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Linh vwe ky thuat chia sang ché

Sang ché nay dé xuét protein khang thubc diét cd, gen ma hoéa, phwong
phép san xuét protein. khang thuéc diét cd, va phwong phap tao cho thuc vat
hoac té bao thuwc vat tinh chéng chiu thudc diét cd, cu thé 1a protein khang 2,4-D,
gen méa hda, phuwong phap san xuét protein nhw vay, va phwong phap tao cho
thue vat hodc té bao thue vat tinh chéng chiu thube diét cd béng cach (rng dung

chung.

Tinh trang ky thuat cta sang ché

Cd dai c6 thé nhanh chéng rat can cac chét dinh duéng trong dat ma cac
chét dinh dwéng d6 can thiét cho sw phat trién clia cay trong va cac cay muc tiéu
khac. Hién nay, cé rat nhiéu loai thubc diét cé dé kiém soat cd dai, trong do co
loai thudc diét cé duoc biét dén mét cach réng rai 1a glyphosat. Cac cay trong
khang glyphosat da duwoc phat trién nhw ngd, dau nanh, béng, ¢t cai, lta mi, va
lUa, va céc loai cay trong twong tw. Do d6, cé thé phun thubc glyphosat trén cac
khu virc gieo trong loai cay khang glyphosat dé kiém soat cd dai ma khong gay

hai dang ké& cho cay trong.

Glyphosat da dugc sl dung réng rai trén toan thé gidi trong hon 20 nam,
dan dén sy phu thuéc qua mirc vao cdng nghé glyphosat va cay tréng chdng
chiu glyphosat. Ngoai ra, cac loai thwc vat cé khd nang chéng chiu glyphosate tw
nhién hon trong sb cac loai cd dai hoang d& hodc nhivrng cay da phat trién tinh khang

hoat tinh cla glyphosate bat budc phai chiu ap luc cao vé tinh chon loc. Da c6 bao
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cao v& mot s loai cd dai da phat trién kha nang khang glyphosat, bao gébm cac
lodi cd 1& rong va céac loai cd khac nhuw cdé rom Thuy ST (Swiss ryegrass), Cé ho
Hoa thao (Lolium multiflorum), Man trau (Eleusine indica), Cé chi phan huwong
(Ambrosia artemisiifolia), Ngai dai (Conyza canadensis), Cuc léng dai (Conyza
bonariensis) va Ma dé (Plantago lanceolata). Ngoai ra, cac loai cé dai ma tirng
khéng phai la van @& dbi véi néng nghiép trude khi st dung rong réi cay chéng
chiu glyphosat nay cling dan dan lan rong, va rat khé kiém soat duwoc bang cay
tréng chéng chiu glyphosat. Nhitng loai c¢é dai nay tén tai chi yéu (nhung khéng
phai chi) cling v&i cac loai cd & rong ma cac loai cd la rong nay rat khé dwoc
kidm soat, chdng han nhw cac loai tr S&m nam (Amaranthus), Rau mudi

(Chenopodium), B& céng anh (Taraxacum) va Thai lai (Commelinaceae).

Trong pham vi cac loai cd dai khang glyphosat hoac céc loai cé dai khd
kiém soat khac, ngwdi trdng co thé khac phuc diém yéu cla glyphosat bang hén
hop thudc digt cé phdi tron trong thing khudy ho&c st dung thudc diét ¢d khac
ma cé kha nang kiém soat cac loai cé dai con sot lai. Trong hau hét cac tredng
hop, loai thudc diét ¢ phdi tron trong thuing khudy phé bién va hiéu quéa dwoc st
dung dé kiém soat loai co 14 rong la 2,4-diclorophenoxyaxetic axit (2,4-D). 2,4-D
da duoc st dung dé kiém soat cac loai cd & rong phé bién trong hon 65 nam
cho cay gieo trdng va cay khéng gieo tréng, va van la mét trong nhirng loai thube
diét cd dwoc st dung rong rai nhéat trén thé gidi. Han ché dbi véi viéc s dung
réng rai 2,4-D nam & tinh chon loc clia né di v&i cac loai thwe vat cé hai la mam
(nhw dau nanh hodc béng) la rat thap. Vi vay, 2,4-D thudng khéng dwoc s
dung trén (va thweng la khéng dwoc st dung gan vdi) cac loai thire vat ¢ hai la
mam nhay cdm. Ngoai ra, viéc st dung 2,4-D dbi v&i cac loai cd ho Ita bj gioi
han & mot mirc do nhat dinh bdi nhirng dac tinh gay hai tiém tang déi véi cay
trdng. Suw két hop clia 2,4-D va glyphosat da duoc (ing dung dé c6 mét quy trinh
triét sinh manh hon trwdc khi gieo tréng dau nanh va béng theo phwong phap

khéng cay x&i. Tuy nhién, do sy nhay cdm cua céac loai thye vat hai & mam nay



35763

ddi véi 2,4-D, quy trinh triét sinh nay phai dwoc thwe hién tr 14 dén 30 ngay

trudc khi gieo tréng.

Twong tw nhu MCPA, 2-metyl-4-cloropropionic axit va 2,4-D propionic axit,
2,4-De ciing 1a mot loai thube diét cd phenoxy alkanoic axit. 2,4-D dwoc str dung
d& kiém soat mét cach coé chon loc cac loai ¢d 14 rong trong nhiéu loai cay tréng
cé mot I mam nhw ngd, Ita mi va lia ma khéng gay hai nghiém trong cho cay
tréng muc tiéu. 2,4-D Ia dan xuét auxin tdng hgp, ma cé chirc nang lam réi loan
can bang hodc-mon té bao binh thudng va can tr& sw can bang cla qué trinh

tang trwdng dwoc kiém soét.

2 4-D thé& hién cac merc d6 chon loc khac nhau trén moét sb loai cay tréng
nhét dinh (vi du cac thwe vat co hai la mam thi nhay cdm hon cac loai cay thudc
ho lta). Sy chuyén héa 2,4-D khac nhau & nhirng loai cay khac nhau la mét
cach gidi thich cho cac mirc d6 chon loc khac nhau. Cay tréng thudng chuyén
hoa 2, 4-D mét cach cham chap. Vi vay, cac hoat dong khac nhau cua cac diém
muc tiéu co 1& 1a khd néng dé giai thich cho cac dap trng khac nhau véi 2, 4-D
clia cay trong. Sw chuyén hoa 2, 4-D cla cay tréng thudng dat duoc thong qua
hai bwéc chuyén hoa, cu thé la két hop v&i cac axit amin hoac glucoza sau khi

hydroxyl héa néi chung.

Thoi gian qua di, cac quan thé vi khudn da dan dan phat trién cac qué
trinh hiéu qua, mang tinh thay thé dé& 1am thoai bién chat ngoai lai cu thé nay,
didu nay dan dén sy khoang héa hoan toan 2,4-D. Cé thé s dung cac thubc diét
cd lién tiép trén vi khudn @& lwa chon céac vi sinh vat ma ching st dung thube
diét cd lam ngudn cacbon dé tao ra loi thé canh tranh trong dat. Vi ly do nay, da
tao ra cong thirc 2,4-D co thdi gian ban huy trong dat twong ddi ngan va khéng
c6 anh hwdng ké thira rd rang dbi véi cac mua vu tiép theo, diéu nay thic day

viéc s dung thubc diét cé 2,4-D.
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Vi khun Ralstonia eutropha la sinh vat ma kha nang lam thoai bién 2,4-D
da duwoc nghién clru réng rai. Loai gen mé hoa enzym trong bwéc enzym hoa
d&u tién cla qua trinh khoang hod la tfdA. TfdA xUc tién sw chuyén héa 2,4-D
axit thanh diclorophenol (DCP) thong qua phan (rng dioxygienaza phu thudc a-
oxoglutarat. DCP hau nhuw khéng cé hoat tinh diét ¢é khi so sénh vé&i 2,4-D. TfdA
duoc st dung dé dwa tinh khang 2,4-D vao cay c6 hai & mam, la nhirng loai cay
thwong nhay cdm véi 2, 4-D (chdng han nhuw cay bong va cay thudc 1) trong cay

tréng chuyén dbi gien.

Mot sb gen kiéu tfdA da dwoc xac dinh rang gen nay ma hoa cac protein
c6 kha nang lam thodi bién 2,4-D trong mdi tredng. Nhiéu chat dong dang Ia
tiong tw véi tfidA (36 ddng nhét axit amin> 85%) va cé hoat tinh enzym tuwong tw
VvGi tfdA. Tuy nhién, khong phai tit cd cac protein déu cé cu tric nhw TauD ma
né c6 chirc nang lam thoai bién 2,4-D, va mét sb lwgng I&n cac chat déng dang
co dd dong nhat thdp hon moét cach dang ké (25-50%) voi tfdA trong khi lai co
chtra céc gbc dac tku’ng lien quan dén céc dioxygienaza Fe2+ dioxygienaza phu
thudc a-oxoglutarat. Do d6, cac dac treng chat nén cla céac dioxygienaza khac
nhau nay la khéng xac dinh. Chi mét trueng hop duy nhat ma c6 dd twong dong
th&p (36 ddng nhat axit amin 28%) vé&i tfdA la rdpA tir vi khudn Sphingobium
herbicidovorans. D4 cho thay rang enzym nay xuc tién buwéc dau tién trong qua
trinh khoang hoéa (R)-2,4-D propionic axit (va propionic (R)-phenoxy axit khac) va
2, 4-D (phenoxyacetic axit).

V&i sw xuat hién clia céc loai cé khang glyphosat va (rng dung mé& rong
cla thudc diét cd 2,4-D, can thiét phai dua tinh khang 2,4-D vao céac cay trong
muc tiéu nhay cadm v&i 2,4-D. O thi diém hién tai, khong c6 bao céo nao vé viéc
phat hién v& mirc dd bidu hién cla protein khang thubc diét cd 24DT22 trong cay

trdng va su chéng chiu thubc diét cé clia ching.
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M6 ta tom tit sang ché

Muc dich clia sang ché nay la d& xuét protein khang thuéc diét cd, gen
ma héa va viéc st dung clia chiing. Sang ché nay ciing dé& xuét gen 24DT22

m&i co tinh chdng chiu thudc diét cé cao hon trong cay trong.

Pé& c6 thé dat dwoc muc dich ndi trén, protein khang thubc diét cd theo
sang ché nay, bao gém:

(a) protein bao gém trinh tw axit amin dwoc trinh bay tai SEQ ID NO: 2;
hoac

(b) protein cé hoat tinh clia aryloxy alkanoat di-oxygienaza dan xuét tiy
trinh tw axit amin tai (a) bang cach thay thé va/ hoac loai bd va/ hodc bd

sung mot hoadc vai axit amin vao trinh tw axit amin tai (a).

P& dat dwoc muc dich néu trén, gen khang thubc diét cé theo sang ché
nay bao gém:

(a) trinh tw nucleotit m& hod protein khang thubc diét cd ndi trén; hoac

(b) trinh tw nucleotit c6 kha nang lai tao v&i trinh tw nucleotit tai (a) trong
didu kién nghiém ngét va ma hoé protein bang hoat tinh aryloxy alkanoat di-
oxygienaza; hoac

(c) trinh tw nucleotit dwoc thé hién theo SEQ ID NO:1.

Pidu kién nghiém ngat co thé duoc k& dén nhu sau: lai tao trong
6xSSC (natri nitrat), dung dich SDS (natri dodexyl sunphat) 0,5% & 65°C va
sau do l1a rira mang mét lan st dung 2xSSC, SDS 0,1% va 1xSSC, SDS
0,1%, twong ng.
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Pé dat dwoc muc dich néu trén, sang ché nay ciing dé xuét catxet biéu
hién, bao gém gen khang thubc diét cé néi trén dwéi sy diéu chinh clia trinh

tw didu hoa dwoc lién két theo cach thirc co kha nang hoat dong.

P& dat dwoc muc dich néu trén, sang ché nay ciing dé xuét vecto tai tb
hop, bao gdm gen khang thudc diét ¢ néi trén hoidc catxet biéu hién noi

trén.

Pé dat dwoc muc dich néu trén, sang ché nay dé xuat phwong phap
san xuét protein khang thuéc diét cd, bao gom:

thu t& bao clia sinh vat chl bién dbi gen co chiva gen khang thubc diét
cd hoac catxet biéu hién;

nudi cAy t& bao ctia sinh vat chl bién dbi gen dwdi cac diéu kién cho
phép san xuét protein khang thuéc diét co;

thu hoi protein khang thubc diét co.

Tét hon la sinh vat chd bién ddi gen bao gbm thyc véat, dong vat, vi

khu&n, nAm men, baculovirus, giun trdn hoac tao.

Ciing tét hon la cay tréng la dau nanh, béng, ngd, lua, lta mi, cl cai

duwdng hoac mia.

Pé dat dwoc muc dich néu trén, sang ché nay ciing dé xuét phwong
phap mé& réng pham vi clia thudc diét cd muc tiéu, bao gém: dong biéu hién
nucleotit ma hoa protein khang thudc diét cé hodc protein khang thudc diét
cd dwoc ma hoa bdi catxet bidu hién bang it nhat mét nucleotit thir hai khéac

vGi protein noi trén hosc protein ma hoa béng catxet biéu hién néi trén.
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T6t hon 1a nucleotit th(r hai ma héa protein khang glyphosat, protein
khang glufosinat-amoni, 4-hydroxyphenylpyruvic —axit dioxygienaza,

axetolactat syntasa, protein xytocrom hoac protoporphyrinogen oxidaza.

Theo sang ché nay, protein khang thubc diét cé 24DT22 dwoc biéu hién
trong cay tréng bién ddi gen cung vé&i cac bidu hién cla mét hodc nhiéu
protein khang glufosinat va/ hodc céc protein khang glufosinat-amoni. Sy
ddng biéu hién ctia nhidu hon mét loai protein khang thudc diét co trong
cling mét cay tréng bién ddi gen cé thé dat duwoc bang cach bién dbi va biéu
hién cac gen lién quan trong cay trong thong qua ky thuat di truyén. Ngoai
ra, protein khang thudc diét cé 24DT22 c6 thé duoc thé hién & mot cay (Cay
me 1) théng qua cac hoat déng ky thuét di truyén va protein khang glyphosat
va/ hoac protein khang glufosinat-amoni cé thé duoc thé hién & cay thi hai
(Cay me 2) théng qua viéc thwe hién ky thuat di truyén. Cac cay doi con thé
hién tAt ca cac gen clia Cay me 1 va Cay me 2 c6 thé thu dwoc bang cach

lai chéo gitra Cay me 1 va Cay me 2.

Pé& dat dwoc muc dich néu trén, sang ché nay ciing dé xuét phuong
phap Iwa chon cac té bao thic vat dwoc bién ddi, bao gébm cac budc bién
nap nhidu té bao thuc vat bang gen khang thubc diét cd hoac catxet biéu
hién va nudi cay cac té bao ndi trén trong moét ndng do thude diét cd ma cho
phép s tang trwdng cla cac t& bao bién ddi biéu hién gen khang thubc diét
cd hoac catxet biéu hién trong khi lam chét cac t& bao chwa bién déi hoac e
ché su phat trién cla cac té bao chua bién déi, trong dé thubc diét cd 1a mét

phenoxy auxin.

Pé dat dwoc muc dich néu trén, sang ché ciing dé xuét phwong phap

kiém soat cd dai, bao gdm bwéc ding luong hivu higu clia mét hodc nhiéu
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loai thudc diét cd trén khu vuc gieo trdng cay cé chira gen khang thubc diét

cd, catxet biéu hién hodc vecto tai td hop néi trén.
Tét hon 1a thubc diét cd |a mét phenoxy auxin.

P& dat dwoc muc dich néu trén, sang ché nay cling d& xuét phuwong
phap bao vé cay tréng khdi nhirng tac hai gay ra bdi céc loai thubc diét c,
bao gdbm buéc dua loai gen khang thudc diét cé néi trén, catxet biéu hién noi
trén hoac vecto tai t& hop noi trén vao cay tréng, sao cho cay trong tao
thanh san sinh ra lwong nhat dinh protein khang thubc diét cd di dé bao vé

chuing khéi nhirng tac hai gay ra b&i thubc diét co.

Tét hon la thubc diét cé nay la phenoxy auxin hoac aryloxy phenoxy
propionat va cac cay trdng néi trén dwoc chon tlr nhém gdm dau nanh,

béng, ngd, lUa, [ta mi, cl cdi dwdng va mia.

Pé dat dwoc muc dich ndi trén, sang ché nay ciing dé xuét phwong
phap kiém soéat cd dai khang glyphosat trong khu vuc gieo tréng cay chéng
chiu glyphosat, bao gdm buéc dung lwong thudc diét cd hivu hiéu trén khu
vuc gieo tréng cay chéng chiu glyphosat, trong d6 céac cay co6 khad nang
chéng chiu glyphosat néi trén c6 gen khang thuéc diét cd ndi trén, catxet

biéu hién ndi trén hoac vecto tai té hop ndi trén.

Tét hon 1a thubc diét cd 1a phenoxy auxin va cay tréng chéng chiu

glyphosat 1& cay mot I4 mam ho&c cay hai l& mam.

Pé& dat dwoc muc dich néu trén, sang ché nay ciing dé xuat phuong

phap tao cho cay tréng khd nang khang thubc diét cé 2,4-D, bao gdbm cac
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budc dua gen khang thudc diét cé néi trén, catxet biéu hién ndi trén hoac

vecto tai td hop ndi trén vao cay tréng.

Tét hon 1a cac cay trdng néi trén 1a dau nanh, béng, ngd, Ua, lta mi, cl

cai dwong hoac mia.

P& dat dwoc muc dich noi trén, sang ché nay ciing dé xuét protein
khang thubc diét cd dwgc s dung d& tao cho thuc vat hodc té bao thuwe vat
tinh chéng chiu thuéc diét cd phenoxy auxin, m& réng pham vi thuéc diét cd
muc tiéu, chon loc t& bao thuwc vat bién déi gen, kiém soat cd dai, bdo vé
thue vat khdi nhirng tac hai gay ra b&i thube diét cd phenoxy auxin hodc dé
tao cho thue vat tinh chéng chiu thude diét cd phenoxy auxin, bao gom:

(a) protein bao gdm trinh tw axit amin dwoc thé hién trong SEQ ID NO:
2: hoac

(b) protein cé hoat tinh clia aryloxy alkanoat di-oxygienaza dugc tao ra
tlr trinh tw axit amin tai (a) b&ng cach thay thé va/ ho&c loai bd va/ hoac bd

sung mét hoac nhiéu axit amin vao trinh tw axit amin tai (a).

Gen khang thubc diét cd, catxet biéu hién néi trén hodc vecto tai td hop
néi trén da dwoc dwa vao cay tréng. Cac phuwong phap théng thwdng dugc
st dung theo sang ché nay d& dwa ADN ngoai lai vao té bao cay trong bao
gdm nhung khong gici han & phwong phap bién nap gen gian tiép qua
Agrobacterium, phwong phap ban gen (Particle Bombardment), nap tric tiép
ADN vao protoplast, ky thuat dién di (electroporation) hoac nhap ndi ADN

thong qua trung gian silicon.
Gen khang 2,4-D va céac cay tréng khang thubc diét co tao ra theo sang

ché nay tao ra mét sw lwa chon tét dé kiém soat cac loai cd la rong khang

glyphosat (ho&c c6 kha nang chéng chiu ho&c ké thira cao) trong cay trong.

