dé
nghién ctru nhing thay d6i trong biéu hién gen dé
dap tmg vdi stress va co ché tir vong do stress trong
ca com Nhat Ban, Coilia nasus (Du et al., 2014). Su
diéu hoa cac gen chuyén hoa glucose va chuyén hoa
lipid ting, cac gen lién quan dén qua trinh chét té
bao va cac gen chi thi ton thuong gan cho théy stress
gly ra t6n thuong gan thong qua qua trinh chét cua
té bao ty thé. Hon nita, két qua phan tich h¢ phién
ma dudng rudt cua hai lodi ca nude ngot vé kha ning
chiu man (cé r6 phi Mozambique c6 kha néng chiu
man cao, Oreochromis mossambicus, va ca 10 phi it
chiu mén, Oreochromis niloticus) cho théy do tuong
ddng vé biéu hién gen dap ung vai su thay doi do
man gitta 2 loai ¢ rudt sau nhung c6 sy khac biét &
rudt trude. Trong d6, ca r6 phi Oreochromis
mossambicus ¢6 21 gen & rudt trudce tang hoat dong
v6i d0 méan trong khi 21 gen nay giam hoat dong &
ca r6 phi Oreochromis noliticus. Cac gen nay cé
chtc nang van chuyén va tham gia vao cac hoat
dong trong cac kénh ion. Piéu nay cho thy rudt
trudc dong mot vai trd quan trong trong co ché diéu
chinh kha nang chiu mén cua ca ré phi (Ronkin et
al., 2015).

Chon lya gidi tinh 14 mot trong nhing yéu t6
quan trong d6i véi nhiéu loai nudi tréng thiy san vi
kiéu hinh gidi tinh & mot sb loai dong vat thiy san
lién quan dén tinh trang tang truong. Viée kiém soat
ty 1& gidi tinh giup dat dugc toe do tang trudng cao
hon, cling nhu tranh dugc sy phan tan kich ¢&. Vi du
nhu ¢ tom cang xanh, con duc c6 tbe do tang trudng
nhanh hon va kich thudc ti da to hon con cai (FAO,
2016). Hién nay, rat it gen qui dinh gi6i tinh duoc
xac dinh ¢ cac loai dong vat thuy san. Ung dung
cong nghé NGS gitip nang cao kién thirc vé chon lya
gidi tinh trong NTTS, nhu cac nghién ciru vé kiéu
gen qui dinh kiéu hinh gi6i tinh trén ca ro phi
Oreochromis noliticus (Palaiokostas et al., 2013,
2015). Nhom tac gia da tim ra dugc cac vung trinh
tur 6 chira cac locus lién quan dén cac dic diém kiéu
hinh gidi tinh trong hé gen cua ca thé duc hodc ci,
cung cdp théng tin cic da hinh nucleotide don
(single nucleotide polymorphism-SNPs) lién quan
dén cac locus nay. Két qua nay s& duogc su dung
trong viéc chon gidng ciing nhu san xuét gidng ca 1o
phi Oreochromis niloticus toan duc nham cai thién
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chat luong di truyén, cung cip con gidng c6 chat
lugng cao cho nghanh NTTS.

Ung dung ctia cong nghé NGS trong linh vuc
thuy san & PBSCL con nhidu han ché. Mot sb
nghién ctru phan tich vé da dang di truyén ctia mot
sO loai ca nhu c4 bong lau, ca dira va cé tra ban
(Duong Thiyy Yén va ctv., 2015), ¢4 16 dong (Duong
Thiy Yén, 2014; Pham Thi Trang Nhung va Duong
Thiy Yén, 2014) va ca huong (Duong Thiy Yén va
ctv.,2018; Duong Thily Yén, 2014; Pham Thi Trang
Nhung va Duong Thuy Yén, 2014) cling nhu cac
nghién ctru vé dich t& hoc, tim hiéu dic diém gen
clia tac nhan gy bénh dém tring trén tém cling nhu
con duong lan truyén cia né & mire d6 phan tir (Hoa
etal.,2012a; Hoa et al., 2012b) da dugc thuc hién ¢
DPBSCL. Bén canh dé, nhd vao két qua giai trinh tu,
co so dir liéu vé hé gen chirc nang lién quan dén tinh
trang chiu man cia ca tra (Nguyén Minh Thanh va
ctv., 2015), két qua dinh danh mét s loai Moina
spp. nhu Moina micrura va Moina macrocopa (Lé
Van Hau va ctv., 2018) hay céac tac nhan gay bénh
trén dong vat nudi thuy san nhu vi khuan
Streptococcus dusalactiae giy bénh trén ci bdng
kéo (Nguyén Thu Dung va ctv., 2016), vi bao tir
trung (Microsporidia) gay bénh trén ca tra da dugc
cong bd (Nguyén Thi Thu Hang vabang Thi Hoang
Oanh, 2016). Tuy nhién, cac mAu giai trinh tu déu
can phai giri ¢én phong thi nghiém tai thanh phd HO
Chi Minh hoac thyc hién tai nudc ngoai. Voi cac vi
du vé tmg dung ctia cong nghé NGS trong linh vuc
thity san trén day, cing voi uu thé vé gia thanh thap
(néu tinh trén dir liéu xuét ra cia mot lan chay), thoi
gian phan tich nhanh va chinh xac cho thdy cong
nghé NGS cé nhiéu trién vong tmg dung cho nhiéu
muc dich nghién ctu trong linh vuc thuy san &
DPBSCL.

