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TOM TAT

Virus 1a mot trong nhiing tac nhan gay bénh nguy hiém nhét déi véi cay trong. Su xam nhiém va lay lan
cua virus trong cy thuong gay ra nhirng thiét hai dang ké V& ning sut va chét lugng ndng san. Do tinh chét
nguy hiém cuaa bénh virus gay ra véi cay trdng va nén san xuét néng nghiép, rit nhiéu bién phép, cong nghé da
duoc xay dung va phat trién phuc vu cong tac quan Iy, phong trir va nang cao tinh khang bénh virus & thuc vat.
Phuc trang, tao cdy giéng sach virus thong qua nudi ciy dinh sinh truéng két hop véi xtt ly nhiét, lanh hay héa
chét da cho thy hiéu qua tét va duoc ung dung rong réi. Ngoai ra, viéc sir dung tinh khang chéo hay quy tu
gen khang cho thdy tinh wu viét trong nang cao phd khang va tinh khang bén viing vai bénh virus. Dic biét,
viéc st dung cac cong nghé mai nhu chuyén gen, bat hoat gen, chinh sta gen di tao dugc nhimg budc tién
vuot béac trong nghién ciu nang cao tinh khang bénh virus trén cay trong. Trong khudn khé bai téng quan nay,
chung t8i gioi thigu tém lugc vé& nguyén ly hoat dong, tinh ing dung ciing nhu wu nhuge diém cia mot s6
phuong phap truyén théng va cong nghé méi trong nghién ctru chon tao cay trong khang bénh virus. Thém vao
do, trién vong va thach thirc dat ra véi viéc wng dung cac ky thuat sinh hoc hién dai trong nghién ctu tinh
khang virus & thyuc vat cling dugc thao luan trong bai béo nay.

Tir khéa: Virus thuc vat, nudi cdy dinh sinh triréng, chuyén gen, bdt hoat gen, chinh siza gen

MG PAU

Mic du c6 kich thudc rat nho va khong thé quan
sat dudi kinh hién vi thong thuong nhung virus 1a
bénh hai phé bién va gay thiét hai to lon trong san
Xuit ndng nghiép. Virus gay bénh trén thyc vat c6 su
da dang 16n vé kich thuéc, thanh phan sinh héa, ciu
trdc cling nhu d6 16n cua hé gen (Nopsa et al., 2014).
Bénh virus c6 thé lan truyén thong qua cac phuong
thire khéc nhau bao gém sir dung vector trung gian
(con trang, nam, tuyén trang, thuc vat ky sinh), nhan
gidng sinh dudng, hat glong hat phan vét thuong co
giéi hay thong qua tiép xdc tryc tiép. Sau khi xam
nhap vao té bao chii, hé gen virus dugc giai phong
khoi 16p vo protein (decapsidation) va thuc hién qué
trinh 14y nhiém théng qua viéc dich ma va tai ban hé
gen, bao g6i cac thé virus mai va xam lan cac co
quan cua thé cha (Nicaise, 2014). Hau hét cac loai
virus gay thiét hai cho cay trong la dang cip tinh, tic
la chiing xam nhiém vao cay va gay hai ¢ mac do
cao trong mot khoang thoi gian rat ngan. Tuy nhién,

ddi véi thyuc vat hoang dai bénh virus c6 thé ton tai.
duy tri, biéu hién cham hon va cung ton tai lau dai
véi té bao chi (Roossinck, 2012). Sy xam nhiém va
lay lan cua virus véi cay trong thuong gay ra nhiing
thiét hai dang ké vé nang suat va chét luong nong
san. Theo théng ké cua Uy ban Quéc té vé Phan loai
Virus (The International Committee for the
Taxonomy of Viruses), hién nay da co trén 6.500
loai virus dwgc phét hién, trong d6 c6 khoang trén
1.516 loai la virus thuc vat (King et al., 2011). Viéc
phét hién va diéu tri cac bénh virus thyc vat thuong
kho khan va hiéu qua khdng cao (Jones, Barbetti,
2012; Nopsa et al., 2014). Theo udc tinh, hang nam
thiét hai do bénh virus gay ra véi san xuit nong
nghiép trén thé giéi 1én dén trén 30 ty d6 la My
(Sastry, Zitter, 2014).

Do tinh chat nguy hiém cua bénh virus gy ra
V6i cay trong va nén san xuit ndng nghiép, rat nhiéu
bién phap, cong nghé da duoc xay dung va phat trién
phuc vu cdng tac quan ly, phong trir va nang cao tinh
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khang bénh virus ¢ thuc vat. Trong do, cdc phuong
phap truyén thong da dugc phét trién va ang dung tir
rat 1Jau nhu nuéi cdy dinh sinh truong, xu ly hda chat,
xu ly lanh, xir ly nhiét.. (Lassms et al., 2012). Cac
bién phap nay gitp loai trir cac mam bénh virus va
tao ngu0n nguyen liéu sach bénh phuc vu cong tac
nhan giéng va ung dung san xuat. Bén canh do, cac
bién phap s dung tinh khang chéo (Gal-On,
Shiboleth, 2006) hay viéc quy tu cac gen khang
(Ratcliff et al., 1999) cling mang lai nhirng thanh cong
dang ké trong viéc mo rong va nang cao tinh khang
virus & cay trong. Gan day, voi cac thanh tuu cia cong
nghé sinh hoc, cac cong nghé méi da dugc phat trién
va tao ra nhimng budc tién vuot bac trong cong tac
chon tao gidng cay trong khang lai bénh virus. Ky
thuat chuyén gen da pha v& rao can trong viéc trao doi
vat chét di truyén giira cac loai vai nhau, tao diéu kién
dé quy tu nhitng gen quan trong tir nhiéu lodi vao
trong mot doi tugng sinh vat nhét dinh, tao ra sy thay
ddi to 16n V& céc tinh {trang mong muén. Viéc ap dung
cac ky thuat di truyén va phuong phap chuyén gen
thuc vat da nang cao tinh khang bénh virus & mot sé
loai cay trong (Praveen et al., 2017). Bén canh do, su
ra doi va phat trién cua cong nghé RNAi (RNA
interference) da mang lai thanh c¢ong vuot bac trong
nghién ctiru néng cao tinh khang bén virus trén thuc
vat (Ding, 2010; Duan et al., 2012). Gan déy, cong
nghé chinh stra hé gen di duoc phat trién va tng dung
trong chon tao gidng cay trong khéng lai virus va da
ghi nhan nhiing thanh tyu dang ké (Mahas, Mahfouz,
2018; Yin, Qiu, 2019).

