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TOM TAT

Lua gao (Oryza sativa L.) la mét trong nhivtng cay lwong thuwe quan trong dwoc canh tac phd bién trén toan thé
giGi. Vai trd to Ién cia lua gao déi véi an ninh lwong thuc toan cdu da thuc diy cac nha nghién ctvu phat trién cac
gibng lta m&i véi cac dac tinh ndng hoc dwoc cai thién, nhw kha nang chdng chiu stress sinh hoc va phi sinh hoc.
Hé théng chinh stra gen CRISPR/Cas9 mang dén moét chién lvgc day hira hen dé cai thién déc tinh néng hoc cla
nhiéu loai cay tréng nhe tinh hiéu qua, d& st dung va dé chinh xac cao. Bai viét nay thao luan vé cac (rng dung cla
CRISPR/Cas9 trong cai tao cac gidng Iua thich nghi tbt hon véi diéu kien méi trwérng bét lgi. Hang loat cac gen chirc
nang va gen diéu hoa lién quan dén tinh khang bénh (bac la va dao 6n), khang thuéc trir cé va chdng chiu didu kién
bt thuan (man, han han, lanh) & lia da dwoc phan tich chirc nang théng qua hé théng CRISPR/Cas9. Mét s6 han
ché va wu diém khi ap dung k¥ thuat nay trén cay Ita cling dwoc phan tich. Két qua clia nghién ctru nay da cung cép
mot cai nhin téng thé vé cong cu chinh sra gen, tir d6 dinh hudng rng dung trong nghién ciru cac gibng cay tréng
rng pho véi bién ddi khi hau & Viét Nam.

Tu khéa: Lua gao, CRISPR/Cas9, dét bién, chéng chiu, bat lgi phi sinh hoc, bt lgi sinh hoc.

Recent Advances and Future Perspectives for the Improvement
of Stress Tolerance in Rice Breeding Using CRISPR/Cas9

ABSTRACT

Rice (Oryza sativa L.) is one of the most important staple crops that is widely cultivated in the world. Due to the
critical role of rice in the global food security, great efforts have been made in order to develop new rice varieties with
good agronomic traits, such as biotic and abiotic stress tolerance. The CRISPR/Cas9 has emerged as a promising
system for the improvement of various traits of crop plants because of its efficiency, simplicity, and versatility. In this
mini review, we discussed the applications of the CRISPR/Cas9 gene editing system to improve a wide range of traits
in rice varieties adapted to unfavorable conditions. Specifically, a number of functional and regulatory genes that are
associated with diseases (rice blast, bacterial blight) and pesticide resistance and abiotic stress (salinity, drought, and
cold) tolerance have been functionally characterized via the mutants produced by the CRISPR/Cas9 system.
Additionally, the advances and limitations of using CRISPR/Cas9 system in rice plants were discussed. Taken
together, our paper could provide a solid foundation for further application of genome editing tools in plant breeding
for tackling climate change.

Keywords: Rice, CRISPR/Cas9, mutation, tolerance, abiotic stress, biotic stress.
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1. DAT VAN DE

Lida gao (Oryza sativa L.) 1a cay luong thuc
quan trong hang diu trén thé giéi. Cay lua co
kha n#ng thich ng véi nhiéu diéu kién méi
truong khac nhau, dudc tréng rong rai trén
nhiéu hé théng néng hoc. San lugng san xuit
gao trén toan thé giéi nam 2020 theo udc cua t6
chtic nong luong thé giéi (FAO) dat khoang 508
triéu tadn. Tuy nhién, nhiing dién bién phic tap
clia qué trinh bién d6i khi hau cing su xuét
hién va gia ting nhanh chéng ctia nhiéu loai
dich bénh da gay thiét hai dang ké t6i nang suét
va chét lugng lda gao, ti d6 gay ap luc 16n dén
an ninh luong thuc & cac nudc dang phat trién
(Lenaerts & cs., 2019). Trudc nhiing thach thic
l6n d6, viéc gia tang nhu cau d6i véi cac giong
lda méi c6 nang suat chat lugng tot, thich tng
v6i bién d6i khi hau va dich bénh 1a xu huéng
tdt yéu. Vi thé&, méi quan tAm chinh trong
nghién ciu ndéng nghiép hién nay 1a cai thién
kha n#ng chéng chiu ctua thuc vat ddi véi cac
diéu kién bat 1gi sinh hoc va phi sinh hoc (Yu &
cs., 2020).

