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Tom tat

Bién nap gen trén thuc vat da trd thanh mot cong cu nghién ctu chire nang gen hitu hiéu trong
thoi gian gan day. Khong nhitng thé, k§ thuat nay con la chia khoa trong viéc phét trién cac thé
hé cay trong bién doi gen dang dugc str dung rong rii trong canh tac. Trong vai nam tro lai day,
su phét trién ciia cdng nghé chinh stra hé gen (genome editing) dd mé ra mot cach tiép can moéi
trong cai thién di truyén cay nong nghiép. Trong cong nghé chinh sira hé gen, hé théng
CRISPR/Cas (Clustered regularly interspaced short palindromic repeat; CAS, CRISPR associated
protein) hira hen c6 tiém niang tng dung 16n nhat. Hé théng nay bao gom mét protein thudc ho
Cas, phé bién nhit 1a Cas9. Cas9 st dung cac RNA dan dudng dé tim va cit dac hiéu soi doi
DNA. Su xuét hién cac dut gay trén mach doi DNA sé kich hoat co ché ty stra chita DNA cua té
bao. Nam 2013, CRISPR/Cas dd c6 tng dung dau tién trén ddi tugng thuc vat. Sau do,
CRISPR/Cas da dugc tng dung thanh cong vao mot sé cdy mé hinh (Nicotiana benthamiana,
Arabidopsis thaliana), cac cay luvong thuc quan trong (dau twong, lta gao, lda mi, ngb) va hang
loat d6i twong cay néng nghiép khac dang dwoc tién hanh nghién ciu. Trong bai viét nay, chiing
t6i tom tat co ché hoat dong cua hé thing CRISPR/Cas va cac thanh tyu hién nay ciing nhu tiém

Nhan 15.01.2018
Puoc duyét 30.05.2018
Congbd  19.06.2018
T khoa

CRISPR, Cas9/gRNA,
chinh stra hé gen, cai
thién di truyén cay trong,
thuc vat chuyén gen

nang ng dung trong cai thién di truyén cay ndng nghiép quan trong.
® 2018 Journal of Science and Technology - NTTU

1. Qua trinh phat trién cac phuong phap bién nap
gen trén thyc vat

Lich st phat trién cta k¥ thuat di truyén da trai qua nhiéu
giai doan khac nhau, trong d6 diém xuit phat duoc ghi nhn
tor nam 1973 khi Cohen va Boyer da thanh cong trong viéc
cit gen khang khang sinh va chuyén vao E. coli [1]. Tt do,
su hoan thién va phat trién cta k¥ thuat nuéi cay in vitro, tai
sinh cdy va chuyén gen da din dén su kién tao ra cdy trong
bién ddi gen (genetically modified crop, GMC) dau tién vao
nam 1985 [2]. Sau nay, k¥ thuat chuyén gen dugc coi 1a hé
thng phd bién cho hai hudéng nghién ctru co ban va ung
dung. Bién nap gen ngoai lai vao thyc vat co thé duoc thuc
hién nho nhiéu phuong phap khac nhau nhu str dung vector
plasmid Ti ciia vi khuan Agrobacterium, chuyén gen nho
sting bén gen, vi tiém, nho polyethylene glycol hodc nhd
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xung dién (electroporation). Tuy mdi phuong phap déu cé
nhitng wu, nhuoc diém riéng nhung bién nap nhd sung bin
gen va gian tiép thong qua Agrobacterium van la hai phuong
phap duoc sir dung nhiéu nhét [3].

Phurong phdp bién nap sir dung sing bdn gen

Phuong phap nay duoc phat trién tir nim 1987 boi nhom
nghién ctru cua Sanford tai Pai hoc Cornell (Hoa Ky), trong
d6 da mo ta viéc st dung hat kim loai nang dugc bao boc béi
phan tir DNA va dua vao té bao dich duéi ap lyc cao cua
dong khi helium. Pau twong (Glycine max) 1a cay trong dau
tién dwoc chuyén gen nhd phwong phap nay, dén nay da ghi
nhan kha nhiéu két qua co gia tri [4].

