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Linh vuwe ky thuit dwoe dé cap

Sang ché dé cip dén protein diét loai gdy hai va phan tir axit nucleic ma héa cho

chung, cling nhu hop phén va phuong phap dé kiém soat loai gy hai cay trong.
Tinh trang ky thuit ciia sang ché

Bacillus thuringiensis (Bf) 1a vi khuin dt tao bao tir gram dwong dic trung bdi kha
ning tao ra thé vui tinh thé ma gy doc dac hiéu dbi véi cac bd va cac loai nhat dinh ciia
cac loai gay hai thuc vét, bao gém cOn trung, nhung v6 hai dbi vé6i thuc vat va céc sinh
vét khong phai 1a dich khac. Vi 1y do nay, hop phan chtra ching Bacillus thuringiensis
hodc protein diét con trung cua chiing c6 thé dugc ding lam chat diét con tring chip nhan
duoc cho moi truong dé kiém soat cac loai con tring giy hai néng nghiép hozc vat truyén

cOn trung cua nhieu bénh ¢ nguoi hodc dong vat khéac nhau.

Protein tinh thé (Cry) tir Bacillus thuringiensis ¢6 hoat tinh diét cén triung hiéu
nghiém chdng lai cht yéu 13 c6n tring gy hai 1a loai gay hai thudc bo canh vay, bo hai
canh, va bd canh cung. Cac protein nay ciing thé hién hoat tinh chdng lai loai gy hai
thudc cac BO Hymenoptera, Homoptera, Phthiraptera, Mallophaga, va Acari, cling nhu 1a
cac bd khong xwong 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.). C4c protein nay
ban dau dugc phan loai 13 tir Cryl dén CryVI chi yéu dua trén hoat tinh diét con tring cta
ching. Cac 16p chinh la ddc hiéu Bo canh vay (I), ddc hi€éu B canh vay va Bo hai canh
(II), dac hiéu B canh cting (II1), dac hi¢u B hai canh (IV), va ddc hiéu giun tron (V) va
(VI). Cac protein con dugc phan loai thanh cidc phéan ho; cac protein li€én quan cao hon
trong moi ho duoc dit céc chit cai phan chia nhu CrylA, CryIB, CryIC, v.v. Céc protein
lién quan gan hon nita trong mdi nhém duge dit tén nhu CryIC(a), CryIC(b), v.v. Cic

thuat ngir “doc t Cry” va "nd1 doc td delta" duogc st dung thay thé 1an nhau vé6i thuét ngit
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“protein Cry.” Danh phép hién nay d6i v6i protein va gen Cry dua trén do tuong dong
trinh tu axit amin chir khong phai 1a do ddc hi¢u dich con trung (Crickmore et al. (1998)
Microbiol. Mol. Biol. Rev. 62:807-813). Theo phén loai dugc chép nhdn hon nay, mdi
doc t6 dugc dat tén duy nhat két hop voi hang chinh (chit s6 A rap), hang tht hai (ky tu
viét hoa), hang thir ba (ky tu viét thudng), va hang tht tu (chit sd A rap khac). Theo phan
loai hién nay, céc chir s6 La Ma duge ddi cho céc chir s6 A rdp ¢ hang thir nhét. Vi du,
"CryIlA(a)" theo danh phép cii nay 1a "CrylAa" theo danh phdp hién nay. Theo Ibrahim et
al. (2010, Bioeng. Bugs, 1:31-50), doc t§ Cry c6 thé van dugc chia thanh sau 16p chinh
theo do dic hiéu vat chu con trung ctia chung va bao gdm: nhom 1—Iloai gy hai thudc bd
canh vay vi du nhu, Cryl, Cry9 va Cryl5); nhom 2—b0 canh vay va by hai canh (vi du
nhu, Cry2); nhom 3—bd céanh cing (Cry3, Cry7 va Cry8); nhém 4—bd hai cénh (Cry4,
Cryl0, Cryll, Cryl16, Cryl7, Cry19 va Cry20); nhom 5—b0 canh vay va bd canh cing
(CrylI); va nhém 6—giun tron (Cry6). Cac doc td Cryll, Cry2, Cry3, Cry10 va Cryll
(73-82kDa) 12 duy nhét béi vi chiing duong nhu la dang cat cut tw nhién cia cac protein

Cryl va Cry4 16n hon (130-140kDa).