Trong bai tong quan nay, ching tdi gidi thiéu
tom tat cac ky thuat, cong nghé da va dang dugc phat
trién va tng dung trong cdng tac tao cdy sach virus
va nang cao tinh khang virus & thuc vat. Nguyén ly
va cach thic 4p dung cua moi phuong thic dugc
tong hop trén co so phan tich vu nhuge diém cua
ting phuong phap. Ching t6i ciing thao luan vé xu
huéng phép trién cua cac cong nghé mai ciing nhu
tiém nang va thach thuc véi cac cong nghé nay trong
nghién cttu chon tao gidng cy trong khang lai bénh
virus trong tuong lai.

PHUGONG PHAP TRUYEN THONG

Nudi céy dinh sinh trwéng (Meristem-tip culture)

O thyuc vat, dinh sinh truéng (meristem) 12 loai
mé nam & chép ré, dau canh hodc dinh than. Nhém
mbé ndy bao gom cac té bao chua biét hoa
(undifferentiated cells) hoac biét hoa chua hoan toan
con goi la té bao phan sinh (meristematic Cell s),
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duoc xem nhu 13 té bao gdoc (stem cells) voi kha
ndng phan chia nhanh chong va biét hoa thanh cac
loai mo, co quan cua thyc vat (Beauzamy et al.,
2015). Do tinh chét chua biét hda va kha nang phan
chia nhanh, cac té bao dinh sinh truéng thuong tranh
duogc sy lay nhidm cua cac mam bénh nhu nam, vi
khuan va virus. Loi dung dic diém nay, phuong
phép nudi cdy dinh sinh truong da duoc &p dung dé
tao cdy sach virus caa nhiéu loai thuc vat khac nhau
va dugc xem la cach thac hiéu qua nhat nham loai
trir cac loai virus lan truyén théng qua hé thong mach
dan (phloem) (Lassois et al., 2012). Phuong phap
nay dugc thyc hién théng qua viéc tdch cdc mod &
dinh sinh truong trén cdy me va st dung lam nguyén
liéu cho cac budc nudi cdy in vitro dé tai sinh thanh
cay hoan chinh. Thém vao do, cac buéc kiém tra
dugc tién hanh trong qué trinh tai sinh va nhan
nhanh dé dam bao d6 sach va kha ning loai trir virus
tir cAC mau cdy thu dugc (Lassois et al., 2012). Uu
diém cua phuong phép nay la viéc su dung cac mAau
nudi cay 1a md nho cé toc do phan chia nhanh duoc
tach trong diéu kién vo trung gitp giam thiéu viéc
tap nhiém vi sinh vat gay bénh tir cay me.

Phwong phap xir ly hoa chit (Chemotherapy)

Céc hop chét c6 hoat tinh khang virus ciing duoc
s dung khé& hiéu qua trong viéc kiém soat bénh
virus & thuc vat. Cac chit hoa hoc nhu ribavirin
(RBV) (virazole), azidothymidine, 2-thiouracil
(Matthews, 1953) va mét sb chét e ché nhu inosine
monophosphate  dehydrogenase  (IMPDH),  S-
adenosylhomocysteine hydrolase va neuraminidase
(NA) (Panattoni et al., 2013) thuong dugc sir dung
nham chéng lai cac bénh do virus gay ra. Cac loai
hop chit va thudc nay xam nhédp vao cay trong qua
trinh ngdm G va ngan chan sy nhén 1én cua virus (Lal
et al., 2015). Bén nay, phuong phap xir ly hoa chat
cho thy thanh cong trong viéc loai trir bénh virus
trén nhiéu déi tuong.

Phuwong phap xit ly lanh (Cryotherapy)

O thuc vat, cic mam bénh nhu virus,
phytoplasma va vi khuan c6 thé duoc loai trir bang
xu ly nhiét d6 thap (-196°C) trong khoang thoi gian
kéo dai. Nhiét do lanh sau sé& uc che phan tng trao
d6i chét va pha hay cau tric cia mam bénh. Phuong
phép xir ly lanh da dugc tng dung dé loai bo cac thé
virus nham tao ra cdy sach bénh. Hiéu qua dat duoc
théng qua xu ly lanh trong mot s6 truong hop c6 thé
cao hon khi so sanh v6i phuong phap nuéi cdy dinh
sinh truéng (Lal et al., 2015; Vieira et al., 2015). Uu
diém cua phuong phap xt ly lanh 1a c6 thé thuc hién
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duoc véi mot sb lugng Ién cay con va khong bi phu
thugc nhiéu vao kich thuge mau. Tuy nhién, han ché
chinh cua phuong phap nay la chi phi 16n do viéc
phai sir dung mot lugng 16n khi 1am lanh cép nhu
Argon va Nito.

Phwong phap xi ly nhiét (Thermotherapy)

Viéc xir Iy nhiét duoc thuc hién trong mot
khoang thoi gian nhat dinh nham tiéu diét nguon
bénh ma it lam anh huéng dén sic sdng cia mau
duoc xu ly. Ngudn nhiét duoc ap dung cha yéu tur
nudc nong, khi nong hay hoi nude (Grondeau et al.,
1994). Cac nghién ciu cho thay viéc ting nhiét do
lam giam va gian doan qua trinh téng hop, sao chép
vat chét di truyén cua virus (ssRNA, dsRNA...) dan
t6i giam dang ké phat trién cua bénh lién quan dén
virus (Lal et al., 2015). Nghién ctu trude day ciing
cho thay phuong phap xir Iy nhiét c6 hiéu qua hon
khi két hop véi cac phuong phap khac. Viéc két hop
gitra xir ly nhiét va héa chét gitp nang cao hiéu qua
trong loai trir cac bénh virus nhu kham 1a (Arabis
mosaic virus), virus dém tring hoai tir chi mo man
(Prunus necrotic ringspot virus) véi hiéu qua cao
(Modarresi Chahardehi et al., 2016).