Thap ky via qua da ching kién nhiing
thanh céng 16n cua céng nghé chinh stia hé gen
(Genome editing - GE) trong viéc phat trién cac
giong lda tng phd véi bién déi khi hau, chiu
duge diéu kién bat loi dé duy tri tang trudng.
Céac ky thuat GE da dudc phat trién va thay thé
cac phuong phéap chon tao giéng truyén thong
(chon giéng ddt bién va chon gidng st dung chi
thi phan t) bdi tinh chinh xac, hiéu qua va
nhanh chéng. GE cho phép tao cac dot bién mat,
thém hodc thay thé& nucleotit bing cach gay ra
cac dat gay sgi doi (Double Strand Break - DSB)
trong hé gen muc tiéu. T& bao thuc vat stia chiia
cac ton thuong nay theo hai con dudng: (1) ghép
khong tuong déng (Non-
homologous end joining - NHEJ) va (2) stia chiia

A R e
noér diém cudi

tai t6 hgp tuong dong (Homology directed repair
- HDR). NHEJ 14 con dudng stia chiia phé bién
hon 6 thuc vat, cht yéu gay ra cac dot bién thém
ho#c méat cac nucleotit do d6 c6 thé dan dén dot
bién dich khung, trong khi HDR xay ra khi c6
trinh tu tuong dong xung quanh DSB va céc
trinh tu nay dudc st dung dé sta chiia cac ton
thuong, tao nén cac dot bién mot cach chinh xéc.
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Su thay th& gen c6 thé xay ra theo chu dich khi
mot khuén mau mang trinh tu tuong déng dugc
thiét ké trudc va tich hop vao cong cu chinh stia
gen. Zinc Finger (ZFNs) va
Transcription Activator-Like Effector Nuclease
(TALEN) 14 hai hé thong GE dua trén hoat dong
cia enzyme endonuclease ludng cuc. Céac

Nucleases

enzyme nay gom ving gin véi ADN va ving
gan véi enzyme cit giéi han FokI. Do viéc nhan
dién trinh tu d#c hiéu chiu trach nhiém bdi
viing protein gdn ADN théng qua tuong tac
protein-ADN, nén thiét ké& cac protein can do
chinh x4c cao va rat phiic tap. Chinh vi vay,
tiém ning tng dung ctia hai phuong phap chinh
stia gen nay trong coéng tac chon tao gidng cay
trong con han ché (Jani & cs., 2020).

Hién nay, céng nghé chinh stia hé gen mdi
nhiat - hé théng
Interspaced  Short Palindromic  Repeats/
CRISPR-associated 9 (CRISPR/Cas9) cho phép
tao ra nhiing thay d6i trén trinh tu ADN theo
cach c6 chu dich tai mét vi tri xac dinh trong

Clustered Regularly

vung genome muc tiéu. Khac v6i ZFN va
TALEN, hé théng CRISPR gidp enzyme cét
ADN (Cas9) nhan biét trinh tu dac hiéu thong
qua RNA din dudng (“guide RNA”, gRNA) cb
chiéu dai khoang 18 dén 20 bazd va b sung véi
trinh tu dich. D& c¢6 thé giip Cas9 nhan biét
thanh cong trinh tu muc tiéu, trong trinh tu bd
gen dich phai c6 mot doan trinh tu protospacer
adjacent motif (PAM) ngay sau trinh ty dich va
thuong 1a 5-NGG-3’, trong d6 N 1la moét
nucleotit bat ky. Khi phtic hgp Cas9/gRNA bam
vao trinh tu muc tiéu, enzyme Cas9 sé cit doan
ADN 6 ca 2 mach tai vi tri nucleotit thi ba va
tht tu phia truée trinh tu PAM. Do chi can thiét
k& mot gRNA méi khi cAn cdt mot trinh tu muc
tiéu trong cuing mot hé gen ciy chu, chinh sta
hé gen bang CRISPR/Cas9 trd nén vita don gian
via linh hoat va dé thao tac. Mat khac, khi két
hop nhiéu gRNA, hé théng CRISPR/Cas9 cho
phép cit nhiéu muc tiéu cung lic. V6i viéc thiét
ké& don gian va hiéu qua cao hon so véi hé théng
ZFN va TALEN, d6ng thoi c6 thé st dung déi
v6i nhiéu loai t& bao khac nhau va nhiéu gen
cing lic, CRISPR/Cas9 thuc su 1a mot hé théng
tiém ning dé bién d6i ADN bo gen.



Trén thé gi6i, ky thuat CRISPR/Cas9 da va
dang dudc ting dung rong rai trong nghién ctu
chtic nang cac gen va phat trién céc dong dot
bién c6 kha ning chéng chiu cac bat 1¢i sinh hoc
va phi sinh hoc (Malnoy & cs., 2016; Klap & cs.,
2017; Wang & cs., 2018), khang thudc diét cd
(Shimatani & cs., 2017; Li va &., 2018; Oz & cs.,
2021), nang cao ning suat (Li & cs., 2016b;
Zhou & cs., 2016)... O nudc ta, tinh hinh nghién
ctiu ky thuat CRIPSR/Cas9 trén cdy trong méc
du con rdt méi mé nhung ciing da thu duge
nhiing thanh tuu nh&t dinh. Pién hinh, nhém
nghién ctdu tai Vién Cong nghé sinh hoc, Vién
Han 14m Khoa hoc va Céng nghé Viét Nam da
thanh cdng trong viéc st dung ky thuat
CRISPR/Cas9 dé tao ra giong dau tuong méi co
lugng duong khé tiéu thap hon 35% (Huy Le &
cs., 2020). Cac két qua nghién ciu budc dau
trong ting dung k¥ thuat CRISPR/Cas9 dé nang
cao kha ning chéng chiu véi cic diéu kién bat
loi ctia cay lda, ciy ngd, cdy dau tuong hay tao
dong ca chua khong hat thuyc hién tai Vién di
truyén Néng nghiép va Hoc vién Néng nghiép
Viét Nam mé ra mot huéng di trién vong cho
cong nghé GE phuc vu chon tao giong cay tréng