Protein Cry la phan t protein hinh cAu ma tich lily dudi dang tién ddc t5 & dang
két tinh trong giai doan hinh thanh bao tt ctia Bz. Sau khi bi loai gdy hai 4n, céc tinh thé
nay thuong dugc hoa tan dé giai phong tién doc t6, ma co kich thude nim trong khoang,
vi du, tir 130-140kDa dbi véi nhiéu protein Cry c6 hoat tinh ddi véi bo canh vay, chang
han nhu Cryl va Cry9, va 60-80 kDa ddi véi protein Cry3 c6 hoat tinh déi v6i bd canh
ctng va protein Cry2 ¢ hoat tinh dbi v&i bd canh vay/bd hai canh. Sau khi céc tinh thé
nay duogc hoa tan boi con trung nhay cam tién doc td da duoc giai phong duge xir Iy bing
proteaza trong rudt con tring, vi du trypsin va chymotrypsin, dé tao ra doc td protein Cry
16i khang proteaza. Sy xr ly phdn giai protein nay gbém ¢6 su loai bo axit amin tlr céc
vung khéc nhau cua céac tién doc tb Cry khéc nhau. Vi du, tién doc td Cry néang 130-
140kDa thuong dugce hoat héa thong qua su loai bo bing cach phan giai protein clia peptit
dau tan cung N ¢6 25-30 axit amin va x4p xi mot ntra protein con lai tir dau tan cung C tao
ra doc té Cry trudng thanh ning x4p xi 60-70kDa. Tién ddc td nang 60-80kDa, vi du nhu
Cry2 va Cry3, ciing dugc xtr Iy nhung khong dén cung muc d6 nhu tién doc t6 16n hon.

Tién doc td nho hon thuong co sb lugng axit amin dugc loai bé tu dau tan cung N béng
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hoic 16n hon so véi tién doc té 16n hon nhung c6 s6 lwong axit amin duoc loai bo tir dau
tan cung C it hon. Vi du, sy hoat hoa bang cach phan giai protein ctia cac thanh vién ho
Cry?2 thudong gém c6 su loai bo xap xi 40-50 axit amin & dau tdn cung N. Nhiéu protein
Cry kha doc ddi véi con tring dich dac hiéu, nhung nhiéu protein Cry c6 phd hoat tinh
hep. |

Protein Cry thudng ¢6 nim mién trinh tu bao toan, va ba mién cau tric bao toan
(xem, vi du, de Maagd et al. (2001) Trends Genetics 17:193-199). Mién cau triic bao toan
thir nhét, goi 12 mién I, thuong gdm c6 bay ciu tric xo4n alpha va tham gia vao sur cai xen
mang va tao 18 rdng. Mién II thudng gdm c6 ba tdm beta dugc bb trf trong cAu hinh chia
khéa Greek, va mién III thudng gdm c6 hai tim beta dbi song trong ciu tao ‘cudn 1éng'
(de Maagd et al., 2001, & trén). Céc mién II va III tham gia vao su nhan dién thu thé va

lién két, va do d6 duoc coi 1a cac phin quyét dinh tinh dic higu doc td.

Nhiéu ciy trong c6 gia tri thuong mai, bao gdm céc cdy nong nghiép thong thuong,
nhay cam ddi vdi su tAn cong boi cac loai gy hai cay trdng bao gdm céc cdn tring va
giun tron gdy hai, gdy giam dang ké san luong va chit luong cdy trong. Vi du, loai giy
hai cy trdng 12 yéu td chinh trong su thiét hai vé cdy ndéng nghiép quan trong cla thé
giéi. Khoang 15 dén 20 ph?m tram luong hat thu hoach dugc & Trung Quéc bi thiét hai
mdi nim do bénh va céc loai giy hai con trung. Ngoai ra, khoang $8 triéu bi thiét hai mdi
nidm chi riéng & My do sy phé hoai cta loai gdy hai khong xuong séng bao gdm con
tring. Con trung gdy hai cling 1a ganh ning d6i v6i nguoi trong rau va cdy in qua, db6i voi

nhitng ngudi san xuat hoa trang tri, va doi voi nguoi lam vuon tai nha.

Céc loai gdy hai con tring chu yéu dugc kiém soat nho 4p dung chuyén siu cic
chét diét loai gay hai hoa hoc, c6 hoat tinh thong qua viéc Grc ché su tang trudng clia con
tring, ngan ngtra sy 16n 1én hodc sinh so6i ndy nd cua con trung, hodc gy chét. Céc tac
nhén kiém soét loai gay hai sinh hoc, nhu ching Bacillus thuringiensis biéu hién doc t6
diét loai gay hai nhu protein Cry, cling duoc dp dung lén cay trdng v6i hidu qua tét, tao ra
su thay thé hodc phan thuéng cho thudc diét loai gay hai hoa hoc. Cac gen ma héa dbi véi

mot sO trong céc protein Cry nay di dugc phan lap va bicu hién cua chiing ¢ vat chu khac
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loai nhu cdy trong chuyén gen thé hién 1a tao ra cong cu khéc dé kiém soat cac loai con

trung gdy hai quan trong vé kinh té.

Do d6, c6 thé dat duoc kiém soat con trung tdt, nhung mot s chat hoa hoc nhét
dinh d6i khi c6 thé con anh hudng dén con tring c6 ich khong phai dich va mot s6 chat
sinh hoc nhit dinh c¢6 phd hoat tinh rat hep. Ngoai ra, viéc st dung tiép mot s6 phuong
phap kiém sodt hoa hoc va sinh hoc nhit dinh 1am ting kha ning cho lodi con tring gay
hai phat trién kha ning khang cac phuong phap kiém soat nay. Diéu nay da dugc lam
giam bét mot phan béi cac hoat dong quéan ly tinh khéng khac nhau, nhung van ¢6 nhu
cdu phét trién tac nhan kiém so4t loai gdy hai méi va hiru hidu ma mang lai loi ich kinh té
cho néng dan va che"ip nhan dugc vé mit mdi truong. Dic biét c6 nhu cau 14 cac tac nhan
kidm soat ma c6 thé nhim dich vao phd rong hon ciia cic con tring gy hai quan trong vé
mit kinh t€ va kiém soat mot cach hitu hiéu cic chiing c¢on tring ma khang hodc ¢6 thé tro
nén khéng vdi céc tac nhan kiém soat con tring hién co.

