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Linh vie k§ thuét dwoe dé cip

Sang ché dé cap dén gen kham c6 chira viing khoi dong khac loai, protein Cry
duge ma hoa boi gen kham, ché pham diét con tring ¢ chira protein Cry nay. Ngoai
ra sang ché con dé cap dén cay trdng chuyén gen, phuong phap tao ra ciy trong

chuyén gen va phuong phép kiém soat loai gy hai 1a sau bo canh vay.
Tinh trang k¥ thuit ciia sang ché

Bacillus thuringiensis (Bf) 1a vi khuin dit tao bao tir gram duong dic trung
bdi kha ning tao ra thé viii tinh thé ma gay doc dic hiéu ddi vai cac bo va céc loai nhét
dinh ctia cac loai gy hai thuc vét, bao gdm con tring, nhung vo hai d6i véi thuc vat
va céc sinh vat khéng phai l1a dich khac. Vi ly do nay, ché pham chira ching Bacillus
thuringiensis hodc protein diét con trung ctia chiing cd thé dugc ding lam chat diét con
tring chdp nhan dugc cho moi truong dé kiém soat cac loai con trung giy hai nong

nghiép hodc vat truyén cOn trung cla nhiéu bénh & ngudi hoic dong vat khac nhau.

Protein tinh thé (Cry) tir Bacillus thuringiensis c6 hoat tinh diét con trung hiéu
nghiém chéng lai chi yéu 1a con trung gy hai 1a sau bo canh vay, séu bo hai canh, va
bd canh ctiing. Céc protein nay cling thé hién hoat tinh chéng lai loai gay hai thudc cac
B6 Hymenoptera, Homoptera, Phthiraptera, Mallophaga, va Acari, cling nhu la cac bo
khong xuong séng khac ching han nhu Nemathelminthes, Platyhelminthes, va
Sarcomastigorphora (Feitelson, J. 1993. The Bacillus Thuringiensis family tree. In
Advanced Engineered Pesticides. Marcel Dekker, Inc., New York, N.Y.). Céc protein
nay ban dau duoc phan loai 1a tir Cryl dén CryVI cht yéu dua trén hoat tinh diét con
tring ctia chiing. Céc 16p chinh 13 ddc hiéu Bo Canh vay (I), ddc hi¢u Bo Canh vay va
B6 Hai canh (IT), dic hiéu Bo Cénh ctmg (IT1), ddc hiéu B6 Hai Canh (IV), va déc hiéu
giun tron (V) va (VI). Céc protein con duge phén loai thanh cac phan ho; cac protein
lién quan cao hon trong mdi ho duge ddt cac chit cai phan chia nhu CrylA, CrylB,

CryIC, v.v.. Céc protein lién quan gin hon nita trong mdi nhém duge dit tén nhu
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CryIC(a), CryIC(b), v.v.. Cac thuat ngit “doc t& Cry” va "ndi doc t6 delta" duoc s
dung thay thé 14n nhau v6i thuat ngit “protein Cry.” Danh phap hién nay ddi véi
protein va gen Cry dua trén d6 twong ddng trinh tu axit amin chit khong phai 1a d6 dic
hi¢u dich con trung (Crickmore et al. (1998) Microbiol. Mol. Biol. Rev. 62:807-813).
Theo phén loai dugc chdp nhan hon nay, mdi doc t6 duoc dit tén duy nhat két hop voi
hang chinh (chit s6 A rdp), hang thir hai (ky tu viét hoa), hang thtr ba (ky tu viét
thuong), va hang thi tu (chit s6 A rép khac). Theo phan loai hién nay, cac chit s6 La
Mi duogc ddi cho cac chit s6 A rdp & hang thi nhat. Vi du, "CryIA(a)" theo danh phap
clinay 1a "CrylAa" theo danh phap hién nay. Theo Ibrahim et al. (2010, Bioeng. Bugs,
1:31-50), doc t6 Cry c6 thé van dugc chia thanh sau 16p chinh theo d6 dic hiéu vat chu
con trung ctia chiing va bao gdm: Nhém 1—sau bo canh vay vi du nhu, Cryl, Cry9 va
Cry15); Nhom 2—sau bg canh vay va sau bo hai canh (vi du nhu, Cry2); Nhém 3—bo
canh cimg (Cry3, Cry7 va Cry8); Nhom 4—sau bo hai canh (Cry4, Cryl0, Cryll,
Cryl6, Cry17, Cryl9 va Cry20); Nhom 5—sau bo canh vay va bd canh ctimg (Cry1l);
va Nhém 6—giun tron (Cry6). Cac doc t6 Cryll, Cry2, Cry3, Cry10 va Cryl1 (73-82
kDa) 1a duy nhat boi vi ching dudng nhu 1a dang cét cut tw nhién ctia cac protein Cryl
va Cry4 16m hon (130-140 kDa).

Protein Cry 1a phan tir protein hinh cdu ma tich Iily dudi dang tién doc t6 &
dang két tinh trqng giai doan hinh thanh bao tr ctia Bz. Sau khi bi loai gay hai an, cac
tinh thé nay thuong dugc hoa tan dé giai phong tién doc td, ma c¢6 kich thude nim
trong khoang, vi du, tir 130-140 kDa ddi voi nhidu protein Cry ¢6 hoat tinh dbi véi sau
bo canh vay, chang han nhu Cryl va Cry9, va 60-80 kDa d6i véi protein Cry3 cé hoat
tinh ddi voi bo canh ctng va protein Cry2 cé hoat tinh d6i vé6i sau bo canh vay/sau bo
hai canh. Sau khi céc tinh thé nay dugc hoa tan bai con tring nhay cam tién doc t6 da
dugc giai phéng duge xir ly bing proteaza trong rudt con trung, vi du trypsin va
chymotrypsin, dé tao ra doc td protein Cry 15i khang proteaza. Su xtr ly phan giai
protein ndy gdm c6 su loai bo axit amin tir cac ving khac nhau ctia cAc tién doc t6 Cry
khéc nhau. Vi du, tién doc t6 Cry nang 130-140 kDa thuong dugc hoat héa thong qua
su loai bo biang cach phan gii protein ctia peptit ddu tin ctiing N c6 25-30 axit amin va
xép xi mot nira protein con lai tir dau tan cung C tao ra doc tb Cry truong thanh nang
xp xi 60-70 kDa. Tién doc t6 ning 60-80 kDa, vi du nhu Cry2 va Cry3, ciing duge xtr

ly nhung khong dén ciing mtrc d6 nhu tién doc t6 16n hon. Tién doc t6 nhé hon thudong
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6 s6 luong axit amin dugc loai bo tur déu tan cung N béng hodc 16n hon so véi tién
doc t6 16m hon nhung co sb luong axit amin dugc loai bo tur dau tan cung C it hon. Vi
du, su hoat hoa bing cach phan giai protein ctia cic thanh vién ho Cry2 thuong gdm c6
su loai bo xap xi 40-50 axit amin & dau tan cting N. Nhiéu protein Cry kha doc ddi voi

con tring dich dic higu, nhung nhiéu protein Cry c¢6 phd hoat tinh hep.

Protein Cry thuong c6 nim mién trinh tu bao toan, va ba mién cdu tric bao
toan (xem, vi du, de Maagd et al. (2001) Trends Genetics 17:193-199). Mién ciu triic
bao toan thir nhat, goi 1a Mién I, thuong gdm c6 bay ciu tric xoén alpha va tham gia
vao su cai xen mang va tao 16 rdng. Mién II thuong gém c6 ba tim beta dugc bd tri
trong cAu hinh chia khéa Greek, va Mién III thuong gdm c6 hai tim beta d6i song
trong c4u tao ‘cudn 1ong' (de Maagd et al., 2001, & trén). Cac mién II va III tham gia
vao su nhan dién thu thé va lién két, va do d6 dugce coi 1a cac phén quyét dinh tinh dic
hiéu doc 6.

Nhiéu cdy tréng co gia tri thuong mai, bao gdm céc cdy nong nghiép thong
thuong, nhay cam ddi véi su tAn cong boi cac loai gdy hai cdy trdng bao gém cac con
trung va giun tron gay hai, gdy giam dang ké san luong va chit lugng ciy trong. Vi du,
loai gy hai cdy trong 1 yéu té chinh trong su thiét hai vé ciy nong nghiép quan trong
ctia thé gioi. Thiét hai khoang 8 ty d6 la M§ mdi nam chi riéng & M¥ do sy phd hoai
ctia loai gay hai khong xuong sdng bao gdm con tring. Con tring gy hai ciing 1a ganh
ning dbi véi nguoi tréng rau va cdy an qua, dbi voi nhitng ngudi san xuét hoa trang
tri, va ddi voi nguoi 1am vuon tai nha.

Céc loai gy hai con tring chu yéu dugc kiém soat nhd 4p dung chuyén sau
cac chét diét loai gdy hai hoa hoc, c6 hoat tinh thong qua viéc trc ché su tang trudng
clia con tring, ngan ngira sy 16n 1én hoic sinh s6i nay nd ctia c¢on tring, hoic gy chét.
Céc tac nhan kiém soét loai gy hai sinh hoc, nhu ching Bacillus thuringiensis biéu
hién doc té diét loai gy hai nhu protein Cry, ciing duoc ap dung 1én ciy trong voi hiéu
qua t6t, tao ra su thay thé hodc phan thuong cho thudc diét loai gy hai hoa hoc. Cac
gen mi hoa dbi véi mot sé trong cac protein Cry nay dd dugc phan 1ap va biéu hién
clia chung & vét chii khac loai nhu ciy trong chuyén gen thé hién 1a tao ra cong cu

khéc de€ kiem soét céc loai con trung gay hai quan trong vé kinh té.
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Do dé, c6 thé dat duoc kiém soat con trung tdt, nhung mot sb6 chit hoa hoc
nhit dinh d6i khi c¢6 thé con anh huéng dén con tring c¢6 ich khong phai dich va mot
sb chét sinh hoc nhét dinh c6 phé hoat tinh rt hep. Ngoai ra, viéc st dung tiép mot sd
phuong phap kiém soat héa hoc va sinh hoc nhat dinh lam ting kha ning cho loai con
tring gy hai phat trién kha ning khang cic phuong phéap kiém soat nay. Piéu nay da
duogc lam giam bét mot phan béi cac hoat dong quan ly tinh khang khac nhau, nhung
van c6 nhu cau phat trién tac nhan kiém soét loai gdy hai mai va hiru hiéu ma mang lai
loi ich kinh té cho néng déan va chép nhan duge v& mit moi truong. Péc biét ¢ nhu
cau 1a cac tac nhan kiém soat ma c6 thé nhdm dich vao phd rong hon ctia cac con tring
gdy hai quan trong vé mit kinh té va kiém soat mot cach hitu hi€u céc chung con tring
ma khang hoc ¢6 thé tré nén khang véi cac tic nhan kiém soat con trang hién co.

Ban chit k§ thuat cia sang ché

Xem xét dén céc nhu cau nay, muc dich ctia sang ché 1a dé xuét tac nhan kiém
soat loai gay hai moi bang cach dé xuét thé phan 1ap Bacillus thuringiensis (Bf) méi
cling nhu 1a gen va protein diét loai gy hai méi ma c6 thé dugc sir dung dé kiém soét

nhiéu loai gdy hai thuc vat.

Séng ché dé xuit cac ché phdm va phuong phap tao ra hoat tinh diét loai gay
hai cho vi khuén, cdy, t& bao, md va hat ciia cdy. Cu thé 13, sang ché dé xuat gen kham
c6 chura polynucleotit m&i ma ma héa cho protein Cry dugc phan lap tir Bf va céc trinh
tu vé& co ban giéng chung, ma su biéu hién ctia chung tao ra protein c6 ddc tinh d6i vai
céc loai con tring gy hai quan trong vé mit kinh té, cu thé 1a con tring gy hai ma
phé hoai cdy trong. Sang ché con dé cap dén protein Cry mai thu duoc tir sy biéu hién
ctia polynucleotit, va dé cap dén ché phdm va ché phim bao ché c¢6 chira protein Cry,
ma gy doc dbi véi con tring bing cach e ché kha ning ctia con tring giy hai dé
séng sot, sinh trudng va sinh san, hodc han ché sy ton thét hodc thiét hai lién quan dén
con tring ddi véi cay trong. Protein Cry theo sang ché bao gdm protein Cry tu nhién
va protein Cry dot bién hodc bién thé ma c6 mot hodc nhidu su thé, su thém hodc su
b6t axit amin. Vi du vé protein Cry dot bién bao gdm ma khong gi6i han & céc protein
Cry ma dugc gay dot bién dé cé phé hoat tinh rdng hon hodc hoat tinh dic hiéu cao
hon so v&i cac ddi tac protein Cry tw nhién ctia chiing, c4c protein Cry ndy dugc giy
dot bién dé dua vao epitop dé tao ra khang thé ma nhan dién phan biét protein dot bién

tr protein ty nhi€n hodc protein Cry dot bién dé diéu bién sy biéu hién & sinh vat
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chuyén gen. Protein Cry mdi theo sang ché c6 d6 doc cao dbi véi con trung gay hai. Vi
du, protein Cry theo sang ché c6 thé duoc st dung dé kiém soat mot hodc nhiéu con
trung gdy hai quan trong vé mit kinh té ching han nhu sdu ngai dém mau den
(Agrotisipsilon), sdu duc than ngd chau Au (Ostrinianubilalis), siu xanh mua thu
(Spodopterafrugiperda), sdu duc trai trén cay ngo6 (Helicoverpazea), sdu duc than mia
(Diatraeasaccharalis), sau buém dau nhung (Anticarsiagemmatalis), sau do hai dau
tuong (Chrysodeixisincludes), sau duc than ng6 tdy nam (Diatraeagrandiosella), sau
ngai dém hai dau phuong tdy (Richiaalbicosta), sdu an chdi thube 14
(Heliothisvirescens), sdu duc than ngd chau A (Ostriniafurnacalis), sdu duc qua bong
(Helicoverpaarmigera), sau duc than cé soc (Chilosuppressalis), sau duc than mau
h@)ng (Sesamiacalamistis), sdu cubn 14 lGa (Cnaphalocrocismedinalis), va con trung

tuong tu.

Séang ché ciing dé xut polynucleotit tdng hop ma ma héa cho protein Cry theo
sang ché ma c¢6 mdt hodc nhiéu duoc tdi wu hoa bd ba ma hoa dé bidu hién & sinh vat

chuyén gen ching han nhu vi khuan chuyén gen hodc cdy trdng chuyén gen.

Séng ché con dé xuit bang catxet bidu hién va vecto tii t6 hop chira
polynucleotit ma mi hoa protein Cry theo sang ché. Sang ché ciing dé xut vi khuén,
cay trong, t& bao, mo, va hat ciy trdng duoc bién nap co6 chira gen kham, hodc bang
catxet biéu hién hodc vecto tai td hop ma hitu dung trong viéc biéu hién protein Cry

theo sang ché trong vi khuan, cdy trong, t€ bao, mo va hat cay trong dugc bién nap.

Sang ché con dé cap dén chung Bacillusthuringiensis (Bf) duoc phan lap ma
san xuét protein Cry theo sang ché. Chung Bf nay c6 thé 1a thé phan lap co trong tu

nhién hosc chiing Bt tai to hop ma san xuat mot hoic nhiéu protein Cry theo sang ché.

Séng ché con dé cap dén phuong phép str dung polynucleotit theo sang ché, vi
du trong cdu tric ADN hodc gen kham hoidc bing catxet biéu hién hoic vecto tai t6
hop dé bién nap va biéu hién ¢ sinh vat, bao gém thuc vat va vi sinh vat, chang han
nhu vi khudn. Trinh tu nucleotit hodc axit amin c6 thé 1 trinh tu tu nhién hoic téng
hop ma da dugc thiét ké dé biéu hién ¢ sinh vat ching han nhu thuc vat hozc vi khudn
hoic dé tao ra doc t6 Cry lai ¢6 hoat tinh diét loai gy hai dugc ting cuong. Sang ché

con dé cap dén phuong phap tao ra protein Cry va phuong phap str dung cac trinh tur
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polynucleotit va protein Cry, vi du trong vi sinh vét dé kiém soat con tring hoic trong

cly trong chuyén gen dé mang lai sy bao v¢ khdi sy gay hai cua con trung.

Khia canh khac cta sang ché bao gdm ché phdm diét con tring va ché pham
c6 chira protein Cry hodc chung Bacillus thuringiensis theo sang ché, va phuong phap
str dung ché phim hodc ché phdm bao ché nay dé kiém soat quan thé con triung, vi du
bang cach ap dung ché phim hozc ché phdm bao ché nay cho khu vuc bi phd hoai bsi
con trung, hodc dé xir ly phong ngira cho dién tich d& bj tan cong bdi con triung hodc
cay trong dé mang lai su bao vé chdng lai c6n tring gay hai. Ty chon ché phdm hodc
ché phdm theo sang ché c¢6 thé, ngoai protein Cry hodc ching Bt theo sang ché, c6
chira tc nhan diét loai giy hai khéc ching han nhu chit diét loai gdy hai hoa hoc dé

gia ting hodc ting cuong kha nang kiém soat con tring cta ché phdm hodc ché pham.

Ché phim va phuong phép theo sang ché hitu dung dé kiém soat con tring gay
hai ma tin cdng thuc vat, cu thé 1a cay tré)ng. Ché phém theo sang ché cling hitu dung
dé tao ra protein Cry dugc thay ddi hodc dugce cai thién ma cé hoat tinh diét loai gay
hai, hodic dé phat hién sy c6 mit cia protein Cry hoic axit nucleic trong san phém

thuong mai hodc sinh vat chuyén gen.

Cac dau hi€u, khia canh, va loi ich nay va khéac cia sang ché s€ dugc hiéu rd

hon khi vién din dén phan mé ta chi tiét va cc yéu cau bao ho sau diy.
MO ta vén tit cac trinh tu trong danh muyc trinh tu
SEQ ID NO:1 1a trinh ty nucleotit ma hoa cho protein BT-0016.
SEQ ID NO:2 1a trinh ty nucleotit ma hoa cho protein BT-0026.
SEQ ID NO:3 1a trinh ty nucleotit ma hoa cho protein BT-0032.

SEQ ID NO:4 1a trinh tu duoc t6i wu hoa bd ba ma héa ma héa cho protein
BT-0016.

SEQ ID NO:5 14 trinh tu dugc t61 uu héa bo ba ma héa ma héa cho protein
BT-0026.

SEQ ID NO:6 1a trinh ty dugc t6i wu hoa bd ba ma héa ma héa cho protein
BT-0032.

SEQ ID NO:7 1a trinh tu nucleotit ma hoa cho protein BT-0016 dot bién.
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SEQ ID NO:8 1a trinh ty nucleotit ma hoéa cho protein BT-0026 dot bién.

SEQ ID NO:9 1a trinh tu nucleotit ma hoa cho protein BT-0032 dot bién.

SEQ ID NO:10 14 trinh ty axit amin cta protein BT-0016.

SEQ ID NO:11 1a trinh ty axit amin cia protein BT-0026.

SEQ ID NO:12 Ia trinh tu axit amin cia protein BT-0032.

SEQ ID NO:13 14 trinh tu axit amin cta protein BT-0016 dot bién.

SEQ ID NO:14 1a trinh ty axit amin cta protein BT-0026 dot bién.

SEQ ID NO:15 1a trinh ty axit amin cta protein BT-0032 dot bién.

Céac SEQ ID NO:16-17 1a c4c trinh tu doan mdi hiru dung trong sang ché.
M@ ta chi tiét sang ché

Phén mé ta nay khong nhdm 1am danh muc chi tiét cta tit ca cac cach khac
nhau dé c6 thé thuc hién sang ché, hodc tit ca cac diu hiéu c6 thé duoc thém vao sang
ché nay. Vi dy, cac d4u hiéu dugc minh hoa theo mot phuong én c6 thé dugc két hop
v6i cac phuong an khac, va cac d4u hiéu duoc minh hoa theo phuong 4n cu thé c6 thé
duoc x6a bo khoi phuong an nay. Do do, sang ché dy tinh ring theo mét sé phuong én
cua sang ché, diu hiéu bt ky hodc dang Kkét hop céc d4u hiéu duoc dé cap ¢ day co thé
dugc loai bd hodc bo qua. Ngoai ra, nhidu bién thé va bd sung cho céc phuong an khéc
nhau duoc khuyén khich ¢ day sé dugc thuc hién bdi nguoi co hiéu biét trung binh
trong linh vuc theo sang ché, ma khong vuot ra khoi pham vi sang ché. Vi vay, phan
mb ti sau ddy nhdm minh hoa mét s6 phuong an cu thé ciia sang ché, va khong xac

dinh tuong tan tat ca cac sap xép, dang két hop va bién thé ctia ching.

Trur khi ¢6 chi dinh khéc, toan bd cac thuat nglt k¥ thuat va khoa hoc dugc su
dung & diy c6 cing nghia nhu cach hiéu thong thuong clia nguoi c¢6 hiéu biét trung
binh trong linh virc ma sang ché thudc vé. Thuit ngit dugc sir dung trong phan mé ta
ctia sang ché & ddy chi nhdm muc dich mé ta cac phuong 4n cu thé va khong nhim

1am gidi han sang ché.
DPinh nghia

Nhu dugc st dung & day va ¢ yéu cau bao hd kem theo, cac mao tir so it bao

gom viéc dé cdp den so nhicu trir khi nglt canh rd rang chi ra nghia khac. Do do, vi du,
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vién din dén "ciy trng" 12 vién din dén mot hodc nhiéu ciy trong va bao gdm céc
dang twong duong cta ching da biét di v6i nguoi c6 hiéu biét trung binh trong linh
vuc, va v.v.. Nhu duoc st dung ¢ ddy, tr "hodc" nghia 1a mét thanh phﬁn bat ky cua
danh sach cu thd va con bao gdm dang két hop bat ky cta cac thanh phan cta danh

sach do (tuc 1a, con bao gdbm "va").

Thuat ngit "khoang" dugc st dung & ddy nghia 1a xap xi, gan, xung quanh,
hodc trong khoang. Khi thuat ngit "khoang" dugc ding két hop véi khoang sd, né thay
~ dbi khoang nay bang cach mo rong gidi han trén va dudi cua gid tri bang s6 dugc cho.
Thong thudong, thudt ngit "khoang" dugc sir dung & ddy dé thay doi gid tri bang sé &
trén va dudi gid tri dugc cho v6i phuong sai bing 20 phin trim, t6t hon 1a 10 phin
tram 1én hoéc xuéng (cao hon hoac thép hon). Péi voi thuat nglt nhi¢t do "khoang"
nghia 1a £ 1°C, t6t hon 14 + 0,5°C. Khi thuat ngit "khoang" dugc dung trong ngit canh
cua sang ché (vi du, két hop véi cac gia tri nhiét d hodc khéi luong phan tir) gia tri

chinh xac (ttrc 1a, khong cé "khoang") dugc uu tién.

Thuat nglt "hoat tinh" cta protein Cry doc theo sang ché nghia 1a cac chic
nang protein ddc lam tac nhan kiém so4t con trung hoat tinh qua duong miéng, cé hi€u
qua giy doc, hodc c¢6 kha nang lam gian doan hodc ngin can su pha hoai cua con
tring, ma c6 thé hodic khong thé dan dén gay chét con triung. Khi protein gay doc theo
sang ché dugc phan phéi 1én con tring, két qua thuong 1a gy chét con tring, hodc con

trung khong gay hai doi voi nguon ma tao ra protein ddc cho con trung.

Nhu dugc st dung & déy, thuat ngit "khuéch dai" nghia 14 viéc x4y dung nhiéu
ban sao cta phén tir axit nucleic hodc nhidu ban sao bd sung cho phan tir axit nucleic
bing cach str dung it nht mot trong sb cic phan tir axit nucleic lam khuon. Hé thong
khuéch dai bao gdm hé phan tmg chudi polymeraza (PCR), hé phan tmg chudi ligaza
(LCR), khuéch dai trén co so trinh tu axit nucleic (NASBA, Cangene, Mississauga,
Ontario), hé 1ap Q-Beta Replicaza, hé khuéch dai trén co s& phién ma (TAS), va
khuéch dai xdo tron soi (SDA). Xem tai liéu, vi du, Diagnostic Molecular
Microbiology: Principles and Applications, PERSING et al., Ed., American Society
for Microbiology, Washington, D.C. (1993). San phim khuéch dai dugc goi la

"amplicon."
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Thuat ngit "cau trac kham" hodc "gen kham" ho#c "polynucleotit khdm" hodc
"axit nucleic kham" (hodc thuat ngir twong ty) nhu duoc st dung & day dung dé chi
cAu tric hodc phan tir bao gdm hai hoic nhiéu polynucleotit c6 ngudn gbc khic nhau
dugce ghép thanh phan tir axit nucleic don 1¢. Thuét ngit "cau tric kham", "gen kham",
"polynucleotit kham" hodc "axit nucleic kham" dé cap dén bat ky céu tric hogc phan
tir ma bao gdm, khong gisi han, (1) polynucleotit (vi du, ADN), chtta polynucleotit
diéu hoa va mi héa ma khong thay cting nhau trong tw nhién(tuc 13, it nhat mot trong
s6 cac polynucleotit trong cdu trac 1a khic loai véi it nhit mot trong sb cac
polynucleotit khac cua no), hodc (2) cac phan mi héa polynucleotit ctia protein khong
tiép gidp trong tur nhién, hoéc (3) cac phan cla ving khéi d(f)rbngmé khéng tiép giap
trong tw nhién. Hon nita, cAu tric kham, gen kham, polynucleotit kham hogc axit
nucleic kham c6 thé chta polynucleotit diéu hoa va polynucleotit ma hda ma co ngudn
gbc tir cac ngudn khac nhau, hodc chita polynucleotit diéu hoa va polynucleotit ma héa
¢6 ngudn gde tir ngudn gidng nhau, nhung duge sip xép theo cach khéc v6i cach tim
thiy trong ty nhién. Theo mdt s6 phuong 4n cta sang ché, cau triic kham, gen kham,
polynucleotit kham hodc axit nucleic kham bao gébm bing catxet biéu hién chira
polynucleotit theo sang ché dudi su kiém soat cta polynucleotit didu hoa, cu thé 1a

dudi sy kiém soat ctia polynucleotit diéu hoa chtic ning trong cay trong hodc vi khuan.

"Trinh tu ma hdéa" 1a trinh tu axit nucleic ma dugc phién ma thainh ARN nhu
mARN, rARN, tARN, snARN, ARN c6 nghia hodc ARN dbi nghia. T4t hon 1a sau do

ARN dugc dich ma trong sinh vt dé tao ra protein.

Nhu dugce st dung & day, trinh tur "duoc t81 wu hoa bo ba ma héa" nghia la
trinh tu nucleotit ciia polynucleotit tai t6 hop, chuyén gen, hoic téng hop trong d6 bo
ba mi héa dugc chon dé phan anh do 1éch bd ba ma héa cu thé ma té bao chi hodc
sinh vt c6 thé c6. Piéu nay thuong duoc thuc hién theo cach nay dé bao quan trinh tur
axit amin cta polypeptit dugc ma héa boi trinh tu nucleotit duoc t61 wu hoa bo ba ma
héa. Theo mot sb phuong an nhét dinh, trinh tw ADN cua ciu tric ADN tai t6 hop bao
gém trinh tw ma di duge t61 wu hoa bd ba ma hoa cho té€ bao (vi du, té bao dong vat,
thyc vat, hodc ndm) trong d6 cAu trac nay 14 & duoc biéu hién. Vi du, cau tric dugce
bidu hién trong té bao ctia cy trong co thé 6 tAt ca hodc cic phan cta trinh tu clia né

(vi du, yéu t6 kim ham gen thi nhit hodc yéu t biéu hién gen) dugce t6i uu héa bd ba
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ma hoa dé biéu hién ¢ cdy trong. Xem, vi du, Bing Sang Ché M§ S6 6,121,014, duoc
két hop & day bang cach vién dan.

"Kiém soat" con trung c6 nghia 1 e ché, thong qua tac dung gy doc, kha
ndng cua con trung gay hai dé séng soOt, sinh truong, dn, hodc sinh san, hodc han ché su
tdn thit hodc thiét hai do con trung & cay tréng hodc bao vé tiém nang san lugng cua
cdy trong khi sinh truong trong sy ¢6 mit clia con trung gdy hai. "Kiém soat" con
tring c6 thé c6 hodc c6 thé khong c6 nghia 1a giét con tring, mic du t6t hon nén c6

nghia 1 giét con tring.

Céc thuat nglt "c6 chira" hoac "chura," khi dugc dung trong ban mo ta nay, xac -

dinh sy c6 mat ctia dau hi€u, s6 nguyén, budc, hoat dong, yeu to, hoidc thanh phan
duogc chi ra, nhung khong loai trir s ¢6 mét hodc sy thém vao ctia mot hodc nhiéu dau

hiéu, s6 nguyén, budc, hoat dong, yéu t, thanh ph?ln khac, hodc nhém cua chung.

Nhu duge st dung & day, cau chuyén ti€ép "vé co ban gom co" (va cac bién thé
nglt phdp) nghia la pham vi cta yéu cau bdo ho dugc hiéu 1a bao ham cac vat liéu hoac

AN

cac budc duge néu rd hodc dé cap trong yéu cau bao ho" va nhimg thr ma khong lam
thay ddi cdt yéu (cac) dic trung co ban va moi" cua sang ché duoc yéu cau bao hd. Do
d6, thudt ngit "vé co ban gém c6" khi duoc sir dung trong yéu cau bao ho ciia sang ché
khong dy tinh dugc hiéu la tuong duong véi "chira."

7
AN

Trong ngit canh cua sang che, "viéc twong ung véi" hodc "tuong Umg voi" cod
nghia 14 khi trinh tu axit amin ctia cdc protein Cry bién thé hodc twong ddng duoc sap
xép thing hang véi nhau, cac axit amin ma "twong tmg véi" cac vi tri duoc danh sb
nhét dinh trong protein bién thé hodc twrong dong la cc axit amin ma thing hang véi
céc vi tri nay trong protein tham chiéu nhung khong nhat thiét 1a & cac vi tri danh 5O
chinh x4c ndy tuong quan véi trinh tu axit amin tham chiéu cu thé theo sang ché. Vi
du, néu SEQ ID NO:10 1a trinh ty tham chiéu va dugc sip xép thing hang véi SEQ ID
NO:12, Met623 cia SEQ ID NO:12 "twong tng voi" Met614 ctia SEQ ID NO:10.

Nhu dugc dung trong ban md ta nay, thuat nglt "protein Cry" cé nghia la
protein di€t con trung thudc loai ndi ddc t6 delta tinh thé Bacillus thuringiensis. Thuat
ngft "protein Cry" c¢6 thé ding dé chi dang tién doc t6 hoic manh hoic doc t& c6 hoat

tinh diét con tring bat ky ctia chung.
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Viéc "phén phbi" ché phim hosc protein giy doc co nghia 14 ché phidm hozc
protein gay doc tiép xUc vOi con triung, ma lam thuan 191 cho sy an béng miéng cla ché
phdm hoic protein giy doc, dan dén tic dung gdy doc va kiém soat con trung. Ché
pham hoic protein gdy doc c6 thé duoc phan phdi theo nhiéu cach di dugc cong nhan,
bao gdm nhung khéng gidi han &, su biéu hién cay trong chuyén gen, (cac) ché phdm
protein dugc tao ché phim, (cac) ché phdm protein c¢6 thé phun duoc, chit nén mdi,

hodc hé thong phan phéi protein d duge cong nhan trong linh vuc khac bat ky.

Thuat ngit "mién" dung dé chi tap hop céc axit amin dugc bao toan & céc vi tri
cu thé doc theo su sép xép théng hang ctia céc trinh tu clia céc protein c6 li€én quan vé
mat tién hoa. Trong khi cac axit amin & cic vi tri khac c6 thé thay doi giira cac thé
tuong déng, céc axit amin dugc bao toan cao & céc vi tri cu thé thé hién céc axit amin
ma ¢6 vé thiét yéu trong cu tric, su 6n dinh hodc chirc ning cua protein. Pugc xac
dinh boi muc do bao toan cao clia chung trong cac trinh ty duoc sép xép thing hang
cua ho cua céc thé tuong déng protein, chung c6 thé dugc st dung lam dAu hiéu nhan
dang dé x4c dinh liéu polypeptit dang xem xét bit ky c6 thudc vao nhém polypeptit da
duoc xac dinh tir trudc hay khong.

"Luong hitu hiéu dé kiém sot con tring" ¢ nghia 13 ndng do cta protein gay
doc ma e ché, thong qua tac dung giy doc, kha ning ciia con tring dé séng sot, sinh
truong, an hodc sinh san, hodc han ché sy tén thit hodc thiét hai do con tring & cay
trong hodc bao vé tiém ning san luong cia ciy trong khi sinh trudng trong su ¢6 mit
ctia con trung gay hai. "Luong hitu hiéu dé kiém soat con tring" c6 thé c¢6 hoic khong
c¢6 nghia 1a giét con trung, mic du t6t hon nén c6 nghia 14 giét con trung.

A"

"Bing catxet biéu hién" nhu dugc ding trong ban md ta nay c6 nghia 1a phan
tir axit nucleic c6 kha niang dinh hudng su biéu hién cta it nhat 14 mot polynucleotit
dugc quan tdm, chang han nhu polynucleotit ma ma héa cho protein Cry theo séng
ché, trong t& bao chu thich hop, c¢6 chita ving khéi dong dugce lién két c6 diéu khién
v6i polynucleotit duoc quan tim ma dugc lién két c6 diéu khién véi tin higu két thuc.
"Bing catxet biéu hién" thuong con chira polynucleotit b6 sung can dé phién ma dung
polynucleotit quan tdm. Bing catxet biéu hién c6 thé con chira polynucleotit khac
khong can thiét trong viée biéu hién truc tiép ctia polynucleotit quan tim nhung c6 mit
do vi tri gioi han thich hop dé loai bo bang khoi vét truyén biéu hién. Bang catxet biéu

hién bao gdm (c4c) polynucleotit quan tim cé thé 1a kham, c6 nghia 14 it nhat mot

-12-



31196

trong sb cac thanh phan cua né 1a khac loai voi it nhit mot trong s6 cac thanh phan
khéc ctia nd. Bang catxet biéu hién c6 thé con 1a bang ma c6 trong tu nhién nhung cé
thé thu duoc & dang tai t6 hop hitu dung dé biéu hién khac loai. Tuy nhién, thong 7
thuong, bang catxet biéu hién 1 khéc loai véi vat chii, tic 13 polynucleotit quan tdm
trong bang catxet biéu hién khong c6 trong tu nhién trong té bao chii va phai duoc dua
vao t& bao chi hodc td tién cta té bao chii bing qué trinh bién nap hodc qua trinh gay
gidng. Su biéu hién cua (cic) polynucleotit quan tdm trong bing catxet biéu hién
thuong 14 chiu sy kiém soat ciia ving khéi dong. Trong trudng hop sinh vat da bao,
nhu cay tréng, ving khéi dong co thé con 1a ddc hidu hodc wu tién cho md, hoic co
quan, hoac giai doan phat trién cu thé. Béng catxet biéu hién, hodc manh cta ching,
con ¢ thé duge goi 1a "polyﬁucleotit dugc chén" hodc "polynucleotit cai xen" khi

duoc bien nap vao cay trong.

"Gen" duoc xac dinh trong ban md t4 nay la don vi di truyén c6 chira mdt hodc
nhiéu polynucleotit ma chiém gitt vi tri cu thé trén nhiém séc thé hodc plasmit va chtra

chi thi di truyén déi v6i dac diém hodc tinh trang cu thé & sinh vat.

"Proteaza ctia rudt" 1a proteaza dugc tim thy tu nhién trong duong tiéu héa
cua con trung. Proteaza nay thuong tham gia vao viéc ti€u hda protein dugc dn vao. Vi
du v& proteaza cua rudt bao gdm trypsin, ma thuong phan cit peptit & phia dau tan
cting C cta cac gbe lysin (K) hodc arginin (R), va chymotrypsin, ma thudng phan cit

peptit ¢ phia dau tan ciing C cua phenylalanin (F), tryptophan (W) hoic tyrosin (Y).

Thuét ngir "khac loai" khi duogc ding dé dé& cap dén gen hoic polynucleotit
hodc polypeptit dung dé chi gen hodc polynucleotit hodc polypeptit ma Ia hodc chira
mot phan cua ching khong & trong méi trudong tw nhién ctia né (tic 13, dd dugc thay
dbi bai ban tay con ngudi). Vi du, gen khac loai c6 thé bao gdm polynucleotit tir mot
loai dugc dua vao loai khac. Gen khac loai cling c6 thé bao gdm polynucleotit tir nhién
dbi v6i sinh vat ma da duoc thay dbi theo mot cach nao d6 (vi du nhu, bi dot bién,
duoc bd sung trong nhiu ban sao, dugc ndi véi cac polynucleotit ving khoi dong
hodc vung ting cuong khong ty nhién, v.v.). Gen khac loai con cé thé chua
polynucleotit cua gen thuc vat ma bao gbém cac dang cADN ctia gen thuc vat; cADN
c6 thé duge biéu hién theo huéng cé nghia (dé tao ra mARN) hozc theo huéng dbi
nghia (dé tao ra ban phién ma ARN ddi nghia ma b6 sung véi ban phién mad mARN).

Theo mot khia canh cua sang ché, gen khéc loai phan biét vdi gen thuc vat ndi sinh &
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chd polynucleotit ctia gen khac loai thuong ndi v6i polynucleotit bao gdm yéu t diéu
hoa nhu ving khédi dong ma khong dugc phat hién thdy trong tw nhién 1a két hop voi
gen d6i v4i protein dugc ma héa béi gen khic loai hodc véi polynucleotit ciia gen thuc
vat trong nhidm séc thé, hodc két hop véi cac phan clia nhiém sdc thé khong phat hién
thdy trong tu nhién (vi du, gen dugc biéu hién & céc vi tri ma gen khong dugc biéu
hién tu nhién). Hon nita, polynucleotit "khac loai" ding dé chi polynucleotit khong két
hop tu nhién véi té bao chu ma n6 duogc dua vao, bao gém nhiéu ban sao khong c6

trong ty nhién cta polynucleotit c6 trong tu nhién.

"Tai tb hop cung loai" 13 su trao ddi ("lai chéo") ctia cac doan ADN giita hai
phan t& ADN hodc nhiém sic tir cia cic nhiém sic thé bit cip trong ving
polynucleotit twong ddng. "Su kién tai to hop" & day dugc hiéu c6 nghia 1a lai chéo
giam phan.

Trinh tu axit nucleic "ding ma hoa" véi trinh tu axit nucleic tham chiéu khi
trinh tu axit nucleic ma héa polypeptit c6 trinh t axit amin giéng nhu polypeptit duoc
ma héa béi trinh tu axit nucleic tham chiéu. Vi dy, SEQ ID NO:4 dang mi hoa véi
SEQ ID NO: 1 bdi vi ching déu ma hoéa cho trinh tu axit amin duoc thé hién boi SEQ
ID NO:10.

Thuét nglt phan tr axit nucleic "dugc phan 1ap", polynucleotit hodc protein la
phén tir axit nucleic, polynucleotit hodc protein ma khong con ton tai trong moi trudng
tu nhién cua no. Phan tir axit nucleic, polynucleotit hodc protein dugc phan lap theo
sang ché co thé tdn tai & dang tinh ché hodc co thé tn tai trong vat chu tii to hop

chéing han nhu trong vi khuén chuyén gen hodc ciy trdng chuyén gen.