Su kién bién d6i gen NK603 dang dugc thuong mai hoa trén
dong ngd Roundup Ready™ 2 1a két qua cua viée sir dung
sting bén gen dé chuyén gen truc tiép vao phoi ngé [5]. Cu
thé, doan DNA dugc cit boi enzyme MIul chira 2 cassette
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biéu hién gene cp4 epsps da dugc bién nap gitp cdy ngd
chuyén gen c6 kha ning chdng chiu thudc diét co
glyphosate. Bén canh NK603, sy kién bién d6i gen GA21
chéng chiu thude diét co gde glyphosate ciing dugc tao boi
qué trinh bién nap sir dung sing ban gen [6]. Uu diém 16n
nhit ciia phuong phép sung ban gen 1a c6 thé chuyén gen
vao bt ky loai té bao hay mé nao, tuy nhién cay chuyén gen
¢6 thé chira nhiéu ban sao ctia gen chuyén [7].

Phirong phap bién nap théng qua vi khudn Agrobacterium
Phuong phap chuyén gen gian tiép nho Ag robacterium
tumefaciens tao ra GMC thanh cong dau tién gan nhu dugc
cong bd ddng thoi boi ca 3 nhom nghién ciru cua tap doan
Monsanto (Hoa Ky), Mary-Dell Chilton (Syngenta, Hoa K}‘l)
va Marc Van Montagu (Pai hoc Ghent, Bi) [8] Nguyen téc
chung 1a st dung vector chuyen gen c¢6 ngudn gbe tir Ti
plasmid, chon loc sau bién nap bang khang sinh, cdy tai sinh
chuyén gen biéu hién 6n dinh tudn theo quy luat phéan ly
Mendel & thé hé con chau. Hién nay, hau nhu toan bd qua
trinh chuyén gen vao cac cdy trong chinh nhu ngd, déu
tuong, bong vai (Gossypium herbaceum), lta gao (Oryza
sativa) déu dwoc tién hanh thong qua vi khuén
Agrobacterium [9].

Cay trong chuyén gen thong qua Agrobacterium dugc
thwong mai hoa dau tién 1a gidng ca chua (Solanum
lycopersicum) c6 tén goi 1a Flavr Savr, sir dung céng nghé
RNA d6i ma (antisense RNA) dé diéu hoa biéu hién cta
enzyme polygalacturonase nham kiém soat qué trinh chin
cham [10]. Su kién ngd bién d6i gen MON89034 ciing duoc
tao ra thong qua bién nap gen gian tiép nhd Agrobacterium.
Cu thé, sy kién nay di bién nap thanh cong gen mi héa cho
protein Cry phén 14p tir Bacillus thuringiensis, cry2Ab2 va
cry1A.105, dudi sy diéu khién ctia promoter CaM V35S gitip
ngd khang lai 4u trung thuéc B canh vay (Lepidoptera)
[11].

Tuy nhién, hiéu qua bién nap thép dugc xem 1a han ché 16n
nhét ciia phu’ong phép chuyen gen glan tlep nay [12]. Dé cai
thién nhugc diém d6, mot s yéu té bién nap da dugc xem
xét dé t6i wu hoa nhu vat liéu, chung vi khuén bién nap, thoi
gian va nhiét 46 dong nudi cay [13]. Tién hanh bién nap 2
gen gusA va bar vao phoi ngd cho ty 1€ thanh cong dat 12,2%
trong diéu kién moi trudng ddng nudi cdy co nong d6 mudi
thap va c6 bo sung L-cysteine va dithiothreitol [14]. Trong
nghién ctru khéc, hiéu qua chuyén gen da dat téi 50% khi
bién nap 3 gen npt 11, bar va gusA da tao dugc gidng mia
duong (Saccharum spp.) c6 kha niang khang thubc diét c6
glufosinate v&i nong do 60g/1 [15]. Trong hon 3 thép nién
vira qua, bién nap gen ngoai lai vao cdy trong da du:oc nghién
cuu rong rai dé tao ra nhiing tinh trang mong muon, dem lai
hidu qua cao cho san xuit néng nghiép nhu dic tinh khang
sau bénh, khang thudc trir ¢o, ting cuong ning suét.