-10-
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2 4-D 1a mot loai thubc diét cd |4 rong manh, twong déi ré va cé phd réng.
Nguoi tréng co thé co loi ich tot néu ca cay hai la mam va cay mét 14 mam
c6 thé c6 dd chdng chiu tét hon. Cay hai Ia mam bién d6i gen chéng chiu
2,4-D cling c6 db linh hoat cao hon vé thei gian s dung va luvgng s dung.
Mot tac dung khac ctia dac tinh chéng chiu thubc diét cd 2,4-D d6 la nd co
th& dwoc st dung d& ngan nglra tac hai cho cac cay tréng nhay cam théng
thweng, chang han nhu rira trdi, bay hoi, bién ddi (hodc cac hién tuong thay
ddi tlr xa khac), dung sai 2,4-D, tan pha va céac tac hai twong tw. Cac hén
hop khac nhau clia cac phenoxy auxin khac nhau da dwoc sir dung rong rai
d& x ly cac phd cd dai dac thu va cac diéu kién méi trudng & céc khu v
khéac nhau. St dung gen 24DT22 trong cay tréng cé thé tao ra sy bao vé
khéi thudc diét ¢d phenoxy auxin phd réng hon nham cai thién tinh linh hoat
va phd cd dai co thé kiém soat duoc va tao ra sy bdo vé cho pham vi day dl
d6i v&i xu thé phenoxy auxin cé san trén thj trwdng hodc céc tac hai do

thubc diét cd phenoxy auxin tir xa khac.

Céc thuéc diét ¢d phenoxy auxin thwong dwoc diéu ché dudi dang axit
hoat tinh, nhung mot sé ché phdm thuong mai héa dwoc diéu ché nhu mét
trong mét sb ché phdm este twong (ng. B&i vi cac esteraza thwc vat phd
bién c6 trong cay tréng cé thé chuyén hoa cac este nay thanh céc axit hoat
tinh, ching cting dwoc xem nhu & chét nén cla enzym 24DT22 trong cay
trdng. Twong tw, ching ciing c6 thé la mudi hiru co' hodc vo co cla cac axit
twong &ng. Khi thé hién, thubc diét cd axit propionic khéng déi xtrng, mudi
axit propionic hoac thuéc diét cd este propionic, ngay ca khi cac s6 CAS
khac nhau, d&u cé thé twong (rng véi mot hop chét tinh khiét vé quang hoc.
Khi dat tén cac loai thubc diét ¢, van cho rang déhg phan dbi &nh raxemic
(R, S) hoac ddng phan dbi anh tinh khiét vé& quang hoc (R hoéc S) la cling

mét loai thubc diét cd. Pham vi lidu lvong cé thé la liéu dung x& Iy riéng 1é
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hoac két hop véi cac thube diét cd khac khi st dung cho cay tréng hoadc cay

khong tréng.

P& xac dinh dwoc rang gen 24DT22 c6 cac dac tinh cho phép s dung
thuéc diét cd phenoxy auxin trén thie vat sau khi chuyén gen 24DT22 bang
cong nghé bién dbi gen trong cay trdng, ma tinh chéng chiu vén cé cla cay
tréng la khong tdn tai hoic khong dd d& cho phép s dung céc thube diét co
nay. Ngoai ra, gen 24DT22 c6 thé tao ra sy bdo vé trén cac thubc diét cd
phenoxy auxin khi tinh chéng chiu tw nhién khéng du dé cho phép sw chon
loc trong cay tréng. Mot, hai hoac mot vai thube diét cd phenoxy auxin co thé
duoc két hop mot cach lign tiép hodc phéi tron trong thung khudy d& xa Iy
cho nhibng cay trong chi chira gen 24DT22. Pham vi liéu dung ctia méi loai
thudc diét cd phenoxy auxin dwoc st dung dé kiém soéat phd rong cd dai hai
la mam n&m trong khodng tir 25 dén 4000 g ae/ha, phd bién hon 1a tir 100
dén 2000 g ae/ha. Viéc két hop cac thube diét cé thudc cac nhém hoa chét
khac nhau va cé cac phwong thirc tdc dong khac nhau trong cung mét khu
vuc (lién tiép hoac phéi tron trong thing khudy) co thé kiém soat dwoc hau
hét cac loai cd dai tiém tang ma dwoc kiém soat ¢é chi dich bang thubc diét

>

Co.

Glyphosat dwoc sir dung rong rai vi né cé phé kiém soét réng déi véi
cac loai cd 14 réng va loai cd ho lta. Tuy nhién, viéc st dung glyphosat lap di
lap lai cho cac cay tréng va cay khéng tréng chéng chiu glyphosat da (va sé
tiép tuc) dan dén két qua chon loc trong thé hé ké thira clia co thanh loai co
kiéu hinh sinh hoc c6 strc chéng chiu thubc diét ¢d tw nhién hoac khang
glyphosat cao hon. Hau hét cac chién lwoc quén Iy tinh trang khang thude
diét cd déu khuyén nghj st dung luong htru hiéu cac loai thube diét cd duoc
phéi trén trong thing khudy nhuw 1a mot cach d@é tri hoan sy xuét hién cla

cac chling loai ¢ dai khang thudc. Viéc két hop cac thubde diét cd tao ra s
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kiém soat cung mét loai ¢d dai nhwng véi cac phuwong thire tac dong khac
nhau. Su che chan cla gen 24DT22 va dac tinh chéng chiu glyphosat
(va/hoac cac dac tinh chéng chiu thube diét cd khac) c6 thé gitp kiém soat
cac loai cd khang glyphosat (cac loai ¢d & réng duoc kiém soat b&i mot
hoac nhiéu phenoxy auxin) trong cay tréng chéng chiu glyphosat béng cach
dung mot cach chon loc glyphosat va phenoxy auxin (chang han nhv 2,4-D)
trén cuing loai cay trdng. Viéc diing cac thubc diét cd nay co thé la viec st
dung riéng tirng ché pham thubc diét ¢ trong hén hop trong thung co6 hai
hoc nhidu hon thubc diét cé cé cach thirc tac dong khac nhau mot cach
ddng thoi hoac lién tiép (vi du tridc khi gieo trdng, trede khi ndy mam hoac
sau khi ndy mam) (th&i gian cach quang dao déng ttr 2 gid 3 thang). Ngoai
ra, cac ché phadm cla bat k& sb luong thubc diét co nao dai dién cho médi
nhom hop chat cé thé duoc sir dung vao béat ky Iic nao (tir trong vong 7
thang sau khi gieo trdng cho dén th&i diém thu hoach (hoac, déi voi tirng loai
thudc diét cd don 18, tét hon nén ¢ mét khodng thoi gian gian cach truéce
khi thu hoach, trong d6 1a loai thudc cé thdi gian gian cach ngén nhét sé

duoc lva _chon)).

Tinh linh hoat rat guan trong trong viéc kiém soat co 14 réng, tirc 1a thoi
gian st dung, liéu st dung cla thubc diét cd don 1& va kha nang kiém soat
cac loai ¢ dai khé diét hodc khang thubc. Liéu glyphosat bao phi céy cé
gen khang glyphosat/ gen 24DT22 cé thé dao dong tir 250 dén 2500 g
ae/ha; lidu lvong (Mot hodc nhiéu) thube diét cd phenoxy auxin cé thé dao
doéng tir 25 dén 4000 g ae/ha. Su két hop téi wu vé thoi gian sl dung phu

thudc vao cac diéu kién, loai va méi trwdng cu thé.
Cac cong thire thube diét ¢d (chang han nhu este, axit hodc cac cong

thirc mudi hoac cac ndéng dd cé thé hoa tan, cac ndéng doé dwoc nhi hoa

ho&c cac dung dich c6 thé hoa tan) va cac chét phu gia clia hén hop khuéy
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tron trong thung (chéng han nhuw chét didu chinh hodc phu gia lién két) co
th& &nh hudng dang k& dén kha nang kiém soat cé dai clia mét loai thube
diét cd nhét dinh hodc hdn hop clia mét hay nhiéu loai thubc diét co. Bat ky
sw két hop héa hoc nao clia bat ky loai thudce diét cd nao néu trén déu duoc

bao gdm trong pham vi clia sang ché nay.

Nhu da dwoc biét rd bdi nguoi cé kién thire chuyén mén trong linh vuc
ky thuat, nhirng loi ich cla viéc két hop hai hay nhiéu phwong thirc tac déng
trong viéc cai thién phd cé dai dwoc kiém soat va/ hodc cac loai tw nhién cé
tinh chéng chiu cao hon hodc céac loai co dai cé tinh khang thuéc cao hon cé
thé dwoc mé rong toi cac hoa chat co thé tao ra kha n&ng chéng chiu thubc
diét cd khac bén canh kha nang chéng chiu glyphosat cta cay tréng bang
phwong phap nhan tao (bién ddi gen hoac khéng bién déi gien). Thurc té, cac
dac tinh khang thudc sau day cé thé dwoc ma hoda don 1é hodc duwgc phi
chdng nhiéu 1an sao cho mang lai kha nang kiém soat hodc ngan ngtra moét
cach hiéu qua cd dai khdi viéc ké thira bét ky loai khd nang khang thudc diét
cd n&o néu trén: khang glyphosat (ching han nhu cac loai cay hodc vi khuén
khang thubc, EPSPS, GOX, GAT), khang glufosinat-amoni (chéng han nhw
PAT, Bar), khang thudc diét cd (rc ché axetolactat syntaza (ALS) (chang han
nhw imidazolidinon, sulfonylurea, pyrimidin triazol, sulphonanilid, pyrimidin
thiobenzoat va cac gen khang hdéa chat khac nhuv AHAS, CSRL, SurA,
v.v...), khang bromoxynil (chdng han nhw Bxn), khéang thuéc trc ché HPPD
(4-Hydroxyphenylpyruvat dioxygenaza), khang thuéc wc ché phytoen
desaturaza (PDS), kha nang khang thubc diét co (rc ché hé théng quang
hop Il (chdng han nhw psbA), kha nang khang thubc diét ¢d trc ché hé thdng
quang hop |, khang thubc diét cd (rc ché protoporphyrinogen oxidaza X
(PPO) (chang han nhw PPO-1), khang thuéc diét cé phenylurea (chang han

nhuw CYP76B1), enzym lam thoai bién dicamba, v.v...
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Péi v&i cac thube diét cd khac, mot sb chét tre ché ALS thich hop khac
bao gbm triazolopyrimidin  benzenesulfonamit  (cloransulam-metyl,
diclosulam, flumetsulam, metosulam va pyrimidino triazol sulfonamit),
pyrimidin thiobenzoat va flucarbazon. Mot sé chét (rc ché HPPD thich hop
bao gdm mesotrion, isoxaflutol va sulcotrion. Mét sb chét trc ché PPO thich
hop bao gdm flumioxazin, butafenaxil, carfentrazon, sulfentrazon va diphenyl

oxit (nhw axifluorfen, fomesafen, lactofen va oxyfluorfen).

Ngoai ra, gen 24DT22 c6 thé duoc phl don 1& badng mét hodc nhiéu loai
dac tinh dau vao khac (chang han nhu tinh khang cén tring, khang nam
hodc kha nang chiu duoc s khic nghiét) ho&c cac dac tinh dau ra (nhw
tang nang suét, cai thién lwong dau, cai thién chat lvong cla chét xo) hoac
dwoc phd bang mét hodc nhiéu loai déc tinh dau vao khéc (chang han nhu
khang cén tring, khang ndm hoac kha n&ng chiu duoc su thoi tiét khac
nghiét) hodc cac dac tinh dau ra (nhu tdng n&ng suét, cai thién lwvong dau,
cai thién chét lvong clia chét xo) sau khi dwoc phi bang cac dac tinh khang
thubc diét cd khac clia cay trong. Do vay, sang ché nay cé thé cung cép kha
nang kiém soat mot cach linh hoat va kinh t& bat ky sb Iwong loai gay hai

nao va hoan thién gidi phap néng nghiép dé cai thién chét lwong cay trong.

Gen 24DT22 theo sang ché nay co thé lam thoai bién 2,4-D ma né la co
s& cla cac loai cay tréng khang thubc diét cd quan trong va clia kha nang

chon loc dwa trén chi thi phan ti.

Hau nhu tt cd sw két hop thube diét cé dbi voi cb la rong déu cb thé
duoc kiém soat bang biéu hién bién déi gen clia gen 24DT22. Gen 24DT22,
la dac tinh chdng chiu thubc diét cd wu viét clia cay tréng, cd thé dwoc phi
bing, vi du, cac dac tinh chéng chiu thubc diét cd khac cla cay trong, chang

han nhw khang glyphosat, khang glufosinat-amoni, khang chét ¢c ché ALS
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(chdng han nhuv imidazolidinon, sulfonylurea va triazolopyrimidin
benzenesulfonamit) khang bromoxynil, khang chét trc ché HPPD, khang chét

e ché PPO va nhirng dac tinh twong tw) va cac dac tinh khang cbn trung
(Cry1Ab, Cry1F, Vip3, protein ctia vi khudn bacillus thuringiensis hoac

protein khang cén trung duoc chuyén héa tlr cac vi khuan khéng phai 1a truwc
khu&n khac). Ngoai ra, gen 24DT22 c6 thé dwoc st dung nhu la mét chi thi
phan t&r cho viéc chon loc nham hé tro cho viéc chon loc thé bién nap so
c&p cla céc loai cay tréng dwoc bién déi gen bang mot gen hoac mét nhém

gen khac.

Nhom phenoxy alkanoat cé thé duoc st dung dé nhép ndi cac nhém
chtrc nang axit én dinh vao cac loai thubc diét cd. Cac nhom axit cé thé
duoc nhap vao hoat tinh libe bang “bét axit’ (d&c tinh can thiét b&i tac dong
cia thudc diét ¢d), sao cho nhom axit d6 duoc hop nhét véo cac thudc diét
6 m&i cho muc dich v& hoat tinh. C6 rat nhiéu loai thubc diét c6 c6 san trén
thi truéng va dwgce thir nghiém lam chat nén ctia 24DT22. Do vay, kha nang
chéng chiu v6i cac loai thubc diét ¢d khac co thé dat duoc bang cach s

dung sang ché nay.

Pac tinh chéng chiu thudc diét ¢ cla cay trong theo séng ché nay co
thé duoc st dung theo cach kép hop méi véi cac dc tinh chong chiu thudc
diét ¢ cla cay tréng khac (bao gdm nhung khong gi¢i han & tinh chéng
chiu glyphosat). B&i vi khd nang khang thubc diét cd mai c6 dugc hodc kha
nang chdng chiu thudc diét cd vén co (chang han nhu glyphosat), viéc két
hop cac d&c tinh nay véi nhau sé tao nén cac phuwong phap kiém md&i dé
so4t ¢d dai. Chinh vi thé, ngoai cac dac tinh chéng chiu thudc diét cd cua

cay trdng, sang ché nay cling dé xuét nhixng phrong phap moi dé kiém soat
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cd dai bang thubc diét co, ma trong do tinh chéng chiu thubc diét cd ndi trén

dat dwoc thong qua enzym duoc tao ra boi cay tréng bién déi gien.

Sang ché nay c6 thé dwoc ap dung cho nhiéu loai thyc vat, nhw cay ho
Cai (Arabidopsis), thudc 14, dau nanh, béng, Ita, ngd va cay thudc ho cai
bép. Sang ché nay ciing c6 thé dwoc &p dung cho nhiéu loai cay tréng coé
mét 1a mam khac (nhw cd ho lba (gramineous herbage) hodc cd tham
(grassy carpet)) va cay trong c6 hai la mam (nhuw cé linh lang (alfalfa)), co ba
la (clover) va cac loai cay, van van). Tuong tw, 2, 4-D (hoac cac chéat nén
clia 24DT22 khac) c6 thé duoc st dung chli déng hon doi vei cac loai cay
trdng thudc ho Ita véi stre chdng chiu vira phai, va dac tinh chéng chiu tao
thanh duoc tang 1&n sé& gilip ngudi tréng co thé st dung cac loai thubc diét
cd nay vai liéu lvong hivu hiéu hon va thdi gian st dung réng hon ma van

khdng cé nguy co gay hai cho cay trong.

B& gen cla thyc vat, mé thuyc vat hoac t& bao thwc vat dwoc mo ta
trong sang ché nay d& cap dén bét ky vat liéu di truy&n nao co trong thuc
vat, moé thyc vat hoac té bao thwc vat, va bao gém hat nhan, plasmit va bd

gen ty thé.

Tinh "khang" dwoc mo ta trong sang ché nay la tinh khang cd thé di
truy&n, va cho phép cay trdng phat trién va sinh san trong trvong hop viec
xt Iy hou hiéu dwoc ap dung cho cac cay trong nhét dinh bang cach s
dung thubc diét ¢ théng thwong. Nhw da duoc biét b&i ngudi co kién thire
trong inh vire k¥ thuat, ngay ca khi mét so tac hai nhat dinh déi v&i cay tréng
do thubc diét cb gay ra la hién nhién, thi cay tréng van cé thé dwoc coi la co
tinh " khang". Thuat ngtr "chéng chiu" dwgc mo ta trong sang ché nay co
nghta réng hon thuat ng " khang" va bao gdm ca tinh "khang" va kha nang

duoc cai thién v tinh khang clia cay trong cu thé ddi véi nhiéu mc do tac
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hal khac nhau do thubc diét cd gay ra ma néi chung, loai thubc diét cd nay
cung gay ra nhirng tac hai déi voi cac loai cay hoang dai cé clng kiéu gen

v&i cling lidu dung thube diét co.

Nhw dwoc mo ta trong sang ché nay, céc polynucleotit va/ hodc cac
nucleotit tao thanh "gen" hoan chinh va ma héa protein hoac polypeptit trong
cac té bao chil lien quan. Nguwdi co kién thire trong linh vire ky thuat cd thé
d& dang nhan ra rang céc polynucleotit va/ hodc cac nucleotit theo sang ché
nay co thé chiu sy kiém soat clia c&c trinh tw didu hoa cla té bao chl muc

tiéu.