Ban chit ky thuét ciia sing ché

Xem xét dén cac nhu cau nay, muc dich cta sang ché la dé xuat tdc nhan ki€ém soat
loai gAy hai mdi bang cach dé xuat theé phan 1ap Bacillus thuringiensis (Bf) méi cling nhu
1a gen va protein diét loai gdy hai méi ma c6 the dugce sir dung d€ kiém soét nhi€u loai

gdy hai thyc vat.

Sang ché dé xuét cac hop phin va phuong phép tao ra hoat tinh di€t loai gdy hai
cho vi khuén, cdy, t& bao, md va hat ctia cdy. Cu thé 13, gen kham c6 chira polynucleotit
méGi ma ma hoa cho protein Cry dugc phén lap tir Bf va cic trinh tu vé co ban gidng
ching, ma su biéu hién ctia chiing tao ra protein c6 doc tinh dbi voi cac loai con tring gay
hai quan trong vé mit kinh té, cu thé 1a con trung gy hai ma pha hoai cdy trdng, dugc dé
xudt. Sang ché con dé cap dén protein Cry méi thu dugc tir sy biéu hién cta polynucleotit,
va dé cap dén hop phan va ché phim c6 chira protein Cry, ma gy doc d6i vi con trung
bang cach trc ché kha ning cia con trung giy hai dé séng sot, sinh trudng va sinh san,
hodc han ché su tdn that hodc thiét hai lién quan dén con trung dbi vai cay tréng. Protein
Cry theo sang ché bao gdm protein Cry tu nhién va protein Cry dot bién hoic bién thé ma

c6 mot hodc nhiéu su thé, sy thém hodc su bdt axit amin. Vi du vé protein Cry dot bién

-5



35801

bao gdm ma khong gi6i han & cac protein Cry ma dugc gy dot bién dé c6 phd hoat tinh
rong hon hodc hoat tinh ddc hi¢u cao hon so v6i céc dbi tac protein Cry tu nhién cua
ching, cac protein Cry nay dugc gy dot bién dé dua vao epitop dé tao ra khang thé ma
nhan dién phan biét protein dot bién tir protein tu nhién hoic protein Cry dot bién dé dicu
bién su biéu hién & sinh vét chuyén gen. Protein Cry méi theo séng ché co dd doc cao dbi
vGi ¢On trung gdy hai. Vi duy, protein Cry theo sing ché c6 thé duoc dung dé kiém soat
mot hodc nhiéu con tring gy hai quan trong v& mit kinh té ching han nhu siu duc than
ngd chau A (Ostrinia furnacalis), sdu ngai dém mau den (Agrotis ipsilon), sau duc qua
bong (Helicoverpa armigera), buém dém hai dao mau vang (Conogethes punctiferalis),
sau buém Phuong Dong (Mythimna sepatate), sdu duc than ngd chiu Au (Ostrinia
nubilalis), sdu xanh mua thu (Spodoptera frugiperda), sau duc trai trén cdy ngd
(Helicoverpa zea), sdu duc thdn mia (Diatraea saccharalis), sdu buém hai diu nhung
(Anticarsia gemmatalis), sdu do déu tuwong (Chrysodeixis includes), sdu duc than ngd tay
nam (Diatraea grandiosella), sdu ngai dém hai dau phuong tay (Richia albicosta), sdu dn
chdi thudc 14 (Heliothis virescens), sdu duc than c6 soc (Chilo suppressalis), sdu duc than
mau hdng (Sesamia calamistis), shu cudn 14 lda (Cnaphalocrocis medinalis), va dang

tuong tu.

Sang ché ciing dé xuét polynucleotit tbng hop ma ma héa cho protein Cry theo
sang ché ma c6 mot hodc nhidu duoc t6i wu hoa bd ba ma héa dé biéu hién & sinh vat

chuyén gen ching han nhu vi khuén chuyén gen hoic ciy trong chuyén gen.

Sang ché con dé xuit cat-xet bidu hién va vat truyén tai td hop chira polynucleotit
ma mé hoda protein Cry theo sang ché. Sang ché ciing dé xut vi khuén, cdy trong, té bao,
mo, va hat cay tréng duoc bién nap c6 chtra gen kham, hodc cat-xet biéu hién hoic vt
truyén tai t6 hop ma hitu dung trong viéc bidu hién protein Cry theo sang ché trong vi

khuén, cdy trong, t€ bao, mo va hat cay trong duoc bién nap.