Cho dén nay, GMC va cac san pham tir GMC da duoc chép
nhén va cho phép nhap khau ¢ nhiéu qudc gia trén thé gisi.
Tuy nhién, rd rang 1a rat kho kiém soat viéc chén gen la vao
genome cdy chu [16]. Hon nita, sinh vat bién déi gen
(genetically modified organism, GMO) noi chung van con
dang chiu nhiéu tranh cii vé rui ro an toan thyc pham, moi
truong va da dang sinh hoc. Nhiing ¥ kién trai chiéu néy da
va dang lam anh huéng dén qua trinh mg dung hat gidng
cong nghé sinh hoc trong phat trién ndng nghiép bén vimng.

2. Co ché gy dot bién va dic diém cua hé thong
CRISPR/Cas

Cong nghé chinh stra genome (genome ed1t1ng, GE) su dung
cac cong cu phan tir tao ra mot hay nhiéu diém dut gy trén
mot genome dich. Khi xuit hién cic diém dut giy, co ché
sta chita ton thuong ciia DNA s& duoc kich hoat. Nho do,
diém dut giy co thé duoc sira chita bang hinh thie két ndi
khong tuong ddng (nonhomologous end-joining, NHEJ)
hodc tai t6 hop twong dong (homology-directed repair,
HDR). Cac dang 3ot bién dugc tao ra kha da dang, chu yéu
1a d6t bién mét doan, ngoai ra con c6 chén doan, 1ap doan,
dao doan va dot bién diém. Dot bién xay ra & nhitng ving
trinh tw ¢6 chidu dai khac nhau, 1am léch khung ciia gen ma
hoéa hodc cac vi tri didu hoa cis- trong ving khai dong, dan
dén hién tuong bét hoat gen, gitp cho nghién ctru chirc ning
gen trong té bao. Stra chira thong qua hinh thirc HDR chi xay
ra khi tai vi tri dut gly c6 mat cac doan DNA c¢6 trinh ty
tuong dong véi hai dau dut giy, vi thé, phuong thirc HDR
c6 thé duoc st dung dé gay dot bién diém dic biét hodc chén
chudi mong mudn théng qua co ché tai té hop (Hinh 1) [17].
Tuy nhién, NHEJ lai 1a co ché sira chita rat nhanh do khong
can doan DNA tuong déng nén duogc té bao “chon” wu tién
sir dung, didu nay giai thich tai sao cac nghién ctru GE dat
dugc ty 16 HDR xay ra rat thap.

Nuclease gay dit gdy dsDNA
NHEI./ \I'-IDR

Xoa {

doan V— Khudn
mau

Chén et

doan{ _/{

Xo6a va chen nhirng doan
cb dd dai khac nhau

Cheén va sira ddi theo mong muén
Hinh 1. Chinh sira hé gen nh¢ nuclease. Nuclease gdy nén dit gay
mach d6i DNA (double- strained DNA, dsDNA), din dén qua trinh
sira chita theo co ché dya vao tinh tuong dong (homology-directed
repair, HDR) hoic sira chita ngau nhién khong dua vao tinh twong
ddng (nonhomologous end-joining, NHEJ) [17].

Céc chu triic phan tir ding cho cong nghé GE ban déu sir
dung meganuclease, nuclease “ngén tay k€m” (zinc finger
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nuclease, ZFN), nuclease twong ty nhan t6 kich hoat phién
m& (transcription activator - like effector nucleases,
TALEN) [16,17]. Gan day, c4u tric phan tir dung cho cong
nghé GE di sir dung nhom cac doan lip xudi nguoc ngin
gidbng nhau va cach nhau déu din (clustered regularly
interspaced short palindromic repeat, CRISPR). CRISPR
duogc chia lam modt vai nhom dya vao sy tham gia cua
nuclease Cas va cdu tric doan lap lai trong CRISPR [18].
Trong d6, phd bién nhét 1a CRISPR loai II ¢6 sy tham gia
ctia mot endonuclease mang ving tuong dong véi enzyme
resolvase (RuvC) va vung Histidine-Asparagine-Histidine
(H-N-H domain), duoc goi la Cas9 (CRISPR associated
protein 9) [16,17,19].