Puoc biét ré bdi ngwdi cé kién thirc trong finh vuc ky thuat, ADN
thwong ton tai dudi dang trinh tw kép. Theo cach b tri nay, mét trinh tw s&
cé tinh bd sung cho trinh tw con lai, va ngugc lai. Khi ADN duoc sao chép log
thwe vat, cac trinh tw bd sung khac clia ADN ciing dugrc tao ra. Do do, cac
polynucleotit dwgc minh hoa trong danh sach trinh tw va cac trinh ty bd sung
cta danh sach trinh tw d6 dwgc bao gE‘)m trong sang ché nay. Cac "trinh ty
ma hoa" thuong duoc st dung trong Iinh vire ky thuat nay dé cap dén trinh
tw lien két voi trinh tw déi nguoc. Dé biéu hién mot protein trong co thé
séng, mét trinh tw ADN thuong duoc phién ma thanh mot trinh tw bd sung
mARN ma nd dong vai tro nhu hinh mAau cla biéu hién protein. Trén thuwe té,
mot mARN duoc phién mé tlr trinh tw ADN "déi ngwoc". "Trinh tw ban nang"
hoac "trinh tw m& hod" cd chira mét loat cac codon (codon la mét bd ba
nucleotit ma hoéa axit amin cu thé), co thé duoc doc nhuw cac khung doc mé&
(ORF) @é tao ra céc protein hoac cac peptit muc tieu. ARN va APN (axit
peptit nucleic) c6 chirc néng twong duong véi ADN dwoc minh hoa cling

dwoc bao ham trong sang ché nay.
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Phan tir axit nucleic hoac cac doan cula chiing da dugc lai tao v&i gen
khang thubc diét cé trong diéu kién nghiém ngat theo sang ché nay. Bét ky
phuong phap lai tao hodc khuéch dai axit nucleic théng thudng nao co thé
duwoc st dung dé xac dinh su ton tai clia gen khang thudc diét cd theo sang
ché nay. Cac phan tr axit nucleic hoac cac doan cla chang cé kha nang lai
tao mot cach dic thl véi cac phan tlr axit nucleic khac trong mot sb didu
kién nhét dinh. Theo sang ché nay, néu hai phan ti axit nucleic cd thé tao
thanh mat cu truc axit nucleic déi song song véi céc trinh tw kép, thi co thé
xac dinh réng hai phan t& nay c6 thé lai tao d&c thu v&i nhau. Néu hai phan
ttr axit nucleic la bd sung hoan toan véi nhau thi mét trong hai phan t&r dé
duwoc goi la "phan t& bd sung " clia phan t& kia. Theo sang ché nay, khi mai
nucleotit clia mdt phan t& axit nucleic bd sung cho nucleotit tvong ng cua
mét phan tl axit nucleic khac, s& xac dinh rang hai phan t& nay la "bd sung
hoan toan". Néu hai phan t& axit nucleic co thé lai tao v&i nhau @& c6 thé
ciing c6 va lién két ciing nhau v&i da @6 on dinh it nhét 1a trong diéu kién
“nghiém ngat thap’, thi sé xac dinh hai axit nucleic nay la "vd sung téi thiéu".
Twong tw, néu hai phan ttr axit nucleic c6 thé lai tao v&i nhau dé cé thé cling
o6 va lien két véi nhau véi di dd n dinh trong diéu kién “nghiém ngat cao”
thong thuong, thi sé xac dinh rang hai axit nucleic nay la "bd sung". Co thé
cho phép doé sai léch cla "bd sung hoan toan", trong pham vi ma do sai léch
khéng ng&n can hoan toan viéc hai phan t& hinh thanh mot céu trac trinh tw
kép. Mot phan ttr axit nucleic ma c6 thé duoc dung lam doan moi hodc doan
do phai c6 cac trinh tw bd sung day dd @& hinh thanh mot céu trac trinh tu

kép &n dinh trong dung méi nhét dinh & nong do mudi cu thé.

Theo sang ché nay, vé& co ban, trinh tw tvong dong d& cap dén phan to
axit nucleic, ma phan tt axit nucleic nay cd thé lai tao dac thl v&i trinh tw bd
sung clia moét phan t axit nucleic tvong hop khac trong diéu kién "nghiém

ngat cao". Céac diéu kién nghiém ngat dé lai tao ADN dugc nhirng ngudi co
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kién thire trong linh vire ky thuét biét ré, chang han nhu phwong phap XG 1y
v&i dung dich 6.0 x natri clorua/ natri xitrat (SSC) & khoang 45°C va rira
béng 2.0 x SSC & 50°C. Vi dy, nong dd mudi trong budc rika duoc chon tir
2.0 x SSC va 50°C dbi voi diéu kién “nghiém ngat thap” va 0,2 x SSC va
50°C d&i v&i didu kién “nghiém ngat cao”. Ngoai ra, nhiét do trong budc rira
dao déng tir 22°C dbi véi diéu kién "nghiém ngat th&p" dén 65°C dbi v&i digu
kién “nghiém ngat cao”. Ca hai nhiét d6 va nong do mubi nay cé thé thay ddi
cling nhau hosc chi thay ddi mét trong hai bién s nay. Tét hon la diéu kién
nghiém ngat duoc st dung theo sang ché nay c6 thé nhu dwdi day. SEQ ID
NO:1 duwoc lai tao dac trung trong 6,0 X SSC va dung dich SDS 0,5% o
65°C. Sau do, mang duoc rira mét lan trong dung dich 2 x SSC va SDS
0,1% va dung dich 1 x SSC va SDS 0,1%, tuong ng.

Do d6, mét trinh tw khang thudc diét cd nhat dinh co thé lai tao v&i SEQ
ID NO: 1 trong didu kién nghiém ngat duyoc bao gom trong sang ché nay.
Céc trinh tw nay twong ddng it nhét khoang 40% dén 50% hoac tuong doéng
khodng 60%, 65% hoc 70%, tham chi tvong ddng it nhét 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94% , 95%, 96%, 97%, 98%, 99% hodc cao hon so

VGi cac trinh tu clia sang ché nay.

Sang ché nay clng d& cap dén protein chtrc nang. "Hoat tinh chirc
nang" (ho&c "hoat tinh") duwgc md ta trong sang ché nay c6 nghia la hoat tinh
clia cac protein/ enzym (mét minh hoac két hop v&i cac protein khac) theo
sang ché nay dé& lam thoai bién thudc diét cd hoac giam hoat tinh clia thube
diat cd. Tét hon la cay tréng ma san sinh duoc protein theo sang ché nay
san sinh dwoc lwong hivru hiéu protein ma, khi Xt ly cay tréng voi thudc diét
o, murc bidu hién protein di @& cung cap cho cay tréng kha nang khang
hoac chéng chiu hoan toan hodc mot phan déi véi thude diét co (lidu lwong

chung néu co khong co chi dan cu thé). Thude diét cd thuong duoc s dung
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& lidu lwong co kha nang lam chét cac loai cay muc tiéu, voi liéu lvong va
ndng do théng thwéng duoc stk dung trén khu vire trdng trot. Tét hon 13, céc
t& bao thuc VAt cling nhw cac cay tréng d& cap trong sang ché nay duoc bao
vé khdi sw trc ché sy tang tredng hodc tac hai do thubc diét cé gay ra. Cac
cay tréng bién ddi gen va cac té bao thuc vat duoc d& cap trong sang ché
nay c6 tinh khang ho#c chéng chiu thudc diét cd 2,4-D, didu nay c6 nghia
ring cay trdng bién ddi gen va cac té bao thue vat co thé séng sot trong diéu

kién cé st dung lvong hiru hiéu thudc diét ¢ 2,4-D.

Gen va protein dugc mé ta theo sang ché nay bao gom khéng chi cac
trinh tw dién hinh dac trweng, ma con bao gém ca cac bd phan va/ hodc cac
doan (bao gdm cac doan bi thiéu hut trong va/ hoac cac doan & dau cla
protein c6 chiéu dai day d0), cac bién thé, cac dot bién, cac thé thay thé (cac
protein c6 chira (cac) axit amin bj thay thé), thé kham (chimera) va protein
lign hop gitr dwoc hoat tinh khéng thubc diét cd cta chung. Cac "bién thé"
hoac "su bién déi" duwoc dé cap trén day dé cap dén cac trinh tw nucleotit
ma hoa clng protein hodc ma hoéa protein tvong duong c6 hoat tinh khang
thubc diét co. Cac "protein tvong duong" duoc dé cap trén day de céap dén
cac protein c6 cung hoac v& co ban la cung hoat tinh sinh hoc khang thubc

diét ¢ la cac protein dwoc yéu cau bao hé.

Cac “doan” hoac “doan bi cit cut” cia ADN hoac trinh tw protein nhw
duoc Mo ta theo sang ché nay d& cap dén mét phan hodc mét mau duoc
bién d&i nhan tao cla cac “doan” hodc “doan bi cat cut” (ttrc 1a céc trinh tw
phu hop cho biéu hién gien cla thuc vat) cia ADN gbc hoac céc trinh ty
protein (nucleotit ho&c axit amin) dwoc bao gbm trong sang ché nay. Do dai
trinh tw cla cac trinh tw ndi trén cé thé thay ddi, nhung phai du dai gé gam
bao ring protein (dwoc ma hoa) 1a protein khang thudc diét ¢é. Trong mot sb

trwérng hop, (cu thé 1a bidu hién trong cay trong), sé cé loi khi sir dung gen
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bi ct cut ma né ma hoa protein bi cat cut. Tét hon 13, gen bi cét cut thudng
ma hoa 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77,
78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,

98, hodc 99% cla toan bd protein.

Do tinh duw thira cGa cac codon di truyén, nhiéu trinh tw ADN khac nhau
c6 thé ma hoa cling mét trinh tw axit amin. Nguoi co kién thire trong ITnh vuwe
ky thuat biét cach thirc thu dwoc trinh tw ADN thay thé ma hoa clng ho&c vé
co ban la cling mét protein. Cac trinh tw ADN khac nhau nay cliing dvoc bao
ham trong sang ché nay. Trinh tw "vé co ban la cung” noi trén d& cap dén
trinh tw ma trong d6 cac axit amin nhat dinh dwoc thay thé&, loai bd, bd sung
hodc chén vao, nhwng hoat tinh khang thudc diét cd clia ching van khong bi
anh hudng dang ké va ciing bao gdm cac doan con duy tri hoat tinh khang

thubc diét co.

Ky thuat thay thé, loai bd hodc bd sung ctia mot sb axit amin trong céc
trinh tw axit amin theo sang ché nay la ky thuat théng thudng trong Iinh vuwc
ky thuat. T6t hon Ia, viéc thay dbi axit amin nhu thé bao gdm: thay dbi cac
d4c tinh the yéu, ching han nhu thay thé cac axit amin dw bi ma khong gay
anh hwdng dang k& dén viéc gap xoén va/ hodc hoat tinh cla protein, loai bd
mot doan ngan, thuong 1a khodng 1-30 axit amin, kéo dai mot doan ngan
amin hoac cacboxyl cudi, chdng han nhu kéo dai gbc metionin & amin cudi;
peptit lién két ngén, chang han nhw doan c6 chiéu dai khodng 20 — 25 axit

amin.
Cac vi du vé& su thay thé theo cach bao thu la thay thé xay ra trong cac

nhém axit amin sau day: cac axit amin co ban (nhw arginin, lysin va histidin),

axit amin ¢é tinh axit (nhw axit glutamic va axit aspartic), cac axit amin phan
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cwe (vi du glutamin va asparagin), axit amin ky. nwde (nhw leuxin, isoleucine,
va valin), axit amin thom (vi du phenylalanin, tryptophan va tyrosin) va cac
axit amin phan t& nhé (nhw glyxin, alanin, serin, threonin va methionin). Cac
thay thé axit amin noi chung khéng lam thay ddi hoat tinh déc trung da duoc
hiéu ré trong linh vyc ky thuat va da duoc mo ta, vi du, trong cac tai lieu
Protein do N. Neurath va R. L. Hill bién soan, xuat ban b&i Academic Press,
New York vao nam 1979. Thay thé thong thueng nhét 1a Ala/ Ser, Val/ lle,
Asp/ Glu, Thu/ Ser, Ala/ Thr, Ser/ Asn, Ala/ Val, Ser/ Gly, Tyr/ Phe, Ala/ Pro,
Lys/ Arg, Asp/ Asn, Leu/ lle , Leu/ Val, Ala/ Glu va Asp/ Gly, va céac thay thé

ngwoc cla chung.

Hié&n nhién la, @i v&i ngudi cé kién thire trong ITnh vire k¥ thuat, sw thay
thé nhw vay co thé xdy ra bén ngoai cac khu virc quan trong dbi v&i chire
nang phan tl va van tao ra sy san sinh céac polypeptit hoat tinh. i v&i
polypeptit theo sang ché nay, cac gbc axit amin ma can thiét cho hoat tinh
ctia polypeptit va dugc chon la cac gbe khong thé thay thé c6 thé dwoc xac
dinh bang cac phuong phap da biét trong linh vue ky thuat, chéng han nhuw
dot bién gen dinh vi tri hodc dét bién gen quét alanin (xem, vi du,
Cunningham va Wells, nam 1989, Science 244: 1081-1085). Ky thuat gan
day duwoc thuc hién bang cach dwa cac dot bién trong mdi gbc dién tich
dwong trong phan t&r va phat hién hoat tinh khang thudc diét cd cla céc
phan & bién ddi thu dwoc, sao cho x&c dinh duoc cac gbc axit amin quan
trong @6i v&i hoat tinh clia cac phan t&. Céc vi tri tvong tac cda chéat nén
enzym ciing c6 thé duoc xac dinh bang cach phan tich cAu tric ba chiéu cla
chling, méa cAu truc ba chidu cla ching c6 thé dwoc xac dinh thong qua mot
sb ky thuat nhw phén tich cong hwédng tir hat nhan (NMR), tinh thé hoc, hoac
gan nhan quang é&i luc (xem, de Vos va cac ddng tac gid , nam 1992,
Science 255: 306-312, Smith, va cac déng tac gia, 1992, J. Mol. Biol 224:
899-904, Wlodaver, va cac déng tac gia, 1992, FEBS Letters 309: 59-64).
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Do d6, cac trinh tw axit amin cé sy déng nhét nhat dinh v&i cac trinh ty
axit amin dwoc thé hién trong SEQ ID No. 2 cling dugc bao gom trong sang
ché nay. D6 twong tuw/ twong ddng gitra céac trinh tw nay va cac trinh tw
dwoc mo ta trong sang ché thuong 1a trén 60%, tdt hon 1a dat trén 75%, tét
hon nira khi dat trén 80%, tham chi tét hon niva khi dat trén 90% va tot hon
ntra khi dat trén 95%. Cac polynucleotit va protein dugc wu tién theo sang
ché nay ciing co thé duoc xac dinh theo céc pham vi dac trung hon vé tinh
twong ddng va/ hodc twong tw. Vi dy, ching c6 db tuong ddng va/ hoac
twong tw la 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61% , 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%,
73%, 74%, 75%, 76%, 77%, 78 %, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94% 95%, 96%, 97%, 98%

hodc 99% v&i cac trinh tw duwoc mo ta theo sang ché nay.

Céac trinh tuw didu hoa duwoc md ta theo sang ché nay bao gom nhung
khong gi¢i han & vung kh&i dong, peptit van chuyén, vung két thuc, ving
tang cwdng, trinh ty dan dau, céc intron va cac trinh tw didu hoa khac co thé
duoc lién két theo cach thirc c6 khd néng hoat déng voi gen 24DT22 ndi

trén.

Viing khéi déng néi trén 1a viing khdi dong co thé bi&u hién trong thuc
vat, trong d6 "viing khdi dong cé thé biéu hién trong thwe vat" noi trén Ia gé
cap dén ving khdi dong ma dam bao rang cac trinh ty ma héa gén véi ving
khéi dong c6 thé bigu hién trong cac té bao thuc vat. Vung khdi dong co thé
bidu hién trong thuc vat cé thé 1a vung khdi dong co ban. Cac vi du vé cac
viing kh&i dong cé kha nang quy dinh biéu hién co ban trong thwe vat bao
gdm nhung khéng gi¢i han & vung khéi dong 35S duwoc dan xuét tir virus

kham Cauliflower, ving khéi déng ubi, vung khéi doéng clia gen GOS2 dan
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xuat tir cay lua va twong te. Ngoai ra, vung khdi déng co thé biéu hién trong
thuwe vat cé thé la vung khéi déng dac treng mo, ma c6 nghta rang mirc do
biéu hién dwoc quy dinh b&i ving kh&i déng nay trong mét s mé thuwe vat,
chang han nhv trong mé diép luc (chlorenchyma), cao hon so Vvoi murc dd
bidu hién trong cac loai mé khac cla cay (cé thé do duoc théng qua thir
nghiém ARN théng thuwdng), chdng han nhw vung kh&i doéng PEP
carboxylaza. Ngoai ra, ving kh&i déng co thé bidu hién trong thuc vat cling
c6 thé 1a ving khdi déng cam (rng do bi thuong ton. Vung khéi dong cam
rng do bi thwong tdn hodc ving khdi dong ma né quy dinh hinh thike biéu
hién cam (ng do bj thuong tdn d& cap dén cac ving cam (ng ma nho do
merc d6 biéu hién clia cac trinh tw ma hoa co thé duoc tang Ién dang ké so
vG&i cac mirc dd bidu hién cla céc trinh tw méa hda trong cac diéu kién tang
trréng binh thudng, khi ma cay tréng bj thuong ton co hoc hozc thuong ton
do can tring can. Vi du vé cac vung khéi dong cam trng do bi tvong tén bao
gdm nhung khong gi¢i han & cac ving cdm (rng cla gen (rc ché proteaza
clia khoai tay va ca chua (pin | va pin Il) va cac vung cam (rng cla gen wc

ché proteaza clia ngd (MPI).

Cac peptit van chuyén néi trén (con goi la trinh tw tin hiéu can tiét hoac
trinh tw d&n dau) din cac san pham bién ddi gen vao cac ngan t& bao hoac
co quan té bao cu thé. Bi véi protein tiép nhan, peptit van chuyén néi trén
c6 thé khong ddng nhét. Vi duy, cac trinh tw ma héa peptit van chuyén luc lap
duwoc st dung gé dé‘ivn t&i luc lap; Hodc trinh tw dy bi 'KDEL' dwoc st dung
d& dan t&i ludi ndi chat hoic CTPP cla gen lectin 1Ga mach duwoc st dung

dé& dan dén khéng bao.
Trinh tw dan dau néi trén bao gdm nhwng khéng gi¢i han & cac trinh tw

dAn d&u virus ARN nhd, ching han nhu trinh tw d&n dau EMCV (viing khong

ma hoa virus encephalomyocarditis 5’); trinh tw dan dau cla virus khoai tay
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Y, ching han nhu trinh tv din dau clia MDMV (virus kham géy coi coc &
ngd); protein lién két trinh tu 1&n immunoglobulin & nguwdi (BiP); trinh tw dan
dau khong dwoc phién méa cla vo protein mRNA cla virus kham & cé linh
lang (AMV RNA4); trinh ty din dau cla virus bénh dom céy thudc & (TMV).

Ving tang cwdng noi trén bao gdm nhwng khong gi¢i han cac vung tang
cwong virus khdm caoviflower (CaMV), vung tang cudng virus kham Figwort
(FMV), ving tang cwong virus Carnations Etched Ring (CERV), vung tang
cudng virus kham gén la cay s&n (CsVMV), ving tang cwong virus kham
Mirabilis (MMV), viing t&dng cwdng virus vang xoan 1a Cestrum (CmYLCV),
virus xoén Ia cay bdng Multan (CLCUMV), viing tng cudng virus dom vang

Commelina (CoYMV) va virus kham soc Ua vang & cay lac (PCLSV).

Péi véi viec (rng dung cho cac cay trong mot & mam, céc intron néi trén
bao gbm nhung gi¢i han & cac intron hsp70 cua ngo, intron ubiquitin cua
ngd, intron Adh1, cac intron syntasa sucroza hodc intron Act1 cla lda. Péi
v&i viéc (rng dung cho céac cay trdng co hai 1a mém, céac intron néi trén bao
gdm nhwng khdng gigi han & cac intron CAT-1, céac intron pKANNIBAL, cac

intron PIV2 va cac intron “siéu ubiquitin”.