Sang ché con dé cap dén ching Bacillus thuringiensis (Bf) dugc phan 14p ma san
xuat protein Cry theo séng ché. Chung Bt nay c6 thé 1a phan lap xay ra trong tu nhién
hodc ching Bt chuyén gen ma tao ra mot hogc nhiéu trong sd cac protein Cry theo sang

r
A

ché.
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Sang ché con dé xuit phuong phdp st dung polynucleotit, vi du trong chu tric
ADN hoac gen kham hodc cat-xet biéu hién hoic vecto tai tb hop dé bién nap va biéu hién
trong sinh vét, bao gdm cay va vi sinh vat, nhu vi khuén. Trinh tu nucleotit hodc axit amin
c6 thé 13 trinh tu tu nhién hodc tdng hop ma di dwoc thiét k& dé biéu hién & sinh vat
chéng han nhu thuc vat hodc vi khudn hogc dé tao ra doc t Cry lai c6 hoat tinh diét loai
gdy hai dugc ting cuong. Sang ché con dé cap dén phuong phép tao ra protein Cry va
phuong phép st dung céc trinh ty polynucleotit va protein Cry, vi du trong vi sinh vat aé
kiém soat con trung hodc trong cay trdng chuyén gen dé mang lai su bao vé khéi su gdy

hai cia con trung.

Khia canh khac cia sang ché bao gdm hop phan diét con tring va ché phidm c6
chira protein Cry hodc ching Bacillus thuringiensis theo sang ché, va phuong phap sir
dung hop phan hoic ché phim nay d8 kiém soat quin thé con tring, vi du bang cach ap
dung hop phén hodc ché phém nay cho dién tich bi pha hoai béi con tring, hodc dé xur ly
phong ngtra cho dién tich d& bi tAn cong boi con tring hoic cy trdng dé mang lai su bao
vé chdng lai con tring gy hai. Mot céch tuy y, hop phan hoic ché pham theo séng ché ¢6
thé, ngoai protein Cry hodc ching Bf theo sang ché, c6 chira tic nhan diét loai giy hai
khac chang han nhu chét diét loai gy hai héa hoc dé gia ting hodc ting cuong kha ning

kiém soat cOn trung cta hop phan hodc ché pham.

Hop phan va phuong phép theo séng ché hitu dung dé kiém soat con trung gay hai
ma tin cong thuc vat, cu thé 1a cay trong. Hop phan theo sing ché ciing hitu dung dé tao
ra protein Cry dugc thay ddi hodc duge cai thién ma co hoat tinh diét loai gy hai, hodc dé
phat hién sy c6 mat cia protein Cry hodc axit nucleic trong san pham thuong mai hodc

sinh vat chuyén gen.

Cac dau hiéu, khia canh, va loi ich nay va khac cua sang ché s& dugce hicu rd hon
khi vién dan dén phan md ta chi ti€t va cac yéu ciu bao h sau day.
M6 ta van tat hinh vé

Hinh 1 14 su sdp xép thing hang cla céc trinh ty axit amin protein Cry BT-0049 va
BT-0211.
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MO ta vén tit céc trinh tu trong danh muc trinh tu

SEQ ID NO:1 thé hién trinh ti nucleotit ma héa cho protein BT-0049.

SEQ ID NO:2 thé hién trinh tw nucleotit ma héa cho protein BT-0063.

SEQ ID NO:3 thé hién trinh tu nucleotit ma hoéa cho protein BT-0064.

SEQ ID NO:4 thé hién trinh tw nucleotit ma héa cho protein BT-0086.

SEQ ID NO:5 thé hién trinh ti nucleotit ma héa cho protein BT-0498.

SEQ ID NO:6 thé hién trinh tu tdi wu héa bd ba ma ma hoa protein BT-0049.
SEQ ID NO:7 thé hién trinh tu t8i wu héa bd ba ma ma hoa protein BT-0063.
SEQ ID NO:8 thé hién trinh tu tdi wu héa bd ba ma ma hoa protein BT-0064.
SEQ ID NO:9 thé hién trinh tu tdi wu héa bd ba ma ma hoa protein BT-0086.
SEQ ID NO:10 thé hién trinh tu t5i uu hoa bd ba ma ma héa protein BT-0498.
SEQ ID NO:11 thé hién trinh tu nucleotit ma hoéa protein BT-0049 dot bién.
SEQ ID NO:12 thé hién trinh ty nucleotit ma héa protein BT-0063 dot bién.
SEQ ID NO:13 thé hién trinh tu nucleotit ma héa protein BT-0064 dot bién.
SEQ ID NO:14 thé hién trinh tw nucleotit ma hoa protein BT-0086 dot bién.
SEQ ID NO:15 thé hién trinh tw nucleotit ma héa protein BT-0498 dot bién.
SEQ ID NO:16 thé hién trinh tu axit amin cua protein BT-0049.

SEQ ID NO:17 thé hién trinh tu axit amin cia protein BT-0063.

SEQ ID NO:18 thé hién trinh tur axit amin cta protein BT-0064.

SEQ ID NO:19 thé hién trinh tu axit amin cta protein BT-0086.

SEQ ID NO:20 thé hién trinh tu axit amin ctia protein BT-0498.

