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Cong nghé chinh siva gen CRISPR/Cas dang mé ra nhirng trién vong dang ké trong linh vwe chon giong
va cai tién di truyén & vat nuéi, giap vat nuéi nang cao kha ning chdng chju véi bénh tat, tang hiéu suét
sinh san, chat lwong san pham va c6 kha ning thich (rng cao véi cac diéu kién méi trwong thay doi.
Mot loi ich quan trong ctia hé thong CRISPR/Cas 1a kha ning chinh stra gen ma khéng can dén sw can
thiép ciia DNA ngoai lai, nén giam thiéu cac lo ngai vé an toan sinh hoc va ting cwéng tinh chap nhan
cla cong dong. Bai viét tom lwoe nhirng thanh twu vé viéc st dung cong cu chinh stra gen trén cac doi
twong dong vat. Tir d6 dwa ra goi y vé mot s6 diém can lwu y trong nghién ctru va phat trién cac dong

céa thé dong vat dot bién.

M dau

Nhu cau luong thuc ngay cang
tang do ap luc dan so 1a mét trong
nhiing thach thic I6n nhat déi véi
san xuét néng nghiép trén thé
giGi. MUc tiéu thu nay khéng chi
tang Ién do tang trudng dan so6
toan cau (du tinh vugt 9 ty ngudi
vao nam 2050), ma con do muc
tiéu thu protein déng vat binh
quan dau ngudi tang [1]. Cac san
phadm ti déng vat, nhu sia, thit
va triing cung cdp khoang 13%
nang lugng va 28% lugng protein
dudc tiéu thu trén toan cau. Trong
dé, sta va thit tu trau, bo déng
gbp 45% ngudn cung cap protein
dong vat toan cau, tiép theo la ga
(31%) va Ion (20%) [2]. Nhu cau
vé tiéu thu thit Ign va thit bo trén
toan thé gi6i dudgc du doan co
thé ting t6i 43 va 66% vao nam
2050, tao suc ép I16n cho nganh

chan nudi (hinh 1). Cac phuong
phap lai tao truyén théng dé cai
thién stc khoe, dinh dudng, sinh
sén va quan ly vat nudi da dat
dugc nhiing dot pha nhat dinh.
Tuy nhién, qua trinh lai tao nay
thudng doi hai nhiéu vong doi dé
c6 thé tich hop gen muc tiéu vao
dong me.
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Chinh stlia gen la moét trong
nhing céng cu can thiép vao vat
chéat di truyén, da md ra “canh
ctia” mdéi trong linh vuc chén
nudi va bao tén dong vat. Théng
qua kha nang céat gen chinh xac,
cac hé thong chinh stia s dung
enzyme cat DNA ngén tay kém
(Zinc finger nuclease, ZFN),
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Hinh 1. Nhu c3u tiéu thu thit cia thé gi&i. Ngudn: FAO (2021).
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enzyme cat DNA giébng yéu t6
hoat héa phién ma (Transcription
activator - like effector nucleases,
TALEN) va enzyme cat DNA
gan vao nhom cac trinh ty lap
lai (CRISPR/Cas) [3] hua hen
tao ra cac dong dot bién co kha
nang thich nghi véi diéu kién moi
trudng khac nghiét, cai thién chat
luong san phdm thit, siia, kiém
soat dich hai cling nhu tao ra cac
mo hinh chinh slia gen dong vat
¢G nhd cho nhiing nghién clu co
ban [2, 4, 5].

Hé thong chinh siia gen dua trén
CRISPR/Cas va nhiing thanh tuu dat
duoc

CRISPR/Cas la cong cu chinh
stia gen thé hé mdi, gilp tao ra
mot cudc cach mang trong nghién
clu chlc nang gen & céap do
in vivo va in vitro. H& thong nay
cho phép thay déi chiic nang
cla gen bang cach xo6a/chén
nucleotide tai vi tri xac dinh. So
vGi phudng phap chinh slia gen
stidung hé théng ZFN va TALEN,
viéc thiét k& moét doan RNA ngén
dan hudng (single guide RNA,
sgRNA) don gidn va nhanh
chong théng qua nhiéu phan
mém tin sinh hoc, ty 1& chinh sla

gen cao, c6 thé chinh siia déng
thdi nhiéu gen - dugc goi la chinh
sia da gen [6]. P&n nay, cac hé
théng CRISPR/Cas da dugc si
dung phd bién dé chinh stia (cac)
gen cla vi khuén, thuc vat cling
nhu dong vat [3, 7].

