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TOM TAT

Hién nay, cdy ngé van la mot trong nhiing loai ngii cdc quan trong cta con ngudi. Nhung véi sy bién dbi

ctia khi hau toan ciu thi tinh trang han han da anh huong 16n dén san luong cdy lwong thyc néi chung va cay
ngd noi riéng. Trong nhimg nim gin ddy, ning suit va san lugng ngd ¢ nhiéu khu vuc trén thé gioi giam dang
ké do anh huéng cua khé han. Dé khic phuc nhitng hau qua cia su thiéu nudc ddi véi cdy ngo thi nhiéu bién
phap dé dugc ap dung, trong d6 ¢6 s dung cong nghé gen dé chuyen céc gen lién quan dén tinh chiu han vao
cdy ngd nhim ting tinh chiu han. Cac nghién clru trén thé gioi vé co ché chiu han cta thuc vat da tap trung vao
nhiing gen quan trong tao ra cac protein truc tlep bao vé té bao, nhitng gen ma hoa cic yéu té didu hoa phién
mi hodc din truyen tin hiéu trong té bao. D& biéu hién gen & mirc cao va nhay & cay ngd chuyen gen, cac gen
¢6 thé dugc cai bién dé thich hop voi mé biéu hién ciia ngd hay gin thém tin higu cho sy cai bién sau phién ma
hodc sau dich mi. Pdng thoi, cac nha nghién ciru dd tim hiéu nhimg yéu t6 khac nhu hé vector dung cho
chuyén gen, cac promoter, cac chung vi khudn thich hop.v.v. nhim nang cao khi ning biéu hién cua gen.
Nhitng nghién ciru nay da dugc déu tu va thu dugc nhitng két qua c6 y nghia khoa hoc va thyc tién. Mot vai
nim gin day, cong nghé gen con bao ham ca cong nghé chinh stra gen dua trén cac hé thng chinh sira nhu
ZFNs, TALENs, CRISPR/Cas9 dang du'orc hoan thién va ap dung trén nhiéu dbi twong thuc vt ciing nhu cay
ng0. Céc cong nghé nay hira hen s& co tiém néng 16n trong viée tao cdy ngd co kha nang chiu han va tao nhitng

giong cady moi co uu diém vugt tri so voi cac g1ong truyen thong
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Nhitng nghién ctru str dung cong nghé gen dé tao
gibng cdy trong véi tinh trang méi 1a mot linh vic
cong nghé cao di phat trién tir nhiing nam 1980. Viéc
ap dung cong nghé gen la mot bude tién quan trong, da
tao ra nhiéu san pham noéng nghiép phuc vu an ninh
luong thyc toan cau. Nho st dung cac ky thuat hién dai
ndy, sb luong cic gen co gia tri duoc chuyén vao bo
gen thuc vét cling nhu s6 lugng cac loai cay trong co
gia tri dugc cdi thién chét lugng san pham, tao tinh
khang thubc diét co, khang con tring da tang lén
nhanh chong. Tir d6 dén nay, cong nghé gen van ludn
dugc tap trung nghién clru va d6i méi dé hoan th1en
hon nham dap ng nhu cau ngay cang tang vé cac
gibng cay trong mdi va dap Gmg voi bién dbi khi hau
toan cau. Mot cay trong quan trong trong nong nghiép
la cay ngo6 da dugc ap dung cong nghé gen trong tao

glong tir rat som va thu dugc mot sb thanh tyu dang
ke Céc nha khoa hoc da c6 nhitng nghién ctru sdu va
tong quat Ve cac gen, cac tinh trang quan tam va rat
nhiéu yéu t6 lién quan dén gen dé nang cao cac dic
tinh chdéng chiu nhu khang sau, khang thube diét co
cho ng6. Tuy nhién, tinh trang chiu han cho ngé du
dugc nghién ctru tir 1du nhung vi 1a mdt tinh trang da
gen nén can nhiéu nghién ciru hon nita vé gen, co ché
va cac ky thuat cap nhét, phu hop. Trong bai viét nay,
chiing t6i trinh bay vé nhimg nghién ciru da c6 nhim
dwa ra cai nhin toan dién vé van dé nghién ctru gen,
promoter, vector, va nhing yéu t& quan trong khac
trong nghién ctru chuyén gen cdy ngé ndi riéng va thuc
vat n6i chung ciing nhu xu huéng vé chinh sira gen
trong nghién ctru tao cay ng6 cai thién tinh chiu han.

CAY NGO VA SU'ANH HUONG CUA HAN HAN
Ngé dugc cho 1a mot trong nhimg loai cdy dau
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tién dugc con ngudi thuin hoa va lai tao khoang 7000
dén 10000 nam vé trude. Ngo c6 ngudn gde tir mot
loai co dai teosinte (kha khac véi cady ngd ngay nay) &
Mexico (Doebley, 2004). Sau d6, nho' nguoi chdu My
béan dia chon lgc va trong cac glong phu hop véi tiéu
chi cua con nguoi, ngo dan dan tré thanh mot ngudn
thirc an phd bién. Tir Mexico, ciy ngd dugc dua sang
cac khu vuc khac nhau ciia My Latin, ving bién
Caribbean, sau d6 dén My va Canada. Sau khi
Colombo phat hién ra chdu My, ngd dugc chuyén dén
chau Au va sau d6 1a chau A va chau Phi (Nunn, Qian,
2010). Hat ng6 c6 ham lugng tinh bdt cao, ham lugng
protein va chét béo thap, giau vitamin B va khoang,
nhung lai it canxi, folate va sat. Du vay, vOi nang
lugng khoang 365 kcal/100g, cao hon so vdi lia mi va
lta gao (Nuss, Tanumihardjo, 2010), ngé dugc st
dung lam ngudn dinh dudng cho con ngudi va gia stc.
Khoang 50% tong san lwong ngd duoc ding lam thic
an cho dong vat va dang ngay moét tang (Wallington et
al., 2012). Trong 10 nam tr¢ lai day, ngd con dugc tap
trung cho nganh cong nghiép san xuét ethanol va
nhién liéu.

Ngay nay, ngd dugc trong trén khép thé gioi va
tré thanh mot trong 3 loai ngii cdc quan trong ddi véi
con ngudi. Theo wdc tinh cia T6 chirc Luong thuc
va Nong nghiép Lién hop qudc (FAO) nam 2012, lta
mi, ngd va laa gao chiém dén 94% téng luong ngii
cbe duge tidu thu (FAOSTAT, 2012). Ngé la loai
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ngii cdc co san luong cao nhat hang nam, khoang
1041,7 triéu tAn vao nam 2017/18 (so voi laa gao la
486,3 triéu tan va 758,5 triéu tan & lta mi) (USDA,
2018). Theo s liéu cua BO Noéng nghiép My
(USDA) trong giai doan 2017/18, M¥, Trung Qudc
va Brazil 14 3 quéc gia ¢6 san luong ngd cao nhit thé
giéi (Hinh 1). Néng suat trung binh cua ngd khi
trong & cac khu vuc phét trién nhu Bic My hay chéu
Au dat 8,7 tAn/ha va & cac khu vuc kém phat trién
nhu chdu A va chau Phi 13 3,7 tin/ha (FAOSTAT,
2012). Sy khac nhau v& ning suit & cac khu vuc
trdng ngd trén thé gidi 1a do su khac biét vé khi hau
va ki thuat canh tac.

O Viét Nam, ngd 1a loai lvong thyc quan trong
thir hai sau lta. Theo bao cdo cua Bd Nong nghiép
va Phat trién nong thon, cubi nam 2017, dién tich
trong ngd trén cd nuoc dat 1,1 trleu ha, ning sudt
trung binh dat 4 07 tan/ha, voi tong san lugng udc
tinh dat 5,1 triéu tdn. Tuy vy, con sé nay khong du
dé dap g nhu ciu tiéu thy trong nudc. Nam 2017,
Viét Nam phai nhdp khdu 7,75 triéu tin hat ngo,
tuong dwong v6i 1,51 ty USD dé san xut thuc an
chin nuéi. Du nd luc nang cao san luong ngd nodi
dia, dién tich tréng ng6 hién nay lai c6 xu hudng
giam do gia ban khong on dinh, khi hau thay d6i anh
huong dén mua vu ctia ngd (Bo Nong nghiép va Phat
trién nong thon, 2017).
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Hinh 1.San lvgng ngd ctia mot sd nwdc trén thé giGi giai doan 2017/18 (don vi: nghin tan) (USDA, 2018).

Han han la tac nhén khi hiu gay anh huong
nghiém trong nhit dén san lugng ngé toan thé gidi.
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Theo udc tinh hing nam, trung binh 15% san lugng
ngd trén thé gidi bi mat mat do han han, tuwong
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duong v6i khoang 120 triéu tin hat va 35 ty d6 la
M§. Tuy nhién, néu xét vé gia tri phuc loi xa hoi, &
khu vyc sa mac Sahara cua chau Phi, gid tri thiét
hai thuc té con cao hon nhiu boi cudc séng cua
ngudi dan noi ddy phu thude chu yéu vao ciy ngd
(IPCC, 2014).

Mic du cac dot han han nghiém trong thuong
duoc chii y nhiéu, nhung cac dot han han vira va nho
lai x4y ra nhiéu hon va c¢6 anh huong dang ké dén
dién tich va san luong ngd & nhidu noi trén thé gisi
(Jaleel et al., 2009). Theo bao cao cia FAOSTAT,
nam 2012, ning suit va san lugng ngd ¢ My giam
twong tng 1a 21% va 15% so v6i gia tri trung binh
giai doan 2009-2011. Ning suat ngd tai khdi cac
nuéc chau Au ciing giam trung binh 12,5% vao niam
2012 bdi hién tuwong khé han (MARS, 2012). Theo
Uy ban Lién chinh phu vé& Bién dbi khi hau (IPCC)
(2014) dy doan nhiét d trung binh nam & nhiéu khu
vuc chiu Phi s& cao hon 2°C trong khoang 30 nim
téi. Sy ting nhiét do va thay ddi trong lugng mua s&
khién han xay ra thuong xuyén hon. Trong khi do,
hau hét cac dién tich tréng ngd & chiu Phi khong
dugc tudi tiéu ma cha yéu duya vao nudc mua ty
nhién. Theo Trung tam Cai tao Ngb va Lua Québc té
(CIMMYT) vao nam 2013, 25% dién tich tr(‘“)ng ngo
& chau Phi d6i mit voi han han thuong xuyén lam
gidm di mdt nua san lugng ngd & khu vuc nay
(CIMMYT, 2013). Gan day, bao c4o ciia FAOSTAT
nam 2017 d& chi ra 80% thiét hai do han han gay ra
nam trong linh vuc néng nghiép, ma chi yéu la trong
tr(‘“)ng trot va chan nubi. ¢} Viét Nam, khoang 80%
dién tich trong ngd phu thudc vao nuwdc mua ty
nhién. Céc dién tich nay chii yéu nim & khu vuc ddi
nui phia Bic va Tay Nguyén. Do hién tugng bién ddi
khi hau, diéu kién thoi tiét & cac khu vuc nay dién
bién khé luong, nhiéu hién tugng thoi tiét cuc doan
xdy ra gdy anh huong nghiém trong dén san xuat
néng nghiép noi chung va trong ngd noi riéng. Chinh
vi véy, viéc tao ra cac gidng ngd chiu han di va dang
la myc tiéu dugc cac nha khoa hoc va cac nha quan
1y quan tam.