Sir dung tinh kh&ng chéo (Cross protection)

Kha niang xam nhiém cua mot loai virus bi ngin
can boi sy lay nhiém trugc d6 (lay nhiém khoi
nguyén) ctia mot loai virus tuong tw hoac mot dong
phan lap khac caa cang loai virus gay bénh. Co ché
nay dugc cong bd lan dau tién vao nam 1929 voi
virus kham thudc l4 (Tobacco mosaic virus - TMV).
Bao vé chéo la mot qua trinh ty nhién trong dé tinh
khang cua thyc vat véi mot chung virus dugc tao ra
boi su lay nhidm hé thdng véi loai virus tha hai
(Gal-On and Shiboleth, 2006). Cay chuyén gen biéu
hién TMV-CP 1a vi du dién hinh cho co ché bao vé
chéo thong qua CP, thé hién duoc tinh khang tét voi
TMV. Tinh khang chéo cling dugc ung dung thanh
cong trong kiém soat cac bénh virus nhu: virus X
trén khoai tdy (PVX), virus xoan l& khoai tay
(PLRV) cling nhu cac virus c6 hé gen DNA va RNA
(Gal-On, Shiboleth, 2006; Pennazio et al., 2001).

Quy tu gen (Gene Pyramiding)

Quy tu gen lién quan dén viéc tao ra tinh khang
bén viing théng qua viéc to hop nhiéu gen, dan dén
su biéu hién dong thoi caa cac gen khang khac nhau.
Ky thuat nay c6 y nghia quan trong boi vi né nang
cao hiéu qua chon gidng, hudéng téi viéc tao ra nguon
gen va phat trién tinh khang phé rong véi bénh virus.
Thanh cbng cua phuong phap quy tu gen dua trén

cac yéu té quan trong nhu: sb gen dugc quy tu, sd
luong kiéu gen dugc chon loc trong mdi thé he,
khoang cach gitta cac gen muc tiéu va cac chi thj
phén tir ciing nhu dic tinh ty nhién cua vat liéu chon
loc. Cac cong cu tién tién nhu microarray, chip DNA
va SNPs giup nang cao hiéu qua danh gia cac chac
nang cua gen thdng qua cac ky thuat thyc nghiém
phan tich hé gen. Quy tu gen cé thé tao tinh khang
cao ddi véi cac stresses sinh hoc va phi sinh hoc &
cay trong. Tuy nhién, nhuge diém cua phuong phap
nay d6 la tén nhiéu thoi gian va chi phi trong viéc
phat trién nhitng dong gen can quy tu. Bén canh do6
hiéu qua quy tu con chiu anh hudng cua hiéu (ng
tuong tac gen (Joshi, Nayak, 2010).

UNG DUNG CONG NGHE SINH HOC TRONG
CHON TAO GIONG KHANG BENH VIRUS

Ting cwong tinh khang virus théng qua chuyén
gen (Genetic transformation)

Thiét hai vé nang suit va chét luong cay trong
do virus gay ra la rat nang né. Tuy nhién, cac bién
phap kiém soat cho dén nay déu khong day du va chi
phi cao. Viéc ap dung cac ky thuat di truyén va
phuong phap chuyén gen thuc vat di nang cao tinh
khang bénh virus & mot sb loai cay trdng (Sah et al.,
2014). Ky thuat chuyén gen da duoc ap dung trén
cac loai cay nhu ca chua, khoai tay, laa, cdy ho dau,
biu bi... 1a nhitng loai cdy bi anh huong nghiém
trong khi nhiém virus (Praveen et al., 2017). Cac
nghién ctu vé& cay trong chuyén gen dwa vao bién
nap gian tiép thdng qua vi khuin Agrobacteriumhay
cac phuong phap chuyén gen truc tiép thdng qua
xung dién (electrical), hoa chat (chemical) hoac tac
nhan vat ly (physical). Cac gen tiém nang da dugc
chuyén thanh cong vao cay trong va cho thay su ting
cuong cac tinh khang bénh ngay ¢ thé hé dau tién.
Gan day, phuong phap Chuyen gen thé hién tinh hiéu
qua trong viéc cai tién glong cay trong théng qua
viéc dua vao cac gen can thiét cho sy sinh truong,
phat trién cua cay trong, cho su trao ddi chét, chéng
chiu stress va kiém soat mam bénh (Tsaftaris et al.,
2000). Trong d6, ky thuat dwoc sir dung rong rai nhat
la chuyén gen thong qua vi khuian Agrobacterium
tumefaciens. Day la mot phuong phdp don gian, hiéu
qua cao va giam thiéu nhiing yéu cau dic biét vé he
thdng nudi cdy ciing nhu tinh dic hiéu cia té bao chu
(Christou, 1995). Tuy nhién, kha nang tai sinh
chuyen gen thdng qua Agrobacterium phu thugc vao
nhiéu yéu t6 nhu: kiéu gen thyc vat, chung vi khuan
diéu kién ngoai canh trong qua trinh tién nudi cay va
ddng nudi cdy... Ky thuat chuyén gen truc tiép
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(xung dién, slng ban gen.. ) it chiu anh hudng boi
yéu t6 loai, nhitng tro ngai vé nudi cdy mé hay kiéu
gen thuc vat. Tuy nhién, hiéu qua cta cac phuong
phép nay bi anh huong bai nhing thay ddi trong té
bao dich. Hon nita, & hau hét cac truong hop, kha
ning phat trién cua cdy chuyén gen phu thugc Ién
vao kha nang tai sinh cua té bao nhan gen.

Thanh cong cia phuong phap chuyén gen trong
tao tinh khang bénh virus da dugc khang dinh trén
nhiéu d6i twong cy trong khac nhau vi du viéc biéu
hién mot phan gen ma hoéa cho yéu té lién quan téi
qua trinh tai ban cua virus d3 nang cao tinh khang
virus soc l& (Maize streak virus) trén cdy ngd
(Kreuze, Valkonen, 2017). Ngoai ra, cay chuyén gen
khang lai bénh virus dugc cong b trén cac cay trong
khac nhu thudc 14, khoai tay, lia va du du...giup bao
vé san xuat va nang cao loi ich kinh té (Rani, Usha,
2013). Tuy nhién, hién nay van con ton tai nhiing
quan ngai lién quan dén tac dong moi trudong, da
dang sinh hoc, tinh an toan... cia cay tréng bién doi
gen mic du chua c6 nhitng bang chang cu thé nao.