Khi s dung hé théng
CRISPR/Cas, viéc lua chon va
thiét k€ enzyme nuclease Cas
dong vai tro quan trong nham dam
b&o tinh hiéu qua va do chinh xac
clia qua trinh chinh siia gen. Yéu
t6 thu hai can quan tadm trong
hé thong CRISPR/Cas la viéc
thi€t k€ sgRNA dan huéng. P6
la cac locus gen chua doan trinh
tu 5-NGG-3’, goi la mo tip lién
ké protospacer (PAM). Trinh tu
PAM xuét hién ngay sau vi tri can
chinh sia dé enzyme nuclease
Cas nhan biét thong qua su dan
huéng cla sgRNA. Chinh sla
gen trén cac md hinh déng vat
khac nhau thudng anh hudng bdéi
cac cau truc sgRNA khac nhau
[8]. V& mét Iy thuyét, viec thiét k&
sgRNA dua trén nguyén ly dau
tan cung 5’ clla sgRNA c6 trinh tu
20 nucleotide bd sung cho trinh
ty¥ gen muc tiéu, khi d6 phtc hgp
sgRNA-Cas9 sé lién két dac hiéu

Bang 1. Mot s6 cong cu thiét ké sgRNA dan hwéng.

VGi vi tri cat va tao ra phan Ung
phan cat. Cac mo hinh thiét ké
can phai ddm bao dudc tinh dac
hiéu clia sgRNA dé gidm thiéu
hiéu Ging dot bién ngoai muc tiéu
(bang 1). Viéc gay ra cac dot bién
khéng mong muén khi chinh sta
gen & phéi thai dong vat can phai
dudc xem xét can trong do thdi
gian mang thai thuGng kéo dai
va doi hoi hé théng cham séc ton
kém, do vay can tién hanh céac
phan tich trén hé tu do ngoai té
bao (cell-free system), nudi cay
t& bao in vitro hodc kiém tra truc
tiép trén phoi dot bién. Giai trinh
tu gen ctia phoi dot bién dé kiém
tra hiéu qua chinh slia can dugc
thuc hién trudc khi tién hanh
chuyén phai [2].

Hién nay, cbng nghé
CRISPR/Cas da dudc ting dung dé
cai thién nang suat, chat lugng vat
nudi trén nhiéu loai dong véat (hinh
2) v6i nhiéu thanh tyu néi bat nhu:
dong Ign dot bién c6 kha ning
chéng lai héi ching réi loan sinh
san va hdé hap thong qua viéc
chinh stia lam mét chuic nang cla
gen CD163 (ma hoéa cho thu thé
dudc tim thay trén dai thuc bao
phé nang & Ign lién quan dén su

Thitu Congcu

Dii liéu truy van

Tén mién

1 CROP-IT Vung genomic http://cheetah.bioch.virginia.edu/AdliLab/CROP-IT/homepage.html
Trinh tu gen
Ma dinh danh gen
2 CRISPR Multi Targeter Ky hiéu gen http://www.multicrispr.net/
Ma dinh danh RNA
Trinh ty RefSeq
Vung genomic o
3 CLD Ma dinh danh gen https://github.com/boutroslab/cld
4 CRISPOR Trinh t gen http://crispor.tefor.net/
Vung genomic
5 sgRNA Scorer 2.0 Trinh tu gen https://crispr.med.harvard.edu/sgRNAScorerV2/
6 GuideScan KY hieu gen . http://www.guidescan.com/
Vung genomic
7 CASPER Trinh tu gen https://github.com/TrinhLab/CASPER
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Hinh 2. ’'ng dung céng nghé CRISPR/Cas vao chinh sira gen trén déng vat [2].