4 UNG DUNG NGS TREN THU'C VAT

Trong nhitng ndm gan day, gia thanh giai trinh
tu cac doan gen ngdy cang giam dang ké thi viéc giai
trinh tw gen, bo gen dong — thue vét ngay cang phd
bién. Pay dugc xem nhu 13 khuynh huéng tiép can
nghién ctru khoa hoc trong néng nghiép. Nhimng tién
bd mang tinh cach mang trong cong nghé giai trinh
tu DNA 1 sy ra doi ctia ky thuat giai trinh ty thé hé
méi (NGS). Ky thuat NGS cho phép giai ma chudi
trinh ty hang tri¢u nucleotide chi trong 1 phan ung
v6i chi phi it hon rat nhiéu so v6i phuong phap giai
trinh tw Sanger truyén théng Chi phi va kha nang
nhimg c6éng ngh¢ nay tiép tuc dang duoc cai thién,
cung voi su phat trién song song cta nén tan NGS
két hop v6i cac dir liéu sinh hoc dang c¢6 hién nay
cho phép chung ta c6 thé tra 16i nhimg cau hoi khac
nhau ma trudc day khong thé tim dugc dap an. Khi
chc k¥ thuat va bo xur 1y dir liéu tiép tuc dugc cai
thién va phat trién, nha khoa hoc khong chi lam viée
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trén mot loai mau (model organism), sttc manh cua
NGS con xa hon thé. Cong nghé NGS va sy phat
trién nhiing tng dung trong cac linh vuc néng
nghiép nhu phat trién marker phan tir, lai tao, nghién
ctru phat sinh chung loai va hé sinh thai, trinh tu
phién ma, di truyén da boi, bién di di truyén va tng
dung trong ngan hang gen.
4.1 NGS trong giai ma trinh tw b gen thuc

vat

B6 gen thyuc vat ddu tién duoc giai ma va cong
bd vao nam 2000, d6 1a bd gen cia mot loai cay co
hoa nho thudc ho Cai (Arabidopsis thaliana)
(Arabidopsis genome initiative, 2000). Hai nam sau
do, bo gen cua cay lua da dugc giai ma (Goff et al.,
2002; Yu et al., 2002). Tai thoi diém bay gio, trén
co s6 dir liéu sinh hoc (NCBI) ciing cung cap thong
tin mét vai by gen thuc vat dang duogc tién hanh giai
ma. Sau khi bo gen déu tién cua thuc vat duge cong
bb da mé ra mot ki nguyén méi trong nghién ctru bd
gen thyc vat. Tuy nhién, vi nhitg gi6i han vé ky
thuat va gia thanh lac d6, viéc tién hanh giai ma
hoan chinh bd gen chi tap trung vao cac loai mau
(model species) vdi kich thude bo gen nho hodc cac
loi c6 gia tri kinh té cao. Cuing v&i su phat trién cia
cong nghé, nhimg k¥ thuat méi s& lam thay doi cach
nha khoa hoc tiép can voi cac dy an giai trinh ty
trong tuong lai.

Trén thé gi61, hién c6 hon 260.000 loai thuc vt
dugc biét dén, vi thé viéc can than lya chon b gen
nao s& dugc giai ma 1a can thiét. Viéc lya chon uu
tién nay s& anh huéng dén muc tiéu nghién ciru va
so sanh cac bd gen trong thuc vat. Viéc tim hiéu bo
gen s& mang dén loi ich nhit dinh trong twong lai, it
nhét 1a 3 linh vuc sau:

(1) Viée so sanh céc trinh tu ctia bo gen s& cung
cép co hoi cho cac nha nghién ciru hiéu duge sy tién
hoéa cia thyc vat & murc do phan tur.

(2) Céch tiép can cic gen muyc tiéu, cac thanh
phan chirc ning cua gen va cung cap dir liéu quan
trong vé nhitng cha thich cho cac bd gen da dugc
gidi ma.

(3) Trinh tu bd gen thuc vét cung cAp nhitng
thong tin quan trong, hitu ich s€ dwgc Ung dung
trong viéc ly trich nhiing gen muc ti€u ¢ céc loai
méi.