CRISPR/Cas c¢6 ngudn gdc tir hé thong dap Gmg mién dich
tu nhién cta vi khuan, trong d6 gen mi hoa nuclease Cas9
¢6 ngudn gdc tir Streptococcus pyogenes [20]. CRISPR/Cas
hoat dong linh hoat hon nhd RNA dan dudng (guide RNA,
gRNA) tuong tac voi chudi DNA dich dé nuclease thuc hién
qué trinh phan cét, trong khi ZFN va TALEN lai sir dung
tuong tac gitrta DNA - protein.

Vong lign két

RWC (NGG)

Cas9 nuclease

Hinh 2. Hé théng CRISPR/Cas9 dé nhan biét va lam dut gay vi tri
DNA mong mubn.

Nuclease cit mach d6i DNA dich c6 trinh tu bd sung voi
gRNA. Cas9 chira 2 ving RuvC va HNH, mdi ving cé
nhiém vy cit mot mach don DNA [17].

Hé théng CRISPR/Cas9 gdm CRISPR RNA array (crRNA)
mi héa cho phan tir RNA din duong (guide RNA, gRNA)
va can su bd trg cua RNA hoat héa CRISPR (trans-
activating crRNA, tracrRNA) tao nén phac hé
crRNA:tracrRNA dé két hop véi nuclease Cas9 [21]. Cas9
va gRNA nhén biét va phan cit DNA dich néu doan nay nim
canh mot trinh ty ng.’fm dac trung cho mdi loai protein Cas
(protospacer adjacent motif, PAM) [17], trong do, 20
nucleotide & dau 5° ciia gRNA dugc dung dé xac dinh vi tri
DNA dich theo nguyén tic két cap bd sung. Trinh ty PAM
dic trung cho Cas9 phd bién 1a 5°-NGG (Nucleobase-
Guanine-Guanine) (Hinh 2) [17].

3. Thanh tyu cua CRISPR/Cas trong cai thién di
truyén cdy nong nghiép

@ Dai hoc Nguyén T4t Thanh

mslnrm rerre

Tap chi Khoa hoc & Céng nghé S6 2

Tir nam 2013, nhimg cong bd dau tién vé tng dung
CRISPR/Cas chinh stra genome thyc vat da dugc ghi nhan
trén Arabidopsis thaliana [22], Nicotiana benthamiana [23]
va mot s cdy lwong thuc quan trong nhu lua gao [24], cao
luong (Sorghum bicolor) [25], ngﬁ [26] va Ita mi (Triticum
aestivum) [27]. Trong d6, hé théng CRISPR/Cas da dugc
chimg minh ¢é biéu hién 6n dinh trong cac thé hé tiép theo
cua A. thaliana [28] va lta gao [24]. Do d6, CRISPR/Cas da
nhanh chong duoc ap dung rong rai trong GE ctia nhiéu loai
thuc vat (Bang 1).

Nam 2014, nhém nghién ctru cua Jia dd st dung phuong
phap CRISPR/Cas dé giy dot bién gen CsPDS - mé hoa
enzyme phytoene desaturase trén cdy cam ngot (Citrus
sinensis). Cong bd da ghi nhan ty 1¢ gdy dot bién gen CsPDS
khi str dung hé théng nay dat khoang 3,2 - 3,9%, khong tim
thiy dot bién léch dich (off-target), két qua 1a tao ra dong
cam ngot dot bién khong xuat hién dém tring trén 1a [19].
Trén Ita mi, phuong phap TALEN va CRISPR/Cas da dugc
sir dung dong thoi dé bat hoat 3 locus MLO, ma héa cho
protein gay wrc ché kha ning khang bénh phén trang. Khi su
dung CRISPR/Cas, khong c6 dong dot bién ca 3 allen
TaMLO dugc tao ra (chi ¢ 4 dong mang dot bién ¢ nhimng
vi tri khac nhau cta allen TaMLO-A1), trong khi phuong
phap TALEN di thu dugc dong cdy chuyén gen bi bat hoat
3 allen, TaMLO-A1, TaMLO-B1 va TaMLOD1, cay chuyén
gen c6 kha ning khang lai bénh phan tring [27].