Tao tinh khang virus thong qua cong nghé RNAI
(RNA interference)

* Co ché hogt dpng ciia RNAI ¢ theec vt

RNAi 1a co ché tc ché sy biéu hién vat chat di
truyén & giai doan RNA. O thyc vat ¢6 ba con duong
rc ché RNA. Con duong dau tién 1a su e ché gen
sau phién ma (post-transcriptional gen silencing,
PTGS) qua trung gian la siRNA (short interfering
RNA). Con duong the hai gom c6 cac miRNA
(micro-RNA). Con duong thi ba 1a tc ché gen phién
ma (transcriptional gene sﬂencmg TGS) bang cach
lien két véi qua trinh blen ddi nhiém sic thé tryc tiép
qua siRNA, n6 bao gém sy methyl hda histone va
DNA. Vai tro sinh hoc khac nhau cua cac con duong
nay da dugc ching minh, bao gdm khang virus, diéu
khién biéu hién gen va su ngung tu chat nhidm sic
thanh thé di nhidm sic (Baulcombe, 2004).

Céc phan tir quan trong tham gia vao co ché RNAI
nay la hai enzym Dicer va Argonaute (AGO) trong
phuc hé RISC (RNA-induced silencing complex) va
nhitng RNA c ché nho (short interfering RNA,
siRNA) hay miRNA.

Sw iic ché RNA thong qua siRNA: xay ra ¢ té bao
chat va 1a con duong quan trong trong té bao thuc
vat nhiém virus noi ma double strain RNA (dsRNA)
c6 thé sao chép gian tiép hoic mot phan cau tric thi
cép cua RNA virus sgi don. Trong truong hop la
virus DNA thuc vat, dsRNA c6 thé duoc tao ra nh
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qua trinh phién ma bd sung géi nhau (Baulcombe,
2004; Hamilton, Baulcombe, 1999). Co ché ciing
Xay ra tuong tuw nhu ¢ dong vat. Khi c6 su xam nhap
cua RNA soi kép vao té bao chat, Dicer (mot thanh
vién trong ho RNaselll) - mét loai ribonucleases dic
hiéu cho dsRNA sir dung nang lugng tr mot phén tuor
ATP lap tac cat nhitng RNA soi kép nay thanh
nhitng doan ngan hon, khoang 21-25 nucleotid, goi
la siRNA (Bernstein et al., 2001). Khi lai nhitng
RNA di cho thdy d6 1a nhiing soi d6i c6 chira nhom
phosphat ¢ dau 5°. Sau khi bi cit ngin bai Dicer,
chudi kép siRNA dugc tach ra lam thanh hai soi
don, va chi soi don RNA véi dau 5' ¢ lyc bét cap
base (base-pairing) nho nhit duoc chon dé tiép tuc
lien két voi Argonaute. Qua trinh lya chon chudi don
RNA nay xay ra trong phac hé RISC, trong d6 co
chira Argounaute va Helicase (Schwarz et al., 2002).
Phan tir ATP phan tach siRNA soi d6i dé tao thuan
loi cho RISC hoat dong, phirc hé RISC sau d6 nhan
biét cac phan tir phién ma mRNA cua té bao c6 trinh
ty twong dong vai trinh ty cua doan chudi don
siRNA lac nay dang c6 mat trong phuc hé RISC
(Song et al., 2004). Sau khi nhan dang mRNA qua
viéc bit cap cac base tuong dong voi trinh ty cua
chudi don siRNA, mRNA bij cit dut & khoang gitra
cua chudi kép siRNA-mRNA thanh nhiing doan
nho khoang 12 nucleotid tir dau 3. Sau khi bi cit
dat, mRNA nhanh choéng bi tiéu hay boi cac RNA
nuclease.

Sw #rc ché RNA thong qua miRNA: Ngay sau khi
phét hién ra co ché RNAI, nguoi ta nhanh chéng
nhan ra rang, co ché nay da duoc su dung tur lau
trong té bao bai mot hé thong diéu hoa biéu hién gen
goi la micro-RNA (miRNA). MiRNA la mot loai
RNA nho dai 21-24 nucleotide khéng ma héa co
chire nang chu yéu 1a diéu khién am sau phién ma vi
cap base c6 trinh tu bé sung gan nhu hoan toan vdi
mRNA dich (Bartel, 2004). Co ché miRNA c6 nhiéu
diém tuong dong véi co ché siRNA. Trong té bao
dong vat, khi nhitng phan tir miRNA tién than (goi 1a
pre-miRNAs) dugc tao ra trong nhan qua qué trinh
phién m4 tir gen, pre-miRNAs dugc cat got boi mot
enzyme c6 mat trong nhan goi 1a Drosha dé tao
thanh nhiing sgi pre-miRNAs. Cac pre-miRNAs sau
d6 dugc di chuyén ra ngoai té bao chat va tuong tac
vé6i enzyme Dicer rdi ké tiép la phiac hg RISC nhu
trinh bay & trén. Con ¢ thuc vat, miRNA dugc tién
hanh nho Dicer va phan I6n chi xay ra & nhan, va c6
mot protein lién két dsRNA dic hiéu 1a HYLL.
miRNA dong vat thuong lién két voi ving 3’ khong
dich m& (untranslated region, UTR) cia mRNA,
trong khi miRNA thuc vat c6 gén két véi trinh tw ma
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hoa va tham chi ving 5> UTR cua mRNA (Sunkar,
Zhu, 2004). Mot diéu dang chu ¥ 1a, ¢ thuc vat
miRNA w&c ché biéu hien mRNA chu yéu qua su tiéu
hily mRNA, trong khi d6 ¢ dong vat miRNA can
thiép cha yéu bang cach wc ché qua trinh dich ma
cia mMRNA (Rhoades et al., 2002). B tuong dong
trong trinh tu cia miRNA v6i mRNA trong phtic hé
RISC s& quyét dinh mRNA s& bi cit va tiéu huy lam
bat hoat qua trinh dich ma caa mRNA. Néu trinh tu
cia miRNA giéng hét voi trinh tur cia mMRNA,
mRNA bi tiéu huay. Néu trinh ty caa miRNA tinh tir
dau 5' chi can téi thiéu twong dong vi mRNA tir
nucleotide vi tri s6 2 dén sb 8 thi co ché miRNA s&
kich hoat, trc la chi chan ding su dich m&8 ma khong
1am tiéu huy mRNA (Denli et al., 2004).