O ngd, han han gdy anh huong dén toan by chu
trinh séng, dac biét nghiém trong néu han x4y ra vao
giai doan trudc va sau khi ra hoa. Khi bi thiéu nudc,
cay ngo biéu hién mét loat cac triéu chirng nhu toan
b than va 14 s& chuyén tir mau xanh sang mau xanh
xam, cac 1a ¢ hién tuwgng cudn lai tir dudi 1én trén
ngon, khi khéng dong lai, quang hop giam manh,
giam ¢ dinh carbon va do d6 sinh treong bi cham
lai. Néu cay gap han trudc khi ra hoa 7-10 ngay, su
phat trién ctia bip s& cham hon co, do d6 qué trinh

phun rau chdm hon sy tung phén, diéu nay dan dén
kha ning thy phin thip. Néu han ning ¢ giai doan ra
hoa ¢6 thé dan dén viéc mat hoan toan bap va do dé
mét nang suit (Chapman, Edmeades, 1999). Néu han
han xay ra trong thoi gian tao hat, bap ngd s& co it
hang hat va cac hang khong c6 nhiéu hat (Edmeades
et al., 2000). Nhu vay, han han du ngén hay dai, nhe
hay nghiém trong ciing anh huong khéng nho dén
san lugng va ning suit ciia ngo.

Céc nha khoa hoc va nguoi trong ngd da sir dung
nhiéu phwong thirc khac nhau dé lam ting kha ning
song sot ciia cdy qua han han. Hai phuong thirc
chinh 14 di truyén (ttc 1a tic dong vao genome gitp
cdy trong chiu dugc han) va nong hoc (tic 1a thay
d6i qua trinh canh tic hodc moi truong dé giam kha
nang gép han cho cay trong) Véi thyc té & Viét Nam
va nhiéu nugc dang phat trién trén thé gidi, phan 16n
ngd duoc trong & nhitng khu vuc ddi ndi, hé thdng
thity loi chua phat trién, tudi tidu cha yéu dua vao
nudc mua tu nhién, phuong thitc néng hoc kho thuc
hién, nhét la 0 quy mé I6n. Trong khi d6, phuong
thirc di truyen giup tao ra cay tréng chiu duoc han
mang lai nhiéu tiém nang hon. Phuong thirc nay gdm
phuong phap lai tao gidng truyén thong két hop chi
thi phan tr va phuong phéap st dung cong nghé gen.

CONG NGHE GEN TRONG TAO CAY NGO
CHIU HAN

Su phit trién cong nghé chuyén gen & ciy ngod

Cong nghé gen, hay ki thuat di truyén, dii méi
chi bét du tir nhitng nim 1980 dén nay nhung di thu
dugc nhidu thanh tyu quan trong trong nhiéu linh
vuc. Trong linh vuyc tao gidng cdy trong, cong nghé
gen gilp tao ra cac giéng cdy bién ddi gen mang cac
gen mai c6 ngudn gde tir chinh loai d6 hodc tir cac
loai khac. Piéu nay gitp cy trong bién dbi gen co
thém cac tinh trang méi nhu kha ning chéng chiu
v6i méi truong, kha ning khang thudc diét co va
khéang con trung, cung nhu tdng hodc giam cac tinh
trang ndi tai. Bit dau tir nim 1995 vai glong cay
chuyén gen dau tién dugc thuong mai hoa, dén nam
2014, da c6 147 nghién ciru duge cong bd vé cay
trdng bién déi gen (Klumper, Qaim, 2014). Mot
nghlen ctru tong quat boi Klumper va Qaim (2014)
cho thdy, viéc chap nhan va trong ciy bién d6i gen
da lam tang 22% ning suét cdy trong va lam tang loi
nhuin ciia nguoi néng dan dén 68%, giam 37%
luong thudc trir sdu duogc sir dung.

Cong nghé tao cdy ngd bién dbi gen bt dau co
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nhiing tién trién 16n tir khi phuong phap chuyén gen
bang té bao tran thanh cong trong phong thi nghiém
vao nam 1988. Tuy nhién, cac nha khoa hoc mét hai
nam sau d6 dé hoan thién hé théng tai sinh va tao ra
ciy ngd bién doi gen dau tién (Rhodes ef al., 1988).
DNA c6 thé dwgc chuyén vio trong té bao tran cua
cay ngd kha hiéu qua nho xung dién hodc
polyethylene glycols (PEG) (Omirulleh et al., 1993;
Wang et al., 2000). Khong 1au sau, phuong phap st
dung stng bin gen ciing cho thiy kha ning tao ra cac
thé bién nap c6 kha ning sinh san cao khi sir dung
mb dich 1a moi trudng nudi cdy té bao phoi huyen
phu hodc mé seo. So sanh voi chuyen gen bang té
bao tran, cac su kién chuyén gen bang sting bén gen
cho cdy co6 kha nang sinh san ot hon. Koziel et al.,
(1993) sir dung phéi chua truong thanh dé lam dich
cho qua trinh bin gen va da thanh cong khi chuyén
gen CrylAb va chi thi BAR. T do, cac nha khoa
hoc da cai tién cac yéu t6 nhu ngudn vat liéu ngd
dich, cic tham sb ciia qua trinh ban gen dé hoan
thién cong nghé. Nhidu cay ngd bién ddi gen thuong
mai hién nay 1a thanh qua cua cong nghé nay. Cac
phuong phap chuyén gen vat ly khac cling dugc phat
trién dé tao cdy ngd bién dbi gen gdm phuong phap
xung dién (D’Halluin et al., 1992), chuyén gen thong
qua tinh thé silicon carbide (Frame et al., 1994), va
chum tia earosol (Eby et al., 2004).

Chuyén gen thong qua vi khuan Agrobacterium
la mot phwong phap chuyén gen gian tiép lan dau
tién dugc cong bd vao giita nhing nim 1980 cho
thdy kha nang chuyén DNA vao té bao ngé kha cao
(Grimsley et al., 1987). Mot vai ndm sau, Gould et
al., (1991) cong bd chuyén gen thanh cong vao ngd
sir dung dinh chdi lam mé dich. Tuy nhién, phai dén
khi Ishida et al., (1996) mo td quy trinh chuyen gen
vao phoi chua truong thanh bang vi khuén
Agrobacteirum chira mét vector da nguén véi gen vir
tr pTiBo524, phuong phap ndy méi bat dau dugc st
dung va chap nhan ¢ nhiéu phong thi nghiém trén thé
giéi. Nhidu yéu t& quan trong anh huong dén qua
trinh chuyén gen ngd, nhu diéu kién chon loc va tai
sinh d4 dugc t6i wu hoa cho phuong phap nay (Li et
al., 2003; Frame et al., 2006; Hiei et al., 2006).
Chuyén gen bang vi khuén Agrobacterum van la
phuong phép duge chon lya dé sir dung trong cac
nghlen cuu tao nhidu sy kién bién d6i gen va phat
trién glong thuong mai. Cac su kién chuyén gen ngd
¢6 thé chuyén don gen hodc mot tap hop cac gen véi
nhau, bao gdm cac gen c6 lién quan dén cac tinh
trang duoc quan tam.

Cong nghé chuyén gen vao ngd méi bét dau tir
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nhing ndm 1990 nhung da nhanh chong dugc éap
dung dé tao ra nhiing cdy ngd bién ddi gen co chat
luong va nang suét cao. Cay ngd bién ddi gen khang
sdu dau tién chira gen Bt dugc thuong mai hda vao
nam 1995. Ké tir d6, cac giéng ngd khang sau va
khang thubc diét co dugc chap nhan va trong & khép
noi trén thé gidi, ddy dwoc coi la thé hé ciy ngd
chuyén gen dau tién. Pac biét, dién tich tréng cac
gidng ngd chira mot tap hop vai gen hodc mang vai
tinh trang méi cho khang con tring canh vay, khang
sau ré va thudc diét co ting nhanh dang ké. Nam
2012, 88% dién tich trong ngd 1a ngd bién ddi gen da
gitip lam giam dang ké luong khi nha kinh va giam
sir dung thudc bao vé thuc vat. Trong khi viée chip
nhan céc thé hé dau tién cia ngd bién ddi gen duoc
mo rong, thé hé thtr hai dang dwoc phat trién véi
nhiéu trién vong hon. Cac tinh trang cua thé hé thu
hai dugc thiét ké dé gitp ngd phat trién & dleu kién
han, st dung nitrogen t6t hon, ting nang sudt cao
hon, tang hi€u qua bao vé khoi con trung va ting
chét luong hat cho muc dich lam thirc &n va cong
nghiép. Dé c6 thé 1am duogc didu do, can thiét phai co
mot hé thdng chuyén gen c6 hiéu qua cao, tao ra mot
s6 lugng 16n sy kién chuyen gen co chat lugng t6t.
Pén nay, ngo la loai cay tréng c6 sd lugng su kién
chuyén gen dugc USDA théng qua nhleu nhét véi
148 su kién. Ngb bién dbi gen hién duogc trong tai 16
qudc gia, chiém 33% tong dién tich trong cdy chuyén
gen trén thé gidi (ISAAA, 2016).

O nuéc ta, viéc nghién clru cay ngd chuyen gen
chiu han méi tién hanh moét vai nim gan day nhu
chuyén gen ZmNF-YB vio hai dong ngd VHI va
C8H9 (Nguyén Vin Dong er al., 2013) hodc gen
modiCspB vao ba dong ngd V152N, C436 va C7TN
(Huynh Thi Thu Hug ef al., 2014). Mot s6 gibng ngo
chuyén gen tir cac cong ty da quoc gia di dugc cap
phép du didu kién lam thyc phdm va thic an chan
nudi ¢ Viét Nam nhu NK603, MON89034, Btl1 va
MIR162, trong do6 cdc tinh trang dugc cai bién chu
yeu 1a khang su hodc khang thudc diét 0. Ngoai ra,
giong ngd chuyen gen MON-87460 la g1ong dau tién
ting cudng tinh chiu han da dugc cip phép trong &
Viét Nam (http://antoansinhhoc.vn/tra-cuu-gmo-2/).

