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Linh vwe k§ thuit dwoe dé cip

Sang ché néi chung dé cap dén cong nghé ADN tai td hop. Cu thé, sang ché dé
cép dén gen tai t6 hop va cdy trdng dugc chuyén gen str dung gen tai t6 hop, nho d6
cdy trong c6 kha ning khang lai thudc diét o, vi khudn va ndm ciing nhu ning cao céc

tinh trang ndng hoc.
Tinh trang ky thuit ctda sang ché

Lua gao 1a mdt trong nhiing cdy luong thuc hang dau trén thé gioi, duoc nguoi
dan chau A tiéu thy nhidu nhét nhung ciing duoc chi y & cc noi khic trén thé giéi. Vi
véy, diéu quan trong 13 phai duy tri su sinh truéng va thu hoach laa gao dé cung cap
lwong thuc cho nhan dan trén khip thé gi6i. Tuy nhién, c6 rat nhidu thach thirc ma cac
nha nghién ctru va nha khoa hoc phai d6i mat dé duy tri su sinh truéng va san luong.
Mot trong nhitng thach thirc ddng chu y 1a dan s& ngay cang gia tang 1am tang nhu ciu
vé lua gao. Nguoi san xuét [Ga gao cling nhu néng dan phai dam bao su sinh trudng
clia vu mua du dé c6 thé cung cp luong thuc cho nhin dén trén khap thé gidi. Trong
nhiéu nam qua, nhiéu nghién ctru va thi nghiém da dugc thuc hién va vo s6 tai liéu va
bai béo da duogc xuit ban nham nd luc chéng lai cac thach thirc cha yéu phét sinh tir sy

giam ndng suat sinh trudng do céac yeu to sinh hoc va phi sinh hoc.

Céc yéu tb sinh hoc bao gém sy tin cong tir loai gay hai va con tring nhu sau
an r&, sdu duc than, rﬁy xanh va réy nau, sau va con trung chich hat, va sy tAn cong tur
cac bénh nhu khod van, bac 14 do vi khuén va dao on. Yéu t6 sinh hoc phé bién khac 1a
cO dai, ma can tr¢ su hép thu anh sdng mat trdi, nudc va chit dinh dudng, va do do
lam chét cay lua. Cac loai ¢ dai bao g&n o tranh, ¢6 c6i va ¢é 14 rong. Mat khéc, cac
yéu td phi sinh hoc bao gdbm d6 min, thay d6i khi hau, chét dinh dudng va khoang chét
kha dyng, sy ton tai cia kim loai ning va chét 6 nhiém va céc yéu té khac. Trong sb
cac yéu t6 phi sinh hoc dugc dé cap trong ban md t4, hai yéu t6 1a dd min va bién ddi
khi hiu c6 vé la nguyén nhan chinh gay ra sy suy gidm trong ning suit sinh trudng.

Diéu nay chui yéu 1a do cdy lua dugc trong & khi hdu 6n déi va cin nhiét déi, va cay
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lua rat nhay cam véi mudi. Do d6, thay d6i manh mé vé do méan cua dat va nudc, va su

ting hodc giam nhiét dd manh m& ctia méi truong co6 thé va dé dang lam chét cay lua.

Nhiéu phuong phép va bién phdp di duge thuc hién dé chéng lai cac thach thic
nay, tir cac phuwong phap thong thuong nhu dung phén bon dé tang kha ning mién dich
clia cdy lua déi v6i bénh, ding thube diét c6 dé ngan chin sw phét trién clia co dai,
dung thudc diét cong tring hoic thubc diét loai gy hai dé ngin ngira su t4n cong cla
con tring va loai gdy hai va kiém soat d§ min cia d4t va nuGe. Tuy nhién, cic phuong
phap nay c6 nhitng nhuoc diém twong tng. Vi dy, cac hoa chit trong thude diét loai
gty hai va thudc diét co c6 thé 1am hu hai hodc té nhit 12 1am chét cdy lGa trong khi

thuc hién cac tac dong ma chiing phai co.

Bén canh viéc st dung cac phuong phép thong thuong, cach khac dé chéng lai
cac thach thirc nay 1a thuc hién cong nghé ADN tai t6 hop dé tao ra cdy chuyén gen.
Cong nghé nay cho phép két hop céc vat liéu di truyén 6 céac dic diém vu viét hodc
tdt nhu khéng thudc diét co, ¢ dai, con tring va loai gdy hai, khang thdi tiét khic
nghiét, cai thién dic tinh dinh dudng va mién dich, v.v., va tir d6 tao ra clly trong ¢6
nhitng tinh trang 'mdi' nay ma khong xay ra trong cdc loai ty nhién. Mot s6 tai lidu
thudc tinh trang k§ thudt da boc 16 viéc sit dung cdng nghé nay va cdc loai cay tréng
chuyén gen khac nhau di dugc tao ra, vi du nhu ngd, dau tuong, cu cai dudng va nhiéu

loai cdy khac.

Cay lua cfing da dugc bién ddi gen dé c6 nhimg dic diém tot hon va do d6 thic
diy ning sudt dé dap ing nhu cdu trén toan thé gigi. Cac tai liéu thudc tinh trang k§
thut da boc 16 cdy laa chuyén gen, cac phuong phép san xuét polynucleotit, ciing nhu
viéc st dung polynucleotit trong qua trinh sinh trudng cia cdy lua chuyén gen nay, va

ndi dung nay s€ dugc thao luan dudi day.

Béng sang ché Hoa Ky s6 US 9,605,271 B2 lién quan dén cdy dugc chuyén gen
dé co ca kha nang khang bénh va céac dic diém nong hoc chép nhan dwoc. Tai li€u
bing sang ché nay boc 16 cay lua chuyén gen bao gdbm gen WRKY45, trong d6 gen
WRKY45 dugc lien két van hanh v6i promoto dép tng nhiém bénh va chét ting
cuong dich ma. Cu thé, tai liéu mo ta réng cay chuyén gen c6 kha ndng chéng lai bénh
dao 6n va bénh bac 14 do vi khuén. Tai liéu nay ciing luu y rang céc tinh trang ndng

hoc duogc duy tri hodc cai thién so vdi ciy trong tu nhién. Tuy nhién, cdc thi nghiém va
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két qua chi cho thdy rang cac tinh trang noéng hoc cua ciy chuyén gen bi giam hoic

dugc duy tri nhu so véi cay d6i chimg.

Bing sang ché Hoa Ky s6 US 9,434,958 B2 lién quan dén viéc tao ra dong lta
c6 ca kha ning khang bénh phirc tap va cac tinh trang ndéng hoc tuyét voi bang cach sir
dung ciu tric axit nucleic bao gbm polynucleotit ma hoa protein ngudn gbc mot 14
mAm c6 chic ning cai thién kha ning khang bénh cia cdy mot 1a mim va mot
promoto ¢ chirc ndng didu hoa biéu hién cta polynucleotit. Tai liéu nay md ta cac gen
OsUbil, eEF1a hodc OsUbi7 duoc sit dung lam promoto. Tai liéu cling boc 10 vi€c st
dung dong lta dé tao ra ciy lta chuyén gen c6 kha ning khang bénh va céc tinh trang
nong hoc tdt. Mic du da thu duge nhitng két qua kha quan vé kha nang khing bénh
dao on va bac 14 do vi khuan, nhung két qua vé tinh trang nong hoc khong hoan toan
kha quan. Cu thé, cdy lua biéu hién qui mic OsWRKY45 diéu khién boi promoto
POsUbi7 chi cho két qué tét hon so véi hai promoto con lai va chi cho két qua t6t hon

mot chat so v6i Nipponbare vé so luong nhéanh.

Bén canh cac van dé duoc néu trong céac tai liéu thudc tinh trang k¥ thuét, do
d6, doi hdi sang ché can dé xuat gen tai to hgp dé tao ra cdy chuyén gen c6 cai thién
kha ning khang thudc diét o, vi khuan va nam cling nhu nang cao céc tinh trang néng

hoc nhu ting nang sudt va chiéu cao cdy.

Ban chét k§ thuit ciia sing ché

Sang ché boc 10 gen tai td hop duoc dic trung béi axit nucleic bao gdm gen
EPSPS thtr nhit v6i trinh ty axit amin theo SEQ ID no.1 va gen EPSPS tht hai véi
trinh ty axit amin theo SEQ ID no.2, ma dugc dung hop v6i gen méa hoa yéu t6 phién
ma v4i trinh tu axit amin theo SEQ ID no. 3. Cy thé, gen EPSPS thu nhét dugc thu tir
Agrobacterium tumefaciens CP4, gen EPSPS thir hai dugc thu tu Oryza sativa, gen

duoc ma hoa bing yéu t6 phién ma 1a WRKY45 cia Oryza sativa.

Muc dich cta sang ché nhiam dé xudt gen tai t6 hop c6 khi ning khéng thube

diét cd, vi khuan va nam cling nhu ndng cao céc tinh trang néng hoc.

Muc dich khac cua sang ché 1a d& xuét gen tai td hop dugc dua vao vecto dé tao

ra té bao chu cho su sinh trudng cla cdy chuyén gen.
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Muc dich cta sang ché con 1a dé xuat gen tai to hop dugc dua vao vecto dé tao

ra t€ bao cay lta cho sy sinh trudng cta cdy lua chuyén gen.