"Phan tr axit nucleic" 1a ADN hoac ARN mach don hodc kép ma cé thé duoc
phan 1ap tir nguén bét ky. Trong ngit canh cua séng ché, phan tir axit nucleic tot hon 1a

doan cua ADN.

2
A

"Lién két c6 diéu khién" dung dé chi su lién két cua polynucleotit trén doan
axit nucleic don sao cho chirc ning cua cai nay anh huéng dén chirc ning clia céi kia.
Vi dy, ving khéi dong lién két c6 diéu khién véi polynucleotit ma hoa hodc ARN chire
nang khi né c¢6 thé anh huong dén sy biéu hién ctia polynucleotit ma héa hodc ARN

chirc ning do (te 1a, polynucleotit ma hoa hodac ARN chirc nang dé nam dudi sy kiém
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soat phién ma ctua vung khdi dong). Polynucleotit ma hoa theo hudng c6 nghia hodc

d6i nghia c6 thé lién két c6 diéu khién voi polynucleotit didu hoa.

Nhu dugc st dung & day "di€t loai gay hai," diét con trung," va tuong tu, dung
dé chi kha ning cta protein Cry theo sang ché dé kiém soat sinh vat gy hai hoic
luong cta protein Cry ma co thé kiém soat sinh vat gdy hai nhu dugc dinh nghia &
day. Do d6, protein Cry diét loai gdy hai c6 thé giét chét hoic trc ché kha niang cta
sinh vat gy hai (vi du nhu, con tring gay hai) dé séng sét, sinh trudng, dn, hozc sinh

san.

"Cay trdng" 1a cdy trong bit ky & giai doan phat trién bit ky, cu thé 1a cay

trong c6 hat.

"Té bao cua cay" la don vi cau tric va sinh ly cta cay trong, bao gobm t€ bao
tran va thanh té bao. T€ bao cua cay cé thé dudi dang t€ bao don dugc phan lap hoac té
bao dugc nudi cay, hodc la mot phan cua don vi dugce to chirc cao hon nhu, vi du, mo

cdy trong, co quan cua cay, hodc toan bd cay.

"M¢ nudi cay t€ bao ctia cay" nghia 1a mé nudi cay cac don vi cua cdy nhu, vi
du, t€ bao tran, teé bao nudi cay t€ bao, t& bao trong mo cay trong, phan hoa, 6ng phan,

nodn, tui phoi, hop tir va phdi & giai doan phat trién khac nhau.

"Nguyén liéu cay" dung dé chi 14, than, r&, hoa ho#c cic bd phan clia hoa, qua,
phan hoa, t& bao trung, hop ti, hat, canh gidm, mé nudi cay t€ bao hodc mo, hoac bat

ky bd phan hodc san pham khac clia cdy trong.

"Co quan cua cay" la phan dugc cau truc va phéan biét rd rang va nhin thay

duoc cua cay trong nhu ré, than, 14, nu hoa, hodc phoi.

"M cay trong" nhu duoc st dung trong ban mé ta nay nghia 1a nhém té bao
clia cdy duogc td chire thinh mot don vi cdu tric va chitc nang. Mo cdy trong bat ky
trong thir nghiém ¢ thuc vdt hodc trong nudi cdy déu duoc bao gém. Thuat ngit nay
bao gdm, nhung khong gisi han &, cdy trong nguyén ven, co quan cdy trong, hat ciy
trdng, mdi trudng nudi cdy mo va nhom bat ky cta té bao cdy trong dugc td chuc
thanh cac don vi cdu trac hodc chitc nang. Viéc st dung cac thuat nglt nay két hop véi,

hodc khong cé mét, dang déc trung bat ky ctia md cay tréng nhu duoc liét ké & trén
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hozc bao gém dang khéc theo dinh nghia ngay khong nham loai trir bat ky dang nao

cua mo cay trong.

"Polynucleotit" ding dé chi polyme gdm c¢6 nhiéu monome nucleotit lién két
cong héa tri trong mach. "Polynucleotit" nay bao gébm ADN, ARN, oligonucleotit
duoc cai bién (vi du, oligonucleotit bao gém céac bazo ma khong co ban déi voi ARN
hodc ADN sinh hoc, nhu oligonucleotit dugc 2°-O-metyl hoa), va dang tuong tu. Theo
mot sb phuong an, axit nucleic hodc polynucleotit c6 thé 1a soi don, soi doi, da soi,
hodc cac dang két hop cta chung. Trir khi ¢6 chi dinh khéc, axit nucleic hodc
polynucleotit cu thé theo sang ché tiy ¥ bao gdm hodc mi hoéa cho polynucleotit bd

sung, ngoai polynucleotit duoc chi rd bat ky.

"Polynucleotit dugc quan tim" ding dé chi polynucleotit bat ky ma, khi dugc
chuyén vao sinh vat, vi du nhu, thuc vat, mahg lai cho sinh vét dic diém mong muén
chang han nhu tinh khang c6n tring, tinh khang bénh, kha ning dung chiu chét diét co,
tinh khang khang sinh, gia tri dinh dudng duoc cai thién, hidu suit trong quy trinh
cong nghiép dugc cai thién, san xuat enzym hodc chit chuyén héa c6 gia tri thuong

mai hoac kha nang sinh san dugc thay doi.

Thuat ngit "ving khai dong" dung dé chi polynucleotit, thudng nguoc dong
(5") v6i polynucleotit ma héa clia nd, ma kiém soat su biéu hién ctia polynucleotit ma
hoa bang céch tao ra nhan dién cho ARN polymeraza va cic yéu t6 khac cin dé phién
ma ding.

"Té bao trin" 1a t& bao cdy trong dugc phan lap ma khong c¢6 thanh té€ bao

hodc chi c6 cac phan cta thanh t€ bao.

Nhu duge dung trong ban mé ta nay, thudt ngit "tai t6 hop" ding dé chi dang
axit nucleic (vi du nhu, ADN hodc ARN) hodc protein hodc sinh vat ma khong thuong
duoc tim thiy trong ty nhién va nhu vdy dugc tao ra bdi sy can thiép clia con ngudi.
Nhu duoc dung trong ban mé ta nay, "phan tir axit nucleic tai t6 hop" 1a phan tir axit
nucleic ¢6 chira sy két hop cua cac polynucleotit ma khong cling c6 trong tw nhién va
1a két qua cua su can thiép ctia con ngudi, vi du nhu, phan tir axit nucleic ma gbm c6
su két hop ctia it nhat 13 hai polynucleotit khéc loai v&i nhau, hodc phan ti axit nucleic
ma duoc téng hop nhdn tao va c6 chita polynucleotit ma bat ngudn tir polynucleotit ma

thuong tdn tai trong tu nhién, hodc phén tir axit nucleic ma c6 chira gen chuyén duoc
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két hop nhan tao vao ADN hé gen cua t& bao chi va ADN 1é kém theo ctia hé gen clia
té bao chu.. Vi du v& phén tir axit nucleic tai t6 hop 1a phan tir ADN thu dugc tir sy cai
xen cla gen chuyén vao ADN hé gen cta thuc vat, ma cudi ciing c6 thé dan dén su
biéu hién cua phan tr ARN hoéc protein tai td hop trong sinh vat d6. Nhu duoc dung
trong ban md ta nay, "thuc vat tai tb hop" 14 thuc vat ma khong thudng ton tai trong tu
nhién, 1 két qua ctia su can thiép ctia con ngudi, va chita gen chuyén hoic phan tir axit
nucleic khac loai két hop vao hé gen ctia nd. Do viéc thay d6i hé gen nay, thuc vat téi

t0 hop rd rang khac véi thuc vat kiéu dai lién quan.

"Céac yéu t6 diéu hoa" dung dé chi cac trinh tu lién quan dén su kiém soat biéu
hién cua trinh ty nucleotit. Cac yéu to diéu hoa bao gdm vung khoi dong lién két co
diéu khién v6i trinh ty nucleotit mong muon va céc tin hiéu két thuc. Chung cling

thuong bao ham trinh tu can cho su dich ma thich hop cta trinh tur nucleotit.

Thuat ngit "dd twong ddng" hodc "ddng nhat" hoic "vé co ban la ddng nhat,"
trong ngit canh cua hai trinh ty axit nucleic hodc axit amin, dung dé chi hai hodc nhiéu
trinh tu hodc trinh tu con ma cé do tuong d@)ng géc nucleotit hodic axit amin it nhat 1a
60%, t6t hon 1a it nhét 12 80%, tot hon nita 14 it nhat 1a 90%, t6t hon nita 14 it nhét 1a
95%, va t6t nhat 1a it nhat 1a 99%, khi duoc so sanh va duoc sip xép thing hang dbi
vai su teong ung 1on nhét, nhu duge do béng cach sir dung mdt trong céc thuat toan so
sanh trinh tu sau ddy hodc bing cich quan sat bang mét. Tét hon 13, do twong dong
dang ké ton tai & ving clia cac trinh tu ma dai it nhat 14 khoang 50 gbc hoic bazo, tbt
hon nita 1a & ving c6 it nhét 14 khoang 100 gbc hodc bazo, va tot nhit 1a cc trinh tu vé
co ban 1a ddng nhit & it nhit 1a khoang 150 gbc hodc bazo. Theo phuong dn dugc dic
biét vu tién, cac trinh tu v& co ban 14 twong ddng trén toan bd chiéu dai ctia ving ma
héa. Hon nita, trinh tu axit nucleic hodc axit amin vé co ban la déng nhét thuc hién vé

co ban la cung churc ndng.

D& so sanh trinh tu, dién hinh 14 mot trinh ty déng vai trd nhu trinh ty tham
chiéu ma trinh tu thir nghiém duoc so sanh véi nd. Khi dung thuét todn so sanh trinh
tu, cac trinh tu thtr nghiém va tham chiéu dugc nhdp vao mdy tinh, sau d6 cac hé toa
d6 dugc chi dinh néu cin va cac thong sb clia chuong trinh thuat toan trinh ty duge chi
dinh. Thuat toan so sanh trinh tu sau d6 s& tinh toan ty 1& phan trim twong dong trinh
tu cua (cac) trinh tu thr nghiém so véi trinh tu tham chiéu, dua trén cac thong s6

chuong trinh dugc chi dinh.
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Su sép xép théng hang tdi wu cta cac trinh tw dé so sanh c6 thé duge thuc
hién, vi du nhu, bing thuat toan tuong dong cuc bo ciia Smith & Waterman, Adv.
Appl. Math. 2: 482 (1981), bang thuat toan sip xép thing hang tuong ddng cla
Needleman & Wunsch, J. Mol. Biol. 48: 443 (1970), bang cach tra ctru phuong phap
do6 twong tu cua Pearson & Lipman, Proc. Nat'l. Acad Sci. USA 85: 2444 (1988), bing
cach thuc hién vi tinh hoa cta céc thuat todn nay (GAP, BESTFIT, FASTA, va
TFASTA trong Go6i Phan Mém Di Truyén Hoc Wisconsin (Wisconsin Genetics
Software Package), Genetics Computer Group, 575 Science Dr., Madison, Wis.), hodc

bang cach quan sat bing mat (thuong xem trong tai liéu, Ausubel et al., infra).

Mot vi du v& thuit todn ma thich hop dé xac dinh ty 1& phan trim twong dong
trinh tu va tinh twong ddng trinh ty 1a thudt todan BLAST, ma dugc mo ta trong
Altschul et al., J. Mol. Biol. 215: 403-410 (1990). Phdn mém dé thuc hién phén tich
BLAST dugc cong bd qua Trung tdm Thong tin Cong nghé sinh hoc Quéc gia
(National Center for Biotechnology Information, U.S. National Library of Medicine,
8600 Rockville Pike, Bethesda, MD 20894 USA). Thuat toan nay lién quan dén viéc
xac dinh trudce tién cac cap trinh tu cé diém cao (cac HSP) béng cach xac dinh cac tur
ngén cua chiéu dai W trong trinh tu truy van, ma hoic 1a tuong xung hodc la théa man
diém ngudng T nao do co gid tri duong khi duoc sip thing hang véi tir c6 ciing chiéu
dai trong trinh tu co s& dit liéu. T duoc goi 1 ngudng diém cua tir 1an can (Altschul et
al., 1990). Cac tuong hop tir 1an can khéi ddu nay c6 tac dung nhu hat gidng dé bt dau
tim kiém cac HSP dai hon c6 chira chung. Cac twong hop tir ndy sau d6 dugc mé rong
theo ca hai hudéng doc theo mdi trinh tu xa t&i mirc diém sip thing hang tich lity c6 thé
tang 1én. Céc diém tich lily dugc tinh bing cach sir dung, d6i voi trinh tu nucleotit,
thong s6 M (diém thudng d6i véi cip cac gbc twong hop; ludén luén >0) va N (diém
phat ddi voi cac cap khong twong hop; ludn ludn <0). Déi véi céc trinh ty axit amin,
ma trin diém duoc dung dé tinh toan diém tich Iiiy. Viéc mo rong cac tuong hop tir
theo mdi huéng tam dimg lai khi diém sép thing hang tich lily giam t&i lugng X ké tir
gid tri dat duoc t6i da cta n6, diém tich liy tién téi khong hodc thap hon do tich Iy
mdt hodc nhiéu phép sép thdng hang nhom ¢ diém 4m, hoic dat dén diém cudi cua
trinh tu nao d6. Cac thong s6 W, T, va X cua thuat toan BLAST x4c dinh d6 nhay va
tbc d6 ctia phép sip thing hang. Chuong trinh BLASTN (cho céc trinh tu nucleotit)
dung mic dinh d6 dai tr (W) 1a 11, mtic mong doi (E) 1a 10, ngudng gidi han 1a 100,
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M=5, N=-4, va so sanh ca hai mach. Pi véi cac trinh tu axit amin, chuong trinh
BLASTP sir dung lam mic dinh d6 dai tir (W) bang 3, ky vong (E) bang 10, va ma tran
diém BLOSUMS62 (xem Henikoff & Henikoff, Proc. Natl. Acad Sci. USA 89: 10915
(1989)).

Ngoai viéc tinh ty 18 phan trim d6 twong ddng trinh tu, thuat toan BLAST con
thuc hién phan tich théng ké do tuong tu gilta hai trinh ty (xem, vi du, Karlin &
Altschul, Proc. Nat'l. Acad. Sci. USA 90: 5873-5787 (1993)). Mot phép do tuong tu
dugc dua ra boi thuat toan BLAST 1a xéc xuat tbng nho nhit (P(N)), n6 cho chi ddu vé
xac xuat ma do no, twong xtmg gitta hai trinh tu nucleotit hodc axit amin c¢6 thé ngau
nhién xay ra. Vi dy, trinh tu axit nucleic thr nghiém dugc coi la tuong ty vai trinh ty
tham chiéu néu téng x4c suat nho nhat khi so sanh trinh tu axit nucleic thir nghiém voi
trinh tu axit nucleic tham chiéu nho hon khoang 0,1, tdt hon nira 1a nho hon khoang
0,01, va t6t nhat 1a nho hon khoang 0,001.

Dau hiéu khac cho thdy hai trinh tu axit nucleic cin ban 14 dong nhét 1a hai
phén tir Iai v6i nhau dudi cac didu kién nghiém ngat. Cau "lai dic hiéu" dung dé chi sy
lién két, ghép ddi, hodc lai phan tr chi véi trinh ty nucleotit cu thé dudi cac diéu kién
nghiém ngit khi ma trinh tw ndy c6 mit trong hén hop phic (vi duy, té bao téng sb)
ADN hoic ARN. "Vé co ban lién két" dung dé chi viéc lai bd sung giita axit nucleic
do va axit nucleic dich va bao gém cac 15i bat cip nho ma cé thé diéu tiét bang cach
giam su nghi€ém ngdt cua moi truong lai dé thu duoc viéc do trinh tu axit nucleic dich
mong mudn.

"Cac diéu kién lai nghiém ngat" va "cac diéu kién rira lai nghiém ngat" trong
ngtt canh céc thr nghiém lai axit nucleic nhu lai Southern va Northern 1a phu thudc
trinh tu, va khac nhau theo cac thong s6 méi truong khac nhau. Céc trinh tu cang dai
lai ddc hiéu & cac nhiét do cang cao. Huéng din khai quat vé lai axit nucleic dugc tim
thiy trong K¥ thuat thi nghiém Tijssen (1993) trong Laboratory Techniques in
Biochemistry and Molecular Biology - Hybridization with Nucleic Acid Probes part I
chapter 2 "Overview of principles of hybridization and the strategy of nucleic acid
probe assays" Elsevier, New York. Thong thuong, cic diéu kién lai va rira nghiém
ngit cao dugc chon 1a thap hon khoang 5°C so v&i diém néng chay nhiét (T,,) cho

trinh tu cu thé & cuong do ion va do pH xac dinh. Thong thuong, dudi "cac diéu kién
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nghiém ngat" trinh ty do s€ lai vai trinh ty phu dich, ma khong lai va&i céc trinh tu
khac.

T 1a nhiét do (& cuong d6 ion va dd pH xac dinh) ma & do 50% trinh tu dich
lai v6i trinh tu do bét cap hoan toan. Céac diéu kién rat nghiém ngit dugc chon la béng
T, d6i v6i doan do cu thé. Vi du cta cac diéu kién lai nghiém ngit dé lai axit nucleic
b6 sung ma c6 hon 100 gbc bd sung trén dung du loc trong k¥ thuat lai thdm tach
Southern hodc northern 1a 50% formamit véi 1mg heparin & 42°C, vai viée lai duoc
thuc hién qua dém. Vi du cta cac diéu kién rta nghiém ngét cao 1a 0,15M NaCl &
72°C trong khoang 15 phut. Vi du cia cac diéu kién rira nghiém ngit 1a rira 0,2x SSC
& 65°C trong 15 phut (xem, Sambrook, dudi dy, dbi v6i moé ta dém SSC). Thong
thuong, viée rira c6 do nghiém ngdt cao dugc thuc hién sau khi rira nghiém ngat thép
dé tach d4u hiéu do ciia nén. Viéc rira ¢6 d6 nghiém ngit trung binh vi du déi voi ghép
doi cua, vi du, hon 100 nucleotit, 1a 1x SSC & 45°C trong 15 phut. Viéc rira ¢c6 do
nghiém ngit thip vi du dbi v6i ghép d6i cua, vi du, hon 100 nucleotit, 1a 4-6x SSC &
40°C trong 15 phiit. Bbi v6i cac trinh tur do ngén (vi du, khoang 10 dén 50 nucleotit),
céc didu kién nghiém ngat thuong lién quan dén cac ndng d6 mubi nho hon khoang 1,0
M ion Na, thuong néng d6 khoang 0,01 dén 1,0 M ion Na (hoic cac mubi khac) & pH
7,0 dén 8,3, va nhiét d6 thuong it nhat khoang 30°C. Cac didu kién nghiém ngit con c6
thé thu dugc voi diéu kién cla cac tac nhan gdy mét én dinh nhu formamit. Thong
thuong, tin hidu ddi véi ty 1é nhiu hon gip 2x (hodc cao hon) quan sat duoc ddi véi
trinh tur do khong lién quan trong thir nghiém lai cu thé cho thay phat hién lai dic hiéu.
Céc axit nucleic ma khong lai véi nhau trong diéu kién nghiém ngat vé co ban van
gidng nhau néu céc protein ma ching ma héa cho vé co ban giéng nhau. Diéu nay xay
ra, vi du, khi ban sao cua axit nucleic dugc tao ra bé“lng cach st dung su thoai héa bd

ba ma héa 16n nhét cho phép béi ma di truyén.

Sau déy 1a cac vi du cta bd cac diéu kién lai/rira ma c6 thé duogc sir dung dé
tach dong trinh ty nucleotit ciing loai ma co ban tuong déng véi trinh tu nucleotit tham
chiéu theo sang ché: trinh tu nucleotit tham chiéu t6t hon 14 lai véi trinh tu nucleotit
tham chiéu trong 7% natri dodexyl sulfat (SDS), 0,5 M NaPO,, 1 mM EDTA & 50°C
véi rira trong 2x SSC, 0,1% SDS ¢ 50°C, mong mudn hon 1a trong 7% natri dodexyl
sulfat (SDS), 0,5 M NaPO,, 1 mM EDTA & 50°C véi rira trong 1x SSC, 0,1% SDS &
50°C, mong mudn hon nita 1a trong 7% natri dodexyl sulfat (SDS), 0,5 M NaPO,, 1
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mM EDTA & 50°C véi rira trong 0,5% SSC, 0,1% SDS ¢ 50°C, tét hon 1a trong 7%
natri dodexyl sulfat (SDS), 0,5 M NaPO,, 1 mM EDTA & 50°C véi rira trong 0,1x
SSC, 0,1% SDS & 50°C, t6t hon nita 1a trong 7% natri dodexyl sulfat (SDS), 0,5 M
NaPO,4, 1 mM EDTA & 50°C véi rua trong 0,1x SSC, 0,1% SDS & 65°C.

D4u hiéu khac cta viéc hai trinh tu axit nucleic hodc protein vé co ban giéng
nhau 1a protein dugc ma héa béi axit nucleic thir nhat phan ing chéo vé mit mién dich
véi, hodc lién két dic hiéu voi, protein dugc ma hoa boi axit nucleic thir hai. Do do,
protein ndy thuong 1a vé co ban gidng véi protein thir hai, vi du, trong d6 hai protein

chi khac nhau béi su thé bao toan.

"Téng hop" dung dé chi trinh tw nucleotit c6 chtta bazo hodc d4u hiéu ciu tric
ma khong c6 mat trong trinh tu tw nhién. Vi dy, trinh tu nhan tao méa hoéa cho protein
Cry theo sang ché ma twong tur gin hon vé ham lugng G+C va su phan bd by ba ma
hoa binh thuong cua gen thyc vat hai la mam hodic mot 14 mam duoc coi 1a tong hop.

AR

Nhu duoce diung trong ban mé ta nay, protein Cry ma "gay doc" dbi véi con
tring gy hai c6 nghia 1a protein Cry déng vai trd lam tic nhan kiém soat con tring
theo dudng miéng dé giét chét con trung gay hai, hodc protein Cry c6 thé pha v& hodc
ngin can viéc an ctia con trung, hodc gdy ra su tc ché sinh truong déi véi con tring
gay hai, ca hai c6 thé gy ra hodc khong giy ra cai chét ciia con tring. Khi protein Cry
theo sang ché dugc phan phdi dén con trung hodc con tring tré nén tiép xic bang
miéng véi protein Cry, két qua thuong 13 cai chét cua con tring, hodc su sinh trudng
ctia con tring bi cham lai, hodc con tring nglmg in khi ngudn tao ra protein gy doc
Cry ¢6 san ddi vé6i con tring.

"Bién nap" 1a qua trinh dua axit nucleic khéc loai vao té bao chu hodc sinh vat.
Cu thé 13, "bién nap" nghia la su tich hop 4n dinh phan tt ADN vao hé gen cua sinh

vat mong muon.

"Buge bién nap/chuyén gen/tai t6 hop" ding dé chi sinh vat cht nhu vi khuan
hodc thuc vat ma phan ti axit nucleic khac loai dugc dua vao dé. Phan tir axit nucleic
c6 thé dugc tich hop 6n dinh vao hé gen cta vat chi hodc phan tir axit nucleic ciing c6
th8 hién dién nhu mot phan tir ngoai nhidm sic thé. Phan tir ngoai nhidm sic thé nay
¢6 thé tu sao chép. Cac té bao, mo6 hoic cay duoc bién nap dugc hiéu 1a khong chi

chira san pham cudi ctia qua trinh bién nap ma con chira ca thé hé con cai chuyén gen
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"on

ctia n. Vat chii "khong bién nap", "khong chuyén gen", hodc "khong tai td hop" dé
cap dén sinh vat kiéu dai, vi dy, vi khuan hodc thuc vat, ma khong chta phén tir axit

nucleic khac loai.

Céc nucleotit dugce xac dinh bdi cac bazo ciia ching nho cac chit viét tat chuin
sau day: adenin (A), xytosin (C), tymin (T), va guanin (G). Tuong tu cac axit amin
duoc biéu thi béng cac chit viét tit tiéu chudn sau: alanin (Ala; A), arginin (Arg; R),
asparagin (Asn; N), axit aspartic (Asp; D), xystein (Cys; C), glutamin (Gln; Q), axit
glutamic (Glu; E), glyxin (Gly; G), histidin (His; H), isoleuxin (Ile; 1), leuxin (Leu; L),
lysin (Lys; K), methionin (Met; M), phenylalanin (Phe; F), prolin (Pro; P), serin (Ser;
S), threonin (Thr; T), tryptophan (Trp; W), tyrosin (Tyr; Y), va valin (Val; V).

Sang ché dé xuat cac ché phdm va phuong phap dé kiém soat loai gy hai cay
trdng. Cu thé 13, sang ché dé cap dén protein Cry ma c6 thé dugc phan lap tir vi khuan,
chang han nhu Bacillus thuringiensis, ma gdy doc dbi voi con tring gay hai va dé cap
dén polynucleotit ma ¢ chira trinh tu nucleotit ma ma héa cho protein Cry, va dé cap

dén viéc tao ra va st dung polynucleotit va protein Cry dé kiém soat con tring gay hai.

Theo mdt sé phuong an, sang ché dé xuat phan tir axit nucleic hodc mot cach
tuy y phan tir axit nucleic dugc phén 1ap cé chira trinh ty nucleotit ma hoa cho protein
Cry & dang tién doc td ctia n6 hodc manh c6 hoat tinh sinh hoc hodc doc tb cua ching,
trong d6 trinh tu nucleotit (a) c6 do twong dong trinh ty tir it nhét 13 80% dén it nhat 1a
99% v6i trinh tu bt ky trong sb cac SEQ ID NO:1-3 hoic manh mi hoa cho doc t6
cua chung; hodc (b) ma hda cho protein cd chira trinh ty axit amin ma c6é do tuong
ddng trinh tu tir it nhit 12 80% dén it nht 14 99% vai trinh tu bét ky trong s6 cac SEQ
ID NO:10-12 hodc manh doc t6 cua ching; hoac (c) 1a trinh tu téng hop cua (a) hodc
(b) ma da duoc t6i wu hoa bd ba ma hoa dé biéu hién & sinh vat chuyén gen. Theo
phuong 4n khac, trinh tu nucleotit c6 chira trinh tu bat ky trong s6 cac SEQ ID NO:1-3
hodc manh ma héa cho ddc t§ bat ky cua trinh tu bat ky trong s6 cac SEQ ID NO:1-3.
Theo phuwong 4n khéc, trinh tu tdng hop nucleotit c¢6 chira trinh tw bat ky trong sé cac
SEQ ID NO:4-9 hodc manh ma hoa cho ddc td bét ky cua trinh ty bét ky trong sb cac
SEQ ID NO:4-9.

Polynucleotit ma 1a manh ctia polynucleotit ma héa cho tién doc td protein Cry

cling dugc bao ham bdi sang ché. "Manh" dugc du dinh 1a phén cua trinh tu nucleotit
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mé hoa cho protein Cry. Manh cua trinh ty nucleotit ¢6 thé ma hoa cho phan c6 hoat
tinh sinh hoc cta protein Cry, goi 1a "manh doc t8," hodc no co thé 1a manh ma co thé
duoc ding lam doan do lai héa hodc doan moéi PCR bing céach sir dung phuong phéap
duogc bdc 16 dudi day. Phan tr axit nucleic ma 1a manh ctia trinh tu nucleotit ma hoa
cho protein Cry c6 chtra it nhét 1a khoang 15, 20, 50, 75, 100, 200, 300, 350, 400, 450,
500, 550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250,
1300, 1350, 1400, 1450 nucleotit lién tiép, hodc 1én dén sb lugng ciia nucleotit c6 mit
trong trinh tw nucleotit ma hoa cho protein Cry nguyén chiéu dai dugc bdc 16 trong ban
md ta nay (vi du, 1875 nucleotit dbi véi SEQ ID NO:1) tuy thudc vao viéc sir dung du
kién. Cac nucleotit "lién tié’p"' duoc du dinh 1a céc géc nucleotit ma lién k& nhau. Mot
s6 manh cua trinh tu nucleotit theo sang ché ma héa cho manh doc t6 ma gitt lai hoat
tinh sinh hoc cta protein Cry va, do do, gilt lai hoat tinh diét con trung. "Gift lai hoat
tinh diét con trung" dwoc du dinh 14 viéc manh nay c6 it nhét 1a khoang 30%, t6t hon
1 it nhét 12 khoang 50%, &t hon nita 14 it nhét 1a khoang 70%, t6t hon nita 1 it nhit 14
khoang 80% cua hoat tinh diét con trung cua protein Cry. Phuong phap do hoat tinh
diét con trung da dugc biét 1o trong linh vuc. Xem tai liéu, vi du, Czapla and Lang
(1990) J. Econ. Entomol. 83:2480-2485; Andrews et al. (1988) Biochem. J. 252:199-
206; Marrone et al. (1985) J. of Economic Entomology 78:290-293; va Bang Sang Ché
M5 S6 5,743,477, tit ca céc tai liéu nay duoc két hop & day bang cach vién dan toan
bo.

Manh doc t6 cua protein Cry theo sang ché mi hoa cho it nhat 13 khoang 15,
25, 30, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350, 400, va 450 axit amin lién tiép,
hoic 16n dén tdng sb lugng clia axit amin ¢6 mit trong protein Cry nguyén chiéu dai

theo sang ché (vi dy, 623 axit amin ddi vdi SEQ ID NO:10).

Theo mét s& phuong 4n, phan tir axit nucleic theo sang ché c6 chira, vé co ban
gbm c6 hodc gébm c¢6 trinh tu nucleotit ma hoéa cho protein Cry ¢ chia trinh tu axit
amin ma c6 do twong ddng trinh tu tir it nhit 1a 80% dén it nhit 1a 99% vd&i trinh tw bat
ky trong s cac SEQ ID NO:10-12 hodc manh doc t6 cia ching. Theo mot s6 phuong
an khac, trinh ty axit amin c6 chtra, vé co ban gém c6 hodc gém ¢6 trinh tu bat ky
trong s6 cac SEQ ID NO:10-12 hodc manh doc td cua ching. Do do, theo mdt sb
phuong 4n, protein Cry ma di duoc hoat hoa bang phuong thirc xir 1y phan giai

protein, vi dy, bang proteaza dugc di€u ché tir rudt con trung, cé thé duoc xac dinh dic
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diém va céc axit amin & du tan cung N hoac dau tan cung C cua manh doc td da hoat
héa dugc xac dinh. Theo khia canh nay cta sang ché, ngudi c¢6 hiéu biét trung binh
trong linh vuc cé thé x4c dinh ré‘mg, vi du, manh doc t6 c6 SEQ ID NO:10 c6 thé co
chira céc axit amin tir khoang 43 dén khoang 623 hoic tir khoang 44 dén khoang 623
ctia SEQ ID NO:10, hodc manh doc t6 c6 SEQ ID NO:11 ¢6 thé c¢6 chira cac axit amin
tir khoang axit amin 41 dén khoang 598 hoic tir khoang 41 dén khoang 631 hodc tir
khoang 42 dén khoang 631 hodc tir khoang 42 dén 631 ctia SEQ ID NO:11, hoic méanh
doc t6 co SEQ ID NO:12 ¢6 thé ¢ chira cac axit amin tir khoang axit amin 42 dén
khoang 585 hogc tir khoang 42 dén khoang 633 hoic tir khoang axit amin 43 dén
khoang 585 hoic tir khoang 43 dén khoang 633 ctia SEQ ID NO:12. Bién thé protein
Cry duoc tao ra béng cach dua vao hoac triét tiéu vi tri X ly proteaza & cac vi tri thich
hop trong trinh tw ma hoa dé cho phép, hodc triét tiéu, su phan cit phan giai protein
ctia protein bién thé 16n hon boi proteaza con trung, thuc vat hoac vi sinh vat cling
thudc pham vi clia sing ché. Két qua cudi ciing ctia thao tac nay duoc hiéu 1a sy tao ra
ctia phan tir manh doc t6 c6 cung hoat tinh hodc hoat tinh t&t hon so véi protein tién

doc td Cry nguyén ven.

Theo mot s6 phuong 4n cta sang ché, sang ché d& xudt gen kham ma c6 chra
viing khéi dong khac loai duoc lién két ¢6 didu khién voi polynucleotit ¢6 chua, vé co
ban gém c6 hodc gdm c6 trinh tu nucleotit ma ma héa cho protein Cry gdy doc ddi voi
loai gy hai 1a sdu bo canh vay, trong dé trinh tu nucleotit (a) c6 d6 twong ddng trinh
tu tir it nhét 1a 80% (vi du nhu, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99,1%, 99,2%, 99,3%,
99,4%, 99,5%, 99,6%, 99,7%, 99,8%, 99,9%) dén it nhat 1a 99% (99%, 99,1%, 99,2%,
99,3%, 99,4%, 99,5%, 99,6%, 99,7%, 99,8%, 99,9%) voi trinh ty bét ky trong sé cac
SEQ ID NO:1-3, hoic manh ma héa cho doc t6 cua chuing; hodc (b) ma héa cho
protein c6 chira trinh ty axit amin ma c¢é d6 twong dong trinh tu tir it nhat 1a 80% (vi
du nhu, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, 99,1%, 99,2%, 99,3%, 99,4%, 99,5%, 99,6%,
99,7%, 99,8%, 99,9%) dén it nhat 1a 99% (99%, 99,1%, 99,2%, 99,3%, 99,4%, 99,5%,
99,6%, 99,7%, 99,8%, 99,9%) vdi trinh tu bét ky trong s cac SEQ ID NO:10-12, hoic
ménh ddc t6 ciia chung; hodc (c) 1a trinh ty téng hop cua (a) hodc (b) ma da duogc tdi

uu héa bd ba ma hoa dé bicu hién ¢ sinh vat chuyen gen.
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Theo cac phuong an khac, ving khoi dong khac loai 1 ving khéi dong c6 thé
biéu hién & thuc vat. Vi du, ma khong lam gidi han sang ché, vung khéi dong co thé
biéu hién & thuc vat c6 thé duge chon tir nhém cua cac vung khdi dong gé)m cO cac
vung khaoi ddng ubiquitin, virut cestrum vang, TrpA ngd, OsMADS 6, histon H3 ngo,
UTR 5' gen 9 T3 thuc khuin thé, sucroza synthetaza ngé 1, rugu dehydrogenaza ngd
1, phitc hé thu nhén 4nh sang & ngd, protein sdc nhiét & ngd, mtl ngd, RuBP
carboxylaza tiéu don vi nho & ddu Ha Lan, actin & lta, xyclophilin ¢ lta, mannopine
syntaza plasmit Ti, nopaline syntaza plasmit Ti, chalcone isomeraza ¢ da yén thao,
protein giau glyxin 1 & ddu, patatin khoai tay, lectin, RuBP carboxylaza tiéu don vi
nho CaMV 35S va S-E9.

Theo céc phuong 4n bd sung, protein dugc ma hoa boi gen kham gay doc dbi
v&i mot hodc nhiéu loai gay hai 13 sdu bo canh vay dugc chon tir nthém gdm c6 sau duc
than ngd chau Au (Ostrinia nubilalis), sdu ngai dm mau den (4dgrotis ipsilon), siu
xanh mua thu (Spodopterafrugiperda), sau duc trai trén cay ngd (Helicoverpazea), sau
duc than mia (Diatraeasaccharalis), sau buém dau nhung (4nticarsiagemmatalis), sau
do hai dau tuong (Chrysodeixisincludes), sau duc than ngdé tdy nam
(Diatraeagrandiosella), sau ngai dém hai dau phuong tay (Richiaalbicosta), sau an
chdi thubc 1a (Heliothisvirescens), sdu duc than ngd chau A (Ostriniafurnacalis), siu
duc qua bong (Helicoverpaarmigera), sau duc than cé soc (Chilosuppressalis), sau duc

thadn mau hong (Sesamiacalamistis) va sau cudn 14 lha (Crnaphalocrocismedinalis).

Theo phuong 4n khéc, polynucleotit cé chira, vé co ban gébm c6 hodc gdm cé
trinh ty nucleotit ma c¢6 d6 twong ddng trinh tu tir it nhat 1a 80% dén it nhét 12 99% véi
SEQ ID NO:1, hodic manh mi hoa cho doc t6 cua ching, hodc co d6 twong ddng trinh
tu tir it nhat 1a 80% dén it nhat 1a 99% véi SEQ ID NO:2, hodc manh mi hoa cho doc
t6 ctia chung, hodc ¢ do tuong dong trinh tur tir it nhat 13 80% dén it nhat 1a 99% voi
SEQ ID NO:3, hodc manh ma hoa cho doc t6 ctia chiing.

Theo phuong 4n khéac, polynucleotit cé chira, vé co ban gom cé hodc gom co

trinh tu bat ky trong s6 cac SEQ ID NO:1-3, hodc manh ma héa cho doc t6 ctia chiing.

Theo phuong 4n khéac, polynucleotit cé chira, vé€ co ban gobm cé hodc gom c6

trinh ty nucleotit ma ma hda cho protein c¢6 chtra, vé co ban gdm c6 hoac gom cé trinh
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tir axit amin ma c6 do twong ddng trinh tu tir it nhat 14 80% dén it nhat 1a 99% véi
trinh tu bat ky trong s6 cac SEQ ID NO:10-12, hodic manh doc t6 ctia chung.

Theo phuong an khéc nita, trinh tw axit amin c6 d¢ twong dong trinh tu it nhit
14 90%, hodc it nhit 1a 91%, hodc it nhat 12 92%, hoic it nhit 1a 93%, hodc it nhat la
94%, hodc it nhit 14 95%, hodc it nhit 13 96%, hodc it nhit 1a 97%, hoic it nhit la
98%, hodc it nhit 14 99%, hodc it nhit 14 99,1%, hodc it nhat 1a 99,2%, hoic it nhat 1a
99,3%, hodc it nhat 13 99,4%, hodc it nhét 12 99,5% hodc it nhat 1a 99,6%, hoic it nhit
14 99,7%, hodc it nhét 13 99,8%, hoic it nhit 14 99,9% véi SEQ ID NO:10, hoic manh

doc to cua chung.

Theo phuong an khéc, trinh tu axit amin cé do tuong ddng trinh tu it nhat 1a
80%, hodc it nhat 1a 81%, hodc it nhét 1a 82%, hodc it nhit 1a 83%, hoic it nhit la
84%, hodc it nhit 1a 85%, hodc it nhit 13 86%, hoic it nhat 1a 87%, hodc it nhét 1a
88%, hodc it nhat 1a 89%it nhét 1a 90%, hodc it nhit 1a 91%, hodc it nhat 1a 92%, hodc
it nht 1a 93%, hodc it nhét 1a 94%, hodc it nhat 1a 95%, hodc it nhét 1a 96%, hoic it
nhét 12 97%, hodc it nhit 12 98%, hodc it nhat 1a 99%, hodc it nhit 1a 99,1%, hodc it
nhét 12 99,2%, hodc it nhét 1 99,3%, hoic it nhit 13 99,4%, hoic it nhat 1a 99,5% hodc
it nhat 12 99,6%, hodc it nhét 1a 99,7%, hoic it nhét 13 99,8%, hoc it nhét 1a 99,9% véi
SEQ ID NO:11, hodc manh doc t6 ciia chiing.