Su phit trién ciia cay ngé chuyén gen chiu han

Céac thir nghiém trén ddng rudng ddi véi cac
gidng cdy bién ddi gen chiu han bit dau tir nim
1998 véi sb lugng it va ting cham trong 6 nim sau
d6. Tuy nhién, con s nay tang dan tir nim 2005,
dat 6n dinh tuong ddi vao giai doan 2008-2014
(khoang 150-200 thir nghiém mdi nim). Sau d6, sd
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lugng cac thir nghiém giam tur ti, dén nam 2017,
chi 55 thu nghiém vé cay chuyén gen chiu han dugc
cAp phép (Hinh 2). Sy thay ddi vé sé luong cac thu
nghiém trén dong ruéng phan anh sy thay d01 vé s
lwong cac nghién ciru tim kiém gen c6 tiém ning

chiu han va qu4 trinh diéu hoa biéu hi¢n ciia chiing
trong cdy chuyén gen. Trong do, cdy ngd c6 so
lugng thr nghi€ém trén dong rufng cao nhit, trung
binh chiém 66,5% trong tong s6 cac loai cdy trong
(Hinh 2).
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Hinh 2. S6 lvong cac thir nghiém trén dong rudng cac cay bién ddi gen chiu han do USDA cép phép giai doan 1998 - 2018

(USDA, 2018).

Tuy vay, so voi cac tinh trang khac da duoc thir
nghiém trén cdy ngd nhu khang thude diét co hoic
thudc trir sau, tinh trang chiu han van con han ché,
mac du mot vai thir nghiém da dat két qua tich cyc.
Gidng ngé Genuity® DroughtGard™, do Cong ty
Mosanto san xuét, dugc phé duyét bsi USDA véo
thang 12 nam 2011, chua gen CspB (cold shock
protein B) c6 ngudn gdc tir vi khudn Bacillus subtilis
la gidng ngd chiu han diu tién. Theo thong ké cua
ISAAA (James, 2015), dién tich trong ngd Genuity®
DroughtGard™ tang tir 50.000 ha vao nam 2013 1én
810.000 ha vao nam 2015. Gidng ngd bién ddi gen
chiu han nay da lam giam thiét hai dén 6% trong
didu kién han vira so véi gidng ngd khong bién dbi

gen (Reeves et al., 2010). Tuy nhién, trong diéu kién
han nang, g10ng Genuity® DroughtGard™ chua thé
hién wu diém vuot troi so voi cay khong bién ddi gen
(Castiglioni et al., 2008). Tuy nhién, du c6 ¥ kién
trai chidu vé& két qua cua cac thir nghiém trén dong
rudng, Genuity® DroughtGard™ di mang dén mot
tinh trang méi va ciing 1a gidng cdy bién ddi gen dau
tién dwoc tao ra dé duong diu vai thach thic bién
d6i khi hau.

TINH TRANG CHIU HAN VA CAC GEN LIEN
QUAN

Tinh trang chiu han & thuc vat

Cay trong thich nghi véi diéu kién bét loi thong
qua céc bién d6i hinh thai va sinh 1y, 1a két qua cta
viéc thay d6i mirc d¢ biéu hién ctia cic gen cam tmg
voi cac bét loi do. San pham cua cac gen nay hodc
tham gia bao vé té bao truc tiép hodc tham gia truyén
tin hiéu va diéu hoa su biéu hién cua cac gen khac.
Nhom tht nhét bao gom cac protein ¢6 chirc ndng bao
vé te bao khoi sy mat nu6e nhu cic enzyme can cho
su tong hop cac chit osmoprotectant, protein late-
embryogenesis-abundant (LEA), protein chng dong,
chaperones va enzyme khir. Nhom thir hai bao gdm
céc gen ma san pham ctia né 1a céc nhan t phién ma,
protein kinase va cac protein trung gian truyén tin hiéu
(Shinozaki, Yamaguchi-Shinozaki, 1997).

Kha nang chiu han la mét tinh trang phirc tap, do
nhiéu gen tham gia nén kha nang kiém soat gip
nhidu khé khan. Trong khi do, phuong phap dung
cong nghé gen dé tao cay ngd bién d6i gen chiu han
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hién nay thuong chi dua vao viéc chuyén mot hoac
mdt vai gen tham gia vao qué trinh truyén tin hiéu va
didu hoa, hodc mi hoa cho cac protein chirc ning co
lién quan dén sy bao vé cdu triic t& bao. Cac gen nay
c6 mbi lién hé va tuong tic chit ch véi cac con
duong chuyén héa trong té bao. Vi viy, viéc lua
chon gen tiém ning tir ngudn gen cua chinh cay
ngd, hodc mdt loai khac gip kho khan. Hon nira,
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nhidu nghién ciru di truyén va két qua lai tao ciing
cho thiy hiéu qué ctia cic gen tham gia tao nén tinh
chiu han thay ddi trong cac méi truong khac nhau
(Cattivelli et al., 2008). Bén nay, da cé rat nhiéu
gen tham gia vao co ché chéng chiu han duoc
nghién ctru va st dung dé chuyén vao thuc vat, cho
thdy su dau tu khong ngimg cho viéc tao cdy trong

chiu han (Bang 1).

Bang 1. Cac gen lién quan tinh chiu han dwoc s& dung cho chuyén gen.

Chirc nang gen Gen Protein Ngudn phan lap gen | Cay nhan gen | Tham khao
Céc protein MAPKs | OsMAPK5 MAPK O. sativa O. sativa Yang, Xiong,
kinase 2008
NPK1 MAPKKK N. tabacum O. sativa Xiao et al.,
2009
DSM MAKKK O. sativa O. sativa Ning et al.,
2010
Céc OsSIK1 Receptor like kinase O. sativa O. sativa Chen et al.,
protein 2013
kinase - - : - -
) S0S2 Serine/Threonine A. thaliana O. sativa Xiao et al.,
khac .
kinase 2009
Cac nhan té Ap2 DREB1A,-1B, - DREB1/CBF A. thaliana O. sativa Ito et al., 2006
phién ma JIERF 1C
HvCBF4 DREB1/CBF H. vulgare O. sativa Oh et al., 2007
OsDREB1F DREB1/CBF O. sativa O. sativa Wang et al.,
2008
OsDREB2A DREB2 O. sativa O. sativa Cui et al., 2011
TaDREB2,-3 DREB T. asetivum T. asetivum/ Morran et al.,
H. vulgare 2011
bZIP OsbZIP23 bZIP O. sativa O. sativa Xiang et al.,
2008
OsbZIP46 bZIP O. sativa O. sativa Tang et al.,
(constitutive 2012
active form)
OsbZIP72 bZIP O. sativa O. sativa Lu et al., 2009
SIAREB1 bZIP S. lycopersicum S. Orellana et al.,
lycopersicum 2010
NAC OsNAC9 NAC O. sativa O. sativa Redillas et al.,
2012
OsNAC10 NAC O. sativa O. sativa Jeong et al.,
2010
OsNAC5 NAC O. sativa O. sativa Jeong et al.,
2013
SNAC1 NAC O. sativa T. aestivum Saad et al.,
2013
TaNAC69 NAC T. aestivum T. aestivum Xue et al.,
2011
Zinc ZFP252 C2H2 zinc finger O. sativa O. sativa Xu et al., 2008
finger " Zat10 C2H2-EAR zinc finger | A. thaliana 0. sativa Xiao et al.,
2009
Cac nhan té phién ma OsMYB2 MYB O. sativa O. sativa Yang et al.,
khac 2012
TaPIMP1 R2R3 MYB T. aestivum T. aestivum Zhang et al.,
2012b
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OsWRKY30 WRKY O. sativa O. sativa Shen et al.,
2012
Protein phan hay protein | OsDIR1 E3 ubiquitin ligase O. sativa O. sativa Gao et al.,
2011
OsRDCP1 E3 ubiquitin ligase O. sativa O. sativa Bae et al.,
2011
Protein khac OsSKIPa Ski-interacing protein O. sativa O. sativa Hou et al.,
2009
OSRIP18 Ribosome-inactivating | O. sativa O. sativa Jiang et al.,
protein 2012
Chuyén hoéa absisic acid DSM2 Carotene O. sativa O. sativa Du et al., 2010
hydroxylasae
LOS5 Molybdenum cofactor A. thaliana G. max Li et al., 2013
sulfurase
Chuyén hoa cac IPT Isopentenyltransferas | A. tumefaciens O. sativa Peleg et al.,
hormone khac e 2009
IPT Isopentenyltransferase A. tumefaciens G. birsutum Kuppu et al.,
2013
Protein Trehalose OsTPS Tre alose-6- O. sativa O. sativa Lietal., 2011
béo vé phosphate synthase
TPSP Trehalose-6- E. coli O. sativa Jang et al.,
(otsA+otsB) phosphate synthase 2003
OsMads6- trehalose-6- O. sativa Z. mays Nuccio et al.,
Tpp1 phosphate 2015
phosphatase
Mannitol mtlD Mannitol-1- E. coli T. aestivum Abebe et al.,
phosphatw 2003
dehydrogenase
OsLEA3-2 LEA protein O. sativa O. sativa Duan, Cai,
2012
HVA1 LEA protein H. vulgare O. sativa Babu et al.,
2004
OsPIN3t Auxin efflux carrier O. sativa O. sativa Zhang et al.,
2012
beta, TsVP Choline E. coli (beta), T. Z. mays Wei et al.,
dehydrogenase balophila (TsVP) 2011
(beta), V-H*-Ppase
(TsVP)
Phan tng véi gbc oxi OsSRO1c Similar to RCD1 O. sativa O. sativa You et al.,
hoéa hoat déng 2012
Chuyén héa amino aicd OsOAT Ornithine- 6- O. sativa O. sativa You et al.,
aminotransferase 2012
Protein dap trng véilanh | CspA /CspB cold shock proteins E. coli /B. subtilis Z. mays Castiglioni et
dot ngot al., 2008
Chét diéu hoa tham thau | mtiD mannitol 1-phosphate | E. coli Z. mays Sticklen et al.,
dehydrogenase 2013
gdhA Glutamate E. coli Z. mays Lightfoot et al.,
dehydrogenase 2007
TPS1, TPS2 trehalose-6-phophate S. cerevisiae Z. mays Jiang et al.,
synthase 2010
Protein cam &ng vo&i SbSI-1/ SbSI-2 | Salt-induce proteins S. brachiata N. tabacum Yadav et al.,
muéi 2014
P‘rotein nhay, cam voi SbSOS1 Salt over sensitive S. brachiata N. tabacum Yadav et al.,
nong dé mudi cao proteins 2012
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Nhém gen lién quan nhan té phién ma

Nhan t6 phién ma 14 cac protein ¢ vai trd kiém
soat qué trinh phién ma bang cach bam vao cac ving
trinh tuy dac hi€u trén promoter ctia gen. Cac nhan td
phién ma hién nay duoc cac nha khoa hoc tap trung
vao nghién ctru va khai thac do tiém ning st dung
16n trong cong nghé sinh hoc (Century et al., 2008;
Saibo et al., 2009). Cac protein ndy c6 thé anh hudng
dén su biéu hién cua nhiéu gen khac va anh huéng
1én nhiéu khia canh ctia qua trinh trao ddi chét ¢ cdy.
Nhiéu nhén t6 phién ma lién quan dén kha ning chiu
han da dugc phat hién va nghién ciru trong nhiéu
nam qua (Umezawa et al., 2006). Cac nhan t6 phién
mi nay thay ddi mirc d6 biéu hién ciia cac gen lién
quan phia sau trong con duong dap trng véi han han,
do d6 thay d6i cac qué trinh sinh héa va phat trién
lam ting kha ning song sot ctia cdy. Nhiéu nhan t6
phién mi da duoc xac dinh 1a nhéan t§ phién ma dap
{ing v6i han gdm WRKY (Rushton ef al., 2012), zinc
finger (Huang et al., 2009), AP2/ERF2 (Sakuma et
al.,, 2002), MYB (Abe et al., 1997), ZmDREB2A
(Qin et al., 2007) va NAC (Tran et al., 2004).