SEQ ID NO:21 thé hién trinh tu axit amin cua protein BT-0049 dot bién.
SEQ ID NO:22 thé hién trinh tu axit amin cua protein BT-0063 dot bién.
SEQ ID NO:23 thé hién trinh tu axit amin cta protein BT-0064 dot bién.
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SEQ ID NO:24 thé hién trinh tr axit amin cta protein BT-0086 dot bién.

SEQ ID NO:25 thé hién trinh t axit amin ctia protein BT-0498 dot bién.

SEQ ID NO:26 thé hién trinh tu axit amin cta protein BT-0211.

SEQ ID NO:27 th8 hién trinh tu axit amin duy nhit di véi protein gidng BT-0049.

SQE ID NO:28 thé hién trinh t axit amin duy nht ddi véi protein gidng BT-0049.
MBS ta chi tiét sang ché

Phin md ta nay khong nhim lam danh muc chi tiét ctia tat ca cac cach khac nhau
dé c6 thé thuc hién séng ché, hoic tit ca cac ddu hiéu c6 thé duoc thém vao sang ché nay.
Vi du, cac d4u hiéu dugc minh hoa theo mdt phwong 4n c6 thé dugc két hop véi cac
phuong &n khac, va céc dAu hiéu dugc minh hoa theo phuong 4n cu thé c6 thé dugc x6a
bd khoi phuong 4n nay. Do do, sang ché du tinh ring theo mot s6 phuong 4n ctia sang
ché, dAu hiéu bat ky hodc dang két hop céc dAu hiéu duogc dé cap ¢ day co thé duoc loai
bd hodc bo qua. Ngoai ra, nhiu bién thé va bd sung cho cac phuong dn khac nhau dugc
khuyén khich & dy s& dugc thuc hién boi ngudi ¢6 hiéu biét trung binh trong linh vuc
ctia sang ché, ma khong vuot ra khéi pham vi séng ché. Vi vay, phin mb ta sau diy nhim
minh hoa mot sd phuong 4n cu thé cua séng ché, va khong xac dinh tuong tan tat ca cac

sp xép, dang két hop va bién thé cua ching.

Trur khi c6 chi dinh khéc, toan bd cac thuat ngit k§ thudt va khoa hoc dugc st dung
& day c6 cung nghia nhu cach hiéu thong thuong ctia ngudi ¢6 hiéu biét trung binh trong
linh vuc ma sang ché thudc vé. Thuat ngir duoc sit dung trong phan md ta clia sing ché &
day chi nhim muc dich mé ta cac phuong én cu thé va khong nhim 1am giéi han séng

r
A

ché.
Dinh nghia

Nhu duoc sir dung & ddy va & yéu cau bao ho kém theo, cac mao tir sb it bao gdm
viec dé cap dén sb nhiéu trir khi ngit canh rd rang chi ra nghia khic. Do d6, vi duy, vién
din dén "cay trdng" 1a vién din dén mot hodc nhiéu cay trong va bao gdm cic dang tuong
duong cia chung da biét dbi v6i ngudi c6 hiéu biét trung binh trong linh vuc nay, va v.v..
Nhu dugce st dung ¢ day, tr "hodc" nghia la mot thanh phén bét ky cua danh sach cu thé
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va con bao gdbm dang két hop bt ky clia cac thanh phan ctia danh sach do (tire 13, con bao

gom "va").

Thuét nglt "khoang" dugc st dung & day nghia la x4p xi, gan, xung quanh, hoic
trong khoang. Khi thuat ngltr "khoang" duoc dung két hop v6i khoang sb, no thay dbi
khoang nay bing cach mé rong gidi han trén va dudi cia gia tri bang s6 dugc cho. Thong
thuong, thuat ngt "khoang" dugce st dung & day dé thay ddi gia tri bang sb ¢ trén va dudi
gia tri duoc cho v6i phuong sai bang 20 phan trim, t6t hon 1a 10 phan trim 1én hoic
xudng (cao hon hodc thip hon). Péi véi thuat ngir nhiét do "khoang" nghia 1a + 1°C, t6t
hon 13 + 0,5°C. Khi thuét ngit "khoang" dugc dung trong ngit canh cia sing ché (vi du,
két hop v6i céc gia tri nhiét d6 hodc khéi lwong phan tir) gia trj chinh x4c (ttc 13, khong

c6 "khoang") dugc uu tién.

Nhu duge sir dung & day, thuat ngit "khuéch dai" nghia 1a viéc xdy dung nhiéu ban
sao clia phan tir axit nucleic hodc nhiéu ban sao bd sung cho phan tr axit nucleic bing
cach sir dung it nhit mot trong s cac phan tir axit nucleic 1am khuon. Hé théng khuéch
dai bao gdm hé phan tng chudi polymeraza (PCR), hé phan tmg chudi ligaza (LCR),
khuéch dai trén co s& trinh tu axit nucleic (NASBA, Cangene, Mississauga, Ontario), hé
lap Q-Beta Replicaza, hé khuéch dai trén co sé phién ma (TAS), va khuéch dai x4o tron
soi (SDA). Xem tai li€u, vi du, Diagnostic Molecular Microbiology: Principles and
Applications, PERSING et al., Ed., American Society for Microbiology, Washington,
D.C. (1993). San phidm khuéch dai duoc goi 1 "amplicon."