Theo phuong an khéc nita, trinh ty axit amin c6 do tuwong ddng trinh ty it nhét
1a 90%, hodc it nhat 1a 91%, hodc it nhat 13 92%, hodc it nhat 1a 93%, hodc it nhat 1a
94%, hodc it nhit 1a 95%, hodc it nhit 1a 96%, hodc it nhat 1a 97%, hodc it nhat 1a
98%, hodc it nhit 1a 99%, hodc it nhat 13 99,1%, hodc it nhit 14 99,2%, hoic it nhat 1a
99,3%, hodc it nhét 1a 99,4%, hoic it nhit 1a 99,5% hodc it nhét 1 99,6%, hodc it nhat
12 99,7%, hodc it nhét 1a 99,8%, hodc it nhét 14 99,9% v&i SEQ ID NO:12, hodc manh

doc to cua chung.

Theo mot s phuong 4n, gen kham theo sang ché c¢6 chtta polynucleotit c6
chtra trinh tu téng hop ctia trinh tu nucleotit ma co it nhét 12 80%, hojc it nhét 1a 81%,
hodc it nhét 1a 82%, hodc it nhit 1a 83%, hoic it nhit 1a 84%, hoic it nhét 1a 85%, hodc
it nhét 1a 86%, hodc it nhét 1a 87%, hoic it nhét 1a 88%, hodc it nhat 1a 89%, hoic it
nhét 12 90%, hodc it nhat 1a 91%, hodc it nhit 1a 92%, hoic it nhét 12 93%, hodc it nhat
1a 94%, hodc it nhat 13 95%, hodc it nhét 1a 96%, hodc it nhét 1a 97%, hodc it nhét 1a
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98%, hodc it nhét 1a 99%, hoic it nhit 1a 99,1%, hodc it nhét 1a 99,2%, hoc it nhat 1a
99,3%, hodc it nhit 14 99,4%, hodc it nhét 12 99,5% hodc it nhat 14 99,6%, hoic it nhat
14 99,7%, hodc it nhit 1a 99,8%, hodc it nhit 1a 99,9% véi trinh tu bat ky trong s6 cac
SEQ ID NO:4-9, trong d6 trinh ty tdng hop da dugc t6i vu hoa bd ba ma hoa dé biéu
hién 1a sinh v4t chuyén gen. Theo phuong an khéc, gen kham theo sang ché c6 chua
polynucleotit ¢6 chira trinh tu tng hop ciia trinh tw nucleotit ma ma héa cho protein co
chtra trinh ty axit amin ma c6 d§ tuong déng trinh tu it nhit 1a 80%, hodc it nhat 1a
81%, hodc it nhét 1a 82%, hoic it nhét 13 83%, hodc it nhit 1a 84%, hodc it nhat l1a
85%, hodc it nhat 1a 86%, hodc it nhét 12 87%, hodc it nhit 1a 88%, hodc it nhat 1a
89%, hodc it nhét 13 90%, hoic it nhét 13 91%, hodc it nhit 1a 92%, hoic it nhét 13
93%, hodc it nhit 12 94%, hodc it nhit 1a 95%, hodc it nhat 1a 96%, hodc it nhét la
97%, hodc it nhét 13 98%, hodc it nhit 1a 99%, hodc it nhit 13 99,1%, hoic it nhit 1a
99,2%, hodc it nhat 14 99,3%, hodc it nhit 14 99,4%, hodc it nhit 1a 99,5% hodc it nhat
14 99,6%, hodc it nhét 1a 99,7%, hodc it nhat 1 99,8%, hoic it nhét 14 99,9% voi trinh
tu bat ky trong s cac SEQ ID NO:10-15, hosic manh doc t6 ciia chung, trong d6 trinh
tu tdng hop da dugc t6i wu hda b ba ma hoa dé biéu hién 1a sinh vat chuyén gen. Theo
céc phuwong 4n khac nita, sinh vét chuyén gen 14 vi khudn chuyén gen hoic cay trong

chuyén gen.

Theo mét sb phuong an, sang ché dé xudt polynucleotit tong hop c6 chira, vé
co ban gdm c6 hodic gdm c6 trinh tu nucleotit ma ma hoéa cho protein ma gy doc dbi
v&i loai gdy hai la sdu bo canh vay, trong d6 trinh tu nucleotit nay cé do tuong dong
trinh tu it nht 1a 80%, hodc it nhat 14 81%, hodc it nhét 1a 82%, hodc it nhat 1a 83%,
hodc it nhat 14 84%, hoic it nhit 12 85%, hoic it nhét 1a 86%, hoic it nhat 1a 87%, hoic
it nhit 1a 88%, hodc it nhét 1a 89%, hodc it nhat 1a 90%, hodc it nhét 1a 91%, hojc it
nhét 14 92%, hoic it nhét 1a 93%, hodc it nhat 1a 94%, hodc it nhét 1a 95%, hoic it nhat
14 96%, hodc it nhét 14 97%, hodc it nhat 14 98%, hoic it nhat 13 99%, hoic it nhét 14
99,1%, hodc it nhét 1a 99,2%, hodc it nhit 14 99,3%, hodc it nhét 1a 99,4%, hoic it nhat
1a 99,5% hodc it nhit 13 99,6%, hodc it nhét 1a 99,7%, hoic it nhit 1a 99,8%, hoic it
nhit 12 99,9% véi trinh tu bt ky trong sd cac SEQ ID NO:4-9, hoic manh ma hoa cho

ddc t6 cua chiing.

Theo phuong 4n khéc, sang ché dé xuét polynucleotit tong hop c6 chira, vé co

ban gdbm c6 hodc gdom co trinh ty nucleotit ma méa hdéa cho protein ma gay doc doi véi
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loai gy hai la sau bo canh vay, trong do trinh tu nucleotit nay ma hoa cho trinh tu axit
amin ma c6 do tuong ddng trinh tu it nhat 12 80%, hodc it nhat 1a 81%, hodc it nhét 1a
82%, hoic it nhat 1a 83%, hodc it nhat 13 84%, hodc it nhit 1a 85%, hodc it nhét 1a
86%, hodc it nhit 1a 87%, hodc it nhat 1a 88%, hodc it nhat 13 89%, hoic it nhit 1a
90%, hogc it nhit 1a 91%, hodc it nhét 1a 92%, hodc it nhit 1a 93%, hodc it nhét 1a
94%, hodc it nhit 1a 95%, hodc it nhat 1a 96%, hodc it nhét 13 97%, hodc it nhit 14
98%, hodc it nhat 1a 99%, hodc it nhit 1a 99,1%, hodc it nhit 1a 99.2%, hodc it nhit 1a
99,3%, hodc it nhét 1a 99,4%, hodc it nhit 1a 99,5% hodc it nhét 14 99,6%, hoic it nhat
14 99,7%, hoic it nhat 12 99,8%, hodc it nhat 1a 99,9% vdi trinh tur bit ky trong sb cac
SEQ ID NO:10-15, hodc manh ddc td ciia ching.

Protein Cry theo sing ché c6 thé dugc phan lap tir cic ching
Bacillusthuringiensis (Bf) nhat dinh chang han nhu C0633, C0724 va C1100. S& nhan
ra ring protein Cry theo sang ché ciing c6 thé dugc phan 1ap tir cac ching Br khac va
ring cac chung Bt ndy co thé duge phan lap bing céc k¥ thuit tiéu chuén va dugc thir
nghiém vé doc tinh d6i voi loai gay hai 14 sdu bo canh vay theo sang ché. Thong
thuong cac chimg Bt c6 thé duoc phan lap tir mdu méi truong bat ky, bao gdbm dat,
thuc vat, con trung, bui nang hat, va nguyén li¢u mau khac, v.v., béng phuong phap da
biét trong linh vuc. Xem tai liéu, vi du, Travers et al. (1987) Appl. Environ. Microbiol.
53:1263-1266; Saleh et al. (1969) Can J. Microbiol. 15:1101-1104; DeLucca et al.
(1981) Can J. Microbiol. 27:865-870; va Norris, et al. (1981) "The genera Bacillus and
Sporolactobacillus," In Starr et al. (eds.), The Prokaryotes: A Handbook on Habitats,

Isolation, and Identification of Bacteria, Vol. II, Springer-Verlog Berlin Heidelberg.
Sau khi phén lap, cac ching Br c6 thé dugc thir nghiém vé doc tinh ddi vai loai gay hai
1a sdu bo canh vay va protein Cry dugc bao ham bdi sang ché c¢6 thé dugc xac dinh.
Do d6, theo mét sb phuong 4n, sang ché dé xuat ching Bacillus thuringiensis (Br)
duoc phan l4p ma san xudt protein Cry hodc protein Cry tai t6 hop c6 chira, vé co ban
gém ¢6 hodc gém c6 trinh ty axit amin c6 do tuong déng trinh tu tir it nhét 1a 80% dén
it nhét 1a 99% so v&i trinh tu bat ky trong sé cac SEQ ID NO: 10-12. Theo phuong an
khac, ching Bt dugc chon tir nhém gdm c6 C0633, C0724 va C1100. Theo phuong 4n
khac nita, protein Cry hodc protein Cry tai t6 hop ¢ chira, vé co ban gdm ¢ hodc gém

c6 trinh tu bat ky trong sb cac SEQ ID NO:10-12.
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Theo mdt sb phuong an, sang ché dé xuét protein Cry duoc phan lap mot cach
tlly y ma gy doc ddi vai loai gy hai 14 siu bo canh vay, trong d6 protein ¢é chua, vé
co ban gdm ¢ hodc gém c6 (a) trinh tu axit amin ma c6 tir d6 twong ddng trinh tur it
nhit 12 80% dén d6 tuong dong trinh tu it nhéat 1a 99% véi trinh tu axit amin duoc thé
hién boi trinh tu bt ky trong s cac SEQ ID NO:10-15, hoic manh doc t6 clia chung;
hodc (b) trinh tu axit amin ma dugc ma hda bdi trinh tu nucleotit ma co6 tir do tuong
dong trinh tu it nhat 12 80% dén d6 tuong ddng trinh tu it nhat 1a 99% véi trinh tu
nucleotit duoc thé hién béi trinh tu bat ky trong s6 cac SEQ ID NO:4-9, hoic manh ma

héa cho ddc to cua chung.

Theo phuong 4n khac, protein Cry dugc phan lap mét cach tiy y ¢6 chira, vé
co ban gdm c6 hodc gdm c6 trinh tur axit amin ma c6 do tuong déng trinh tu tir it nhAt
12 80% dén it nhat 1a 99% véi trinh tu bit ky trong sé cac SEQ ID NO:10-15, hoic
manh doc td cua chung. Theo phuong an khac nita, trinh ty axit amin c6 d¢ tuong
ddng trinh ty it nhét 1a 90%, hodc it nhit 12 91%, hodc it nhat 1a 92%, hodc it nhat 1a
93%, hodc it nhit 1a 94%, hodc it nhit 1a 95%, hodc it nhit 1a 96%, hodc it nhat 1a
97%, hodc it nhit 1a 98%, hodc it nhat 14 99%, hodc it nhat 1a 99,1%, hoic it nhit 14
99,2%, hoic it nhét 1 99,3%, hodc it nhit 1a 99,4%, hodc it nhat 1a 99,5% hodc it nhat
14 99,6%, hoic it nhat 13 99,7%, hodc it nhat 1a 99,8%, hoic it nhit 1a 99,9% véi SEQ
ID NO:10, hodc manh doc tb cta chung.

Theo phuwong 4n khéc, trinh tu axit amin cé d6 tuong dong trinh tur it nhat 1a
80%, hodc it nhit 1a 81%, hodc it nhit 12 82%, hodc it nhat 1a 83%, hodc it nhét la
84%, hodc it nhit 1a 85%, hodc it nhit 1a 86%, hoic it nhit 1a 87%, hodc it nhét 1a
88%, hoic it nhat 12 89%it nhét 1a 90%, hoic it nhit 1a 91%, hodc it nhat 1a 92%, hodc
it nhit 1a 93%, hodc it nhat 13 94%, hodc it nhét 1a 95%, hodc it nhat 1a 96%, hoic it
nhit 14 97%, hodc it nhit 12 98%, hodc it nhit 13 99%, hodc it nht 1 99,1%, hoic it
nhit 14 99,2%, hodc it nhét 1a 99,3%, hoic it nhat 1a 99,4%, hodc it nhit 14 99,5% hoic
it nhét 12 99,6%, hodc it nhit 1a 99,7%, hodc it nhat 1 99,8%, hoic it nhat 1a 99,9% véi
SEQ ID NO:11, hoic manh doc t ctia chung.

Theo phuong &n khac nira, trinh ty axit amin cé do tuong dong trinh tu it nhét
1a 90%, hodc it nhat 1a 91%, hodc it nhit 1a 92%, hodc it nhét 1a 93%, hoic it nhat 1a
94%, hodc it nhit 1a 95%, hodc it nhit 13 96%, hodc it nht 1a 97%, hodc it nhét 1a
98%, hodc it nhit 1a 99%, hodc it nhat 12 99,1%, hoic it nhét 1a 99,2%, hoic it nhat 1a
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99,3%, hoic it nhat 1a 99,4%, hodc it nhit 12 99,5% hodc it nhat 14 99,6%, hodc it nhit
12 99,7%, hodc it nhit 1a 99,8%, hoic it nhit 12 99,9% v&i SEQ ID NO:12, hodc manh

ddc to cua chung.

Theo mdt sb phuong an, trinh tu axit amin c6 chira, vé co ban gém c6 hoac
gbm c6 trinh tu bat ky trong s6 cac SEQ ID NO:10-15, hodc manh doc t6 cia ching.
Theo phuong &n khac, trinh ty axit amin dugc ma hoéa boi trinh tu nucleotit c6 chira,
vé co ban gdm c6 hodc gdm co trinh ty bit ky trong sé cac SEQ ID NO:1-3, hodc

manh ma héa cho doc to cua ching.

Theo phuong an khic, protein Cry theo sang ché gy doc dbi véi loai gay hai
la sau bo canh vay dugc chon tir nhém gém c6 sau duc than ngd chau Au (Ostrinia
nubilalis), sau ngai dém mau den (Agrotis ipsilon), sdu xanh mua thu
(Spodopterafrugiperda), sau duc trai trén cay ng6 (Helicoverpazea), sau duc than mia
(Diatraeasaccharalis), sau budém dau nhung (Anticarsiagemmatalis), sau do hai dau
twong (Chrysodeixisincludes), sdu duc than ngod tdy nam (Diatraeagrandiosella), sau
ngai dém hai ddu phuong tdy (Richiaalbicosta), siu in chdi thube 14
(Heliothisvirescens), sau duc than ngd chau A (Ostriniafurnacalis), sdu duc qua bong
(Helicoverpaarmigera), sau duc than c6 soc (Chilosuppressalis), sau duc than mau

hong (Sesamiacalamistis) va sau cudn la lha (Cnaphalocrocismedinalis).

Theo mét s& phuong an, sang ché bao ham protein Cry tai t5 hop ma gy doc
d6i voi loai gay hai 1a sdu bo canh vay, trong d6 protein Cry téi tb hop ¢ chira, v& co
ban gé)m ¢6 hoac gém c6 (a) trinh ty axit amin ma c6 do tuong déng trinh tu tir it nhat
12 80% dén it nhat 1 99% véi trinh tu axit amin dugc thé hién boi trinh tu bét ky trong
sb cac SEQ ID NO:10-15, hodc manh doc t6 cua ching; hodc (b) trinh ty axit amin ma
duoc mi héa boi trinh tu nucleotit ma c¢6 do twong ddng trinh tu tir 80% dén it nhit 1a
99% véi trinh tu nucleotit dugc thé hién boi trinh ty bat ky trong s6 cac SEQ ID NO:4-
9, hodc manh ma hoa cho doc t6 cua chung.

Theo phuong 4n khéc, protein Cry tai t6 hop c¢6 chira, vé co ban gdm c6 hoic
gdm c6 trinh tu axit amin ma ¢ do twong ddng trinh tu tir it nhat 13 80% dén it nhat 1a
99% véi trinh tur bat ky trong s6 cac SEQ ID NO:10-15, hoic manh doc té clia ching.
Theo phuong an khéc nita, trinh tu axit amin c6 d6 twong ddng trinh tu it nhét 1a 80%,
hodc it nhat 1a 81%, hodc it nhat 1a 82%, hodc it nhat 14 83%, hodc it nhét 1a 84%, hodc
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it nhit 1a 85%, hodc it nhét 1a 86%, hoic it nhét 13 87%, hodc it nhat 1a 88%, hodc it
nhét 1a 89%, hodc it nhit 1a 90%, hodc it nhét 1a 91%, hodc it nhit 1a 92%, hoic it nhét
13 94%, hodc it nhit 12 94%, hodc it nht 12 95%, hoic it nhit 12 96%, hoic it nhit 13
97%, hodc it nhat 12 98%, hodc it nhat 1a 99%, hoic it nhit 13 99,1%, hoic it nhét 1a
99,2%, hodc it nhat 1 99,3%, hodc it nhat 12 99,4%, hoic it nhét 14 99,5% hodc it nhat
14 99,6%, hoic it nhit 1a 99,7%, hodc it nhat 1a 99,8%, hoic it nhat 1a 99,9% véi SEQ
ID NO:10, hodc manh doc t6 cta chung.

Theo phuong an khac nita, trinh ty axit amin c6 d§ tuong ddng trinh tu it nhét
1a 80%, hodc it nhit 1a 81%, hodc it nhat 12 82%, hodc it nhit 1a 83%, hodc it nhat 1a
84%, hodc it nhit 12 85%, hodc it nhit 1a 86%, hodc it nhat 1a 87%, hodc it nhit la
88%, hodc it nhit 1a 89%, hodc it nhit 1a 90%, hodc it nhat 1a 91%, hodc it nhit la
92%, hodc it nhit 1a 94%, hodc it nhat 1 94%, hodc it nhit 1a 95%, hodc it nhét 1a
96%, hodc it nhit 1a 97%, hodc it nhét 12 98%, hodc it nhit 13 99%, hodc it nhit 14
99,1%, hodc it nhat 1a 99,2%, hoic it nhat 1a 99,3%, hodc it nhét 1 99,4%, hoic it nhat
13 99,5% hodc it nhat 13 99,6%, hodc it nhat 1a 99,7%, hodc it nhat 1a 99,8%, hodc it
nhét 14 99,9% vaéi SEQ ID NO:11, hodc manh ddc td cua chung.

Theo phuong an khac nita, trinh tu axit amin cé d tuong ddng trinh tu it nhat
1a 80%, hodc it nhit 12 81%, hodc it nhit 12 82%, hodc it nhit 1a 83%, hoic it nhat 1a
84%, hoac it nht 1a 85%, hodc it nhit 1a 86%, hodc it nhat 1a 87%, hodc it nhét la
88%, hodc it nhit 12 89%, hodc it nhit 1a 90%, hodc it nhat 13 91%, hodc it nhit 1a
92%, hodc it nhit 1a 94%, hoic it nhit 1a 94%, hodc it nhét 1a 95%, hodc it nhat 1a
96%, hodc it nhit 1a 97%, hoic it nhit 1a 98%, hodc it nhét 1a 99%, hoic it nhat 14
99,1%, hodc it nhit 1a 99,2%, hoic it nhit 12 99,3%, hoc it nhat 1a 99,4%, hodc it nhit
12 99,5% hodc it nhat 1a 99,6%, hodc it nhit 1a 99,7%, hoic it nhat 1a 99,8%, hoic it
nhét 14 99,9% véi SEQ ID NO:12, hodc manh ddc t6 ciia ching.

Theo phuong an khéc nita, trinh ty axit amin c6é d§ tuong déng trinh tu it nht
1a 80%, hodc it nhit 1a 81%, hodc it nhét 1a 82%, hodc it nhit 1a 83%, hoic it nhat 13
84%, hodc it nhit 1a 85%, hodc it nhit 1a 86%, hodc it nhat 1a 87%, hoic it nht 1a
88%, hodc it nhit 1a 89%, hodc it nhit 12 90%, hodc it nhat 1a 91%, hoic it nhét 1a
92%, hodc it nhit 1a 94%, hoic it nhat 1a 94%, hoic it nhit 1a 95%, hodc it nhat la
96%, hodc it nhit 1a 97%, hodc it nhat 1a 98%, hoic it nhit 1a 99%, hoic it nhit la
99,1%, hodc it nhat 1a 99,2%, hoic it nhét 1a 99,3%, hodc it nhat 1a 99,4%, hoic it nhat
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12 99,5% hoic it nhat 13 99,6%, hodc it nhit 1a 99,7%, hodc it nhét 1a 99,8%, hodc it
nhét 12 99,9% véi SEQ ID NO:13, hodc manh doc t6 ciia chung,

Theo phuong 4n khac nita, trinh tu axit amin c6 do twong ddng trinh tu it nhét
1a 80%, hodc it nht 1a 81%, hodc it nhét 1a 82%, hodc it nhét 1a 83%, hodc it nhat la
84%, hodc it nhat 13 85%, hodc it nhit 1a 86%, hodc it nhét 1a 87%, hodc it nhat 1a
88%, hodc it nhat 13 89%, hodc it nhit 1a 90%, hodc it nhit 1a 91%, hodc it nhat 1a
92%, hoic it nhat 1a 94%, hodc it nhat 13 94%, hodc it nhit 1a 95%, hodc it nhét 1a
96%, hodc it nhit 1a 97%, hodc it nhit 1a 98%, hodc it nhét 1a 99%, hoic it nhét la
99,1%, hodc it nhat 12 99,2%, hodc it nhat 1a 99,3%, hoic it nhét 1a 99,4%, hodc it nhit
12 99,5% hodc it nhit 1a 99,6%, hoic it nhit 1a 99,7%, hoic it nhit 1a 99,8%, hoic it
nhét 13 99,9% vai SEQ ID NO:14, hodc manh doc té ciia chung,

Theo phuong 4n khac nita, trinh tir axit amin c6 d6 tuong dong trihh ty it nhat
1a 80%, hodc it nhét 1a 81%, hoic it nhét 1a 82%, hodc it nhét 1a 83%, hodc it nhét 1a
84%, hodc it nhét 1a 85%, hodc it nhit 1a 86%, hoic it nhat 1a 87%, hodc it nhét la
88%, hodc it nhat 12 89%, hodc it nhit 1a 90%, hodc it nhét 1a 91%, hodc it nhit 1a
92%, hodc it nhat 1a 94%, hodc it nhit 1a 94%, hodc it nhét 1a 95%, hodc it nhit 1a
96%, hodc it nhat 1a 97%, hodc it nhat 12 98%, hodc it nhit 1a 99%, hodc it nhét 1a
99,1%, hodc it nhat 1a 99,2%, hodc it nhat 1a 99,3%, hoic it nhét 13 99,4%, hoic it nhat
14 99,5% hodc it nhit 1a 99,6%, hoidc it nhit 12 99,7%, hodc it nhit 1a 99,8%, hodc it
nhét 14 99,9% véi SEQ ID NO:15, hodc manh doc té ciia ching.

Theo phuong 4n khac nita, protein Cry tai t& hop c6 chira, vé co ban gdm c6
hoédc g@)m c6 trinh tu axit amin cta trinh ty bat ky trong sé cac SEQ ID NO:10-15,
hozc manh ddc t6 ctia chiung. Theo phuong 4n khéc, protein Cry tai t& hop dugc ma
hoa boi trinh tur nucleotit ma cé chira, vé co ban gém ¢6 hodc gébm c6 trinh tu bat ky

trong s6 cac SEQ ID NO:4-9, hozc manh ma hoa cho doc t6 ctia ching.

Khang thé ma dugc tao ra trong ddp Ung voi thir thach mién dich bsi BT-
0016, BT-0026 va BT-0032 tu nhién hoic dot bién va dang twong tu hodc protein Cry
c6 lién quan ciing dugce bao ham boi sang ché. Khang thé nay c6 thé duoc tao ra bing
cach str dung céc k¥ thuat mién dich hoc tiéu chuan dé san xuit khang huyét thanh da
dong va, néu mudn, lam bat tir t& bao san xudt khang thé cua vét chu dugc gdy mién

dich dé c6 ngudn san xudt khang thé don dong. K thuat san xuat khang thé ddi vai
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chat bt ky dugce quan tim di duge biét rd, vi du nhu, nhu trong tai liéu Harlow and
Lane (1988. Antibodies a laboratory manual. pp. 726. Cold Spring Harbor Laboratory)
va nhu trong tai liéu Goding (Monoclonal Antibodies: Principles & practice.1986.
Academic Press, Inc., Orlando, FL). Sang ché bao ham protein diét cén tring ma
tuong tac chéo voi khang thé, cu thé 1a khang thé don dong, duoc tao ra dé chdng lai

mdt hodc nhiéu protein diét con tring Cry theo sang ché.

Khang thé dugc tao ra trong sang ché ciing hitu dung trong thir nghiém mién
dich dé x4c dinh ham ludng hodc su ¢6 mat cua BT-0016, BT-0026 va BT-0032 tu
nhién hodc dot bién hodc protein Cry cé lién quan trong mau sinh hoc. Céc thir nghiém
nay ciing hitu dung trong su san xuat c6 kiém soat chat lwong ciia ché phdm c6 chira
mdt hodc nhiéu protein Cry theo sang ché hoic cic protein gay doc c6 lién quan.
Ngoai ra, khéng thé c6 thé duoc st dung dé danh gid hidu qua ciia sy san xut tai to
hop ctia mdt hodc nhiéu protein Cry theo sang ché hodc protein ¢6 lién quan, cfing nhu
1a dé sang loc thu vién biéu hién dbi voi sy c6 mit cua trinh tu nucleotit ma hoa cho
mdt hodc nhidu protein Cry theo sang ché hosc céc trinh tur ma hoa cho protein ¢6 lién
quan. Khéng thé cling hitu dung 1am phdi tir 4i lyc dé tinh ché hodc phan 1ap mot hodc
nhiéu protein bat ky theo sang ché va céc protein c6 lién quan. Protein Cry theo sang
ché va protein c6 chira cac epitop khac nguyén c6 lién quan c6 thé thu duoc bang cach
biéu hién qua muc nguyén chiéu dai hoic mét phin chiéu dai cta trinh tuy ma héa cho
tat ca hodc mot phan cua protein Cry theo sang ché hodc protein c6 lién quan trong té

bao chu dugc wu tién.

Hiéu ring cac trinh ty ADN ma ma hoa protein Cry tu nhién theo sang ché c¢6
thé duoc thay ddi bang cac phuong phap khac nhau, va céc thay ddi nay c6 thé tao ra
céc trinh ty ADN ma héa cac protein voi trinh ty axit amin khac véi trinh ty duoc ma
héa béi protein Cry tu nhién theo sang ché. Protein Cry c6 thé duoc thay doi theo céc
cach khac nhau dé tao ra protein Cry dot bién bao gdm su thé, su bot, su cét cut, va su
cai xen axit amin ctia mdt hodc nhiéu axit amin cua trinh tu bat ky trong s6 cac SEQ
ID NO:10-12, bao gém 1én dén khoang 2, khoang 3, khoang 4, khoang 5, khoang 6,
khoang 7, khoang 8, khoang 9, khoang 10, khoang 15, khoang 20, khoang 25, khoang
30, khoang 35, khoang 40, khoang 45, khoang 50, khoang 55, khoang 60, khoang 65,
khoang 70, khoang 75, khodng 80, khoang 85, khoang 90, khoang 100, khoang 105,
khoang 110, khoang 115, khoang 120, khoang 125, khoang 130, khoang 135, khoang
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140, khoang 145, khoang 150, khoang 155, hodc nhiéu hon su thé, su bét hodc su cai
xen axit amin. Phuong phap cho cac thao tac nay thuong duge biét trong linh vue. Vi
du, cac bién thé trinh tu axit amin cua protein Cry tu nhién c6 thé duge didu ché béng
cac dot bién trong polynucleotit ma ma hoa protein. Pidu nay ciing c6 thé duge thuc
hién béng mdt trong mot vai dang cta su gay dot bién hoic trong su tién hoa c6 dinh
hudng. Theo mot sb khia canh, céac thay dbi duoc ma hoa trong trinh ty axit amin s€ co
ban khong anh huéng dén chirc ning ctia protein. Céc bién thé nay sé& c6 hoat tinh diét
con tring mong mudn. Theo modt sé phuong 4n cta sang ché, trinh tu nucleotit dugc
thé hién boi cac SEQ ID NO: 1-3 duoc bién dbi dé dua vao sy thé axit amin trong
protein dugc md hoa. Theo phuong an khéc, protein dot bién thu duge duge mi hoa
boi polynucleotit dot bién téng hop c6 chira trinh tu nucleotit dugc thé hién béi trinh
tu bat ky trong s6 cac SEQ ID NO:7-9. Theo cic phuong an khac, protein dot bién bao
gbm, vé co ban gém co6 hoac gém ¢6 trinh tu axit amin duoc dai dién boi trinh tu bat

ky trong sd cac SEQ ID NO:13-15.

Cén hiéu réng kha nang cta protein di€t con trung dé tao ra hoat tinh diét con
tring c6 thé dugc cai thién bang cach st dung cac k¥ thuat nay tiy theo cac ché phdm
theo sang ché. Vi du, ngudi ta c6 thé biéu hién protein Cry trong t& bao chi ma thé
hién ti 1& két hop nhdm bazo cao trong qua trinh sao chép ADN, chang han nhu XL-1
Red (Stratagene, La Jolla, CA). Sau khi nhan gidng trong cic ching nay, c6 thé phan
1ap ADN (vi du bang cach diéu ché plasmit ADN, hoic bang cach khuéch dai bang k¥
thuat PCR va tach dong doan PCR thu dugc vao vat truyén), nudi céy cac dot bién
protein Cry trong chung khong dot bién, va x4c dinh gen dugc dot bién c6 hoat tinh
diét con trung, vi du bing cach thuc hién thir nghiém dé thir nghiém hoat tinh diét con
tring. Théng thudng, protein dugc tron va dugc sir dung trong cac thir nghiém cho an.
Xem tai li€u, vi du Marrone et al. (1985) J. of Economic Entomology 78:290-293. Cac
thtr nghiém nay co thé bao gém budc cho thuc vat tiép xtic v6i mot hodc nhidu loai
gay hai va x4c dinh kha nang cua thuc vt d& sdng sot hodc gy chét loai gay hai. Vi
du vé cac dot bién ma dan dén doc tinh tang 1én dugc tim théy trong tai liéu Schnepf et
al. (1998) Microbiol. Mol. Biol. Rev. 62:775-806.

Theo cach khéc, cac thay dbi c6 thé duoc tao ra d6i véi trinh tur axit amin theo
sang ché & du tin clng amino hoic carboxy ma vé& co ban khong anh hudéng dén hoat

tinh. Thay d6i nay c6 thé bao gom su cai xen, loai bd, hodc cic thay doi dugc dua vao
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bang cac phuong phap phan tir hién dai, nhu PCR, bao gdém khuéch dai PCR ma thay
thé hodc mé rong trinh tw ma hda protein do dua vao trinh ty ma hda axit amin trong
oligonucleotit dugc str dung trong khuéch dai PCR. Mot cach tuy ¥, cac trinh tu
protein dugc thém c6 thé bao gdm cac trinh tyr ma hoa protein toan bg, nhu cac trinh tu
thuong duge sit dung trong linh vuc dé tao ra su dung hop protein. Cac protein dung
hop nay thuong duge stir dung dé (1) 1am ting biéu hién cua protein quan tim (2) dua
vao mién lién két, hoat tinh enzym, hoic epitop dé tao diéu kién cho hodc 1a tinh ché
protein, phét hién protein, hodc cac sir dung thir nghiém khac da biét trong linh vuc (3)
bai tiét dich hogc dich ma protein thanh co quan dudi muc té bao, nhu khong gian chu
chit cua vi khudn gam am, hodc ludi ndi bao cua t& bao nhan thuc, ludi ndi bao

thuodng tao ra glycosyl hoa protein.

Protein Cry theo sdng ché c6 thé con duoc dot bién dé dua vao mot epitop dé
tao ra cac khang thé ma nhan dién protein dugc dot bién. Do d6, theo mot sd phuong
an, sang ché dé xuét protein Cry dugc dot bién, trong do thé axit amin trong protein
Cry tu nhién tao ra protein Cry dot bién c6 mién khang nguyén ma cho phép protein
Cry dot bién phan biét véi protein Cry tu nhién trong thir nghiém phat hién protein.

Theo mét sb phuong 4n, sang ché @ xuit phuong phap tao ra khang thé ma
nhan dién mdt cach khac protein Cry dugc dot bién tir protein Cry ty nhién ma protein
Cry d6t bién dugce din xuat tir 46, phuong phép bao gdm cac budc thé cc axit amin
trong cau tric vong khang nguyén cta protein Cry ty nhién va lam ting cac khang thé
ma dic biét nhan dién cAu tric vong khang nguyén dot bién trong protein Cry dot bién
va khong nhan dién protein Cry ty nhién. Theo mdt phuong an, cAu tric vong khang
nguyén dugc xac dinh trong cdc mién khong bao toan bén ngoai mién I cta protein
Cry tu nhién. Theo phuong 4n khac, cdu tric vong khang nguyén khong phai 13 cu
truc vong lién quan dén nhan dién thu thé rudt cén trung cua protein Cry hodc lién

quan dén hoat hoa proteaza ciia protein Cry.

Céc trinh ty nucleotit va axit amin bién thé theo sang ché ciing bao ham céc
trinh tu dugc tao din xudt tir cic quy trinh gdy dot bién va gy tai té hop ching han
nhu su xéo tron ADN. Véi quy trinh ndy, mot hodc nhiéu vung ma hda protein ddc
khac nhau c6 thé duge dung dé tao ra protein doc mdi s& hitu cac dac diém mong
mudn. Bing cach nay, cac thu vién cta polynucleotit tai té hop duoc tao ra tir quin thé

ctia polynucleotit trinh tu lién quan bao gém cac mién trinh tw ma c6 tuong ddng trinh
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tu co ban va c6 thé dugc tai to hop cuing loai trong dng nghiém hodc trong co thé. Vi
du, bang cach sir dung nghién ctru ndy, mé tip trinh tr ma hoa mién quan tdm c6 thé
dugc xdo tron gitta gen cua di€t loai gay hai theo sang ché va gen cua di€t loai gay hai
da biét khac dé thu duogc gen m&i ma hoa protein voi dic tinh quan tdm dugce cai thién,
nhu ting hoat tinh diét con tring. Cac chién lugce dé x4o tron ADN nay la da biét trong
linh vuc. Xem tai li€u, vi du, Stemmer (1994) Proc. Natl. Acad. Sci. USA 91:10747-
10751; Stemmer (1994) Nature 370:389-391; Crameri et al. (1997) Nature Biotech.
15:436-438; Moore et al. (1997) J. Mol. Biol. 272:336-347; Zhang et al. (1997) Proc.
Natl. Acad. Sci. USA 94:4504-4509; Crameri et al. (1998) Nature 391:288-291; va
Bing Sang Ché M¥ S6 5,605,793 va 5,837,458.

Su hoan d6i hodic x4o tron mién 1 co ché khac dé tao ra cac protein Cry thay
d6i theo sang ché. Cac mién c6 thé dugc hoan dbi gitra cac protein Cry, tao ra cac
protein doc lai hodc kham v&i hoat tinh di€t loai gay hai hodc phé dich cai thién.
Phuong phap d tao ra protein tai to hop va thir nghiém chung vé& hoat tinh diét loai
gy hai di duogc biét rd trong linh vuc (xem, vi du, Naimov et al. (2001) Appl.
Environ. Microbiol. 67:5328-5330; de Maagd et al. (1996) Appl. Environ. Microbiol.
62:1537-1543; Ge et al. (1991) J. Biol. Chem. 266:17954-17958; Schnepf et al. (1990)
J. Biol. Chem. 265:20923-20930; Rang et al. 91999) Appl. Environ. Microbiol.
65:2918-2925). Theo mdt s6 phuong an, sang ché dé xuat protein Cry lai c6 chua &
dau tan cung C, axit amin tir protein Cry th nhét theo sang ché va & dau tan cung N,
axit amin tir protein Cry th hai theo sang ché khac véi protein Cry thir nhit theo sang

ché.

Theo mét s6 phuwong 4n, sang ché dé xudt vecto tai tb hop chira polynucleotit,
phan tir axit nucleic, bing catxet biéu hién hoic gen kham theo sang ché. Theo céc
phuong 4n khac, vat truyén con duge xac dinh 1a plasmit, cosmit, phagemit, nhiém séic
thé nhan tao, vat truyén thé thuc khuan hodc virut. Mo sb vat truyén dung trong bién

nap thuc vat va cac sinh vt khac 1a da biét trong linh vuc.

Do d6, mét s6 phurong an theo sang ché dé cap dén bang c6 thé biéu hién duoc
thiét k& dé biéu hién polynucleotit va phéan tir axit nucleic theo sang ché. Nhu duoc sir
dung & ddy, "bing catxet biéu hién" nghia 12 phan tir axit nucleic c¢é it nhét trinh tu
kiém soét lién két c6 didu khién véi trinh tu nucleotit quan tim. Theo phuong thirc

nay, vi dy, cac vung khoi dong thuc vat dugce lién két c6 di€u khién vai trinh tu
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nucleotit can dugc biéu hién dugce cung cap trong bang catxet biéu hién dé bi€u hién &

cdy trong, phan cay trong hoic té bao cay trong.

Bing catxet biéu hién c6 chira polynucleotit dwgc quan tim c6 thé 1a kham, c¢6
nghia 14 it nhit 1a mét trong sé cac thanh phéan ctia n6 14 khac loai déi véi it nhit 1a mot
trong s cac thanh phan khac clia né. Bing catxet biéu hién c6 thé con 1a biang ma c6
trong tw nhién nhung thu dugc dudi dang tai t6 hop hiru dung cho su biéu hién khac
loai. Thong thuong, tuy nhién, bang catxet biéu hién khac loai so véi vat chu, tic 13,
trinh tu axit nucleic cu thé cua bang catxet biéu hién khong ¢6 trong tu nhién trong té

bao chu va phai dua vao t€ bao cht hodc t0 tién cta té bao chu bang su kién bién nap.

Ngoai ving khoi dong lién két co didu khién véi trinh tu nucleotit theo sang
ché, bang catxet biéu hién theo sang ché con c6 thé bao gdm trinh tu didu hoa khac.
Nhu dugc st dung & ddy, "trinh tu diéu hoa" nghia 13 trinh tw nucleotit duoc bd tri
nguoc dong (trinh tu khéng ma héa 5°), & trong hoic xudi dong (trinh tu khong ma
héa 3°) cta trinh ty ma hoa, va ma anh hudng dén su phién ma, sy xi ly hodc tinh on
dinh ARN, hodc dich mi trinh ty ma hoa li€n quan. Cac trinh ty diéu hoa bao gém,
nhung khong gi6i han &, gen ting cudng, intron, trinh ty din dich m, cac tin hidu két

thuc, va trinh ty tin hiéu bd sung polyadenyl.