Bang 1. Mot sb thanh tyu tng dung hé théng CRISPR/Cas9 trén
cay tréng

, £ Tinh trang méi Tham
# | Gene dich | Doi tugng dem lai Khio
1 lpDs C_ItI’US' Kpan,g lai bénh dom trang [19]
sinensis trén 14
Triticum . A Fo
2 IMLO aestivum Khéng lai bénh phan trang [27]
3 2:32/'1 va Tang cuong su phét trién bo ré | [29]
Glycine max — —— T
Khéng thudc trir c6 ¢6 nguon
4 |ALS1 PR [30]
goc tur chlorsulfuron
5 |PPSVa \o1v7a sativa [Tinh trang In va bach tan [31]
BADH2 y ang ach tang
Khéng virus gay bénh vang I&
Cucumis gan xanh trén dua chudt,
6 |eIF4E sativus potyvirus gay bénh kham I4 va [32]
virus gay bénh dém vong
Genemd  |Nicotiana |Khéng virus gdy bénh xoan 14
T - P [33]
hoa voé virus |benthamiana|trén ca chua
Arabidopsis |Han ché qué trinh ma khi
8 |0sT2 thaliana  |khdng khi gap diéu kién bét loi [34]
Tang cudng kha nang chdng
10|ARGOS8 |Zeamays |0 vei didu kign han han [35]

Trén A. thaliana, kha ning tao dot bién cia CRISPR/Cas da
duogc nghién clru trén nhiéu thé hé va cho théy ty 1¢ dot bién
cao véi dang dot bién mét doan va chén doan. Thé hé T1 co
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tan s6 dot bién 1a 71,2%, 58,3% trong thé hé T2 va 79,4% &
thé hé T3 [28]. Trén d4u twong, CRISPR/Cas c6 thé gay dot
bién véi ty 1¢ khoang 95% trén 11 locus v6i muyc tiéu ting
cuong su phat trién cia bo ré [29]. Trong nghién ciru khac,
hai vi tri trén hé gen DD20 va DD43 ¢6 mit trén nhidm sic
thé s6 4 duoc gay dot bién voi tan s6 twong tng 1a 59% va
76%, chii yéu 1a cac dot bién chén, mat doan nho. Trén ngo,
dot bién P178S trén gene ALS1 tao ra bang k¥ thuat GE da
mang lai dong ngd c6 kha nang khang thudc trir ¢6 ¢6 ngudn
gbc tir chlorsulfuron [30]. Gan ddy, Wang va cong su di sir
dung hé thong CRISPR/Cas dé tic dong dén gene StIAA2
(md@ hoa protein Auxin/IAA) trén khoai tdy (Solanum
tuberosum), két qua thu dugc 12 dong T1 cho két qua duong
tinh vgi Cas9 khi thyc hién PCR phién mid nguoc [36].
Thanh cong cta ky thuat GE trén mot s6 ddi tugng cay trong
khac duogc trinh bay ¢ Bang 1.