Céc viing két thuc noi trén cé thé la cac trinh tw tin hiéu polyadenyl hoa
phu hop déng mét vai tro trong cay trong. Cac trinh tw tin hiéu polyadenyl
héa phu hop nay bao gdm nhwng khong giéi han & trinh tw tin higu
polyadenyl hoda coé ngudn gbc tlr gen nopalin synthetaza (NOS) cla
Agrobacterium tumefaciens, trinh ty tin hiéu polyadenyl héa dan xuét tir gen
trc ché proteaza Il (pin II), trinh ty tin hiéu polyadenyl héa dan xuét tlr gen
ssRUBISCO EQ clia dau Ha Lan va trinh tw tin hiéu polyadenyl hoa dan xuét

tlr Gen o-tubulin.
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Thuat ngl "dwoc lién két theo cach thirc c6 kha nang hoat dong" duwoc
mb ta trong sang ché nay la d& cap dén viéc lién ket cac trinh tw axit nucleic,
viéc lien két nay cung cép cho céc trinh tw chire nang can thiét cla céac trinh
tw duoc lién két. Thuat nglr "duoc lién két theo cach thirc c6 khd nang hoat
déng" duoc mé ta trong sang ché nay co thé 1a sw lién két clia vung khoi
dong véi cac trinh ty lién quan, ma lam cho viéc phién ma céac trinh tw nay
dwoc dat dwdi sy kiém soat va diéu chinh cta vung khéi déng. Khi trinh tuw
lien quan ma héa maot protein va biéu hién cla protein nay duoc yéu cau,
thuat ngt “dwoc lién két theo cach thire c6 kha nang hoat ddng” chi ra rang
su lien két ctia vung khdi déng va trinh tw néi trén lam cho ban phién ma thu
duwoc dwoc dich ma mét cach hiéu qua. Néu viéc lien két vung kh&i déng va
trinh tw ma hoa din dén suw hop nhét phién ma va biéu hién cda protein ma
héa dwoc yéu cau, thi mét lién két nhw thé dwoc tao ra d& dam béo rang
codon kh&i dau dich ma dau tién cha phién ma thu duoc la codon khoi dau
cua trinh tw ma hoa. Ngoai ra, néu viéc lién két viing kh&i dong va trinh tw
ma hoa dan dén hop nhat phién ma va biéu hién cla protein ma héa duoc
yéu cau, thi mot lién két nhu thé duoc tao ra d& dam bao rang codon khoi
dau dich ma d4u tién cla trinh tw khéng dwoc dich ma 5" duoc lién két vOi
viing kh&i dong, va cach lién két nhu thé lam cho mdi quan hé gitra cac san
pham dich méa thu duoc va khung doc m& ma hoa protein lién quan phu hop
v6i khung doc. Céc trinh tu axit nucleic co thé "duwoc lién két theo cach thirc
c6 kha nang hoat dong" bao gém nhwng khéng gi¢i han & céac trinh tw cung
cAp chirc nang biéu hién gen (tic la cac yéu té bidu hién gen, ching han
nhw ving kh&i dong, vung khéng dich ma &, cac intron, vung ma hoéa
protein, vung khéng dich m& 3’ , cac vi tri polyadenyl hoa va/ hoac vung két
thic ma hoa); céac trinh tw cung cap chlrc nang van chuyén ADN va/ hoac
tich hop (ttrc 1a cac trinh tw bién T-ADN, cac vi tri nhan biét clia enzym tai td
hop dac trung theo vi tri, cac vi tri nhan biét integraza): cac trinh tw cung céap

chirc nang co thé Iwa chon (tlrc 1a, cac chi thi khang thudc khang sinh, céc
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gen sinh tdng hop); cac trinh tw cung cap chirc nang clia cac chi thi ghi diém
s& cac trinh tw hd tro hoat ddng cla céc trinh tw trong co thé sbng hoac
trong phong th* nghiém (céc trinh tw viing da néi, cac trinh tw tai td hop dac
trrng theo vi tri) va cac trinh tw cung c&p chirc néng sao chép (tue la nguén
gbc cla sw sao chép cua vi khuan, cac trinh tw tw sao chép tw dong, cac

trinh tw trung tam).

Sang ché nay co thé mang lai (cac) dac tinh khang thubc diét co moi
cho cay trdng trong khi khdng quan sat thdy céc tac dong bat loi vé kiéu
hinh, bao gdm san lwong. Cac cay trong theo séng ché nay c6 thé chéng
chiu 2, 3, 4 hoac 5 lan mirc d6 str dung chung cla it nhat mat loai thubc diét
cd phai chiu. Sy cai thién vé mic dé khang thuéc diét cd nay nadm trong
pham vi clia séng ché. Vi du, hoan toan c6 kha nang dv doan dwoc dé toi
wu héa va phat trién thém nhidu loai cong nghé da biét trong linh vuc ky

thuat @& lam tang biéu hién cla mét gen nhét dinh.

Theo sang ché nay, protein khang thubc diét cd néi trén la trinh tw axit
amin 24DT22 nhw dwoc thé hién trong SEQ ID NO 2 clia danh sach trinh tu.
Gen khang thudc diét cd néi trén la trinh ty nucleotit 24DT22 nhu dwoc thé
hién trong SEQ ID NO1 clia danh séach trinh tuw. Pé cé thé ap dung cho cay
trdng, gen khang thudc diét cé ndi trén ciing chira, bén canh vung ma hoa
cla protein dwgc ma héa béi trinh tw nucleotit 24DT22, cac yéu t6 khac,
chang han nhu céc ving mé hoa ma né ma hoa céac peptit van chuyén, céc
viing ma hdéa ma né ma hoéa cac protein chi thi chon loc ho&c cac protein

mang lai khd néng khang con trung.
Céc protein khang thudc diét cd 24DT22 nhu duoc mo ta trong séng

ché nay c6 kha nang chéng chiu hau hét céc thudc diét cd phenoxy auxin.

B6 gen cla cay tréng theo sang ché nay cé chira cac ADN ngoai lai chra
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trinh tw nucleotit 24DT22. Céc cay nay dwoc bao vé khdi sw de doa cua
thubc diét cd nhe biéu hién cta lvong hiru hiéu cla protein nay. "Lwong
hiru hiéu" 1a lidu lvong khéng gay tac hai hoac tac hai nhe. Poéng thoi, cay
trdng phai binh thueng vé& mat hinh thai va co thé duoc trdng theo cac cach

thire thdng thudng dé tiéu diing va/ hodc san xuét cac san pham.

Mirc d6 bidu hién cla cac protein tinh thé khang thudc diét cd (ICP)
trong céc vat liéu thuc vat co thé duoc xac dinh bang cach st dung nhiéu
phuong phap dugc mo ta trong linh vuc nay, chadng han nhw phrong phap
dinh lwong mMARN mé& hoa protein khang thudc diét cd trong mé théng qua
viéc str dung céac doan mdi dac thu hoac phuwong phap dinh lwong protein

khang thubc diét cd mot cach truc tiép va dac thu.

Sang ché nay d& xuét protein khang thubc diét cé, gen méa hoa va st

dung chung v&i cac wu diém sau:

1. Hoat tinh khang thudc diét cd manh. Protein khang thubc diét cd
24DT22 theo sang ché nay cé kha ning khang manh thuoc diét cd, dac biét

a cac loai thubc diét cd phenoxy auxin, cu thé 1& 2,4-D.

2. Phd khang thudc diét co rong. Protein khang thuéc diét cé 24DT22
theo sang ché nay thé hién kha nang khang cao déi véi nhieu loai thubc diét
cd phenoxy auxin ding cho cay tréng, chinh vi thé chiing 6 trién vong rng

dung rong rai trén cay trong.

Giai phap ky thuat clia sang ché nay sé dwoc mo ta chi tiét hon thong

qua cac hinh vé& minh hoa va cac vi du dinh kem nhuw sau:

Mo ta van tat cac hinh vé
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Hinh 1 th& hién so dd xay dung vecto tao dong tai to hop DBNO1-T c6
chtra trinh tw nucleotit 24DT22 dugc st dung trong protein khang thubc diét

cd, gen ma hoéa va viéc si dung ching theo sang ché nay;

Hinh 2 thé hién so db xay dwng vecto biéu hién tai t& hop DBN100301
c6 chira trinh tw nucleotit 24DT22 duoc si dung trong protein khang thubc

diét cd, gen ma hoa va viéc str dung chuing theo sang ché nay;

Hinh 3 thé hién so dd xay dung vecto biéu hién tai to hop DBN100301N
c6 chira trinh tw kidm chirng dwoc st dung trong protein khang thudc diét

cd, gen ma hoa va viéc st dung chuing theo sang ché nay;

Hinh 4 thé hién hiéu qua khang thuéc diét cd cua cay ho Cai
(Arabidopsis) bién ddi gen T1 c6 protein khang thubc diét c, gen ma hda va

viéc st dung ching theo sang ché nay;

Hinh 5 thé hién hiéu qua khang thubc diét cé cta cay dau nanh bién dbi
gen T1 cé protein khang thubc diét cd, gen ma hoa va viéc str dung chung

theo sang ché nay;

Hinh 6 thé hién so dd d& xay dung cac vecto biéu hién tai t6 hop
DBN100764 c6 chira trinh tw nucleotit 24DT22 duoc st dung trong protein

khang thudc diét cd, gen mé hoa va viéc si dung chung theo sang ché nay;
Hinh 7 thd hién so dd d& xay dwng vecto biéu hién tai td hop

DBN100764N c6é chira trinh tw kiém ching duwoc str dung trong protein

khang thudc diét cd, gen ma hoa va viéc st dung ching theo sang ché nay.
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M6 ta chi tiét phwong an wu tién:

Giai phap ky thuat v& protein khang thudc diét cd, gen méa héa va viéc
sr dung chung theo sang ché s& dwoc minh hoa rd hon thong qua nhirng vi

du sau day:
Vi du 1: Thu va tng hop trinh tw gen 24DT22
1. Thu trinh tw gen 24DT22

Trinh ty axit amin cla protein khang thudc diét cd 24DT22 (292 axit
amin) dwoc thé hién 12 SEQ ID NO: 2 trong danh sach trinh tw. Trinh tw
nucleotit (879 nucleotit) m& hod trinh tw axit amin twong (rng cua protein
khang thubc diét ¢ 24DT22 (292 axit amin) duwoc thé hién 1a SEQ ID NO: 1

trong danh sach trinh tuw.

2. Téng hop trinh ty nucleotit nhu dwge mo ta bén trén

Trinh tv nucleotit 24DT22 (duoc thé hién 1a SEQ ID NO: 1 trong danh
sach céac trinh tw) da duwoc téng hop béi GenScript Co., Ltd., Nam Kinh,
Trung Quéc; Trinh tu nucleotit 24DT22 téng hop (SEQ ID NO: 1) dwoc lién

két v&i mot vi tri han ché Spel & dau 5', va mét diém han ché Kasl & dau 3.

Vi du 2: Xay dung vecto biéu hién tai t6 hop cta cay ho Cai

(Arabidopsis thaliana) va dau nanh

1. Xay dung vecto tao dong tai td6 hop DBNO1-T c6 chira trinh tw
nucleotit 24DT22
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Trinh tw nucleotit 24DT22 duwoc tdng hop da dugc nhan ban vao vecto
tao dong pGEM-T (Promega, Madison, USA, CAT: A3600), dé nhan duoc
vecto tao dong tai t& hop DBNO1-T theo chi dan clia vecto Promega pGEM-
T, va qua trinh xay dwng dugc th& hién trong Hinh 1 (trong d6 Amp la gen
khang ampicillin, f1 1a ngudn gbc nhan béan cla thé thuc khuan f1, LacZ la
codon kh&i dau ciia LacZ, SP6 la vung kh&i dong cua polymeraza ARN SP6,
T7 la viung khéi déng cla polymeraza ARN T7, 24DT22 la trinh tw nucleotit
24DT22 (SEQ ID NO: 1), MCS la céc vung tao dong).

Cac vecto tao dong tai t& hop DBNO1-T sau d6 bién nap vao té& bao
E coli T1 kha bién (Transgen, Béc Kinh, Trung Quéc, CAT: CD501) thong
qua phuong phap séc nhiét. Cac diéu kién gay séc nhiét nhw sau: 50 pl té
bao E.coli T1 kha bién va 10 ul ADN plasmit (vecto tao dong tai to hop
DBNO1-T) dwoc U trong bé nuéc & 42°C trong 30 gidy. Sau do, cac té bao
E. coli dwoc nudi cAy rung lac & 37 °C trong 1 gio (100 vong/ phtt trong may
4p rung l4c) va sau d6 duoc nudi lon trén moét dia LB (10g/L Trypton, 5g/L
chiét xuit nAm men, 10g/L NaCl, 15g/L Agar va d6 pH da duwoc dieu chinh
len 7,5 bang NaOH) duwgc phu mat bang IPTG (Isopropyl thio-beta-D-
galactoza  glucosit),  X-gal (5-bromin-4-clorin-3-indol-beta-D-galactoza
glucosit) va ampicillin (100mg/L) réi dé qua dém. Céc khuén lac mau trang
duoc lay ra va nudi cdy trong mai treong nude thit LB (10g/L Trypton, 5g/L
chiét xuit nAm men, 10g/L NaCl, 100 mg/L ampicillin va dé pH duoc diéu
chinh dén 7.5 véi NaOH) & 37°C dé qua dém. Céac plasmit cta ching duoc
chiét tach bang phuong phap ly gidi bang kiém nhw sau: dung dich vi khuén
duwoc ly tam trong vong 1 phut & téc dd 12000 vong/phut, loai bé phan ndi
trén bé mat va phan vién dwoc tai huyén phu trong 100pL trong dung dich
nuéc da lanh | (25 mM Tris-HCI, 10 mM EDTA (etylendiaminetetraaxetic
axit) va 50 mM glucoza, pH = 8,0); Sau d6 bd sung 200 pl dung dich vira
m&i dwoc chun bi Il (0,2 M NaOH, SDS 1% (natri dodexyl sunfat)) va bng
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dwoc ddo nguoc 4 1an, tron va sau dé cho vao trong nwdée da trong vong 3-5
phut; bd sung 150ul dung dich lanh lli (3 M kali axetat va 5 M axit axetic),
tron déu ngay 1ap tic va U trén da trong khoang 5-10 phut; hén hop duoc ly
tam & tbéc dd 12000 vong/phat & 4°C trong 5 phut, hai lwong etanol khan
duoc thém vao phan ndi trén bé mat, tron va sau d6 dat & nhiét do phong
trong vong 5 phut; hdn hop dwoc ly tam & tbc dd 12000 vong/phut & 4°C
trong 5 phut, phan ni trén bé mat duoc loai bo, va phan vién duoc sy kho
sau khi rtra bang etanol 70% (thé tich/thé tich); b6 sung 30 pl TE (10 mM
Tris-HCI, 1 mM EDTA, pH = 8,0) chira RNase (20pg/mL) dé hoa tan chét két
tha: hdn hop duoc G & 37°C trong mét bon nuwdc trong 30 phut dé thay giai

ARN va lwu trir & - 20°C dé& st dung vé sau.

Sau khi cac plasmit da chiét tach duoc xac thuc bang cac enzym gidi
han Spel va Kasl, cac dong duong tinh da dwoc xac thwc thdong qua viéc
xép trinh tw. Két qua cho thdy trinh tw nucleotit 24DT22 ma duoc chen vao
vecto tao dong tai t6 hop DBNO1-T néi trén Ia trinh tw dwoc thé hién trong
SEQ ID NO: 1 trong danh sach trinh tw, chira réang trinh tw nucleotit 24DT22

da dwoc chén mét cach chinh xac.

2. Xay dwng vecto biéu hién tai t6 hop DBN100301 cda cay ho Cai

(Arabidopsis thaliana) va dau nanh coé chira trinh tw nucleotit 24DT22

Cac vecto tao dong tai t& hop DBNO1-T va vecto biéu hién DBNBC-01
(vecto backbone: pCAMBIA2301, ¢ s&n tir Vien CAMBIA) dugc thly gidi
bing cac enzym gi¢i han Spel va Kasl. Doan trinh tw nucleotit bi cat cut
24DT22 duoc thét gitra cac diém gidi han Spel va Kasl clia vecto biéu hién
DBNBC-01 d& tao ra vecto biéu hién tai t6 hop DBN100301. bay la mot
phwong phép théng thuwong dé nguwdi cod kién thire trong Iinh vire ky thuét co

thé xay dwng vecto biéu hién théng qua viéc thly gidi enzym giéi han. So aé
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xay dwng duoc thé hién trong Hinh 2 (Kan: gen kanamyxin, RB: dudng bién
phai, AtUbi10: viing gen kh&i dong Arabidopsis Ubiquitin (Ubiquitin) 10 (SEQ
ID NO: 3); 24DT22: trinh tw nucleotit 24DT22 (SEQ ID NO: 1); Nos: vung két
thic clia gen synthetaza nopalin (SEQ ID NO: 4); prCaMV35S: ving khoi
ddng virus kham Cauliflower 35S (SEQ ID NO: 5); PAT: gen glutosinat axetyl
transferaza (SEQ ID NO: 6); TCaMV35S: vlng két thuc virus kham
Cauliflower 35S (SEQ ID NO: 7); LB: dwdng bién trai).

Vecto biu hién tai td hop DBN100301 dwoc bién nap vao té bao E.coli
T1 kha bién bing phuong phap sbc nhiét nhu sau: 50 ul té& bao E.coli T1
kha bién va 10 pl ADN plasmit (vecto biéu hién tai t& hop DBN100301) duoc
G trong bé& nuéc & 42°C trong 30 gidy. Sau do, cac té bao E. coli duoc nudi
cdy rung lac & 37°C trong 1 gi& (100 vong/ phut trong may l4c) va sau dé
dwoc nudi 1&n trén mot dia LB cirng (10g/L Trypton, Sg/L chiét xuét nadm
men, 10g/L NaCl, 15g/L Agar va do pH da duoc diéu chinh 1&n 7,5 béng
NaOH) chra 50mg/L kanamyxin & 37°C trong 12 gio. Cac khuan lac mau
trAng duoc Iy ra va nudi trong méi truong nwée thit LB (10g/L Trypton, Sg/L
chiét xuat nAm men, 10g/L NaCl, 50 mg/L kanamyxin va d6 pH duoc diéu
chinh dén 7.5 v&i NaOH) & 37°C @& qua dém. Céac plasmit cia chung duoc

chiét tach bang phuong phap ly gidi bang kiém.

Sau khi cac plasmit chiét ra dwoc xac nhan béng cac enzym gidi han
Spel va Kasl, cac dong duong tinh da duoc xac thwe thdong qua viéc xép
trinh tw. Két qué cho théy trinh tw nucleotit gitra cac diém gi¢i han Spel vaf
Kasl trong vecto biéu hién tai t6 hop DBN100301 1a trinh tw nucleotit dwoc
thé hién trong SEQ ID NO: 1 trong danh sach trinh tw, tlrc la trinh tw
nucleotit 24DT22.
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3. Xay dung vecto biéu hién tai t& hop DBN100301N cta cay ho Cai

(Arabidopsis thaliana) va dau nanh c6 chra trinh tw kiém chirng

Tiép theo quy trinh xay dung vecto tao dong tai t& hop DBN100301N
bao gdém trinh tw nucleotit 24DT22 nhw dwgc mo ta trong phan 1 cla Vi du
2 vecto tao dong tai t& hop DBNOTR-T chtra trinh tw kiém ching duoc xay
dung bang cach st dung trinh tw kiém chirng (SEQ ID NO: 8). Cac dong
dwong tinh d& duoc xac nhan viéc sép xép trinh tu. Ké&t qua cho théy trinh
tw nucleotit dwoc chén thém vao vecto tao dong tai td hop DBNO1R-T la
trinh tw duoc thé hién trong SEQ ID NO: 8 trong danh sach trinh tw, chi ra

ring trinh tw nucleotit kiém chirng da duoc chen mét cach chinh XAC.