Theo mét s& phuong an, biang catxet biéu hién theo sang ché ciing c6 thé bao
gdm polynucleotit ma ma héa cho cac tinh trang mong muén khac ngoai protein Cry
theo sang ché. Bang catxet biéu hién nay c6 chira cac tinh trang xép chdng c6 thé duoc
sir dung dé tao ra cdy trong, phan cay trong hodc té bao ciy trong ¢ kidu hinh mong
mudn véi cac tinh trang xép chdng (tirc 13, su xép chdng phan tir). Cac dang két hop
xép chdng ndy & cdy trong ciing ¢ thé duoc tao ra bang phuong phap khéac bao gom,
nhung khong giéi han &, lai chéo cdy tréng bang phuong phap thong thuong bét ky.
Néu duge chong 1én biang cac cdy bién nap gen, trinh tur nucleotit quan tim c6 thé két
hop & thoi diém va trat tu bat ky. Vi du, cdy trdng chuyén gen chira mét hogc nhiéu
dic diém mong mudn c6 thé duge su dung lam dich dé dua vao cac dic diém khac
bang bién nap lién tiép. Trinh ty nucleotit khéc c6 thé dwoc dua vao mot cach dong
thoi trong quy trinh déng bién nap véi trinh tu nucleotit, phan tir axit nucleic, cau triic
axit nucleic, hodc ché phdm theo sang ché, dugc cung cip bang dang két hop bét ky
clia cac bang catxet biéu hién. Vi du, néu hai trinh ty nucleotit dugc dua vao, chiing cé

thé két hop trong cac bang riéng 1& (trans) hodc ¢ thé két hop trong cing bang (cis).
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Su biéu hién cua polynucleotit ¢co6 thé duoc thuc hién boi cung mot vung khoi dong
hoic cac ving khdi dong khac nhau. Con nhén thy rang polynucleotit c6 thé duoc xép
chdng & vi tri hé gen mong mudn bing cach st dung hé tai t6 hop déc hiéu vi tri. Xem,
vi dy, Cong bd don sang ché qudc té sé WO 99/25821; WO 99/25854; WO 99/25840;
WO 99/25855 va WO 99/25853.

Bang catxet biéu hién cling co thé bao gém trinh tu ma héa khac dbi vai mot
hozc nhiéu polypeptit hoic cac phan tir ARN soi kép (dsARN) duoc quan tim ddi véi
cac tinh trang néng nghiép ma chu yéu 1a c6 loi ddi véi cong ty hat gibng, nguoi trong
hogc nguoi phat trién hat. Polypeptit quan tdm c6 thé 13 polypeptit bat ky duoc méi hoa
boi trinh tur nucleotit mong muén. Vi du khéng lam giéi han sang ché vé polypeptit
duoc quan tim ma thich hop dé san xuat & cdy trong bao gdm cac polypeptit ddn dén
cac tinh trang quan trong trong nong nghiép ching han nhu tinh khang chit diét co
(d6i khi duoc d& cap dén dudi dang "kha ning dung chiu chit diét co"), tinh khang
virut, tinh khang tac nhan gay bénh 1a vi khuan, tinh khéang cén tring, tinh kha’lng giun
tron, hodc tinh khang nidm. Xem, vi du, Sang ché M§ sb 35,569,823; 5,304,730;
5,495,071; 6,329,504; va 6,337,431. Polypeptit con c6 thé 1a nhan t§ lam ting sirc
séng clia cdy hodc san lugng clia cdy (bao gdm cac dic diém cho phép cay phat trién &
cé4c nhiét do, diéu kién dit va mac anh sang va lugng mua khac nhau), hodc nhan tb
cho phép xéc dinh cay biéu hién dic diém quan tam (vi du, chét chi thi chon loc, mau
bao hat, v.v.). Céc polypeptit quan tdm khac nhau, ciing nhu phuong phép dé dua cac
polypeptit nay vio cdy trong, dugc mé ta, vi du, trong Sang ché M¥ s6 4,761,373;
4,769,061; 4,810,648; 4,940,835; 4,975,374; 5,013,659; 5,162,602; 5,276,268;
5,304,730; 5,495,071; 5,554,798; 5,561,236; 5,569,823; 5,767,366; 5,879,903,
5,928,937; 6,084,155; 6,329,504 va 6,337,431; cling nhu Cong bd don sang ché My sb
2001/0016956. Ciing xem, trén website tai dia chi

lifesci.sussex.ac.uk/home/Neil Crickmore/Bt/.

Polynucleotit tao ra tinh khdng/kha ning chiu chat diét co uc ché diém phat
trién hodic mo phan sinh, nhu imidazalinon hodc sulfonylure ¢é thé thich hop theo mot
s6 phuong 4n cua sang ché. Polynucleotit vi du trong loai niay ma héa ddi v6i enzym
ALS va AHAS dot bién nhu mo ta, vi du, trong Sang ché My s§ 5,767,366 va
5,928.937. Sang ché My s 4,761,373 va 5,013,659 nham dén cy chiu cac chat diét co

imidazalinon hoic sulfonamit. Sang ché M¥ sb 4,975,374 dé cap dén té bao cia cay va
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cdy chtra axit nucleic ma héa glutamin synthetaza (GS) dot bién khang su @c ché boi
chat diét co da biét 1a we ché GS, vi du, phosphinothrixin va methionin sulfoximin.
Séng ché My s6 5,162,602 boc 16 cdy khang sy tc ché boi chit diét co
xyclohexanedion va aryloxyphenoxypropanoic axit. Stc dé khang duoc tao ra bai

axetyl coenzym A carboxylaza (ACCase) dugc bién doi.

Céc polypeptit dugc ma hoa bdi cac trinh ty nucleotit gitip khang glyphosat
cling thich hop v6i sang ché. Xem, vi du, Sang ché My sb 4,940,835 va Sang ché My
s6 4,769,061. Sang ché M¥ s6 5,554,798 boc 16 cdy ngd chuyén gen khang glyphosat,
ma stc d& khing dugc tao ra nhd gen 5-enolpyruvyl-3-phosphoshikimat (EPSP)
synthaza bién doi.

Polynucleotit ma héa ddi v6i hop chat khang phosphono nhu glufosinat amoni
hodc phosphinothrixin, va pyridinoxy hodc axit phenoxy propionic va xyclohexon
cling 1a thich hop. Xem, Cong bd don Chau Au 0 242 246. Ciing xem, Sang ché M§ s6
5,879,903, 5,276,268 va 5,561,236.

Polynucleotit thich hgp khac bao gdm cac polynucleotit ma hoa dé khang chét
diét cotrc ché quang hop, nhu triazin va benzonitril (nitrilaza) Xem, Sang ché M§ s6
4,810,648. Polynucleotit thich hop khac ma héa cho tinh khang chat diét c6 bao gém
cac polynucleotit md hoa cho tinh khang axit 2,2-dicloropropionic, sethoxydim,
haloxyfop, chit diét c6 imidazolinon, chit diét co sulfonylure, chat diét co
triazolopyrimidin, chit diét co s-triazin va bromoxynil. Ciing thich hop la
polynucleotit tao ra kha nang khang protox enzym, hodc ma tao ra kha nang khang
bénh thuc vat ting cuong; stc chiu cac diéu kién moi truong bét loi tdng cuong (céac
trc ché v6 sinh) bao gdm nhung khong gidi han ¢ han han, qua lanh, qua néng, hoidc do
mudi trong d4t vuot qué hodc tinh axit hodc tinh kiém cao; va cac thay dbi trong kién
tric hozc phét trién ctia cdy trong, bao gdm cac thay doi vé thoi gian phat trién. Xem,

vi du, Céng bb don sang ché My s§ 2001/0016956 va Sang ché M¥ s 6,084,155.

Polynucleotit thich hop b sung bao gdm cic polynucleotit md hoa cac
polypeptit diét loai gay hai (vi du, diét con trung). Céc polypeptit c6 thé dugc tao ra
v6i lugng du dé kiém soét, vi du, cac con trung gdy hai (vi dy, lugng kiém soat coén
tring). D3 nhan ra rdng ham luong ctia su san xuét polypeptit diét loai gy hai & cdy

trong can dé kiém soét con trung hodc loai gay hai khac c6 thé thay doi tiy thude vao
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cay trong, kiéu loai gay hai, cac yéu t6 moi truong va dang tuong tu. Polynucleotit hitu
dung dé khang con tring hodc loai gy hai bd sung bao gom, vi du, polypeptit ma héa
doc t6 duoc xac dinh trong sinh vat Bacillus. Polynucleotit c6 chira trinh tu nucleotit
ma héa cho protein Cry Bacillus thuringiensis (Bt) tt mot vai loai phu da dugc tach
dong va céc dong tai to hop da dugc phat hién 1a gay doc dbi v6i 4u tring con tring
thudc sdu bo cdnh vay, sau bo hai canh va bo canh ctmg. Vi du vé protein diét con
tring Bt nay bao gém protein Cry ching han nhu Crylda, CrylAb, CrylAc, CrylB,
CryIC, CrylD, CrylEa, CrylFa, Cry34, Cry94, Cry9B, Cry9C, va dang tuong tu,
cling nhu 1a protein diét con tring & thuc vat ching han nhu Vipl, Vip2, Vip3, va dang
tuong tw. Danh séch diy di ctia protein c6 ngudn gdc tir Brco thé duoc tim thiy trén
trang world wide web & Co S& Dit Liéu Danh Phap Doc TS Bacillus thuringiensis
duoc duy tri bdi University of Sussex (ciing xem trong tai liéu, Crickmore ef al. (1998)

Microbiol. Mol. Biol. Rev. 62:807-813).

Polypeptit ma thich hop dé san xudt ¢ cdy trong con bao gdm polypeptit ma
cai thién hoic theo cach khac lam thuan loi cho su bién dbi cua cay tréng hodc phan
cay tr@)ng duoc thu hoach thanh san pham hitu dung trén thi trudng, bao gdm, vi du,
ham luong hodc su phan bd carbohydrat ting Ién hodc dugc thay ddi, cac tinh chét 1én
men dugc cai thién, ham lugng dau ting 1én, ham luong protein ting 1én, kha ning tiéu
héa duogc cai thi€n, va tang 1€n ham lugng thanh phén hd tro dinh dudng, vi du nhu,
ham lugng phytosterol tang 1én, ham lugng tocopherol ting 1én, ham lugng stanol ting
1én hodc ham lwong vitamin ting 1én. Céc polypeptit quan tAm con bao gdm, vi du,
polypeptit tao ra hodc gép phan lam gidm ham luong thanh phin khong mong muén
trong mua vu thu hoach, vi duy, axit phytic, hodc enzym lam giam duong. Thuét ngit
"tao ra" hodc "gép phan" ding dé chi polypeptit quan tdm c6 thé dong gop truc tiép
hodc gian tiép vao su ton tai cia dic diém quan tdm (vi dy, lam tang thoai bién

xenluloza bing cach st dung enzym xenlulaza khac loai).

Theo mdt s& phuong 4n, polypeptit gép phan vao kha ning tiéu hoa duoc cai
thién ddi véi thuc phidm hoic thuc dn. Xylanaza 1a enzym hemixenluloza cai thién su
htty hoai thanh té bao cta cy, dan dén dong vt sir dung tét hon dinh dudng thuc vat.
Diéu nay lam ting tdc d6 phat trién va chuyén héa thirc an. Tuong tu, do nhot cta thuc

an chura xylan c6 thé giam. San xuat cac xylanaza khac loai trong t€ bao cia ciy con
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c6 thé gitip chuyén hoa lignoxenluloza thanh dudng 1én men duoc ding trong san xuét

cong nghiép.

Nhiéu xylanaza tir vi sinh vat la ndm va vi khuén da duge xac dinh va duoc
xéc dinh dic diém (xem tai liéu, vi du nhu, Bing Sang Ché M§ S& 5,437,992;
Coughlin et al. (1993) "Proceedings of the Second TRICEL Symposium on
Trichoderma reesei Cellulases and Other Hydrolases" Espoo; Souminen and
Reinikainen, eds. (1993) Foundation for Biotechnical and Industrial Fermentation
Research 8:125-135; Céng B Biang Sang Ché My S6 2005/0208178; va Cong B
PCT S6 WO 03/16654). Cu thé 13, ba xylanaza dic hiéu (XYL-I, XYL-II, va XYL-III)
dd dugc xéac dinh trong tai li€u 7. reesei (Tenkanen et al. (1992) Enzyme Microb.
Technol. 14:566; Torronen et al. (1992) Bio/Technology 10:1461; va Xu et al. (1998)
Appl. Microbiol. Biotechnol. 49:718).

Theo phwong 4n khac, polypeptit hitu dung d6i voi sang ché c6 thé 1a enzym
lam tho4i hoa polysacarit. Cdy theo sdng ché tao ra enzym nay c6 thé hitu dung cho tao
ra, vi du, thirc &n chin nudi 1én men dé xtr Iy sinh hoc. Theo mét sé phuong an, enzym
hiru dung cho qué trinh 1én men bao gdm alpha amylaza, proteaza, pullulanaza,
isoamylaza, xenlulaza, hemixenlulaza, xylanaza, xyclodextrin glycotransferaza, lipaza,
phytaza, laccaza, oxidaza, esteraza, cutinaza, enzym thily phan bot nghién hat va

glucoamylaza khac.

Enzym lam thodi héa polysacarit bao gdm: enzym lam thoai héa tinh bot
ching han nhu a-amylaza (EC 3.2.1.1), glucuronidaza (E.C. 3.2.1.131); exo-1,4-a-D
glucanaza ching han nhu amyloglucosidaza va glucoamylaza (EC 3.2.1.3), p-amylaza
(EC 3.2.1.2), a-glucosidaza (EC 3.2.1.20), va cic exo-amylaza khac; enzym cét nhanh
tinh bot, ching han nhu a) isoamylaza (EC 3.2.1.68), pullulanaza (EC 3.2.1.41), va
dang twong tu; b) xenlulaza ching han nhu exo-1,4-3-cellobiohydrolaza (EC 3.2.1.91),
exo-1,3-B-D-glucanaza (EC 3.2.1.39), B-glucosidaza (EC 3.2.1.21); c¢) L-arabinaza,
ching han nhu endo-1,5—0~L-arabinaza (EC 3.2.1.99), o-arabinosidaza (EC 3.2.1.55)
va dang twong tu; d) galactanaza ching han nhu endo-1,4-p-D-galactanaza (EC
3.2.1.89), endo-1,3-B-D-galactanaza (EC 3.2.1.90), a-galactosidaza (EC 3.2.1.22), B-
galactosidaza (EC 3.2.1.23) va dang tuong tu; ¢) mannanaza, chang han nhu endo-1,4-
B-D-mannanaza (EC 3.2.1.78), B-mannosidaza (EC 3.2.1.25), a-mannosidaza (EC
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3.2.1.24) va dang twong tu; f) xylanaza, ching han nhu endo-1,4-B-xylanaza (EC
3.2.1.8), B-D-xylosidaza (EC 3.2.1.37), 1,3-p-D-xylanaza, va dang tuong tu; va g)
enzym khac ching han nhu o-L-fucosidaza (EC 3.2.1.51), a-L-rhamnosidaza (EC
3.2.1.40), levanaza (EC 3.2.1.65), inulanaza (EC 3.2.1.7), va dang tuong tu. Theo mot
phuong 4n, o-amylaza 1a o-amylaza tbng hop, Amy797E, dugc mo ta trong Bang

Sang Ché My S6 8,093,453, dugc két hop trong ban mé ta nay dé tham khao toan bo.

Céc enzym khac ma c6 thé duoc sir dung theo sang ché bao gém proteaza, nhur
proteaza nim va vi khuan. Proteaza ndm bao gdm, nhung khong gi6i han &, loai thu
dugc tudspergillus, Trichoderma, Mucor va Rhizopus, nhu A. niger, A. awamori, A.
oryzae va M. miehei. Theo mot s6 phuong an, polypeptit theo sang ché c6 thé la
enzym cellobiohydrolaza (CBH) (EC 3.2.1.91). Theo m¢{t phuong &n, enzym
cellobiohydrolaza ¢ thé 13 CBH1 hoic CBH2.

Céac enzym khac hitu dung voi sang ché bao gém, nhung khong giéi han &,
hemixenlulaza, nhu mannaza va arabinofuranosidaza (EC 3.2.1.55); ligninaza; lipaza
(vidy, E.C. 3.1.1.3), glucoza oxidaza, pectinaza, xylanaza, transglucosidaza, alpha 1,6
glucosidaza (vi du, E.C. 3.2.1.20); esteraza nhu axit ferulic esteraza (EC 3.1.1.73) va
axetyl xylan esteraza (EC 3.1.1.72); va cutinaza (vi du E.C. 3.1.1.74).

Céc phan tir ARN soi kép hitu dung v6i sang ché bao gém, nhung khéng giéi
han & cac phan tir ARN s¢i kép ma kim hdm gen con trung dich. Nhu dugc sir dung
trong ban mo ta nay céac tir "sy kim hdm gen", khi dung cung nhau, duoc du dinh la
dung dé chi phuong phap bét ky trong s6 cac phuong phéap da biét rd dé lam giam ham
luong ctia protein dugc tao ra la két qua cda su phién ma gen thanh mARN va su dich
ma tiép theo cia mARN. Sy kim ham gen ciing duge du dinh c6 nghia 1a sy giam di
ctia su biéu hién protein tir gen hodc trinh ty ma hda bao gém su kim ham gen sau dich
mé va sy kim ham phién ma. Su kim hdm gen sau dich ma duoc diéu hoa qua trung
gian sy tuong dong gitra tit ca hodc mot phan cia mARN dugc phién mi tir gen hodc
trinh tw mé héa duoc nhim dich dé kim ham va ARN soi kép twong ting dugc dung dé
kim ham, va ding dé chi su giam dang ké va c6 thé do duoc ctia lwong mARN sin c6
trong t& bao dé lién két bsi ribosom. ARN duoc phién mi c6 thé theo hudng c6 nghia
d& anh hudng dén cai goi 1a sy ddng kim ham, theo hudéng dbi nghia dé anh huong dén

cai goi 1a sy kim ham ddi nghia, hodc theo ca hai huéng tao ra dSARN dé anh huong
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dén cai goi 1a su can tr& ARN (ARNi). Su kim hdm phién ma duoc diéu hoa qua trung
gian su c6 mét trong té bao ctia dsARN, tac nhan kim him gen, thé hién do tuong déng
trinh tu dang ké dbi véi trinh ty ADN ving khoi dong hodic phin bd sung cia ching dé
anh huéng dén cai goi 14 sw kim him qua viing khéi dong. Su kim ham gen c6 thé hitu
hidu chéng lai gen cdy trong tu nhién c6 lién quan dén tinh trang, vi du nhu, dé tao ra
cay trong thuc vat c6 ham luong giam ciia protein duge ma hoa boi gen tu nhién nay
hodc c6 ham lugng dugc ting cuong hoac duge giam di cua chét chuyén hoa bi anh
hudéng. Su kim ham gen ciing c6 thé hiru hiéu chdng lai gen dich & loai gay hai thuc
vat ma c6 thé an hodc tiép xuic nguyén liéu cdy trdng c¢6 chira tic nhan kim ham gen,
duoc thiét ké dic hiu dé uc ché hodc kim him sy biéu hién cta mot hodc nhiéu trinh
tu tuong déng hoic trinh tu bd sung trong té bao cua loai gay hai. Gen duogc nhim dich
dé kim hamnay c6 thé ma hoa cho protein thiét yéu, chuc nang da duoc du doan ma
duoc chon tir nhém gdm ¢6 sy tao thanh co, su tao thanh hormon kich sau non, su diéu
hoa hormon kich sau non, su diéu hoa va van chuyén ion, sy tong hop enzym tiéu héa,
su duy tri dién thé mang té bao, sinh téng hop axit amin, sy thodi héa axit amin, su tao
thanh tinh trung, sy téng hop pheromon, su thu cam pheromon, su tao thanh anten, su
tao thanh canh, su tao thanh chan, sy phat trién va su biét hoa, sy tao thanh trimg, su
truéng thanh du tring, su tao thanh enzym tiéu hoa, sy téng hop mau (haemolymph),
su duy tri mau (haemolymph), sw din truyén than kinh, su phan chia té bao, su chuyén

héa ning luong, su hd hip, va su chét theo chwong trinh.

Theo mot s6 phuong 4n, sang ché dé xut té bao chii chuyén gen khong phai
clia nguoi chira polynucleotit, phan tir axit nucleic, gen kham, bang catxet biéu hién
hodc vecto tai t hop theo sang ché. Té bao chil chuyén gen khong phai clia ngudi co
thé bao gdm, nhung khéng gioi han &, t& bao ctia cdy, t& bao ndm men, t& bao vi khuin
hodc té bao con trung. Theo do, theo mot sb phuong 4n, sang ché dé xudt té bao vi
khuén duoc chon tir cac chi Bacillus, Brevibacillus, Clostridium, Xenorhabdus,
Photorhabdus, Pasteuria, Escherichia, Pseudomonas, Erwinia, Serratia, Klebsiella,
Salmonella, Pasteurella, Xanthomonas, Streptomyces, Rhizobium,
Rhodopseudomonas, Methylophilius, Agrobacterium, Acetobacter, Lactobacillus,
Arthrobacter, Azotobacter, Leuconostoc, hodc Alcaligenes. Do do, vi du, dé lam cac
tac nhan kiém soat con tring sinh hoc, protein Cry theo sang ché c6 thé dugc tao ra

bang cach biéu hién gen kham mi héa cho protein Cry theo sang ché & t& bao vi
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khuan. Vi dy, theo mot s6 phuong an, sang ché dé xuat té bao Bacillusthuringiensis co

chtra gen kham theo sang ché.

Theo phuong an khac, sang ché dé xuét té bao ciy trong chuyén gen ma la té
bao ciy hai 14 mdm hoic t& bao cdy mot 14 mam. Theo cac phuong an bd sung, t bao
ctia cay hai 14 mam duoc chon tir nhom bao gdm té bao ciy dau tuong, t& bao hudng
duong, t bao ciy ca chua, t& bao cdy cai diu, té bao cay bong, té bao cay cu cai dudong
va té bao cay thudc 14. Theo cac phuong 4n khac nita, t& bao mot 14 mam duogc chon tir
nhém bao gdm té bao cdy lua mach, té bao ciy ngd, t& bao ciy yén mach, té bao cay
lta, té bao cdy lua mién, t& bao ciy mia dudong va té bao cay lua my. Theo mét s6
phuong 4n, sang ché dé& xuat mot sé luong cac té bao hai 14 mdm hodc t bao mot 1a
mam biéu hién protein Cry theo sang ché ma duwoc md héa bdi gen kham theo sang
ché. Theo céc phuong an khéc nhiéu trong sb cac té bao duoc dé canh dé tao ra con
dudng vo bao va phat trién dudi 4nh sang mit troi tu nhién.

Theo phuong 4n khic theo sang ché, protein diét con tring Cry theo sing ché
duoc biéu hién ¢ sinh vat bac cao, vi duy, thuc vat. Trong trudong hop nay, ciy trong
chuyén gen biéu hién lugng hitu hi€u ctia protein di€t con trung bao v€ ban than ching
khéi loai gy hai thuc vat chang han nhu con tring gy hai. Khi con trung bit diu dn
trén cdy tréng chuyén gen nay, né an protein diét con tring Cry di duoc bidu hién.
Piéu nay co6 thé ngan can con trang khoi hat thém vao mo ciy tréng hodc c6 thé con
gdy hai hodc giét con tring. Polynucleotit theo sang ché duoc chén vao bang catxet
biéu hién, ma sau dé duoc tich hop 4n dinh trong hé gen cta cdy. Theo phuong an
khac, polynucleotit duge bao gém trong virut tw sao chép khong giy bénh. Cay duogc
bién nap theo sang ché c6 thé 1a cdy mot 14 mam hodc cdy hai 14 madm va bao gbm,
nhung khong gidi han 0, bép (ngd), dau tuong, lua, lta my, Ita mach, lua mach den,
yén mach, lGa mién, cay ké, hudng duong, cdy rum, cu cai duong, bong, mia duong,
cay hat cai dAu, ¢o linh lang, thudc 14, lac, rau, bao gém, khoai lang, dau, dau Ha Lan,
rau diép Xx0an, rau diép, bép cai, cai hoa, sup lo, cay cu cai tron, ca rdt, ca tim, dua
chudt, cu cai, rau bina, khoai tdy, ca chua, mang tay, hanh, téi, dua, hat tiéu, cAn tay,
bi, bi ngod, bi ngoi, qua, bao gém, tdo, 1&, mdc qua, man, anh dao, dao, xuan dao, mo,
dau tay, nho, mam x&i, dau, d@a, bo, du du, xoai, chudi, va cay chuyén nganh, nhu
Arabidopsis, va cdy gb nhu cdy 14 kim va cay 14 ban. Tét hon 13, ciy trong theo sang

che la cay trong nhu ngd, lta mién, lia my, hudng duong, ca chua, cay ho cai, hat tiéu,
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khoai tay, bong, laa, ddu tuong, cu cai duong, mia duong, thudc 14, la mach, cdy hat

cai dau, va tuong tu.

Mot khi polynucleotit mong mudn duge bién nap vao loai thyc vat cu thé, co
thé nhan gidng loai nay hodc chuyén thanh cac dang khéc cua loai twong tu, cu thé 1a

bao gém cac dang kinh doanh duogc, sir dung céc k¥ thuat sinh san truyén théng.

Polynucleotit theo sang ché dugc biéu hién & cdy trong chuyén gen, do d6 gay
ra su sinh téng hop cua protein Cry tuong Gmg, & dang tién doc t6 hodc doc td trudng
thanh, trong cy trong chuyén gen. Bing cach ndy, cdy trong chuyén gen c6 su bao vé
nang suét duoc ting cuong voi sy c6 mat cda ap luc con trung dugc tao ra. DPéi véi
biéu hién ctia chung trong cdy tréng chuyén gen, trinh tu nucleotit theo sang ché c¢6 thé
cin bién dbi va tdi uu héa. Mic du trong nhidu truong hop gen vi tring c6 thé duogc
biéu hién & cdy & cac mirc cao ma khong can bién doi, biéu hién thap trong ciy trong
chuyén gen c6 thé tao ra tir trinh tu nucleotit cta vi khudn c¢6 bd ba ma héa ma khong
dugc wu tién trong ciy trong. D3 biét trong linh vuc rang cac sinh vat sdng c¢6 cac uu
tién cu thé dbi vai viée sitr dung bo ba ma hoa, va bd ba ma hoéa cua cac trinh tu
nucleotit dugc mé ta trong sang ché c6 thé dugc thay dbi dé thich hop véi wu tién cua
cdy, trong khi van gift cac axit amin duoc ma héa nhd d6. Hon nita, biéu hién cao &
cdy, vi du cdy ngd, tot nhat thu duoc tir cc trinh tu ma héa ma c6 ham luong GC it
nhét khoang 35%, hodc it nhét khoang 45%, hodc it nhét khoang 50%, hodc it nhét
khoang 60%. Trinh tu nucleotit ctia vi khuan ma c6 ham lugng GC thép c6 thé biéu
hién ngh¢o nan & cay do su tdn tai cua mo tip ATTTA ma co thé 1am bat én dinh cac
thong tin, va cic md tip AATAAA ma c6 thé tao ra su polyadenyl héa khong thich
hop. Mic dit mét sd cac trinh tu gen nhét dinh c6 thé duoc biéu hién mét cach thich
hop trong ca cac loai cdy mot 14 mam va hai 14 mam, céc trinh tu ¢ thé duoc bién dbi
dé tinh cho céc vu tién bd ba ma hoa cu thé va vu tién ham luong GC ciia cAy mot 1a
mam hoic cay hai 14 mam nhu cac wu tién nay da duoc thé hién dé phén biét (Murray
et al. Nucl. Acids Res. 17:477-498 (1989)). Ngoai ra, trinh tu nucleotit dugc sang loc
dbi voi su tdn tai ctia cac vi tri nbi khong hop 16 ma c6 thé gay ra cit cut thong tin. TAt
ca cac thay ddi can duoc thuc hién trong cac trinh ty nucleotit nhu céc trinh tu duoc
mo ta & trén dugc thuc hién béng cach st dung cac k¥ thuat da biét vé gay dot bién
huéng diém, PCR, va xdy dung gen tong hop bang cach st dung phuong phip duge
md ta vi du trong Bing Sang Ché M¥ S6 5,625,136; 5,500,365 va 6,013,523,
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Theo mét sd phuong an, sang ché dé xuat cac trinh tyr hodc polynucleotit ma
hoa téng hop duoc tao ra theo quy trinh duoc boc 16 trong Bing Sang Ché My sd
5,625,136, duoc két hop & ddy bang cach vién dan. Trong quy trinh nay, bo ba ma hoa
dugc uu tién cia ngd, tuc 1a, bd ba md hdéa don ma ma hoéa thuong xuyén nhét axit
amin 0 ngo, duoc st dung. BO ba ma hda duge vu tién cia ngod cho axit amin cu thé c6
thé duoc dan xudt, vi dy, tir cc trinh tuw gen d biét tir ngd. Vi du, viéc st dung bo ba
mi héa cua ngd cho 28 gen tir ciy ngd dugc tim thiy trong Murray et al., Nucleic
Acids Research 17:477-498 (1989), ndi dung cta n6é dugc két hop & day bang cach
vién dan. Trinh tu téng hop duogc léy lam vi du dac biét theo sang ché dugc thuc hién
v6i duoc tdi vu hoa bo ba mé hoa cua ngod dugc dai dién baoi trinh tu bét ky trong )
céc SEQ ID NO: 4-9. P4 nhan ra rang cic duoc t6i uu héa bd ba ma hoéa dé biéu hién
& mot loai thyc vat cling s€ ¢ chlic nang & loai thuc vat khac nhung co thé khong &
cung muc do nhu loai thuc vat ma cac bo ba ma hoa da duoc tdi wu héa cho nod. Theo
cach nay, trinh tu nucleotit cé thé duoc tdi wu dé biéu hién & cay bat ky. Hiéu réng tat
c4 hodc mot phan bt ky cta trinh ty nucleotit c6 thé duoc t6i vu hoa hodc téng hop.
Trc 1a, polynucleotit c6 thé c6 chira trinh tu nucleotit ma 13 trinh tu tu nhién mot phén

va trinh tu dugc t6i vu héa bo ba ma hoa mot phan.

Dé khoi du dich ma hiéu qud, céc trinh tu 1ién k& v6i methionin c6 thé can
bién d6i. Vi du, ching c6 thé dugc bién dbi bang cach gdp vao cac trinh tu di biét 1a
c6 hiéu qua trong thuc vat. Joshi da dé xuét trinh tu lién ung thich hop dbi véi thue vat
(NAR 15:6643-6653 (1987)) va Clonetech dé xuat chit khoi dau dich ma lién tng
khac (danh muc 1993/1994, trang 210). Cac trinh ty lién Gmg nay thich hop dé dung
Vi cac trinh tu nucleotit theo sang ché. Cac trinh tu dugc két hop vao céc cu tric bao
gbm trinh ty nucleotit, 1én dén va bao gdm ATG (trong khi bé axit amin thit hai khong
duogc bién d6i), hodc tuy v 1én dén va bao gdm GTC sau ATG (v6i kha ning thay doi

axit amin tht hai cia gen chuyén).

Céc trinh tu ma hoa cho protein Cry méi theo sang ché, dudi dang trinh tur tu
nhién cua chung hodc dudi dang trinh tu téng hop nhu dugc mo ta & trén, co thé dugc
dung hop c6 diéu khién véi nhiéu ving khéi dong dé biéu hién & thuc vat bao gdm cac
vung khoi dong cAu trac, cam ung, dugc diéu hoa tam thoi, duge diéu hoa tién trién,
duoe didu hoa hoa hoc, wu tién md va dic hibu mo dé diéu ché phan tir ADN tai to

hop, tic 1a, gen kham. Viéc lua chon vung khéi dong sé€ thay dbi tuy thudc vao yéu

-46-



31196

cau thoi gian va khong gian, va con tuy thudc vao loai dich. Do dd, su biéu hién cta
trinh ty nucleotit theo sang ché 14, & cuéng hodc than, & bong, & cum hoa (vi du nhu
chiim, chuy, 18i, v.v.), & 1&, hodc cay con duoc wu tién. Trong nhiéu trudng hop, tuy
nhién, doi hoi bao vé chéng lai nhiéu hon mot loai con trung gay hai, va do do biéu
hién trong nhiéu mod 14 can thiét. Mic di nhidu ving khoi dong tir cac cdy hai 14 mam
da thé hién hoat dong trong cac cidy mot 14 mam va nguoc lai, Iy tudng 1a cac ving
khoi dong cua cay hai la mam duogc chon dé biéu hién trong cay hai 14 mam va cac
vung khaoi dong cia cdy mot 14 mam dé biéu hién trong cdy mdt 14 mam. Tuy nhién,
khoéng c6 han ché dbi voi ngudn gde cua ving khéi dong duge chon; chi can ching
hoat dong trong viéc dan hudng biéu hién cta trinh tu nucleotit trong té bao mong

muon.

Céc ving khoi dong ciu triic thich hop bao gém, vi du, viing khoi dong CaMV
35S (SEQ ID NO:1546; Odell et al., Nature 313:810-812, 1985); vung khdi dong
Arabidopsis At6669 (SEQ ID NO:1652; xem Céng B6 PCT S6 W004081173A2); Ubi
1 & ng6 (Christensen et al., Plant Mol. Biol. 18:675-689, 1992); actin ¢ lta (McElroy
et al., Plant Cell 2:163-171, 1990); pEMU (Last et al., Theor. Appl. Genet. 81:581-
588, 1991); CaMV 19S (Nilsson et al., Physiol. Plant 100:456-462, 1997); GOS2 (de
Pater et al., Plant J November; 2(6):837-44, 1992); ubiquitin (Christensen et al., Plant
Mol. Biol. 18: 675-689, 1992); xyclophilin ¢ lua (Bucholz et al., Plant Mol Biol.
25(5):837-43, 1994); histon H3 ng6 (Lepetit et al., Mol. Gen. Genet. 231: 276-285,
1992); Actin 2 (An et al., Plant J. 10(1);107-121, 1996), vung khéi dong CT2 dinh ré
céu tric (SEQ ID NO:1535; ciing xem Cong bd PCT Sé IL/2005/000627) va Super
MAS Téng hop (Ni et al., The Plant Journal 7: 661-76, 1995). Cac viing khéi dong cdu
tric khac bao gdm cac ving khoi dong trong Biang Sang Ché M§ S6 5,659,026,
5,608,149; 5,608,144; 5,604,121; 5,569,597: 5,466,785; 5,399,680; 5,268,463; va
5,608,142.Molec. Biol.

Vung khéi dong dédc hiéu md hodc uvu tién mé hiru dung dé biéu hién trinh tu
ma hoa protein cry méi theo sang ché & cay trong, cu thé 1a ngd, 1a cac loai ma dinh
hudng sy biéu hién & 1&, rudt cdy, 14 hoic phén hoa. Céac vung khoi dong dac hi€u mo
thich hop bao gdm, nhung khong gidi han &, cac ving khoi dong dic hiéu 1a [ching
han nhu duge mo ta, vi du, boi Yamamoto et al., Plant J. 12:255-265, 1997; Kwon et
al., Plant Physiol. 105:357-67, 1994; Yamamoto et al., Plant Cell Physiol. 35:773-778,
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1994; Gotor et al., Plant J. 3:509-18, 1993; Orozco et al., Plant Mol. Biol. 23:1129-
1138, 1993; va Matsuoka et al., Proc. Natl. Acad. Sci. USA 90:9586-9590, 1993], cac
vung khoi dong uu tién hat [vi du nhu, tir gen dac hi€u hat (Simon, et al., Plant Mol.
Biol. 5. 191, 1985; Scofield, et al., J. Biol. Chem. 262: 12202, 1987; Baszczynski, et
al., Plant Mol. Biol. 14: 633, 1990), Brazil Nut albumin (Pearson' et al., Plant Mol.
Biol. 18: 235-245, 1992), legumin (Ellis, et al. Plant Mol. Biol. 10: 203-214, 1988),
Glutelin (rice) (Takaiwa, et al., Mol. Gen. Genet. 208: 15-22, 1986; Takaiwa, et al.,
FEBS Letts. 221: 43-47, 1987), Zein (Matzke et al., Plant Mol Biol, 143).323-32
1990), napA (Stalberg, et al., Planta 199: 515-519, 1996), SPA Lua my (Albanietal,
Plant Cell, 9: 171-184, 1997), oleosin hudéng duong (Cummins, etal., Plant Mol. Biol.
19: 873-876, 1992)], cac vung khdi dong dac hi€u ndi nhii [vi du nhu, LMW va HMW
lta my, glutenin-1 (Mol Gen Genet 216:81-90, 1989; NAR 17:461-2), a, b va g gliadin
lta my (EMB03:1409-15, 1984), ving khdi dong Itrl 1aa mach, B1, C, D hordein lua
mach (Theor Appl Gen 98:1253-62, 1999; Plant J 4:343-55, 1993; Mol Gen Genet
250:750-60, 1996), Barley DOF (Mena et al., The Plant Journal, 116(1): 53-62, 1998),
Biz2 (EP99106056.7), Ving khoi dong téng hop (Vicente-Carbajosa et al., Plant J. 13:
629-640, 1998), prolamin NRP33 Iua, globulin Iia Glb-1 (Wu et al., Plant Cell
Physiology 39(8) 885-889, 1998), alpha-globulin lta REB/OHP-1 (Nakase et al. Plant
Mol. Biol. 33: 513-S22, 1997), ADP-glucoza PP lda (Trans Res 6:157-68, 1997), ho
gen ESR ngo6 (Plant J 12:235-46, 1997), gamma-kafirin lta mién (Plant Mol. Biol
32:1029-35, 1996)], cac vung khaoi dong déc hi€u phdi [vi du nhu, OSH1 laa (Sato et
al., Proc. Nati. Acad. Sci. USA, 93: 8117-8122), KNOX (Postma-Haarsma of al, Plant
Mol. Biol. 39:257-71, 1999), oleosin lta (Wu et at, J. Biochem., 123:386, 1998)], cac
vung khoi dong dic hié¢u hoa [vi du nhu, AtPRP4, chalene syntaza (chsA) (Van der
Meer, et al., Plant Mol. Biol. 15, 95-109, 1990), LATS52 (Twell et al., Mol. Gen Genet.
217:240-245; 1989), apetala-3, md sinh san thuc vat [vi du nhu, cac vung khdi dong
OsMADS (Pon Sang Ché M§ 2007/0006344)].

Trinh tu nucleotit theo sang ché con c6 thé duoc bidu hién dudi sy didu bién
ctia ving khoi dong ma la diéu bién hoa hoc. Piéu nay cho phép cic protein Cry theo
sang ché dugc tong hop chi khi cay trong duge xir 1y bang cac chat hoa hoc cam ting.

Cac vi du cta cong nghé cam ng hoa hoc cua bieéu hién gen nay dugc mo ta chi tiet
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trong cong b6 don EP 0 332 104 va Sang ché My s 5,614,395. Theo mot phuong én,

ving khéi dong diéu bién hoa hoc 14 ving khoi dong PR-1a ctia thude 14.

Nhém vung khéi dong khéc hiru dung theo sang ché 14 loai ma cam tng cudn.
Nhiéu vung khoi dong dd duge mo td ma duoc biéu hién tai vi tri cudn va ca & cac vi
tri nhiém bénh thuc vat. Ly tudng 14, ving khoi dong nay chi ¢ thé c6 hoat tinh cuc
bo tai vi tri con tring xAm chiém, va bing cach nay protein diét con tring chi xép
chdng trong céc t& bao cin tdng hop protein diét con triung dé diét loai con trung gay
hai xdm chiém. Vi du vé cac ving khéi dong thudc loai ndy bao gdbm cic vung khoi
dong duoc mo ta bdi Stanford et al. Mol. Gen. Genet. 215:200-208 (1989), Xu ef al.
Plant Molec. Biol. 22:573-588 (1993), Logemann ef al. Plant Cell 1:151-158 (1989),
Rohrmeier & Lehle, Plant Molec. Biol. 22:783-792 (1993), Firek et al. Plant Molec.
Biol. 22:129-142 (1993), va Warner et al. Plant J. 3:191-201 (1993).