Thuat ngir "ciu tric kham" hoic "gen khiam" hoic "polynucleotit khdm" hogc "axit
nucleic kham" (hodc thudt nglt twong tw) nhu duge st dung ¢ day dung dé chi cdu truc
hodc phan tir bao gdm hai hoic nhiéu polynucleotit c6 ngudn gbc khic nhau duge ghép
thanh phan tr axit nucleic don 1. Thuat ngr "cau truc kham", "gen kham", "polynucleotit
kham" hodc "axit nucleic kham" d& cdp dén bit ky cdu truc hodc phan tir ma bao gdm,
khong gidi han, (1) polynucleotit (vi du, ADN), chtta polynucleotit didu hoa va ma hoa
ma khong thdy ciing nhau trong tu nhién (tic 13, it nhit mot trong sd cac polynucleotit
trong céu tric 1a khac loai vé6i it nhat mot trong sb cac polynucleotit khéc ctia n6), hodc

(2) c4c phan ma hoa polynucleotit clia protein khong tiép giap trong tu nhién, hoic (3) cic
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phin ctia promoto ma khong tiép giap trong tw nhién. Hon nita, ciu trac kham, gen kham,
polynucleotit kham hodc axit nucleic kham co thé chira polynucleotit diéu hoa va
polynucleotit md héa ma cé ngudn gde tir cac ngudn khac nhau, hodc chtra polynucleotit
diéu hoa va polynucleotit ma hoa c6 ngudn gdc tir ngudn gidng nhau, nhung dugce sap xép
theo cach khéc véi cach tim thdy trong tu nhién. Theo mdt s phuong 4n ctia sang ché,
ciu truc kham, gen kham, polynucleotit khdm hodc axit nucleic kham bao gdm cat-xet
biéu hién chtra polynucleotit theo sang ché dudi su kiém soét cua polynucleotit diéu hoa,
cu thé 13 dudi su kiém soat ctia polynucleotit diéu hoa chirc ning trong cay trong hoic vi

khuan.

"Trinh tv ma héa" 1a trinh tu axit nucleic ma duge phién ma thanh ARN nhu
mARN, rARN, tARN, snARN, ARN c6 nghia hoic ARN ddi nghia. Tét hon 1 sau d6

ARN duoc dich ma trong sinh vat dé tao ra protein.

Nhu duge st dung & day, trinh ty "duoc t8i wu héa bd ba ma hoa" nghia 14 trinh tur
nucleotit ciia polynucleotit tai t6 hop, chuyén gen, hodc tdng hop trong d6 bd ba mi héa
duoc chon dé phan 4nh do 16ch bd ba ma hoa cu thé ma té bao chii hode sinh vat ¢6 thé
c6. Diéu nay thudong duge thuc hién theo céch nay dé bao quan trinh tu axit amin cua
polypeptit dugc ma hoéa boi trinh tu nucleotit duge t6i wu hoa bo ba ma hoa. Theo mot sd
phuong an nhét dinh, trinh tuy ADN cua cAu tric ADN tai td hop bao gf‘)m trinh tuy ma da
duoc tdi wu hoa bd ba ma hoa cho té bao (vi du, té bao dong vat, thuc vit, hodc ném)
trong d6 ciu triic nay la dé dugc biéu hién. Vi du, cdu trac duge biéu hién trong té bao
clia cdy trong co thé c6 tAt ca hodic cic phin cua trinh tur ctia n6 (vi du, yéu t6 kim ham
gen thir nhat hodc yéu t6 biéu hién gen) dugc t61 wu hoa bd ba ma hoa dé biéu hién & cay
tréng. Xem, vi du, béng séng ché My $6 6,121,014, duoc két hop & day béng cach vién

dan.

"Kiém so4t" con trung c6 nghia 1a wc ché, théng qua tac dung gdy doc, kha ning
ctia cOn trung gay hai dé séng sOt, sinh truong, dn, hodc sinh san, hodc han ché su ton thét
hoic thiét hai do con tring & cdy trong hodc bao vé tiém nang san luong clia cay trong khi
sinh truéng trong sy ¢6 mat ciia con trung gay hai. "Kiém soat" con tring c6 thé c6 hoic

¢6 thé khong ¢6 nghia 1a giét con tring, mdc du tot hon nén c¢6 nghia la gi€t con trung.
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Cé4c thuét ngir "gdm" hodc "bao gom," khi dugc dung trong ban md ta nay, xdc
dinh su ¢6 mit cia dau hiéu, s6 nguyén, budc, hoat dong, ycu to, hodc thanh phin dugc
chi ra, nhung khong loai trir sy ¢6 mat hodc sy thém vao ctia mot hodc nhicu dau hi¢u, so

nguyén, budc, hoat dong, yéu t, thanh phén khac, hodc nhém cua ching.