Tiép theo quy trinh x&y dwng vecto biéu hién tai t6 hop DBN100301
chira trinh tw nucleotit 24DT22 nhw dwoc mo ta trong phan 2 cla Vi du 2,
vecto bidu hién tai t& hop DBN100301N chira trinh tw kiém chirng duoc xay
dung bang cach st dung trinh tw kiém ching va cAu tric cla vecto dwoc
thé hién tai Hinh 3 ((vecto backbone: pCAMBIA2301, cb san tai Vién
CAMBIA); Kan: gen kanamyxin, RB: duong bién phai, AtUbi10: vung gen
kh&i dong Arabidopsis Ubiquitin (Ubiquitin) 10 (SEQ ID NO: 3); mN: trinh tw
ki&m ching (SEQ ID NO: 8); Nos, viing két thic ctia gen synthetaza nopalin
(SEQ ID NO: 4); prCaMV35S: vung kh&i dong virus khdm Cauliflower 35S
(SEQ ID NO: 5); PAT: gen glutosinat axetyl transferaza (SEQ ID NO: 6);
TCaMV35S: viing két thuc virus khdm hoa sup lo 35S (SEQ ID NO: 7); LB:
dudng bién trai). Cac dong dwong tinh da dwoc xac nhan théng qua viéc
xép trinh tw. K& qua cho thay trinh tw kiém ching duoc chen thém vao
vecto bidu hién tai t& hop DBN100301N I trinh tw duoc thé hién trong SEQ
ID NO: 8 trong danh sach trinh tw, chi ra rang trinh tw nucleotit kiém ching

da dwoc chén mét cach chinh xac.
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Vi du 3: Thu cay ho Céi (Arabidopsis) c6 trinh tw nucleotit 24DT22 duoc

chén vao

1. Bién nap vi khudn Agrobacterium tumefaciens bang cac vecto biéu

hién tai t& hop

Cac vecto biéu hién tai t& hop DBN100301 va DBN100301N duoc xay
dwng mot cach chinh xac (trinh tw kiém ching) da duwoc bién nap vao
Agrobacterium GV3101 sau phwong phép lam lanh nhanh bang nito 16ng
nhu sau: 100 pl Agrobacterium GV3101 va 3 pl ADN plasmit (vecto biéu
hién tai t& hop) dwoc dua vao trong ni to 1dng trong 10 phut va sau dé duwoc
0 trong b& nuéc & 37°C trong 10 phit. Sau do, cac té bao Agrobacterium
GV3101 da bién nap duoc cly trong nwéc thit LB va nudi cdy & 28°C, 200
vong/phut trong 2 gid va duoc trai trén mot dia LB c6 chra 50 mg/L
rifampixin (Rifampixin) va 50 mg/L kanamyxin cho @én khi cac khuan lac don
dwong tinh xu4t hién. Cac khuén lac don dwong tinh dwoc lay ra va nudi
chy va chiét tach cac plasmit clia chung. Vecto biéu hién tai t& hop
DBN100301 da dwoc xac thwe bang cac enzym gi¢i han Smal va Pstl va
vecto bidu hién tai t& hop DBN100301N (trinh tw kiém chirng) duoc xac
thue bang cac enzym giGi han Smal va Bgll. K&t qué cho thay cac vecto
biéu hién tai t& hop DBN100301 va DBN100301N (trinh tw kiém chirng) déu

co cAu tric dung, twong ng.

2. Thu cay trong bién déi gen ho Cai (Arabidopsis thaliana)

Cac hat gidng cay ho Céi (Arabidopsis) hoang dai dwoc ngam lo ItPng
trong dung dich agaroza 0,1% (khéi lwvong/ thé tich) va duoc gitr & 4°C trong

2 ngay d& dap tng nhu cau ngli déng nham dam bao sw ndy mam dong loat

cGa hat giéng. Khoang chét bén cay va phan ngwa duoc tron 1An véi nhau
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va twei Am bang nwéc ngam. H&n hop dat da dwoc dé rédo nudc trong 24
gio. Cac hat giéng duoc x( ly trwéc dwoc gieo tréng trong hdn hop dat va
duwoc phd bing mét I6p mat na gitr &m trong 7 ngay. Hat gibng da ndy mam
va cac cay duoc trong trong nha kinh voi nhigt do cb dinh 1a 22°C v&i dd &m
khong dbi 13 40-50% va didu kién ngay dai véi cudng do anh sang 120-
150pmol/m2s (16 gi¢ chiéu sang / 8 gio t4i). Cac cay trong ngay tir dau
duoc twdi bang dung dich dinh dueng Hoagland va sau do twoi bang nuwéc

da duoc khiv ion dé gitr @&t &m nhung khong bi wot.

Phwong phép nhung thuc vat da duoc sir dung d& bién dbi Arabidopsis.

Mét hodc nhidu méi treong YEP khoang 15-30 ml chira 50 mg/L kanamyxin
va 10 mg/L rifampixin da duoc céy cac khudn Agrobacterium duoc lwa chon
lam méi treong tign nudi cdy. Mai treéng tién nudi cay duoc U & 28°C va l&c
véi the @6 220 vong/phit qua dém. Mai moi treong tién nudi ciy duoc st
dung d& nuéi ciy hai mdi treong nudi cay la 500 ml mdi treong YEP chira
kanamyxin (100 mg/L) va rifampixin (10 mg / L) va nhirng méi trvong cay
nay duoc G & 28°C trong may U lAc qua dém. Cac moi trwong duoc ly tam o,
thc d6 8700 x g trong 10 phit & nhiét dd phong dé lam cho cac té bao két
tia va loai bd phan ndi trén bé mat thu duoc. Cac vién t& bao duoc tai
huy&n phti mot cach nhe nhang trong 500 ml moi trdng o thé tham qua
| dwoc, chira 1/2 x MS mubi/ vitamin B5, sucroza 10% (khdi lwong/ thé tich),
0.044 uM Benzylaminopurin (10 pL/L (1 mg/mL dung dich gbc trong DMSO))
va 300 pl / L Silvet L-77. Cay khoang 1 thang tudi dwoc ngam trong moi
treong do trong 15 gidy va cac cum hoa m&i nhat dwoc bao dadm nhung
ngap trong mdi trwdong. Sau doé cac cay tréng duoc dat qua mot bén va duoc
phi (b&ng vat liéu trong sudt hoéc khong trong subt) trong 24 gio, sau dé
rra sach bing nwédc va dat thang ding. Cay dwoc tréng & nhiét do 22°C
theo chu ky anh sang c6 16 gi& sang/ 8 gio toi. Hat gibng duwoc thu hoach

sau khi nhuing trong 4 tuan.
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Céc hat giéng T1 vira méi dwoc thu hoach (trinh tw nucleotit 24DT22 va
trinh tu kiém chirng) duoc sdy khoé & nhiét d6 phong trong 7 ngay. Hat dwoc
trdng trong cac dia ndy mam (26,5 x 51 cm), 200 mg hat gibng T1 (khoang
10000 hat)/ dia. Hat gibng duoc ngam lo Itng trong 40 mL dung dich
agaroza 0,1% (khdi luong/ thé tich) va dwoc bao quén & 4°C trong 2 ngay

d& dap ¢ng nhu cau ngt déng dé dadm bao sw nay mam doéng loat.

Khoang chét bén cay va phan ngua da duoc tron 1an véi nhau va twdi
bing nwéc ngam va duoc dé réo nudc bang trong lwe. Cac hat gibng da xur
1y treéc (mdi 40 mL) dwoc trong déu trén hdn hop d4t bang cach s dung
pipet va phi mat na gilr Am trong 4 dén 5 ngay. Mat na dwgc bd ra 1 ngay
trwéc khi chon loc thé bién nap dau tién bang cach phun glufosinat-amoni

(chon loc gen PAT ddng bién nap) sau khi nay mam.

Vao ngay th& 7 sau khi trong (DAP) va ngay thir 11 DAP, tvong &ng,
cac cay T1 (giai doan moc la mam va giai doan moc duoc 2-4 13, tuong
&rng) dugc phun dung dich thubc diét co Liberty 0,2% (200g ai/L glufosinat-
amoni) st dung Voi phun‘ khi nén DeVilbiss v&i thé tich phun 10 ml/dia (703
L/ha) d& cung cap mét lvong glufosinat-amoni hiéu qua (280g ai/ha) cho m®i
lAn phun. Cac cay sbng sot (cay trong phét trién tich cwc) duwgc xac nhan
trong khoang thoi gian tir 4 dén 7 ngay sau lan phun cudi va chuyén vao mot
chau vuéng (7ecmx7cm) dwoc lam tir chét khoang bon cay va phan ngwa (3-
5 cay/chau). Cac cay cay ghép duoc phu mat na gitv Am trong 3-4 ngay va
dat trong phong nudi cdy & 22°C hodc dat truc tiép vao nha kinh nhw mé ta
ban trén. Sau d6, mat na dwoc loai bd va cay trong dwoc trdbng trong nha
kinh (22 % 5°C, 50 * 30% RH, 14 gi® chiéu séng: 10 gi¢ t8i, t6i thiéu 500uE /
m2s1 anh sang ty nhién + anh sang bd sung) it nhat mot ngay trwde khi

ki&m tra kha nang chdng chiu thubc diét cé phenoxy auxin ctia 24DT22.
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Vi du 4: Thir nghiém hiéu qué khang thubc diét co clia cay ho Cai

(Arabidopsis) bién dbi gen

Gen 24DT22 duoc st dung d& bién ddi Arabidopsis cho lan dau. Dau
tien, cac thé bién nap T1 duoc lya chon tr I&p hat giéng khang bj bién ddi,
st dung so dd chon loc glufosinat-amoni. Khoang 20000 hat giéng T1 duwoc
sang loc, trong d6 nhan biét duoc 314 dong cua thé bién nap dwong tinh thé
ha T1 (gen PAT), tirc 1a hidu qua bién dbi la khodng 1,6%. Thir nghiém hi¢u
qua khang thuéc diét cd d@bi voi mudi dimetyl amoni 2,4-D va agroxon clia
cay Arabidopsis T1 bién déi bang trinh tw nucleotit 24DT22, trinh tw nucleotit
ki&m chirng, twong tng va cay ho Cai (Arabidopsis) hoang dai da dugc thuc

hién sau 18 ngay trong.

Cac cay Arabidopsis T1 da bién déi bang trinh tw nucleotit 24DT22, trinh
tw nucleotit kiém chirng, twong tng va cay Arabidopsis hoang dai duoc
phun mudi dimetyl amoni 2,4-D (560g ae/ha, ndng dd gap 1 1an trén dong
rudng), agroxon (560g ae/ha, néng d6 gap 1 I&n trong ddng rudng) va dung
moi tréng (nwdc). Tinh trang khang clia cay tréng dwoc danh gia vao ngay
ther 7 va 14 sau khi phun. Cay tréng co trinh trang phat trién phu hop voi
dung mai tréng (nwéc) tlr 7 ngay sau khi phun duoc phan loai la cay c6 do
khang cao; Cay co |4 xo&n nhu canh hoa héng 7 ngay sau khi phun duoc
phan loai la cay c6 do khang vira; Cac cay khong ¢ kha nang ding virng tw
14 ngay sau khi phun dwoc phan loai la céy c6 do khang th&p va cay chét tiv
14 ngay sau khi phun dwoc phan loai la cay khong c6 dd khang. B&i vi moi
c4 thé cay Arabidopsis T1 la mot su kién bién doi doc lap, nén khac biét
dang k& clia cac dap (ng cla cac ca thé T11a co thé 1a két qua mong doi &

lidu lwong nhéat dinh. Két qua duoc thé hién trong Bang 1 va Hinh 4.
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Bang 1. K&t qua khang thubc diét cd cla cay Arabidopsis T1 bién dbi

gen
Phuong Bo gien DO Po po Khong Tong cong
phap x( Iy Arabidops khang khnang khang c¢o6 do
is cao vira thap khang

Dung méi  24DT22 31 0 0 0 31
tréng Kiém 32 0 0 0 32
(H20) soat

Hoang 32 0 0 0 32

da
560g ae/ha 24DT22 28 1 2 0 31
Mubi 2,4-D  Kiém 0 0 0 32 32
dimetyl soat
amoni Hoang 0 0 0 32 32
(1x2,4-D)  da
560g ae’ha 24DT22 25 3 1 3 32
agroxon Kiém 0 0 0 32 32
(1IXMCPA)  soat

Hoang O 0 0 32 32

dai

péi véi cay Arabidopsis, 560 g ae/ha clia 2,4-D va agroxon la lidu hiru
hidu d& phan biét cac cay nhay cdm voi cac cay co do khang trung binh. Cac két
quéa thé hién trong Bang 1 va Hinh 4 cho thay rng gen 24DT22 mang lai kha
nang khang thuéc diét cd cho ca thé cay Arabidopsis (chi c6 mét so phan cla
cay cé tinh khang béi vi cac vi tri chen clia cac cay thé hé T1 la ngau nhién.

Chinh vi vay, cac mc do biéu hién gen khang cling khac nhau, tao ra cac muc
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d6 khang khac nhau), dac biét la ddi v&i thudc diét cd phenoxy auxin. Cay
Arabidopsis hoang dai va cay Arabidopsis duoc bien ddi bang trinh tw kiém

chirng khong cé tinh khang thudc diét cé phenoxy auxin.
Vidu 5: Thu cay dau nanh duoc chén trinh tw nucleotit 24DT22

1. Bién nap Agrobacterium tumefaciens bang céc vecto biéu hién tai t&

hop

Cac vecto bidu hién tai t& hop dwgc xa@y dwng mét cach chinh Xac
DBN100301 va DBN100301N (trinh tw kiém ching) dwoc bién nap vao
Agrobacterium LBA4404 (Invitrgen, Chicago, USA, CAT: 18313-015) bang
phuong phap lam lanh nhanh bang nito 1éng, voi cac diéu kién bién nap la:
Agrobacterium LBA4404 va 3 pL ADN plasmit (vecto bidu hién tai t& hop) duoc
dwa vao ni to 1dng trong 10 phut va sau dé U trong bé nwéc & 37°C trong 10
phat. Sau d6 cac té bao Agrobacterium LBA4404 da bién nap dwoc céy trong
nwéc thit LB va duoc nudi cdy & 28 °C véi tbe @6 200 vong/phut trong 2 gio va
trai trén moét dia LB chira 50 mg/L rifampixin (Rifampixin) va 50 mg/L kanamyxin
cho dén khi cac khuan lac don dwong tinh xuét hién. Cac khuén lac don dwong
tinh dwoc Iy ra va nudi cdy va chiét tach cac plasmit clia chiing. Cac vecto biéu
hién tai t& hop DBN100301 dwoc xac thuc bang cac enzym gi¢i han Smal va
Pstl va vecto biéu hién tai t& hop DBN100301N (trinh tw kiém chirng) dwoc xac
thue bing cac enzym gioi han Smal va Bgll. Két qua cho thay cac vecto biéu
hién tai t& hop DBN100301 va DBN100301N (trinh tw kiém ching) déu cé céu

tric dung, twong ng.

2. Thu cay dau nanh chuyén gien
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Dét 14 mam cla cay dau nanh hoang dai (Zhonghuang 13) dwgc nuoi céy
v triing v&i Agrobacterium tumefaciens duoc mo ta trong Vi du 1 dé& chuyén T-
AND ciia cac vecto bidu hién tai t& hop DBN100301 va DBN100301N duwoc md
ta trong Vi du 2 va 3 (chta trinh tw khoi dong clia gen Arabidopsis thaliana
ubiquitin 10, trinh tw nucleotit 24DT22, trinh tw ki&m chirng, ving két thic Nos,
viing khéi dong virus kham Cauliflower 35S, gen glufosinat axetyl transferaza va
viing két thic virus kham Cauliflower 358) vao bd gen dau nanh, thu dugc cay
dau nanh cé chira 24DT22 va cac trinh tw nucleotit kidm chirng va déng thoi cay

dau nanh hoang dai dwoc lay l1am cay kiém chirng.

Déi véi qua trinh bién ddi cay dau nanh qua trung gian agrobacterium, mé
t& ng&n gon, hat gibng dau nanh chin dwoc lam nay mam trong moét moi truedng
ndy mam dau nanh (3.1g/L mudi B5, vitamin B5, 20g/L sucroza, 8g/L agar va pH
56) va duoc cay & cac diéu kién sau: nhiét o, 25 + 1°C; Quang chu ky (&nh
sang/ bong tbi), 16/8 gid. Cay dau nanh vo trung twoi voi dbt 1a mam phoéng lén
duoc thu vé sau 4-6 ngay ndy mam, cat bd tru dudi la mam nam dwdi chan dét
14 mam 3-4mm, cit 14 mam theo chidu doc, va loai bé choi ngon, chdi bén va ré
chinh khdi 14 mam. tao mot thwong tdn & dét Ia mam bang phan canh phia sau
clia dao cAt va dua thé van agrobacterium vao tiép xtc véi cac mé dot 14 mam bi
t3n thuong, trong d6 agrobacterium cé thé chuyén trinh tw nucleotit 24DT22 10
cac mé dét 14 mam bi tdn thwong (Budc 1, bude nhiém khuan: & budc nay, tét
nhat 1a. mo dét 1a mam duoc ngam trong thé van Agrobacterium (OD660 = 0,5-
0.8 mdi treong nhiém khuan (mubi MS 2,15 g/L, vitamin BS, 20g/L sucroza,
10g/L glucoza, 40mg/L acetosyringon (AS), 4g/L 2-(N-Morpholino) etanesulfonic
axit (MES), 2mg/L zeatin (ZT), pH 5,3)) dé bt dAu qué trinh ciy. Nudi cay dong
thoi moé ddt 1a mam véi agrobacterium trong mét khoang thoi gian (3 ngay)
(Budc 2: Budc nudi cay ddng thoi). Tot hon la, cac md aét la mam duoc cay
trong méi trwdng ran (4.3 g/L mudi MS, vitamin BS, 20g/L sucroza, 10g/L
glucoza, 4g/L 2-(N-Morpholino) etanesulfonic axit (MES), 2mg/L zeatin, 8g/L agar

-42-



35763

va pH 5,6) sau khi nhiém khuén. Sau buéc nudi chy ddng thoi nay, budc "hoi
phuc" chon loc cé thé duoc tién hanh. Trong budc "hdi phuc", moi tredng hoi
phuc (mubi 3.1g/L BS5, vitamin B5, 1g/L 2- (N-Morpholino) etanesulfonic axit,
30g/L sucroza, 2mg/L zeain (ZT), 8g/L agar, 150mg/L xephalosporin, 100mg/L
glutamic axit, 100mg/L aspartic axit va pH 5,6) c6 chua it nhat mot loai thube
khang sinh trc ché Agrobacterium da biét (xephalosporin) ma khong co tac nhan
chon loc déi véi chét truyén nhiém thie vat (Budc 3: Budce phuc hoi). Tét hon 1a
cac mé dwoc nudi cay trén moi tredng rén cé chira cac khéng sinh nhung khong
<6 tac nhan chon loc d& loai bd Agrobacterium va cung cap mét khoang thoi gian
phuc hdi cho cac t& bao bi nhiém khuén. Sau d6, cac mé da cay duoc trong trén
mot méi trdng co chira tac nhan chon loc (glufosinat) va thé san dang I&n, da
bién ddi. dwoc chon (Bwdc 4: budc chon loc). Tot hon la cac mé duoc tréng trén
moi trwdng rén co chon loc c6 chira cac tac nhan chon loc (mudi B5 3.1g/L,
vitamin B5, 1g/L 2- (N-Morpholino) etanesulfonic axit (MES), 30g/L sucroza,
1mg/L 6-benzyladenin (6-BAP), 8g/L agar, 150mg/L xephalosporin, 100mg/L axit
glutamic, 100mg/L axit aspartic, 6mg/L glufosinat va pH 5,6), két qua thu duwoc la
sw tang trwéng chon loc cla cac t& bao bién ddi. Sau do, thé san dwoc tai sinh
thanh cay (Bwoc 5. Budc tai sinh), tot nhat 13, thé san dwoc tréng trén moi
trieng rén cé chira tac nhan chon loc (Moi tredng phan hoa B5 va moi truong

bén r& B5) dé tai sinh thanh cay.