Muc dich cta sang ché ciing nham dé xut gen tai t6 hop c6 kha ning khéang vi

khuén Xanthomonas oryzae pv. oryzae (X00).

Muc dich cta sang ché ciing 1a dé xuét gen tai td hop c6 kha ning khéng nim

Magnoporthe oryzae.

Muc dich ctia sang ché ciing 12 dé xuét gen tai td hop c6 cic tinh trang ndng hoc

nang cao nhu ndng suat va chicu cao cdy.

Muc dich khéc nita cia sang ché 1a d2 xuét gen tai to hop c6 kha ning khang

thudc diét co, vi khuan va ndm cling nhu cac tinh trang nong hoc ning cao.

Mo ta van tat cac hinh vé
Sang ché dugc mo ta véi tham chiéu dén cac hinh veé trong do:

Fig. 1A va 1B thé hién qué trinh ndy mam khi hat moc mam trén nu bong cb

hygromyxin.

Fig. 2A 1a bang théng ké ty 1¢ phan trim bong c6 hat trén tdng s bong ctia ciy
laa chuyén gen, Fig. 2B 14 bang thdng ké ty 18 phan trim ctia bong dai trén mdi cdy loa
chuyén gen, va Fig. 2C 1a bang théng ké khéi lwong hat thu duge tr mdi ciy lta

chuyén gen.
Fig. 3A va 3B minh hoa phuong phéap do bong cla cdy laa chuyén gen.
Fig. 4 minh hoa s6 luong dé nhanh ctia cdy lta chuyén gen.
Fig. 5 minh hoa trién vong clia cdy lta chuyén gen.

Fig. 6A va 6B minh hoa trinh tu clia gen tai t6 hop.

M ta chi tiét sang ché

Phén m6 ta dudi day dugc trinh bay dé ngudi c6 hiéu biét trung binh trong linh
vuc k¥ thudt cua sang ché ¢ thé thuc hién va st dung cac phuong 4n khac nhau. M6

ta vé cac thiét bi, k¥ thuat va tng dung cu thé chi duoc d& xuét nhu 13 mau thi nghiém.
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Cac cai bién khac nhau d6i vé6i cac vi du duge mb ta theo sang ché 13 15 rang dbi voi
ngudi ¢6 hiéu biét trung binh trong linh vyc k§ thuat nay va cac nguyén tic chung
duge xac dinh theo sang ché co thé dugc 4p dung cho cac vi du va (mg dung khac ma
khong di chéch khéi pham vi clia cac phuong an khic nhau. Do d6, cdc phuong an
khac nhau khong nham giéi han & céc vi du duge md ta va dugc trinh bay & day,

nhung nham phi hgp véi pham vi théng nhit cia cic yéu céu bao hd.

Nhu da duoc dé cap, lia 1a mot trong cac ciy trdng quan trong nhét va can phai
duy tri hodc tang téc do sinh truéng cla lua dé dap ung nhu cdu tir dan s6 ngay cang
ting trén thé giéi. Tuy nhién, cdy laa khong phai 1a loai cdy dé trong & bat ctr dau
trong diéu kién bat ky, va co rAt nhiéu loai ung suét sinh hoc va phi sinh hoc khic nhau

ma cay lta phai vugt qua dé sinh trudng khoe manh va tao ra ndng suat cao hon.

No6i chung, su phat trién cua cay dugc diéu hoa béi cac hormon, va co nhiéu
hormon di biét dé diéu hoa su phat trién cia thuc vat nhu axit salixylic (SA),
brasinosteroit (BR), jasmonat (JAs), etylen (ET), axit gibberellic (GA), axit abxisic
(ABA) va auxin (AU). Dic biét, SA 1a mdt hormon phenolic thuc vét ¢6 vai tro didu
hoa va lam trung gian sy sinh trudng cua thuc vat va c¢6 kha ning truyén tin hiéu va
lam trung gian bao v¢ thuc vt chéng lai mam bénh. SA ciing dugc biét dén 12 tin hiéu
diéu hoa trung gian cho phéan tng cta thyc vat chéng lai cac tng sudt phi sinh hoc
khac nhu han han, nhiét d0 moi trudng ting hodc giam manh, kha nang chiu kim loai

ndng va ap suadt tham thau.

Nhiéu nghién ctru khac nhau da dugc thyc hién va cac bai viét da duoc cong bd,
giai thich rang thuc vat tdng hop hdn hop phitc tap cua cic hormon nay dé hoat hoa
mot bd gen ddc biét lién quan dén phong vé dé chéng lai mam bénh. Cac con dudng
SA va JA thuong tuong tac voi cac con duong phytohormon khéc, bao gbm céc con
duong ABA, GA, BR va AU dé tao thanh mot mang lu6i 16n cing didu hoa su cin
bing gitta sinh truong va mién dich (Denance va cong su, 2013; Wang va cong su
2007). Oryza sativa thuong tdng hop SA muc do cao ma khong thay dbi dang ké trong
qué trinh tan cong cla mam bénh (Silverman va cong su, 1995). Tuy nhién, ing dung
ngoai sinh ctia SA hodc cac chét twong tu chirc ning cta n6 (benzothiadiazol, BTH) s&
tao ra cac phan ung phong vé d6i voi pho rong cia mam bénh véi cac vong doi va co

ché lay nhiém khéac nhau (Iwai va cdng sw, 2007; Shimono va cong su, 2007). Do do,
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dua trén cac nghién ciru hién co, céc tac gia tin rang qua trinh truyén tin hiéu phong v¢

& laa dugc thuc hién qua trung gian boi tin hiéu SA chir khong phai tdng hop SA.

Con dudng truyén tin hiéu SA & lda bao gbm hai con dudng nhé, duge biét 13
duoc diéu hoa bdi WRKY45 va OsNPR1. Mot sb chét cam g hoa hoc, con dugce goi
1a chét hoat héa thuc vat nhu BTH, bao vé thuc vat khéi su tin cdng cia bénh béng
cach hoat dong trén cac con duodng tin hi¢u SA. Hon nita, mét s& gen lién quan dén
bénh sinh (PR) va gen yéu t6 phién ma (TF), ching han nhu OsWRKY62, OsNAC4 va
OsHSF1, duoc diéu hoa ting cudng béi BTH tuong tu chirc nang SA va phu thudce vao
WRKY45 (Nakayama va cong su, 2013). Cdy Ita chuyén gen biéu hién qué mirc
OsNPR1 (OsNPR1-OX) da dugc bdo cdo cho thdy su sinh truéng va phat trién bi tc
ché manh v&i nang cao kha niing khang bénh bac 14 do vi khuén Xanthomonas oryzae
pv oryzae (Xoo) (Li va cong su, 2016). Hon nita, OsWRKY45 cling la mot yéu 6
phién ma dic hiéu cho lta cdm Ung BTH. Su biéu hién qua mic cia WRKY45 cho
thdy kha niang chdng chiu t6t dbi voi bénh dao 6n do ndm Magnaporthe oryzae gy ra
va bénh bac 14 do vi khudn Xanthomonas oryzae pv oryzae (X00), la hai bénh hai lia
chinh (Takatsuji, 2014). Tuy nhién, mot s6 bao céo va bai viét di chi ra ring su bicu
hién qué mic cua WRKY45 dan dén nhuoc diém vé ton hai vé sinh trudng va suc
khoe cay tréng (Shimono va cdng su, 2007; Goto va cdng su, 2015; Tao va cong su,
2011). Do do, cac nghién ctru da va dang phan tich siu hon cac tén hai vé chi phi lién
quan dén viéc str dung promoto ltia dé t4i wu hoa su biéu hién cia WRKY45. Dua trén
cac nghién clru va bao cdo, do do nguoi ta tin rang viéc t6i wu hoa su biéu hién qué
mtrc cia WRKY45 ¢6 thé din dén viee kiém soat su tén hai va c6 thé ting cuong su

sinh trudng trién cua ciy.

Ngoai kha niang sinh trudéng va khing bénh, khang thube diét co ciing 1a mot
g suét phi sinh hoc 4nh hudng dén sinh truéng, phat trién va ning sudt ctia cdy lda.
Thudc diét co, bao gdm glyxin va glyphosat, Grc ché 5-enolpyruvylshikimat-3-phosphat
(EPSP) tong hop trong con duong axit shikimic ¢ thuc vat. Didu quan trong phai hiéu
réng con duong axit shikimic trong thyc vt tao ra axit thom, lignin, flavonoid, phenol
va cac chat chuyén hoa tht cip khac (Shah va cong sy, 1986; Franz va cong su, 1997)
hd tro sy phat trién cua thuc vat. Su uc ché con dudng nay gdy giam tao ra céc axit

amin thom, cu thé dbi voi su téng hgp protein & thuc vat, va axit indol-3-axetic (IAA)
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(Muller va cong su, 1998), cubi cung dan dén chét cay (Funke va cong sy, 2006). Dua
trén thuc té thuong duoc biét dén vé EPSPS, cac nghién ctru da dugc thyc hién chi
yéu vé kha niang khang thudc diét ¢ cua cay lta thay vi cdc tinh trang 1y hoc khéc.
Biéu hién cta EPSPS anh hudng dén sy sinh trudng, kha ning canh tranh, ning suét
va stc khoe 1au dai cua cay lua duge biét dén it hodc thdm chi chua duoc biét dén.
Thay vao do, cac nghién ctru va thi nghiém chi tap trung vao kha néng cta gen dbi voi
kha ning khang thubc diét co.