Vi du khéng lam gi6i han sdng ché vé cac ving khoi dong ma tao ra cac mau
biéu hién dic hiéu m6 ma hitu dung trong sang ché bao gdém dic hiéu m6 mau xanh,
dic hiéu ré, dic hidu than, hoic dic hiéu hoa. Cac ving khoi dong thich hop dé biéu
hién trong mé mau xanh bao gdm nhiéu gen diéu chinh lién quan dén quang téng hop
va nhiéu viing khéi dong duoc nhan ban tir ca hai loai cdy mot 14 mam va cay hai la
mam. Mot ving khoi dong nhu vdy la ving khoi dong PEPC & ngd to gen
phosphoenol carboxylaza (Hudspeth & Grula, Plant Molec. Biol. 12:579-589 (1989)).
Ving khoi dong khéc dé biéu hién dic higu ré 1a loai dugc mé ta boi de Framond
(FEBS 290:103-106 (1991) hoic Bang Sang Ché My S6 5,466,785). Ving khoi dong
khac hiru dung theo sang ché 1 ving khai dong dic hidu than duge mo ta trong Bing
Séng Ché My S6 5,625,136, ma dan huéng mot cach tu nhién sy biéu hién cta gen

trpA cluia ngo.

Bén canh vi¢c Iya chon vung khai ddng thich hop, cac cAu trac dé biéu hién
doc t6 diét con trung & cdy trong can trinh tur két thiic phién ma thich hop dé lién két
¢6 diéu khién xudi dong cua trinh tu nucleotit khac loai. Mot sb trinh tu két thuc 1a da
¢ va la da biét trong linh vuc (vi du tml tir CaMV, E9 tir rbcS). Trinh tu két thuc bat
ky hién c6 di biét 1a c6 chiic ning trong thuc vat ¢6 thé dugc st dung trong ngit canh

cua sang che.
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Nhiéu trinh tu khac c¢6 thé duoc két hop vao bang cé thé biéu hién mé ta trong
sang ché. Céc trinh ty nay bao gdm cac trinh tu thé hién ting cudong biéu hién nhu cac
trinh tu intron (vi du tir Adhl va bronzel) va trinh tu din dit vi rat (vi du tt TMV,
MCMYV va AMV).

C6 thé vu tién 12 nhim dich biéu hién trinh ty nucleotit theo sdng ché dén dinh
vi t& bao khac nhau trong cy trong. Trong mdt s truong hop, su dinh vi trong xytosol
c¢6 thé mong mudn, trong khi d6 trong cic trudng hop khéc, su dinh vi trong mot s6
hat co quan dudi muc té bao c6 thé duoc wu tién. Co chét bt ky dé nhdm dich san
phém gen, vi du, & cdy, co thé dugc dung dé thuc hién sang ché, va cac co ché nay
dugc biét 1a tdn tai & cdy va céc trinh ty kiém soat chiic ning cla cic co ché nay da
duoc mé ta cu thé & mirc ndo d6. Céc trinh tu ndy da duge xac dinh dic diém ma gay
ra su nhim dich cta san phém gen vao cac khoang té bao khac. Céc trinh tu dau tan
cung amino ¢o thé chiu trach nhiém ddi v&i viéc nhim dich protein dugc quan tdm vao
khoang té bao bat ky, chéng han nhu, khong bao, ty thé, peroxisom, thé protein, ludi
ndi chat, luc lap, hat tinh bét, lap bdt, con dudng vé bao hoidc thanh té bao cua thuc vat
(vi du nhu Unger et. al. Plant Molec. Biol. 13: 411-418 (1989); Rogers et. al. (1985)
Proc. Natl. Acad. Sci. USA 82: 6512-651; Bing Sang Ché My S 7,102,057; WO
2005/096704, tit ca chung dugc két hop tai day bang cach vién din. Mot cach tuy ¥,
trinh tu tin hiéu c6 thé 12 trinh ty tin hiéu d4u tdn cing N tir sap, trinh tu tin hiéu dau
tan cung N tir gamma-zein, mién lién két tinh bot, mién lién két tinh bot du tin cung
C, trinh ty nhim dich luc lap, ma nhap protein trudong thanh vao luc lap (Comai et. al.
(1988) J. Biol. Chem. 263: 15104-15109; van den Broeck, et. al. (1985) Nature 313:
358-363; Bing Sang Ché M¥ Sb 5,639,949) hodc trinh tur tin hiéu tiét tir té bao aloron
(Koehler & Ho, Plant Cell 2: 769-783 (1990)). Ngoai ra, cac trinh tu ddu tan cling
amino két hop vai cac trinh tu dau tan cung carboxy chiu trach nhiém dbi voi viee
nhim dich khong bio ctia san phim gen (Shinshi et. al. (1990) Plant Molec. Biol. 14:
357-368). Theo mot phuong an, trinh ty tin hi¢u dugc chon bao gém diém phan cat da
biét, va dung hop duoc cau tric xét dén cac axit amin bét ky sau (cac) vi tri phan cit
ma cin cho phan cit. Trong mét sb trrong hop yéu cu niy c6 thé duge thoa min bang
cach bd sung sb lwong nho cac axit amin gitta vi tri phan cit va ATG gen chuyén hoc,

tiy v, thay ddi vi trf cia mot sé axit amin trong trinh tur gen chuyén. K§ thuat cau tric
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nay 1a da biét trong linh vuc va ¢ thé 4p dung tuong duong cho cac ngan té bao bt
ky.

S& hiéu rang cac co ché duge mé ta ¢ trén dé nhdm dich té bao c6 thé dugc st
dung khéng chi ciing véi ving khéi dong cling ngudn cia ching, ma con clung voi
vung khéi ddng khac loais sao cho anh hudng dén muc tiéu nhdm dich t& bao cu thé
dudi su diéu bién phién ma ctia ving khoi dong ma c6 miu biéu hién khac cia ving
khoi dong tir d6 tao ra tin hiéu nham dich.

Bién nap cay trong

Quy trinh dé bién nap ciy trong 14 di biét va quen thudc trong linh vuc va
dugc md ta qua céc tai liu tham khao. Vi du khong lam giéi han sang ché vé phuong
phap dé bién nap cay tréng bao gdm sy bién nap théng qua su chuyén axit nucleic qua
trung gian vi khudn (vi du, théng qua Agrobacterium), su chuyén axit nucleic qua
trung gian virut, su chuyén axit nucleic qua trung gian soi tinh thé silic cacbua hodc
axit nucleic, sy chuyén axit nucleic qua trung gian liposom, vi tiém, ban vi hat, su bién
nap qua trung gian canxi-phosphat, sy bién nap qua trung gian xyclodextrin, duc 15
dién, su bién nap qua trung gian hat nano, siéu 4m, su tham nhiém, su hép thu axit
nucleic qua trung gian PEG, ciing nhu 13 cac co ché dién, héa, 1y (co hoc) hodc sinh
hoc khac bat ky ma gy ra sy dua axit nucleic vao trong t& bao cdy tréng, bao gém
dang két hop bit ky cua ching. Cac huéng din chung vé cic phuong phap bién nap
cay khac nhau la di biét trong linh vuc nay bao gdm Miki et al.. ("Procedures for
Introducing Foreign DNA into Plants" in Methods in Plant Molecular Biology and
Biotechnology, Glick, B. R. and Thompson, J. E., Eds. (CRC Press, Inc., Boca Raton,
1993), pages 67-88) va Rakowoczy-Trojanowska (Cell. Mol. Biol. Lett. 7:849-858
(2002)).

Dbi v6i su bién nap qua trung gian Agrobacterium, cic vat truyén hai ky hoic
vét truyén mang it nhit mot trinh tuy vién T-ADN thich hop, trong khi do dbi véi
chuyén gen truc tiép (vi du, ban hat va dang tuong tur) vét truyén bit ky 1a thich hop va
ADN théng chi chtra c4u tric quan tdm c6 thé dugc sir dung. Trong truong hop chuyén
gen truc tiép, bién nap voi cac loai ADN don hodc déng bién nap cé thé duoc stir dung
(Schocher et al., Biotechnology 4:1093- 1096 (1986)). Déi v6i ca chuyén gen truc tiép

va chuyén trung gian Agrobacterium, bién nap thuong (nhung khong nhét thiét) dugc
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hép thu v6i chit chi thi chon loc c¢6 thé 1a lwa chon duong (Phosphomanoza
Isomeraza), tao ra kha ndng khéng khang sinh (kanamyxin, hygromyxin hodc
methotrexat) hodc cht diét co (glyphosat hodc glufosinat). Tuy nhién, viéc lwa chon

chét chi thi chon loc khong thudc pham vi sang ché.

Su bién nap qua trung gian Agrobacterium 1a phuong phép thuong dugc st
dung dé bién nap thuc vat béi vi hiéu qua bién nap cao cua nd va bdi vi kha nang st
dung rong ctia n6 véi nhiéu loai khac nhau. Sy bién nap qua trung gian Agrobacterium
thuomg gdém c6 su chuyén cua vat truyén nhi thé mang ADN ngoai lai dugc quan tdm
vao ching Agrobacterium thich hgp ma ¢ thé phu thudc vao phan bd sung cua gen vir
dugc mang bai ching vat chi Agrobacterium trén plasmit Ti cu tri hodc trén nhiém
sdc thé (Uknes et al. (1993) Plant Cell 5:159-169). Viéc chuyén vat truyén nhi thé tai
t6 hop vao Agrobacterium c6 thé duge thyc hién biang quy trinh giao phdi ba bén st
dung Escherichia coli mang vit truyén nhi thé tai to hop, ching E. coli hd tro mang
plasmit ma c6 kha ning di chuyén vat truyén nhi thé tai t6 hop dén ching
Agrobacterium dich. Theo cach khac, vat truyén nhi thé tai t6 hop c6 thé duoc chuyén
vao Agrobacterium bing cach bién nap axit nucleic (Hofgen & Willmitzer (1988)
Nucleic Acids Res. 16:9877).

Cay hai 14 mam ciing nhu 13 cidy mot 14 mam c6 thé dugc bién nap bing cach
st dung Agrobacterium. Phuong phap bién nap qua trung gian Agrobacterium & lta
bao gdm céc phuong phap di biét dé bién nap lua, ching han nhu cac phuong phap
duoc md ta trong tai liéu bat ky trong sb cac tai liéu sau: don sang ché chau Au EP
1198985 A1, Aldemita and Hodges (Planta 199: 612-617, 1996); Chan et al. (Plant
Mol Biol 22 (3): 491-506, 1993), Hiei et al. (Plant J 6 (2): 271-282, 1994), ma ban bdc
16 dugc két hop & ddy dé tham khao nhur thé dugc néu dy di. Trong trudng hop bién
nap ngd, phuong phap dugc uu tién 1a phuong phap nhu duge mod ta trong tai liéu
Ishida et al. (Nat. Biotechnol 14(6): 745-50, 1996) hodc Frame et al. (Plant Physiol
129(1): 13-22, 2002), ma ban boc 16 duge két hop & ddy dé tham khao nhu thé duoc
néu day di. Phuong phap niay dugc mo ta thém béng cach lay vi du trong tai liéu B.
Jenes et al., Techniques for Gene Transfer, trong: Transgenic Plants, Vol. 1,
Engineering and Utilization, eds. S. D. Kung and R. Wu, Academic Press (1993) 128-
143 va trong tai liéu Potrykus Annu. Rev. Plant Physiol. Plant Molec. Biol. 42 (1991)

205-225). Axit nucleic hodc cu truc cin duoc biéu hién tdt hon 1a dugc tach dong vao
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vét truyén, ma thich hop dé bién nap Agrobacterium tumefaciens, vi du pBin19 (Bevan
et al., Nucl. Acids Res. 12 (1984) 8711). Agrobacteria duoc bién nap bang vat truyén
nay sau do cé thé duoc st dung theo phuong thirc da biét dé bién nap thuc vat, chéng
han nhu thuc vat ding 1dm mau, nhu Arabidopsis hodc ciy tréng ching han nhu, bing
cach 14y 1am vi du, ciy thudc 14, vi du bang cach nhung 14 da nghién tho hodc 1a da
bam trong dung dich agrobacteria va sau d6 nudi cdy chung trong méi truomg thich
hop. Su bién nap cua thuc vat béng phuong thirc Agrobacterium tumefaciens dugc mo
ta, vi du, bdi Hagen va Willmitzer trong tai li€u Nucl. Acid Res. (1988) 16, 9877 hoac
da biét khong ké nhiing cai khac tir F. F. White, Vectors for Gene Transfer in Higher
Plants; trong tai li¢u Transgenic Plants, Vol. 1, Engineering and Utilization, eds. S. D.

Kung and R. Wu, Academic Press, 1993, pp. 15-38.

Bién nap cua ciy bang Agrobacterium tai t6 hop thuong lién quan dén nudi
cly ddng thoi Agrobacterium véi cic cly mo tir cy trong va theo phuong phap di biét
trong linh vuc. M6 bién nap dugc tao ra trong moi trudng chon loc mang chét khéng

sinh hodc ddu khang thubc diét co gitra cac vién T-ADN lap thé hai ky.

Nhu duoc ban dén & trén, phuong phép khac dé bién nap cdy, bd phan ctia ciy
va té bao cua ciy lién quan dén viéc déy cac hat hoat tinh sinh hoc hodc tro & mo va té
bao cdy. Xem, vi du, Bing Sang Ché My sb 4,945,050; 5,036,006 va 5,100,792. Thong
thuong, phuong phap lién quan dén viéc dy cac hat hoat tinh sinh hoc hoic tro & té
bao cua cdy dudi cac diéu kién hiéu qua dé xam nhdp mat ngoai cla té bao va tao ra
két hop bén trong nd. Khi céc hat tro dugc st dung, vat truyén 6 thé duge dua vao té
bao bing cach phi cac hat bing cac vat truyén chira axit nucleic quan tam. Tuy y, té
bao hodc thé bao ¢ thé bao quanh béi vét truyén ma vét truyén duge mang vao té bao
béng cach theo hat. Cac hat hoat tinh sinh hoc (vi du, té bao nAm men khd, vi khuin
kho hoic vat an vi khudn, mdi hat chira mot hodc nhiéu axit nucleic cin dua vao) con

¢6 thé dugc day vao md cay trong.

Theo phuong &n khac, polynucleotit theo sang ché c6 thé duoc bién nap truc
tiép vao hé gen lap thé. Loi ich cht yéu cta bién nap lap thé 14 cac lap thé thuong co
kha nang biéu hidu gen vi khudn ma khong lam bién déi co ban, va céc lap thé c6 kha
nang biéu hiéu khung doc m& phuc dudi su kiém soat ciia vung khoi dong don. Cong
nghé bién nap lap thé duoc mo ta bao quat trong Bing Sang Ché My S6 5,451,513,
5,545,817, va 5,545,818, trong Cong bd PCT S6 WO 95/16783, va trong McBride et
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al. (1994) Proc. Nati. Acad. Sci. USA 91, 7301-7305. K¥ thut co s& dé bién nap lap
luc lién quan dén viéc dua cac mién ADN lap thé da tach dong gi6i han hai ddu mot
chét chi thi chon loc cung v4i gen quan tdm vao mo dich thich hop, vi dy, dung sing
ban gen hodc bién nap t& bao tran (nhu bién nap qua trung gian canxi clorua hodc
PEG). Cac mién gidi han hai dau 1-1,5kb, duoc goi 1a céc trinh tu dich, tao didu kién
cho tai t6 hop twong dong vai hé gen lap thé va do d6 cho phép thay thé hodc stra dbi
céc mién cu thé cta hé gen lap thé. Ban diu, cac d6t bién diém trong cac gen rARN va
rps12 16S luc lap mang lai tinh khang ddi voi spectinomyxin hodc streptomyxin ¢6 thé
dugc str dung lam chét chi thi chon loc d bién nap (Svab, Z., Hajdukiewicz, P., and
Maliga, P. (1990) Proc. Natl. Acad. Sci. USA 87, 8526-8530; Staub, J. M., and Maliga,
P. (1992) Plant Cell 4, 39-45). Su c6 mét céc vi tri tdch dong gilta cac chi thi nay cho
phép tao ra vat truyén dinh hudng lap thé dé dwa vao cac gen la (Staub, J.M., and
Maliga, P. (1993) EMBO J. 12, 601-606). Su ting lén déng ké & tin s6 bién nap c6 thé
dat dugc bang cach thay thé gen khang khang sinh rARN hodc r-protein lin bang chit
chi thi chon loc trdi, gen aadA vi khudn ma hoa cho enzym khtr doc spectinomyxin
aminoglycosit- 3'- adenyltransferaza (Svab, Z., and Maliga, P. (1993) Proc. Natl.
Acad. Sci. USA 90, 913-917). Trude day, chi thi nay duoc st dung thanh cong dé bién
nap tin suit cao ctia hé gen lap thé cua tdo xanh Chlamydomonas reinhardtii
(Goldschmidt-Clermont, M. (1991) Nucl. Acids Res. 19:4083-4089). Cac chét chi thi
chon loc khac httu dung cho bién nap lap thé da dugc biét trong linh vuc va bao gdbm
trong pham vi ctia sang ché. Thong thudng, can dén khoang 15-20 chu ky phan chia té
bao sau khi bién nap dé dat duge trang thai déng nhét. Biéu hién lap thé, ma trong do
céc gen duge chén boi téi td hop tuong ddng vao toan bd vai nghin ban sao ctia hé gen
lap thé vong c6 trong mdi t& bao cua cdy, loi dung sb luong rit 1én ban sao loi thé hon
cac gen duogc biéu hién trong nhan dé cho phép cac mirc biéu hién c6 thé dé dang vuot
qua 10% tdng protein & ciy trong hoa tan. Theo mot phuong an, polynucleotit theo
sang ché c6 thé duoc chén vao vat truyén dinh huéng lap thé va dugc bién nap vao hé
gen lap thé ctia vat chi thuc vat mong mudn. Do d6, thuc vat déng nhét ddi véi cac hé
gen lap thé chira trinh tu nucleotit ciia sang ché c6 thé thu dugc, ma c6 kha ning biéu

hién cao polynucleotit.

Phuong phéap chon loc dbi véi cdy trong, té bao cdy trong hodc mdi trudng

nudi cdy mé ciy trong duoc bién nap, chuyén gen 14 thong thuong trong linh vuc va ¢6
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thé dugc sir dung trong phuong phap theo sang ché duoc dé xut trong ban mo ta nay.
Vi du, vecto tai tb hop theo sang ché ciing c6 thé bao gdm bing catxet biéu hién co
chira trinh tu nucleotit d8i véi chat chi thi chon loc, ma c6 thé dugc sir dung dé chon
loc cdy trong, phin cdy trong hodc té bao ciy trdng dugc bién nap. Nhu dugc ding
trong ban mo ta nay, "chit chi thi chon loc" ¢6 nghia la trinh ty nucleotit ma khi duoc
biéu hién truyén kiéu hinh khac biét cho cay trong, phan cay trong hoic té bao ciy
trdng biéu hién chét chi thi va do d6 cho phép ciy trong, phan cdy tréng hodc té bao
cay trdng duoc bién nap nay duoc phan biét v6i cay trong, phan cdy tréng hoic té bao
ciy trong ma khong c6 chit chi thi. Trinh tu nucleotit c6 thé mi héa hodc 1a chit chi
thi chon loc hodc sang loc, phu thudc va chi diu tao ra dic diém c6 thé duoc chon loc
bang phuong phap hoéa hoc, nhu bang cach st dung chét chon loc (vi du, chat khang
sinh, chat diét ¢6, hodc twong tu), hodc lidu chi diu don gian 1a dic diém ma c6 thé xac
dinh théng qua viéc quan sat hodc thir, nhu bang cach sang loc (vi du, dic diém noi cu
tri R). Puong nhién, nhiéu vi du vé& chét chi thi chon loc thich hop 1a da biét trong linh

vuc va co thé dugce sir dung trong bang c6 the biéu hién mo ta ¢ day.

Vi du vé chit chi thi chon loc bao gém, nhung khong giéi han &, trinh tu
nucleotit md hoa cho neo hoic nptll, ma mang lai tinh khang déi v6i kanamyxin,
G418, va dang tuong tu (Potrykus et al. (1985) Mol. Gen. Genet. 199:183-188); trinh
tur nucleotit ma hoa cho bar, ma mang lai tinh khang d6i voi phosphinothrixin; trinh tur
nucleotit m3 hdéa cho 5-enolpyruvylshikimat-3-phosphat (EPSP) syntaza dugc thay
d6i, ma mang lai tinh khang d6i v6i glyphosat (Hinchee er al. (1988) Biotech. 6:915-
922); trinh tu nucleotit ma hoa cho nitrilaza chéng han nhu bxn tir Klebsiella ozaenae
ma mang lai tinh khang déi véi bromoxynil (Stalker et al. (1988) Science 242:419-
423); trinh ty nucleotit ma héa cho axetolactat syntaza (ALS) duoc thay d6i ma mang
lai tinh khang dbi voi imidazolinon, sulfonylure hoac hoa chét tc ché ALS khac (Pon
Sang Ché EP S6 154204); trinh tu nucleotit md héa cho dihydrofolat reductaza
(DHFR) khang methotrexat (Thillet ef al. (1988) J. Biol. Chem. 263:12500-12508);
trinh tu nucleotit md hoa cho dalapon dehalogenaza ma mang lai tinh khang dé6i véi
dalapon; trinh ty nucleotit m& hoa cho manoza-6-phosphat isomeraza (con duge goi la
phosphomanoza isomeraza (PMI)) ma mang lai kha ndng chuyén hoa manoza (Bing
Sang Ché My S& 5,767,378 va 5,994,629); trinh tu nucleotit md héa cho anthranilat
syntaza duoc thay d6i ma mang lai tinh khang d6i voi 5-metyl tryptophan; hoic trinh
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tu nucleotit ma hoa cho Aph ma mang lai tinh khang d6i voi hygromyxin. Nguoi ¢6
hiéu biét trung binh trong linh vuc c6 kha ning chon chét chi thi chon loc thich hop dé

ding trong bang catxet biéu hién ctia sang ché.

Céc chét chi thi chon loc bd sung bao gém, nhung khong gi6i han &, trinh tu
nucleotit ma hoa p-glucuronidaza hoic uidd (GUS) ma ma héa enzym ma céc nén chat
sinh mau khéc nhau cho ching 13 da biét; trinh tur nucleotit diém R ma ma héa san
phim ma diéu bién viéc tao ra chit nhum anthoxyanin (mau dé) trong md cdy trong
(Dellaporta et al., "Molecular cloning of the maize R-nj allele by transposon-tagging
with Ac" 263-282 trong: Chromosome Structure and Function: Impact of New
Concepts, 18th Stadler Genetics Symposium (Gustafson & Appels eds., Plenum Press
1988)); trinh tu nucleotit ma hoa cho B-lactamaza, enzym ma céac chit nén sinh mau
khéac nhau ddi véi chung da duogc biét dén (vi du nhw, PADAC, xephalosporin sinh
mau) (Sutcliffe (1978) Proc. Natl. Acad. Sci. USA 75:3737-3741); trinh tu nucleotit
mi hoa cho xy/E ma ma hda cho catechol dioxygenaza (Zukowsky et al. (1983) Proc.
Natl. Acad. Sci. USA 80:1101-1105); trinh tu nucleotit ma hoa cho tyrosinaza, enzym
cé kha nang oxy hoa tyrosin thanh DOPA va dopaquinon, ma dén luot né ngung tu dé
tao thanh melanin (Katz et al. (1983) J. Gen. Microbiol. 129:2703-2714); trinh tu
nucleotit ma héa cho B-galactosidaza, enzym ma c¢6 cac chit nén sinh mau déi v6i né;
trinh tu nucleotit ma hoa cho luxiferaza (lux) ma cho phép phéat hién sy phat quang
sinh hoc (Ow et al. (1986) Science 234:856-859); trinh tu nucleotit md hda cho
aequorin ma c6 thé dugc str dung trong su phat hién phat quang sinh hoc nhay cam véi
canxi (Prasher er al. (1985) Biochem. Biophys. Res. Comm. 126:1259-1268); hodc
trinh tu nucleotit mad héa cho protein huynh quang mau xanh 14 (Niedz et al. (1995)
Plant Cell Reports 14:403-406). Nguoi c6 hiéu biét trung binh trong linh vuc c6 kha
ning chon chét chi thi chon loc thich hop dé ding trong bang catxet biéu hién cua sang

ché.

Ngoai ra, nhu da biét rd trong linh vuc, cdy trdng chuyén gen nguyén ven co
thé duoc tai tao tir t& bao cdy trong, moi trudng nudi cdy mo cay trong hoic té bio tran
duge nudi cdy duge bién nap bing cach sir dung k¥ thuat bit ky trong nhiéu k§ thuét
da biét. Su tai tao cdy trdng tir té bao cay trong, moi truong nudi cdy mé ciy trong
hodc t& bao trn duoc nudi cdy duoge md ta, vi du, trong tai liéu Evans er al. (Handbook

of Plant Cell Cultures, Vol. 1, MacMilan Publishing Co. New York (1983)); va Vasil
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I. R. (ed.) (Cell Culture and Somatic Cell Genetics of Plants, Acad. Press, Orlando,
Vol. I(1984), va Vol. II (1986)).

Ngoai ra, ca dic diém di truyén duogc thiét ké cho hat va cay trong, phan cay
trong, hodc té bao cdy trdng chuyén gen theo sang ché duoc mé ta & trén c6 thé duogc
truyén bing cach sinh san hitu tinh hodc sinh truéng sinh dudng va do dé c6 thé dugce
duy tri va dugc nhan 1én & cdy trong con chau. Nhin chung, viéc duy tri va nhan giéng
lam viéc st dung céc phuong phap nong nghiép di biét phat trién dén muc dich cu thé

nhu thu hoach, gieo hat hoac cay btra.

Do d6 polynucleotit c6 thé duoc dua vao cay trong, phan ciy trong hoic té bao
cdy trong theo sd lugng cach bat ky ma da biét 16 trong linh vuc, nhu duge mo ta &
trén. Do d6, khong c6 phuong phép cu thé dé dua mét hodc nhiéu polynucleotit vao
cdy, ma c6 thé sir dung phuong phap bit ky ma cho phép mét hodc nhidu polynucleotit
duoc tich hop 6n dinh trong hé gen cua cdy. Khi hon mét polynucleotit duge dua vao,
polynucleotit twong g c6 thé duoc tap hop thanh mét phan cta phan tir axit nucleic
don, hodc phan tir axit nucleic riéng biét, va c6 thé ndm trén cac phan tir axit nucleic
gidng hodc khac nhau. Theo d6, polynucleotit ¢6 thé duge dua vao té bao quan tim
trong su kién bién nap don, trong su kién bién nap riéng r&, hoic, vi du, trong thuc vit,

la mot phan cua yéu td nhan gidng.

Céc phuong an khéc ctia sang ché bao gdm san phdm thu hoach duoc tao ra tir
cdy trong chuyén gen hodc phan cua chiing theo sang ché, ciing nhu 14 san phdm da
dugc xtr ly dugce tao ra tir san phém thu hoach. Cac san phém thu hoach c6 thé 1a téng
thé cdy hodc bd phan bét ky cta cay, nhu dugc mo6 td & day. Do do, theo mot sb
phuong an, cac vi du khdng gioi han cta san pham thu hoach bao gdm hat, qua, hoa
hodc bd phan cua ching (vi du, bao phin, nhuy, va tuong tu), 1a, than, va tuong tu.
Theo cac phuong an khéc, san pham xtr Iy bao gdm, nhung khong gidi han &, bot min,
bdt xay thd, dau, tinh bét, ngll cbe, va tuong tu dugc tao ra tir hat dugc thu hoach hodc
bd phén khéc cta cay theo sang ché, trong d6 hat nay hodc bd phan khac cua cay bao

gdm trinh ty phan tir axit nucleic/polynucleotit/nucleotit theo sang ché.

Theo phuong an khac, sing ché dé xuét chat chiét tir hat chuyén gen hoic ciy
trdng chuyén gen theo sang ché, trong d6 chat chiét c6 chira phan tir axit nucleic,

polynucleotit, trinh tu nucleotit hodc protein gay doc theo sang ché. Chiét xuat tir cdy
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hodc bg phén cua cay céd thé dugc lam theo cac quy trinh da biét trong linh vuc (Xem,
de la Torre et al., Food, Agric. Environ. 2(1):84-89 (2004); Guidet, Nucleic Acids Res.
22(9): 1772-1773 (1994); Lipton et al., Food Agric. Immun. 12:153-164 (2000)).

Ché pham diét con tring

Theo mdt s6 phuong 4n, sang ché dé xuit ché phdm diét con trung bao gdm
protein Cry theo sang ché trong chit mang nong dung. Nhu duge dung trong ban mo ta
nay "chat mang nong dung" ¢ thé bao gdm nguyén lidu hitu co hoic v6 co, tu nhién
hoac téng hop ma dugc két hop véi protein Cry hoat tinh dé 1am thuén loi cho viée ap
dung né cho hodc trong cay trong, hodc phan ciia chiing. Céac vi du cta chit mang
néng dung bao gém, khong gidi han, bot, bui, vién, hat, dich phun, nhii twong, chit
keo, va dung dich. Chit mang néng dung con bao gdm, nhung khong giéi han &, thanh
phﬁn tro, chét phan tan, chét hoat dong bé mit, t4 duoc, chit dinh, chat dan, chét lién
két, hoic cac két hop cua chung, ma c6 thé dugce st dung trong ché phdm ndng nghiép.
Céc ché phim nay c6 thé dugc 4p dung theo cach bat ky ma mang protein diét loai gay
hai hodc tic nhan kiém soat loai gy hai khéc tiép xtic voi loai gay hai. Theo do6, ché
phém c6 thé duoc ap dung 1én bé mat cua cay hoac bo phan cua cdy, bao g6m hat, 14,
hoa, than, cubng, &, va twong tu. Theo phuong an khic, cdy trdng san xuét protein Cry
theo sang ché & thuc vat la chat mang ding trong ndéng nghiép cua protein Cry duogc
biéu hién.

Theo phuong an khac, ché phdm diét con tring c6 chitra té bao vi khudn hodc
té bao vi khudn chuyén gen theo sang ché, trong d6 té bao vi khuén hoic té bao vi
khuan chuyén gen san xuét protein Cry theo sang ché. Ché phdm diét con tring nay c6
thé dugc didu ché bang cach lam mét nuée, 1am dong kho, ddng nhit hoa, chiét, loc, ly
tam, ling, hodc c¢6 moi trudng nudi cdy cta Bacillus thuringiensis (Bf). Moi trudng
nudi cdy Bt niy c6 thé duoc chon tir nhém cua cac ching Br gdbm c6 C0633, C0724,
C1100 dugc mo ta dudi dy trong cac Vi du hodc méi truong nudi ciy Bt chuyén gen.
Theo cac phuong 4n b6 sung, ché pham bao gdm tir khoang 1% dén khoang 99% theo

khdi lugng ctia protein Cry theo sang ché.

Protein Cry theo sang ché c6 thé dugc st dung két hop véi tac nhan kiém soat
loai gay hai khac dé 1am ting pham vi dich loai gdy hai hodc dé ngin ngira hodc quan

ly tinh khang cén tring. Do d6, theo mot sé phwong 4n, sang ché d& xuit ché phim ma
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kiém so4t mot hogc nhiéu loai gy hai cdy trong, trong d6 ché pham bao gdm protein
Cry thtr nhat theo sang ché va tac nhan kiém soat loai gdy hai thi hai khéc protein Cry
thi nhat. Theo cac phuong 4n khac, ché phim 14 ché pham dé 4p dung cuc bo cho cay
tréng. Theo cac phuong 4n khac nita, ché phim 1a cdy trong chuyén gen. Theo cic
phuong 4n khéc nita, ché pham 1a dang két hop ctia cac ché phdm duogc ap dung cuc bd
1én cay trdng chuyén gen. Theo mot sé phuong an, ché phdm cé chira protein Cry thir
nhit theo sang ché khi cdy trong chuyén gen c6 chura tac nhan kiém soat loai gy hai
thi hai. Theo phuong 4n khac, ché phdm c6 chira tic nhan kiém soat loai gay hai thir

hai khi cdy trong chuyén gen c6 chira protein Cry thir nhét theo sang ché.

Theo mdt sb phuong an, tic nhan kiém soat loai gdy hai thir hai c6 thé 1a tac
nhan dugc chon tir nhém gdm co chét diét loai giy hai hoa hoc, ching han nhu chét
diét con trung, protein di€t con trung Bacillus thuringiensis (Bf), protein di¢t con trung
Xenorhabdus, protein di€t con trung Photorhabdus, protein di€t cén trung
Brevibacillus laterosporus, protein diét con trung Bacillus sphaericus, chit (c ché
proteaza (ca loai serin va loai xystein), lectin, alpha -amylaza, peroxidaza, cholesterol

oxidaza va phan t&t ARN so¢i kép (dsARN).

Theo phuong an khac, tac nhan kiém soét loai gay hai thtr hai 12 chit diét loai
gay hai hoa hoc dugc chon tir nhom gém c6 pyrethroit, carbamat, neonicotinoit, chét
phong bé kénh natri thin kinh, lacton vong 16n diét con tring, chit dbi khang axit
gamma-aminobutyric (GABA), ure diét con trung va chit gia hormon kich séu non.
Theo phuong 4n khac, chét diét loai gy hai héa hoc dugc chon tir nhém gbém c6
abamectin, axephat, axetamiprid, amidoflumet (S-1955), avermectin, azadirachtin,
azinphos-metyl, bifenthrin, binfenazat, buprofezin, carbofuran, chlorfenapyr,
chlorfluazuron, chlorpyrifos, chlorpyrifos-metyl, chromafenozit, clothianidin,
xyfluthrin,  beta-xyfluthrin, xyhalothrin, = lambda-xyhalothrin,  xypermethrin,
xyromazin, deltamethrin, diafenthiuron, diazinon, diflubenzuron, dimethoat,
diofenolan, emamectin, endosulfan, esfenvalerat, ethiprol, fenothicarb, fenoxycarb,
fenpropathrin, fenproximat, fenvalerat, fipronil, flonicamid, fluxythrinat, tau-
fluvalinat,  flufenerim  (UR-50701), flufenoxuron, fonophos, halofenozit,
hexaflumuron, imidacloprid, indoxacarb, isofenphos, Iufenuron, malathion,
metaldehyt, methamidophos, methidathion, methomyl, methopren, methoxychlor,

monocrotophos, methoxyfenozit, nithiazin, novaluron, noviflumuron (XDE-007),
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oxamyl, parathion, parathion-metyl, permethrin, phorat, phosalon, phosmet,
phosphamidon, pirimicarb, profenofos, pymetrozin, pyridalyl, pyriproxyfen, rotenon,
spinosad, spiromesifin (BSN 2060), sulprofos, tebufenozit, teflubenzuron, tefluthrin,
terbufos, tetrachlorvinphos, thiacloprid, thiamethoxam, thiodicarb, thiosultap-natri,
tralomethrin, trichlorfon va tfiflumuron, aldicarb, oxamyl, fenamiphos, amitraz,
chinomethionat, clorobenzilat, xyhexatin, dicofol, dienochlor, etoxazol, fenazaquin,
fenbutatin oxit, fenpropathrin, fenpyroximat, hexythiazox, propargit, pyridaben va
tebufenpyrad. Theo phuong 4n khéc nita, chét diét loai gdy hai hoa hoc duge chon tir
nhém gdém cé xypermethrin, xyhalothrin, xyfluthrin va beta-xyfluthrin, esfenvalerat,
fenvalerat, tralomethrin, fenothicarb, methomyl, oxamyl, thiodicarb, clothianidin,
imidacloprid, thiacloprid, indoxacarb, spinosad, abamectin, avermectin, emamectin,
endosulfan, ethiprol, fipronil, flufenoxuron, triflumuron, diofenolan, pyriproxyfen,

pymetrozin va amitraz.

Theo cac phuong 4n bd sung, tac nhan kiém soat loai gy hai thir hai c6 thé 1a
mot hogc nhiéu trong sé bat ky cac protein diét con trung Bacillus thuringiensis bao
gbém nhung khong gi6i han & protein Cry, protein diét con trung sinh dudng (VIP) va
chét bat chudc diét con tring cua bét ky trong s6 cac protein diét con tring néu trén.
Theo phuong 4n khac, tic nhan kiém soat loai giy hai thir hai 1a protein Cry duoc
chon tir nhém gém c6 CrylAa, CrylAb, CrylAc, CrylAd, CrylAe, CrylAf, CrylAg,
CrylAh, CrylAi, CrylAj, CrylBa, CrylBb, CrylBc, CrylBd, CrylBe, CrylBf,
CrylBg, CrylBh, CrylBi, CrylCa, CrylCb, CrylDa, CrylDb, CrylDc, CrylDd,
CrylEa, CrylEb, CrylFa, CrylFb, CrylGa, CrylGb, CrylGe, CrylHa, CrylHb,
CrylHc, Crylla, Cryllb, Cryllc, Crylld, Crylle, Cryllf, Cryllg, CrylJa, CrylJb,
CrylJe, Crylld, CrylKa, CrylLa, CrylMa, CrylNa, CrylNb, Cry2Aa, Cry2Ab,
Cry2Ac, Cry2Ad, Cry2Ae, Cry2Af, Cry2Ag, Cry2Ah, Cry2Ai, Cry2Aj,
Cry2Ak,Cry2Al, Cry2Ba, Cry3Aa, Cry3Ba, Cry3Bb, Cry3Ca, Cry4Aa, Cry4Ba,
Cry4Ca, Cry4Cb, Cry4Cc, CryS5Aa, Cry5Ab, Cry5Ac, Cry5Ad, Cry5Ba, Cry5SCa,
Cry5Da, Cry5Ea, Cry6Aa, Cry6Ba, Cry7Aa, Cry7Ab, Cry7Ac, Cry7Ba, Cry7Bb,
Cry7Ca, Cry7Cb, Cry7Da, Cry7Ea, Cry7Fa, Cry7Fb, Cry7Ga, Cry7Gb, Cry7Gec,
Cry7Gd, Cry7Ha, Cry7la, Cry7Ja, Cry7Ka, Cry7Kb, Cry7La, Cry8Aa, Cry8Ab,
Cry8Ac, Cry8Ad, Cry8Ba, Cry8Bb, Cry8Bc, Cry8Ca, Cry8Da, Cry8Db, Cry8Ea,
Cry8Fa, Cry8Ga, Cry8Ha, Cry8la, Cry8Ib, Cry8Ja, Cry8Ka, Cry8Kb, Cry8La,

-60-



31196

Cry8Ma, Cry8Na, Cry8Pa, Cry8Qa, Cry8Ra, Cry8Sa, Cry8Ta, Cry9Aa, Cry9Ba,
Cry9Bb, Cry9Ca, Cry9Da, Cry9Db, Cry9Dc, Cry9Ea, Cry9Eb, Cry9Ec, Cry9Ed,

Cry9Ee,

Cry9Fa,

Cry9Ga, CrylO0Aa, CryllAa, CryllBa,

Cryl2Aa,Cryl3Aa, Cryl4Aa, Cryl4Ab, Cryl5Aa, Cryl6Aa, Cryl7Aa,

Cry18Ba,
Cry21Ba,
Cry22Ab,
Cry26Aa,
Cry30Da,
Cry31Ad,
Cry32Eb,
Cry32La,

Cry18Ca,
Cry21Ca,

Cry22Ba,
Cry27Aa,
Cry30Db,
Cry32Aa,

Cry32Fa,

Cry32Ma,

Cryl9Aa, Cryl9Ba, Cryl9Ca, Cry20Aa, Cry20Ba,
Cry21Da, Cry21Ea, Cry21Fa, Cry21Ga, Cry21Ha,
Cry22Bb, Cry23Aa, Cry24Aa, Cry24Ba, Cry24Ca,
Cry28Aa, Cry29Aa, Cry29Ba, Cry30Aa, Cry30Ba,
Cry30Ea, Cry30Fa, Cry30Ga,Cry31Aa, Cry31Ab,
Cry32Ab, Cry32Ba, Cry32Ca, Cry32Cb, Cry32Da
Cry32Ga, Cry32Ha, Cry32Hb, Cry32la, Cry32Ja,
Cry32Mb, Cry32Na, Cry320a, Cry32Pa, Cry32Qa,

o

Cry32Sa, Cry32Ta, Cry32Ua, Cry33Aa, Cry34Aa, Cry34Ab, Cry34Ac,

Cry35Aa,
Cry40Aa,
Cry43Aa,
Cry46Ab,
Cry51Aa,
Cry55Aa,
Cry60Ba,
Cry68Aa,
Cry73Aa.