tai Viét Nam. Trong bai viét nay, ching tdi tap
trung théo luan nhiing nghién ctu st dung coéng
nghé CRISPR/Cas9 dé cai thién cac tinh trang
chong chiu bat 1¢i sinh hoc va phi sinh hoc ciing
nhu cic thach thic va tiém ning ting cta k¥
thuat nay trén cay laa.

2. UNG DUNG CUA CRISPR/CAS9 TRONG
CAI THIEN DAC TINH CHONG CHIU CUA
CAY LUA

Qué trinh bién d6i khi hau ngay cang tang
trén nhiéu khu vuc cling nhu tan suat cac diéu
kién b4t 1¢i sinh hoc va phi sinh hoc trén toan
thé gidi, de doa nghiém trong dén san xuit lda
gao va gdy ra tén th&t 16n cho kinh t& xa héi
toan cAu.Dé dng phé v6i tinh hinh nghiém
trong nay, trong giai doan tién phong cua cong
nghé CRISPR/Cas9, viéc chinh siia hé gen cay
lda da dat dugc nhiing thanh céng nhat dinh
(Bang 1). Nhiing nghién cttu nay cung cdp bang
chiing thuyét phuc rang hé théng CRISPR/Cas9
hoat dong hiéu qua trong cay lda va tiém ning
ting dung to 16n cia né trong chon tao gidng lda
khang bénh va chdong chiu cac diéu kién bat lgi.

Bang 1. Cac iing dung ctia CRISPR/Cas9 trén cay laa

(ng dung muGcetri]éu Co ché stra chiva vétplihéu;dgr?uigipglen Tai liéu tham khao
Khang bénh bac 14 SWEET14, NHEJ PEG/Té bao tran Jiang & cs. (2013a);
SWEET11 Jiang & cs. (2013b)
SWEET13 NHEJ Agrobacterium/md seo  Zhou & cs. (2015)
SWEET14 NHEJ Agrobacterium/mb seo  Zeng & cs. (2020 )
Khang bénh dao 6n EFR922 NHEJ Agrobacterium/mb seo  Wang & cs. (2016)
SEC3A NHEJ Agrobacterium/m6 seo  Ma & cs. (2018)
Pi21 NHEJ Agrobacterium/m6 seo  Nawaz & cs. (2020)
Osa-miR159a  NHEJ Agrobacterium/md seo  Chen & cs. (2021)
Nang cao tinh chiuman  RAV2 NHEJ Agrobacterium/mé seo  Duan & cs. (2016)
Nang cao tinh chiu han SAPK2 NHEJ Agrobacterium/md seo  Lou & cs. (2017)
Nang cao tinh chiu lanh  ANN3 NHEJ Agrobacterium/m6 seo  Shen & cs. (2017)
Khang thuéc diét cé EPSPS NHEJ Sung ban gen/md seo  Li & cs. (2016a) ;Li & cs. (2016b)
AAC Chinh stra bazo nito Agrobacterium/m6 seo  Chao & cs. (2018);
b&i nCas9 Li & cs. (2018)
ALS Chinh stra béi nCas9 Agrobacterium/mé seo  Shimatani & cs. (2017)
va/hoac dCas9
ALS HDR Sang ban gen/mo seo Sun & cs. (2016)

Ghi chi: NHEJ: Ghép néi diém cudi khong tuong déng; HDR: T4i t6 hop tuong dong; PEG: Polyethylene Glycol,
nCas9, Cas9 nickase; dCas9, inactive Cas9.



2.1. Chinh stta gen gitup tang tinh khang
bat 1gi sinh hoc
2.1.1. Chinh sita gen ting tinh khiang bénh
bac 1a Iua

Qua trinh gAy bénh bac 14 do vi khuén
Xanthomonas oryzae dugc thic ddy béi hoat dong