Con dudng bat hoat gen thir ba & thyc vat c6 lién
quan téi sy methyl hod DNA va su tic ché phién ma.
Bing chimg dau tién cho dang bét hoat gen nay duoc
kham phé trén thuc vat ma gen chuyén va RNA virus
¢ xu hudéng methyl hod DNA tao nén trinh tu
nucleotid dac hiéu (Jones et al., 2001). Tiép theo,
nhitng phét hién nay da dugc mo rong bang viéc
guan sat su methyl hoa DNA théng qua siRNA trén
thuc vat duoc lién két véi bién ddi histone va trong
su nhan d6i nAm men, su hinh thanh soi tap sic ¢
xung quanh ving tim dong duoc lién két véi SIRNA
(Volpe et al., 2002). Mot vai tro quan trong cua su
bit hoat gen & mirc d6 nhidm sic thé la bao vé
genome tranh nhitng phan huy gay ra bai transposon
(Baulcombe, 2004).

Ca ba con dudng nay c6 thé c6 chung ngudn gbc
boi vi déu c6 nhitng vi du cua mdi dang trén dong
vat, nam va thyuc vat. Véi thyc vat ching da c6 kha
ning chua ca ba dang bat hoat gen néu trén, trong
khi nhiing sinh vat khac c6 thé thiéu mat mot hoic
nhiéu hon céc con dudng ndy. Vi dy, nAm men nay
chdi duong nhu thiéu ca ba con dudng va cho dén
nay tat ca nhitng vi du cdm gen ty nhién tim thay &
dong vat déu la miRNA (Bartel, 2004).

* ['J’ng dung cdng nghé RNAI trong nghién ciu tao
cdy trong khang bénh virus

Ngoai vai tro diéu tiét qua trinh sinh truong va
phét trién & té bao thyc vat, cong nghé RNAI con
ddng thoi hoat dong nhu mot co ché khang bénh
virus cua cdy trong (Ding, 2010). Cong nghé nay da
dugc phét trién, tmg dung thanh céng trong nang cao
tinh khéng véi bénh virus trén nhiéu loai thyc vat
khac nhau. Cho dén nay, cong nghé RNAI da duoc
ap dung thanh cbng trong viéc tao tinh khang vai
hon 60 ching virus gay hai & cac loai cay tréng quan

trong nhu: dom vong trén du du (Papaya ringspot
virus -PRSV) (Ye, Li, 2010), chiin dot chubi (Banana
bunchy top virus- BBTV) (Elayabalan et al., 2013),
(Citrus tristeza virus - CTV) (Soler et al., 2012),
bénh trén qua mo man (virus plum pox-PPV) (Hily
et al., 2007; Ravelonandro et al., 2014), soc la ng6
(Maize streak virus- MSV) (Shepherd et al., 2007),
kham lun trén cay ngdé (Maize dwarf mosaic virus-
MDMV) (Zhang et al., 2013) kham 14 dau tuong
(Soybean mosaic virus - SMV) (Gao et al., 2015) va
vang xoan |4 ca chua (Tomato yellow leaf curl virus -
TYLCV) (Fuentes et al., 2006). Gan 30 loai cay
trong khac nhau da dugc chuyén va biéu hién thanh
cdng céu trac RNAi mang cac phan doan RNA khac
nhau nhiam nang cao tinh khang ti nhiéu ching
virus gay bénh. Trong sb d6, hang chuc loai cay
khéng bénh virus da dugc thuong mai hda trén mot
s6 qudc gia va ving 1anh thd vi du nhu du du khang
bénh dém vin PRSV (Gonsalves, 2006; Ye, Li,
2010), khoai tay khang virus xoan 14 (Potato leafroll
virus - PLRV), virus Y (PVY), cac loai bi khang
bénh kham dua chuét (Cucumber mosaic virus -
CMV) hay (Zucchini yellow mosaic virus - ZYMV).

Viéc tao tinh khang virus st dung cong nghé
RNAI chi yéu thanh coéng thong qua phuong phép
chuyén gen. Tuy nhién, phuong phap chuyén gen
gap nhirng tré ngai lién quan tai kha nang tai sinh,
chi phi ciing nhu nhitng quan ngai vé cay trong bién
dbi gen. Do vay, mot sb phuong phap ap dung céc
dsRNA ngoai sinh (exogenous) da dugc thir nghiém
thanh cong trong viéc kich hoat co ché bat hoat gen
RNAI dé tao tinh khang virus (Kaldis et al., 2018;
Namgial et al., 2019; Worrall et al., 2019). Mic du
vay, nhugc diém 16n cua phuong phap nay la tinh
khang virus mang tinh tam thai va chi kéo dai 5 dén
7 ngay sau xir ly (Mitter et al., 2017). Gan day, mot
nhém nghién ctru da c6 mot cach tiép can mai do 1a
s dung céc tim nano (layered double hydroxide
nanosheet) dé dua cac dsSRNA vao té bao chu va da
tao thanh cong tinh khdng CMV & cay thudc la
(Mitter et al., 2017). Céch tiép can nay khéng chi
tang tinh 6n dinh ciia dsSRNA trong cay ma con duy
tri lién tuc nguon cip dsRNA dé kéo dai thoi gian
khang bénh.