Cry35Ab,

Cry40Ba,

Cry43Ba, Cry43Ca, Cry43Cb, Cry43Cc, Cry44Aa, Cry45Aa,

Cry35Ac, Cry35Ba, Cry36Aa, Cry37Aa, Cry38Aa,
Cry40Ca, Cry40Da, Cry41Aa, Cry41Ab, Cry41Ba,

Cry47Aa, Cry48Aa, Cry48Ab, Cry49Aa, Cry49Ab, Cry50Aa,

Cry52Aa,
Cry56Aa,
Cry61Aa,

Cry52Ba, Cry53Aa, Cry53Ab, Cry54Aa, Cry54Ab,
Cry57Aa, Cry57Ab, Cry58Aa, Cry59Aa, Cry59Ba,
Cry62Aa, Cry63Aa, Cry64Aa, Cry65Aa, Cry66Aa,

Cryl1Bb,
Cryl8Aa,
Cry21Aa,
Cry22Aa,
Cry25Aa,
Cry30Ca,
Cry31Ac,
Cry32Ea,
Cry32Ka,
Cry32Ra,
Cry34Ba,
Cry39Aa,
Cry42Aa,
Cry46Aa
Cry50Ba,
Cry54Ba,
Cry60Aa,
Cry67Aa,

Cry69Aa, Cry69Ab, Cry70Aa, Cry70Ba, Cry70Bb, Cry71Aa, Cry72Aa va

Theo phuong 4n khac, tic nhan kiém soat loai gay hai thir hai 13 Vip3 protein

di¢t con trung ¢ thuc vat dugc chon tir nhom gém c6 Vip3Aal, Vip3Aa2, Vip3Aa3,
Vip3Aad, Vip3AaS5, Vip3Aa6, Vip3Aa7, Vip3Aa8, Vip3Aa9, Vip3Aal0, Vip3Aall,
Vip3Aal2, Vip3Aal3, Vip3Aal4, Vip3Aal5, Vip3Aal6, Vip3Aal7, Vip3Aal$,
Vip3Aal9, Vip3Aa20, Vip3Aa2l, Vip3Aa22, Vip3Aa2, Vip3Aa24, Vip3Aa25,
Vip3Aa27, Vip3Aa28, Vip3Aa29, Vip3Aa30, Vip3Aa3l, Vip3Aa32,
Vip3Aa34, Vip3Aa35, Vip3Aa36, Vip3Aa37, Vip3Aa38, Vip3Aa39,
Vip3Aa4l, Vip3Aa42, Vip3Aa43, Vip3Aad4, Vip3Abl, Vip3Ab2,
Vip3Adl, Vip3Ad2, Vip3Ael, Vip3Afl, Vip3Af2,

Vip3Aa26,
Vip3Aa33,
Vip3Aa40,
Vip3Acl,
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Vip3Agl,Vip3Ag2,Vip3Ag3 HM117633, Vip3Ag4, Vip3AgS, Vip3Ahl, Vip3Bal,
Vip3Ba2, Vip3Bbl, Vip3Bb2 va Vip3Bb3.

Theo céc phwong 4n khac nita, protein Cry thir nhét theo sang ché va tac nhan
kiém soat loai gy hai thtr hai dugc dong biéu hién trong cdy tréng chuyén gen. Viéc
ddng biéu hién ctia nhiéu hon mét gde diét loai gy hai trong cing cy trdng chuyén
gen c6 thé thu dugc bang cach thiét ké gen cua cay dé chira va biéu hién tit ca céc gen
can thiét. Tuy y, cdy trong, B6 me 1, c6 thé duoc thiét ké gen dé biéu hién protein Cry
theo sang ché. Cay trong thtr hai, B6 me 2, c6 thé duoc thiét ké di truyén dé biéu hién
clia thc nhan kiém soat loai gdy hai thir hai. Bing cach lai B6 me 1 voi B6 me 2, ciy

the hé con cai thu dugc ma bieu hién tat ca cac gen dugc dua vao Bo me 1 va 2.

Theo phuong an khac, sang ché dé xudt cdy trong chuyén gen xép chdng
khang voi su phd hoai cay trong boi loai gay hai ¢6 chira trinh tw ADN ma hoéa cho
dsARN d kim ham gen thiét yéu & loai gy hai dich va trinh tv ADN ma héa cho
protein Cry theo sang ché thé hién hoat tinh sinh hoc chdng lai loai gy hai dich. B3 c6
béo céo ring dSARN khéng hitu hiu dé chéng lai loai gy hai 1a sdu bo canh vay nhét
dinh (Rajagopol et al. 2002. J. Biol. Chem. 277:468-494), c6 thé do d6 pH cao cia
trung trang ma 1am mét 6n dinh dsARN. Do d6, theo mot sé phuong an khi loai gay
hai dich 1a loai gy hai 1a su bo canh vay, protein Cry theo sing ché tic dong lam
giam tam thoi d6 pH trung trang ma dap Gng 1am 6n dinh dsSARN duoc tiéu héa dong

thoi mang lai dSARN httu hi€u trong viéc lam cam gen dich.

Ngoai viéc d& xuat ché phim, sang ché dé xuét phuong phép san xuét protein
Cry gy doc dbi voi loai gdy hai 14 siu bo canh vay. Phuong phép nay bao gdm budc,
nuoi cdy té bao chu khong phai & ngudi chuyén gen ma c6 chira polynucleotit hoic
gen kham hoic phan tir axit nucleic hodc vecto téi to hop theo sang ché trong diéu kién
trong d6 té bao chil san xuét protein gy doc dbi vai loai giy hai 1a sdu bo canh vay.
Theo mdt s6 phuong an, t& bao cha chuyén gen khong phai ciia ngudi 14 t€ bao cua cay
trong. Theo mot s6 phuong 4n khac, té bao cdy trong 1a t& bao ngd. Theo cac phuong
an khéc, cac didu kién ma té bao cta ciy hodc t& bao ciy ngd phat trién bao gdm anh
sang mit troi tu nhién. Theo cac phuong an khéc, t& bao chi chuyén gen khong phai
clia nguoi 1a té bao vi khudn. Theo cac phuong an khéac nita, t& bao chii chuyén gen

khong phai ctia nguoi 1a t€ bao ndm men.
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Theo phuong 4n khéc ctia phuong phap, loai gy hai la sdu bo canh vay duoc
chon tir nhém gdm c6 sdu duc than ngd Chau Au (Ostrinianubilalis), su ngai dém
mau den (Agrotis ipsilon), sau xanh mua thu (Spodopterafrugiperda), sau duc trai trén
cdy ngd (Helicoverpazea), sau duc than mia (Diatraeasaccharalis), sau buém dau
nhung (Anticarsiagemmatalis), sau do hai dau tuong (Chrysodeixisincludes), sau duc
than ng6é tdy nam (Diatraeagrandiosella), sau ngai dém hai ddu phuong tay
(Richiaalbicosta), sau an chdi thube 14 (Heliothisvirescens), sdu duc than ngdé Chau A
(Ostriniafurnacalis), sau duc qua bdng (Helicoverpaarmigera), sau duc than c6 soc
(Chilosuppressalis), sau duc thdn mau hdng (Sesamiacalamistis), sdu cudn 1a lta

(Cnaphalocrocismedinalis), va dang két hop bat ky ctia chiing.

Theo phuong 4n khac ciia phuong phap, gen kham c6 chua trinh tur bat ky
trong sb cac SEQ ID NO:1-3, hodc manh ma héa cho doc t6 cua ching. Theo céc
phuong an khac nita, protein dugc tao ra bao gém trinh ty axit amin néu trong trinh tu

bat ky treng s6 cac SEQ ID NO: 10-12, hodc manh doc 6 ciia chung.

Theo mét sé phuong an ctua phuwong phap, gen kham c6 chira trinh tu
nucleotit ma duoc t6i wu hoa bd ba ma hoa dé biéu hién & thuc vat. Theo phuong an
khac, gen kham c6 chtta trinh tu bat ky trong sé cac SEQ ID NO:4-9, hodc manh ma
héa cho doc td cua ching. Theo phuong an khac, protein dugc tao ra cé chtra trinh tu
axit amin cua trinh tu bat ky trong s6 cac SEQ ID NO:10-15, hodc manh doc td cua

chung.

Theo phuong an khéc, sang ché dé xuét phuong phép san xuit cdy trong
chuyén gen khang loai gy hai (vi du nhu, khang con tring), c6 chira: budc dua
polynucleotit, gen kham, vecto tai t& hop, bing catxet biéu hién hodc phan tir axit
nucleic theo sang ché c6 chira trinh tw nucleotit ma ma héa cho protein Cry theo sang
ché vao cay trdng, trong d6 trinh tu nucleotit dwoc biéu hién trong cdy trdng, bing
cach d6 mang lai cho ciy trong tinh khang d6i voi it nhét 13 con tring gy hai 13 sau bo
canh vay, va tao ra cy trong chuyén gen khang con tring. Theo mdt s6 phuong 4n,
cay trong chuyén gen khang loai gy hai khang v6i it nht 1a sdu duc than ngd Chau
Au (Ostrinia nubilalis) hodc sdu ngai dém mau den (Agrotis ipsilon) khi so sanh véi
cay trong dbi ching thiéu polynucleotit, gen kham, vecto tai t6 hop, bang catxet biéu
hién hodc phén tir axit nucleic theo sdng ché. Theo mot sb phuong an, viéc dua vao dat

duge bang cach bién nap cay. Theo cac phuong an khéc, viéc dua vao dat duoc bing
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céch lai cAy thir nhit chita gen kham, vecto tai to hop, biang catxet biéu hién hoic phan

tir axit nucleic theo sang ché voi ciy thir hai khéc.

Theo mét s6 phuong an, cay trong chuyén gen theo sang ché ma khang véi it
nhit 13 sdu duc than ngd chau Au (Ostrinia nubilalis) hodc sdu ngai dém mau den
(Agrotis ipsilon) con khang v6i it nhat 12 mot con tring khéc, trong d6 con tring khac
nay bao gdm, nhung khong gioi han &, sdu xanh mia thu (Spodopterafiugiperda), siu
duc trai trén cay ngo6 (Helicoverpazea), sau duc than mia (Diatraeasaccharalis), sdu
buém dau nhung (Anticarsiagemmatalis), sdu do hai dau tuong
(Chrysodeixisincludes), sau duc than ngd tdy nam (Diatraeagrandiosella), sau ngai
dém hai dau phuong tay (Richiaalbicosta), sdu in chéi thudc 14 (Heliothisvirescens),
siu duc thian ngd chau A (Ostriniafurnacalis), siu duc qua bong
(Helicoverpaarmigera), sau duc than c6 soc (Chilosuppressalis), sau duc than mau
héng (Sesamiacalamistis) hodc sau cudn 1a la (Cnaphalocrocismedinalis), va dang

két hop bat ky ctia ching.

Theo phuong 4n khéc, sang ché dé xuat phuong phap kiém soat it nhét 1a con
trung gay hai 1a sdu bo canh vay chéng han nhu sau duc than ngé Chau Au (Ostrinia
nubilalis) hodc sau ngai dém mau den (Agrotis ipsilon), phuong phdp nay c6 chira
budc phan phdi cho con tring lwong hiru hidu ctia protein Cry theo sang ché. Dé c6
hiéu qua, protein Cry dau tién duoc con trung #n vao bung qua dudong miéng. Tuy
nhién, protein Cry dugc phan phdi dén con trung theo nhiéu cach da biét. Cac cach dé
phan phéi protein theo dudng miéng dén con tring bao gdm, nhung khong gidi han o,
cung cap protein (1) & ciy trong chuyén gen, trong d6 con tring 4n (in vao bung) mot
hodc nhidu phén cua ciy trong chuyén gen, bang cach do tidu hoa polypeptit ma dugc
bidu hién trong cdy trong chuyén gen; (2) trong (cac) ché phim protein dugc tao ché
phém ma c6 thé dugc ap dung cho hodc dugc Kkét hop vao, vi dy, moi truong sinh
truéng con tring; (3) trong (cac) ché pham protein ma c6 thé dwgc ap dung cho bé
mat, vi dy, dugc phun, Ién trén bé mait cua phﬁn cay tréng, ma sau do duogc an vao
bung bdi cong trung khi con trung dn mot hodc nhiéu phan cdy trong duoc phun; (4)
chat nén mdi; hodc (5) hé théng phan phdi protein khac bét ky da biét trong linh vuc.
Do d6, phuong phap phan phéi qua duong miéng bat ky dén con tring co thé duoc

ding d phan phéi protein Cry doc theo sang ché. Theo mdt s6 phuong an cu thé,
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protein Cry theo sang ché dugc phan phéi theo dudng miéng dén con tring, trong do

con trung dn vao bung mot hodc nhiéu phan cua cdy trong chuyén gen.

Theo cic phuong an khéc, protein Cry theo sang ché dugc phan phdi theo
duodng miéng dén con tring, trong d6 con tring dn vao bung mot hodc nhiéu phin cta
cdy dugc phun véi ché phim bao gdm cac protein Cry theo sang ché. Phan phdi ché
phim theo sang ché 1én bé mat cdy c6 thé dugc thyc hién bang cach sir dung phuong
phap bat ky da biét déi voi ngudi ¢ hiéu biét trung binh trong linh vuc dé ap dung
hop chét, ché phim, cong thirc va twong tu 1én bé mit cay. Mot sb vi du khong gidi
han phén phdi hodc cho tiép xiic cdy hodc bd phan ciia nd bao gdm phun, rai bui, rai,
tung réc, suong mu, tan nhd, truyén phét, ngdm, bom vao dat, két hop véi dat, lam uwot
sting (vi du, ré, XUt ly dét), nhung, rét, bao, thAm qua 14 hodc than, boc hodc xtr ly hat,
va tuong ty, va két hop ctia chiing. Céc quy trinh nay va quy trinh khéc dé cho cay
hodic bo phan cia né tiép xuc véi (cac) hop chét, (cac) ché phim hodc (cac) cong thirc

1a da biét véi ngudi c6 hidu biét trung binh trong linh vuc.

Theo mot s6 phuong an, sang ché bao ham phuong phap cung cép cho nong
dan phuong thiic kiém soat loai gy hai 1a sdu bo canh vay, phuong phap nay bao gdbm
budc cung ung hodc ban cho ndng dan nguyén liéu cdy trong ching han nhu hat,
nguyén liéu cdy tréng nay c6 chira polynucleotit, gen kham, bang catxet biéu hién hoic
vecto tai t6 hop c6 kha niang biéu hién protein Cry theo sing ché & cdy trdng sinh

truong tir hat nay, nhu dugc mé ta ¢ trén.

Céc phuong én clia sang ché c6 thé dugc hiéu rd hon bing cach tham khao dén
cac vi du sau ddy. Phan m6 ta trén va sau ddy ctia cac phuong 4n ctia sang ché va cac
phuong 4n khac nhau khong nham giéi han pham vi bao hd, ma chi d& minh hoa cho
yéu cau bao hd. Do do, cin hiéu ring diém khong gi6i han & cac chi tiét cu thé trong
céc vi du nay. Ngudi ¢ hiéu biét trung binh trong linh vuc hiéu ring cic phuong an
khac ctia sang ché c6 thé duogc thuc hién ma khong vuot ra khoi pham vi va tinh than
ctia ban mo ta ndy, pham vi clia sang ché duge xac dinh trong yéu cau bao hd kem

theo
Vi du thwe hién sing ché

Vidu 1. X4c dinh cac chung Br hoat tinh
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Cac thé phén 1ap Bacillus thuringiensis dugc nudi céy tr cac bao tir c6 mit
trong su gom hién tai va duoc giit trén céac tAm aga T3 + penixillin. Mdi phan 1ap duoc
nudi 1én wa khi trong céc khéi sau 24 giéng trong khoang 10 ngay & 28°C dén khi hinh
thanh bao t&r, ma duoc kiém tra béng cach nhudm mau béng thudc nhuém xanh
Coomasie/axit axetic va quan s4t bang kinh hién vi. Sau khi hinh thanh bao tir ca cac
phan tan va khong tan dugc thtr hoat tinh khang céc loai bd canh vay quan tim. Cac
manh dugc thit nghiém trong thit nghiém sinh hoc nhiém xa bé mit, khi cac manh
dugc phi 1én khiu phﬁn nhén tao da loai. Mdi thé phan 1ap dugc sang loc chéng lai it
nhét 12 bon loai sau bo canh vay, bao gdm Helicoverpa zea (siu duc trai trén cay ngd),
Agrotis ipsilon (sdu ngai dém mau den), Ostrinia nubilalis (sdu duc than ngd Chau
Au), va Spodoptera frugiperda (siu xanh mua thu) véi ¢& miu bang 12 4u trang so
sinh. Thoi gian cia moi thir nghiém 14 khoang 7 ngay & nhiét d6 phong; cac tim dugc
chdm diém ddi véi ty 1& chét cing nhu te ché ting trudng du trang. Ty 16 chét quan sat
dugc & muc ting béng 30% so voi ddi ching am duoc coi la ¢é hoat tinh. Dua trén thir
nghiém con tring ban dau, cac ching C0633, C0724 va C1100 dwoc chon dé phéan tich
tiép.

Viduy 2: Phan 1dp va x4c dinh trinh tu cic gen Bt

CAu trac thu vién gen Fosmid: DPéi voi mot sb ching Bt ma dugc xac dinh
trong vi du 1, gen ma hoa cho protein c6 hoat tinh gia dinh dugc phan 1ap bang cach st
dung phuong phép thu vién fosmid vé co ban nhu duge mé ta trong tai liéu Park er al.
(FEMSLett. 284:28-34 (2008). Thu vién fosmid dugc cdu tric bing cach str dung bd
kit san xuat thu vién Fosmid CopyControl™ (Epicentre, Madison, WI) theo nguyén
tic ctia nha san xuit. Tém lai, ADN da duoc tinh ché tir m3i chung Br (x4p xi 0,5 pg)
duge xur ly béng enzym dé stra chita dau ddi véi cac dau cut, va sau do duoc ndi vao
vat truyén fosmid pCC1FOS (Epicentre). Sau khi déng go6i in vitro vao phago lambda
va gay nhiém Escherichia coli (E. coli) EP11300-T1®, t& bao vi khudn dugc cho vao
dia trén Luria-Bertani (LB) ma chta 12,5 pg/ml cloramphenicol. Cac dia duoc 4 &
khoang 37°C trong 24 gid trudc khi chon khuin lac. Cac khuin lac E. coli d& duge
chuyén nhiém dugc chuyén vao dia 96 giéng ma chira 150 pl méi trudng LB c6 chia

cloramphenicol va dugc t & 37°C trong 24 gio.
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Sang loc lai hoa khuan lac: Thu vién fosmid duoc cho ra dia & mat d§ 300 cfu
trong mdi dia 100 x15 mm L-agar cdng véi 15 pg/ml cloramphenicol. Téng s6 3000
fosmid duoc cho ra dia. Lai héa bo loc dugc thuc hién bﬁng cach st dung vong loc
Immobilon-Ny+ 87 mm (EMD Millipore, Billerica, MA). Su ning lén cua khun lac
duoc hoan thanh nhu sau: bd loc dugc dat trén dia trong khoang 5 phut, sau dé bang
cach str dung cai kep, b loc dugc nang 1én tur bé mit aga va dat khuén lac huéng lén
trén trén giéy loc Whatman dugc nhing vai NaOH 0,5 M trong 5 phut. Sau dé dat bd
loc khuén lac trén giéy loc Whatman dugc nhung trong 2X SSC trong 5 phut. ADN
duoc ¢b dinh vao mang bang by UV Stratalinker® & 2000 x100 pJ (Stratagene, Inc., La
Jolla, CA). Sau d6 mang loc dugc phoi khé trong khong khi trén gidy loc Whatman.
Mang loc duogc lai trude va duge lai trong 250 mM NaPO4, d6 pH 7,0, 7% SDS, 1%
BSA & 65°C nhu dugc mo td bdi nha cung cép. Rira bd loc lai héa trong 2X SSC,
0,5% SDS trong 30 phut & 65°C, sau d6 1a 0,2X SSC, 0,2% SDS trong 30 phut ¢ 65°C.
Pé cho bo loc 16 ra voi phim X quang (Kodak®™ BIOMAX® XAR, Fisher Scientific,
Pittsburgh, PA) qua d€m v&i man tang cuong ¢ -80°C. Diép céac khuan lac duong tinh

vao L aga c¢6 thém 15 pg/ml cloramphenicol.

Doan do lai héa: Cac doan mdi PCR dugce thiét ké dé khuéch dai manh gen
gidng ocry2 tir ADN hé gen cua ching Bt dugc thiét ké C0633. Cip doan mdi bao gbém
doan  mdi  xudi duoc  thiét ké OAR2609a c¢6  trinh  tu
GTTTAAACATGAATAATGTATTGAATAGCG (SEQ ID NO:16) va doan mdi
nguoc duoc thiét Kké 0OAR2610a co trinh tur
GGCGCGCCTTAATACAGTGGTAGAAGATTAG (SEQ ID NO:17). Phan ung PCR
duoc chay dudi cac diéu kién chu ky sau: [94°C, 5 phut], 25x [94°C, 30 gidy, 55°C,
30 gidy, 72°C 2 phut]. Hdn hop phan tng chita 1X chit d&ém One Taq® (New England
Biolabs, Beverly, MA), 200 um dNTP, 80 ng ADN, 2,5U One Taq® ADN polymeraza,

50 ng mdi doan mdi va nudc chung cat tiét tring d&én 50 pl tong hdn hop phén tmg.

Amplicon thu dugc duge tach trén 1% agaroza TAE gel chia ethidi bromua.
Amplicon duoc quan sat dudi anh sang UV va cét gel. ADN dugc phan 18p st dung bd
kit chiét gel nhu dugc mo ta béi nha cung cép (Qiagen, Valencia, CA). Cic mau do
duogc danh ddu EasyTide (6-32P) dCTP 3000 Ci/mmol (Perkin Elmer, Waltham, MA)
st dung hé danh diu doan mdi ngiu nhién Rediprime II (GE Healthcare, Pittsburgh,

-67-



31196

PA). Nucleotit khong két hop dugc loai ra bang cach sir dung cic cot sic ky Micro
Bio-Spin 30 (Biorad, Hercules, CA). Cac miu do duoc gia nhiét & 95°C trong 5 phut
trudc khi thém dung dich lai.

Xéc dinh trinh tu gen Bt: ADN diéu ché cho 2-4 hé v6 tinh doc lap duoc
chudn bi theo chi dn cua nha san xuét (Qiagen). Phan tng xéac dinh trinh tu véi doan
mbi duge thiét ké cho ca hai mach cta trinh tu nucleotit du bdo quan tdm dugc thuc
hién bang cach sir dung bo kit Trinh ty két thic BigDye™ (Applied bBiosystem, Foster
City, CA) theo huéng dan ctia nha san xuit. San phdm phan ung duoc dién di trén thiét
bi x4c dinh trinh tu ABI373 hoic ABI377. T4t ca dit liéu xac dinh trinh tu dugc phan
tich st dung géi phan mém Phred/Phrap/Consed (University of Washington) cho ty 1&
sai bang hodc nh6 hon 10 & mic trinh ty lién tmg. Trinh trr duoc lap rap bang chuong
trinh Sequencher™ (Phién ban 4.7, Gene Codes Corp., Ann Arbor, MI). Mdi gen dugc
xéc dinh trinh tu dén d6 bao phua 4X.

Vi du 3. Tach dong va tong hop gen Bt

Cip doan mdi dic hiéu Cry2 dugce thiét k& dé 1am thuén loi cho su nhan dién
va tach dong cac gen kiéu cry2. Ciap doan mdi dugc thiét ké dé lai héa voi dau 5' ctia
gen kiéu cry2 c¢6 bd sung vi tri gi6i han Pmel va v6i ddu 3° ¢ bd sung vi tri gidi han
Ascl. Poan mdi xudi 5 dugc thiét k& OAR2609a 6 trinh tu
GTTTAAACATGAATAATGTATTGAATAGG (SEQ ID NO:16) va doan méi nguoc
OAR2610a c6 trinh tuy GGCGCGCCCTACTCTTGTGTTTCAATAAA (SEQ ID
NO:17). Céc vi tri gioi han duoce chén vao dugc chan trong cac doan mdi tuong ung.
Phan tng PCR duoc thyc hién bing cach str dung cac diéu kién chu ky sau day: 30x
[98°C, 10 gidy, 55°C, 30 gidy, 72°C, 2 phut]. Hon hop phan tng chita 1X Phusion HF
buffer, 200 pm dNTP, 80 ng ADN, 1U Phusion ADN polymeraza (New England
Biolabs), 50 ng mdi doan mdi va nudc chung cit tiét trung dén 50 pl téng hdn hop
phan Ung.

Phan tmg PCR dugc lam sach bang cach str dung bo kit 1am sach va c6 ADN
Zymo Research. ADN duoc phan giai bang 10 U Ascl (New England Biolabs) véi 2.4
ug amplicon, 1X chit dém Cutsmart trong 40 ul va sau d6 dugc u & 37°C trong thoi
gian 3 gid. ADN d phan giai duoc lam sach bang cach st dung bo kit 1am sach va ¢

ADN Zymo Research.
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Amplicon thu dugc dugce tdch dong vao vat truyén TOPO pCR 4.0 nhu dugce
md ta béi nha cung cp (Life Technologies). Plasmit ADN dwoc phan lap dugc phan
giai bing Pmel va Ascl nhu duoc mo ta boi nha cung cip (New England Biolabs).

Poan Pmel/Ascl duge tach dong vao vat truyén hinh thoi duge thiét ké
pCIB5634" dugc thiét ké dé biéu hién trong ca E. coli va B. thuringiensis. Vit truyén
pCIB5634° dugc phan giai bing Pmel va Ascl. Vat truyén dugc phan giai va manh gen
dugc tinh ché bang cach chay trén 1% gel trén co s& dém agaroza Tris Axetat EDTA.
Céc manh bj cét khoi gel va 1am sach bing cach sir dung bo kit chiét gel QTAGEN nhu
duoc md ta béi nha cung cap. Céc doan duge ndi véi nhau st dung bd kit ndi tir New
England Biolabs nhu dugc mé ta bdi nha cung cdp. Phan tmg ndi duge bién nap vao
céc t& bao TOP10 (Life Technologies) nhw dugc md ta boi nha cung cp va duge dat
trén L-aga chira 100 mg/ml ampixillin. Plasmit ADN dugc phan lap tir khuan lac don
va dong vo tinh dad duogc x4c dinh dugc x4c dinh trinh tu lai thanh 2X d6 bao phu dé
x4c nhén trinh ty dung.

Mot sb gen Bt ma dugc chon dé tao ra tai tb hop nhung khong dugc tach dong
truc tiép ngoai ADN hé gen dugc bd sung cho nha cung cp thir ba dé tdng hop tbng
thé gen. Céc gen Bt duoc téng hop duoc tach dong phu vao vat truyén hinh thoi dugc
md ta dé biéu hién tiép va thtr thém hoat tinh sinh hoc.

Vi du 4. Lip rap va phén tich hé gen

M(f)t s6 gen Btcry theo sang ché duoc phan 1ap tir cac chung dugc xac dinh
trong vi du 1 bang cach sir dung phuong phap x4c dinh trinh tur hé gen tng s6. Tom
lai, ADN cta Bacillus dugc cét béng cach st dung thiét bi siéu 4m Covaris S2
(Covaris, Inc., Woburn, MA) véi chuong trinh ADN_400bp duoc cai dit & chu ky
hoat dong: 10%; cuong do: 4; chu ky/nd: 200. ADN dugc xir ly bang mé hinh sira
dau/ndi dudi dA NEBNext® Ultra™ (New England Biolabs, Inc. Ipswich, MA). Cac
chudi tiép hop chi s6 Biooscience 1-57 (1-27 Braxin, 28-57 My, Vuong Qubc Anh va
Thuy ST) duoc nbi lai str dung NEB Quick Ligation  nhu dugc mé ta boi nha cung cip
(New England Biolabs, Inc. Ipswich, MA). Viéc ndi dugc lam sach bang cach str dung
cac hat Agencourt AMPure XP nhu duge mo ta béi nha cung cap (Beckman Coulter,
Inc., Indianapolis, IN).
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Thu vién c6 kich thude duge chia doan nhu sau: Mau 50ul dugc tron véi 45ul
hdn hop hat 75% (25% hat AMPure cong thém dung dich NaCl/PEG 75% TekNova
cat # P4136). Hon hop duoc khudy va dit trén gid tir. Dich ndi bé mit thu duoc dugc
chuyén vao giéng moi va 45 ul hdn hop hat 50% (50% hat AMPure cong voi 50%
dung dich NaCI/PEG TekNova cat # P4136) dugc bo sung. Hon hop duge khudy va
dat trén gia tu. Dich ndi thu duge dugc loai ra va cac hat duge rira béng 80% etanol.
25 ul dém tach rira (EB) duoc thém va hon hop duoc dit trén gia tir. Dich ndi thu duoc
cudi cung duoc loai ra va dit vao éng 1,5 ml. Phuong phap nay tao ra cac thu vién

trong khoang kich thudc ctia cac cip bazo (bp) ADN 525 (chén thém chudi tiép hop).

Thu vién ADN duge dinh kich thude dugc khuéch dai su dung KAPA
Biosystem HiFi Hot Start (Kapa Biosystem, Inc., Wilmington, MA) st dung cac diéu
kién chu ky sau day: [98°C, 45 gidy]; 12 x [98°C, 15 gidy, 60°C, 30 gidy, 72°C, 30
gidy]; [72°C, 1 phut]. Mdi hon hgp phan tmg chita: 5 ul thrr vién ADN, 1 ul doan mdi
thong thuong Bioscience (25 uM), 18 ul nudc vo tring, lul doan mdi duoc danh sb

thir ty Bioscience (25 uM), 25 ul 2X KAPA HiFi polymeraza.

Cac thu vién dugc chay trén thiét bi phén tich sinh hoc Agilent 2100 (Agilent
Technologies, Santa Clara, CA) st dung chip d6 nhay cao dé xac dinh khoang kich
thude cta thu vién va kich thudce chén trung binh. T4t ca cac thu vién duge xir 1y x4c
dinh trinh ty cdc du bét cip (PE) (100 chu ky mdi lan doc; 12-24 thu vién mdi 1an)
trén h¢ x&c dinh trinh ty HiSeq 2500 st dung nguyén tc xac dinh trinh tu ctia nha san

Xuét (Illumina, Inc., San Diego, CA).

Cong cu phan tich vi tinh Bacillus dugc phat trién dé nhan dang va cac dinh
dic diém gen gidng Cry duoc st dung dé sip xép thi tu wu tién ctia sy dan dau dé thir

nghiém thém trong phong thi nghiém.

Su lp rap va phan tich hé gen ciing nhu 1a phén tich thu vién hé gen dugc md
ta & dan dén sy nhdn dién ciia ba gen gidng Cry2 trong céc ching Bacillus
thuringiensis ¢6 doc tinh ddi voi it nhat 1a siu duc than ngd Chau Au (Ostrinia
nubilalis) hodc siu duc trai trén ciy ngd (Helicoverpa zea). Viée xac dinh dic diém

ctia gen giéng Cry2 va protein dugc thé hién trong Bang 1.

Bang 1. Gen/protein Cry dugc xac dinh trong cac ching Bacillus

thuringiensis.
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Chuing Protein/Gen | Thanh Vién | Khéi luong | Nucleotit Axit  amin
Tén Ho Cry Gén | phan te | SEQIDNO: |SEQ ID
Nhét (kD) NO:
C0633 BT0016 Cry2Ba 70,7 1 10
C0724 BT0026 Cry2Aa 71,1 2 11
C1100 BT0032 Cry2Aa 70,8 3 12

Vi du 5. D6 twong ddng ctia BT0016, BT0026 va BT0032 véi protein Cry Bt da biét

Nghién ctru dit lidu protein v&i trinh tur axit amin ctia cac protein theo sang ché
thdy ring chung twong ddng véi protein diét con tring. Su so sanh ciia trinh tur axit
amin cua protein theo sang ché véi co s dit lidu khong du (nr) duge duy tri bdi NCBI
(world wide web & ncbi.nlm.nih.gov) bang cach sir dung thuét toan BLAST cho thay
protein theo sang ché c6 d6 twong ddng cao nhit véi protein trong ho Cry2. Cu thé
hon, BT0016 ¢6 d6 twong ddng khoang 71% vd&i protein Cry2A, cic trinh ti vi du ctia
chung c6 thé dugc tim thdy & NCBI v6i ma sd truy cap M31738, M23724, X57252,
AF200816, AAQ52362, EF439818, ACH91610 va EU939453, va d6 tuong dong
khoang 88% vdi protein Cry2B, céc trinh tir vi du ctia chung c6 thé duogc tim thiy &
NCBI v6i ma sb truy cap KC156658 va KF014123. BT0026 c6 d6 twong dong khoang
77% v&i Cry2A protein va d6 twong ddng khoang 66% véi protein Cry2B. BT0032 ¢6
do twong ddng khoang 88% véi Cry2A protein va do twong ddng khoang 72% voi
protein Cry2B.

Vi du 6. Biéu hién protein Bt trong té bao chil téi té hop

Biéu hién Bacillus. Protein Cry dugc mo ta trong vi du 4 dugc biéu hién trong
chung Bacillus thuringiensis (Bf) khong c6 tinh thé khong ¢ hoat tinh diét con tring
nén c6 thé quan sat dugc thong qua vat truyén con thoi duoc thiét ké pCIB5634°, duoc
thiét ké dé biéu hién & ca E. coli va Bt. Vit truyén pCIB5634" ¢6 chira ving khai dong
CrylAc ma diéu khién su biéu hién cua gen Cry Bt da tach dong va chét chi thi tinh
khang erythromyxin. Bing catxet biéu hién cé chira trinh tu ma héa Cry dugc quan
tam duoc bién nap vao ching Bt vat chii thong qua duc 16 dién va cac ching Bt chuyén
gen duogc chon trén dia aga ¢ chita erythromyxin. Céc ching Bt chuyén gen duoc

chon dugc cho sinh trudng dén pha tao bao tir trong moéi truong T3 & nhiét do 28°C
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trong thoi gian 4-5 ngay. Cac vién t& bao dugc thu va rira di rira lai trudce khi hoa tan

trong dém cacbonat d6 pH cao (50mM) chira 2mM DTT.

Biéu hién E. coli. Protein Cry dugc biéu hién & cac ching E. coli bing cach sir
dung cac vat truyén pET28a hodc pET29a (Merck KGaA, Darmstadt, Dirc). CAu truc
duoc bién nap bang cach duc 15 dién va cac dong E. coli chuyén gen duoc chon trén
dia aga c6 chita kanamyxin. Cac chung E. coli chuyén gen duoc chon dugc cho sinh
truong va su biéu hién protein Cry duoc gdy ra bing cach sir dung su cam ung IPTG &
nhiét d6 28°C. Cac t& bao duoc tao huyén phu lai trong dém carbonat do pH cao
(50mM) chita 2mM DTT va sau d6 phd v& bang cach st dung thiét bi ddng nhit
Microfluidics LV-1.

Phén tich biéu hién. Sau d6 dich tan & bao thu duoc tir cac ching Br hoic E.
coli chuyén gen duogc phan loai théng qua ly tAm va cac miu duoc phan tich vé& d6 tinh
sach thong qua SDS-PAGE va dién di d6 bang cach st dung hé théng BioRad
Experion (Biorad, Hercules, CA). Tong ndng do protein duoc xac dinh qua thir nghiém
Bradford hogc Thermo 660. Sau d6 protein Cry di tinh ché dugc thir nghiém trong cac

thtr nghiém sinh hoc duge mo ta dudi day.
Vidu 7. Hoat tinh cua protein Cry trong thir nghiém sinh hoc

Protein Cry dugc tao ra trong vi du 6 dugc thtr nghiém chéng lai mot hoac
nhiéu loai con tring gy hai sau ddy bang cach st dung phuong phéap thir nghiém sinh
hoc ché d6 #n nhin tao da bibt trong linh vyc: sdu xanh mua thu (FAW;
Spodopterafrugiperda), sdu duc trdi trén cdy ngd (CEW; Helicoverpazea), siu duc
than ngd chau Au (ECB; Ostrinianubilalis), siu ngai dém mau den (BCW;
Agrotisipsilon), sau duc than mia (SCB; Diatraeasaccharlis), sdu buém dau nhung
(VBC; Anticarsiagemmatalis), sau do hai dau twong (SBL; Pseudoplusiaincludens),
sau duc than ng6 tdy nam (SWCB; Diatraeagrandiosella), sdu ngai dém hai dau
phuong tdy (WBCW; Striacostaalbicosta), sdu an chdi thuéc 14 (TBW;
Heliothisvirescens), siu duc thin ngd chau A (ACB; Ostriniafurnacalis), sau duc qua
bong (CBW; Helicoverpa armigera), sau duc than co6 soc (SSB; Chilosuppressalis),
sau duc than mau hdng (PSB; Sesamiainferens) va sau cubn 1a lia (RLF;

Cnaphalocrocismedinails).
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Luong bang nhau cua protein trong dung dich dugc 4p dung 1én bé mit cia
cac khau phin nhén tao cho con tring (Bioserv, Inc., Frenchtown, NJ) trong dia 24
giéng. Sau khi bé mit khau phan kho, 4u trung ciia cac loai con tring thir dwoc thém
vao mdi giéng. Céac tdm dugc déng kin va giit & diéu kién méi trudng phong thi
nghiém vé nhiét d9, anh sang va d6 4m twong tdi. Nhom ddi ching duong bao gdm 4u
trung dugc 10 ra véi chiing Bacillus kiéu dai c6 hoat tinh manh va phé rong. Nhém dbi
chimg am bao gdm 4u tring duoc 16 ra véi khau phan con trung dugc xir 1y chi véi
dung dich dém va Au trung trén khau phan con tring khong dugc xir 1y; tire 1a chi khau
phan. Ty 1& chét dugc danh gia sau khoang 120 gir va cho diém so v6i cac dbi chimg.

"nn

Két qua dugc thé hién trong bang 2, trong d6 c6 nghia la khéng c6 hoat
tinh so véi nhém dbi chimg, "+/-" ¢6 nghia 14 hoat tinh 0-10% so v6i ddu kiém tra (loai
nay ciing bao gém ti 1& chét 0% véi su trc ché sinh truéng 4u tring manh), "+" ¢6
nghia 13 hoat tinh 10-25% so v6i dau kiém tra, "++" ¢6 nghia 1a hoat tinh*26-75% so
v6i ddu kiém tra, va "+++" ¢6 nghia 1a hoat tinh 76-100% so v&i déu kiém tra. Ky hi¢u
"nt" trong bang 2 c¢6 nghia 14 protein duoc chi ra khong duoc thir nghiém chong lai

loai gay hai cu thé do.