nhém III TAL
(transcription activator-like) véi vai tro hoat hoa

cia nhém protein tiét

su biéu hién gen “nhiém” (succeptible gene) trong
hé gen t€& bao chu bang cach lién két véi trinh tu
dich d#c hiéu trén ving promoter ctia gen dich
(effector binding element - EBE). Ho gen
SWEET ma héa chit van chuyén duong dude cho
1a nhiing muc tiéu quan trong cua cac protein
TAL nay.Zhou & cs. (2015) da thiét k& mot
gRNA nhim vao trinh tu muc tiéu EBE cta gen
OsSWEETI13 giéong lia mé hinh Kitaake. Két
qué thu nhan duge hai dong dot bién mat 4 va 11
nucleotit trong ving m& héa cua
gen OsSWEET13. Cac dong lia dot bién nay cé
kiéu hinh giéng cdy d6i chiing trong diéu kién
trong trot binh thudng nhung thé hién ting kha
ning khang X. oryzae véi chiéu dai vét bénh
giam t6i 90% so véi cac cdy kiéu dai khi tién
hanh 14y nhiém nhéan tao. Tuong tu, Zeng & cs.
(2020) st dung ky thuat CRISPR/Cas9 dé gay dot
bién gen OsSWEETI4 trén
Zhonghuall va thu dugc cac dong lda dot bién
viia tdng manh mé kha niang khang bénh bac 14

gidbng lda

viia téng chiéu cao so véi cay dai. Do vay, dot
bién gen OsSWEET14 tré thanh muc tiéu quan
trong trong chon tao gidng lia khang bénh bac 14
bing cong nghé CRISPR/Cas9 (Zeng & cs., 2020).

2.1.2. Chinh sita gen ting tinh khang bénh
dao on

Bénh dao 6n do ndm Magnaporthe oryzae
gay ra la can bénh tan khoc nhat & tat ca cac
quéc gia trong lda, gdy ton hai ning suét trung
binh 10-30% san lugng (Zhao & cs., 2018). Viéc
ting cuong tinh khang cua lia véi M. oryzaela
mét trong nhiing phuong phap hiéu qua nhat dé
kiém soat cian bénh nay. Cac yéu t6 phan tng
ethylene thuc vat (Ethylene Response Factors -
ERFs) da dudc chiing minh 14 c6 lién quan dén
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viéc diéu bién tinh khang ctua lda véi nhiéu yéu
t8 bat 1gi (Yoon & cs., 2020). Viéc gidm biéu hién
gen ERF922 5 lda Zhonghua 17 bang ky thuat
RNAI gidp téng cuong tinh khang v6i M. oryzae
cho thay gen nay déng vai tro 1a yé&u t6 diéu hoa
tiéu cuc d6i véi tinh khang (Liu & cs.,
2012). Wang & cs. (2016) da thiét ké vector
CRISPR/Cas9 nhim tac dong vao exon I clia gen
OsERF922 trén lta Kuiku 131 va thu nhén
dudge 21 dong lda dot bién chiia cac dot bién mat
nucleotit (64,3%), dot bién thém nucleotit
(23,8%) va doéng thoi cad hai loai dot bién
(11,9%). Cac dong lia dot bién déng hop tii 6 the
hé T1 mang cac dic diém néng hoc nhu chiéu
cao cay, kich thuéc ctua 14 cd, s6 lugng va chiéu
dai hat, s6 hat trén béng va trong lugng 1.000
hat tuong duong véi cdy kiéu dai. Tuy nhién,
khi lay nhiém nhéan tao véi ndm M. oryzae, cac
dong dot bién nay biéu hién kha ning khang M.
oryzae ting cudng so véi kiéu dai véi do dai vét
bénh giam 66% (Wang & cs., 2016). Nghién ciiu
nay ciing cho thay hé théng CRISPR/Cas9 c6
thé tao dot bién da diém hiéu qua cao ¢ cay lda,
v61 90% s6 cAy mang ba dot bién khac nhau khi
st dung ddéng thoi ba gRNA nhim ba vi tri dich
trén cung mot gen.

2.2. Chinh stia gen giap tang tinh khang
bAt 1gi phi sinh hoc
2.2.1. Chinh sita gen ting tinh chiu min
Mot s6 nghién c@u chi ra rang ho gen
AP2/ERF (APETALA 2/ethylene-responsive
element binding factor) ma héa cac yéu t6 phién
ma tham gia vao dap tng cua lda véi stress
man. Cu thé, Duan & cs. (2016) da xac dinh
ving GT-1 trén promoter cia gen OsRAV2 (mot
thanh vién ctia ho gen AP2/ERF) c6 vai tro quan
trong ddi véi tinh chéng chiu min 6 cay
lia. Nhém nghién ctiu da thiét k& mot gRNA
nhdm muc tiéu 1a viang GT-1 va chuyén vao
giong lda Nipponbare. K&t qua cho thay nhiing
dong lia dot bién bi mat ving GT-1 khong con
cudng  biéu

kha  ni#ng  téng

gen OsRAV2trong diéu kién do6 min cao, cho

hién

thay yéu t6 GT-1 tham gia truc tiép vao diéu


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/agronomic-traits

khién dap tng diéu kién min cia OsRAV2
(Duan & cs., 2016).