Trude day da c6 bao céo rang cdy lda lai gifta cdy lGa bién ddi gen ma gen
EPSPS lua biéu hién qua mirc cho thdy su sinh truéng va kha ning sinh san cua ciy rat
manh va bén virg ma khong cin tiép xtc v6i glyphosat (Wang va cong su, 2014). Tuy
nhién, bao céo dd gy tranh cii trong mdt trong céc birc thu gii cho bién tap vién cua
tap chi New Phycologist vi ndé dugc coi la thiéu bang chung cho thiy gen chuyén
EPSPS cua lua dem lai kha nidng khéng glyphosat hodc laa co chuyén gen khée manh
hon so véi dong hoang dai ctia né (Gressel va cong su, 2014). Mic du nguoi ta khang
dinh rang cay lia lai cd chuyén gen dem lai kha ning khang glyphosat, tuy nhién
khong cé thong tin nao dugc cic tdc gid cung chp vé cai bién trinh tu, hodc céc san
phim protein ctia n6 14 Km hodc Ki cho glyphosat. Hon nita, khong c6 dit li¢u nao
dugc dua ra vé kha ning sinh san ctia cy laa chuyén gen so véi gidng b6 me (Gressel
va cong su, 2014). Ngoai ra, thiéu dit lidu phan tr vé cac gen chuyén va khong c6 dix
liéu vé& muc do ting ning suit do gen EPSPS dugc cai bién mang lai cho cay lta dugc
canh tac, ma can dé lam co sé so sanh v6i muc ting ning sudt ma né mang lai cho ciy
lGa-co. Diu nay s& dit dir liéu v& sy gia ting kha nang sinh san cta lta c6 dudi goc do
liu diu nay c6 tuong tu voi cac truong hop khéac khi nang sut ting cua cdy trong
dua gen cua cé dai lién quan hay khong. Nhiéu nghién ctru cho thdy rang cac gen ndi
sinh tir cdy trong tang tdc dd sinh trudng va/hogc kha ning sinh san cta loai co dai lién
quan ma cdy trong co thé thu phén chéo (Ellstrand, 2003). Bit ctr khi ndo cac tinh
trang nang cao nang sudt duoc dua vao cdy trong, ching c6 thé nhanh chéng dua gen
vao cac loai ¢ dai nhiém bénh lién quan (Arrigo va cdng sy, 2011; Perez-Jones va
cOng su, 2006; Rehman va cong sy, 2006; Weissmann va cdng su, 2005). Do d6, kha
ning sinh trudéng va ting kha ndng sinh san ¢ lta lai co dai cé thé 1a két qua cla cac
gen nAng cao ning suat khac trén cdy lua chtt khong phai 1a gen chuyén EPSPS cua

cdy lta duogc cai bién.
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Do d6, v6i nhitng van dé néu trén, can phai tao ra mot gen tai td hop c6 kha
ning cai thién kha nang khang thude diét co, vi khudn va ndm cling nhu nang cao céc
tinh trang néng hoc & cdy lda. Do do, sang ché boc 16 gen tai td hop co axit nucleic bao
¢dm gen EPSPS thir nhit ¢6 trinh ty axit amin theo SEQ ID no. 1 va gen EPSPS th
hai ¢6 trinh ty axit amin theo SEQ ID no. 2, trong d6 gen tai td hop duge dung hop véi
gen mi hoa yéu td phién ma c6 trinh ty axit amin theo SEQ ID no. 3. Séng ché nhin
manh ring gen tai td hop cai thién kha ning khang thubc diét co, vi khuén va ndm véi

cac tinh trang nong hoc dugce ning cao.

Theo mot phuong 4n cua sang ché, gen EPSPS thit nhét thu duoc tir vi khudn
Agrobacterium tumefaciens CP4 c6 trinh ty axit amin theo SEQ ID no. 1 va gen
EPSPS thtr hai thu dugc tir Oryza sativa ¢6 trinh ty axit amin theo SEQ ID no. 2. Sau
do, gen tai t hop dwgc dung hop véi gen cia Oryza sativa ma hoa yéu t6 phién mi la
WRK Y45 véi trinh ty axit amin theo SEQ ID no. 3. Trinh ty dugc minh hoa trong Fig.
6A va 6B. Cac phan doan gen EPSPS cua vi khuin Agrobacterium tumefaciens CP4
va EPSPS cta Oryza sativa ciing nhu WRKY45 cta Oryza sativa dugc tong hop va
tao ra bang cach st dung cic phuong phép thong thuong da biét d6i voi ngudi 6 hidu
biét trung binh trong linh vuc k¥ thuat nay. Sau d6, phan doan nay duoc nbi véi phan
doan khac nhu mdt loat cdc promoto va terminato dé tao thanh gen quan tdm hoan

chinh bang k¥ thuat PCR gen chdng l3p (overlapping PCR).

Thong thudng, cac promoto ¢é vai trd khoi dAu phién ma cho mdt gen cu thé va
cac terminato c6 vai trd két thuc va danh ddu su két thic phién ma ctia mot gen cu thé.
Nguoi ta dd thao luan trude do ring promoto va terminato anh hudng dén sy biéu hién
qua mirc cla cac gen, diéu nay s& anh hudng dén diéu kién sinh truong ctia cay. Do do,
muc tiéu cua sang ché 13 tdi vu hoa loai promoto cling nhu terminato dugc sir dung dé
thu duoc cdy c6 céc tinh trang 1y hoc ning cao. Theo mot phuwong 4n cla sang ché, su
biéu hién cua gen EPSPS tht nhét duge didu hoa boi it nhat mot promoto va promoto
nay tot hon 1a promoto ubiquitin clia Zea mays. Theo mot phuong an khac cia sang
ché, su biéu hién ctia gen EPSPS thit hai cling nhu gen ma hoa yéu t6 phién ma ciing
duoc didu hoa boi it nhat mot promoto va promoto nay t5t hon 12 promoto CaMV 35s

don.
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Pé xac dinh tinh hidu qua cua gen tai t6 hop, cay chuyén gen dugc tao ra bang
cach st dung gen tai t6 hop. Theo mdt phwong 4n khéc cia sang ché, gen tai td hop
duoc nhan dong bing vecto, t6t nhét 12 vao vi tri Acc65I va Pmll cia pPCAMBIA1301
T-DNA. Sau dé vecto dugc dua vao t& bao chu. Té bao chu, theo sang ché, t6t hon 1a
té bao thuc vat va té bao thuc vat dé c6 thé dugc chon tir nhém bao gém cay tréng trén
déng rudng, trai cdy va rau. Cu thé hon 13, té bao thuc vat co thé duogc chon tir cac loai
ngll cde nhu ngd, gao, lia mi, lta mach, cao luong, k€, yén mach, v.v.. Té bao thyc vat
ciing ¢6 thé duoc chon tir cac loai ciy trong khac nhu dau nanh, bdng, cu cai duong,
cai dau, v.v.. Theo mot phuong 4n dugc uvu tién clia sang ché, té bao thuc vat t&t hon
thu duoc tir cay lua. Loai té bao thuc vat duge st dung theo sang ché khong dugc gidi
han & cac loai dugc d& cdp trong ban md ta ndy. Cac phuong phip dua vecto vao té
bao thuc vat c6 thé bao gdm nhung khong gi6i han & cac phuong phap sau day: (i)
stng bin gen vao vt lidu bang céc hat dugce pht polynucleotit; (ii) bang xuyén qua vit
liéu hodc s¢i silic cacbua dugc phu bang dung dich chira polynucleotit; (iii) bang cach
dua polynucleotit hodc vecto vao vi khun Agrobacterium va dong nudi cdy vi khuan
Agrobacterium dugc chuyén gen nhu vy véi vt liéu thuc vat, do d6 duge chuyén gen
va tai sinh. Theo phuong an dugc uu tién hon theo sang ché, vecto dugc dua vao dong
Escherichia coli thuong mai. Sau d6, vat lidu nudi ciy dugc sinh trudng dé thu duge
cac mam hodc hat c¢6 gen quan tAm theo sang ché, sau d6 s& dugc trong thanh ciy
chuyén gen. Quy trinh san xuét vecto, té bao chu va cdy chuyén gen dugc coi la quy
trinh phong thi nghiém thong thudng ma quen thude déi voi nguoi ¢6 hiéu biét trung
binh trong linh vuc k§ thudt nay. Do d6, cdc quy trinh dugc dé cap & day khong bi gioi

han vi cac quy trinh ¢6 thé doi hoi bién tiy theo timg trudng hop.