WRKY 1a ho nhdn t§ phién ma 16n nhét, duoc
tim thdy ¢ nhiéu loai, dac biét 1a & cac thuc vat bac
cao (Ulker, Somssich, 2004). Pa tu lau, WRKY
duoc biét 1a tham gia trong nhidu dap tmg cua thuc
vét v6i cac bt loi sinh hoc (Hu et al., 2012). Gan
day, cac nha khoa hoc tép trung vao nghién clru vai
trd ctia nhoém nhan té phién ma nay trong dap ung
clia cdy voi diéu kién bét lgi phi sinh hoc, dic biét 1a
han han & Arapbidopsis, lha mach (Xiong et al.,
2010; Luo et al., 2013). Méi day, cac nha khoa hoc
da phan lap dugc gen ZmWRKY33 & ngd va khi biéu
hién gen nay trong Arabidopsis da lam tang kha nang
chéng chiu mudi ciia cdy chuyén gen (Li et al,
2013). Mot gen khac trong ho 1a ZmWRKY58 ciing
cho thdy vai tro ting kha niang chdng chiu han va
mudi ¢ lha (Cai et al., 2014).

Protein zinc finger 1a protein phd bién nhét & té
bao nhan thuc, chirc ndng cua cac protein nay kha da
dang, chung c6 kha nang lién két véi DNA va RNA,
hoat héa phién mi, didu hoa qua trinh chét theo
chuong trinh, diéu hoa su cudn gip protein. Nhidu
protein zinc finger dd dugc ching minh la c6 kha
nang lam ting kha ning chdng chiu vai didu kién bét
loi. Protein zinc finger Cys2/His2 dugc ching minh
1a dugce cam tmg boi nhiéu yéu t6 bat loi khac nhau ¢
laa (Agarwal et al., 2007). Su biéu hién cua gen
ZmZF1 cla ngd trong cdy mo hinh Arabidopsis gitp
cdy c6 kha ning chiu han va mubi (Huai er al.,
2009). Cung véi dd, ho gen zinc finger loai CCCH
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d3 duoc phén tich & ngd va cho thiy c6 su biéu hién
manh ¢ nhom gen nay khi cay gap han hodc cam ung
ABA (Peng et al., 2012). Gan déy, ngudi ta phan lap
dugc hai gen ZmZnF1 va ZmZnF2 tir hat ngo trong
didu kién mat nuéc. Cac thi nghiém da cho thdy hai
gen trén 1a gen nhan t6 phién ma va cé thé co vai tro
trong dap ung cua cay khi gap han (Yu ez al., 2015).

Nhan t6 phién ma dap tng véi bt loi tot nhét 1a
protein C-repeat-binding factor (CBF)/dehydration-
responsive element-binding (DREB) thudc ho
protein AP2/ethylene-responsive element-binding
(Maruyama et al., 2004). Cic nhan t§ nay ting
cuong hodc thay ddi sy biéu hién cia gen véi hop
CBF/DRE trén promoter cua cac gen do6 (motif
CCGAC) va tao ra con duong dap tng stress khong
phu thuéc ABA. Mic du khi tang biéu hién protein
CBF/DREB lam ting kha ning chiu han & nhiéu loai
(Zhang et al., 2004), nguoi ta ciing quan sat thdy
nhidu sy thay d6i bat thuong vé kiéu hinh, vi du sinh
trudng coi coc. Tuy nhién, st dung promoter cam
{ing v6i han han dé biéu hién CBF/DREB chi khi cay
gip bat loi di giai quyét phan nao sy bat thudng
trong kiéu hinh cua cay chuyén gen. CBFI/DREBI1B
(Kasuga et al., 1999), CBF3/DREBI1A (Gilmour et
al., 2000), CBF4 (Haake ef al., 2002) déu da dugc
chung minh 1a c6 kha nang lam tdng kha nang st
dung nudc hiéu qua va tang tinh chiu han ¢ cac cay
chuyén gen trong phong thi nghiém.

Ho nhan té phién ma bZIP va MYB 1a hai ho 16n
tham gia con duong d4p tmg phu thugc ABA. Nhidu
gen cam Ung boi ABA mang trinh tu lién Ung
(C/T) ACGTGGC, yéu t6 dap ung ABA (ABRE)
trong vung promoter cia ching (Mundy et al., 1990)
. Nhan t phién ma ZmbZIP72 ciia ngd di dugc phan
lap va biéu hién trong Arabidopsis cho thdy lam ting
kha nang chiu han va mudi. Df‘)ng thoi, sy ting
cuong biéu hién cta gen ZmbZIP72 ciing lam ting
su biéu hién cua cac gen cam ung bai ABA khac nhu
RD29B, RAB18 va HIS1-3 (Ying et al., 2012).

Cac nhén td phién ma NAC chi c6 ¢ thuc vit,
mic du nd co vai tro thiét yéu trong viéc diéu hoa
cac qua trinh sinh hoc riéng biét, cac nhan tb nay
chua dugc nghién ctru nhiéu ¢ ngd. Ho gen
ZmNAC & ngd gdbm 6 nhom vai cac motif bao tha
riéng. Trong s6 152 gen ZmNAC, 24 gen dugc cho
1a c6 dap tmg v6i bat lgi déu thude nhém 11, 11
gen di dugc ching minh 12 dwgc biéu hién manh
khi cdy gap han (Shiriga et al., 2014). Do do,
nhém gen nay hién nay ciing dang 1a d6i tugng
nghién ctru dé ap dung lam ting tinh chiu han cho
cay ngo.
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Nhém gen mia héa protein truyén tin hi¢u

Khi gip diéu kién bét loi, cay tiép nhan tin hiéu,
xir Iy va truyén tin hiéu nho hé thong gdm cac
enzyme kinase, enzyme chuyén héa phospholipid,
calcium sensing, v.v... Mic du cac qua trinh truyén
tin hiéu nay kha phic tap va chua dugc hiéu 15, mot
vai gen mi hoa cho cic yéu té tham gia trong dap
ung chiu han da dugc phan 1ap. Cac gen di duogc st
dung gan diy dé tao tinh chiu han cho ciy gom:
NPKI (Kovtun et al., 2000), SnRK2 (Umezawa et
al., 2004), CBL (Cheong et al., 2003). Cung giong
nhu nhan t phién mi, viéc blen d6i mot yéu to
truyen tin hiéu c6 thé anh hudng dén nhiéu gen sau
06, két qua l1a ting kha nang chéng chiu do nhiéu
thay ddi khac nhau. Vi du, gen NPKI ma héa cho
MAPKKK (mitogen- -activated protein kmase kinase
kinase) cua thubc 1. Enzyme kinase nay nim & giai
doan diu ciia con duong truyén tin hiéu oxi hoa va
khi ting cudng biéu hién ¢ ciy ngd da dan dén kha
ning chdng chiu voi cac didu kién bét lgi nhu lanh,
néng, han va man cho cdy ngd chuyén gen (Shou et
al., 2004). Hoat hoa cac gen han nay co thé bao vé
bd may quang hop cua cdy khoi ton thuong do han,
d6 d6 ting nang sudt. Phosphatidylinositol (PtdIns)
synthase (PIS) 1a m{t enzyme quan trong trong con
duong tong hop phospholipid va xtic tic sy hinh
thanh  phosphatidylinositol. ~ Phosphatidylinositol
khong nhitng 1a mot thanh phan cdu tric mang té bao
ma con 1 tién chét ctia phan tir tin hidu didu hoa dap
ng cua cdy trude diéu kién bat lgi. Khi tang cuong
biéu hién gen ZmPIS trong cay ngod chuyén gen, cay
chiu han t6t hon, dic biét la giai doan trudc khi ra
hoa (Liu et al., 2013). Nguyén nhan la do ZmPIS
didu hoa dap ung cla ciy trudc yéu to bét loi nho
viéc thay doi thanh phan mang lipid va lam ting su
tong hop ABA trong cdy. Calcium-dependent protein
kinases (CDPK) ¢6 vai trd thiét yéu trong con dudng
truyén tin hidu qua Ca. Nhiéu thanh vién ciia ho
kinase nay di duoc biét dén 1a chat diéu hoa cua ciy
khi dap tng véi con duong tin hiéu phu thuoc ABA.
Su biéu hién ctia gen ZmCPK4 (Jiang et al., 2013) va
ZmCPK12 (Wang, Song, 2013) ¢ Arabidopsis cho
thdy hat nay mam nhay v6i ABA, va cdy chuyén gen
¢6 kha nang chiu han.

Mot loi thé khac cua viée su dung cic yéu tb
truyén tin hiéu d6 cac yéu té nay co thé dugc hoat
hoa hodc bat hoat dé dap Gng vdi cac diéu kién stress
khac nhau. Vi du SnRK2 (SNFl-related protein
kinase) dap tmng tich cuc véi sy thiéu nudc, qua trinh
truong thanh va nay mam cia hat (Fujii et al., 2009;
Nakashima et al., 2009). Céac protein SnRK2 sau khi

dugc hoat héa bdi ABA va cac bat loi vé& tham thau
s& phosphoryl hoa cac ABF (nhén t6 lién két voi yéu
to dap tmg ABA) (Halford, Hey, 2009), vi du cic
yéu t6 phién mé va dan dén sy biéu hién cua cac gen
dap ung voi didu kién khé han. ZmMKKI1 (maize
mitogen-activated protein kinase kinase) ciing 1a mot
kinase twong ty nhu NPKI1, c6 vai tro lam tang sy
biéu hién ctia cac enzyme xir 1y cac gbc oxi hoa va
c4c gen lién quan dén ABA nhu POD, CAT, RABIS,
RD29A (Cai et al., 2014). Cay Arabidopsis biéu hién
manh gen ZmMKK] cho thiy ting kha ning chéng
chiu v&i man va han.