4. Tiém ning Gmg dung CRISPR/Cas va quan diém
cua co quan quan ly

Tiém ning tng dung cta cong nghé¢ GE dugc cong nhan 1a
rat to 16n, tuy nhién ki thut nay van con mot vai diém can
duoc cai thién, trong do6 viéc giam thiéu dot bién sai dich 1a
quan trong nhét. Dé tang do dac hiéu cua CRISPR/Cas, mdt
s6 nghién ctru da tao ra cac bién thé ctia gRNA chira tir 1 - 4
nucleotide khong c6 trinh tw bd sung voi DNA dich va kiém
tra hoat tinh cta nuclease thong qua gen chi thi hay cac vi tri
dich ciia gen ndi sinh. Két qua cho thdy, cac nucleotide
khong bd sung nim & dau 5° cta bién thé gRNA thi Cas9
van c6 kha ning hoat dong. Trong 20 nucleotide thudc
gRNA, chi ¢6 8 -12 don phan dau tién tir dau 3° dong vai tro
quan trong trong viéc nhan di¢n ding muc ti€u, dugc goi 1a
trinh ty 16i (seed sequence) [17]. Nhin chung, rat kho dé
nhan biét véi sb luong bao nhiéu nucleotide khong bt cip
b sung thi nuclease van c6 kha ning cit mach d6i DNA, va
tai sao khong bo sung & vi tri nay thi van phan cit trong khi
& mot sb vi tri khac lai khong [17]?

Nuclease Cas9 va gRNA van 1 vin d& méi va su hiéu biét
vé n6 van con chua duoc ddy du. Tuy nhién, cac nghién ctru
van ¢b géng dé khic phuc hién tugng dot bién léch muc tiéu
ctia hé théng CRISPR/Cas. Nhom nghién ctru ciia Fu da
nghién ctru trén gRNA duoc 1am ngén lai (17-18 nucleotide),
cho thay ty 1¢ dot bién khong mong mudn di giam xudng it
nhét 5000 lan [37]. Chién lugc tiép theo dé giam hién tugng
d6t bién sai dich la sir dung hé théng cit kép (double-nicking
system), nghia 1a dung hai Cas9 nickase riéng 1¢, mdi
nuclease Cas9 bi bat hoat mot vung dé chi c6 thé nhan biét
mdt mach va chi nhiing trinh ty DNA dich dugc nhan biét
ddng thoi boi cap Cas9 nickase méi b cit trén mach doi. Két
qua la giam dot bién sai muc tiéu tir 50 - 1500 lan, trong khi
hiéu qua tao dot bién chén va x6a doan trén DNA dich van
gilr nguyén nhu nuclease Cas9 nguyén ban [38].

Su don gian, hi¢u qua va kha nang ng dung rong rai giup
cong nghé¢ GE nho gRNA da tr¢ thanh hudng nghién ctru
tiém nang trong sinh hoc thuc vat. Trinh ty DNA ¢6 thé bi
bién d6i theo mong mudn di cung cap nhitng hiéu biét quan
trong vé chirc ning ciia chung. Mic du GE van xdy ra nhitng
dot bién khong mong mudn, tuy nhién cac két qua thuc
nghiém da chimg minh c6 nhiéu bién phap hiéu qua dé khic
phuc nhuge diém nay.