2.2.2, Chinh stta gen ting tinh chiu han

Lou & cs. (2017) d& lam sang to6 vai trd cta
gen OsSAPKZ2 (osmotic stress/ABA - activated
protein kinase 2) trong diéu hoa ap luc tham
thau bang cach giy dot bién mat chiic ning nho
ky thuat CRISPR/Cas9. Mét gRNA da duge
thiét k€ nhidm muc tiéu exon III ctia gen
OsSAPK2 va chuyén vao cdy lda nhd vi khudn
Agrobacterium. K&t qua thu duge 20 dong lda
TO chuyén gen, trong d6 hai dong dot bién T1
dong hop ti duge xac dinh théng qua giai trinh
tu gen. Hai dong dot bién nay c6 biéu hién kiéu
hinh khong nhay cam véi ABA va nhung lai
nhay cam hon véi stress han so véi cay kiéu dai,
chiing t6 OsSAPK2 déng vai trd quan trong
trong dap ting véi diéu kién han 6 lda.

2.2.3. Chinh stta gen ting tinh chju lanh

Annexin thuc vat 13 nhiing protein lién két
mang khong phu thudc vao Ca++ gitp ciy phat
trién tot va bao vé cdy chdng chiu véi nhiing
stress phi sinh hoc. Pé tim hiéu chic nang
chéng chiu lanh ctia annexin trén cay lda, Shen
& cs. (2017) st dung hé théng chinh stia gen
CRISPR/Cas9 dé lam cAm gen ma ho4 annexin
OsANNS. Phan ti gRNA da dugc thiét ké nhim
muc tiéu exon II ctia gen OsANNS3 va chuyén
vao giong lda Taipei 309 nho vi khuén
Agrobacterium. Két qua thu dudc 4 dong lda TO
chuyén gen chiia 4 kiéu dot bién khac nhau bao
gom dot bién thém 1 nucleotit, mat 1 nucleotit,
mé&t 3 nucleotit va mat 4 nucleotit. Trong d6, 3
dong dot bién 1a déng hop ti va 1 dong dot bién
c6 chiia 2 dang dot bién khac nhau 6 2 alen
(biallelic mutations). Danh gia kha ning chéng
chiu lanh cta cac dong dot bién T1 dong hgp ti
d nhiét dd 4~6°C trong ba ngay cho thay ti 1é
song sét ciia cay T1 gidm manh so véi doi ching.
Diéu nay chiing t6 gen OsANNS3 c6 vai trd quan
trong trong dap ting chéng chiu lai diéu kién
lanh 6 cay lda. Dic biét, nghién citu ctia Shen &
cs. con cho thay khong c6 cac hiéu ting dot bién
ngodi muc tiéu, chtng t6 hé théng
CRISPR/Cas9 c6 tinh dac hiéu cao trén ciy laa.

2.2.4. Chinh sita gen gitp ting tinh khang
thuéc diét co

Tinh khang thudc diét c6 1a mot diac diém
quan trong khac ma cac nha nghién ctu da c6
gang dua vao cay lda. Tuy nhién, viéc st dung
cac dong bién d6i gen vAn vap phai rao can phap
1y va thuong mai vé bién déi gen sinh vat (Dong
& cs., 2017; Fartyal & cs., 2018; Inui & cs.,
2001; Te & cs., 2011). Hién nay, k§ thuat chinh
stia gen cho phép tao ra cac cdy trong mang gen
muc tiéu dugc chinh stia nhung khong chta gen
ngoai lai chuyén vao. Nhiéu dong lda khéang
thudc diét cé da dudgc tao ra theo cach nay, trong
d6 c6 trudng hop xudt phat tit cac dot bién diém.
Acetolactate Synthase 1 (ALS1) 1a enzyme chu
chét trong qué trinh sinh téng hop cac axit amin
chudi nhanh va 13 muc tiéu chinh d6i véi cac
loai thuoc diét c6 quan trong bao gom
chlorsulfuron va bispyribac natri. Sun & cs.
(2016) st dung hé thong CRISPR/Cas9 va cung
cdp mot doan ADN cé trinh tu tuong dong véi
doan ADN dich @& chinh stta gen ALSI trong
cay lda Nipponbare bing con dusng HDR. Hai
gRNA dugc thiét k&€ nhidm muc tiéu tai vi tri
khoang 1625-1888 bp trén gen ALSI va tai to
hop vao vector biéu hién c6 mang gen ma hoa
protein Cas9 va chuyén vao cAy lua Nipponbare
bing phuong phap sing bin gen. Két qua thu
dudc cac dong lda chuyén gen mang dot bién tai
hai diém, bao gdbm W548L va S6271, c6 kha
ning khang thudc diét cd cao hon hin so véi
kiéu lda dai (Sun & cs., 2016). Tuong tu,
Yu & cs. (2015) st dung k§ thuat CRISPR/Cas9
dé tao ra hai dot bién diém, T102I va P106S,
trong mién gin két véi co chat pyruvate va
thuéc diét cb6 glyphosate cua enzyme
5-enolpyruvylshikimate-3- phosphate synthase
(EPSPS) trong cay lia dan dén ting tinh khang
thuéc diét co.