xam nhap cla virus). Cac ca thé
lon dugc chinh slia gen CD163
cho thdy kh& nang khang lai
virus, va khoéng c6 dau hiéu lam
sang nhu s6t hoac hé hép. Dich
t4 Ign chau Phi 1a bénh truyén
nhiém do virus gay bénh sét xuét
huyét. Bay la mét trong nhiing
thach thuc trong chan nudi Ign tai
cac quéc gia 6 chau A hién nay.
Mot dot bién cau tric xay ra &
gen RELA ma héa tiéu phan clia
nhan t6 phién ma NF-kB da giup
cho loai Ign rung chau Phi cé
kh& nang khang lai virus nay. Do
dé, chinh stia gen RELA c6 thé
la gidi phap tiém nang cho viéc
tao ra cac thé hé Ign nha dot bién
c6 kha nang khang lai dich ta lgn
chéu Phi. Trong mét nghién cuu
khac, cong cu CRISPR/Cas ciing
da dugdc st dung dé tao ra thé hé
Ign khang virus Corona théng qua
viéc chinh sia gen ma hda amino
peptidase N (mot thu thé cho virus
gay bénh viém da day rudt truyén

nhiém va virus gay tiéu chay cép
& Iogn). O Trung Quéc, bo chinh
slia gen NRAMP1 ma héa protein
van chuyén Mn2* c6 kha ning
khang bénh lao... Nhiing thanh
tuu nay cho thay tiém nang cla
CRISPR/Cas nhu mét céng cu
h(iu hiéu giup tao ra cac dong véat
nudi dot bién c6 kha nang kiém
soat bénh truyén nhiém

Loai bd sting ctia cac ca thé bo
slia la mét trong nhiing nd luc cla
nganh chan nudi nham han ché
tén thuong trong qua trinh cham
so6c. Cac nha khoa hoc da xac
dinh dugc locus POLLED kiém
soat tinh trang khong siing, xuéat
hién & cac loai bo théng thudng
(nhu Angus) nhung khéng dugc
bao céo trén cac giéng bo sia
(nhu Holstein Friesian). Trong
do, it nhat 2 allen doét bién dudc
du doéan xay ra & locus POLLED
trén nhiém sic thé s6 1 & bo
cach day 500-1000 nam trudc,
bao gom mot allen chiia doan
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l&p co kich thuGe 80.128 bp trén
giéng bo slia Holstein Friesian
(Ha Lan) va mét allen P c6 doan
chtia doan Iap cé kich thudc 212
bp trén giong bo Celtic. Theo do,
allen P, POLLED dugc tich hgp
vao genome trong té€ bao nguyén
bao sgi ti phodi bd bang hé théng
TALEN, tu do6 4 dong té bao
mang allen POLLED & trang thai
déng hop tir (HP14-B6, HP14-B4
va HP7-P4-A1) va di hop ti (HP-
24.8) da tao ra 5 con bé mang
hai nén di truyén khac nhau [9].
Bén canh do, didu khién gidi tinh
& phoi dong vat bang hé théng
CRISPR/Cas ciing dang dugc
xem la mét Igi thé trong tang
cudng san xuét sinh khai, vi du
ca thé duc cé thé cung cép thit
va ca thé cai cé thé cung cép siia
nhiéu han.

Giéng cliu Texel cla Ha Lan
phé bién trén thé gisi do cé kha
nang tang trudng tot va nang suét
thit cao, nhung chét lugng len
kém, tinh trang nay dudc giai thich
do c6 mot dét bién 6 gen MSTN
lam thay d8i qué trinh phat trién va
biét héa clia té bao cd. D& chiing
td viéc Gc ché chic nang gen
MSTN giGp cai thién khéi lugng
co, phdi cliu Merino Superfine
(cho chat lugng len t6t nhéat nhung
kich thudc va téc do tang trudng
kém) dudc Iya chon dé gay dot
bién mat chiic nang gen MSTN
gilp cai thién chat lugng thit,
cac ca thé cliu chinh slia gen cé
trong lugng co thé va téc do tang
trudng nhanh nhung van git dugc
chat lugng len. Bén canh do, dé
céi thién chat lugng thit, cac nha
khoa hoc Trung Qudc da chinh
slia gen MSTN va FGF5 (ma héa
yéu t6 tang trudng nguyén bao
sgi, fibroblast growth factor 5)
trén phoi cla giéng dé Cashmere
(co6 16ng chat lugng cao). Két qua
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tuong ty clng dugc ghi nhan khi
gay dét bién gen MSTN bang hé
théng CRISPR/Cas9 lam tang
chat lugng thit trén Ion.