Tao tinh khéang virus bang céng nghé ZFN hoic
TALEN

Khoang hon mét thap ki trudc, mot phuong
phép méi, dwoc goi la ky thuat chinh sira gen da xuat
hién va bién kha ning thay d6i théng tin di truyén &
trong céc loai té bao va sinh vat trg thanh hién thyc.
Zinc finger nucleases (ZFNs) va Transcription
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activator-like effector nucleases (TALENS) la nhirng
cdng cu dau tién cho chinh stra gen (Boch et al.,
2009; Moscou and Bogdanove, 2009). Ca ZFNs va
TALENS déu la protein dung hop (chimeric protein)
tao ra bang cach két hop mét ving bam gan DNA
(DNA-binding domain (DBD)) tu protein zinc finger
hodc transcription activator-like effector véi ving
mang chirc nang cat khong dac hiéu (non-specific
cleavage domain) ciia enzymFokl. Ving DBD sé& xac
dinh trinh tu nucleotide trén DNA dich va bam bao;
viing mang chirc nang phan cét (cleavage domain) s&
cit DNA dé tao ra cac dat gy trén ca hai soi DNA
(double-strand break) tai vi tri dinh hudng (Boch et
al., 2009; 2009; Urnov et al., 2010). O sinh vat nhan
chuan, céc vung dut gay trén soi doi DNA s& duoc
sira chita théng qua hai hai co ché: Sy ghép ndi cua
cac dau ndi khong trong ddng (Non homologous end
joining -NHEJ) va sura chita thong qua cac trinh tu
tuong dong (Homology directed repair - HDR). Ca
hai phuong thiic sira chita ndy déu co thé gay dot
bién & vi tri dut gy trén gen quan tdm (Wyman,
Kanaar, 2006). Cac céng nghé chinh sira gen nay
khong chi c6 kha ning tao cac dang dot bién nhu mat
doan, thém doan hay thay ddi nucleotide trén ving
gen mong mudn ma con 1a mot phuong thic dé
chéng lai c4c virus gay bénh trén thyc vat.

Ngay tir nam 2005, Sera di phat trién mot
protein zinc finger nhan tao (AZP) khong chtra viung
c6 chirc ning cit nhu ZFN. Protein nhan tao ndy co
chirc nang bam vao vung lién két gen (intergenic
region - IR) trén hé gen cua virus xoan dot la cu cai
duong (Beet severe curly top virus - BSCTV) thudc
ho Geminiviridae (Sera, 2005). Vung IR cua cac
geminirivus 1a diém bam cua protein khoi dau qué
trinh sao chép (replication initiator protein - Rep) va
dong vai tro quan trong trong qua trinh tai ban cua
virus (Hanley-Bowdoin et al., 2013). Viéc biéu hién
AZP trong cay chuyén gen s& ngin can qué trinh tai
ban va gay hai cua virus trong cay do protein nay uc
ché tuong tac gitra protein khoi dau tai ban va ving
IR cua virus (Sera, 2005). St dung cung phuong
thirc néu trén, da giam thiéu qué trinh tai ban cua
virus gdy bénh tungro trén cdy lda (Rice tungro
bacilliform virus - RTBV) (Ordiz et al., 2010). Khéac
vai AZP, Cong nghé ZFN sir dung ca vung protein
c6 chic ning bam gin DNA (DBD) va ving phan
cit DNA (cleavage domains). Hé thong nay duoc
phat trién d& pha hay gen Rep cua hai loai
begomovirus bao gom virus xodn vang 1a ca chua
Trung Quéc (Tomato yellow leaf curl China virus -
TYLCCNV) va virus xoan dot cdy thubc 14 (Tobacco
curly shoot virus - TbCSV) va da ngén can qué trinh
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tai ban va nhéan Ién cua hai loai virus nay (Chen et
al., 2014).

Twong ty nhu vay, hé thong TALEs dugc phat
trién tir TALEN va khéng mang ving c6 hoat tinh
nuclease (hoat tinh cit DNA) dé bam gin vao cac
ving c6 tinh bao ton cao trong hé gen cua
begomovirus. Cay thudc 14 chuyén gen ting cuong
biéu hién cua TALEs cho thdy tinh khang tét véi
virus TbCSV, TYLCCNV, dong thoi nang cao tinh
chdng chiu véi bénh virus xoan 1a ca chua (Tomato
leaf curl Yunnan virus -TLCYnV) (Cheng et al.,
2015). Ung dung cong nghé TALEN trong viéc tao
tinh khang virus trén thuc vat chua dugc ghi nhan.
Tuy nhién, hé théng nay da duoc khing dinh tiém
nang trong viéc chong lai mot sb loai virus gay bénh
trén nguoi nhu virus viém gan B (HBV), viém gan C
(HCV) va virus suy giam mién dich & ngudi (HIV)
(Bloom et al., 2015).

Ung dung cong nghé chinh sira gen CRIQPR/Cas
trong tao tinh khang bénh virus hai cay trong

* Gigi thigu vé h¢ thang chinh siza hé gen
CRISPR/Cas

Cong nghé chinh stra hé gen (genome editing) da
¢6 nhing budc tién vuot bac trong nhimg nim gan
day v6i sy ra doi cua hé thong CRISPR/Cas. Pugc
phét hién du tién vao nim 1987 trong nghién ctu
cua Ishino va cong su v& hé gen cua vi khuan E.coli
(Ishino et al., 1987). Hé théng nay duoc phat hién
trén céc vi sinh vat nhan so khac & cac nghién cau
tiép theo. Chuc ning cua chudi trinh ty CRISPR
(CRISPR array) va Cas9 gen dugc nghién cuu va
lam r6 vao nam 2007 (Barrangou et al., 2007). Cac
nghién vé co ché hoat dong cua hé thng ciing dugc
quan tdm va lam rd. Bugc ngoat dot pha trong sir
dung hé théng CRISPR/Cas duoc ghi nhan nim
2013 vai nhirng thanh cdng trong viéc chinh sira hé
gen trén té bao ngudi (Cong et al., 2013). Sau thanh
cdng nay, hé théng CRISPR/Cas tiép tuc dugc mé
rong nghién ctu trén rat nhidu déi twong sinh vat
khéc nhau bao gdm vi sinh vat, dong vat, thuc vat...
Hé théng nay dang dwoc xem la hé théng chinh sira
hé gen don gian, chinh xac va hiéu qua nhét tinh t6i
thoi diém hién tai.

CRISPR/Cas la thanh phan quan trong trong co
ché “dap ung mién dich” théng qua axit nucleic cua
té bao vi khuan. Hé théng nay duoc phan chia thanh
ba nhém chinh (Type I, Type Il va Type I11) dya trén
su sip xép cua locus CRISPR va sy c6 mit cua cac
protein Cas3, Cas9 va Casl0 (Makarova et al.,
2011). Trong d6, nhom II (type II) ciia hé théng
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CRISPR/Cas dang dugc st dung rong rai trong
nghién ciru chinh sira hé gen. Nhém nay c6 chira bén
gen ma hda cho cac protein Cas bao gdom Cas9,
Casl, Cas2, va mot trong hai loai Csn2 hodc Cas4.
Trong d6, Cas9 tham gia vao qué trinh tong hop céac
CRISPR-RNA (crRNA) va qua trinh pha huy DNA
ngoai lai. Cas9 1a protein c6 da chirc ning va c6 khdi
lugng phén tir 16n véi hai ving chitc nang (RuvC-
like nuclease va HNH nuclease) (Hinh 1).