Trinh tu cta toan bo gen téi td hop dugc minh hoa trong Fig. 6A va 6B. Nhu da
duoc dé cap trude dé, gen tai t6 hop dugc tong hop tir su két hop ctia cac gen va trinh
tur cia cac gen ciing duge xac dinh va minh hoa trong Fig. 6A va 6B. Dé d& tham khao,

trinh tu ctia cac gen duge danh s6 va danh sach duoc bd sung dudi day:
SEQ. ID NO. 1 — gen EPSPS cua Agrobacterium tumefaciens chung CP4
SEQ. ID NO. 2 — gen EPSPS cua Oryza sativa

SEQ. ID NO. 3 — gen WRKY45 cua Oryza sativa
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SEQ. ID NO. 4 — tin hi¢u CaMv poly A

SEQ. ID NO. 5 — Hygromyxin

SEQ. ID NO. 6 — promoto CaMv35s, lap

SEQ. ID NO. 7 — promoto ubiquitin cua Zea mays

SEQ. ID NO. 8 — Nos (Nopalin Syntaza) 3’ UTR (tin hi€u polyA)
SEQ. ID NO. 9 — promoto CaMV 35s

SEQ. ID NO. 10 — Nos (Nopalin Syntaza) 3 UTR (tin hi¢u polyA)

Cu thé, sy phat trién cta ciy chuyén gen trai qua qua trinh nay mam ma hat
dugc nay mam dau tién trén bong gon c6 hygromycin. Qua trinh nay mam bao gdm
nhiéu budc va qua trinh ndy mam dugc coi 1a hoan thanh khi vo hat vd ra va ré nhi ra
tir hat. Do do, cac hat giéng da nay mam thanh céng duoc cho 1a s& sinh trudng va tré
thanh cdy chuyén gen mang gen tai t6 hop cling nhu céac dic diém cin thiét. Fig. 1A va
1B minh hoa qua trinh nay mam ma hat duge ndy mam. Trude khi nay mam, hat dugc
ngim trong nudc hai ngay. Sau do, hat duoc dé nay mam trong dd dé chira chira day
bong gon hodc gidy di dugce lam 4m. Bong gon dugc lam am chira khoang 30mg/l
hygromycin B, ma sy c6 mit cua hygromycin giip sang loc cac hat chuyén gen. Hat
nay mam, sau khoang bay ngay, c6 chdi va r& thi duoc chuyén ra dat dé trong tiép. Tt
ca cac quy trinh dugce tién hanh & nhiét 46 phong trong diéu kién anh sang ban ngay
binh thuong va chu ky dém trong nha kinh chuyén gen BSL2. R4 rang i voi nguoi
c¢6 hiéu biét trung binh trong linh vuc k¥ thuét nay, cac quy trinh duoc dé cap trong
ban mo ta duoc coi la quy trinh chung cua phong thi nghiém. Cac quy trinh nay c6 thé
duoc stra d6i dé phu hop véi cac didu kién theo yéu ciu ctia loai cdy trdng cu thé dugc

st dung.

Mot loat cac tinh trang ndng hoc dang dugc ndng dan va cdc nha nghién ctu
nhin manh va theo ddi trong nhiém vu cta ho trong viéc tdng cudng sy sinh trudéng
clia cdy lua va ting ning sudt lua. Theo sang ché, cac tac gia tip trung vao céc tinh
trang nong hoc cu thé nhu nang suit va chiu cao cdy cia ciy chuyén gen. Sy sinh
truéng cua ciy chuyén gen dugc theo doi bang cach ghi lai cc dic diém vét Iy cta cay

chuyén gen. Theo phuong 4n cla sang ché, cac dic didm vat 1y duoc ghi lai bao gdm
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s6 nhanh, s6 bong, s6 nhanh khdng c6 bong, s6 bong khong c6 hat, so bong c6 hat, sd

luong bong dai, trung binh va ngin trén cay, va khéi luong ctia hat.

Fig. 2A 13 bang thong ké ty 18 bong c6 hat trén tbng sb nhanh ciia mdi cay lta
chuyén gen. Tur Fig. 2A, s6 nhanh trung binh trén mdi cdy 1a 45,5 va s6 bong trung
binh trén mdi cdy 1a 41,13. Pé l1am 15, trong s6 cac nhanh va bong lta nay, chi c6
khoang 4 nhanh duoc trdng ma khong c6 bong va khoang 8 bong duoc trdng ma
khong cé hat. Hon nita, Fig. 2A cho thdy ty 1¢ bong c6 hat trung binh trén tbng sb
nhanh 13 72,89%. Ciing can luu y ring trong s6 8 ciy chuyén gen duoc trong, mot
trong cac cay chuyén gen (tac 12 T1/7) c6 ty 1& bong c6 hat trén tdng sb nhanh cao
nhAt, 1a 83,33%. Ty 18 phéan trim cao hon quan trong vi ty 1& phin tram quyét dinh
ning suit lda. Do d6, ty 1¢ ndy cang cao thi cang ¢6 nhiéu bong cia cay chita hat, didu
nay cudi cliing s& gop phan vao ning suét 1aa. Fig. 4 minh hoa cdy lta dugc cit & phan

dudi cing dé cho thiy cac nhanh moc bén trong cay lua.

Tinh trang ndng hoc khic dugc minh hoa trong Fig. 2B la chiéu dai ctia bong
phat trién trong cay chuyén gen, gop phan vao chiéu cao cua cdy. Fig. 2B cho thiy mdi
cdy c6 trung binh 63,38% s6 bong dai. Cling luu ¥ ring trong s 8 cdy chuyén gen
duoc trdng, cdy chuyén gen T1/7 ¢6 ty 1€ bong dai cao nhét trong cdy, 1a 72,73%.
Bong thu dugc trong cy cang dai thi bong cang cao va cang chtra nhiéu hat, do d6 lam
ting ning suat cua cdy. Fig. 3A va 3B minh hoa chiéu dai cta cac bong thu dugc tir
cdy chuyén gen, trong d6 ca hai bong déu vuot qua 25cm. Vi vay, didu quan trong ddi
v6i ciy chuyén gen 1a khong chi c¢6 phin trim s nhanh va bong nhiéu ma con cé cay

cao hon vai chiéu dai cua bong dai hon.

Tinh trang 1y hoc khac dugc theo ddi va ghi lai 1a khéi lugng cua hat. Theo
sang ché nay, khdi lugng duge ghi lai cho mdi 1000 hat tinh bang gam. Khéi lugng
trung binh duogc ghi lai trong Fig. 2C 1a 24,725¢g va khéi lwong ning nhit dugc ghi lai
cling 1a tr cay chuyén gen T1/7. Khéi lugng cta hat cho thiy céc bong chira hat thay
vi hat Iép. Do do, hat cang ndng thi cang chua nhiéu hat gao trong vé, do d6 lam ting

nang suat gao.

Fig. 5 ctia hinh v& minh hoa trién vong cta cac cdy chuyén gen. Nhu trong Fig.
5, cdy chuyén gen cao va manh mai v6i hau hét cic 14 cua ching dung thang lén va

mot s6 it 14 & phan dudi cung cia cdy udn cong vé phia mit dat. Cay la ban dau va
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binh thudng ciing cao va ménh mai. Tuy nhién, thong thuong, 14 cua ching hau nhu bi
ubn cong, bao gém ca bong lua. Day ciling 1a mot trong nhing Iy do tai sao ngudi ndng
dan ludn trong céch xa nhau. Khoang trdng gitta cac cdy lua tao khong gian cho 14 va
bong lta udn cong va séng va tranh trdng qué day din dén chét cay lta. C4c bong bi
cong chu yéu 1a do hat da chin, ma khéi lwong cta hat da chin cudi ciing s& 1am céc
bong bi udn cong xubng dudi. Cling c¢6 trudng hgp cac bong qua yéu, khong thé gitr
dugc khéi lugng ctia hat chin va cudi cing gay xubng dAt. Hat da chin bi roi xudng dat
s& rat lang phi, cudi cling 1am gidm ning suit 1a. L4 va bong bi ubn cong ciing can
anh sang mat troi dbi v6i 14 moéi moc dudi gde cdy, do d6 can trd sy sinh trudng cia
cay laa.

Khong gidng nhu cic cdy lua nay, cdy lia chuyén gen thu dugc theo sang ché
khong doi hoi trdng cay lta chuyén gen v6i khoang cach rong vi 14 va bong lia moc
thang. Do do, diéu nay cho phép nguoi ndng dén b tri va trdng nhidu cdy laa hon
trong mdt khong gian cu thé. Hon nita, cAu trac 14 moc thing cho phép anh sang mit
troi ¢6 thé chiéu xuyén qua phan duéi clia cdy, giup cac 14 phia dudi phat trién. Bong
laa duogc trong tir cdy lua chuyén gen duong nhu ciing khoe hon so véi cdy laa thuong
va cdy lia ban ddu. V6i bong khoe hon, hat gibng dugc moc trén bong s& khong dé
dang ubn cong bong va roi xubng dit, ma thay vao d6, ching c6 thé duoc thu hoach

toan bo.