Bang 2. Két qua cua thir nghiém sinh hoc véi protein Cry.

BT Céc loai cOn trung

Protein | FAW | CEW | ECB | BCW | SCB VBC | SBL SWCB | TBW

0016 +/- +/- - - khong | khong | khong khong | khong
kiém |kiém |kiémtra |kiém | kiém
tra tra tra tra

0026 - ++ - - - khong | khong | khong | khong

kiém kiém tra | kiém kiém
tra tra tra

0032 + +/- 4+ |- - -+ +++ - +++

Vidu 8. Tao vat truyén cua gen dé biéu hién & thuc vat

Trude khi biéu hién & cdy trdng, polynucleotit tong hop cé chira trinh tur
nucleotit ma héa cho protein Cry d6t bién, mBT-00032 (SEQ ID NO:15) duoc tong
hop trén nén tang tong hop gen tw dong (Genscript, Inc., Piscataway, NJ). Déi vai vi
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du nay, bang catxet biéu hién thir nhit dugc tao ra c¢é chira ving khéi dong ubiquitin &
ngd (Ubil) duoc lién két co didu khién véi trinh tw ma hoa protein Cry ma duge lién
két co diéu khién voi vimg két thic Nos va bang catxet biéu hién thir hai dugc tao ra
c6 chira ving khéi dong Ubil dugc lién két c6 diéu khién voi trinh ty mi héa
phosphoinanoza isomeraza (PMI) ma duoc lién két c6 didu khién véi ving két thic
Nos. Su biéu hién ctia PMI cho phép chon loc duong tinh cdy tréng chuyén gen trén
manoza. Ca hai bing catxet biéu hién dugc tach dong vao vt truyén thich hop dé bién

nap ngod qua trung gian Agrobacterium.
Vi du 9. Su biéu hién va hoat tinh ctia protein Cry & cdy ngd

Su bién nap ctia phoi ngd chua trudéng thanh duogc thyc hién vé co ban gidng
nhu dugc mo ta trong tai li¢éu Negrotto et al., 2000, Plant Cell Reports 19: 798 803.
Tém lai, ching Agrobacterium LBA4404 (pSB1) c6 chita vat truyén biéu hién duogc
mod ta trong Vi du 5 dugc cho sinh truong trén YEP (dich chiét ndm men (5 g/l),
pepton (10 g/1), NaCl (5 g/l), 15g/1 aga, 6 pH 6,8) méi truong ran trong thoi gian 2- 4
ngay & nhiét d6 28°C. Xép xi 0,8X 10° t& baoAgrobacterium dugc tao huyén phu trong
mdi truong LS-inf ¢6 bd sung 100 uM As. Vi khudn duoc cam tng trudc trong moi

truong nay trong khoang 30-60 phut.

Phoéi chua truéng thanh tir dong ngd lai cing dong dugc cit tir bong 8-12 ngay
tudi vaoLS-inf long + 100 pM As. Phoi duge rira mot 1an bang madi truong gy nhidm
méi. Sau d6 dung dich Agrobacterium duge bd sung vao va phoi dugc tao xody trong
30 gidy va cho xir Iy bang vi khuan trong 5 phut. Sau d6 phoi dugc chuyén huéng phia
hinh vay 1én vao mai truong LSAs va nudi cdy trong tdi trong tir hai dénba ngay. Sau
d6, khoang tir 20 dén 25 phdi mdi dia petri duge chuyén vao méi trudng LSDc duoc
bd sung xefotaxim (250 mg/l) va bac nitrat (1,6 mg/l) va dugc nudi ciy trong t6i &

khoang 28°C trong 10 ngay.

Céc phoi chua trudng thanh, tao ra cac thé san phdi duge chuyén vao moi
truong LSD1MO.5S. Mé nudi cdy duoc chon trén méi truong niy trong khoang 6 tuan
v6i bude nudi cdy phu & khoang 3 tudn. Thé san sdng sot dugc chuyén sang moi
trudng Regl duge bd sung manoza. Sau khi nudi cdy trong sang (ché d6 16 gio sang/ 8
gitr t6i),sau d6 mé mau xanh duge chuyén vao méi truong Reg2 khong co chét diéu

hoa sinh trudng va dugc U trong khoang 1-2 tudn. Cy non duoc chuyén sang hop
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Magenta GA-7 (Magenta Corp, Chicago Ill.) chira méi truong Reg3 va nudi trong
sang. Sau khoang 2-3 tudn, cay tréng dugc thtr nghiém vé su c6 mit cla gen PMI va
gen cryBt bang PCR. Cay duong tinh tir thir nghiém PCR dugc chuyén vao nha kinh
dé danh gia thém.

Cay trong chuyén gen tir 14 bién cb doc lap dugc danh gia vé sb luong ban sao
(duoc xac dinh bing phan tich Tagman), mac d6 biéu hién protein (duoc xac dinh
bing ELISA), va hiéu luc chdng lai cac loai con tring duoc quan tdm trong cac thir
nghiém sinh hoc cét 1. Cu thé 13, mo cy tréng dugc cit tir cac bién cb ban sao don 1¢
(giai doan V3-V4) va duoc giy nhiém bang 4u tring so sinh ctia loai gy hai dich, sau
d6 dugc 1 & nhiét do trong phong trong khoang 5 ngay. Cac ban 14 tir cy trong chuyén
gen biéu hién BT-0032 duogc thir nghiém chéng lai sdu duc than ng6é Chau Au
(Osz‘rinid nubilalis), sau duc trai trén cay ngd (Helicoverpa zea), sdu xanh mua thu

(Spodoptera frugiperda) va siu an chdi thubc 14 (Heliothis virescens).

Két qua ciia thir nghiém sinh hoc nay x4c nhan ring cdy trdng dugc bién nap
6n dinh biéu hién protein gidng Cry2 BT-0032 trong khoang 4,12 — 13,1 pg/ gfw ¢6
hoat tinh chéng lai séu duc tréi trén ciy ngd (Helicopverpa zea) v siu an chdi thudc 14

(Heliothis virescens).
Vién dan dén danh muc trinh tu ndp dién tur

Bén chinh thirc cia danh muc trinh tu dugc ndp theo hinh thirc dién tir thong
qua EFS-Web dudi dang danh muc trinh ty dinh dang ASCII ¢6 tén t€p la "80838-
WO-REG-ORG-P-1_SeqList ST25.txt", tao ra ngay 7 thang 7 nam 2015, va co6 kich
thudce 56 kilobyte va dugc nop déng thoi véi ban md ta. Danh muc trinh tu chira trong
tai liéu c6 dinh dang ASCII nay 14 mdt phin cta ban mé ta va duoc két hop ¢ day

bang cach vién dan toan bo.
Tham khao chéo cac don lién quan

Don nay yéu cau huéng quyén loi cia Pon My S 62/189,573, ndp ngay 7

thang 7 ndm 2015, ma dugc két hop bang cach vién dan toan bo cho moi muc dich.
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YEU CAU BAO HOQ
1. Gen kham c6 chira ving khoi dong khac loai dugc lién két c6 diéu khién voi
phan tir axit nucleic ¢6 chira trinh tu nucleotit ma hoa protein Cry ma gay doc dbi voi
loai gdy hai la sau bg canh vay, trong d6 trinh tu nucleotit (a) ma hoa protein Cry cé
chta trinh ty axit amin c6 d6 tuong dong it nhét 1a 99% véi SEQ ID NO:12, hodc
manh doc td ctia nd; hodc (b) 1a trinh tu téng hop cuta (a) ma da dugc t8i wu hoéa bd ba

ma hda dé bi€u hi€n & sinh vat chuyén gen.

2. Gen kham theo diém 1, trong d6 trinh tu nucleotit ¢ chira SEQ ID NO:3, hoic

manh ma héa cho ddc to cia no.

3. Gen kham theo diém 1, trong d6 prdtein Cry ¢6 chtra trinh ty axit amin ctia SEQ
ID NO:12, hodc manh ddc t6 cua no.

4. Gen kham theo diém 1, trong d6 trinh ty nucleotit tong hop c6 chira SEQ ID

NO:6, hoic manh m4 héa cho ddc t6 ctia nd.

5. Gen kham theo diém 1, trong d6 ving khéi dong khéc loai 1a ving khoi dong 6

thé biéu hién ¢ thuc vat.

6. Gen kham theo diém 3, trong d6 vung khéi dong co thé biéu hién ¢ thuc vat dugc
chon tir nhém bao gém cac ving khéi dong ctia ubiquitin, virut cestrum vang, TrpA &
ng6, OsMADS 6, H3 histon & ngd, sucroza synthetaza 1 & ngd, rugu dehydrogenaza 1
& ngod, protein sb¢c nhiét & ngo, mtl ngd, RuBP carboxylaza tiéu don vi nho & dau Ha
Lan, actin ¢ lda, xyclophilin ¢ lda, mannopin syntaza plasmit Ti, nopalin syntaza
plasmit Ti, chancon isomeraza & da yén thao, protein gidu glyxin 1 & dau, patatin &
khoai tay, lectin, ving khoi dong RuBP carboxylaza tiéu don vi nho CaMV 35S va S-
E9.

7. Protein Cry duoc ma hoa boi gen kham theo diém 1, trong d6 protein Cry c6
chira trinh tu axit amin ctia SEQ ID NO:15.

8. Ché phdm diét con trung c6 chira protein Cry theo diém 7 va chat mang nong

dung.
9. Vecto tai td hop c6 chira gen kham theo diém 1.

10. Té bao vi khudn hodc t& bao thuc vét chuyén gen c6 chita vecto tai tb hop theo

diém 9.
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11. Té bao thuc vat chuyén gen theo diém 10, trong do té bao thuc vat 1a a) té bao
cay hai 14 mam; hoic b) t bao cay mot la mam; hoic c) t& bao cay hai la mam dugc
chon tir nhém gdm c6 t& bao ddu twong, t& bao hudng duong, t& bao ca chua, t& bao
rau ho cai, té bao cay bong, té bao cu cai duong va té bao cay thudc 14; hodc d) t bao
cay mot 14 mam duoc chon tir nhom gém ¢ t& bao lua mach, t& bao ngo, t€ bao yén

mach, t€ bao laa, t€ bao cao luong, t€ bao mia va t€ bao lua my.

12. Cay trong chuyén gen c6 chira t& bao thuc vét chuyén gen theo diém 11, trong
d6 cay trong nay 1a a) cdy hai 14 mam; hodc b) cdy mét 14 mdm; hodc c) cay hai 14
mam dugc chon tir nhom bao gdm cdy ddu tuong, cdy huéng duong, cdy ca chua, cay
rau ho cai, cdy bong, cay cil cai dudng va cdy thudc 14; hoic d) cay mot 14 mam duge
chon tir nhém bao gdm cay lta mach, cdy ngd, cdy yén mach, cdy lua, ciy cao luong,
cdy mia va cay lia my.

13. Hat chuyén gen cta cdy trong chuyén gen theo diém 12, trong d6 hat nay chura
gen kham.

14. San phdm thu hoach c6 ngudn gbc tir ciy trong chuyén gen theo diém 12, trong
d6 san pham thu hoach c¢6 chira gen kham.

15. Phuong phép tao ra ciy trdng chuyén gen khang con tring, bao gdm budc dua
gen kham theo diém 1 vao ciy trdng, trong d6 protein Cry dugc biéu hién trong ciy
trong, bang cach do tao ra cdy tréng chuyén gen khang con tring.

16. Phuong phép theo diém 15, trong d6 budc dua vao dat duoce bang cach a) bién
nap cdy trong; hodc b) lai cdy trong thir nhat c6 chira gen kham véi cdy trdng thir hai
khac.

17. Phuong phép theo diém 16 trong d6 cdy trong 1a cdy ngd.

18. Phuong phap kiém soat loai gdy hai la sdu bo canh vay bao gdbm budc phan phdi
cho loai gdy hai 14 sdu bo canh vay hodc méi trudng cua ching ché phim c6 chira

lugng hitu hidu cua protein Cry theo diém 7.
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DANH MUC TRINH TU

<110> Syngenta Participations AG
Bramlett, Matt
Seguin, Katie
Rose, Mark
Kramer, Vance
<120> GEN KHAM cO CHUA VUNG KHOI PONG KHAC LOAI, PROTEIN CRY PUQC MA HOA
BOI GEN KHAM, CHE PHAM DIET CON TRUNG CO CHUA PROTEIN CRY NAY, CAY
TRONG CHUYEN GEN, PHUONG PHAP TAO RA CAYy TRONG CHUYEN GEN VA
PHUONG PHAP KIEM SOAT LOAI GAY HAI LA SAU BQO CANH VAY
<130> 80838-WO-REG-ORG-P-1
<150> 62/189,573
<151> 2015-07-07
<160> 17
<170> PatentIn phién ban 3.5
<210> 1
<211> 1875
<212> ADN
<213> Bacillus thuringiensis
<400> 1
atgaataatg tattgaatag cgaaagacct actaagtgtg atgcgtataa cgtagtggct
60
catgatccat ttagttttga acataaatca gtagatacca tacaaaaaga atgggtggag
120
tggaaaagaa ccgatcatag tttatacgta tctcctattg tgggaactat agctaagttt
180
ctgctaaaga aaataggggg acttattgga aaaaggatat taagtgagtt aaagaattta
240
atttttccta gtggtagtac agcgtcaatg caagatattt taagaggagc agaacaattt
300
ttaaatcaaa gacttgatga agacaccttt gctcgtgtag aggcagaatt gagagggctt
360
caagcaaatg tagaggaatt taatcgacaa gtggacaatt ttttaaaccc aaatcaaacc
420
cctgttcctt tagcgataat cgattcggtt aatacattgc aacaattatt cttaagtaga
480
ttaccccagt tccagataca acgctatcag ctattattat tacctttatt tgcacaagca
540

-78-



gctaatttac
600

ccagaagcaa
660

aattattgta
720

atgttagagt
780

ttgtttaaat
840

ggcagtaatc
900

aattcaaatt
960

cctggtttag
1020

ggagtttcat
1080

tctttatcaa
1140

caacataatt
1200

ccattaactc
1260

cgtaacattt
1320

tttaatgaag
1380

acaaaaaata
1440

gattatacag
1500

acgtttattt
1560

acaaccgctc
1620

atcttacttt

cggtgcgcac

taaatacgta

ttagaacatt

atcaaagtct

aatttttcac

atataatgtc

ggggattttt

ctggtctcct

caccaattgt

ggcgtacaga

ttgttatgta

ccggaattat

taagagattt

atatctatgc

gtttcacaat

ctgaaaaatt

gttatacgtt

tattcgagat

atatagacag

ccaaactgct

tatgttttta

gatggttact

tgcacaagcc

taattttggt

attcaatttt

aggtgttgag

aagaagttgg

tatgtttctg

tccaaatgtg

tcaaaatatt

aagaggcaat

tgcccatgaa

gtcaccaata

tggaaatcaa

tagagggaat

31196

gttattctta
cacctacaaa
ttccggggtt
aatgtattag
tcaactgcca
tggccatttt
ggtaaccgag
ttatttagtt
ggaattttaa
ctggattcag
agggctaatg
acaatgaatt
gataacatga
gaagttgcta
aatggtacta
catgcaactc
ggtgattcct

ggtaataatt

-79-

atgcagatga

gatatacaca

taaacactcg

actatgtatc

atttatatgc

tatattccct

agactgctac

ttagggttaa

acaactttag

gtatagaacg

gtgtaccttg

attttcctga

atttgagtag

ctttggtatc

tgattcattt

aagtgaataa

tgagatttga

ataatcttta

atggggaata

ggattactcc

tttacatgat

catctggtcg

ttcgggaagt

cttccaggtt

tgctggtgtt

ttatactgga

ttgcaactcc

aagcgatatt

tggtgctttt

ttatttcatt

accattacac

tgtgcatagt

ggcaccggaa

tcagactcga

gcaaactaac

tttaagagta



tattcgagtt

taatgatgga

ggcaagtgct

atttgagctt

cggaagaact

acataaatca

tttatatgta

gttcgctgca

caaactaatg

agacactctt

taatagacaa

ttctccagtt

aggatacgag

tattagggac

atatcgaggt

tcatctcaag gaaattccaa
1680

aatgttaata ctactacaaa
1740

attcttattg ggaatgtagt
1800

acatttaaca ccggtacaaa
1860

ctaccactgt attaa

1875

<210> 2

<211> 1896

<212> ADN

<213> Bacillus thuringiensis
<400> 2

atgaataatg tattaaatag
60

caggatccct ttagttttca
120

tggaaaagag atgatcatag
180

ctgctaaaga aattgggggg
240

gtatttccta atgataatac
300

ctaaaccaaa gacttaatgc
360

caaaaaaatg tagcggagtt
420

ccgactcttt tatcaataac
480

ttaacgcagt tccagttacg
540

gccaatttac atctttcctt
600

tcagcagcaa cgttacgcac
660

31196

actataaatg
gtacttgata
aatactaatg

atgaatatta

accatttgtg
ttagatacta
gctcctgttg
aaaaggatat
caagatattt
tctcgagtaa
gtggataatt
aatacaatgc
ctgttattat
gttattctga

tacctaaaag

-80-

gtagaaatta

atgaagctcg

tacctttaga

tgtttgtgcc

atgggcataa

tacaaaaaga

ttggaactgt

tgaatgggtt

taagagagac

atgcagaatt

ttttaaatcc

aacaattgtt

tacctttatt

atgcagagga

actatacaaa

tactgtttca

tttttcagat

tataaatgtg

aactaatctt

cgtaatggct

atggacggaa

tgcaattttt

atgggattta

agaaaaattt

ggaggggctt

taatcgaaac

cctaaataga

tgcacaagca

atgggggatt

agaatactct



aattattgta
720

atgttagagt
780

ttgtttaagt
840

gggccacagc
900

caagtgaatt
960

cctaatattg
1020

aattatagtg
1080

aattgtagca
1140

gatcaacatg
1200

gattcctggt
1260

attcgtaata
1320

cactataatg
1380

tatatggcat
1440

atgattcatt
1500

caagtaaata
1560

ttacgatttg
1620

tataatctgt
1680

ggtaaggttt
1740

taaatacgta

ttagaacata

atcagagtct

agaaacaatc

ctaattatgt

gtggtttccc

gaggaatttc

ccgcttcttt

ccattaatac

gtggtgcctt

tttctggagt

aaataagaaa

ctgtgcacaa

tggcgecgga

cgcagaatcg

aacaaacaaa

atttaagagt

atactgttcc

tcaaaccgca

tatgttttta

tctggtatct

atttagcgcg

attaactggt

cggttctact

atctggtatc

acaaacacca

ctttacagat

tgtcceecgt

ttctttagtt

tatagcaagt

cagaaaaaat

tgataataca

aacatttatt

cacaacagct

atcatcttta

aaatgttaat

31196

tttaaaaagt
aatgtatttg
tctggcgcaa
cagaactggc
tttagtggtt
acaactcacg
atagggatga
tatactagaa
tggcagacag
ggtaatacga
gtcgggaatg
ccttccggaa
aatatctatg
gggtttatta
tccgagaaat
cgatacacat
ggaaattcca

accactacaa
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taaatactcc

aatatgtatc

atttatatgc

catttttata

ttaggaattc

cattgtttag

ctaatagtaa

gttggctgga

aatgttttca

attatttccc

aagatttaag

cccctggtgg

ccgctcatga

tatcgccgat

ttggaaatca

ttaggggaaa

ctattcgagt

ataatgatgg

tttacacgaa

catttggtca

tagtggtagt

ttceccectttte

ttttaccatg

tgcgagggct

tcacaacttt

ttcaggtaga

aacaacttcg

agattatttt

aagaccgtta

agggcgagcet

aaatggtact

acatgcaaca

aggtgattcc

gggcaatagt

tacgataaac

ggttattgat



31196

aatggatcac gtttttcaga tgtttacatc ggtaacgtag tagcaaatga taagacgaat

gtaccgttag atataaatgt gacatttaat tctggtactc aatttgagct tatgaatatt

atgtgtattc caactaatat tacaccactt tattaa

Bacillus thuringiensis

atgaatagtg tattgaatag cggaagaact

1800

1860

1896

<210> 3
<211> 1902
<212> ADN
<213>
<400> 3
60
catgatccat
120
tggaaaaaaa
180
ctgttaaaga
240
atatttccta
300
ctaaatcaaa
360
caagcgaata
420
cctgttcctt
480
ttaccccagt
540
gccaatttac
600
tcagcagcaa
660
aattattgta
720
atgttagaat
780

ttagttttca

ataatcatag

aagtggggag

gtggtagtac

gacttaatac

taagggagtt

tatcaataac

tccagataca

atctttcttt

cattacgtac

taaatacgta

ttagaacata

acacaaatca

tttataccta

tcttgttgga

aaatctaatg

agataccctt

taatcaacaa

ttcttcggtt

aggataccaa

tattagagat

gtatcgagat

tcaaactgcg

tatgttttta

actatttgtg

ttagataccg

gatcctattg

aaaaggatac

caagatattt

gctcgtgtaa

gtagataatt

aatacaatgc

ctgttattat

gttattctta

tacctgagaa

tttagagggt

aatgtatttg

-82-

atgcgtataa

tacaaaagga

ttggaactgt

taagtgagtt

taagggagac

atgcagaatt

ttttaaaccc

agcaattatt

tacctttatt

atgcagatga

attatacaag

taaacacccg

aatatgtatc

tgtagcggcect

atggacggag

ggctagtttt

acggaattta

agaacaattc

gatagggctc

tactcaaaac

tctaaataga

tgcacaggca

atggggtatt

agattattct

tttacacgat

catttggtca



ttgtttaaat
840

ggaccacagc
900

caagttaatt
960

cctaatattg
1020

aattatagcg
1080

aattgcagca
1140

ggtacagatc
1200

actttaagtt
1260

tattttatcc
1320

ccgttacact
1380

cgggcctatt
1440

ggtactatga
1500

gccactcaag
1560

gattctttaa
1620

aatagttaca
1680

ataaacggta
1740

aatgataatg
1800

tctgatgtac
1860

atcagagtct

agacccaatc

cgaattatat

gtggtttacc

gaggagtttc

cggtcctccce

gagagggcgt

taaggtgtgg

gtaatatttc

ataaccaaat

tggtatctgt

tccatttggce

tgaataatca

ggtttgaaca

atctttattt

gggtatatac

gagcccgttt

cattagatat

tatggtatct

atttacttca

attatctggt

gggtagtact

atctggtctc

tcctttatca

tgctacctct

tgctttttca

tggggttcct

aagaaatata

gcataacaga

gccagaagat

aactcgaaca

aaacaacacg

aagagtttct

tgctacaaat

ttcagatatt

aaatgtaaca

31196

tccggtgcta
caagactggc
attagtggta
acaactcatt
ataggggcga
acaccatttg
acgaattggc
gcccgtggaa
ttagttatta
gaaagtcctt
aaaaataata
tatacaggat
tttatttctg
acagctcgtt
tcaataggaa
gttaatacta
aatatcggta

ttaaactccg
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atttatatgc

catttttata

ctaggctttce

cattgaatag

ctaatctcaa

ttagaagttg

agacagaatc

attcaaacta

gaaacgaaga

cgggaacacc

tctatgccge

ttactatatc

aaaaatttgg

atacgcttag

attccactat

ctacaaataa

atatagtagc

gtactcaatt

aagtggtagt

ttctcttttce

tattaccttc

tgccagggtt

tcacaacttt

gctggattca

ctttcaaaca

tttcccagat

tctaacaaga

tggtggagca

taatgaaaat

gccaatacat

aaatcaaggt

agggaatgga

tcgagttact

cgatggagtt

aagtagtaat

tgatcttatg



31196

aatattatgc ttgtaccaac taatatttca ccactttatt aa

1902

<210> 4
<211> 1872
<212> ADN
<213>
<220>
<223>
<400> 4
atgaacaatg
60
cacgatcctt
120
tggaagagga
180
ctcctgaaga
240
attttcccca
300
ctgaaccaga
360
caggctaacg
420
ccggttcecccec
480
ctccecgcecagt
540
gcgaacctcc
600
cctgaggcga
660
aactactgca
720
atgctggagt
780
ctgttcaagt
840

tgctcaacag

tctcattcga

ccgatcactc

agatcggtgg

gcgggtcgac

ggctcgacga

tggaggagtt

tcgcgatcat

tccagatcca

acctgacatt

cggttcgcac

tcaatactta

tcaggacatt

accagagcct

Trinh ty Nhan tao

Phién ban duoc tdi wu héda

cgagcgccca

gcataagtcc

cctctacgtg

cctgattgge

ggcttcgatg

ggatacattc

caatcgccag

tgattcagtg

gcgctaccag

cattcgggac

atacaggcag

ccagacggcg

catgttcctg

catggtgacg

bd ba md& hdéa ctia BT-0016

acgaagtgcg

gtggacacta

agcccgatcg

aagcgcatcc

caggacatcc

gccagggtgg

gttgacaact

aacacactgc

ctgctcctcce

gtcatcctga

catctccagc

ttcecgeggec

aacgttctcg

tcgacagcca

acgcttacaa

tccagaagga

tcggcaccat

tcagcgagct

tgaggggcgce

aggctgagct

tcctgaaccc

agcagctctt

tgccactctt

acgccgatga

gctacaccca

tgaacaccag

attacgtgag

atctgtacgc

cgtggtcgcec

gtgggtcgag

tgccaagttc

gaagaacctc

cgagcagttc

gaggggcctc

aaatcagacg

cctgtccecgg

cgctcaggct

gtggggcatc

ggactactcc

gctccacgac

catctggtcg

gtctggctca



gggtccaacc
900

aactctaatt
960

cctgggctcg
1020

ggggtctcca
1080

tctctcagca
1140

cagcacaatt
1200

cctctcacgce
1260

aggaatattt
1320

ttcaatgagg
1380

accaagaaca
1440

gactacacgg
1500

acattcatct
1560

accacggcca
1620

tcatcccagg
1680

gtgaatacaa
1740

ctgattggca
1800

ttcaatactg
1860

cccetgtact
1872

agttcttcac

acatcatgtc

gcgggttcct

gcggcectcect

ctccaatcgt

ggaggacgga

tggtcatgta

ctggcatcat

tccgggacct

atatctacgc

gcttcacaat

cggagaagtt

ggtacacatt

ggaactctaa

ctaccaacaa

acgttgtggc

gcaccaagtt

ggcgcaggct

aaacttcggt

gttcaatttc

gggggtggag

ccgctcecgtgg

catgttcctg

cccaaacgtt

tcagaacatc

gaggggcaac

tgcccacgag

gtcccccatt

cgggaaccag

ccggggcaat

tattcgcgtg

tgacggggtc

ttcggccaac

cgagctgatg
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tggccattcc
ggcaacaggg
ctcttcagct
ggcattctga
ctggactctg
agggccaacg
accatgaact
gataacatga
gaggttgcca
aacgggacta
catgctaccc
ggcgattctc
gggaacaatt
actatcaacg
ctcgataacg
actaatgttc

aacatcatgt
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tgtactccct

agactgcgac

tcagggtgaa

acaatttctc

gcattgagag

gggtgccatg

acttccctga

atctgtcacg

ctctcgtctc

tgatccatct

aggtcaacaa

tgcgcttcga

acaacctcta

gcaggaatta

aggcgaggtt

cgctggatat

tcgtcccgac

cttccaggtg

ggccggcgtce

ctacaccggc

ctgcaactcg

gtcggatatc

cggcgctttc

ctacttcatc

gccectccac

tgttcattca

cgcgccggag

tcagacgcgg

gcagacgaac

cctgcgcegtt

cacctccaac

cagcgacatc

taacgtgacc

caacctcctg



<210> 5
<211> 1896
<212> ADN

<213> Trinh ty Nhén tao

<220>

<223> Phién ban dugc tbéi uwu hoéa

<400> 5

atgaacaatg ttctgaattc

60

caggacccgt
120

tggaagaggg
180

ctcctgaaga
240

gtcttcccga
300

ctgaatcaga
360

cagaagaacg
420

cccactctcce
480

ctcacccagt
540

gccaacctcc
600

tcagcggcta
660

aattactgca
720

atgctggagt
780

ctgttcaagt
840

ggcccgcagce
900

cgggaggacc

tcteccttcecca gcataagtcg

acgatcactc gctctacgtg

agctcggcgg gttcgccgeg

acgataatac caagctcatg

ggctcaacgc ggatacgctg
ttgcggagtt caatcggcag
tgtcaatcac ctccccagtc
tccagctgag gggctacgag

atctgtcttt catccgcgac

cactccggac ttaccgcggc
tcaacaccta ccagacggcc
tcaggactta catgttcctc
accagagcct

cctggtctce

agaagcagtc tttctcagcc

31196

bd ba md hdéa ctia BT-0026.

accatctgcg

ctcgacacca

gctceggtygg

aagaggattc

caggacatcc

tcgagggtga

gtggacaact

aatacgatgc

ctgctgctcc

gtgattctca

tacctgaagg

ttcaagaagc

aacgtgttcg

agcggcgcta

cagaactggc

-86-

acggccacaa

ttcagaagga

tgggcaccgt

tcaacggcct

tgcgggagac

acgctgagct

tcctcaaccc

agcagctctt

tgcctctgtt

acgccgagga

attacaccaa

tgaacacacc

agtatgtgtc

acctctacgc

ccttectgta

cgtgatggcc

gtggacggag

cgccatcttc

gtgggacctc

ggagaagttc

ggagggcctc

gaatcgcaac

cctgaaccgce

cgctcaggct

gtgggggatc

ggagtactcc

actccacgag

catctggtcg

ctcggggteg

ctccctcettce



caggttaata
960

ccaaacatcg
1020

aactactctg
1080

aactgctcta
1140

gatcagcacg
1200

gattcgtggt
1260

atcaggaata
1320

cattacaatg
1380

tacatggctt
1440

atgattcatc
1500

caagtgaata
1560

ctgcgcttcg
1620

tacaacctct
1680

ggcaaggtgt
1740

aacggctcgc
1800

gtccctctgg
1860

atgtgcattc
1896

<210> 6
<211> 1899
<212> ADN

gcaactacgt

gtggcttccc

gcgggatctc

ctgcgtcact

ctatcaacac

gcggggcttt

tttccggggt

agatccgcaa

cggtccacaa

tcgccccaga

ctcagaaccg

agcagacaaa

acctgagggt

acaccgtccc

gcttctctga

atatcaacgt

cgaccaacat

gctgaccggg

tggctccaca

gtctgggatc

ccagacaccg

cttcacggac

cgtccccagg

gagcctggtt

cattgcgtcc

caggaagaac

cgataacacg

gaccttcatt

cactaccgcc

ctcatccctce

aaatgttaac

cgtctacatt

tacattcaat

tacgcccctg

31196

ttctctggct
actacccacg
attggcatga
tacactcggt
tggcagaccg
ggcaatacga
gtgggcaacg
ccgtctggceca
aatatctacg
ggcttcatca
tcagagaagt
aggtacactt
gggaattcga
acgacaacta
ggcaatgtcg
agcggcactc

tactaa
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tccgcaattce

cgctcttcte

caaatagcaa

catggctgga

agtgcttcca

actacttccc

aggatctccg

cccctggcegg

ccgcgcacga

tttctcctat

tcgggaacca

tccgggggaa

cgatccgggt

acaatgacgg

ttgcgaacga

agttcgagct

attcacgatg

ggctagggcc

ccataatttc

ctccggcecge

gacgacatcc

cgactacttc

caggcccctg

gggccgcegceg

gaacggcaca

ccacgcgaca

gggcgactcc

gggcaatagc

tacaattaac

cgtgatcgat

caagacgaat

gatgaacatc



<213>
<220>
<223>
<400> 6
atgaactcgg
60
cacgacccct
120
tggaagaaga
180
ctcctgaaga
240
attttccecgt
300
ctgaaccaga
360
caggcgaaca
420
ccagttcctc
480
ctcccccagt
540
gcgaacctcc
600
tcggctgceca
660
aactactgca
720
atgctggagt
780
ctcttcaagt
840
gggcctcagce
900
caggtgaact
960

ttctgaatag

tctctttcca

acaatcactc

aggtcggctc

ccggcagceac

ggctcaatac

ttagggagtt

tgagcatcac

tccagattca

acctgagctt

cactccgcac

tcaataccta

tccgcacgta

accagtccct

agacccagtc

caaattacat

Trinh ty Nhé&n tao

Phién ban dugc tbi uu hda

cgggaggacg

gcacaagtct

cctctacctc

cctggtcggce

aaatctcatg

agatactctc

caatcagcag

ctccagcgtg

gggctaccag

catccgggac

ttacagggac

ccagacggcc

catgttcctc

gatggtctcg

tttcacgtca

cctctccgge

31196

bd ba md& hdéa cua BT-0032.

acgatttgcg

ctcgacacag

gacccgatcg

aagcgcatcc

caggacatcc

gcgcgggtta

gtggacaact

aacacgatgc

ctcctgcetec

gtgattctga

tacctgcgga

ttccgeggece

aacgttttcg

tctggcgceta

caggactggc

attagcggga

-88-

atgcctacaa

tccagaagga

ttggcaccgt

tcagcgagcet

tgcgcgagac

acgctgagct

tcctcaatcce

agcagctctt

tgccactgtt

acgcggatga

actacacgcg

tgaacaccag

agtatgtgtc

acctgtacgc

cgttcctgta

cacgcctgtc

tgttgcggcec

gtggactgag

ggcctcattc

gcgcaacctc

tgagcagttc

gatcggcctc

aacccagaac

cctgaatagg

cgctcaggcc

gtggggcatc

cgattacagc

gctccatgac

catctggtcg

ttcgggctct

ctctctcttce

aatcactttc



ccaaacattg gcgggctccc aggctccacc
1020

aattactccg gcggggtttc atccggcectce
1080

aattgctcga ccgtcctgecc accactctct
1140

ggcacagata gggagggggt cgctaccagc
1200

accctcagcc tgcgctgcgg cgctttcage
1260

tacttcatcc ggaacatttc cggcgtcccce
1320

ccactgcact acaaccagat ccgcaatatt
1380

agggcttacc tcgtgagcgt ccataaccgc
1440

ggcaccatga ttcacctggc gccagaggac
1500

gctacgcagg tcaacaatca gacaaggact
1560

gattctctcc ggttcgagca gaacaatacg
1620

aattcttaca acctctacct gcgcgtgtcece
1680

attaatggga gggtctacac cgcgacgaac
1740

aacgataatg gggctaggtt cagcgacatc
1800

agcgacgtgc cgctcgatat taacgtcacc
1860

aacatcatgc tggtgccaac caatatttcc
1899

<210> 7

<211> 1872

<212> ADN

<213> Trinh tyu Nhén tao

<220>

31196

acgacacact
atcggggcga
acgccattcg
acgaactggc
gctaggggga
ctggttatca
gagtcaccat
aagaacaata
tacacagggt
ttcatctcgg
acagccaggt
tccatcggca
gttaatacta
aacattggca
ctgaattcgg

cctctctac

-890-

cgctgaactc

ccaacctgaa

ttcgctcatg

agactgagtc

actcgaatta

ggaacgagga

ccggcacgcec

tctacgcggc

tcactatctc

agaagttcgg

acaccctgcg

actcaacaat

ccacgaacaa

atatcgtcgce

gcacgcagtt

tgccagggtc

tcataacttc

gctcgactcc

cttccagact

cttcccggac

tctcacacgg

cggcggcgece

taacgagaat

gcctattcat

caaccagggg

gggcaacggyg

ccgcgtgact

tgacggcgtg

ctcttcaaac

cgatctcatg



<223>

<400> 7
atgaacaatg
60

cacgatcctt
120

tggaagagga
180

ctcctgaaga
240

attttcccca
300

ctgaaccaga
360

caggctaacg
420

ccggtteece
480

ctcccgcagt
540

gcgaacctcc
600

cctgaggcga
660

aactactgca
720

atgctggagt
780

ctgttcaagt
840

gggtccaacc
900

aactctaatt
960

cctgggctcg
1020

Phién ban dugc

tgctcaacag

tctcattcga

ccgatcactc

agatcggtgg

gcgggtcgac

ggctcgacga

tggaggagtt

tcgcgatcat

tccagatcca

acctgacatt

cggttcgcac

tcaatactta

tcaggacatt

accagagcct

agttcttcac

acatcatgtc

gcgggttcct

téi uwu hoéa

cgagcgccca

gcataagtcc

cctctacgtg

cctgattggce

ggcttcgatg

ggatacattc

caatcgccag

tgattcagtg

gcgctaccag

cattcgggac

atacaggcag

ccagacggcg

catgttcctg

catggtgacg

ggcgcaggct

aaacttcggt

gttcaatttc

31196

bd ba md héa ciia BT-0016 dd6t bién

accaagtgcg

gtggacacta

agcccgatcg

aagcgcatcc

caggacatcc

gccagggtgg

gttgacaact

aacacactgc

ctgctcctcce

gtcatcctga

catctccagc

ttccgecggec

aacgttctcg

tcgacagcca

tggccattcc

ggcaacaggg

ctcttcagct

-90-

acgcttacaa

tccagaagga

tcggcaccat

tcagcgagct

tgaggggcgc

aggctgagct

tcectgaaccc

agcagctctt

tgccactctt

acgccgatga

gctacaccca

tgaacaccag

attacgtgag

atctgtacgc

tgtactccct

agactgcgac

tcagggtgaa

cgtggtcgcec

gtgggtcgag

tgccaagttc

gaagaacctc

cgagcagttc

gaggggcctc

aaatcagacg

cctgtceccgg

cgctcaggcet

gtggggcatc

ggactactcc

gctccacgac

catctggtcg

gtctggctca

cttccaggtg

ggccggcegte

ctacaccggc



31196

ggggtctcca gcggcctcect gggggtggag
1080

tctctcagca ctccaatcgt ccgctcgtgg
1140

cagcacaatt ggaggacgga catgttcctg
1200

cctctcacgc tggtcatgta cccaaacgtt
1260

aggaatattt ctggcatcat tcagaacatc
1320

ttcaatgagg tccgggacct gaggggcaac
1380

accaagaaca atatctacgc tgcccacgag
1440

gactacacgg gcttcacaat gtcccccatt
1500

acattcatct cggagaagtt cgggaaccag
1560

accacggcca ggtacacatt ccggggcaat
1620

tcatcccagg ggaactctaa tattcgcgtg
1680

gtgaatacaa ctaccaacaa tgacggggtc
1740

ctgattggca acgttgtggc ttcggccaac
1800

ttcaatactg gaaccaagtt cgagctgatg
1860

cccctgtact aa

1872

<210> 8

<211> 1896

<212> ADN

<213> Trinh ty Nhén tao

<220>

<223>

<400> 8

ggcattctga

ctggactctg

agggccaacg

accatgaact

gataacatga

gaggttgcca

aacgggacta

catgctaccc

ggcgattctc

gggaacaatt

actatcaacg

ctcgataacg

actaatgttc

aacctcatgt

-01-

acaatttctc

gcattgagag

gggtgccatg

acttccctga

atctgtcacg

ctctcgtcte

tgatccatct

aggtcaacaa

tgcgcttcga

acaacctcta

gcaggaatta

aggcgaggtt

cgctggatat

tcgtcccgac

ctgcaactcg

gtcggatatc

cggcgctttce

ctacttcatc

gcccctccac

tgttcattca

cgcgccggag

tcagacgcgg

gcagacgaac

cctgcgegtt

cacctccaac

cagcgacatc

taacgtgacc

caacatcctg

Phién ban dugc téi uu hdéa bd ba ma hda ciia BT-0026 dd6t bién.