Mot chién luge khac dé tao ra dot bién diém
thong qua CRISPR/Cas9 1a st dung ky thuat
chinh stia bazo nitd, nghia 1a trdo d6i mot cap
bazo nito cho nhau. Cac nha nghién cttu da thiét
k& moét nhém cac protein chinh stia bazo nito
(base editors), c6 thé chuyén mét cach dic hiéu
cac bazd nito. Cong cu chinh stia gen nay bao



gdm mot enzyme chinh stia bazo nito, ching han
nhu cytidine deaminase (chuyén C thanh U),
hdp nhat véi mot endonuclease Cas9 dot bién
khong c6 hoat tinh cit (dCas9) hoéc c6 hoat tinh
nickase (nCas9). Sau khi chuyén d8i mot bazo
nitd trén mot mach ADN, protein Cas9 nay tao
ra mot vét cit nhé dude goi 1a “nick” trén mach
ADN @61 dién, thic ddy bé may ctia t& bao nhim
thay thé bazo nito nguyén ban vén dang & trong
tinh trang khéng khép v6i bazo nitc méi va vi
thé hoan thanh su trdo d6i mét cip bazd nito.
Bang viéc st dung ca dCas9 va nCas9, dot bién
diém C287T dugce tao ra trén gen ALSI da lam
cho cay lda khang véi thudc diét c6 imazamox
(Shimatani & cs., 2017). Mot gRNA nham vao
bazo nitoc C287 trén gen ALS da dudc thiét ké va
chuyén vao mé seo gidng lda Nipponbare, st
dung chat chon loc 1a thuéc diét c6 imazamox.
Két qua thu dude 3 va 14 dong lda chuyén gen
tuong ing v6i hai phién ban dot bién ctia Cas9,
dCas9 va nCas9. Trong s6 14 dong chuyén gen
thu dudc khi st dung nCas9, 7 dong chuyén gen
chtia dot bién mong mudn C287T va khong phat
hién c6 cac dot bién ngoai muc tiéu. Dic biét,
nhém téac gia ctiing da ching minh ring hoan
toan c6 thé chon loc dugc cac dong lia & cac thé
hé sau mang cic dot bién diém c6 kha ning
khang thudc diét ¢ nhung khéng chtia cic gen
ngoai chuyén vao théng qua sy phan ly
(Shimatani & cs., 2018).

3. THACH THUC VA TIEM NANG PHAT
TRIEN CUA CONG NGHE CRISPR/CAS9
TRONG CAI THIEN DAC TINH CHONG

CHIU O CAY LUA

K& tit khi dugc trién khai 1an dau tién vao
nam 2013, hé thong chinh stia gen
CRISPR/Cas9 da nhanh chéng dudgc st dung va
thi nghiém tinh hiéu qud trén thuc vat.
CRISPR/Cas9 da tré thanh céng cu phd bién
nh&t cho céc nghién ctiu chiic ning va cai tién
cac dic tinh nong hoc ¢ nhiéu loai thuc vat khac
nhau, dic biét 1a 6 cay lda. Cong nghé
CRISPR/Cas9 ngay cang dugc quan tdm nhiéu
hon va thic ddy cic nha nghién ctu kham pha
thém vé nhiing ing dung méi ctia né. Theo do,
nhiing kién thtic va cai tién méi dudc cap nhat
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lién tuc, tao diéu kién thuan lgi cho viéc ap
dung cong nghé nay trén cay trong. Ngoai cac
ting dung cd ban bao gbm tao cac dot bién thém
nucleotit, mat nucledotit, thay thé& nucleotit
(thay thé& bazo nitd) mot cach chinh xac,
CRISPR/Cas9 c6 thé dudc st dung dé lam b4t
hoat ho#c kich hoat moét gen bat ky. Nhiing cai
tién méi cua cong nghé nay va ky thuat giai
trinh ty hé gen cho phép nha nghién ctiu c6 thé
tao ra cac dong lia méi v6i cac dot bién dinh
huéng tai vi tri cu thé ma khong c6 dot bién
ngoai muc tiéu. Quan trong hon, kj thuat nay
cho phép tao ra va chon loc cac cAy dot bién
khéng ma c6 gen chuyén, nén cé thé vugt qua
rao can phap ly nghiém ngit vé sinh vat bién
d6i gen. Nhin chung, k§ thuat nay da tao diéu
kién thuén 1gi cho nghién ctiu co ban phan tich
chtic ning cua cac gen khac nhau 6 lda va ca
nghién ctu tng dung cho qua trinh cai tién cac
gen clia ciy trong quan trong nay.