Ngoai céc tinh trang ndng hoc, gen tai td hop duoc boc 10 theo sang ché tao ra
cdy lua chuyén gen c6 kha ning khéng thudc diét ¢o, vi khudn va ndm. Dic biét, cdy
chuyén gen khang su phat trién ctia vi khudn - Xanthomonas oryzae pv. oryzae (Xo0),
va ndm - Magnoporthe oryzae. C6 nhiéu cach dé kiém tra kha niang khang thudc diét
¢6 cua thuc vat chuyén gen, cu thé 1a thtr nghiém trong chiu trong nha kinh bang cach
st dung hat hodc cay tré)ng, thr nghiém trén dia petri, thtr nghiém phan ti hodc thir
nghiém trong phong thi nghiém danh ddu phong xa. Theo phuong an dugc wu tién cla
sang ché, glyphosat da dugc st dung dé kiém tra kha nang khang thubc diét co cia ciy
chuyén gen. Trong qué trinh kiém tra, cac cdy chuyén gen duoc phun 2,81/ha glyphosat
trong thoi gian ba tudn. Sau do, trang thdi cua cay chuyén gen dugc kiém tra dé xac
dinh xem ching c6 thé sdng s6t sau khi duge phun glyphosat trong khoang thoi gian

hai tudn hay khong. TU céc thi nghiém, diéu dang chu y 1a cay chuyén gen vin séng
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s6t sau khi sit dung glyphosat ma khong c6 thay dbi ro rang nao dbi véi cay chuyén
gen. Thay vao do, cay lta khong dugc chuyén gen dugc phun glyphosat bét ddu héo va
chét sau hai dén ba ngay. Sau lan st dung glyphosat diu tién, ca cdy chuyén gen va
cdy lta khong dugce chuyén gen lai duoc phun glyphosate mot 1an nira. O 14n sir dung
thir hai, mot 1an nita cdy chuyén gen khong c6 dAu hiéu héo hay chét. Céc cay chuyén
gen dugc duy tri trong nha kinh dé phat trién thém. TU cac thi nghiém, nguoi ta két

luéin rng cdy chuyén gen c6 kha ning khéng thubc diét co.

Déi v6i kha nang khang vi khuan, ciy chuyén gen nén c6 kha ning khang vi
khuén - Xanthomonas oryzae pv. oryzae (X00) do cdy chuyén gen bao gdm gen clia
Oryza sativa WRKY45 thuong duoc biét 1& ¢6 kha ning khang vi khuin nay. No6i
chung, su nhiém bénh bac 14 do vi khuén trén cay lia 1am cho cay con bi héo, vang va
kho 14, cubdi cing gay chét cdy. Nhiét do thich hop cho bénh 1a tir 25 dén 34°C v6i do
Am tuong ddi trén 70%. Bénh bac 14 do vi khuin d& dang gy chét chét ciy con bi
nhiém bénh trong thoi gian tir hai dén ba tudn. Cay trudng thanh c6 thé sdng sot, tiy
thuoc vao muc do bénh, nhung chic chin s& anh hudng dén ning sudt va chét lugng
laa. M6t sb phuong phap da duge biét d& dwoc sir dung trong kiém soat va chbng lai
bénh bac 14 do vi khuén trén cdy lta, va cdc phuong phap bao gdm cac bién phap kiém
soét sinh hoc va héa hoc. Tuy nhién, cac phuong phap nay khong hiéu qua bing canh
tac cdy lta mang gen khéang vi khuén. Theo mét trong nhitng phuong an dugc uu tién
theo sang ché, 14 bi nhidm bénh bac 14 do vi khudn duoc thu thap va cat thanh céc
manh nhé dé thuc hién quy trinh nhiém bénh. Quy trinh nay la quy trinh phong thi
nghiém thong thudng va dugc bibt dén rong rai va r rang ddi véi ngudi c6 hitu biét
trung binh trong linh vuc. Cay bién dbi gen duoc nhiém khuan dugc trong trong thoi
gian 14 ngay va tién hanh quan sat. Mtrc do nghiém trong cua bénh bac 14 do vi khuin
duoc quan sat bang cach xac dinh xem ¢ dau vét ctia cdy con bi héo va vang va kho 14
hay khong. Quan sat thdy rang hau hét cac cay chuyén gen khong c6 déu vét nhu vay.
Cay chuyén gen nhu vay dugc duy tri trong nha kinh dé quan sat thém. Do do, két luan
rdng cdy chuyén gen c6 khi ning khang vi khuén — Xanthomonas oryzae pv. oryzae

(Xoo).

Nam Magnaporthe oryzae c6 thé gy ra bénh dao on trén cdy lua, anh hudng

dén hau hét cac bo phan cua cdy, tic l1a 14, ¢o 13, mat, co bong, cac b phén cia bong
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va thdm chi trén be 14, ngoai trir ré cay. Khong c6 giai doan sinh trudng cu thé ma & d6
va vao thoi diém d6 nfdm tdn cong, ngudi ta cho rang nim tin cong & tat ca cac giai
doan sinh trudng cua cdy laa. Sy nhiém khi nAm tin cong c6 thé dugc quan sat thdy
v6i céc triéu ching nhu vét tdn thuong va dém. Theo thoi gian va khong dugc xu ly
ding céch, céac vét ton thuong c6 thé to ra va 16n 1én cung nhau, lam chét 14 hodc mot
phin ctia cdy bi nhiém bénh. Ngudi ta tin rang nhiém bénh ning c6 thé 1am chét cay
lta va lam gidm ndng suat. D& tranh va ngan ngira sy nhiém nidm ndy, can thuc hién
cac bién phap phong nglra nhu dbt rom, ra da bi nhiém bénh trudc do, st dung hat
gibng sach bénh va can déi ty 18 dinh dudng. Tuy nhién, cdc nghién ciru da chi ra rang
day khong phai la cach hiéu qua nhét dé kiém so4t va ngin ngla sy tn cong clia ndm.
Thay vao do, cach phong trir t6t nhat 12 st dung va trdng lia c¢6 dic kha ning khang
bénh. Theo mdt trong nhitng phuong 4n dugc uu ti€n cua sang ché, cac 14 bi nhiém
nAm dugc thu thip va cit thanh cac manh nhé cho quy trinh nhiém bénh. Quy trinh
ndy la quy trinh phong thi nghiém thong thudong va dugc biét dén rong rai va rd rang
d6i v6i ngudi c6 hiéu biét trung binh trong Iinh vyc. Cay bién dbi gen dugc nhiém
duoc trong trong thoi gian 14 ngay va tién hanh quan sat. Mirc do nghiém trong cua
bénh bac 14 do vi khuén dugc quan sat b'fmg cach xac dinh xem c6 du vét cua cac vét
tdn thuong trén toan bo cdy hay khong. Nguoi ta quan sat thdy rang hau hét cac cay
chuyén gen khong ¢ diu vét nhu vdy. Ciy chuyén gen dugc duy tri trong nha kinh aé
quan sat thém. Voi nhitng quan sat nay, ¢ thé két ludn rang cay chuyén gen c6 kha

nang khang ndm - Magnaporthe oryzae.

Bén canh nhitng diéu trén, 16 rang 1a ngudi 6 hiéu biét trung binh trong linh
vuc k§ thudt nay co thé chon thi nghiém bt ky dé kidm tra kha ning khang thude diét
¢6, vi khudn va nidm cta cdy chuyén gen. Céc budec va quy trinh thir nghiém khong
0i6i han nhu di néu & trén va c6 thé dugc sira ddi khi can thiét doi véi cac loai cdy
khac nhau.

Mac du chi c6 mot sb phuong an duoc léy lam vi du d3 dugc mo ta chi tiét &
trén, ngudi c6 hidu biét trung binh trong linh vuc k§ thuat nay s& dé dang nhan thirc
rdng c6 thé thuc hién cic cai bién trong céc phuong an dugc 14y 1am vi du ma khong di
chéch khoi tinh méi va thuén loi cua sang ché. Ngoai ra, cac khia canh cta cac phuong

an duoc boc 10 trong ban md ta cd thé duoc két hop trong cac két hop khéc dé tao
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thanh cac phuong 4n bd sung. Theo do, tAt ca céc cai bién nhu vay déu dugc dy dinh Ia

bao gdm trong pham vi cuia sang cheé.
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YEU CAU BAO HO
Gen téi td hop dé cai thién kha ning khang thudc diét co, vi khuin va nim ciing
nhu tao ra tinh trang néng hoc ning cao, gen tai tb hop dugc dic trung béi axit
nucleic bao gdbm gen EPSPS thit nhét véi trinh ty axit amin theo SEQ ID no. 1 va
gen EPSPS thir hai v6i trinh ty axit amin theo SEQ ID no. 2, trong d6 gen tai tb
hop dugc dung hop véi gen ma hoa yéu t& phién ma véi trinh ty axit amin theo

SEQ ID no. 3.

Gen tai t6 hop theo diém 1, trong d6 gen EPSPS thir nhét thu duge tir ching

Agrobacterium tumefaciens CP4.

Gen tai td hop theo diém 1, trong d6 gen EPSPS thr hai thu dugc tir Oryza

sativa.

Gen t4i t6 hop theo diém 1, trong d6 gen ma héa yéu t6 phién ma 1a WRKY45

ctia Oryza sativa.

Gen t4i td hop theo diém 1, trong d6 biéu hién ciia gen EPSPS thir nhét duoc diéu

hoa boi it nhit mot promoto.

Gen tai t6 hop theo diém 5, trong d6 bidu hién ciia gen EPSPS tht nhét tot hon 1a

duogc diéu hoa boi promoto ubiquitin cua Zea mays.

Gen tai 6 hop theo diém 1, trong d6 biéu hién ctia gen EPSPS thir hai va gen ma

hoa yéu t6 phién ma t6t hon 12 duge didu hoa béi it nhat mdt promoto.

Gen tai t6 hop theo diém 7, trong d6 biéu hién cia gen EPSPS thtt hai va gen ma

hoa yéu t6 phién ma tot hon 1a dugc diéu hoa bdi promoto CaMV 35s don.