atgaacaatg
60

caggacccgt
120

tggaagaggg
180

ctcctgaaga
240

gtcttcccga
300

ctgaatcaga
360

cagaagaacg
420

cccactctcc
480

ctcacccagt
540

gccaacctcc
600

tcagcggcta
660

aattactgca
720

atgctggagt
780

ctgttcaagt
840

ggcccgcagce
900

caggttaata
960

ccaaacatcg
1020

aactactctg
1080

ttctgaattc

tctccttecca

acgatcactc

agctcggcgg

acgataatac

ggctcaacgc

ttgcggagtt

tgtcaatcac

tccagctgag

atctgtcttt

cactccggac

tcaacaccta

tcaggacata

accagagcct

agaagcagtc

gcaactacgt

gtggcttccce

gcgggatctc

cgggaggacc

gcataagtcg

gctctacgtg

gttcgecegeg

caagctcatg

ggatacgctg

caatcggcag

ctcceccagte

gggctacgag

catccgcgac

ttaccgcggce

ccagacggcc

catgttecctce

cctggtctcc

tttctecagee

gctgaccggg

tggctccaca

gtctgggatc

31196

accatctgcg
ctcgacacca
gctccggtgg
aagaggattc
caggacatcc
tcgagggtga
gtggacaact
aatacgatgc
ctgctgctcc
gtgattctca
tacctgaagg
ttcaagaagc
aacgtgttcg
agcggcgceta
cagaactggc
ttctctgget
actacccacg

attggcatga

-02-

acggccacaa

ttcagaagga

tgggcaccgt

tcaacggcct

tgcgggagac

acgctgagct

tcctcaaccce

agcagctctt

tgcctetgtt

acgccgagga

attacaccaa

tgaacacacc

agtatgtgtc

acctctacgce

ccttcctgta

tccgcaattce

cgctcttctce

caaatagcaa

cgtgatggcc

gtggacggag

cgccatcttc

gtgggacctc

ggagaagttc

ggagggcctc

gaatcgcaac

cctgaaccgc

cgctcaggcect

gtgggggatc

ggagtactcc

actccacgag

catctggtcg

ctcggggtceg

ctccctcectte

attcacgatg

ggctagggcece

ccataatttc



aactgctcta ctgcgtcact ccagacaccg
1140

gatcagcacg caatcaacac cttcacggac
1200

gattcgtggt gcggggcttt cgtccccagg
1260

atcaggaata tttccggggt gagcctggtt
1320

cattacaatg agatccgcaa cattgcgtcc
1380

tacatggctt cggtccacaa caggaagaac
1440

atgattcatc tcgccccaga cgataacacg
1500

caagtgaata ctcagaaccg gaccttcatt
1560

ctgcgcttcg agcagacaaa cactaccgcc
1620

tacaacctct acctgagggt ctcatccctc
1680

ggcaaggtgt acaccgtccc aaatgttaac
1740

aacggctcgce gcttctctga cgtctacatt
1800

gtccctctgg atctcaacgt tacattcaat
1860

atgtgcattc caaccaacat tacgcccctg
1896

<210> 9

<211> 1902

<212> ADN

<213> Trinh tuy Nhén tao

<220>

<223>

<400> 9

31196

tacactcggt
tggcagaccg
ggcaatacga
gtgggcaacg
ccgtctggea
aatatctacg
ggcttcatca
tcagagaagt
aggtacactt
gggaattcga
acgacaacta
ggcaatgtcg
agcggcactc

tactaa

catggctgga

agtgcttcca

actacttccc

aggatctccg

ccectggegg

ccgcgcacga

tttctcctat

tcgggaacca

tccgggggaa

cgatccgggt

acaatgacgg

ttgcgaacga

agttcgagct

ctccggecgce

gacgacatcc

cgactacttc

caggcccctg

gggccgcgca

gaacggcaca

ccacgcgaca

gggcgactcc

gggcaatagc

tacaattaac

cgtgatcgat

caagacgaat

gatgaacctc

Phién ban dugc tdi uu hdéa bd ba md hda cua BT-0032 dé6t bién.

atgaactcgg ttctgaatag cgggaggacg acgatttgcg atgcctacaa tgttgcggcc

60

-03-



cacgacccct
120

tggaagaaga
180

ctcctgaaga
240

attttcecgt
300

ctgaaccaga
360

caggcgaaca
420

ccagttcctc
480

ctcccccagt
540

gcgaacctcc
600

tcggctgcca
660

aactactgca
720

atgctggagt
780

ctcttcaagt
840

gggcctcagce
900

caggtgaact
960

ccaaacattg
1020

aattactccg
1080

aattgctcga
1140

tctctttcca

acaatcactc

aggtcggctc

ccggcagcac

ggctcaatac

ttagggagtt

tgagcatcac

tccagattca

acctgagctt

cactccgcac

tcaataccta

tccgcacata

accagtccct

agacccagtc

caaattacat

gcgggctecce

gcggggtttc

ccgtcecctgcece

gcacaagtct

cctctacctce

cctggtecgge

aaatctcatg

agatactctc

caatcagcag

ctccagegtg

gggctaccag

catccgggac

ttacagggac

ccagacggcc

catgttcctc

gatggtctcg

tttcacgtca

cctctececgge

aggctccacc

atccggcctc

accactctct

31196

ctcgacacag
gacccgatcg
aagcgcatcc
caggacatcc
gcgcgggtta
gtggacaact
aacacgatgc
ctcctgctcece
gtgattctga
tacctgcgga
ttccgeggece
aacgttttcg
tctggcgcta
caggactggc
attagcggga
acgacacact

atcggggcga

acgccattcg

-94-

tccagaagga

ttggcaccgt

tcagcgagct

tgcgcgagac

acgctgagct

tcctcaatcc

agcagctctt

tgccactgtt

acgcggatga

actacacgcg

tgaacaccag

agtatgtgtc

acctgtacgc

cgttcctgta

cacgcctgtce

cgctgaactc

ccaacctgaa

ttcgctcatg

gtggactgag

ggcctcattc

gcgcaacctce

tgagcagttc

gatcggectc

aacccagaac

cctgaatagg

cgctcaggcc

gtggggcatc

cgattacagc

gctccatgac

catctggtcg

ttcgggctct

ctctctcttce

aatcactttc

tgccagggtce

tcataacttc

gctcgactcc



31196

ggcacagata gggagggggt cgctaccagc acgaactggc agactgagtc cttccagact
1200

accctcagcc tgcgctgcegg cgctttcage gectaggggga actcgaatta cttcccggac
1260

tacttcatcc ggaacatttc cggcgtccce ctggttatca ggaacgagga tctcacacgg
1320

ccactgcact acaaccagat ccgcaatatt gagtcaccat ccggcacgcc cggcggcgcc
1380

agggcttacc tcgtgagcgt ccataaccgc aagaacaata tctacgcggc taacgagaat
1440

ggcaccatga ttcacctggc gccagaggac tacacagggt tcactatctc gcctattcat
1500

gctacgcagg tcaacaatca gacaaggact ttcatctcgg agaagttcgg caaccagggg
1560

gattctctcc ggttcgagca gaacaatacg acagccaggt acaccctgcg gggcaacggg
1620

aattcttaca acctctacct gcgcgtgtcc tccatcggca actcaacaat ccgcgtgact
1680

attaatggga gggtctacac cgcgacgaac gttaatacta ccacgaacaa tgacggcgtg
1740

aacgataatg gggctaggtt cagcgacatc aacattggca atctcgtcgc ctcttcaaac
1800

agcgacgtgc cgctcgatat taacgtcacc ctgaattcgg gcacgcagtt cgatatcatg
1860

aacatcatgc tggtgccaac caatatttcc cctctctact ag

1902

<210> 10
<211> 623
<212> PRT

<213> Bacillus thuringiensis
<400> 10
Met Asn Asn Val Leu Asn Ser Glu Arg Pro Thr Lys Cys Asp Ala Tyr

1 5 10 15

Asn Val Val Ala His Asp Pro Phe Ser Phe Glu His Lys Ser Val Asp
20 25 30

-05-



31196

Thr Ile Gln Lys Glu Trp Val Glu Trp Lys Arg Thr Asp His Ser Leu
35 40 45

Tyr Val Ser Pro Ile Val Gly Thr Ile Ala Lys Phe Leu Leu Lys Lys
50 55 60

Ile Gly Gly Leu Ile Gly Lys Arg Ile Leu Ser Glu Leu Lys Asn Leu
65 70 75 80

Ile Phe Pro Ser Gly Ser Thr Ala Ser Met Gln Asp Ile Leu Arg Gly

Ala Glu Gln Phe Leu Asn Gln Arg Leu Asp Glu Asp Thr Phe Ala Arg
100 105 110

Val Glu Ala Glu Leu Arg Gly Leu Gln Ala Asn Val Glu Glu Phe Asn
115 120 125

Arg Gln Val Asp Asn Phe Leu Asn Pro Asn Gln Thr Pro Val Pro Leu
130 135 140

Ala Ile Ile Asp Ser Val Asn Thr Leu Gln Gln Leu Phe Leu Ser Arg
145 150 155 160

Leu Pro Gln Phe Gln Ile Gln Arg Tyr Gln Leu Leu Leu Leu Pro Leu
165 170 175

Phe Ala Gln Ala Ala Asn Leu His Leu Thr Phe Ile Arg Asp Val Ile
180 185 190

Leu Asn Ala Asp Glu Trp Gly Ile Pro Glu Ala Thr Val Arg Thr Tyr
195 200 205

Arg Gln His Leu Gln Arg Tyr Thr Gln Asp Tyr Ser Asn Tyr Cys Ile
210 215 220

Asn Thr Tyr Gln Thr Ala Phe Arg Gly Leu Asn Thr Arg Leu His Asp
225 230 235 240

Met Leu Glu Phe Arg Thr Phe Met Phe Leu Asn Val Leu Asp Tyr Val
245 250 255

-06-



Ser

Ala

Gln

Ile

305

Pro

Asn

Leu

Ser

Arg

385

Pro

Asp

Met

Gly

Ile
465

Ile

Asn

Ala

290

Met

Gly

Tyr

Asn

Trp

370

Thr

Leu

Tyr

Asn

Asn

450

Tyr

Trp

Leu

275

Trp

Ser

Leu

Thr

Asn

355

Leu

Asp

Thr

Phe

Leu

435

Glu

Ala

Ser

260

Tyr

Pro

Asn

Gly

Gly

340

Phe

Asp

Met

Leu

Ile

420

Ser

Val

Ala

Leu

Ala

Phe

Phe

Gly

325

Gly

Ser

Ser

Phe

Val

405

Arg

Arg

Ala

His

Phe

Ser

Leu

Gly

310

Phe

Val

Cys

Gly

Leu

390

Met

Asn

Pro

Thr

Glu
470

Lys

Gly

Tyr

295

Gly

Leu

Ser

Asn

Ile

375

Arg

Tyr

Ile

Leu

Leu

455

Asn

Tyr

Ser

280

Ser

Asn

Phe

Ser

Ser

360

Glu

Ala

Pro

Ser

His

440

Val

31196

Gln

265

Gly

Leu

Arg

Asn

Gly

345

Ser

Arg

Asn

Asn

Gly

425

Phe

Ser

Thr

Ser

Ser

Phe

Glu

Phe

330

Leu

Leu

Ser

Gly

Val

410

Ile

Asn

Val

Met

-97-

Leu

Asn

Gln

Thr

315

Leu

Leu

Ser

Asp

Val

395

Thr

Ile

Glu

His

Ile
475

Met

Gln

Val

300

Ala

Phe

Gly

Thr

Ile

380

Pro

Met

Gln

Val

Ser

460

His

Val

Phe

285

Asn

Thr

Ser

Val

Pro

365

Gln

Cys

Asn

Asn

Arg

445

Thr

Leu

Thr

270

Phe

Ser

Ala

Phe

Glu

350

Ile

His

Gly

Tyr

Ile

430

Asp

Lys

Ala

Ser

Thr

Asn

Gly

Arg

335

Gly

Val

Asn

Ala

Phe

415

Asp

Leu

Asn

Pro

Thr

Ala

Tyr

Val

320

Val

Ile

Arg

Trp

Phe

400

Pro

Asn

Arg

Asn

Glu
480



Asp

Asn

Ser

Gly

Asn

545

Val

Phe

Val

Leu

Tyr

Gln

Leu

Asn

530

Ser

Asn

Ser

Pro

Met
610

<210>
<211>
<212>
<213>

<400>

Thr

Thr

Arg

515

Gly

Asn

Thr

Asp

Leu

595

Asn

11
631
PRT

Gly

Arg

500

Phe

Asn

Ile

Thr

Ile

580

Asp

Ile

Bacillus

11

Met Asn Asn Val

1

Asn Val Met Ala

20

Thr Ile Gln Lys

35

Phe

485

Thr

Glu

Asn

Arg

Thr

565

Leu

Ile

Met

Thr

Phe

Gln

Tyr

Val

550

Asn

Ile

Asn

Phe

Met

Ile

Thr

Asn

535

Thr

Asn

Gly

vVal

Val
615

Ser

Ser

Asn

520

Leu

Ile

Asp

Asn

Thr

600

Pro

thuringiensis

Leu Asn Ser Gly

5

Gln Asp Pro Phe

31196

Pro Ile His Ala

490

Glu Lys Phe Gly

50

5

Thr Thr Ala Arg

Tyr Leu Arg Val

540

Asn Gly Arg Asn

555

Gly Val Leu Asp

570

Val Val Ala Ser
585

Phe Asn Thr Gly

Thr Asn Leu Leu

620

Arg Thr Thr Ile

10

Ser Phe Gln His

25

Glu Trp Thr Glu Trp Lys Arg Asp

40

-08-

Thr

Asn

Tyr

525

Ser

Tyr

Asn

Ala

Thr

605

Pro

Cys

Lys

Gln

Gln

510

Thr

Ser

Thr

Glu

Asn

590

Lys

Leu

Asp

vVal

495

Gly

Phe

Gln

Ser

Ala

575

Thr

Phe

Tyr

Gly
15

Asn

Asp

Arg

Gly

Asn

560

Arg

Asn

Glu

His

Ser Leu Asp

30

Asp His Ser Leu

45



Tyr

Leu

65

Val

Thr

Val

Arg

Ser

145

Leu

Phe

Leu

Arg

Asn

225

Met

Ser

Val

50

Gly

Phe

Glu

Asn

Gln

130

Ile

Thr

Ala

Asn

Gly

210

Thr

Leu

Ile

Ala

Gly

Pro

Lys

Ala

115

Val

Thr

Gln

Gln

Ala

195

Tyr

Tyr

Glu

Trp

Pro

Phe

Asn

Phe

100

Glu

Asp

Ser

Phe

Ala

180

Glu

Leu

Gln

Phe

Ser

Val

Ala

Asp

Leu

Leu

Asn

Pro

Gln

165

Ala

Glu

Lys

Thr

Arg

245

Leu

Val

Ala

70

Asn

Asn

Glu

Phe

val

150

Leu

Asn

Trp

Asp

Ala

230

Thr

Phe

Gly

55

Lys

Thr

Gln

Leu

135

Asn

Arg

Leu

Gly

Tyr

215

Phe

Tyr

Lys

31196

Thr Val

Arg

Lys

Arg

Leu

120

Asn

Thr

His

Ile

200

Thr

Lys

Met

Tyr

Ile

Leu

Leu

105

Gln

Pro

Met

Tyr

Leu

185

Ser

Lys

Lys

Phe

Gln

Ala

Leu

Met

90

Asn

Lys

Asn

Gln

Glu

170

Ser

Ala

Glu

Leu

Leu

250

Ser

-90-

Ile

Asn

75

Gln

Ala

Asn

Arg

Gln

155

Leu

Phe

Ala

Tyr

Asn

235

Asn

Leu

Phe

60

Gly

Asp

Asp

vVal

Asn

140

Leu

Leu

Ile

Thr

Ser

220

Thr

Val

Leu

Leu

Leu

Ile

Thr

Ala

125

Pro

Phe

Leu

Arg

Leu

205

Asn

Pro

Phe

Val

Leu

Trp

Leu

Leu

110

Glu

Thr

Leu

Leu

Asp

190

Arg

Tyr

Leu

Glu

Ser

Lys

Asp

Arg

95

Ser

Phe

Leu

Asn

Pro

175

Val

Thr

Cys

His

Tyr

255

Ser

Lys

Leu

80

Glu

Arg

Asn

Leu

Arg

160

Leu

Ile

Tyr

Ile

Glu

240

Val

Gly



31196

260 265 270

Ala Asn Leu Tyr Ala Ser Gly Ser Gly Pro Gln Gln Lys Gln Ser Phe
275 280 285

Ser Ala Gln Asn Trp Pro Phe Leu Tyr Ser Leu Phe Gln Val Asn Ser
290 295 300

Asn Tyr Val Leu Thr Gly Phe Ser Gly Phe Arg Asn Ser Phe Thr Met
305 310 315 320

Pro Asn Ile Gly Gly Phe Pro Gly Ser Thr Thr Thr His Ala Leu Phe
325 330 335

Ser Ala Arg Ala Asn Tyr Ser Gly Gly Ile Ser Ser Gly Ile Ile Gly
340 345 350

Met Thr Asn Ser Asn His Asn Phe Asn Cys Ser Thr Ala Ser Leu Gln
355 360 365

Thr Pro Tyr Thr Arg Ser Trp Leu Asp Ser Gly Arg Asp Gln His Ala
370 375 380

Ile Asn Thr Phe Thr Asp Trp Gln Thr Glu Cys Phe Gln Thr Thr Ser
385 390 395 400

Asp Ser Trp Cys Gly Ala Phe Val Pro Arg Gly Asn Thr Asn Tyr Phe
405 410 415

Pro Asp Tyr Phe Ile Arg Asn Ile Ser Gly Val Ser Leu Val Val Gly
420 425 430

Asn Glu Asp Leu Arg Arg Pro Leu His Tyr Asn Glu Ile Arg Asn Ile
435 440 445

Ala Ser Pro Ser Gly Thr Pro Gly Gly Gly Arg Ala Tyr Met Ala Ser
450 455 460

Val His Asn Arg Lys Asn Asn Ile Tyr Ala Ala His Glu Asn Gly Thr
465 470 475 480
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Met

Ile

Lys

Thr

Leu

545

Gly

Gly

Val

Phe

Thr
625

Ile

His

Phe

Ala

530

Arg

Lys

vVal

vVal

Asn

610

Asn

<210>
<211>
<212>
<213>

<400>

His

Ala

Gly

515

Arg

Val

val

Ile

Ala

595

Ser

Ile

12
633
PRT

Leu

Thr

500

Asn

Tyr

Ser

Tyr

Asp

580

Asn

Gly

Thr

Bacillus

12

Met Asn Ser Val

1

Asn Val Ala Ala

20

Ala

485

Gln

Gln

Thr

Ser

Thr

565

Asn

Asp

Thr

Pro

Pro

Val

Gly

Phe

Leu

550

Val

Gly

Lys

Gln

Leu
630

Asp

Asn

Asp

Arg

535

Gly

Pro

Ser

Thr

Phe

615

Tyr

Asp

Thr

Ser

520

Gly

Asn

Asn

Arg

Asn

600

Glu

thuringiensis

31196

Asn Thr
490

Gln Asn
505

Leu Arg
Lys Gly
Ser Thr
Val Asn

570

Phe Ser
585

Val Pro

Leu Met

Gly

Arg

Phe

Asn

Ile

555

Thr

Asp

Leu

Asn

Phe

Thr

Glu

Ser

540

Arg

Thr

Val

Asp

Ile
620

Ile

Phe

Gln

525

Tyr

vVal

Thr

Tyr

Ile

605

Met

Ile

Ile

510

Thr

Asn

Thr

Asn

Ile

590

Asn

Cys

Ser

495

Ser

Asn

Leu

Ile

Asn

575

Gly

val

Ile

Pro

Glu

Thr

Tyr

Asn

560

Asp

Asn

Thr

Pro

Leu Asn Ser Gly Arg Thr Thr Ile Cys Asp Ala Tyr

5

10

15

His Asp Pro Phe Ser Phe Gln His Lys Ser Leu Asp

25

-101-
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31196

Thr Val Gln Lys Glu Trp Thr Glu Trp Lys Lys Asn Asn His Ser Leu
35 40 45

Tyr Leu Asp Pro Ile Val Gly Thr Val Ala Ser Phe Leu Leu Lys Lys
50 55 60

Val Gly Ser Leu Val Gly Lys Arg Ile Leu Ser Glu Leu Arg Asn Leu
65 70 75 80

Ile Phe Pro Ser Gly Ser Thr Asn Leu Met Gln Asp Ile Leu Arg Glu
85 90 95

Thr Glu Gln Phe Leu Asn Gln Arg Leu Asn Thr Asp Thr Leu Ala Arg
100 105 110

Val Asn Ala Glu Leu Ile Gly Leu Gln Ala Asn Ile Arg Glu Phe Asn
115 120 125

Gln Gln Val Asp Asn Phe Leu Asn Pro Thr Gln Asn Pro Val Pro Leu
130 135 140

Ser Ile Thr Ser Ser Val Asn Thr Met Gln Gln Leu Phe Leu Asn Arg
145 150 155 160

Leu Pro Gln Phe Gln Ile Gln Gly Tyr Gln Leu Leu Leu Leu Pro Leu
165 170 175

Phe Ala Gln Ala Ala Asn Leu His Leu Ser Phe Ile Arg Asp Val Ile
180 185 190

Leu Asn Ala Asp Glu Trp Gly Ile Ser Ala Ala Thr Leu Arg Thr Tyr
195 200 205

Arg Asp Tyr Leu Arg Asn Tyr Thr Arg Asp Tyr Ser Asn Tyr Cys Ile
210 215 220

Asn Thr Tyr Gln Thr Ala Phe Arg Gly Leu Asn Thr Arg Leu His Asp
225 230 235 240

Met Leu Glu Phe Arg Thr Tyr Met Phe Leu Asn Val Phe Glu Tyr Val
245 250 255
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31196

Ser Ile Trp Ser Leu Phe Lys Tyr Gln Ser Leu Met Val Ser Ser Gly
260 265 270

Ala Asn Leu Tyr Ala Ser Gly Ser Gly Pro Gln Gln Thr Gln Ser Phe
275 280 285

Thr Ser Gln Asp Trp Pro Phe Leu Tyr Ser Leu Phe Gln Val Asn Ser
290 295 300

Asn Tyr Ile Leu Ser Gly Ile Ser Gly Thr Arg Leu Ser Ile Thr Phe
305 310 315 320

Pro Asn Ile Gly Gly Leu Pro Gly Ser Thr Thr Thr His Ser Leu Asn
325 ’ 330 335

Ser Ala Arg Val Asn Tyr Ser Gly Gly Val Ser Ser Gly Leu Ile Gly
340 345 350

Ala Thr Asn Leu Asn His Asn Phe Asn Cys Ser Thr Val Leu Pro Pro
355 360 365

Leu Ser Thr Pro Phe Val Arg Ser Trp Leu Asp Ser Gly Thr Asp Arg
370 375 380

Glu Gly Val Ala Thr Ser Thr Asn Trp Gln Thr Glu Ser Phe Gln Thr
385 390 395 400

Thr Leu Ser Leu Arg Cys Gly Ala Phe Ser Ala Arg Gly Asn Ser Asn
405 410 415

Tyr Phe Pro Asp Tyr Phe Ile Arg Asn Ile Ser Gly Val Pro Leu Val
420 425 430

Ile Arg Asn Glu Asp Leu Thr Arg Pro Leu His Tyr Asn Gln Ile Arg
435 440 445

Asn Ile Glu Ser Pro Ser Gly Thr Pro Gly Gly Ala Arg Ala Tyr Leu
450 455 460

Val Ser Val His Asn Arg Lys Asn Asn Ile Tyr Ala Ala Asn Glu Asn
465 470 475 480
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Gly Thr

Ser Pro

Ser Glu

Asn Thr
530

Leu Tyr
545

Ile Asn

Asn Asp

Gly Asn

val Thr
610

Val Pro
625

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met

Ile

Lys

515

Thr

Leu

Gly

Gly

Ile

595

Leu

Thr

13
623
PRT

Ile

His

500

Phe

Ala

Arg

Arg

val

580

val

Asn

Asn

His

485

Ala

Gly

Arg

Val

Val

565

Asn

Ala

Ser

Ile

Leu

Thr

Asn

Tyr

Ser

550

Tyr

Asp

Ser

Gly

Ser
630

Ala

Gln

Gln

Thr

535

Ser

Thr

Asn

Ser

Thr

615

Pro

Trinh ty Nhéan tao

BT-0016 dét bién

13

Pro

vVal

Gly

520

Leu

Ile

Ala

Gly

Asn

600

Gln

Leu

31196

Glu Asp
490

Asn Asn
505

Asp Ser
Arg Gly
Gly Asn
Thr Asn

570

Ala Arg
585
Ser Asp

Phe Asp

Tyr

Tyr

Gln

Leu

Asn

Ser

555

Val

Phe

Val

Leu

Thr

Thr

Arg

Gly

540

Thr

Asn

Ser

Pro

Met
620

Gly

Arg

Phe

525

Asn

Ile

Thr

Asp

Leu

605

Asn

Phe

Thr

510

Glu

Ser

Arg

Thr

Ile

590

Asp

Ile

Thr

495

Phe

Gln

Tyr

Val

Thr

575

Asn

Ile

Met

Ile

Ile

Asn

Asn

Thr

560

Asn

Ile

Asn

Leu

Met Asn Asn Val Leu Asn Ser Glu Arg Pro Thr Lys Cys Asp Ala Tyr

1

5

10
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31196

Asn Val Val Ala His Asp Pro Phe Ser Phe Glu His Lys Ser Val Asp
20 25 30

Thr Ile Gln Lys Glu Trp Val Glu Trp Lys Arg Thr Asp His Ser Leu
35 40 45

Tyr Val Ser Pro Ile Val Gly Thr Ile Ala Lys Phe Leu Leu Lys Lys
50 55 60

Ile Gly Gly Leu Ile Gly Lys Arg Ile Leu Ser Glu Leu Lys Asn Leu
65 70 75 80

Ile Phe Pro Ser Gly Ser Thr Ala Ser Met Gln Asp Ile Leu Arg Gly

Ala Glu Gln Phe Leu Asn Gln Arg Leu Asp Glu Asp Thr Phe Ala Arg
100 105 110

Val Glu Ala Glu Leu Arg Gly Leu Gln Ala Asn Val Glu Glu Phe Asn
115 120 125

Arg Gln Val Asp Asn Phe Leu Asn Pro Asn Gln Thr Pro Val Pro Leu
130 135 140

Ala Ile Ile Asp Ser Val Asn Thr Leu Gln Gln Leu Phe Leu Ser Arg
145 150 155 160

Leu Pro Gln Phe Gln Ile Gln Arg Tyr Gln Leu Leu Leu Leu Pro Leu
165 170 175

Phe Ala Gln Ala Ala Asn Leu His Leu Thr Phe Ile Arg Asp Val Ile
180 185 190

Leu Asn Ala Asp Glu Trp Gly Ile Pro Glu Ala Thr Val Arg Thr Tyr
195 200 205

Arg Gln His Leu Gln Arg Tyr Thr Gln Asp Tyr Ser Asn Tyr Cys Ile
210 215 220

Asn Thr Tyr Gln Thr Ala Phe Arg Gly Leu Asn Thr Arg Leu His Asp
225 230 235 240
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31196

Met Leu Glu Phe Arg Thr Phe Met Phe Leu Asn Val Leu Asp Tyr Val
245 250 255

Ser Ile Trp Ser Leu Phe Lys Tyr Gln Ser Leu Met Val Thr Ser Thr
260 265 270

Ala Asn Leu Tyr Ala Ser Gly Ser Gly Ser Asn Gln Phe Phe Thr Ala
275 280 285

Gln Ala Trp Pro Phe Leu Tyr Ser Leu Phe Gln Val Asn Ser Asn Tyr
290 295 300

Ile Met Ser Asn Phe Gly Gly Asn Arg Glu Thr Ala Thr Ala Gly Val
305 310 315 320

Pro Gly Leu Gly Gly Phe Leu Phe Asn Phe Leu Phe Ser Phe Arg Val
325 330 335

Asn Tyr Thr Gly Gly Val Ser Ser Gly Leu Leu Gly Val Glu Gly Ile
340 345 350

Leu Asn Asn Phe Ser Cys Asn Ser Ser Leu Ser Thr Pro Ile Val Arg
355 360 365

Ser Trp Leu Asp Ser Gly Ile Glu Arg Ser Asp Ile Gln His Asn Trp
370 375 380

Arg Thr Asp Met Phe Leu Arg Ala Asn Gly Val Pro Cys Gly Ala Phe
385 390 395 400

Pro Leu Thr Leu Val Met Tyr Pro Asn Val Thr Met Asn Tyr Phe Pro
405 410 415

Asp Tyr Phe Ile Arg Asn Ile Ser Gly Ile Ile Gln Asn Ile Asp Asn
420 425 430

Met Asn Leu Ser Arg Pro Leu His Phe Asn Glu Val Arg Asp Leu Arg
435 440 445

Gly Asn Glu Val Ala Thr Leu Val Ser Val His Ser Thr Lys Asn Asn

-106-



450

Ile Tyr
465

Asp Tyr

Asn Gln

Ser Leu

Gly Asn
530

Asn Ser
545

Val Asn

Phe Ser

Val Pro

Leu Met
610

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Thr

Thr

Arg

515

Gly

Asn

Thr

Asp

Leu

595

Asn

14
631
PRT

Ala

Gly

Arg

500

Phe

Asn

Ile

Thr

Ile

580

Asp

Leu

Trinh tu

Protein BT-0026 dbét bién.

14

His

Phe

485

Thr

Glu

Asn

Arg

Thr

565

Leu

Ile

Met

Nhén tao

Glu

470

Thr

Phe

Gln

Tyr

Val

550

Asn

Ile

Asn

Phe

455

Asn

Met

Ile

Thr

Asn

535

Thr

Asn

Gly

Val

vVal
615

Gly

Ser

Ser

Asn

520

Leu

Ile

Asp

Asn

Thr

600

Pro

31196

Thr Met

Pro Ile
490

Glu Lys
505

Thr Thr
Tyr Leu
Asn Gly
Gly Vval

570

Val Val
585

Phe Asn

Thr Asn

Ile

475

His

Phe

Ala

Arg

Arg

555

Leu

Ala

Thr

Ile

460

His

Ala

Gly

Arg

Val

540

Asn

Asp

Ser

Gly

Leu
620

Leu

Thr

Asn

Tyr

525

Ser

Tyr

Asn

Ala

Thr

605

Pro

Ala

Gln

Gln

510

Thr

Ser

Thr

Glu

Asn

590

Lys

Leu

Pro

Val

495

Gly

Phe

Gln

Ser

Ala

575

Thr

Phe

Tyr

Glu

480

Asn

Asp

Arg

Gly

Asn

560

Arg

Asn

Glu

Met Asn Asn Val Leu Asn Ser Gly Arg Thr Thr Ile Cys Asp Gly His

1

5

10
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31196

Asn Val Met Ala Gln Asp Pro Phe Ser Phe Gln His Lys Ser Leu Asp
20 25 30

Thr Ile Gln Lys Glu Trp Thr Glu Trp Lys Arg Asp Asp His Ser Leu
35 40 45

Tyr Val Ala Pro Val Val Gly Thr Val Ala Ile Phe Leu Leu Lys Lys
50 55 60

Leu Gly Gly Phe Ala Ala Lys Arg Ile Leu Asn Gly Leu Trp Asp Leu
65 70 75 80

Val Phe Pro Asn Asp Asn Thr Lys Leu Met Gln Asp Ile Leu Arg Glu
85 90 95

Thr Glu Lys Phe Leu Asn Gln Arg Leu Asn Ala Asp Thr Leu Ser Arg
100 105 110

Val Asn Ala Glu Leu Glu Gly Leu Gln Lys Asn Val Ala Glu Phe Asn
115 120 125

Arg Gln Val Asp Asn Phe Leu Asn Pro Asn Arg Asn Pro Thr Leu Leu
130 135 140

Ser Ile Thr Ser Pro Val Asn Thr Met Gln Gln Leu Phe Leu Asn Arg
145 150 155 160

Leu Thr Gln Phe Gln Leu Arg Gly Tyr Glu Leu Leu Leu Leu Pro Leu
165 170 175

Phe Ala Gln Ala Ala Asn Leu His Leu Ser Phe Ile Arg Asp Val Ile
180 185 190

Leu Asn Ala Glu Glu Trp Gly Ile Ser Ala Ala Thr Leu Arg Thr Tyr
195 200 205

Arg Gly Tyr Leu Lys Asp Tyr Thr Lys Glu Tyr Ser Asn Tyr Cys Ile
210 215 220

Asn Thr Tyr Gln Thr Ala Phe Lys Lys Leu Asn Thr Pro Leu His Glu
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225

Met
Ser
Ala
Ser
Asn
305
Pro
Ser
Met
Thr
Ile
385
Asp

Pro

Asn

Leu

Ile

Asn

Ala

290

Tyr

Asn

Ala

Thr

Pro

370

Asn

Ser

Asp

Glu

Glu

Trp

Leu

275

Gln

vVal

Ile

Arg

Asn

355

Tyr

Thr

Trp

Tyr

Asp
435

Phe

Ser

260

Tyr

Asn

Leu

Gly

Ala

340

Ser

Thr

Phe

Cys

Phe

420

Leu

Arg

245

Leu

Ala

Trp

Thr

Gly

325

Asn

Asn

Arg

Thr

Gly

405

Ile

Arg

230

Thr

Phe

Ser

Pro

Gly

310

Phe

Tyr

His

Ser

Asp

390

Ala

Arg

Arg

Tyr

Lys

Gly

Phe

295

Phe

Pro

Ser

Asn

Trp

375

Trp

Phe

Asn

Pro

Met

Tyr

Ser

280

Leu

Ser

Gly

Gly

Phe

360

Leu

Gln

Val

Ile

Leu
440

31196

Phe Leu
250

Gln Ser
265

Gly Pro

Tyr Ser

Gly Phe

Ser Thr
330

Gly Ile
345

Asn Cys
Asp Ser
Thr Glu
Pro Arg

410

Ser Gly
425

His Tyr

-109-

235

Asn

Leu

Gln

Leu

Arg

315

Thr

Ser

Ser

Cys

395

Gly

Val

Asn

vVal

Leu

Gln

Phe

300

Asn

Thr

Ser

Thr

Arg

380

Phe

Asn

Ser

Glu

Phe

Val

Lys

285

Gln

Ser

His

Gly

Ala

365

Asp

Gln

Thr

Leu

Ile
445

Glu

Ser

270

Gln

Val

Phe

Ala

Ile

350

Ser

Gln

Thr

Asn

Val

430

Arg

Tyr

255

Ser

Ser

Asn

Thr

Leu

335

Ile

Leu

His

Thr

Tyr

415

Val

Asn

240

vVal

Gly

Phe

Ser

Met

320

Phe

Gly

Gln

Ala

Ser

400

Phe

Gly

Ile



Ala

Val

465

Met

Ile

Lys

Thr

Leu

545

Gly

Gly

Val

Phe

Thr
625

Ser

450

His

Ile

His

Phe

Ala

530

Arg

Lys

Val

Val

Asn

610

Asn

<210>
<211>
<212>
<213>

<220>
<223>

Pro

Asn

His

Ala

Gly

515

Arg

Val

vVal

Ile

Ala

595

Ser

Ile

15
633
PRT

Trinh ty Nhan tao

Protein BT-0032 d6t bién.

Ser

Arg

Leu

Thr

500

Asn

Tyr

Ser

Tyr

Asp

580

Asn

Gly

Thr

Gly

Lys

Ala

485

Gln

Gln

Thr

Ser

Thr

565

Asn

Asp

Thr

Pro

Thr

Asn

470

Pro

Val

Gly

Phe

Leu

550

vVal

Gly

Lys

Gln

Leu
630

Pro

455

Asn

Asp

Asn

Asp

Arg

535

Gly

Pro

Ser

Thr

Phe

615

Tyr

Gly

Ile

Asp

Thr

Ser

520

Gly

Asn

Asn

Arg

Asn

600

Glu

31196

Gly

Tyr

Asn

Gln

505

Leu

Lys

Ser

Val

Phe

585

Val

Leu

Gly

Ala

Thr

490

Asn

Arg

Gly

Thr

Asn

570

Ser

Pro

Met

-110-

Arg

Ala

475

Gly

Arg

Phe

Asn

Ile

555

Thr

Asp

Leu

Asn

Ala

460

His

Phe

Thr

Glu

Ser

540

Arg

Thr

Val

Asp

Leu
620

Tyr

Glu

Ile

Phe

Gln

525

Tyr

Val

Thr

Tyr

Leu

605

Met

Met

Asn

Ile

Ile

510

Thr

Asn

Thr

Asn

Ile

590

Asn

Cys

Ala

Gly

Ser

495

Ser

Asn

Leu

Ile

Asn

575

Gly

Val

Ile

Ser

Thr

480

Pro

Glu

Thr

Tyr

Asn

560

Asp

Asn

Thr

Pro



31196

<400> 15

Met Asn Ser Val Leu Asn Ser Gly Arg Thr Thr Ile Cys Asp Ala Tyr
1 5 10 15

Asn Val Ala Ala His Asp Pro Phe Ser Phe Gln His Lys Ser Leu Asp
20 25 30

Thr Val Gln Lys Glu Trp Thr Glu Trp Lys Lys Asn Asn His Ser Leu
35 40 45

Tyr Leu Asp Pro Ile Val Gly Thr Val Ala Ser Phe Leu Leu Lys Lys
50 55 60

Val Gly Ser Leu Val Gly Lys Arg Ile Leu Ser Glu Leu Arg Asn Leu
65 70 75 80

Ile Phe Pro Ser Gly Ser Thr Asn Leu Met Gln Asp Ile Leu Arg Glu
85 90 95

Thr Glu Gln Phe Leu Asn Gln Arg Leu Asn Thr Asp Thr Leu Ala Arg
100 105 110

Val Asn Ala Glu Leu Ile Gly Leu Gln Ala Asn Ile Arg Glu Phe Asn
115 120 125

Gln Gln Val Asp Asn Phe Leu Asn Pro Thr Gln Asn Pro Val Pro Leu
130 135 140

Ser Ile Thr Ser Ser Val Asn Thr Met Gln Gln Leu Phe Leu Asn Arg
145 150 155 160

Leu Pro Gln Phe Gln Ile Gln Gly Tyr Gln Leu Leu Leu Leu Pro Leu
165 170 175

Phe Ala Gln Ala Ala Asn Leu His Leu Ser Phe Ile Arg Asp Val Ile
180 185 190

Leu Asn Ala Asp Glu Trp Gly Ile Ser Ala Ala Thr Leu Arg Thr Tyr
195 200 205
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Arg

Asn

225

Met

Ser

Ala

Thr

Asn

305

Pro

Ser

Ala

Leu

Glu

385

Thr

Tyr

Asp

210

Thr

Leu

Ile

Asn

Ser

290

Tyr

Asn

Ala

Thr

Ser

370

Gly

Leu

Phe

Tyr

Tyr

Glu

Trp

Leu

275

Gln

Ile

Ile

Arg

Asn

355

Thr

val

Ser

Pro

Leu

Gln

Phe

Ser

260

Tyr

Asp

Leu

Gly

Val

340

Leu

Pro

Ala

Leu

Asp
420

Arg

Thr

Arg

245

Leu
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