GMC truée khi dua vao san xuat dai tra déu phai trai qua
qué trinh nghién ctru lau dai va tén kém vé khia canh an toan
véi stic khde con nguoi va an toan sinh hoc voi moi truong.
Trong bdi canh d6, ky thuat GE (CRISPR/Cas) cho phép
chinh stra gene va tao ra san pham khong mang gene chuyén,
¢6 thé tmg dung duoc trén phd rong cac loai thyc vat. Trong
khi CRISPR/Cas dang dwoc ddy manh nghién ctru trén nhiéu
loai gidng cdy trong vi tiém nang to 1on trong GE thi nhiing
cong bd chinh thirc vé co ché giam sat cho nhing san phdm
ctia cong nghé GE van con dang & giai doan khéi dau [39].
Mot s6 nha khoa hoc cho rang san pham tir k¥ thuat GE nén
dugc ap dung quy ché gidng nhu nhitng dot bién dugc tao ra
nho phéng xa hoac do hda chét, boi vi ban chit cua chung
gidng nhau va khong chira gen ngoai lai (Bang 2). Bo Nong
nghiép My ciing chi ra rang néu nhu dot bién dugc tao ra
dwa theo co ché cua tu nhién thi d6 khong phai 1a GMO. Bén
canh d6, khi bét hoat chirc nang gen theo co ché tu sira chita
DNA ciia té bao (nhu truong hop stra chita theo co ché
NHEJ) thi vin khéng thugc nhéom GMO. Hé thdng
CRISPR/Cas tao ra thuc vat bi dot bién hoan toan dua vao
co ché nay, do vay cdy trong ing dung k¥ thuat GE da chinh
thirc ndm ngoai danh muc GMO duoc quy dinh boi Bo Nong
nghiép M¥ [40]. Nam 2016, mot nhoém céc tac gia tai My da
dugc cip bang sang ché vé phuong phép tao ra ciy trong
dugc chinh sira genome ma khong can chuyén gen. Bén canh
ngd, ndm an sir dung hé thong CRISPR ciing co thé duoc
dua ra thi truong nhu cac san pham khong phai GMO khac
[40]. Pay duoc coi 1a nhitng dbi twong tng dung hé thong
CRISPR/Cas dugc chip nhan dau tién tai My. Lién quan dén
k¥ thuat GE, chinh phu Canada da cong nhan chinh thic cho
dong cai dau st dung dot bién nho cac doan oligonucleotide,
trong twong lai s& tiép tuc chp thuan nhimng dong ciy trong
méi str dung k¥ thuat GE nhu hé thong CRISPR/Cas9 [41].
Tai cac nude Chau Au, GMC duogc quan 1y boi mot hanh
lang phap 1y rat nghiém ngit, nhung hién khong rd 1a cay
trong str dung cong nghé GE c¢6 chiu sy quan 1y hay khong?
Céc nha khoa hoc Thuy Dién va Ha Lan d to thai do lo ngai
khi ap dung k¥ thuat GE do lo ngai khong duoc chép nhéan
thir nghiém & quy mo dong ruong, tham chi mot sé cong ty
16n da rat nhitng khoan dau tu nghién ctru va phat trién ra
khoi Chau Au vi nhing 1y do twong tu [41].

Tuy nhién, Thuy Dién lai 1a nudc Chau Au dau tién xac nhan
cdy trong chinh sira genome nho hé thong CRISPR/Cas
khong chita DNA ngoai lai nén khong thudc nhém cay trong
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GMC va quan diém nay da nhan dugc nhiéu sy ung ho trong
gidi khoa hoc (Bang 2). Tuy nhién, da sb cac qudc gia Chau
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Au van chua c6 co ché phap 1y 16 rang ciing nhu chwa c6 ciu
tra 10i cho chinh thirc cho van dé nay [42].

Bing 2. Dot bién bang phuong phap khac nhau dugc coi 1a GMO hay khéng dudi sy huéng dén ctia Uy ban Chau Au

Pot | Nguyén nhan

A £ M@ ta chi tiét Anh minh h
bién | giy dot bién 0 ta chitie nh minh hoa

Chudi nucleotide |
'\ H

Dot bién gen do neutron c6 gia toc 16n 1am dut giy DNA, sau s ‘% JJ“
ey oA . d6 gen duoc sira chita nho co ché stra chita DNA cua té bao. | 733
Pot bién nho A 2 . i "”

A tia phone xa Trong qua trinh stra chita, gen bi bat hoat chirc nang. ol
phong — Khong thu¢c danh muc GMC do khong chira gen ngoai -

- n 1 + i Tia
lai. ‘ H | "

Gen c6 thé dugc gay dot bién nho hoda chat (nhu ethyl methane G,
Dot bién sulfonate). Thay d6i mot nucleotide ciing c6 thé dan dén rdi “\C\//‘N\C%P “\?/N\Cic," L
B nﬁé’ hoa chit loai chirc nang cia gen. /N\c/< NN s /N\C/< \>N__ o \>C_H
— Khong thugc danh muc GMC do khong chira gen ngoai “:'C\NHz “:‘f\Niwﬁo/f‘”\
lai. Guanine 6-Ethylquanine Thymine