Theo thong ké, hién nay da c6 hon 200 loai thuc
vat da duoc giai ma bd gen, va con sb nay s& khong
ngung tang 1én (Royal Botanical Gardens, 2017).
Trong d6, 57,7% b gen cua cdy trong duoc giai ma,
17,7 % cay tréng hoang dai, 22,3% nhom thyc vat
¢6 bé mach khong thudc nhom cay trong va 2,3%
con lai duoc giai trinh ty bd gen véi cac muc dich
khac nhau. Kich thude cac bg gen thuc vat da dugc
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giai ma ciling vo cung phong phu. B gen thuc vt
nho nhét duoc cong bd c6 kich thude 82 Mb thude
vé loai thuc vat an thit sbng dudi nude hodc nhimg
vung ngap nudc (Utricularia gibba). Bo gen c6 kich
thude 16n nhit 1a 19.600 Mb da duge ghi nhan thuge
vé mot loai thuc vat hat trin thudc ho thong c6 tén
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thuong goi 1a Van sam Na-uy (Norway Spruce)
(Picea abies), kich thudc nay chénh 1éch kha nhiéu
s0 v&i b gen cua cdy ngd duoc cho la 16n thir hai
trong cac loai thyc vat (2.300 Mb) (Michael and
Jackson, 2013).

Bang 6: Danh sich mdt s co sé dir liéu bd gen thue vt

STT Co sé dir liu Trang web
1  Plant GDB http://www.plantgdb.org/
2 Wheatgenome.info http://www.wheatgenome.info/
3 Phytozome http://www.phytozome.net
4 EuroPineDB http://www.scbi.uma.es/pindb/
5  TreeGenes http://dendrome.ucdavis.edu/treegenes/
6  Gramene http://www.gramene.org/
7  Sol Genomics http://github.com/solgenomics/; http://solgenomics.net/
8  Legume Information System http://legumeinfo.org

Cong nghé giai trinh ty gen thé hé méi va ky
thudt phan tich cac dit liéu nay da phat trién mot
cach nhanh chong trong vai nam qua. Trinh tu gen
don hay trinh ty toan bg bo gen da dugc giai ma sé
cung cap rat nhiéu thong tin hiru ich cho cac nha
khoa hoc, gilip riit ngan thoi gian nghién ctru. Thach
thirc con lai 1a 1am thé nao sir dung triét dé va hiéu
qua tir ngudn dir liéu khong 16 nay mang lai.

DBSCL hién nay cting khong dimg ngoai su tién
b khoa hoc cong nghé. Nhiéu vién —trudng da dau
tu cac hé thong thiét bj hién dai phu hop vdi xu
huéng phat trién. Bén canh d6 ngudn thuc vat can
dugc nghién ctru vo ciing phong phi tir ciy trong
mang lai gid tri kinh té cao dén cac cay dugc liéu va
mot s6 loai thyc vat dia phuong dic thu, quy hiém.
Ngudn vat liéu nghién ciru niy s& cung cép rat nhiéu
thong tin, dir liéu khoa hoc qui bau.

4.2 NGS trong cong tac chon gidng

Ky thuat giai trinh ty thé hé mdi (next-
generation sequencing — NGS) duoc tng dung giai
ma bd gen thyc vat tao ra co hdi cho cac nha nghién
ctru hiéu duoc cac dic tinh, cdu trac, va thanh phan
cac gen trong bg gen thuc vat. Trinh ty toan bo b
gen thuc vat, trinh tu phién ma (transcriptome
sequencing) va trinh ty vung ma hoa protein cla cac
gen (exome sequencing) s& cho phép cac nha khoa
hoc kham pha cdc gen muc tiéu dong vai tro quan
trong trong noéng hoc, vi du nhu: gen diéu khién
nang suit cta cdy, gen c6 kha ning chéng chiu stress
sinh hoc va phi sinh hoc. Nhiing dit liéu c6 san cia
b gen va cac trinh ty phién ma s& gitip ich dong thoi
cho viéc phat trién cac marker di truyén. Hién nay,
céc cong cu NGS du manh dé cung cap phan tich do
phén giai cao cua bd gen thuc vat. NGS tao ra mét
lugng 16n dir liéu dugc sép xép mdt cach hi¢u qua
vé chi phi va cho phép lugc ta su bién doi nucleotide
va kham pha mot luong 16n cac marker chirc nang.

Nhitng marker nay s& gitup ich cho cong tac chon
giong trong viéc chon ra cac dac tinh c6 gia tri kinh
té cao.

5 KET LUAN

Cong nghé giai trinh ty thé hé méi mo ra nhiéu
co hoi dé chung ta khdm pha nhiéu loai sinh vat méi
cling nhu cac bénh 1y phirc tap dang xuét hién ngay
cang nhiéu. Nhiéu cong ty da sang ché ra nhiéu hé
thdng giai trinh ty moi voi nhiéu tinh nang méi clng
nhu dap g nhu ciu cua ting g dung cu thé voi
gia ca phu hgp va do chinh xac cao. Do do, viéc ung
dung NGS ¢ BDBSCL trong y hoc, thuy san va trong
nghién ctru chon tao giéng thue vat 1a hoan toan kha
thi.
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