Gen tai td hop theo diém 1, trong d6 kha ning khang vi khudn bao goém khang su

sinh truéng ctia Xanthomonas oryzae pv. oryzae, Xoo0.
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Gen tai td hop theo diém 1, trong d6 kha ning khang nidm bao gdm khéang su sinh

trudng cua Magnoporthe oryzae.

Gen tai td hop theo diém 1, trong d6 tinh trang ndng hoc dugc chon tir mét trong

s6 hodc két hop ciia ning sudt cay trong va chidu cao cay trong.
Vecto bao gdm gen tai t6 hop theo diém 1.

Té bao chi bao gdm vecto theo diém 12.

Té bao chi theo didm 13, trong d6 t& bao chi 12 té bao thuc vat.

Té bao chi theo diém 14, trong d6 t& bao thuc vat duge chon tir ngd, laa, lua my,

laa mach, cao luong, k&, yén mach, dau tuong, bong, ci cai duong va cai dau.

Té bao chu theo didm 15, trong d6 té bao thuc vat t6t hon 12 té bao cay lda.

Céy chuyén gen bao gbm té bao chii theo diém 13.
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1/6

Fig. 1A

Fig. 1B
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2/6
R Nl'nanh . Bﬂong . Béng c6 S& S6 Bong&co
Cay khong cé khong co hat nhanh/cay | béng/cay ha’t/Tong
bong hat j s0 nhanh
Ti/1 4 15 42 61 57 68,85%
T1/2 1 7 35 43 42 81,40%
T1/3 2 6 26 34 32 76,47%
T1/4 8 11 27 46 38 58,70%
T1/5 6 11 39 56 50 69,64%
T1/6 4 6 28 38 34 73,68%
T1/7 4 4 40 48 44 83,33%
T1/8 6 5 27 38 32 71,05%
Trung binh 4,38 8,13 33,00 45,50 41,13 72,89%
Fig. 2A
Bong \ Cay Khéi lwong/1000
Béng trung Béng | Tylé phan hat (gam)
Cay dai binh ngan tram T1/1 24,2
(>25cm) | (24cm- | (<20cm) | bong dai T1/2 23,7
20cm) T1/3 24,9
T1/1 32 7 3 56,14% T1/4 25,2
T1/2 25 8 2 59,52% T1/5 24,2
T1/3 23 3 0 71,88% T1/6 24,8
T1/4 23 4 0 60,53% T1/7 28,8
T1/5 25 14 0 50,00% T1/8 25,0
T1/6 24 3 1 70,59% Trung binh 24,725
T1/7 32 8 0 72,73%
T1/8 21 6 0 65,63%
Trung 25,63 6,63 0,75 63,38%
binh
Fig.2B Fig.2C
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tggcaggatatattgtggtgtaaacaaattgacgcttagacaacttaataacacattgeggacgreet
taatgtactgaattaacgoccgaattaatteogggggatctggattttagtactggatttggrtttagy
sattagaaattttattgatagaagtattttacaaat, acaaatacatactaagggtttcttatatgezce

CaMy poly & signal SEQ IDNO. 4

AacacatgaccgaaaccctacagaaaccctaaCCcccttatctgggaac:actcacacaztactatgg

-
agasactcgagcttgtogategacagatocggroggcatoract NN

L SEQ.IDNO. S5

avccgaccgcccccbqgg -
afctccrnaaqct,gagagagat&gatttg-agagagagactggtgatttcagcgtgtccbctccaaa —_
tgaanvgaacctcctt;tatagaggaaggtcttgcgaaggatagtggqattgtgcgtcatcccttacg
tcagtggagatatcacatcaatccacctgccttgaagacgtggctggaacq:cctcttttcccacqat
gctcc:cgtgggtgggggtccatctttgggaccaotqtcggcagaggcatcctgaacgutagcctttc
ctttatcgosatgatggoatttgtaggtgecaccttocttttotactgtecttttgatgaagtgacag

caMV35S premoter, duplicated

'~ SEQ.IDNO.6
atagctgggcaatgguatccgaggaggtttcccgatattaccctttgttgaaaagtctcaatagccct

:tggtcttctgagactg:atctttgutattcttggagtagacgngagtgtcgtgctccaacatgttat
cacatcaatccacttgotttgaagacgtggttggaacgtcttcttttteccacgatgetectegtgggt
gggggtccatctttgggaceactgtcggcagaggoatcttgaacgatagectttectttatcgeaatg
atggcatttgtaggtgccaccttccttttczactgtccttttgatgaagtgacagatagctgggcaat
ggaatccgaggaggtttoccgatattaccotttgttgaaaagtctecaatagocotttggtcttetgag
actgtatcttrtgatattcttggagtagacgagagtgtegtgctecaccatgttggcaagotgetetay —
ccaatacgcaaaccgccototocecgogegttgygocgattcattaatgcagstggcacgacaggtreo
cgactggaaagcgggcagtgagcegcaacgcaattaatgtgagttagctcactcattaggcaccecagyg
CtTtacactTTatgcTtcoggectegt atgt’gtgtggaat*gtqagcqgataacaa*ttcacacagga

aacagc atcaccatgactacgaac Tcgagctcggrac ct-cagtgca-cgtgaccc-gtc-tgcc’ M

-cagtttatctatctttatacatatatttaaactbtactccacgaataacataaﬁc

asmaaattaaacaaataccctttaagaaattaaaaaaactaaggaaacatttttcttgtttcgagtaga

taatoccagcct ccaaac~ccgtc-ac.agtctaacg-acaccaaccagcgaaccagca-cgtcgc

ai-3céd-gté-ttcbactcct-tccat-:t:gtgtcaguCcc-cgtctgt ttagatccgtgctgce — SEQ IDNO.7

ag cgtbpqtacacg gatgcgacctgtacgtcagacacgttctgattgctaacttgccagtgtitete

ttgcttggtnctgttbcttttgtcgatgctcaccccgttgtttggtgttacttctqca-qztaacatg
gcgtcc=acgccgcggctgcggcggcggtgtccctggaccaggccgcggcggcgtcggcggcgttczc

Continue on to figure 6B

Fig. 6A

23



41936

6/6

Continue from figure 6A
gtcgcggaagcagetgeggctgecegacgcggegegcggggagatycgagtgcgagtgegggcgeggy
Oryza sativa EPSPS gene

ggcggcgggaggcggggtggrgacgtecgegtegregtegtcggtggcagegecggeggegaaggeg
gaggagatcgtgctccagcccaccagggaga:ctccggggcggttcagctgccagggtccaagtcgc:
ctccaacaggatcctcctoctotecgecctotecgagggcacaacagtggtggacaacttigetgaaca

gtgaggatgttcactacatgcrtcacggagetteatctaggecagetactgccaggaagrotageggy —

ctcagtggcaccgtgogcatcoctggogataaaagtatticacacaggagetteatgttcggaggace
tgctagtggagagacgagaatcactggtttgottgagggcgaagatgttatcaacaccggtaaggega
Tgcaagcaatgggtgccagaatccgaaaagagggegatacgtggatcatcgacggrgttggtaacgga
ggattgctcgetcccgaagegeocacttgactttgggaacgecagetacggggtgecgtottactatggg
actggraggcgtgtatgactttgactctacctteatcggtgacgegagectcactaagagaccaatgyg
gacgagtgctgaatccoctgagggagatgggtgtecaggtgaaatcrgaggatggtgatcgtottecy
gttactctgcgaggcccocaagacccccacgccaatcacgtacagggttccgatggegteageacagge
caagtcagcggtactcctggegggectcaacacacctggaatcacaaccgtgattigaacccateatga

Agrobacterium tumefaciens strain CP4 EZPSPS gene

Ctagagaccacacggagaagatgttgcagggtttcggcgctaatctaacggtcgaaaccgacgecgac
ggcgtgaggacaatccgettggagggcagaggtaaactgactggecaagtcatcgatgtgectggaga
Tccctcogtecacagecgttteccotogtagetgegttgotegtocctggatctgatgtgacgatecrga
atgtcctcatgaatccaactagaaccggcocteatcctcacattgcaggagatgggtgctgacatcgag
gttatcaatcctaggitggcaggtggagaggatgtggecgatctgegegtgegtictagtacactcaa
aggcgtgaccgtooctgaggatcgegetocatccatgatcgacgagtaccecattetegecgtigety
ctgcgtotgecgagggcgcaactgtaatgaacggecttgaggagttgagggttaaggagagrgacagyg
ctgtccgoggtggcgaatggoctgaagetaaacggegtggactgcgacgaaggtgaaacgtecctagt
agtccgtggtcgeccagacgggaaggggttggggaatgetrcgggagetgetgtggegacgcacestg
atcatagaatcgcocatgtcattteotggtgatgggacttgtotecgagaataecggtgaccgttgacgat
gctaccatgatcgccacctoctttoctgagttcatggacctcatggcaggottgggggccaagatega
gctgtctgatactaaggccgettgaaagcettattacaggtgaccagetcgaatttcecy