Thé s&n c6 kha nang khang thu dwoc dwoc chuyén sang moi tredng phén
hoa B5 (3.1g/L mudi B5, vitamin B5, 1g/L 2- (N-morpholino) etanesulfonic axit
(MES), 30g/L sucroza, 1mg/L zeatin (ZT) , 8g/L agar, 150mg/L xephalosporin,
50mg/L axit glutamic, 50mg/L axit aspartic, 1mg/L gibberellin, 1mg/L auxin,
6mg/L glufosinat va pH 5,6) dé trong va phan hoa ¢ 25°C . Cay gibng d& phan
hoa duoc chuyén sang méi truong bén ré B5 (mudi B5 3,1g/L, vitamin BS, 1g/L
2-(N-Morpholino) etanesulfonic axit (MES), 30g/L sucroza, 8g/L agar, 150mg/L

xephalosporin va 1mg/L axit indole-butyric (IBA)) va duoc tréng 16n dén do cao
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khodng 10cm & 25°C. Tiép theo, cay con dugc chuyé&n dén va tréng trong nha
kinh cho dé&n khi ra qua. Trong nha kinh, cay dau nanh duwoc trong & 26°C trong

16 gi&» va & 20°C trong 8 gi> moi ngay.
3. Xac thuc cay dau nanh bién di gen bang ky thuéat TagMan

100 mg l4 ca mdi cay dau nanh da bién doi (cay dau nanh bién @i gen
bang trinh tw nucleotit 24DT22 ho&c trinh tw nucleotit kidm chirng) dwoc lay lam
mau twong ng. Bd gen ADN cla ching duoc chiét tach bang cach sl dung
DNeasy Plant Maxi Kit (Qiagen) va sb lvong ban sao gen 24DT22 duoc dinh
lvong bang phép phan tich dinh lwvong huynh quang dwa trén doan do Tagman
PCR. Cay dau nanh hoang dai duoc Iy lam cay kiém chirng va dugc phan tich
duwa theo cac quy trinh nhw mé ta & trén. Cac thlr nghiém dugc thie hién ba lan

va l4y gia tri trung binh lam két qua.

Phuong phap cu thé dé phat hién s luvong sao chép clia gen PAT duoc

mo ta nhu sau:

Budc 11: 100 mg 14 clia mdi cay dau nanh bién doi (céy dau nanh bién dbi
gen bang trinh tw nucleotit 24DT22 hodc trinh tu nucleotit kiém chirng, twong
(rng) va cay dau nanh hoang dai duoc lay va nghién thanh thé ddng nhét trong

maot cbi gia trong nito' 16ng. M&i mau duoc thure hién ba lan.

Buéc 12. Bd gen clia cac ADN clia cac mau trén da duoc chiét tach bang

cach st dung DNeasy Plant Mini Kit (Qiagen) theo huwéng dan trén san pham:;

Buéc 13. Nong do cliia AND bd gen cla cac mau trén dwoc xac dinh bang

cach s dung NanoDrop 2000 (Thermo Scientific);
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Budc 14. Ndng d6 ADN ciia bd gen duoc diéu chinh vé cung pham vi 80-
100 ng / ul;

Buéc 15 S lwong ban sao cla cac mau dwoc dinh lvong bang bang
phép phan tich dinh lvong huynh quang dwa trén doan do Tagman PCR, méau
dinh lwong véi sé lvong sao chép da biét dwoc lAy 1am mau chuén va cay dau
nanh hoang dai duoc ldy lam cay kiém chirng. Quy trinh nay duoc thwe hién
trong ba lan déi voi méi mau va lay gia tr trung binh lam két qua. Cac doan moi
va doan do duoc st dung trong phép phan tich dinh lwong huynh quang PCR da

duoc thé hién nhw sau:

Cac doan mdi va doan do da dwoc str dung dé phat hién trinh tw nucleotit
PAT:

Poan mdi 1: GAGGGTGTTGTGGCTGGTATTG nhw duoc thé hién trong
SEQ ID NO: 11 trong danh sé&ch trinh tu;

DPoan moi 2: TCTCAACTGTCCAATCGTAAGCG nhuw duwoc thé hién trong
SEQ ID NO: 12 trong danh séach trinh tw;

Poan do 1: CTTACGCTGGGCCCTGGAAGGCTAG nhu duoc thé hién
trong SEQ ID NO: 13 trong danh sach trinh tw;

Hé théng phan (rng PCR:

JumpStart ™ Taq ReadyMix ™ (Sigma) 10pL
50 x H&n hop doan moi/ doan do 1uL

bé gen ADN 3pk

Nudc (ddH20)  6pL
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H&n hop 50 x doan mbi/ doan do chiva 45 pL cua mdi doan mdi (1 mM),
50 uL doan dod (100 uM) va 860 pL cta 1 x dung dich dém TE va dwoc lwu tri

trong 6ng mau hé phach & 4°C.

Pi&u kién phan &ng PCR:

Budc Nhiét dé Thoi gian

21 95°C 5 phut

22 95°C 30 giay

23 60°C 1 phut

24 Quay tr& lai Bude 22, 13p lai 40 lan

D@ liéu dwoc phan tich bang phan mém SDS 2.3 (Applied Biosystems).

Cac két qua thir nghiém cho thay réng tat ca cac trinh tw nucleotit cla
trinh tw nucleotit 24DT22 da dwoc tich hgp vao cac cay dau nanh dwoc do tim
néi trén. Hon niva, tht cd cac cay dau nanh bién dbi gen bang trinh tw nucleotit
24DT22 hodc trinh tu kiém chirng déu c6 chira mét ban sao cla gen, twong

rng.
Vi du 6: Hiéu qua khang thubc diét cé clia cay dau nanh bién dbi gien

Cac thir nghiém vé& hiéu qua khang thuéc diét co ddi voi mubi dimetyl
amoni 2,4-D va agroxon cla cay dau nanh co chira trinh tw nucleotit 24DT22 va
trinh tw nucleotit kiém chirng twong (rng va cac cay dau nanh hoang dai (giai

doan V3 - V4) dwoc thwe hién twong tng.
Céac cay dau nanh c6 chtra trinh tw nucleotit 24DT22, trinh tw nucleotit

kiém chirng va cac cay dau nanh hoang dai duoc lay va duoc phun bang mudbi

dimetyl amoni 2,4-D (2240g ae/ha, ndng d6 gép 4 lan trén ddng rudng), agroxon
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(2240g ae/ha, ndng do gép 4 1an trén dong rudng) va dung moi tréng (nuwéc).
Thue hién théng ké vé mirc do bi tac hai ciia mdi cay trong do thubc diét cd gay
ra dua trén mirc d6 bi xoan cla & va mirc d6 bi tac hai & diém phat trién 6 gio
(BHAT), hai ngay (2DAT), 7 ngay (7DAT) va 14 ngay (14DAT) sau khi phun o}
nhirng giai doan twong (ng: néu & phang nhu |4 cay hoang dai va diém phat
tri&n con nguyén ven, mic do tac hai la 0%; Néu Ia xoan va héo va diém phat
trién da chét. merc do thiét hai 1a 100%. Tong cong cb ba giong cé chira trinh tv
nucleotit 24DT22 da bién ddi (S1, S2 va S3), hai giéng c6 trinh tw kiém chirng
chuy&n gen (S4 va S5) va mét gibng hoang dai (CK1); Chon 10 ~ 15 cay tlr moi

gibng dé thuc hién kiém tra. Két qué duoc thé hién trong Bang 2 va Hinh 5.

Bang 2 K&t Qua Thir Nghiém vé Tinh Khang Thubc Diét Cé clia Cay Bau
Nanh Bién Déi Gen T1

Phuwong Bo gen Tac hai Tac hai Tac hai Téac hai
phap x&¢ ly  dau nanh trung trung trung binh % trung binh
binh % binh % 7DAT %
BHAT 2DAT 14DAT
Dung mobi S1 0 0 0 0
tréng S2 0 0 0 0
(Nuwoc) S3 0 0 0 0
S4 0 0 0 0
S5 0 0 0 0
CK
1 0 0 0 0
2240 g S1 6 4 0 0
ae/ha S2 11 4 0 0
Mudi S3 3 0 0 0
dimetyl S4 46 76 96 100
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amoni 2,4- S5 53 77 91 100
D CK
48 72 94 100
(4x2.4-D) 1
2240 g S1 10 5 0 0
ae/ha S2 16 11 6 0
agroxon S3 7 4 0 0
(4xMCPA) S4 38 69 87 100
S5 47 74 92 100
CK
1 34 61 82 100

Déi v6i dau nanh, 2240g ae/ha clia 2,4-D va agroxon la ligu hiru hiéu aé
phan biét cac cay nhay cam vé&i cac cay c6 dd khang trung binh. Két qua duoc
trinh bay trong Bang 2 va Hinh 5 cho thdy rang gen 24DT22 mang lai kha nang
chéng chiu thudc diét cd cho cac ca thé cay dau nanh c6 kha nang khang thuéc
diét co cao, dac biét la cac loai thudc diét cd phenoxy auxin, trong khi cé céy dau
nanh hoang dai va cay dau nanh bién ddi gen bang trinh tw kiém chirng khong

c6 kha nang khang thubc diét cd phenoxy auxin.

Vi du 7: Xay dung vecto biéu hién tai t6 hop cla ngd va bién nap

agrobacterium bing vecto biéu hién tai to hop

1. Xay dung vecto biéu hién tai té hop clia ngd DBN100764 c6 chtra trinh
tw nucleotit 24DT22

Vecto tao dong tai td hop DBNO1-T va vecto biéu hién DBNBC-02 (vecto

backbone: pCAMBIA2301, ¢o sin tai Vien CAMBIA) duoc thly giai bang céac

enzym gi&i han Spel va Kasl. Doan trinh tw nucleotit 24DT22 duwoc tach duoc
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th&t gitra cac vung han ché Spel va Kasl cua vecto biéu hien DBNBC-02 dé tao
ra vecto bidu hién tai t& hop DBN100764. Bay 1a mét phwong phap théng
thuong duoc biét dén rong rai & xay dung vecto biéu hién théng qua viéc thay
gidi enzym gi¢i han. Cac vi tri gi¢i han Spel va Kasl trong vecto biéu hién
DBNBC-02 ciing dwoc dwa vao bang cach st dung phuong phap thay giai
enzym théng thwong. So g6 xay dwng dugc thé hién & Hinh 6 (Kan: gen
kanamyxin; RB: bién phai; Ubi: ving kh&i dau gen Ubiquitin (Ubiquitin) 1 cta bap
(SEQ ID NO: 9), 24DT22: trinh tw nucleotit 24DT22 (SEQ ID NO: 1) Nos: vung
két thic gen nopalin synthetaza (SEQ ID NO: 4), PMI: gen phosphomannoza
isomeraza (SEQ ID NO: 10), LB: bién trai).

Vecto bidu hién tai t& hop DBN100764 da duoc bién nap vao té bao E.coli
T1 kh& bién bing phuong phap séc nhiét nhw sau: 50 i té bao E.coli T1 kha
bién va 10 ul ADN plasmit (vecto bidu hién tai t& hop DBN100764) dugc U trong
bé& nwdc & 42°C trong 30 giay. Sau dé cac t& bao E. coli dwgc U trong qua trinh
nhudi cay lac & 37°C trong 1 gi® (100 vong/ phut trong may G l4c) va sau do duoc
Aubi trén dia LB ctrng (10 g/L Trypton, 5 g/L chiét xudt nam men, 10 g/L NaCl, 15
g/L Agar va pH duoc diéu chinh dén 7,5 bang NaOH) c6 chtra 50 mg/l
kanamyxin (kanamyxin) & 37°C trong 12 gi&. Céc khuan lac mau trdng duoc lay
ra va nudi Ion trong nwdc thit LB (10g/L Trypton, 5 g/L chiét xuat nadm men, 10
g/L NaCl, 50 mg/L kanamyxin va pH duoc diéu chinh dén 7.5 bang NaOH) &
37°C d& qua dém. Cac plasmit clia chung da duoc chiét tach bang phuwong phap
ly gidi bang kiém. Sau khi cac plasmit da chiét tach duoc xac thwe bang cac
enzym gi&i han Spel va Kasl, cac dong duong tinh da dwoc xac thwe théng qua
viéc x&p trinh tu. Két qua cho thay trinh tw nucleotit gitra cac vi tri gici han Spel
va Kasl trong vecto biéu hién tai t6 hop DBN100764 la trinh tw nucleotit duoc
thé hién trong SEQ ID NO: 1 trong danh sach trinh tw, tlrc l1a trinh tw nucleotit
24DT22.
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2. Xay dung vecto bidu hién tai tb hop clia ngd DBN100764N co chira

trinh tw nucleotit kiém chirng

Tiép theo quy trinh tao ra vecto tao dong tai to hop DBNO1-T co chiva cac
trinh tw nucleotit 24DT22 dugc mo ta trong phén 1 clia Vi du 2, vecto tao dong
tai t& hop DBNO2R-T c6 chtra trinh tw kiém chirng da dugc xay dung bang cach
si? dung trinh tw ki&m ching (SEQ ID NO 8). Céc dong dwong tinh da duoc xac
thuc thong qua viec x&p trinh tw. K&t qué cho thay rang trinh tw nucleotit kiém
chirng dwoc chén vao trong vecto tao dong tai t& hop DBNO2R-T la trinh tw
duwoc dé cap trong SEQ ID NO 8 trong danh s&ch trinh tw, cho thay rang trinh tw

nucleotit kiém chirng da dwgc chen mot cach chinh xac.

Tiép theo quy trinh xay dung vecto biéu hién tai t6 hop DBN100764 co
chira trinh tw nucleotit 24DT22 nhw dwoc mo ta trong phan 1 cla vi du 7, vecto
bidu hién tai t& hop DBN100764N cé chira trinh tw tw nhién da dwoc xay dwng
béng cach st dung trinh tu kiém chirng va quy trinh xay dung duoc thé hién
trong hinh 7 (vecto backbone: pCAMBIA2301, co san tai Vién CAMBIA); Kan:
gen kanamyxin; RB: dwdng bién phéi; ZmUbi1: ving kh&i dong gen Ubiquitin
(ubiquitin) 1 cla ngd (SEQ ID NO: 9); MN: trinh tw kiém chirng (SEQ ID NO: 8);
Nos: ving két thic cta gen nopalin synthetaza (SEQ ID NO: 4); PMI: gen
phosphomannoza-isomeraza (SEQ 1D NO: 10); LB: duwong bién tréi). Cac dong
dwong tinh da duwoc xac thuc théng qua viéc xép trinh tu. Két qua cho théy trinh
tw kiém chirng dwoc chén vao vecto biéu hién tai to hop DBN100764N Ia trinh
ty dwoc thé hién trong SEQ ID NO 8 trong danh séach trinh tw, cho thdy rang

trinh tw nucleotit kiém chirng da dwgc chén mot cach chinh xac.

3. Bién nap Agrobacterium tumefaciens bang vecto bidu hién tai t& hop

clia ngd
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Cac vecto biéu hién tai td hop dwoc xay dwng chinh xac DBN100764 va
DBN100764N (trinh tw kiém chirng) dugc bién nap vao Agrobacterium LBA4404
(Invitrgen, Chicago, USA, CAT: 18313-015) theo phwong phap lam lanh nhanh
bang ni to 16ng nhw sau: 100 pL Agrobacterium LBA4404 va 3 pL ADN plasmit
(vecto biéu hién tai td hop) dwoc dua vao ni to 1éng va gitr trong 10 phut va sau
d6 0 trong bé nwéc & 37°C trong 10 phut. Sau d6 cac té bao Agrobacterium
LBA4404 da bién nap duoc cay trong éng LB va duoc nudi cay & 28°C, 200
vong/phat trong 2 gid va trdi trén moét dia LB chira 50 mg/L rifampixin
(Rifampixin) va 50 mg/L of kanamyxin cho d&n khi cac khuén lac don dwong tinh
xuét hién . Cac khuan lac don duong tinh dwoc lay ra va nuoi cay va chiét tach
cac plasmit cdia chiing. Vecto biéu hién tai t6 hop DBN100764 da duoc xac thwe
b&ng cac enzym gi¢i han Smal va EcoRV va DBN100764N (trinh tw kiém ching)
da duoc xac thuc bing cac enzym gidi han Styl va Bgll. Két qué cho thdy céc
vecto biu hién tai t& hop DBN100764 va DBN100764N (trinh tw kiém chirng)

d&u dling cau truc, twong &ng.