Nhom gen ma héa protein chirc ning

Ho protein LEA 1a mdt ho protein cam tng véi
cac diéu kién bt lgi quan trong trong té bao thyc vat
(Umezawa et al., 2006). Vai tro bao vé cia nhom
protein niy bao gdm chdng lanh, chéng bt lgi tham
thiu dé lam 6n dinh mang va cic protein khéc.
Protein nhém LEA c6 kha nang ua nudc cao, nhitng
doan lip amino acid ngin thuong dugc tim thdy
trong nhom protein nay. Protein LEA ciing dugc cha
y trong diéu kién thiéu nudc (Goyal et al.,. 2005).
Bén canh dit liéu phong pha vé ciu tric va sy biéu
hién cua nhom protein nay, ngay cang nhiéu cac
cong trinh dé cap dén viéc sir dung cac gen LEA
nhim cai thién kha ning chiu han cua cdy trong
(Xiao et al., 2000; Grelet et al., 2005). Vi dy, gen
HVAI ma hoa cho protein LEA3 cua cay lia mach
(Hordeum vulgare L.), dd dwoc chuyén thanh cong
vao cdy ngd va tao ra cdy tang cuong tinh trang chiu
han va min trong diéu kién nha ludi (Nguyen et al,.
2013). Li va Cao (2016) da phan tich va s0 sanh ho
gen LEA & ngd, bao gom céac thong tin ve quan hé
phat sinh chung loai, vi tri trén nhiém sic thé, su
phat sinh gen, céu trac va sy biéu hién cia gen. 0
ngd, 32 gen LEA phan bd déu trén 10 nhidm sic thé
va ma hoa cho cac protein LEA thudc chin nhom.
Hién tuong chuyén vi, lap doan va lap doan ndi tiép
da gop phan mé rong ho gen LEA (Li, Cao, 2016).

Su t6n tai cta thuc vat dudi didu kién bét loi phu
thudc rat nhleu vao hé théng chong lai cac chat gay
oxi hoa trong té bao, gitip bao vé mang té bao va cac
bao quan khdi bi pha huy bdi cac goc oxi hoa tu do.
Cac protein trong hé théng bao gf“)m superoxide
dismutase (SOD), ascorbate peroxidase (APX),
peroxidase (POX), catalase (CAT), protein sock
nhiét (HSP) (Li er al, 2003), glutathione S-
transferase (GSTs) (Roxas ef al., 1997). Sy tich liy
ddng thoi hai protein HSP va GSTs c6 thé giam thiét
hai gay ra béi lanh, ndéng, han va bao vé cay khoi cac
bét loi khac ciia moi truong (Li et al., 2013).
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Ngoai ra, dudi diéu kién khé han hodc cac thay
d6i vé ap suit tham thau ngoai moéi truong, cay
thuong tich Iy cac chit c6 vai tro duy tri stic truong
ciia té bao, gdm amino acid (vi du, proline),
quaternary amine (glycine betaine,
dimethylsulfoniopropionate) va  polyol/sugars
(mannitol, trehlose). Nam 2004, Quan va dong tac
gia di chuyén gen md hoéa cho choline
dehydrogenase, c6 vai tro trong viéc tong hop glycin
betain (betd) tir E. coli vao ngd. Ciy ngd chuyén gen
betA ¢6 nong d6 glycin betain tich liy cao va chiu
han t6t hon so véi cay d6i chimg & ca giai doan nay
mam va cdy nho. Gan day, Nuccio va dong tac gia
(2015) da biéu hién gen ma héa cho trehalose-6-
phosphate phosphotase trong ciy ngd, dan dén giam
ndng do cta trehalose-6-phosphate va ting nong do
duong sucrose trong hat ngd. Diéu nay lam ting san
lwong ngd 9 - 49% & diéu kién khong han hodc han
vira va 31 - 123% & diéu kién han nang so vdi cay
ngd khong duoc chuyén gen.

CAC YEU TO GAN LIEN VOI GEN KHI TAO
CAY CHUYEN GEN

Vector chuyén gen

Vector chuyén gen dugc st dung trong cong
nghé gen va cong nghé chuyén gen thyc vat duoc ké
thira va phat trién tir cac hé vector tach dong va biéu
hién ¢ vi khuén hoédc virus gay bénh & thuc vat. Tuy
thudc vao phuong phap chuyén gen ma cac nha khoa

Bang 2. Mt s6 chiing Agrobacterium thwong dung.
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hoc chon loai vector cho phil hop. Béi véi phuong
phap chuyén gen bang sing bin gen, vector dugc sir
dung kha don gian, khong yéu cau cac trinh ty phirc
tap. Thuc té 1a phuong phap sir dung sing ban gen
¢6 thé chuyén bat ki doan DNA nao véi kich thuéc,
trinh ty va cdu hinh bt ki nhung nhwoc diém 1a
thuong dua kha nhiéu ban sao ctia gen chuyén vao
hé gen cay nhan (Alpeter et al., 2005). Trong khi d6,
chuyén gen bing phuong phap thong qua vi khuin
Agrobacterium doi hoi vector ¢6 thém nhidu cac
trinh tu khac dé hd tro viée chuyén doan T-DNA vao
h¢ gen cua cdy. Vector lién hop l1a mot plasmid chira
day du cac trinh tu can thiét va doan T-DNA dé co
thé chuyén gen vao cdy. Tuy nhién, kich thudc cia
plasmid kha 16n, ddng thoi viée tao plasmid nay la
do su tai to hop trong vi khuan nén din dan hé vector
ndyit dugc su dung. Thay vao do, hé vector hai
nguon mang lai nhiéu loi thé hon. Hé vector hai
ngudn gom ha1 plasmld mdt plasmid trg gilip mang
c4c trinh ty can thiét cho qué trinh chuyén gen tir vi
khuan va cdy, va mot T-DNA plasmid mang doan
gen cin chuyén. Plasmid trg giup c6 sin trong vi
khuin Agrobacterium va bi loai bo cac trinh ty lién
quan dén sy tao khéi u & cdy (Bang 2). Trong khi d,
plasmid mang doan T-DNA thuong nho hon chua
gen chi thi, ving T-DNA va chtra cac trinh tu thong
thuong cho phép plasmid nhan Ién trong E. coli va
Agrobacterium tumefaciens. Hién nay, nhiéu hé
plasmid hai nguén da dugc st dung voi cac dac
trung khac nhau, phuc vu cho cac muyc dich thi
nghiém thich hgp (Bang 3).

Tén ching Hé NST Plasmid tro’ giup Khang khang sinh
AGL-0 C58 pTiBo542 rif

AGL-1 C58 pTiBo542 rif, carb

C58-2707 C58 pTiC58 kan

EHA101 C58 pTiBo542 rif, kan

EHA 105 C58 pTiBo542 rif

GV3101::pMP90 C58 pTiC58 rif, gent

LBA4404 Ach5 pTiAch5 rif

NT1 (pKPSF2) C58 pTiChry5 ery

Rif: rifampicin; Kan: kanamycin; Carb: carbenicillin, Ery: erythromycin (Lee et al., 2008).
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Bang 3. Cac T-DNA plasmid thudc hé vector hai ngudn (Theo (Murai, 2013).

TenTDNA | . | Kich thuéc gn":‘gingéé‘_ tai :“rﬁl”hat"wglf’ig:ai SSZ"L_?"Z'QE Chu triic gen chon loc &
plasmid (kb) coli (LB/RB) c_hgn I?c & thwe vat
vi khuan
Nhém cé trinh tw khéi dau tai ban 1a IncP-1/pRK2
Céc vector hai nguén dwa vao pRK252 (10,3kb)
pBin19 1984 11,8 pRK2 nop pTiT37 kan NPTIII nos:NPTIl:nos phia RB
pAGS127 1985 15,0 pRK2 oct pTiA6/Ach5 tet nos:NPTIl:ocs phia RB
pBI121 1987 14,7 pRK2 nop pTiT37 kan NPTIII nos:NPTIl:nos phia RB
pBIG 1990 13,9 pRK2 nop pTiT37 kan NPTIII nos:NPTIIIHPT:G7 phia RB
Céc vector hai nguén dwa vao pRK290 (20,0kb)
pOCA18 1988 24,3 pRK2 oct pTi tet nos:NPTIl:ocs phia LB
pJJ1881 1992 25,7 pRK2 oct pTiA6/Ach5 tet nos:NPTII/HPT:ocs phia LB
Cdc vector dwa vao pTJS75 (7,0kb)
pGA471 1985 15,6 pBR322 nop pTiT37 tet nos:NPTII:nos phia RB
pTRA409 1991 11,5 pRK2 oct pTi15955 tet tml:NPTI/:tml phia RB
Céc vector hai nguén dwa vao RK2
pPCV001 1986 9,2 pBR322 pTiC58/B6S3 amp/chl nos:NPTIl:ocs phia RB
pCB301 1999 5,0 pRK2 nop pTiT37 kan NPTIII nos:BAR:nos phia LB
Nhém pRiHRI va cé trinh tw kh&i dau tai ban 1a ColEl
pC22 1986 17,5 pBR322 oct pTiB6S3 amp/str/spc nos:NPTII:nos phia RB
pCGN1547 1990 14,4 pBR322 oct pTiA6 gent pPH1JI mas/35S:NPTIl:mas/tml
phia LB
Nhoém cé trinh tw khéi dau tai ban 1a IncR/pSa
pGreen0029 2000 4,6 pSa nop pTiT37 kan NPTI nos:NPTII:nos phia RB
pSoup 2000 9,3 pRK2 khéng tet Khéng
pCLEAN- 2007 6,0 pSa nop pTi cons kan NPTI 35S:HPT:nos phia LB
G115
pCLEAN- 2007 11,1 pSa nop pTi cons tet nos:HPT:nos phia LB
S166
Nhoém cé trinh tw khéi dau tai ban la IncP/pVS1 va ColEl
pPZP111 1994 11,8 pBR322 nop pTiT37 chl 35S:NPTll/aacC1:35S
phia LB
pPZP211 1994 11,9 pBR322 nop pTiT37 str/spc 35S:NPTlllaacC1:35S
phia LB
pCAMBIA 1995 11,5 pBR322 nop pTiT37 kan NPTIII ﬁgS:NPTII/HPT:SSS phia
pLSU2 2011 6,4 puC18 oct pTi15955 kan NPTI ;(_nél:NPTIl/HPT:tmI phia
pLSU12 2011 6,9 puC18 oct pTi15955 tet ;(_nél:NPTIl/HPT:tmI phia
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Viéc thiét ké vector chuyén gen 1a can thiét dé
dam bao tao ra duoc cac su kién chuyén gen hiéu
qua va chinh xdc ciing nhu kha néng biéu hién cia
céc gen duoc chuyén trong cay bién dor gen. Mirc do
biéu hién cua gen dugc chuyén 13 yéu té quyét dinh
dén tinh trang ma gen d6 quy dinh. Néu gen duoc
chuyén ¢6 mirc d6 biéu hién thip, tinh trang ma gen
do mang lai khong cho két qua nhu mong doi. Mirc
d6 biéu hién gen duoc chuyen qua cao, trong khi do
lai anh huong dén su phat trién ciia cay. Do d6, gen
quy dinh tinh trang quan tdm ciing nhu ving T-DNA
can dugc thiét ké sao cho t6i wu nhat. Cac khung doc
mé khong mong mudn, cac trinh ty ma hoa cho
protein gidng hodc tuwong ty nhu cac chit giy doc
hodc gay chét cho cdy can dugc loai bo (Ladics et
al., 2007; Harper et al., 2012). Cac gen quy dinh tinh
trang mong muon cén c6 cac trinh tu diéu hoa t6i wu
nhu promoter, trinh ty Kozak, cic vung khong dich
ma. Viéc t6i vu héa ma ciing can thiét néu gen dugc
phan 1ap tir mot loai khac. Vi tri cia gen chuyén
trong T-DNA ciing anh huéng dén chit lugng cia sy
kién chuyén gen. Thong thudng gen quan tim dugc
dat ¢ vi tri gan bo phai hon ciia T-DNA hon so véi
gen chon loc, diéu nay gitip gen khi chuyén vao cay
duogc bao toan hon. Vi tri chén T-DNA vao trong hé
gen thyc vat ciing anh huéng téi mirc do biéu hién
do céc yéu td didu hoa & gin d6 c6 thé hoat héa hodc
bét hoat gen (De Buck et al., 2013). Néu c6 thé, mot
vai trinh tu ngan cach c6 thé dugc thém vao dé giam
thidu sy can thiép cua cac trinh ty ndi tai gan Vi tri
chén gen (Singer et al., 2011).