X LEg el gatcctctagagtcgacctgcaggcat
gcactagtggcactggccgicgtttTacaacgtocotgactgggaaaacceiggegttacccaacttaa
Tcgeocttgcagoacatecooctticgocagotggegraatagogaagaggcccycaccgatcgeecet
cccaacagtTgogeagoctgaatggcgaatgotagagcagettgagcottggatcagattgregtttec
cgccottcagtttagottcatggagtcaaagattoaaatagaggacctaacagaactcgccgtaaagac
tggcgaacagttcatacagagtotcttacgactcaatgacaagaagaaaatcttegrtcaacatggtgg

tgtgaagatagtggaaaaggaaggtggctcctacaaatgccatcattgecgataaaggaaaggecateg
ttgaagatgcctctgccgacagtggicccaaagatggacccccacceacgaggagcatcgtggaaaas

CaMV 355 promoter

Gaagacgttccaaccacgtcttcaaagcaagtggattgatgtgatatciccactgacgtaagggatga
cgcacaatcccactatcottcgoaagacccttoctotatataaggaagttcatttcatttggagagaa

SEQ.IDNO. 2

— SEQ.IDNO.1

} SEQ.IDNO. 8

agcacgacacacttgtctactccaaaaatatcaaagatacagtctcagaagaccaaagggoaattgag
acttttcaacaaagggtaatatccggaaacctectcggattccattgeccagetatctgtcactitat
SEQ.IDNO.9
-

[ CERE LRI LI fla t ga cgtcatcgatgt cgecggegecggegeeggegtacgegcagg

tqatggaggacatggagaaggggaaggagetggcggc:

ggagatccasasctccaagcacccaaaggectacttecggtgcacgcacaagtacgaccagatgtgce
Oryza sativa WRRY45 genel

acacctgccgggacccggecacegeccccatcatcgeggegeacgtcateccaccaggtegecgecgg

acgacgacgacggctygcggeggectccacgcggggteccgecteatcagettegtegecgcgceqg

cegagaattaaac

Tatcagtgtitgacaggatatattggcgggtaaac

Fig. 6B

-24-
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TRINH TU

<110> KIMAGRI CORPORATION SDN BHD

<120> GEN TAT TO HOP PE CAI THIEN KHA NANG KHANG THUOC DIET CO, VI KHUAN VA
NAM VA TAO RA CAC TINH TRANG NONG HQC NANG CAO, VECTO CHUA GEN TAI TO HQP VA

CAY CHUYEN GEN
<140> PCT/MY2019/000010
<210> SEQ ID NO. 1

<213>

<400> 1

atggagcttc
gcatccctgg
gagagacgag
tgcaagcaat
gtaacggagg
gccgtcttac
cgagcctcac
aggtgaaatc
cgccaatcac
cgggcctcaa
cggagaagat
tgaggacaat
gagatccctc
tgacgatcct
agatggagtagc
atctgcgegt
ccatgatcga

taatgaacgg

atctaggcca
cgataaaagt
aatcactggt
gggtgccaga
attgctcget
tatgggactg
taagagacca
tgaggatggt
gtacagggtt
cacacctgga
gttgcagggt
ccgcttggag
gtccacagcg
gaatgtcctc
tgacatcgag
gcgttctagt
cgagtacccc

ccttgaggag

gctactgcca
atttcacaca
ttgcttgagg
atccgaaaag
cccgaagcgce
gtaggcgtgt
atgggacgag
gatcgtcttc
ccgatggcgt
atcacaaccg
ttcggcgcta
ggcagaggta
tttccecteg
atgaatccaa
gttatcaatc
acactcaaag
attctcgceccg

ttgagggtta

ggaagtctag
ggagcttcat
gcgaagatgt
agggcgatac
cacttgactt
atgactttga
tgctgaatcc
cggttactct
cagcacaggt
tgattgaacc
atctaacggt
aactgactgg
tagctgegtt
ctagaaccgg
ctaggttggc
gcgtgaccgt
ttgctgctge

aggagagtga

-25-

cgggctcagt
gttcggagga
tatcaacacc
gtggatcatc
tgggaacgca
ctctaccttc
cctgagggag
gcgaggcccce
caagtcagcg
catcatgact
cgaaaccgac
ccaagtcatc
gctcgtccecct
cctcatcctce
aggtggagag
ccctgaggat
gtttgccgag

caggctgtcc

Gen EPSPS cua chung Agrobacterium tumefaciens strain CP4

ggcaccgtgce
cttgctagtg
ggtaaggcga
gacggtgttg
gctacggggt
atcggtgacg
atgggtgtcc
aagaccccca
gtactcctgg
agagaccaca
gccgacggceg
gatgtgcctg
ggatctgatg
acattgcagg
gatgtggceg
cgcgctccat
ggcgcaactg

gcggtggcega

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



atggcctgaa
gtcgcccaga
atcatagaat
ttgacgatgc

tgggggccaa

gctaaacggc
cgggaagggyg
cgccatgtca
taccatgatc

gatcgagctyg

<210> SEQ ID NO. 2

gtggactgcg
ttggggaatg
tttctggtga
gccacctcct

tctgatacta

<213> Gen EPSPS cua Oryza sativa

<400> 2

atggcgtcca
gcggcgttcet
gtgcgggtge
tcggtggcag
tccggggegg
gccctcectecg

atgcttc

acgccgcggce
cgtcgcggaa
gggcgcgggyg
cgccggcggce
ttcagctgcece

agggcacaac

<210> SEQ ID NO. 3

tgcggeggeg
gcagctgcgg
gcggcgggag
gaaggcggag
agggtccaag

agtggtggac

41936

acgaaggtga
cttcgggagc
tgggacttgt
ttcctgagtt

aggccgcettg

gtgtccctgg
ctgccecgecg
gcggtggtygg
gagatcgtgc
tcgctctcca

aacttgctga

<213> Gen WRKY45 cua Oryza sativa

<400> 3

atgacgtcat
gagaagggga
ggccgcetteg
gcggcggtcet

ggcggggceca

cgatgtcgcc
aggagctggce
tcgaccagat
ccgccgecgg

gcgceeggegyg

ggcgeceggeg
ggcgcagctg
tctccacacc
aggagaaggg

gaagaggaaa

ccggcgtacg
caggggctcc
ttcteececggg
tcggaggtgce

gcceccgceceyg

-26-

aacgtccctt
tgctgtggcg
ctccgagaat
catggacctc

a

accaggccgt
cggcgcegcegyg
tggcgtccge
tccagcccat
acaggatcct

acagtgagga

cgcaggtgat
tccgcgactce
cgatgcgggce
agagcgaggt

ccaaccggaa

gtagtccgtg 1140
acgcaccttg 1200
ccggtgaccg 1260
atggcaggct 1320

1361

ggcggcgteg 60

ggggatgcgg 120
gtcgtcgtcg 180
cagggagatc 240

cctcctetec 300

tgttcactac 360

367

ggaggacatg 60

gccggaggec 120
gctcgacaag 180

cacctgcggg 240

ggccaactgce 300



cgcaggagga
caggcatggc
ttccggtgcea
gacgacgacc
gccaccgccc
gacggctgceg
gcgccagtag
ggcccgctge
gtgctgagca
ttcgggeegg
ggcatggagt

agcttttga

cgcagcaatc
gcaagtacgg
cgcacaagta
cggcgagcta
ccatcatcgce
gcggcctecca
acgctgccgce
tgcagccgcet
gcctcacgcece
accagggcga

tcttcaagaa

<210> SEQ ID NO. 4

41936

gtccgggaat acggtggtcg
gcagaaggag atccaaaact
cgaccagatg tgcacggcgc
cagggtcacc tacatcggcg
ggcgcacgtc atccaccagg
cgcggggtce cgcctcatca
ggcgccgacg accagcacga
caaggtggag ggcggcatcg
cggcagctce gcggcgcgcg
tgtcacgtcc tccctgcact

cgacgaggtt gtcttcgatc

<213> Tin hiéu CaMv poly A

<400> 4

taattcgggg
gatagaagta
agcgaaaccc

agaaactcga

gatctggatt
ttttacaaat
tataggaacc

gcttgtcgat

<210> SEQ ID NO. 5

<213> Hygromycin

<400> 5

tcaagaacct
ccaagcaccc
agcggcaggt
agcacacctg
tcgececgecgg
gcttcgtcge
tcaccacggt
gctcgtccga
gcggcggagt
ggagctacga
tggacgacat

969

cgacgacggc
aaaggcctac
gcagcgctgce
ccgggacccg
cgacgacgac
cgcgccggceg
caccgcgccg
ccaggaggag
cgcgggtceccee
cgccgtegec

tatgggtttg

ttagtactgg attttggttt taggaattag aaattttatt

acaaatacat actaagggtt tcttatatgc tcaacacatg

ctaattccct tatctgggaa ctactcacac attattatgg

cgacagatc

209

360

420

480

540

600

660

720

780

840

900

960

120

180

ctatttcttt gccctcggac gagtgctggg gegtceggttt ccactatcgg cgagtactte 60

-27-



tacacagcca
cccggcetecg
attgccgtca
gagtcgtggce
catacaagcc
gaacatcgcc
gttggagccg
catcagctca
ccagtgatac
accgattcct
gatcgcatcc
gtcttgcaac
ctccccaatg
ataacgatct
tcctacatcg
gacgctgtcg

tttcat

tcggtccaga
gatcggacga
accaagctct
gatcctgcaa
aaccacggcc
tcgctccagt
aaatccgcgt
tcgagagcct
acatggggat
tgcggtccga
atagcctccg
gtgacaccct
tcaagcactt
ttgtagaaac
aagctgaaag

aacttttcga

<210> SEQ ID NO. 6

cggccgegcet
ttgcgtcgeca
gatagagttg
gctccggatg
tccagaagaa
caatgaccgc
gcacgaggtg
gcgcgacgga
cagcaatcgc
atgggccgaa
cgaccggttyg
gtgcacggcg
ccggaatcgg
catcggcgca
cacgagattc

tcagaaactt

<213> Promoto CaMV35S(lép)