Vi du 8: Thu va xac thuc cay ngd bién dbi gen bang trinh tw nucleotit
24DT22 dwgc chén vao

Theo phwong phap bién nap Agrobacterium théng thuong, gibng ngd
Zong 31 (Z31) dwoc nudi cy trong diéu kién vo tring va phéi cay non dwoc nudi
chy ddng thoi véi cac dong Agrobacterium dwoc xay dung trong phan 3 cla Vi
du 7 d& dwa ADN-T vao cac vecto biéu hién tai to hop DBN100764 va
DBN100764N (trinh tw kidm ching) duoc xay dung trong phan 1 va phan 2 clia
Vi du 7 (bao gém trinh tw khéi déng cua gen Ubiquitin 1 cla ngd, trinh tw
nucleotit 24DT22. trinh tw nucleotit kiém chirng, gen PMI va trinh tw két thic
Nos) vao bd gen ngd. Thu dugc cac cay ngd cd chira trinh tw nucleotit 24DT22
va trinh tu nucleotit kiém chirng twong (ng va dong thoi cdy ngd hoang dai

dwoc lay lam cay kiém chirng.
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D&i véi viec bién ddi gen cay ngd qua trung gian Agrobacterium, mé ta
ng&n gon, phdi non ngd chwa trwdng thanh dwoc phén tach tir ngd va cho tiép
xUc Vi thé vaAn Agrobacterium, trong dé Agrobacterium co thé dua trinh tu
nucleotit 24DT22 vao it nhat mot té bao cliia mét phoi non. (Bwdc 1: Budc gay
nhim khuén). Trong bwéc nay, tét nhét 1a, phdi non dwoc ngam trong dung dich
Agrobacterium (OD660 = 0,4 ~ 0,6, mdi trvong nhiém khuén (4,3 g/L mudi MS,
cac vitamin MS, 300 mg/L casein, 68.5 g/L sucroza, 36 g/L glucoza, 40 mg/L of
Acetosyringone (AS), 1 mg/L 2 4-diclorophenoxyaxetic axit (2,4-D), pH=5,3)) dé
kh&i dAu viéc nudi ciy. Phdi non va Agrobacterium duoc nudi céy dong tho
trong mét khodng thoi gian (3 ngay) (Budc 2: Bwdc nudi chy ddng thai). Tét nhét
la, phéi non dwoc nudi cdy trén méi trwdng ran (4.3 g/l mudi MS, vitamin MS,
300 mg/L casein, 20 g/L sucroza, 10 g/L glucoza, 100 mg/L Acetosyringone (AS),
1 mg/L 2,4-diclorophenoxyaxetic axit (2,4-D) va 8 g/L Agar, pH = 5,8) sau buwéc
gay nhiém khudn. Sau budc nusdi cdy dong thdi nay, budc hdi phuc" c6 chon
loc c6 thé duwoc tién hanh. Trong budc " hdi phuc", méi truang hoi phuc (4,3 g/l
mudi MS, vitamin MS, 300 mg/L casein, 30 g/L sucroza, 1 mg/L 2,4-
diclorophenoxyaxetic axit (2,4-D) va 3g/L phytagel, pH = 5,8) co chira it nhat mot
loai khang sinh trc ché Agrobacterium da biét (xephalosporin) ma khong cé tac
nhan chon loc ddi véi chat chuyén nap cla cay (Budc 3: Budc phuc hdi). Tét
nh&t 14, phdi non dwoc nudi cay trén méi truong ran co chira khang sinh nhung
khéng c6 tac nhan chon loc dé loai bé Agrobacterium va cung cép thoi gian phuc
hdi cho cac t& bao bi nhiém khun. Sau d6, phdi non da nhiém khuan duoc nudi
cAy trén moi tredng cd chra tac nhan chon loc (manoza) va thé san dang phat
trién, d& bién ddi, dwoc chon (Budc 4: bwéc chon loc). Tét nhat 1a, phdi non
duoc nudi cay trén méi trueng rén chon loc co chira tac nhan chon loc (4.3 g/L
mudi MS, vitamin MS, 300 mg/L casein, 30 g/L sucroza, 12,5g/L manoza, 1 mg/L
2 4-diclorophenoxyaxetic axit (2,4-D) va 3g/L phytagel, pH = 5,8), két qua thu

dwoc 1a sw tang tredng chon loc clia cac té bao bién doi. Sau do, thé san tai
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sinh thanh cay (Budc 5: Budc tai sinh). Tét nhét 13, thé san dugc nudi céy trén
mai tred'ng ran chva tac nhan chon loc (Mo trvdng phan héa MS va mdi truwdng
bén ré MS) dé tai sinh thanh cay.

Thé s&n c6 kha nang khang da thu duoc dwoc chuyén sang mdi truong
phan héa MS (4,3 g/L mudi MS, vitamin MS, 300 mg/L casein, 30 g/L sucroza, 2
mg/L 6-benzyladenine, 5 g/L manoza va 3g/L phytagel, pH = 5,8) va dugc nudi
céy va phan héa & 25°C. Céac gibéng da phan hoéa duoc chuyén vao mdi truong
bén r& MS ndi trén (2,15 g/L mudi MS, vitamin MS, 300 mg/L casein, 30 g/L
sucroza, 1 mg/L indole-3-axetic axit va 3g/L phytagel, pH = 5,8) va duoc trong
dén do cao khoang 10 cm & 25°C. Tiép theo, cay con duoc chuyén dén va tréng
trong nha kinh cho dén khi ra qua. Trong nha kinh, cay ngé duoc tréng & 28°C

trong 16 gi® va & 20°C trong 8 gid mbi ngay.

2. Xac thuc cay ngd bién dbi gen bang gen 24DT22 duoc chen vao bang
ky thuat TagMan

100 mg 4 cla tAt c& cac cay ngd bién doi (cay ngd duoc bién @i gen
bang trinh tw nucleotit 24DT22 hoac trinh tw nucleotit kiém ching, twong ng)
duoc l&y lam mau twong ¢ng. Bo gen ADN cla ching da duoc chiét tach bang
cach st dung DNeasy Plant Maxi Kit (Qiagen) va sé lwong ban sao clia gen PMI
da dwoc dinh lwong bang phép phan tich dinh lwvong huynh quang dwa trén
doan do Tagman PCR d& xac dinh s luong ban sao cla 24DT22. Cay ngd
hoang dai duoc lay lam cay kiém chirng va duoc phan tich dwa theo cac quy
trinh nhu md t& bén trén. Cac thir nghiém duoc thue hién trong ba lan va lay gia

trj trung binh 1am két qua.

Phuong phap cu thé dé phat hién sb lvong ban sao cla gen PMI duoc

mod ta& nhw sau:
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Budc 31: 100 mg la cla mbi cay ngd bién ddi gen (cay ngd bién ddi gen
bang trinh tw nucleotit 24DT22 ho&c trinh tw nucleotit kiém chirng tvong ¢ng) va
cay ngd hoang dai da dwoc lay va nghién thanh thé dong nhat trong cbi gia trong

hito' 1dng. M&i mau thue hién ba lan;

Budc 32: cac ADN bo gen clia cac mau trén da dwoc chiét tach bang céach

str dung DNeasy Plant Mini Kit (Qiagen) theo huéng dan trén san pham;

Budc 33: néng d6 ADN cua bd gen cla cac mau trén dwoc xac dinh bang

cach st dung NanoDrop 2000 (Thermo Scientific);

BuGc 34: ndng do ADN clia bd gen duwoc diéu chinh dén cung pham vi 80-
100 ng/pl;

Budc 35: Sé lwong ban sao cla cac mau duoc dinh luvong bang phép
phan tich dinh lwvong huynh quang dwa trén doan do Tagman PCR, mau dinh
lwong Vi sé luong ban sao da biét duoc 1y lam mau chuén va cay ngd hoang
dai dwoc dung lam mau kiém chirng. Quy trinh nay duoc thie hién trong ba lan
cho mdi mAu va lay gia tri trung binh lam két qué. Cac doan moi va cac doan do
duoc st dung trong phép phan tich dinh lvgng huynh quang PCR duoc thé hién

nhu sau:

Cac doan mdi va doan do sau day duwoc sl dung dé phéat hién trinh tw
nucleotit PMI:

Primer 3: GCTGTAAGAGCTTACTGAAAAAATTAACA nhu duoc thé hién
trong SEQ ID NO: 14 trong danh sach trinh tw;
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Primer 4: CGATCTGCAGGTCGACGG nhu dugc thé hién trong SEQ ID
NO: 15 trong danh séach trinh tu;

Poan dod 2: TCTCTTGCTAAGCTGGGAGCTCGATCC nhu duoc thé hién
trong SEQ ID NO: 16 trong danh s&ch trinh tu;

Hé théng phéan ng PCR:
JumpStart ™ Taq ReadyMix ™ (Sigma) 10uL

50 x doan moi/ doan do 1l
ADN bé gien 3pL
Nuwéc (ddH20) 6uL

H&n hop 50 x doan mdi/ doan do cé chira 45 pL moi doan moi (1 mM), 50
uL doan do (100 uM) va 860 pL cla 1 x dung dich dém TE va dwoc bdo quan

trong mot éng mau hd phach & 4°C.

Diéu kién phan &ng PCR:

Budc Nhigt d@  Thoi gian

41 95°C 5 phat

42 95°C 30 giay

43 60°C 1 phat

44 Quay vé budc 42, 1&p lai 40 1an

St dung phan mém SDS2.3 (Applied Biosystems) dé phan tich di liéu.
K&t qua thir nghiém cho thdy tat ca cac trinh tw nucleotit cla trinh tuw

nucleotit 24DT22 va trinh tuw nucleotit kiém chirng da dugc tich hop vao bd gen

clia cac cay ngd duoc do tim, tvong (ng. Hon niva, tat c& cac cay ngo da bién
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ddi trinh tw nucleotit 24DT22 va trinh ty nucleotit kiém chirng chira mot ban sao

clia gen 24DT22 twong rng.

Vi du 9: Thir nghiém vé hiéu qua khang thuéc diét cé clia cay ngé bién doi

gen

Céac thir nghiém hiéu qua khang thubc diét cé déi v&i mubi dimetyl amoni
2,4-D va agroxon cla cay ngd cé chla trinh tw nucleotit 24DT22, trinh tw
nucleotit kiém chirng, twong (rng va cay ngd hoang dai (giai doan V3 - V4) duwoc

thye hién twong ng.

Cac cay ngé c6 chwra trinh tw nucleotit 24DT22, trinh tw nucleotit kiém
chirng twong (rng va cac cay ngd hoang dai da duoc ldy ra va dwoc phun véi
mudi dimetyl amoni 2,4-D (8960g ae/ha, gép 16 I&n néng dé trén déng rudng),
agroxon (8960g ae’ha, g&p 16 lan ndng dd trong ruéng) va dung méi tréng
(nwé&c) twong tng. Sw phét trién cla ré chum dwoc tinh 21 ngay sau khi phun.
Ba gibng (S6, S7 va S8) clia cay ngd duoc bién dbi gen bang trinh tw nucleotit
24DT22, hai giéng (S9 va S10) clia cay ngd bién dbi gen bang trinh tw nucleotit
kiém chirng va 1 gidng ngd hoang dai (CK2) dwoc chon va 10-15 céy tir moi

gibng duoc kiém tra. Két qua dwoc trinh bay trong Bang 3.

Bang 3 Két qua kiém tra hiéu qua khang thubc diét ¢ clia cay ngd bién

ddi gen T1
Phuwong Bé gen cla Sw phat Su phat Ty & phat trién
phap ngé trién  binh trién khéng binh  thwong
X0 ly thwong cla binh thwéng cla ré phu
ré phu cla ré phu
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Dung  modi S6 11 0 100,00%
tréng S7 12 0 100,00%
(Nwérc) S8 11 0 100,00%

S9 13 0 100,00%

S10 11 0 100,00%

CK2 14 0 100,00%
89609 ae/ha S6 12 0 100,00%
Mubi dimetyl S7 12 0 100,00%
amoni 2,4-D S8 10 0 100,00%
(16x2,4-D) S9 0 13 0%

S10 0 14 0%

CK2 0 15 0%
8960g ae/ha S6 13 0 100,00%
agroxon S7 14 0 100,00%
(16xMCPA) S8 13 0 100,00%

S9 0 12 0%

S10 0 11 0%

CK2 0 14 0%

Két qua trong Bang 3 cho thay gen 24DT22 mang lai cho cay ngd bién ddi

TAt cd cac trinh bay trén day, cay ngd, cay dau nanh va cay ho Cai
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gen kha nang khang cao déi v&i thube diét cd, déc biét 1a dbi v&i cac thube diét
cd phenoxy auxin (vi cay c6 mét 14 mam vén da cé khad nang chéng chiu nhét
dinh dbi v&i cac loai thube diét cd phenoxy auxin, khd nang khang xuét hién &
murc cao); trong khi khéng cé cay ngd hoang dai va cay ngéd bién déi bang trinh

tw kiém chirng nao cho thdy mirc d6 khang cao déi v&i thube diét cd.

(Arabidopsis thaliana) dwoc bién ddi gen bang trinh tw nucleotit 24DT22 cé kha
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nang khang thubc diét cd cao. Cac codon dugc wu tién cla cay duwoc st dung
trong gen khang thubc diét cd 24DT22 theo sang ché, két qua la gen khang
thuéc diét cb theo sang ché [a phi hop dé dwoc biéu hién trén cay tréng. Protein
khang thudc diét cé 24DT22 theo sang ché cé phd khang thubc diét co rong, dac

biét 1a cac thubc diét coé phenoxy auxin.

Cudi ciing, diéu can giai thich 1 tat cd cac vi du trén chi don thuan nham
muc dich minh hoa cho cac giai phap ky thuat ctia sang ché cht khéng phai
nh&m han ché sang ché. Mac di mo ta chi tiét cla sang ché nay cé dé cap dén
cac vi du thich hop nhét, nguoi co kién thire trong linh v ky thuat hiéu réng
cac gidi phap ky thuat clia sang ché co thé duoc sira dbi hoac thay thé tuong

dwong nhing van nam trong va pham vi clia sang ché.
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Yéu cau bao hé

1. Protein khang thubc diét cd, bao gbm protein bao gém trinh tw axit amin
nhw dwoc thé hién trong SEQ ID NO: 2.

2. Gen khang thubc diét cd, bao gdm:

(a) trinh tw nucleotit ma hda protein khang thubc diét cé theo diém 1; hoac

(b) trinh tuv nucleotit bd sung hoan toan v&i cac trinh tw nucleotit tai (a);
hoac

(c) trinh tw nucleotit dwoc thé hién tai SEQ ID NO:1.

3. Phuong phap mé& réng pham vi muc tiéu cta thubc diét cd, bao gom:
déng biéu hién protein khang thubc diét cé theo diém 1 trong mét cay tréng véi it
nhat mét trinh tw nucleotit thir hai ma hoda protein khac véi protein khang thuéc

diét co.

4. Phwong phap mé& réng pham vi muc tiéu cta thubce diét cé theo diém 3,
trong doé trinh ty nucleotit thir hai ma hoéa protein khang glyphosat, protein khang
glufosinat amoni, dioxygenaza axit 4-hydroxyphenylpyruvic, syntaza axetolactat,

protein xytocrom hoac protoporphyrinogen oxidaza.

5. Phuwong phéap Iwa chon cac té bao thwe vat bién dbéi gen, bao gdm bién
dbi nhiéu té bao thuc vat cé trinh tuw nucleotit ma héa protein khang thudc diét cé
theo diém 1, va nudi cdy nhiéu t& bao thwc vat trong néng doé thubc diét cd
phenoxy auxin cho phép su ting trwdng clia cac té bao thwc vat bién ddi biéu
hién trinh tw nucleotit ma hoa protein khang thubc diét cé trong khi lam chét cac
t& bao thuwe vat khong bién ddi hoac trc ché suw phat trién clia cac té bao thuc vat

khéng bién déi.
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6. Phwong phép Iwa chon céc té bao thuc vat bién déi gen theo diém 5,
trong do6 té bao thwc vat bién déi gen dwoc lwa chon tlr nhém bao gdm dau

nanh, bong, ngd, lta, Ita mi, cl cai dwong hodc mia.

7. Phuong phép Iwa chon céac té bao thuc vat bién déi gen theo diém 5,

trong d6 thuéc diét cé phenoxy auxin bao gém 2,4-D hodc MCPA.

8. Phwong phap kiém soéat cd dai, bao gébm sir dung mét iwvong hiru hiéu
thubc diét cd trén cay trdng bao gdm trinh tw nucleotit ma hoa protein khang

thudc diét cd theo diém 1.

9. Phwong phéap kiém soat cé dai theo diém 8, trong d6 cay tréng duwoc
lwa chon t&r nhém bao gdm dau nanh, béng, ngd, 1ua, lta mi, ci cai dwong hoac

mia.

10. Phwong phap kiém soéat cd dai theo diém 8, trong dé thuc vat c6 kha

nang chdng chiu thubc diét cé glyphosate.

11. Phwong phap theo diém 10, trong d6 thubc diét cé bao gom thubc diét

cd phenoxy auxin va thubc diét cé glyphosate.

12. Phuong phap theo diém 11, trong dé thubc diét cd phenoxy auxin bao
gdém 2,4-D hodc MCPA.

13. Phwong phap bdo vé thuc vat khdi tac hai gay ra béi thube diét cd,

bao gdm duwa trinh tw nucleotit ma héa protein khang thuéc diét cé theo diém 1,

vao thuwe vat, lam cho thuwe vat thu dwoc sdn xuét mét lwong protein khang thude
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diét cd i dé bao vé thwe vat thu dwoc khdi nhirng tac hai gay ra bdi thubce diét

cd phenoxy auxin.

14. Phuong phap bao vé thuc vat khdi tac hai gay ra béi thube diét co
theo diém 13, trong d6 thwc vat dwgc lwa chon tr nhém bao gi‘)m dau nanh,

béng, ngd, lUa, Ita mi, cu cai dwdng hoac mia.

15. Phwong phap bado vé thuc vat khdi tac hai gay ra bdi thube diét cd

theo diém 13, trong d6 thudc diét cd phenoxy auxin bao gém 2,4-D hoac MCPA.

16. Phwong phap tao cho thire vat tinh khang thubc diét cé bao gdm duwa

trinh tw nucleotit ma hoéa protein khang thudc diét cé theo diém 1 vao thyc vat.
17. Phuong phap tao cho thwe véat tinh khang thudc diét cé theo diém 16,
trong d6 thye vat dwoc lwa chon ttr nhém bao g?‘:m dau nanh, bdng, ngo, lua, lta

mi, cl cai dwdng va mia.