Promoter

Promoter la yeu tb quan trong nhit trong viéce
didu hoa biéu hién gen. Céac promoter ¢c6 thé duoc
chia thanh 3 nhom gom promoter co dinh,
promoter ddc hi€u md va promoter cam ung
Promoter co dinh khlen gen biéu hién lién tuc & tat
cd cac mo va trong tat ca cac giai doan phat trién.
Promoter dac hi€u mo sé& biéu hién gen chi ¢ loai
md nhét dinh. Promoter cam tng chi biéu hién gen
dudi mot diéu kién nhit dinh nhu anh sang, nhiét
d6, ndng do dinh dudng, hodc khi dap ing véi viée
st dung mot chit hoa hoc nao d6. Bang 4 chi ra cac
loai promoter dang dugc st dung trong cong nghé
gen (Dutt et al., 2014).

Giai doan diu trong tao cdy bién ddi gen,
promoter co dinh duoc wa chudng va su dung cho
hau hét cac nghren ctu ¢ céc loai khac nhau.
Promoter dugc sir dung nhiéu nhat vao thoi diém do
la CaMV35S tir virus kham sip lo (cauliflower
mosaic virus) véi cac cai bién khac nhau dé tang
cuong hoat dong cua promoter trong cdy mot 14 mam
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(Vain et al., 1996; Frame et al., 2002). Cho dén nay,
promoter CaMV35S va Ubil Ia hai promoter manh
va dugc st dung phd bién trong cac thi nghiém
chuyen gen vao cay ngd. Promoter co dinh c6 loi thé
khi st dung cho céc gen sang loc hodc gen chi thi,
bdi vi qua trinh sang loc yéu cau céac gen nay biéu
hién ngay khi sat nhap vao hé gen cua cdy. Dicu nay
cho phép chon loc duoc cac ca thé mang gen chuyén
hi¢u qua va gidm ti 1¢ duong tinh gid. Trong khi do,
promoter dic hiéu cé wu thé biéu hién gen chuyén
manh chi & mot md nhét dinh gitp ciy khong bi ling
phi dinh dudng va nang lugng. Dac biét, khi protein
duoc biéu hién can duoc tach chiét thi viéc tap trung
protein & mot mo nhit dinh nhu & hat gitp cac qua
trinh dugc dé dang hon (Hood et al., 2003; Yu et al.,

2005). Promoter cam ung ciing dem lai nhiing 1¢i the
teong ty nhu promoter dac hiéu mo. Tuy nhién,
promoter cam ung c6 loi thé hon khi c¢6 thé kiém
soat dugc thoi gian va cuong d6 biéu hién cua gen.
Hién nay, cac promoter cam ung vdi cac chat hoa
hoc da dugc dung véi myc dich thu protein tai t6 hop
trong moi truong nudi ciy t& bao (Huang et al.,

2005). Promoter cam tng véi cac didu kién moi
truong du méi dugc quan tdm nhung da cho thiy
tiém nang trong v1ec tao ra cac tinh trang gitp cay
dwong dau vdi cac bat lgi phi sinh hoc ma khong gay
anh huong dén sinh truong, phat trién cia cay trong
didu kién binh thuong (Xiao er al., 2000; Cominelli
et al.,2008; Msanne et al., 2011).

Vi tri va thoi diém cac gen md héa cho cac
protein tham gia vao kha ning chéng chiu nhu nhén
t6 phién ma, protein truyen tin hi€u hay protein bao
vé mang tinh quyét dinh dén sy biéu hién cua tinh
trang va su sinh truong cua cdy. Nhiéu bao cao da
cho thdy gen dugc biéu hién lién tuc dudi promoter
CaMV35S gay anh huong dén hinh thai va sinh
truéng cua cdy bién ddi gen (Hsieh et al., 2002;
Nakashima et al, 2007). Do do, viéc st dung
promoter cam tng la giai phap cho phép biéu hién
gen chuyén vao thoi gian thich hop. Vi du, gen ma
hoa cho nhan t& phién mad DREBI/CBF3 dugc biéu
hién khi cay gép bat loi v& thim thau, nhung lai bat
hoat trong cac diéu kién binh thudng. Neu promoter
cam ung RD29A dugc su dung khi chuyén cac gen
nhén t6 phién ma thi hién tuong sinh truong khong
binh thuong s€ khong xdy ra dbi voi cay chuyen gen
ma van cho kha ning chong chiu trong diéu kién bat
loi (Kasuga et al., 1999). Tuong ty & ca chua, kha
nang chiu han va lanh tang lén khi cdy duge chuyén
gen CBFI (mdt nhan t6 phién ma thudc ho
AP2/ERF). Tuy nhién, néu str dung promoter co dinh
thi sinh trudng cua cay bi anh hudng nghiém trong
(Hsieh et al., 2002), trong khi promoter cam {ng
tong hop tir gen HVA?2 lai khong cho thiy bat ki sy
sinh truong bat thuong nao (Lee et al., 2003).
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Bang 4. Cac promoter dwoc str dung trong cdng nghé gen thyc vat.

Promoter

Nguén géc, ghi cha

Promoter co’ dinh

CaMV35S (cauliflower mosaic virus 35S) promoter
nos (nopaline synthase) promoter

ocs (octopine synthase) promoter

mas (mannopine synthase) promoter

Act1 (actin) promoter

Adh1 (alcohol 12 dehydrogenase 1) promoter

Ubi1 (ubiquitin) promoter

Ubi2 (ubiquitin) promoter

H2B (histone) promoter

ScBV (sugarcane bacilliform badnavirus) promoter

Act2 (actin) promoter

Virus kham sup lo

Ti-plasmid, vi khuan Agrobacterium
Laa

Ngoé

Mia
Arabidopsis

Promoter cam trng

PR-la (systematic acquired resistance gene) promoter
In2-2 (inducible gene 2-2) promoter

peroxidase promoter

Wound-inducible promoter / MeGA-PharM

RD29A promoter

HSP (heat shock protein) promoter

adh promoter

HVADhNn45 promoter

Lua, cdm (rng b&i benzothiadiazole

Ngb, cdm &ng b&di benzenesulfonamide safeners

Khoai lang, cam (rng b&i H202, vét thwong va tia cwc tim
Ca chua, cam (rng b&i vét thwong

Arabidopsis, cam (rng v&i lanh va bat loi thdm thiu

Ca chua, cdm &ng v&i nhiét

Arabidopsis, cdm (rng véi mat nwée va lanh

Lda mach, cdm (rng v&i han

Promoter dac hiéu moé

Ddc hiéu & qua
ACC (1-aminocyclopropane-1-carboxylate oxidase)
promoter

E8 promoter

Tao

Ca chua

Déc hiéu & hat

Soybean b-conglycinin promoter

Sunflower helianthinin promoter

French bean b-phaseolin promoter

gbss1 (granule-bound starch synthase1) promoter
Hordein promoter

Glutenin promoter

Zein promoter

bau twong, dac hiéu phoi
Hwéng duong, dac hiéu hat
Pau tay, dac hiéu hat

Lda, dac hiéu hat

Barley, dac hiéu ndi nhid
Lua mi, dac hiéu ndi nhi
Ng0, dac hiéu ndi nhi

Ddc hiéu & hoa

UEP1 (endogenous ubiquitin extension protein) promoter Cuc

CERG (eceriferum) promoter Arabidopsis
FIfrlz’)i}z?ef’&enolpyruvylshikimate-S-phosphate synthase) Petunia
Ddc hiéu & than

4CL1 promoter Bach dan
Rice succrose synthase 1promoter Lda

PAL2 promoter bau tvong
Dac hiéu &' ré

RB7 Thubc 14
Sporamin promoter Khoai lang
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Cac vung khong dich ma

Bén canh promoter, cac vung khong dich ma anh
huéng khong nho dén sy 6n dinh cia mRNA va qué
trinh dich ma, do d6 ving khong dich ma c6 chirc
nang trong viéc dleu hoa mirc d6 biéu hién cia gen.
Nguoi ta cho rang, chic nang cua vung 5’UTR
(untranslated region) 1a anh huéng dén kha ning
bam ciia ribosome va nhan biét md mé dau. Thong
thuong vung 5’UTR giau AT s& cho phép phuc hé
ribosome dé dang di chuyén va nhan ra ma mo dau
dé bit dau dich ma. Vung 5’UTR tir CaMV35S dugc
sir dung cting v6i promoter ctia n6 c6 thé lam ting su
biéu hién cua gen bao céo 1én 40 lan (Rothstein et
al.,, 1987). Vung 5’UTR tu gen glutelin (Boronat et
al., 1986) va PEP-carboxylase (Hudspeth, Grula,
1989) ciing cho két qua 1a tang murc d6 biéu hién 1én
12 va 3,7 lan. Vung trinh tu nam xung quanh codon
mé dau ciing 12 mot yéu t6 anh huong dén hiéu suit
dich ma. Kozak (1986) da so sanh cac mRNA &
dong vat c6 va va tim ra dugc trinh ty ti wu xung
quanh md mé dau ¢ cac loai dong vat co va la
GCC(A/G)CCAUGG, goi la trinh ty lién Gng Kozak.

Bang 5. Tan suét st dung cac ma bd ba & cay ngd.

Huynh Thi Thu Hué et al.

Trinh ty lién ng bao tha twong ty cling tim théy o
gen cua cac loai thuyc vat UAACAAUGGCU (Joshi,
1987; Lutcke et al., 1987). O ngo, khi so sanh 85 gen
ngd tim thdy trinh ty lién tng la C/GAUGGCG
(Lueharsen, Walbot, 1994). Céc trinh tu lién Gng nay
can dugc can nhic khi tao cdu tric gen dugc sir dung
trong ngo.