3.1. Uu diém

Nho tich hop duge wu diém cta cong nghé
d6t bién c6 chu dich va céng nghé chuyén gen, k§
thuat CRISPR/Cas9 dugdc cac nha nghién ctu vé
cai tién gen trén toan thé gidi ua thich. Mot trong
nhiing déc diém hip din nhit cia hé thong
CRISPR/Cas9 14 kha ning chinh stia da diém,
tao ra dot bién ¢ nhiéu gen cting mot lic, do d6
gidm thoi gian va chi phi tao ra cic giéng méi.
Xie & cs. (2015) da thiét k& 8 gRNA nhidm muc
tiéu 4 gen thuodc ho gen protein kinase hoat hoa
mitogen (mitogen-actived protein kinase - MPK).
MBbi cap gRNA nhidm 2 vi tri trong ciing mot gen,
cach nhau khoang 350-750 bazo. Két qua phan
tich cay chuyén gen cho thay dot bién xay ra & ca
8 vi tri muc tiéu cua gRNA. Tuong tu, cic gRNA
nhém muc tiéu tit 2 dén 8 vi tri khac nhau trén
gen MPKI va MPK6 duge Minkenberg & cs.
(2017) thiét ké va chuyén vao cay laa, két qua
thu dudc cac dot bién xay ra tai mot, hai va bén
vi tri muc tiéu véi hiéu suat lan lugt dat
86-100%, 67-100% va 86%. Dac biét, Meng & cs.
(2017) da thiét k& 25.604 gRNA nhim muc tiéu
12.802 gen trén cdy lia Zhonghua 11. Két qua
chuyén cac gRNA vao cdy lda nhd vi khuédn
Agrobacterium thu nhan dugde 14.000 ciy chuyén
gen TO. Tuong tu, Lu & cs. (2017) thiét k& mot



thu viéen gRNA gém 88.541 thanh vién nhim
muc tiéu 34.234 gen trén ciy lua MSU7, trung
binh 2,59 gRNA cho mot gen. Két qua sang loc
sau chuyén gen thu nhan dugc 84.384 ciy chuyén
gen vé6i tAn suat dot bién 83,9%. Nhu vay, nho
cong nghé CRISPR/Cas9, mét bo thu vién dot
bién toan bd gen 6 lia da duge xiy dung va 1a
ngudn nguyén liéu rat c6 y nghia, diy tiém ning
cho chon tao giong lia méi nhiam cai tién tinh
chong chiu cac diéu kién b4t thuan.

Mot uu diém quan trong khéac cua
CRISPR/Cas9 1a cac cay dot bién khong mang
gen ngoai lai c¢6 thé thu dude & nhiing thé hé
ddu tién théng qua qua trinh phan ly gen
chuyén. Mot s6 vi du vé cAay dot bién khong
mang gen chuyén ¢ thé hé T1 trén cay lda da
dudge cong bo trong cic nghién ctu cua Woo &
cs. (2015); Li & cs. (2016a); Wang & cs. (2016).
Gan day, mot hé théng chinh stia gen méi da
dugc He & cs. (2018, 2019) phat trién nhim thu
nhan dudc cic cdy dot bién khéng mang gen
chuyén ngay & thé hé dau tién, c6 tén Transgene
Killer CRISPR (TKC). Hé thong TKC st dung
mot cidp gen “tu sat” c6 kha ning loai bd gen
chuyén sau khi gen muc tiéu da dugdc chinh sta.
Ciap gen nay dudc tich hgp vao ciu tric
CRISPR/Cas9, do vay dugc chuyén dbng thoi
vao mo té bao thuc vat cung véi gen Cas9 va
gRNA. Chia khoa thanh céng cta cong nghé
TKC 14 phén tach su biéu hién cta gen Cas9 va
cic gen “tu sat”. Cac thanh phan chinh stia gen
bao gém Cas9 va gRNA dugc biéu hién trong
qué trinh chuyén gen, giai doan tao callus va
giai doan phat trién sinh dudng. Trong khi do,
cac gen “tu sat” chi biéu hién & giai doan sinh
san dé tiéu diét hét tit ca cac t& bao hat phan
va phoi c¢6 chiia gen chuyén. Két qua 1a chi c¢6
cac hat khéng chuyén gen dugc tao ra, cho phép
thu nhén cac cay lda khéng mang cac trinh tuy
gen ngoai lai nhung chtia gen muc tiéu da dugc
chinh stia (He & cs., 2018; 2019).

3.2. Thach thiic va tiém nang

Chinh stia gen & thuc vat doi hdi phai dua
dugc hé thong chinh stia vao trong té bao thuc
vat. Trong nhiing nim gan day, di c6 mdt budc
dot pha trong chuyén gen va viéc dua ADN

ngoai lai vao t& bao hién c6 thé ap dung cho hau
hét cac loai cay trong chinh, bao gém lia. Tuy
nhién, cac kj thuat nudi cdy md lai rat khoé ap
dung trén mot s6 giong lda, dic biét 1 cac gidng
lda thudc loai phu indica, din t6i viéc 4p dung
k§ thuat chinh stia gen bi han ché trong nhiéu
gidng lda thuong mai quan trong. Hon niia, viéc
phat trién va t6i uu héa cac phuong thic nudi
cdy md la thudng ton nhiéu céng stc va thoi
gian. Nudi cdy mé c6 thé lam xudt hién céc bién
di dong vé6 tinh lam tén hai dén téng thé cua cay
tai sinh (Sarmast, 2016). Vi vay, viéc gidm thigu
hodc loai bd yéu cdu nudi cdy md sé cai thién
hiéu qua cta chuyén gen va chinh stia gen trén
cay trong (Jung & Seo, 2017).