(b)

TargetDNA
T —r
N

RuvC
/io N PAM

protospacer G

G
T
[\

HNH
SgRNA
3

Hinh 1. Hé théng CRISPR/Cas9 dung trong chinh stra hé
gen. RuvC va HNH la hai tidu don vi cha protein Cas9 va co
chirc nang cat sgi déi DNA tai vung dinh hwéng cat duoc
xac dinh b&i trinh tw dinh hwéng sgRNAs (single guide
RNA) va trinh tw nhan biét dac trwng cho protein Cas9 13
PAM (protospacer adjacent motif). (Bortesi and Fischer,
2015)

Co ché hoat dong cua hé théng “dap tng mién
dich” cua vi khuan théng qua hé théng
CRISPR/Cas9 bao gom ba budc chinh: Ghi nhan,
biéu hién va xc tién bao vé. Hé théng “dap ting
mién dich” duoc khoi dong véi viec DNA cua virus
hay vector ngoai lai bi cit nhé va gin vao céc trinh
tu CRISPR. Tiép theo, protein Cas dugc hinh thanh
théng qua qua trinh phién ma va dich ma cuaa hé gen
Cas, dong thoi qua trinh phién mid coa gen
transactivating RNA va céc trinh tu CRISPR tao ra
cac don vi RNA nho con goi la CRISPR-RNA
(crRNA) va tracRNA. Sy két hop cua crRNA va
tracrRNA tao ra phuc hé cdu trac gitp xac dinh cac
phan tir DNA ngoai lai va xdc tién qué trinh phéa hity
hay bét hoat cac don vi DNA nay thong qua hoat
dong cua protein Cas9. Tai vi tri nhan biét trén phan
tr DNA ngoai lai (trinh tu dinh huéng), tac dong cua
phic hop tracrRNA-crRNA hinh thanh nén cau trac
kep toc (DNA hairpin structure). Protein Cas9 gan vao
phén t DNA ngoai lai tai vi tri kep toc, vung chirc
nang NHN ciia protein Cas9 s& cat sgi don DNA ¢6
trinh tu bo sung vai crRNA, trong khi viing chirc ning
RuvC c6 nhiém vu cit sgi don DNA khéng c6 trinh tir
bd sung véi crRNA (Jinek et al., 2012; Wei et al.,
2013; Wiedenheft et al., 2012). Cac dut gay dac hiéu

trén phan tr DNA dugc tao ra boi phuc hé Cas9-
tracrRNA-crRNA sé& dugc stra chira thong qua hai co
ché: co ché ghép ndi cia cac dau cit khong tuong
ddng (Nonhomologou End Joyning- NHEJ) va co ché
stra chira DNA Vé6i su ¢ mat cua trinh tw DNA bd
sung (Homology Dependent Repair-HDR). Qua trinh
sita chira s& hinh thanh cac thay doi trong trinh tu
DNA nhu chén thém doan, mat doan... Trinh tu dic
hiéu (seed seuquence) 8-12 axit nucleic bén trong
crRNA va trinh tu 3 axit nucleic (protospacer adjacent
motif -PAM) trude diém bt cap bd sung cua crRNA
Ia hai thanh phan quan trong can thiét cho viéc nhan
biét cac diém cit cua phan tur protein Cas9 (Jinek et
al., 2012).

Bén canh Cas9, hang loat cac protein Cas khéc
ciing da dugc phat trién va ng dung trong nghién
ctru chinh stra hé gen. Céc dang protein nay c6 thé
tao ra cic thay dbi nho trén DNA nhu Cas-based
nucleases va nicksases (Fauser et al., 2014). Ngoai
ra, h¢ thong CRISPR/Cas ciing dugc phat trién nham
tac dong Ién cac trinh tw RNA, vi du FnCas9, Casl3a
...(Zhang et al., 2019), thay vi cac don vi DNA nhu
hé thong khai nguyén CRISRP/Cas.

* U'ng dung cong ngh¢ CRISPR/Cas trong nghién
ciru tao cdy trong khang bénh virus

Hé théng CRISPR/Cas gbc tir Streptococcus
pyogenes duoc phat trién va ung dung trong nghién
ctu chinh sira hé gen véi tic dong truc tiép l1én
DNA. Do d6, trong cac nghién cuu tao tinh khéang
virus & thuc vat, CRISPR/Cas9 ban dau dugc su
dung dé chéng lai geminivirus théng qua taic dong
Ién DNA lién quan t&i qua trinh tai ban va nhan Ién
cua cac virus nay trong cay (Mahas, Mahfouz, 2018;
Yin and Qiu, 2019). Tuy nhién, virus vai hé
gen 1a RNA c6 d6 da dang cao va gay ra nhiéu thiét
hai cho cay trong va san xuit néng nghiép hon so véi
virus c6 hé gen la DNA. Do vay, cac nha nghién cau
tiép tuc phét trién hé thong CRISPR/Cas bang viéc
sir dung cac protein Cas tir cac chung khuan khéc
nhau dé c6 thé tac dong lén cac virus cd hé gen
RNA. Pién hinh 1a Cas9 tir Francisella noviciada
(FnCas9) va Casl3a tu Leptotrichia shahii
(LshCasl13a) hay Leptotrichia wadei (LwaCas13a)
da cho thay kha ning tac dong Ién RNA trong diéu
kién in vivo (Abudayyeh et al., 2016). Nhirng thanh
cong nay di mo ra trién vong trong ng dung hé
thong CRISPR/Cas trong nang cao tinh khang bénh
do virus c6 hé gen RNA gay hai trén thuc vat. Bén
canh viéc tac dong truc tiép 1én hé gen virus dé tao
tinh khang, cac nghién ciru gan day da ung dung hé
théng CRISPR/Cas dé tac dong dén céc nhan t6 bén
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trong vat cha c6 vai trd trong qua trinh xam nhiém
va tai ban cua virus dé tao tinh khang cho cay trong.
Nhu ching ta da biét, &é hoan thanh qua trinh xam
nhidm va lay lan, virus can ding téi nhidu yéu tb cua
cay chi dé thyc hién qué trinh tai ban, phién ma,
dich m4,... Dic diém nay 1a mét lya chon tiém nang
cho chiing ta c6 thé tac dong nham han ché kha ning
gay bénh cua virus. Vi du dién hinh 1a viéc tng dung
hé thong CRISPR/Cas9 nham tac dong vao yéu td
khoi dau dich ma & thuc vat elF4elelFiso4E
(eukaryotic initiation factor 4E va isoform cua no
elFiso4E) d tao tinh khang virus.