Hiéu qua tao ra dong vat co
vl chinh sia gen c6 thé dudc
cai thién bang cach két hgp cac
ky thuat di truyén va ky thuat té
bao nhu tiém tryc ti€p vao phoi
sau khi thu tinh nhan tao, tuy
nhién diéu nay van bi han ché
béi kho khan cla viéc ti€p can
nhan té bao trong triing dugc thu
tinh [4]. Do vay, mot s6 loai chim,
dién hinh nhu ga, tii lau da dugc
s dung lam déi tugng trong thii
nghiém hé théng CRISPR/Cas. Vi
du, gay mat chiic nang gen G0S2
bang CRISPR/Cas9 dudc chuing
minh lam gidm kh& nang tich IGy
lipid & ga nhung anh huéng khéng
dang ké dén cac tinh trang khac.
Tuong tu, ca thé ga dot bién mat
chiic nang gen MSTN (ma hoa
myostatin lién quan kiém soat va
phat trién co) dudc tao ra bang
céong nghé CRISPR/Cas9 thé
hién kiéu hinh tang co gidm mé
[10]. Gan day, nb luc cla cac nha
khoa hoc ciing da dugc ghi nhén
trong viéc tao ra dong ga dot bién
c6 kha& nang khang lai virus gay
bénh bach cau & gia cam. Di (ing
vGi ovomucoid trong long dé tring
ga ciing la mét trong nhiing trudng
hgp dang dudc quan tdm hién nay
[11]. Ovomucoid dong vai trd nhu
mot chat Uc ché trypsin, ngan
chan hoat dong cla enzyme tiéu
hoa trypsin trong hé tiéu hda, do
dé gay ra cac trieu chung di Ung
(dau bung, ndi mén, séc phan vé)
[11]. S dung CRISPR/Cas9 da
tao ra nhiing ca thé ga dot bién
mat chiic nang gen OVM, triing tu
cac ca thé ga dot bién dugc ghi
nhan da loai bd gan nhu hoan
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toan ovomucoid, ti d6 mé ra tiém
nang trd thanh nguén thuc pham
khong gay di ing cho hau hét
bénh nhan bi di ting vdi tring [11].
Mot s6 thanh tyu trong viéc tao ra
cac dong ga dot bién bang céng
nghé chinh stia gen tu CRISPR/
Cas9 cing da dugc ghi nhén
nham xac dinh gi6i tinh & giai
doan s6m [12], s&n xuét thuong
mai protein tai t6 hop nhu hIFN-B
(cytokine thudc nhém interferon &
nguoi) tu long trang triing ga. Co
thé thdy rang, dong vat chinh stia
gen c6 thé mang lai Igi ich cho
nganh chan nudi trong tucng lai
gan. Phat trién cac dong ga dot
bién khong chi gilip can thiép vao
nhiing tinh trang mong mudén dé
gidi quyét nhu cau trong cung Ung
thuc phdm, ma con dua ra mé
hinh cho phép m& rong doi tugng
thi nghiém chinh stia gen [2, 4].

Cai thién kha nang khang
bénh & céac loai dong vat cling la
mot trong nhiing tiéu chi clia céng
tac lai tao giong. Vi dy, hoi chiing
roi loan sinh san va hoé hap do
virus gay ra triéu ching chan an,
bé an, sét, kho thé, say thai, kho
thai & Ign, lam thiét hai khoang
2,5 ty USD mbi nam & My va cac
nuéc chau Au. Trong béi canh
vac-xin chua c6 khd nang kiém
soat dudc virus, ca thé lon dot
bién lam mat chiic nang cla gen
CD163 bing hé théng CRISPR/
Cas9 da dat dugc budc dét pha
I6n, thé hién kha nang khang lai
virus va khong cé dau hiéu lam
sang nhu sét hoac ho hap. Pén
nay, cac thé hé Ign dét bién dugc
lai tao tai My va Scotland da thé
hién kha nang khang cac chlng
virus gay bénh & khu vuc Bac My
va chau Au.