18. Phuwong phap tao cho thuwe vat tinh khang thubce diét ¢cé theo diém 16,
trong d6 thubc diét cd bao gém 2,4-D hodc MCPA.
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24DT22

-

LacZ T7 Spel

24DT22

DBNO1-T
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LacZ _T7  Spel RB
fi ori

24DT22

DBNO1-T DBNBC-01

tCaMV35S \

6 Kasl PAT
\ Spel+Kasl /

RB

PrCaMV35S

ork LacZ ~ SP

DBN100301

Hinh 2
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RB

DBN100301N

LB

tCansss; ’

PAT

Hinh 3
1%2,4-D 1xMCPA 1%2,4-D 1xMCPA
24DT22 Hoang da
Nwéc Nwéc
24DT22 Hoang da



- 35763 "

Hinh 4

24DT22 Trinh tw kiém chirng Hoang da

Nuéc
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24DT22  Trinh tw kiém chirng Hoang da

4X 2,4-D
Hinh 5
LacZ _T7 Spel RB
24DT22

Amp

DBNO1-T DBNBC-02

Spel+Kasl

RB

DBN100764

Hinh 6
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DBN100764N

Hinh 7
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DANH MUC TRINH TU
<110> Beijing Da Bei Nong Technology Group Co., Ltd.
<120> Protein khang thudc diét cé, gen ma héa, phuwong phéap bao vé thuc
vat khdi tac hai gay ra b&i thube diét cé
<130> DBNBC75
<160> 16
<170> Sang ché phién ban 3.5

<210> 1

<211> 879

<212> DNA

<213> Trinh tw nhan tao
<220>

<223> Trinh tw 24DT22 nucleotit

<400> 1

atgtctccgg catttgatat tgctectett gacgcetacct ttggtgetgt cgttacgggt

60

gtgaaactgg ctgaccttga tgacgctggce tggctcgate tgcaggcagce ctggcttcaa
120

catgcactct tgatcttcce tgggcaacac ctcagcaatg accaacagat tacctttgct
180

aaacgctttg gagcaattga gaggattggc ggaggtgaca ttgttgccat atccaatgtc
240

aaggcagatg gcacagtgcg ccagcactct cctgctgagt gggatgacat gatgaaggtc
300

attgtgggca acatggcctg gcacgccgac tcaacctaca tgccagtcat ggctcaagga
360
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gctgtgttca gcgcagaagt tgtcccagea gttgggggea gaacctgctt tgctgacatg
420

agggcagect acgatgecct tgatgaggcea accegtgctc tigttcacca aaggtctgct
480

cgtcactccc tigtgtattc tcagagcaag ttgggacatg tccaacagge cgggtcagec
540

tacataggtt atggcatgga caccactgca actcctctca gaccattggt caaggtgeat
600

cctgagactg gaaggcccag cctcttgatc ggeegecatg ceccatgecat cectggeatg
660

gatgcagctg aatcagagceg cttccttgaa ggacttgttg actgggectg ccaggetece
720

agagtccatg ctcaccaatg ggctgctgga gatgtggttg tgtgggacaa cegetgtitg
780

ctccacegtg ctgagecctg ggatttcaag ttgccacgtg tgatgtggea ctccagacte
840

gctggacgcece cagaaactga gggtgcetgec ttggtttga

879

<210> 2

<211> 292

<212> PRT

<213> Trinh tw nhan tao
<220>

<223> Trinh tw 24DT22 nucleotit
<400> 2

Met Ser Pro Ala Phe Asp lle Ala Pro Leu Asp Ala Thr Phe Gly Ala
1 5 10 15
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Val Val Thr Gly Val Lys Leu Ala Asp Leu Asp Asp Ala Gly Trp Leu
20 25 30
Asp Leu GIn Ala Ala Trp Leu GIn His Ala Leu Leu lle Phe Pro Gly
35 40 45
GIn His Leu Ser Asn Asp GIn GIn lle Thr Phe Ala Lys Arg Phe Gly
50 55 60
Ala lle Glu Arg lle Gly Gly Gly Asp lle Val Ala lle Ser Asn Val
65 70 75 80
Lys Ala Asp Gly Thr Val Arg Gin His Ser Pro Ala Glu Trp Asp Asp
85 90 95
Met Met Lys Val lle Val Gly Asn Met Ala Trp His Ala Asp Ser Thr
100 105 110
Tyr Met Pro Val Met Ala GIn Gly Ala Val Phe Ser Ala Glu Val Val
115 120 125
Pro Ala Val Gly Gly Arg Thr Cys Phe Ala Asp Met Arg Ala Ala Tyr
130 135 140
Asp Ala Leu Asp Glu Ala Thr Arg Ala Leu Val His GIn Arg Ser Ala
145 150 155 160
Arg His Ser Leu Val Tyr Ser GIn Ser Lys Leu Gly His Val GIn GIn
165 170 175
Ala Gly Ser Ala Tyr lle Gly Tyr Gly Met Asp Thr Thr Ala Thr Pro
180 185 190
Leu Arg Pro Leu Val Lys Val His Pro Glu Thr Gly Arg Pro Ser Leu
195 200 205
Leu lle Gly Arg His Ala His Ala lle Pro Gly Met Asp Ala Ala Glu
210 215 220
Ser Glu Arg Phe Leu Glu Gly Leu Val Asp Trp Ala Cys Gin Ala Pro
225 230 235 240
Arg Val His Ala His GIn Trp Ala Ala Gly Asp Val Val Val Trp Asp
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245 250 255
Asn Arg Cys Leu Leu His Arg Ala Glu Pro Trp Asp Phe Lys Leu Pro
260 265 270
Arg Val Met Trp His Ser Arg Leu Ala Gly Arg Pro Glu Thr Glu Gly
275 280 285
Ala Ala Leu Val
290

<210> 3

<211> 1322

<212> DNA

<213> Arabidopsis thaliana

<400> 3

gtcgacctgc aggtcaacgg atcaggatat tettgtttaa gatgttgaac tctatggagg
60

tttgtatgaa ctgatgatct aggaccggat aagttcectt cttcatagcg aacttattca
120

aagaatgttt tgtgtatcat tcttgttaca ttgttattaa tgaaaaaata ttattggtca

180

ttggactgaa cacgagtgtt aaatatggac caggccccaa ataagatcca ttgatatatg
240

aattaaataa caagaataaa tcgagtcacc aaaccacttg ccttttttaa cgagacttgt
300

tcaccaactt gatacaaaag tcattatcct atgcaaatca ataatcatac aaaaatatcc
360

aataacacta aaaaattaaa agaaatggat aatttcacaa tatgttatac gataaagaag
420

ttacttttcc aagaaattca ctgattttat aagcccactt gcattagata aatggcaaaa
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480

aaaaacaaaa aggaaaagaa ataaagcacg aagaattcta gaaaafacga aatacgcttc
540

aatgcagtgg gacccacggt tcaattattg ccaattttca getccaccgt atatttaaaa
600

aataaaacga taatgctaaa aaaatataaa tcgtaacgat cgttaaatct caacggcetgg
660

atcttatgac gaccgttaga aattgtggtt gtcgacgagt cagtaataaa cggcgtcaaa
720 |
gtggttgcag ccggcacaca cgagtegtgt ttatcaactc aaagcacaaa tacttttcct
780

caacctaaaa ataaggcaat tagccaaaaa caactttgeg tgtaaacaac gctcaataca
840

cgtgtcattt tattattagc tattgcttca ccgecttagce tttctegtga cctagtegte

900

ctegtctttt cticttctic ttctataaaa caatacccaa agcttcttct tcacaattca

960

gatttcaatt tctcaaaatc ttaaaaactt tctctcaatt ctetctaccg tgatcaaggt

1020

aaatttctgt gttccttatt ctctcaaaat cttcgatttt gttttcgttc gatcccaatt

1080

tcgtatatgt tctttggttt agattctgtt aatcttagat cgaagacgat tttctgggtt

1140

tgatcgttag atatcatctt aattctcgat tagggtttca taaatatcat ccgatttgtt

1200

caaataattt gagttttgtc gaataattac tcttcgattt gtgatttcta tctég atctg

1260

gtgttagttt ctagtttgtg cgatcgaatt tgtcgattaa tctgagtttt tetgattaac

1320
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ag

1322

<210> 4

<211> 253

<212> DNA

<213> Agrobacterium tumefaciens
<400> 4

gatcgttcaa acatttggca ataaagtttc ttaagattga atcctgttge cggtcttgeg

60

atgattatca tataatttct gttgaattac gttaagcatg taataattaa catgtaatgc

120

atgacgttat ttatgagatg ggtttttatg attagagtcc cgcaattata catttaatac

180

gcgatagaaa acaaaatata gcgcgcaaac taggataaat tatcgcgege ggtgteatct
240

atgttactag atc

253

<210> 5

<211> 530

<212> DNA

<213> Cauliflower mosaic virus
<400> 5

ccatggagtc aaagattcaa atagaggacc taacagaact cgccgtaaag actggcgaac
60

agttcataca gagtctctta cgactcaatg acaagaagaa aatcttcgtc aacatggtgg
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120

agcacgacac gcttgtctac tccaaaaata tcaaagatac agtctcagaa gaccaaaggg
180

caattgagac tittcaacaa agggtaatat ccggaaacct cctcggatte cattgceceag
240

ctatctgtca ctttattgtg aagatagtgg aaaaggaagg tggctcctac aaatgccatc
300

attgcgataa aggaaaggcc atcgttgaag atgectctge cgacagtggt cccaaagatg
360

gacccccacc cacgaggagc atcgtggaaa aagaagacgt tccaaccacg tettcaaage
420

aagtggattg atgtgatatc tccactgacg taagggatga cgcacaatcc cactatcctt
480

cgcaagaccc ttcctctata taaggaagtt catttcattt ggagaggaca

530

<210> 6

<211> 552

<212> DNA

<213> Streptomyces viridochromogenes
<400> 6

atgtctccgg agaggagacc agttgagatt aggccagcta cagcagetga tatggecgeg
60

gtttgtgata tcgttaacca ttacattgag acgtctacag tgaactttag gacagagcca
120

caaacaccac aagagtggat tgatgatcta gagaggttgc aagatagata cccttggttg
180

gttgctgagg ttgagggtgt tgtggctggt attgcttacg ctgggeccetg gaaggcetagg
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240

aacgcttacg attggacagt tgagagtact gtttacgtgt cacataggca tcaaaggttg
300

ggcctaggat ccacattgta cacacatttg cttaagtcta tggaggcgca aggttttaag
360

tctgtggttg ctgttatagg ccticcaaac gatccatetg ttaggttgca tgaggctttg
420

ggatacacag cccggggtac attgcgcgcea getggataca agcatggtgg atggcatgat
480

gttggttttt ggcaaaggga ttttgagttg ccagctcctc caaggecagt taggccagtt
540

acccagatct ga

552

<210> 7

<211> 195

<212> DNA

<213> Cauliflower mosaic virus
<400> 7

ctgaaatcac cagtctctct ctacaaatct atctctctct ataataatgt gtgagtagtt

60

cccagataag ggaattaggg ttcttatagg gtttcgctca tgtgttgage atataagaaa
120

cccttagtat gtatttgtat ttgtaaaata cttctatcaa taaaatttct aattcctaaa

180

accaaaatcc agtgg

195
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<210> 8
<211> 1848
<212> DNA

<213> Trinh tw nhan tao
<220>

<223> Trinh tw kiém soat
<400> 8

atggacaaca acccaaacat caacgaatgc attccataca actgcttgag taacccagaa
60

gttgaagtac ttggtggaga acgcattgaa accggttaca ctcccaftcga catctccttg
120

tccttgacac agtttctgct cagcgagttc gtgccaggtg ctgggttegt tctcggacta

180

gttgacatca tctggggtat ctttggtcca tctcaatggg atgcattcct ggtgcaaatt

240

gagcagttga tcaaccagag gatcgaagag ttcgccagga accaggcecat ctctaggttg
300

gaaggattga gcaatctcta ccaaatctat gcagagagct tcagagagtg ggaagccgat
360

cctactaacc cagctctccg cgaggaaatg cgtattcaat tcaacgacat gaacagcgec
420

ttgaccacag ctatcccatt gttcgcagtc cagaactacc aagttcctct cttgtccgtg

480

tacgttcaag cagctaatct tcacctcage gtgcttcgag acgttagegt gtttgggcaa
540

aggtggggat tcgatgctge aaccatcaat agecgttaca acgaccttac taggcetgatt
600 '

ggaaactaca ccgaccacgc tgttcgttgg tacaacactg gettggageg tgtctggggt
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660

cctgattcta gagattggat tagatacaac cagticagga gagaattgac cctcacagtt
720

ttggacattg tgtctctctt cccgaactat gactccagaa cctaccctat ccgtacagtg
780

tcccaactta ccagagaaat ctatactaac ccagttcttg agaacttcga cggtagcttc
840

cgtggttctg cccaaggtat cgaaggctcc atcaggagcec cacacttgat ggacatcttg
900

aacagcataa ctatctacac cgatgctcac agaggagagt attactggtc tggacaccag
960

atcatggcct ctccagttgg attcagcggg cccgagttta cctttectct ctatggaact
1020

atgggaaacg ccgctccaca acaacgtatc gttgctcaac taggtcaggg tgtctacaga
1080

accttgtctt ccaccttgta cagaagaccc ttcaatatcg gtatcaacaa ccagcaactt
1140

tcegttcttg acggaacaga gttcgectat ggaacctctt ctaacttgee atcegcetgtt
1200

tacagaaaga gcggaaccgt tgattccttg gacgaaatcc caccacagaa caacaatgtg
1260

ccacccaggc aaggattctc ccacaggttg agccacgtgt ccatgtteeg ttceggattc
1320

agcaacagtt ccgtgagcat catcagagct cctatgttct catggattca tcgtagtgct
1380

gagttcaaca atatcattcc ttcctctcaa atcacccaaa tcccattgac caagtctact
1440

aaccttggat ctggaacttc tgtcgtgaaa ggaccaggct tcacaggagg tgatattctt
1500
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agaagaactt ctcctggcca gattagcacc ctcagagtta acatcactge accactttct
1560

caaagatatc gtgtcaggat tcgttacgca tctaccacta acttgcaatt ccacacctcc
1620

atcgacggaa ggcctatcaa tcagggtaac ttctccgcaa ccatgtcaag cggcagcaac
1680

ttgcaatccg geagcticag aaccgtcggt ttcactacte ctttcaactt ctctaacgga
1740

tcaagcgttt tcacccttag cgctcatgtg ttcaattctg gcaatgaagt gtacattgac
1800

cgtattgagt ttgtgcctge cgaagttacc ttcgaggcetg agtactga

1848

<210> 9
<211> 1992
<212> DNA

<213> Zea mays

<400> 9

ctgcagtgca gegtgaccceg gtegtgecce tetctagaga taatgagcat tgcatgtcta
60 '
agttataaaa aattaccaca tatttttttt gtcacacttg tttgaagtgc agtttatcta

120

tctttataca tatatttaaa ctttactcta cgaataatat aatctatagt actacaataa
180

tatcagtgtt ttagagaatc atataaatga acagttagac atggtctaaa ggacaattga
240

gtattttgac aacaggactc tacagtttta tctttttagt gtgcatgtgt tctecttttt

300

-78-



35763

ttttgcaaat agcttcacct atataatact tcatccattt tattagtaca tecatttagg

360

gtttagggtt aatggttttt atagactaat ttttttagta catctatttt attctatttt

420

agccictaaa ttaagaaaac taaaactcta tttagtttt tttatttaat aatttagata

480

taaaatagaa taaaataaag tgactaaaaa ttaaacaaat accctttaag aaattaaaaa
540

aactaaggaa acatttttct tgtttcgagt agataatgcc agectgttaa acgccgtcga
600

cgagtctaac ggacaccaac cagcgaacca gcagcegtege gtcgggecaa gecgaageaga
660

cggcacggca tetctgtcge tgectetgga cecctetega gagttecget ccacegttgg
720 |

acttgctceg ctgtcggeat ccagaaattg cgtggcggag cggcagacgt gagecggeac
780

ggcaggceggc ctectectee tetcacggea cggeagcetac gggggattee tttcccaceg
840

ctcetteget tteocttect cgeeccgecgt aataaataga caccecctee acacccetctt
900

tccccaacct cgtgttgttc ggagegeaca cacacacaac cagatctcee ccaaatccac
960

ccgtcggeac ctecgcettca aggtacgeeg ctegtectee cceececccc ctetetacct
1020

tctctagatc ggegttcegg tccatggtta gggeccggta gttctacttc tgttcatgtt

1080 |

tgtgttagat ccgtgtttgt gttagatccg tgctgetage gttegtacac ggatgegacc
1140

tgtacgtcag acacgttctg attgctaact tgccagtgtt tetctttggg gaatectggg
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1200

atggctctag ccgttccgca gacgggatcg atttcatgat tttttttgtt tcgttgcata
1260

gggtttgatt tgccecttttc ctttatttca atatatgccg tgcacttgtt tgtcgggtca
1320

tctittcatg cttttttttg tettggtigt gatgatgtgg tetggttggg cggtegttcet

1380

agatcggagt agaattctgt ttcaaactac ctggtggatt tattaatttt ggatctgtat
1440

gtgtgtgcca tacatattca tagttacgaa ttgaagatga tggatggaaa tatcgatcta
1500

ggataggtat acatgttgat gcggatttta ctgatgcata tacagagatg ctttttgtic
1560

gcttgattgt gatgatgtgg tgtggttggg cggtegttca ttcgtictag atcggagtag
1620

aatactgttt caaactacct ggtgtattta ttaattttgg aactgtatgt gtgtgtcata
1680

catcttcata gttacgagtt taagatggat ggaaatatcg atctaggata ggtatacatg
1740

ttgatgtggg ttttactgat gcatatacat gatggcatat gcagcatcta ttcatatgct
1800

ctaaccttga gtacctatct attataataa acaagtatgt tttataatta ttttgatctt
1860

gatatacttg gatgatggca tatgcagcag ctatatgtgg atttttttag ccctgcecttc
1920

atacgctatt tatttgcttg gtactgtttc ttttgtcgat gctcaccctg ttgtttggtg
1980

ttacttctgc ag

1992
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<210> 10
<211> 1176
<212> DNA

<213> Escherichia coli

<400> 10

atgcaaaaac tcattaactc agtgcaaaac tatgcctggg gcagcaaaac ggcgttgact
60

gaactttatg gtatggaaaa tccgtccage cagecgatgg ccgagetgtg gatgggegea
120

catccgaaaa gcagttcacg agtgcagaat geccgecggag atatcgttic actgegtgat
180

gtgattgaga gtgataaatc gactctgctc ggagaggceceg ttgccaaacg ctttggcgaa
240

ctgcctttee tgttcaaagt attatgcgca gcacagecac tetecattca ggttcatcca

300

aacaaacaca atictgaaat cggttttgcc aaagaaaatg ccgcaggtat cccgatggat
360

gccgecgagce gtaactataa agatcctaac cacaagecgg agetggtttt tgcgetgacg
420

cctttcettg cgatgaacgce gtttcgtgaa ttttccgaga ttgtctecct actccagecg

480

gtcgcaggtg cacatccggce gattgetcac tttttacaac agectgatge cgaacgttta
540

agcgaactgt tcgccagcect gttgaatatg cagggtgaag aaaaatcccg cgcgetggeg
600

attttaaaat cggccctcga tagccagcag ggtgaaccgt ggcaaacgat tegtttaatt
660
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tctgaatttt acccggaaga cageggtetg ttctcececege tattgetgaa tgtggtgaaa
720

ttgaaccctg gcgaagcegat gttectgttc gectgaaacac cgcacgctta cctgcaagge
780

gtggcgcetgg aagtgatgge aaactccgat aacgtgetge gtgegggtet gacgectaaa
840

tacattgata ttccggaact ggttgccaat gtgaaattcg aagccaaacc ggctaaccag
900

ttgttgaccc agccggtgaa acaaggtgca gaactggact tcccgattce agtggatgat
960

tttgccttct cgctgcatga ccttagtgat aaagaaacca ccattagcca gcagagtgece
1020

gccattttgt tctgegtcga aggegatgea acgttgtgga aaggttctca geagttacag
1080

cttaaaccgg gtgaatcagc gtttattgcc gccaacgaat caccggtgac tgtcaaaggce
1140

cacggccgtt tagcgegtgt ttacaacaag ctgtaa

1176

<210> 11

<211> 22

<212> DNA

<213> Trinh tw nhan tao
<220>

<223> primer1

<400> 11

gagggtgttg tggctggtat tg
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22

<210> 12

<211> 23

<212> DNA

<213> Trinh tw nhan tao
<220>

<223> primer2

<400> 12

tctcaactgt ccaatcgtaa geg

23

<210> 13

<211> 25

<212> DNA

<213> Trinh tw nhan tao
<220>

<223> probe 1

<400> 13

cttacgctgg gecctggaag gctag
25

<210> 14

<211> 29

<212> DNA

<213> Trinh tw nhan tao
<220>
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<223> primer3

<400> 14

gctgtaagag cttactgaaa aaattaaca
29

<210> 15

<211> 18

<212> DNA

<213> Trinh tw nhéan tao
<220>

<223> primer4

<400> 15

cgatctgcag gtcgacgg

18

<210> 16

<211> 27

<212> DNA

<213> Trinh tw nhéan tao
<220>

<223> probe 2

<400> 16
tctettgeta agetgggagce tegatece
27