Dot bién con duoc tao ra nho chuyén doan T-DNA théng qua

Pot bié . ) . X X
c nl?ét’ E;Eln in vi khuan A. tumefaciens. T-DNA dugc chén vao dan dén pha
doan T-éN A huy gen, 1am gen bi bat hoat. —
’ — Thudc danh muc GMC do chtra T-DNA. i -
Hé théng CRISPR/Cas9 s& pha v& mach d6i DNA va gen s&
duoc kich hoat co ché stra chita. X6a doan DNA gitta doan
D dut giy sé dan dén réi loan chirc ning gen.
Dot bién D 1a dot bién trung gian ma van chira gen tir hé thong
CRISPR/Cas9. o
Bt bidn nha he 1= Thudc danh mue GMC do chira T-DNA. ) [
thén " |Pot bién E duoc tao ra tir dot bién D thong qua qua trinh thu
CRI SgPR /Cas9 phén ty nhién. Theo quy ludt di truyén ciia Mendel, % s6 ca| . s
thé & thé hé ké tiép s& khong chia gene bd may cua| ° scroace. ¥
£ CRISPR/Cas9, nhirng ca thé do 1a dot bién E. Ching hoan

toan khong chira DNA ngoai lai va chi khac ching dai & dac
diém 1a gen da bi dot bién x6a doan nho.

— Chua dwgc xép hang ré rang nhung khong chira gen
ngoai lai.

5. Két luan nong nghiép, gitp rit ngin thoi gian nghién ciru phét trién
cac gidng cay trong méi. Viéc nay con gitip nong dan duoc
tiép can véi véi thanh tyu khoa hoc cong nghé sém hon, nho
d6 san pham c6 kha ning canh tranh cao trén thij truong dong

thoi gop phan dam bao an ninh lwong thyec.

Nhin chung, CRISPR/Cas 1a cong cu phan tir gitp thao tac
bién d6i di truyén truc tiép hay gian tiép trén genome mot
cach dé dang va dac hi¢u, da duoc ap dung thanh cong trén
nhiéu gidng cdy trong khac nhau. Trong twong lai gin,
phuong phap nay s& gitp thic ddy ca hai huéng nghién ciru
co ban va ting dung, ning cao hiéu biét vé chiic ning gen va
cai thién hang loat cAc tinh trang mong mudn trén cay trong.
Néu nhu cdy trong dot bién gen tao boi ky thuat GE dugc
chap nhan nhu 14 cay trong khong bién doi gen, thi sé& tao ra
mot bude thay ddi 16n trong tng dung cong nghé sinh hoc

Loi cam on

Nghién ctru trong nhom ctia ching toi dugc tai trg boi Quy
Phat trién Khoa hoc va Cong nghé Qudc gia theo dé tai ma
s6 106-NN.02-2013.46.
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Abstract In the last 30 years, plant genetic transformation has become an indispensable tool for functional genomic
studies. Moreover, this technique was also the key in the development of genetically modified crops which have been widely
adopted by growers in 28 countries. Recently, the development of genome-editing tools has opened up a new approach for
crop genetic improvement. In genome-editing technologies, CRISPR/Cas (Clustered regularly interspaced short palindromic
repeat; CAS, CRISPR associated protein) is the most promising tool. The CRISPR/Cas system employs an endonuclease
belong to Cas protein family in which Cas9 endonuclease is the most explored Cas protein. The RNA-guided nuclease induces
sequence-specific double-strand breaks stimulates cellular DNA repair mechanisms and mediates genetic modification. In
2013, the first successful application of CRISPR/Cas9-based genome editing was reported. After that, CRISPR/Cas9 has been
used widely in model plants (Nicotiana benthamiana, Arabidopsis thaliana) and crops (soybean, wheat, rice, maize). In this
review, we summarized the mechanism of action of CRISPR/Cas and recent progress in plants functional genomic studies as
well as the potentials of this technology in improving agronomic traits in crop plants via genetic gain.

Keywords CRISPR, Cas9/gRNA, genome editing, crop improvement, transgenic plants.
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