TRIEN VONG VA CAC THACH THUC TRONG
NGHIEN CUU NANG CAO TiNH KHANG BENH
VIRUS O THUC VAT

Viéc ung dung cong ngh¢ sinh hoc hién dai
mang lai tiém nang 16n dé c6 the vuot qua cac han
ché cua cac phuong phap truyén théng trong nang
cao tinh khang bénh virus & thuc vat. Cu thé, ca
RNAI va cdng nghé chinh sira gen khi nhiam dén hé
gen virus thi ¢6 thé phat trién va dp dung cho ca céc
ddi tuogng cay trong véi it thdng tin vé trinh tu bo
gen. Thém vao d6, gidng khang virus tao duoc bing
ky thuat RNAI hodc cdng nghé chinh sira gen khong
yéu cau dén viéc lai tao va chon dong qua nhiéu thé
hé nén s& giam thiéu dang ké thoi gian chon tao
gidng. Viéc ap dung dsRNA ngoai sinh dé tac dong
vao RNA virus c6 thé duoc dung nhu mét phuong an
khan cip chéng lai dai dich do virus gay ra. Ngoai
ra, viéc pha huy mot yéu té quan trong trong vat chu
lién quan dén qué trinh tai ban va nhan 1én cua virus
théng qua hé CRISPR/Cas la mot cach thic hiéu qua
dé tao gidng cay khang virus. Thém vao do, trai qua
mot s6 thé hé lai nguoc va sang loc hoic sir dung cac
hé thong tao dot bién khong thdng qua chuyen gen,
cac glong cay trong khéng virus va khong mang gen
chuyén c6 thé dugc tao ra va thwong mai dé dang
hon (Zhao et al., 2020).

Tuy nhién, nhitng cdng nghé méi nay ciing ton
tai mot s6 han ché nhét dinh ma ching ta can quan
tam va cai tién dé co duoc hiéu qua t5t hon trong
cdng tac phat trién cay trong khang bénh virus.
Théng qua qua trinh tién héa lau dai, cic virus da
phét trién nhiéu cach thic dé chong lai co ché bat
hoat gen thong qua RNA (RNA silencing). Mot
trong s6 d6 1a nhan t6 tic ché viéc bat hoat gen (viral
suppressor of RNA silencing-VSR) va day da tro
thanh mot van dé 1on déi voi phuong phéap tao tinh
khé&ng virus st dung cong nghé RNAI (Qu, 2010;
Voinnet, 2005). ZFN va TALEN du dwoc phat trién
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tr sém nhung khong dugc su dung rong réi trong
nghién cttu tao tinh khang virus & thuc vat bai chi
phi cao va tinh phuc tap trong thiét ké va ung dung
cua cac cong nghé nay. CRISPR/Cas la mot hé théng
mién dich bit ngudn mot cach tu nhién tir sinh vat
nhan so nén cac virus trén sinh vt nhan chuan chua
dugc tiép xdc, twong tac voi hé thdng dap tmg mién
dich nay va it c6 kha niang chdng lai CRISPR/Cas.
Mic du vay, khi st dung CRISPR/Cas dé tao cay
khang virus c6 hé gen DNA, virus ciing sé& tién hoa
va sinh ra cac dot bién dé tranh su phan cit va pha
hay cua hé théng CRISPR/Cas (Ali et al., 2016;
Mehta et al., 2019). Ngoai ra cac dot bién mai trong
hé gen virus c6 thé hinh thanh qua tac dong cua hé
thong CRISPR/Cas. Piéu nay c6 thé gay mat tinh
khéng virus cua cdy trdng hay phat trién loai virus
mai 6 doc tinh cao hon va gy hai manh hon. Mac
du cac ky thuat cong nghé sinh hoc hién dai van ton
tai nhitng han ché nhat dinh, tiém nang to Ién cua
cac cdng nghé RNAI, ZFN, TALEN va CRISPR/Cas
trong nghién ctu va tng dung nham tao tinh khang
virus ¢ thuc vat van chwa duoc khai thac tét. Ching
ta can tiép tuc nghién ciou dé phét trién nhiing
phuong phap nay bao gom cai thién vé do chinh xac,
tinh bén viing, tinh hiéu qua va d6 an toan trong mai
tng dung. Pé khic phuc céc han ché cua mdi
phuong phép can cé sy két hgp nhim nang cao hiéu
qua cua cac cong nghé nay, vi du ching ta c6 thé két
hop ky thuat RNAIi va cdng nghé chinh sira gen
CRISPR/Cas d dem lai tiém ning 16n trong viéc tao
gidng cay khang virus.

Loi cam on: Nhom tac gia xin trong trong cam on
su hé tro vé kinh phi tir dé tai Péc ldp tré cap Vlen
Han Lam Khoa hoc va Céng nghé Viét Nam, ma so
DLTE00.10/20-21.
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SUMMARY

Viral diseases caused severe damage for plant growth and development. Penetration and spread of viruses
in the host plants dramatically reduce crop yield and quality. Due to the critical damages of viral diseases to
agricultural production, different approaches and methods have been developed and utilized to manage, protect
and improve plant virus resistance. Of which, conventional methods such as meristem culture, thermotherapy,
cryotherapy as well as chemotherapy have been widely used and conducted effective results. Moreover, cross
protection and gene pyramiding approaches have performed the broad and stable spectrum resistance potential
in different plant species. Recently, advanced methods like plant transformation, gene silencing as well as
genome editing have shown great successes in plant virus resistant improvement. In this review, we will briefly
introduce the principle, advantages and limitations of different methods used for plant viral diseases
management and viral resistant improvements. In addition, we will also discuss the challenges and future
aspects in utilizing advanced technologies for plant virus resistant enhancement and breeding.

Keywords: Genome editing, gene silencing, genetic transformation, meristem culture, plant viruses.
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