Vung 3’UTR ciling dugc cho 1a c6 lién quan
dén sw 6n dinh cuia mRNA va sy hinh thanh dudi
polyA. Anh huong cua 3’UTR tir cic gen khac
nhau dén muc d6 biéu hién gen l1a khac nhau
(Ingelbrecht et al., 1989). Vung 3’UTR duogc sir
dung nhiéu cho céc gen chuyén vao thuc vét, trong
d6 c6 ngd 1a tir gen nopaline synthase (nos) cla
Ti-plasmid trong Agrobacterium (Depicker et al.,
1982). Ngoai ra con cd cac vung 3’UTR tur
CaMV35S (Frame et al., 2002), gen pinil tir khoai
tdy (An et al., 1989) va gen protein du trit trong
than 14 dau twong (Mason et al., 1993). Hién nay,
van chua c6 so sanh nao vé& sy khac nhau anh
huong cta 3°UTR 1én sy biéu hién cua gen trong
cay ngd chuyén gen dugc cong bé.

Aminoacid Mabdoba Tansuit Aminoacid Mabdéba Tansuidt Aminoacid Miabdba  Tan suat
Ala GCU 2,11 Gly GGA 1,33 Ser TCC 1,62
Ala GCC 3,12 Gly GGG 1,53 Ser TCT 1,21
Ala GCA 1,67 His CAC 1,48 Ser AGC 1,61
Ala GCG 2,31 His CAT 1,01 Ser AGT 0,78
Arg AGG 1,48 lle ATC 2,30 Ser TCG 1,05
Arg CGC 1,43 lle ATT 1,40 Ser TCA 1,12
Arg AGA 0,88 lle ATA 0,84 Thr ACC 1,65
Arg CGT 0,61 Leu CTC 2,55 Thr ACT 1,08
Arg CGG 0,94 Leu TTG 1,32 Thr ACA 1,05
Arg CGA 0,43 Leu CTT 1,59 Thr ACG 1,08
Asn AAC 2,22 Leu TTA 0,57 Trp TGG 1,29
Asn AAT 1,35 Leu CTG 2,58 Tyr TAC 1,93
Asp GAC 3,22 Leu CTA 0,73 Tyr TAT 0,94
Asp GAT 2,30 Lys AAG 3,96 Val GTC 2,11
Cys TGC 1,21 Lys AAA 1,50 Val GTG 2,56
Cys TGT 0,56 Met ATG 2,41 Val GTT 1,58
GIn CAA 1,33 Phe TTC 2,51 Val GTA 0,63
GIn CAG 2,35 Phe TTT 1,26 Ter TGA 0,11
Glu GAG 4,09 Pro CCA 1,39 Ter TAA 0,05
Glu GAA 2,00 Pro CCT 1,26 Ter TAG 0,07
Gly GGT 1,43 Pro CCC 1,35

Gly GGC 3,02 Pro CCG 1,54
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Tan suat si dung cac ma bo ba

Téan suét su dung cac ma bd ba cling 1a mot
trong cac trd ngai chinh 1am cho viéc biéu hién cac
gen vi khuan trong cdy. Céc loai sinh vét khac nhau
thuong c6 khuynh hudéng st dung mot ma b ba
nhiéu hon céc ma bd ba con lai cung ma hdéa cho mot
amino acid. Tan suét sir dung cac ma bd ba & ngd thé
hién & bang 5. Nhiéu bd ba duge su dung véi tan
sudt cao trong ngo lai 1a b ba hiém & vi khuén va
ngugc lai. Bén canh tan sudt su dung cac mi b ba,
mdt vai dac trung dac biét trong céc trinh ty ma hoa
cua gen thuc vat ciing can duge chi y. O thyc vat,
thanh ph?m GC trong gen c6 ty 1¢ cao hon, dic biét &
ngd, cac ving ma hoa cho thiy ti 18 GC kha cao. Cac
trinh tu 2 nucleotide nhu CG va AT rét hiém trong
gen thuc vat, trong khi CT va TG lai rit hay gip
(Murray et al., 1989). Gen vi khun giau cac doan
AT, nhung trong thyc vat cac doan giau AT thuong
¢6 chirc nang nhu ving cét ndi luan phién, trinh ty
tin hi¢u tao dudi polyA (Diehn et al., 1998), va cac
yéu t6 gy bat 6n dinh RNA (Ohme-Takagi ef al.,
1993).Vi vay, sy hién dién cua cac trinh ty ngén nay
trong té bao thuc vat, cung voi tan suat sir dung ma
khac nhau, co thé khién cic gen vi khudn khé biéu
hién & trong té bao thuc vat.

Str dung céc trinh ty mi héa dugc tong hop la
mot cach higu qua dé giai quyét vén dé nay. Nho do,
6 thé chuyen d6i codon dugc sir dung nhiéu, tang
thanh phéan GC, loai b6 cac trinh ty gdy bat on
mRNA. Gen tong hop dau tién dugc biéu hién thanh
cong trong cdy ngd chuyén gen 1a gen crylA(b)
(Geiser et al., 1986). Ving ma hoa cua 648 amino
acid dau tién trong s6 1155 amino acid cua protein
CrylIA(b) dugc tong hop dua trén tan sudt su dung
codon phé bién & ngd (Koziel e al., 1993). Gen tong
hop nay c6 65% tuong ddng véi gen ban dau cua no,
thanh phin GC duoc cai bién tir 37% 1én 65%. Gen
tong hop nhén tao ¢ lugng san phdm protein rat cao,
trong khi san phdm ciia gen ban diu gan nhu khong
¢6. Chinh nho sy thanh cong trong viée st dung gen
tong hop dé biéu hién _protein vi khuén trong cdy
chuyén gen, qua trinh tong hop va xdy dung lai gen
da tro thanh mét trong nhitng cong viée pho bién
trong cac chuong trinh tao cay trong bién ddi gen.

Tin hiéu dich cho protein

Vi tri protein dugc tich lily va thuc hién chuc
nang la mot trong cac yéu té quyét dinh higu qua ctia
protein dugc biéu hién. Cac bao quan chira protein
¢6 thé anh huong manh m& dén cac qua trinh lién
quan nhu cudn gap, lap rap va cic qua trinh bién doi

sau dich mi cua n6. Pdng thoi, viéc biéu hién mot
protein tham gia vao qué trinh chuyén hoa cin phai
dua protein d6 vao noi co co chit. Chinh vi vay, dé
thu duogc tinh trang mong mubn trong cdy chuyén
gen, cling can chu y dén dich cua protein dugc tao ra.
0 thyc vat, protein s& dugc dua vao mang lu6i ndi
chét néu mang mot trinh ty tin hi¢u gom 20 amino
acid, thong thuong nim ¢ ddu N cua protein. Néu
khong c6 cac tin hi¢u dinh hudng khac, protein s&
duogc dua vao con dudng tiét. Dich dén mic dinh cua
con duodng tiét 1a khoang gian bao hodc méi trudng
nudi cdy té bao (Denecke ef al., 1990). Co ché dé
protein duoc dua vao ludi ndi chit duoc nghién ctru
kha ti mi va cho thdy co sy bao toan trong tién hoa &
dong vat va thuc vat. Motif gém 4 amino acid nhu
KDEL, HDEL, nidm & ving dau C ctia protein 14 can
thiét dé dua protein vao lugi ndi chat hodc it nhét
duoc quay lai ludi ndi chét. Nhiéu protein duoc vén
chuyén dén ludi ndi chit bang viéc gan thém trinh ty
KDEL hoic HDEL dd dugc cong bd va cho thdy
ndng do tich lity twong ddi cao (Schouten er al.,
1996). Hoac motif MAPKKKRKV- SV40 dinh
hudng protein vao nhan ciing da dugc nghién ctru va
st dung kha nhiéu, hién nay con dugc dung dé
hudng dich khi dung phuac hé chinh sira gen
CRISPR/Cas9 trong ngd (Svitashev et al., 2016).

XU HUONG CHINH SUA GEN VA TAO CAY
NGO CHIU HAN

Trong vai nim tr¢ lai day, sy phat trién nhanh
chéng cua cac cong nghé sira chita gen da hd trg cho
viée chinh sira gen dich hodc gin két gen chuyén vao
hé gen thyc vat ¢6 dinh hudng. Cong nghé nay duoc
ky vong gitp cho su chuyén gen vao cay dugc kiém
soat tét, nhanh va chinh xac hon. Mét trong cac mat
han ché cua cac cong nghé chuyén gen thuc vat hién
nay la qua trinh chén doan gen vao hé gen cua cay
mang tinh ngau nhién. Nhat 1a khi cac nha khoa hoc
dang c¢b ging dwa nhiéu gen méi vao cing mot giéng
cdy bién ddi gen, thi sy sat nhap ngiu nhién cua cac
doan gen s€ gay kho khan trong qua trinh lai sau do
dé tao dong thuan (Que et al., 2010).

Hién nay, 3 céng cu dugc st dung phé bién dé
chinh stta gen & zinc-finger nuclease (ZFN),

transcription  activator-like  effector  nuclease
(TALEN) va hé théng clustered regularly
interspaced short palindromic repeat
(CRISPR)/CRISPR-associated  nuclease  protein

(Cas) va da dat dugc nhidu két qua khi thuc hién trén
thuc vat nhu khoai tay, ngo, lua, (Gao et al., 2010; Li
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et al., 2012; Cerm ak et al., 2015). Co ché cac cong
cu nay co thé hd trg qua trinh chuyén mot gen tai vi
tri xac dinh hodc tao dot bién dinh huéng dya trén bo
méy stra chita dot bién tu nhién trong té bao. Thong
thuong, khi DNA xuét hién mot vét dut soi doi
(double-strand break), té bao s& kich hoat mét trong
hai by may sua chita la HDR (homologous directed
repair) va NHEJ (nonhomologous end- -joining).
Trong khi NHEJ c6 thé tao ra cac doan mat hodc
doan cheén nho, HDR lai dya vao vung tuong ddng
trén NST chi em hodc trong cap nhiém séc thé twong
ddng hodc cac vi tri twong dong khac dé sira chita

Huynh Thi Thu Hué et al.

viing dut giy. Cac cong cu sira chita gen néu trén c6
diém chung 1a c6 kha nang nhan biét dic hiéu mot
doan DNA soi doi va s& tao ra vét dut giy soi doi
trén phan tr DNA xac dinh. Néu khong c6 mot sgi
DNA khuén véi trinh tu twong ddng véi hai phia cua
vét gdy duoc bd sung, co ché NHEJ duogc thuc hién
va tao ra cac dot bién tai vi tri d6. Néu sgi DNA
khuoén duge dwa vao ddng thoi, té bao s& dua vao
trinh ty d6 dé téng hop ving con thiéu, tir d6 mot
gen 16i c¢6 thé dugc thay thé bing mot gen binh
thuong, hodc mdt doan DNA méi hoan toan dugc
chén vao h¢ gen tai vi tri xac dinh.

ZFNs Endonuclease tai t hop tao vét
TALENSs gay soi doi trén phan tir DNA
CRISPR/Cas9
l NHEJ l HDR
........ -0= -
........ + - +
Mit doan nho Thém doan nho

Phan tt DNA s¢i d6i

PoanDNA bj mat

Poan DNA thém vao
Poan trigh w
khuon dé stra chita

Poan DNA quan tam
dé thay thé/chén

N\

S

| |

— ) m— — NN —

— ) m— — NN —

Stra chita gen Thay thé/chén gen

Hinh 3. So lvoc co ché hoat dong cua ZNF-TALEN-CRISPR/Cas9.