<400> ©

agagatagat
cttccttata
cagtggagat
ccacgatgct
gaacgatagc
ctgtcctttt
ttaccctttg

tcttggagta

ttgtagagag
tagaggaagg
atcacatcaa
cctegtgggt
ctttccttta
gatgaagtga
ttgaaaagtc

gacgagagtg

agactggtga
tcttgcgaag
tccacttgcect
gggggtccat
tcgcaatgat
cagatagctg
tcaatagccc

tcgtgctcca

41936

tctgcgggcg
tcgaccctge
gtcaagacca
cctcecgeteg
gatgttggcg
tgttatgcgg
ccggacttcg
cgcactgacg
gcatatgaaa
cccgctegte
tagaacagcg
ggagatgcaa
gagcgcggcce
gctatttacc
ttcgececctee

ctcgacagac

tttcagcgtg
gatagtggga
ttgaagacgt
ctttgggacc
ggcatttgta
ggcaatggaa
tttggtcttc

ccatgttatc

-28-

atttgtgtac
gcccaagctg
atgcggagca
aagtagcgcg
acctcgtatt
ccattgtccg
gggcagtcct
gtgtcgtcca
tcacgccatg
tggctaagat
ggcagttcgg
taggtcaggc
gatgcaaagt
cgcaggacat
gagagctgca

gtcgcggtga

tcctctccaa
ttgtgcgtca
ggttggaacg
actgtcggca
ggtgccacct
tccgaggagg
tgagactgta

acatcaatcc

gcccgacagt
catcatcgaa
tatacgcccg
tctgctgcectce
gggaatcccc
tcaggacatt
cggcccaaag
tcacagtttg
tagtgtattg
cggccgcagce
tttcaggcag
tctcgctaaa
gccgataaac
atccacgccc
tcaggtcgga
gttcaggctt

1026

atgaaatgaa
tcccttacgt
tcttettttt
gaggcatctt
tccttttcta
tttcccgata
tctttgatat

acttgctttg

120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020

60

120
180
240
300
360
420

480



aagacgtggt
tgggaccact
atttgtaggt
aatggaatcc
ggtcttctga

t

tggaacgtct
gtcggcagag
gccaccttcc
gaggaggttt

gactgtatct

<210> SEQ ID NO. 7

tctttttcca
gcatcttgaa
ttttctactg
cccgatatta

ttgatattct

41936

cgatgctcct
cgatagcctt
tccttttgat
ccctttgttg

tggagtagac

<213> Promoto ubiquitin cua Zea mays

<400> 7

ctgcagtgca
agttataaaa
tctttataca
tatcagtgtt
gtattttgac
ttttgcaaat
gtttagggtt
agcctctaaa
taaaatagaa
aactaaggaa
cgagtctaac
cggcacggca
acttgctccg
ggcaggcgge
ctcctteget
tccccaacct
ccgtcggeac
tctctagatc

tgtgttagat

gcgtgacccg
aattaccaca
tatatttaaa
ttagagaatc
aacaggactc
agcttcacct
aatggttttt
ttaagaaaac
taaaataaag
acatttttct
ggacaccaac
tctectgtege
ctgtcggcat
ctcctcctece
ttcccttect
cgtgttgttc
ctccgcttca

ggcgttceccgg

ccgtgtttgt

gtcgtgcccce
tatttttttt
ctttactcta
atataaatga
tacagtttta
atataatact
atagactaat
taaaactcta
tgactaaaaa
tgtttcgagt
cagcgaacca
tgcctctgga
ccagaaattg
tctcacggca
cgcccgeegt
ggagcgcaca
aggtacgccg
tccatggtta

gttagatccg

tctctagaga
gtcacacttg
cgaataatat
acagttagac
tctttttagt
tcatccattt
ttttttagta
ttttagtttt
ttaaacaaat
agataatgcc
gcagcgtcge
cccctetega
cgtggcggag
cggcagctac
aataaataga
cacacacaac
ctcgtcecctcc
gggceccggta

tgctgctagce

-20-

cgtgggtggg
tcectttatceg
gaagtgacag
aaaagtctca
gagagtgtcg
781

taatgagcat
tttgaagtgc
aatctatagt
atggtctaaa
gtgcatgtgt
tattagtaca
catctatttt
tttatttaat
accctttaag
agcctgttaa
gtcgggccaa
gagttccgcect
cggcagacgt
gggggattcc
caccccctcece
cagatctccc
cccceeccecce
gttctacttc

gttcgtacac

ggtccatctt
caatgatggc
atagctgggc
atagcccttt

tgctccacca

tgcatgtcta
agtttatcta
actacaataa
ggacaattga
tctcettttt
tccatttagg
attctatttt
aatttagata
aaattaaaaa
acgccgtcga
gcgaagcaga
ccaccgttgg
gagccggcac
tttcccaccg
acaccctctt
ccaaatccac
ctctctacct
tgttcatgtt

ggatgcgacc

540
600
660
720

780

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080

1140



tgtacgtcag
atggctctag
gggtttggtt
tcttttcatg
agatcggagt
gtgtgtgcca
ggataggtat
gcttggttgt
aatactgttt
catcttcata
ttgatgtggg
ctaaccttga
gatatacttg
atacgctatt

ttacttctgc

acacgttctg
ccgttccgea
tgccctttte
cttttttttg
agaattctgt
tacatattca
acatgttgat
gatgatgtgg
caaactacct
gttacgagtt
ttttactgat
gtacctatct
gatgatggca
tatttgcttg

ag

<210> SEQ ID NO. 8

<213> NOS

<400> 8

gatcgttcaa
atgattatca
atgacgttat
gcgatagaaa

atgttactag

(nopalin syntaza)

acatttggca
tataatttct
ttatgagatg
acaaaatata

atc

<210> SEQ ID NO. 9

<213> Promoto CaMV 35S

attgctaact
gacgggatcg
ctttatttca
tcttggttgt
ttcaaactac
tagttacgaa
gcgggtttta
tgtggttggg
ggtgtattta
taagatggat
gcatatacat
attataataa
tatgcagcag

gtactgtttc

ataaagtttc
gttgaattac
ggtttttatg

gcgcgcaaac

3'UTR

41936

tgccagtgtt
atttcatgat
atatatgccg
gatgatgtgg
ctggtggatt
ttgaagatga
ctgatgcata
cggtcgttca
ttaattttgg
ggaaatatcg
gatggcatat
acaagtatgt
ctatatgtgg

ttttgtcgat

(tin hiéu

ttaagattga
gttaagcatg
attagagtcc

taggataaat

-30-

tctectttggg
tttttttgtt
tgcacttgtt
tctggttggg
tattaatttt
tggatggaaa
tacagagatg
ttcgttctag
aactgtatgt
atctaggata
gcagcatcta
tttataatta
atttttttag

gctcaccctg

polyA)

atcctgttgce
taataattaa
cgcaattata

tatcgcgcege

gaatcctggg
tcgttgcata
tgtcgggtca
cggtcgttct
ggatctgtat
tatcgatcta
ctttttgtte
atcggagtag
gtgtgtcata
ggtatacatg
ttcatatgct
ttttgatctt
ccctgcectte
ttgtttggtg

1992

cggtcttgcg
catgtaatgc
catttaatac
ggtgtcatct

253

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920

1980

60
120
180

240



<400> 9

tgagactttt
ctgtcacttt
cgataaagga
cccacccacg
ggattgatgt

agacccttcc

<210> SEQ ID NO.

<213> NOS

<400> 10

cgttcaaaca
attatcatat
acgttattta
atagaaaaca

ttactagatc

caacaaaggg
attgtgaaga
aaggccatcg
aggagcatcg
gatatctcca

tctatataag

10

(nopalin syntaza)

tttggcaata
aatttctgtt
tgagatgggt
aaatatagcg

999

taatatccgg
tagtggaaaa
ttgaagatgc
tggaaaaaga
ctgacgtaag

gaagttcatt

aagtttctta
gaattacgtt
ttttatgatt

cgcaaactag

3'UTR

41936

aaacctcctc
ggaaggtggc
ctctgccgac
agacgttcca
ggatgacgca

tcatttggag

(tin hiéu

agattgaatc
aagcatgtaa
agagtcccgce

gataaattat

-31-

ggattccatt
tcctacaaat
agtggtccca
accacgtctt
caatcccact

agaaca

polyA)

ctgttgccgg
taattaacat

aattatacat

gcccagctat
gccatcattg
aagatggacc
caaagcaagt
atccttcgca

346

tcttgcgatg
gtaatgcatg

ttaatacgcg

60

120
180
240

300

60
120

180

cgcgcgeggt gtcatctatg 240

253