Dinh huéng nghién ciu chinh sia
gen trén cac doi tugng dony vat

Chinh slia gen vGi hé théng
CRISPR/Cas dang md ra nhiing
kham pha méi, mang lai uu diém
vugt xa so véi nhing ky thuéat
chuyén gen truyén théng trong
phong thi nghiém. Su phat trién
clia céng cu nay cho phép tao ra
ca thé dot bién mang (cac) gen
dudc chinh slta cé dinh hudng,
tl d6 tao ra hoc thuyét vé truyén
déng gen (gene drive). Nhd tinh
uu viét clia cong nghé chinh sla
gen, thoi gian va né luc can thiét
dé phat trién va danh gia an toan
cla san pham dudc phat trién bai
cdng nghé nay sé ngan hon va it
hon tuong Ung.

Hién nay, bén canh viéc lai
tao ra cac dong ca thé dot bién,
hé théng Bioreactor dugc thiét
k& dé nuoi cdy sinh khéi dong
t€ bao dong vat chinh slia gen,
gip téng hgp protein tai t6 hop
hodc cac san pham trao déi thu
cdp. Cac phuong phap san xuét
protein tai t6 hop truyén théng
thudng s dung vi khuén, ndm
men. Trong khi hé théng nudi cay
t€ bao dong vat co6 va thudng tén
kém, phtc tap va mot sé van dé
trong qua trinh slia déi sau dich
ma, sinh khéi tao ra c6 thé gay
ra phan tGing mién dich trén nguoi
[13]. Mot s6 protein tai t6 hap,
nhu cytokine va khang thé co
thé dudc san xuéat dua trén nudi
cdy dong té bao than phoi ngudi
(HEK293) va budng triing chuot
hamster (CHO). Vi du, dong té
bao CHO mang dot bién mat
chuc nang gen ma hoa glutamine
synthetase, va HEK293 mang
doét bién mat chic nang gen ma
héa dihydrofolate reductase
tao ra bang hé théng CRISPR/
Cas9 c6 thé sl dung trong nuoi
cdy Bioreactor dé san xudt



methotrexate (diéu tri khang di
ung), va methionine sulfoximine
(chong viém) [4, 5, 14].

Kha nang loai bd hoac thay
déi c4u tric gen mot cach chinh
xac 1a nén tang dé xac dinh chtc
nang gen nham cai bién di truyén.
D6i v6i vat nudi, chién luge gay
mat chlic nang gen da tao ra
nhiéu thanh tyu I6n trong viéc cai
thién kha nang khang bénh, giam
nguy cd lay truyén bénh ti déng
vat, thay déi dac diém san xudat
va nang cao phuc Igi dong vat
[3, 4, 13]. Tuy nhién, hién tugng
dot bién ngoai muc tiéu cling la
mot han ché va thach thic khi
s dung hé thng CRISPR/Cas9
trong chinh stia gen muc tiéu trén
déng vat. Do do, van dé vé an
toan va dao duc khi st dung liéu
phap gen cho dong vat can phai
dugc xem xét.

Mac du cong cu chinh sta
gen st dung hé théng CRISPR/
Cas da dat dudc nhiéu thanh tuu,
tuy nhién hoat déng chinh sla
gen trén doi tugng dong vat can
dudc kiém soat mot cach chat
ché. Cuc Quan ly Thuc phdm
va Dudgc phdm My da xay dung
“Quy dinh vé viéc thay déi c6 chi
dich genome cua dong vat” [15].
Argentina clng dua ra quy dinh
quan ly céng nghé lai tao méi
(New breeding technique, NBT)
trén déi tugng dong vat va vi sinh
vat [15]. DGi véi Viét Nam, ching
ta phai tra I6i dudc cau hdi vé viéc
c6 nhat thiét phai st dung coéng
cu chinh stia gen dé giai quyét
cac bai toan trong chan nudi (cai
thién nang sult/san lugng/chat
lugng protein, tinh khang bénh,
tang cudng kha nang thich tng
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véi bién déi khi hau va giam thiéu
tdc dong dén moi trudng). Theo
dé, chinh sira gen cé phai la cong
cu duy nhat dé gidi quyét cac
bai toan nay hay khéng va cac
tdc dong moi trudng cla nhing
dong dot bién ra sao? Song cé
mot diéu chac chan can lam la
ching ta phai chuan bi mét nén
tdng vé doi ngd nhan luc dudc
trang bj day da cac kién thuc,
kinh nghiém vé chinh slia gen
va cac ky thuat phu trg (thu tinh
trong 6ng nghiém, bién nap gen,
gidi trinh tu gen thé hé mdi, danh
gia kiéu hinh théng lugng cao)
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