ZFN la cac protein dugc thiét ké dé sira chita
gen bang cach tao ra mot dut giy soi doi & vi tri dic
hiéu. ZFN bao g(“)m mot domain bam DNA va mot
domain cit DNA. MJdi finger (ngén tay) nhan biét
mot trinh tu gém 3 - 4 nucleotide va cac nha khoa
hoc ¢6 thé dich dén trinh tu can cét béng viée két
hop céc finger v6i nhau (tuy nhién c6 mdt vai han
ché). Domain bam DNA dugc tao boi tr 2 — 3
module finger va s€ nhan biét mot trinh tu 6bp dac
trung ctia DNA, trong khi domain cit DNA dugc tao
thanh tr domain endonuclease cua Fokl (mot loai
enzyme cét DNA). Ca hai domain ndy tao thanh mét
chiéc kéo cit vo cing dac hiéu. Mot khi co dut gy
soi d6i, co ché NHEJ s& duogc ap dung dé sira gen
(Carroll, 2011).
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TALEN dugc tao thanh bang viéc két hop cac
proteln glong v6i nhan t& phién ma dugc tiét boi vi
khudn Xanthomonas va Fokl endonuclease. Gidng
nhu ZFN, bang viéc hop nhat cac TAL v6i nhau va
v6i Fokl, hé gen c6 thé bi cét & vi tri nhat dinh. Khi
TALEN tao vét cit soi doi, trinh tw DNA sau dé
duogc stra lai dé c6 thay ddi trong trinh tw - nhu dé
knock out mdt vai gen hoac chén thém mot doan
DNA mdi. TALEN dé dy doén va thiét ké hon so voi
ZFN va cung cap mdt cong cu don gian hon cho cac
nha khoa hoc chinh sira gen bét ki.

Cong nghé CRISPR duya trén co ché mién dich
cua t¢ bao nhén so, lan dau tién dugc phat hién ¢ vi
khuan E. coli. Khi bi virus tan cong, t& bao vi khuan
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sat nhap mot doan DNA cua virus vao gitta céc trinh
tu ctia ching dé tao nén mot co so dir lidu bo nho.
Diéu nay cho phép vi khuan c6 thé nhan ra dugc loai
virus tuong tu néu bi tan cong mot 1an nira. Khi do,
vi khuén s& tong hop mot loai enzyme cét gidi han la
CRISPR-associated protein nuclease (Cas9) dé pha
hiy DNA cua virus. CRISPR-Cas9 hién nay la mot
cong cu déc luc cho cac nha khoa hoc dé sira chira
hudng dich trinh ty DNA trong hé gen. Enzyme
Cas9, 1a mot endonuclease, duge cai bién dé phu hop
st dung trong cong nghé gen. Enzyme nay duoc dan
dat boi mot phan tir RNA ngén 1a gRNA (guide-
RNA). Hé théng CRISPR-Cas9 cho phép cac nha
khoa hoc thiét ké cac gRNA phi hop véi vi tri dich,
tir d6 dinh hudng enzyme Cas9 tao diém cat trén vi
tri ddc hiéu. Cac cong cu chinh stra nhu ZFN,
TALEN, hay CRISPR va gRNA ciing can dugc thiét
ké trong hé vector thich hop va sau d6 dugc chuyén
vao cdy thong qua phwong phap chuyén gen nhu
sting ban gen hodc vi khun Agrobacterium.

Trong ba cong cu trén, CRISPR/Cas9 hién dugc
coi la cong cu hiéu qua va c6 nhiéu lgi thé so vdi cac
cong cu khac cling nhu kha nang ung dung trong tao
cdy bién d6i gen & cac khia canh chinh x4c, nhanh
chong, gia thanh hop li va kha nang diéu khién cao.
Khi két hop véi cac ki thuét tién tién khac trong cong
tac tao gidng, CRISPR duoc cho ring c6 thé giup
cho viéc gan két gen chuyén vao vi tri x4c dinh trong
hé gen hodc tao dot bién ¢6 dinh hudng nhim lam
tang nang suit cdy trong hodc ting cuong/ giam sy
biéu hién ciia gen quy dinh tinh trang nao d6. Vé mat
cong ngh¢, CRISPR/Cas9 dugc coi 1a don gian hon
ZNF hoac TALEN. Tuy nhien khi chlnh stra gen
tung loai, hé thong nay van can dugc toi wu hoa cac
thanh phin gdm enzyme Cas9, vector va gRNA dic
trung cho mé va phwong phap chuyén gen. Viéc
chuyén hé théng CRISPR/Cas9 nay vao cy thuong
sit dung phuong phap bin gen hodc théng qua vi
khudn A. tumefaciens, nhung hé st dung vi khuén
van phd bién hon do uu diém dua vao cay it copy
hon (Char et al., 2016).

Trong vai nam tr¢ lai day, su phat trién trong
cong nghé gen da mang dén kha ning cai bién va
chén gen can chuyén vao mét vi tri nhat dinh trén
NST cua ng6 (Shukla et al., 2009; Gao et al., 2010;
Liang et al., 2014; Chilcoat et al.,2017). Nhiing
nghién ciru nay st dung hodc cong nghé ZFNs,
TALEN hodc CRISPR/Cas9. Svitashev va ddng tac
gia (2016) cong bd vé viéc st dung CRISPR/Cas9
trong chinh stra genome ngo, phuc hé Cas9 va gRNA
dugc dwa vao ngd thong qua ban gen. Mot nghién

ctru khéc da thiét ké h¢ vector cho CRISPR/Cas9 dit
tén la ISU Maize CRISPR dé chinh stra gen
Argonaute va dihydroflavonol 4 reductase ciia ngod
nham muc dich thiét 1ap nén mot hé chinh stra hiéu
quéa cho ngd va dua vao cdy thong qua vi khuan 4.
tumefaciens (Char et al., 2016). Trudc d6, Liang va
ddng tic gia (2014) da st dung ca TALEN va
CRISPR/Cas9 dé chinh sira gen ngd, cac phtc hé
dugc dua vao ngd thong qua vi khuén 4.
tumefaciens. Céc nghién ctru nay déu cho thiy kha
nang chinh sira hodc gy dot bién trén ving gen dich
cua cac phirc hé 1a kha chinh xac. Tuy nhién, theo
thong ké ctia Ma va dong tac gia (2016) thi hiéu qua
gdy dot bién dich khi st dung vi khuin 4.
tumefaciens thudong cao hon khi ding sung bin gen.
Gan day, Shi va dong tac gia da sir dung hé thong
chinh sira CRISPR-Cas9 dé thay thé promoter cia
gen AGOS cua ngd biang promoter ciia gen GOS2 va
lam ting sy biéu hién ciia 4GOS dan dén ting sirc
chéng chiu han cta cdy ngé co chinh stra gen (Shi ez
al., 2017). Cay ngd co6 chinh sira ving promoter cua
gen AGO8 nay la mot san phim cia cong ty DuPont
Pionee va du kién s& dugc thuong mai trong thoi
gian t6i. Nhu vy, cac cong cu chinh sira gen ké trén
dang dugc ap dung hién nay thong qua viéc chinh
sua gen, thay thé gen hodc co thé chén thém gen vao
mot vi tri xac dinh da gop phan lam tang chit lugng
cac su kién chuyen gen cdy trdng ndi chung ciing
nhu cdy ngd chuyén gen c6 tinh chiu han noi riéng.

KET LUAN

Nhu viy, van dé nghién ctru tao cdy ngd chiu
han di dugc nghién ctru nhiéu nam qua va van dang
duoc quan tim hién nay do su nong lén toan cau.
Céac nha khoa hoc da phan 1ap va xac dinh duoc
nhiéu gen, yéu t6 c6 lién quan dén dép tmg cia thuc
vat voi diéu kién han han va sir dung hiéu qua trong
cong nghé gen. Cac tién bd trong cong nghé gen
duoc ap dung trong cac nghién ctru ciing gop phan
day nhanh tién trinh tao nén cac gidng ngd chiu han
cling nhu cay trong khéc. Céc tién bd nay nhim phuc
vu viéc cai bién gen va lip ghép cac doan chirc ning
vao gen nham ting cuong sy biéu hién cua céac gen
trong cdy ngo chuyén gen. Cac thanh phan quyét
dinh dén sy biéu hién ctia gen chuyén nhu promoter,
cac trinh tu diéu hoa hodc trinh ty tin hi¢u ciing dugc
lam rd va cai bién dé phu hop voi timg loai cdy va
ting tinh trang khac nhau. Hon nira, cong cu chinh
stra h¢ gen nhu ZFNs, TALENs, CRISPR/Cas9 ciing
bude dau duge ap dung dé tao cay ngoé dugc chinh
sira hé gen tuy chua that sy phd bién. Pay 1a mot
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budc tién méi trong cong nghé tao cdy trong co dot
bién huéng dich va mé ra nhiing trién vong méi
trong tuong lai dbi véi viéc tao cdy ngd chiu han va
nhitng cay trong khac dugc chinh sira hé gen.

Loi cam on: Cong trinh duoc hé tro kinh phi tur aé
tai: “Phdan ldp thiét ké gen chiu han phuc vy cong tac
tao giong ngd bién doi gen” do Bé Nong nghiép va
Phat trién Nong thén quan Iy va tir dé tai: “Ddnh gid
hién trang, nang luc va nhu cau déi méi cong nghé
vé nghién ciru va vmg dung cong nghé gen & Viét
Nam” mé s6 PM.11.DA/15 do B Khoa hoc va Cong
nghé quan Iy.
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SUMMARY

Maize is one of the most important cereals in human civilization. However, the productivity of crops has
been being adversely affected by increasing droughts as a consequence of the global climate change. Recently,
the yield and production of a number of maize growing regions witnessed a significant decrease due to
continuously droughts. To minimize the impacts of the water-shortage condition, many measures have been
taken. Among them, genetic engineering helps enhance plant survival by transferring drought-tolerance related
genes into maize. Hundreds of drought-responsive genes from maize or other species have been isolated and
characterized. Those genes encode transcription factors and proteins involving in signal transduction pathways
as well as cell protection mechanisms. However, in order to highly and precisely express interested genes in
transgenic maize, it is necessary to modify genes by using proper codon usage frequency, adding signals of
post-transcriptional, translational and post-translational regulations. Additionally, other components of
transformation process such as vector systems, promoters, gene delivery procedures, etc. are required to be
optimized. Results from drought-tolerant trait related studies which has been being heavily invested in are
worth the effort. Recently, new genetic engineering approaches known as genome editing are being
accomplished and applied to a wide range of species. The advanced techniques including ZFNs, TALENs, and
CRISPR/Cas9 hold enormous potential for drought-tolerant crop development. It is believed that in the near
future, genome-edited based cultivars are more elite than traditional ones.

Keywords: CRISPR/Cas9, gene editing, genetic engineering, gene transformation, maize

43