Nhu duoc st dung & day, clu chuyén tiép "vé co ban gdm c6" (va cac bién thé ngit
phap) nghia la pham vi cua yéu cAu bao hd duge hiéu 1a bao ham cac vat liéu hoic cac
bude duge néu rd hodic d& cap trong yéu cau bao ho" va nhitng thir ma khong 1am thay do6i
cbt yéu (cac) dic trung co ban va méi" cua sang ché duge yéu ciu bao hod. Do d6, thuit
ngit "vé co ban gdm c6" khi duoc st dung trong yéu cdu bao hd cua sang ché khong du

tinh dugc hidu 13 twong duong véi "bao gdm."

Trong ngit cdnh cua sang ché, "viéc trong tng véi" hodc "twong (mg véi" c6 nghia
14 khi trinh ty axit amin cta céc protein Cry bién thé hoic twong dong duoc sip xép thing
hang véi nhau, cdc axit amin ma "twong ung voi" cac vi tri duge danh s6 nhat dinh trong
protein bién thé hodc twong dong 1 cc axit amin ma thing hang véi cic vi tri ndy trong
protein tham chiéu nhung khong nhét thiét 12 & cac vi tri danh s6 chinh x4c nay tuong
quan vo6i trinh tu axit amin tham chiéu cu thé theo sang ché. Vi dy, néu SEQ ID NO:16 1a
trinh tu tham chiéu va dugc sip xép thing hang véi SEQ ID NO:26, Argd15 cta SEQ ID
NO:26 "twong Gng v6i" Gly421 ctia SEQ ID NO:16.

Nhu duge dung trong ban md ta nay, thudt ngir "protein Cry" c6 nghia la protein
diét con trung thudc loai ndi doc t§ delta tinh thé Bacillus thuringiensis. Thudt ngt
"protein Cry" c6 thé diung dé chi dang tién doc td hodc manh hoic doc td 6 hoat tinh diét

con tring bat ky ciia chiing.

Viéc "phan phéi" hop phan hoic protein gy ddc c6 nghia 12 hop phan hoic protein
gdy doc tiép xtc v6i con trung, ma lam thuén loi cho sy an bing miéng cta hop phin
hodc protein giy doc, dan dén tac dung gy doc va kiém soét con trung. Hop phan hoic
protein gay doc co thé dugc phan phdi theo nhiéu cach dd dugc cong nhén, bao gbém
nhung khong gidi han ¢, su bidu hién cay trdng chuyén gen, (cac) hop phan protein dugc
tao ché phdm, (cac) hop phan protein co thé phun dugc, chit nén moi, hoic hé thdng phan

phéi protein da dugce cong nhén trong linh vuc khéac bat ky.
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Thuét ngir "mién" dung dé chi tap hop céc axit amin duge béo toan & céc vi tri cu
thé doc theo su sip xép thing hang cla céc trinh tu cia céc protein c6 lién quan v& mit
tién hoa. Trong khi cac axit amin & céc vi tri khac co thé thay ddi giita cac thé tuong
déng, cac axit amin dugc bdo toan cao & cac vi tri cu thé thé hién céc axit amin ma ¢ vé
thiét yéu trong cAu trac, su 4n dinh hoic chuc ndng cla protein. Pugc x4c dinh béi mure
do bao toan cao cia chung trong céc trinh tu dugc sip xép thing hang ciia ho cua cic thé
tuong ddng protein, ching ¢ thé dwoc st dung 1am ddu hiéu nhin dang dé xac dinh lidu
polypeptit dang xem xét bét ky ¢6 thude vao nhom polypeptit da duge xac dinh tir trude

hay khong.

"Lugng hitu hiéu dé kiém soat con trung" c6 nghia 1a ndng d6 cla protein giy ddc
ma e ché, thong qua tic dung gy ddc, kha ning cia con tring dé sdng sot, sinh trudng,
an hodc sinh san, hoac han ché su tdn thit hodc thiét hai do con tring & ciy tréng hodc
béo vé tiém ning san luong clia cay trdng khi sinh trudng trong su ¢6 mit cda cdn tring
gdy hai. "Lugng hitu hi¢u dé kiém soat con trung" c¢6 thé c6 hodc khong c6 nghia 1a giét

con trung, méc du tot hon nén c¢6 nghia la giét con trung.