Van chuyén hé théng CRISPR/Cas9 vao cay
tréong 14 moét buée quan trong trong qua trinh
chinh stia gen & thuc vat. D& biéu hién cac hgp
phan cia hé thong CRISPR/Cas9 va chon céc
cay dugc chinh stia gen, cac vector chiia tit ca
cac hop phan va chi thi chon loc duge chuyén
vao t& bao thuc vat. Nhiing gen nay thudng dudgc
tich hop vao bd gen cia t&€ bao dé cho phép biéu
hién Cas9 va gRNA. Khi cac ciy chinh stia gen
dudc xac dinh, cac yéu t& nay c6 thé dugc loai bd
thong qua qué trinh phan ly trong thé& hé tiép
theo hoac bing cach tai t6 hgp. Hién nay, mot
phuong phap khéac c6 thé thay thé d6 1a su biéu
hién tam thoi cia cac yéu t6 nay ma khong tich
hdp vao hé gen cdy cht. Su biéu hién tam thoi
nay c6 thé kip thoi dé chinh stia gen bing hé
thong CRISPR/Cas9 (Hamada & cs., 2018).
Bing cach nay, cay dot bién khéng c6 gen
chuyén c6 thé thu duge ngay tit thé hé TO. Chién
luge nay da dude thi nghiém thanh cong ¢ mot
s0 cay trong trong dé c6 cay lia (Woo & cs.,
2015; Liang & cs., 2017, 2018; Svitashev & cs.,
2016). Chuyén gen bang Agrobacterium va sing
bén gen la hai phuong phap duge st dung rong
rai nhat. Tuy nhién, cd hai hé théng déu c6 uu
va nhugc diém. Agrobacterium bi gi6éi han hiéu
qua trong pham vi hep céc kiéu gen trong mot
loai. Chuyén gen qua sting bén gen c6 thé dugc
ap dung cho pham vi kiéu gen rong hon so véi
chuyén gen théng qua Agrobacterium, nhung su
tai sinh ctia cay sau khi bin pha c6 thé bi han
ché& (Altpeter & Spinger, 2016). Do d6, viéc cai



tién cac k¥ thuat nay hodc phat trién cac tién bo
ky thuat méi c6 thé gitp phat trién cac phuong
phap chinh stia gen.

M&6i quan tAm chinh vé chinh stia gen bang
cong nghé CRISPR/Cas9 1a su xuat hién cta cac
su kién dot bién ngoai muc tiéu. Day 1a rao can
16n d6i véi viéc ap dung cac hé thong chinh sta
gen trong chon tao giéng cady tréng. Viéc su
dung cac nuclease méi ¢6 do dac hiéu cao hon
Cas9, chidng han nhu Cpfl, da cai thién duge
khia canh nay. Yin & cs. (2017) d&a so sanh hai
trong chinh sta gen EPFL9
(Epidermal Patterning Factor like-9) & laa
indica IR64 va nhan thiy ca hai hé théng
CRISPR/Cas9 va CRISPR/Cpfl c6 hiéu qua
ngang nhau. Dong thdi, hiéu ting ngoai muc tiéu

nuclease

trong cac cdy dot bién dugc cai thién rd rét khi
sti dung nuclease Cpfl.

4. KET LUAN

Céng cu chinh stia gen da mang lai nhiing
thanh tuu to 16n cho nghién ctiu va san xuit lia
gao trén thé& giéi. Théng qua hé théng
CRISPR/Cas9, cac gen chiic ning va gen diéu
hoa lién quan dén dic tinh chéng chiu stress
sinh hoc va stress phi sinh hoc da dudc chinh
stia mot cach chinh xac nham phan tich chiic
ning gen. Qua do, cac nha khoa hoc c¢6 thé cai
thién kha nang khang bénh cling nhu tinh
chong chiu diéu kién bat thuan 6 mot s6 giong
Ida. Tuy nhién, hiéu qua chinh stia gen hién nay
van phu thudc rat nhiéu vao hé thong tai sinh
d6i v6i ting dong/giong lua cu thé. C6 thé thay
riang, céong cu chinh stia gen, dic biét 1a hé
thong CRISPR/Cas9 rat c6 tiém ning tng dung
trong nghién cttu ¢ Viét Nam. Duya trén nhiing
hiéu biét vé cac gen ting vién quan trong, ching
ta c6 thé cai bién lai thong tin di truyén caa cac
giong lia dai tra hién nay nham nang cao tinh
chong chiu cta giong.

LOI CAM ON

Nhém tac gia xin chan thanh cadm on Dy an
Viét Bi da tai trg kinh phi dé nghién ctu nay
dugc thuc hién qua dé tai “Design a gene-
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editing complex, CRISPR/Cas9, to improve the
blast resistance trait for Vietnamese rice”.
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