"Cat-xet biéu hién" nhu duoc ding trong ban mo ta ndy c6 nghia 1a phan tir axit
nucleic ¢6 kha ning dinh huéng sy biéu hién cia it nhét 13 mét polynucleotit duge quan
tdm, ching han nhu polynucleotit ma ma hoa cho protein Cry theo sang ché, trong té bao
chu thich hgp, ¢6 chtta promoto dugc lién két c6 diéu khién vdi polynucleotit duge quan
tAm ma duoc lién két c6 diéu khién voi tin hidu két thic. "Cat-xet biéu hién" thudng con
chtra polynucleotit bd sung cin dé phién ma ding polynucleotit quan tdm. Cat-xet biéu
hién c6 thé con chira polynucleotit khac khong can thiét trong viéc biéu hién truc tiép clia
polynucleotit quan tdm nhung c6 mat do vi tri gi¢i han thich hop dé loai bo bang khoi vat
truyén biéu hién. Cat-xet biéu hién bao gdm (céc) polynucleotit quan tAm c6 thé 1a kham,
¢6 nghia 13 it nht mot trong sé cac thanh phan ctia n6 1a khac loai voi it nhit mot trong s6
cac thanh phan khéc ctia né. Cat-xet biéu hién c6 thé con 1a bang ma c6 trong tu nhién
nhung ¢6 thé thu dwoc & dang tai td hop hitu dung dé biéu hién khéc loai. Tuy nhién,
thong thuong, cat-xet biéu hién 1a khéc loai vé&i vat chu, tire 1a polynucleotit quan tdm
trong cat-xet biéu hién khong c6 trong ty nhién trong té bao chu va phai duge dua vao té
bao chi hodc td tién cta t& bao chu bing qua trinh bién nap hodc qué trinh gay giéng. Su
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biéu hién cua (cac) polynucleotit quan tAm trong cat-xet bidu hién thuong 14 chiu sy kiém
soat ctia promoto. Trong truong hop sinh vat da bao, nhu ciy trdng, promoto ¢6 thé con 14
dic hiéu hodc vu tién cho mo, hodc co quan, hodc giai doan phat trién cu thé. Cat-xet biéu
hién, hoidc manh cua ching, con co thé dugc goi 13 "polynucleotit dugc chén" hoic

"polynucleotit cai xen" khi dwgc bién nap vao cdy trong.

"Gen" duoc x4c dinh trong ban md ta nay l1a don vi di truyén c6 chira mot hodc
nhiéu polynucleotit ma chiém giit vi tri cu thé trén nhiém sic the hodc plasmit va chira chi

thi di truyén déi voi dic didm hodc tinh trang cu thé & sinh vat.

"Proteaza cuia rudt" 1a proteaza dugc tim thdy tu nhién trong dudng tiéu hoa cla
con trung. Proteaza nay thuong tham gia vao viéc tiéu hoa protein duoc dn vao. Vi du vé
proteaza cua rudt bao gbm trypsin, ma thudng phan cit peptit & phia d4u tan cing C cia
cac gbc lysin (K) hogc arginin (R), va chymotrypsin, ma thudong phén cit peptit & phia
d4u tan cing C cua phenylalanin (F), tryptophan (W) hodc tyrosin (Y).

Thuét ngit "khac loai" khi dwoc dung d& @& cap dén gen hoic polynucleotit hogc
polypeptit dung dé chi gen hoic polynucleotit hodc polypeptit ma 1a hodc chira mot phéan
cua chung khong ¢ trong mdi truong tu nhién cua né (tre 13, da dugc thay ddi boi ban tay
con nguoi). Vi dy, gen khéic loai ¢co thé bao gf‘)m polynucleotit tr m¢t loai dugc dua vao
loai khic. Gen khac loai ciing c6 thé bao gdm polynucleotit ty nhién d6i voi sinh vt ma
dd duge thay dbi theo mot cach nao d6 (vi du nhu, bj dot bién, duge bd sung trong nhiu
ban sao, duge ndi vdi cac polynucleotit promoto hodc ving ting cudng khong tu nhién,
v.v.). Gen khéc loai con c6 thé chira polynucleotit ctia gen thuc vat ma bao gdm céc dang
cADN cua gen thuc vat; cADN co thé duoc biéu hién theo huéng c6 nghia (dé tao ra
mARN) hoic theo huéng dbi nghia (dé tao ra ban phién ma ARN ddi nghia ma bd sung
v6i ban phién m3d mARN). Theo mot khia canh cia sang ché, gen khéac loai phéan biét voi
gen thuc vat ndi sinh & chd polynucleotit ciia gen khac loai thudong ndi véi polynucleotit
bao gdm yéu t6 diéu hoa nhu promoto ma khong duge phat hién thdy trong tu nhién 13 két
hop véi gen d6i voi protein dugc ma héa béi gen khéc loai hode v6i polynucleotit ctia gen
thuc vat trong nhiém sic thé, hodc két hop v6i cac phan ciia nhiém sdc thé khong phat

hién thay trong tu nhién (vi du, gen dugc bi€u hién & cac vi tri ma gen khong dugce bicu
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hién tu nhién). Hon nita, polynucleotit "khéac loai" dung dé chi polynucleotit khong két
hop tu nhién véi té bao chit ma né duge dua vao, bao gbm nhiéu ban sao khong c6 trong

tu nhién cda polynucleotit c6 trong tu nhién.

"Tai td hop cing loai" 12 su trao d6i ("lai chéo") ciia cac doan ADN gifta hai phan
tt ADN hodc nhiém séc tir ciia cdc nhiém sic thé bit cap trong viing polynucleotit twong

ddng. "Su kién tai td hop" & day dugce 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 mi héa polypeptit c6 trinh tyr axit amin gidng nhu polypeptit duge ma hoa
béi trinh tu axit nucleic tham chiéu. Vi du, SEQ ID NO:6 ding ma hoéa véi SEQ ID NO: 1
boi vi ching déu ma héa cho trinh tir axit amin duogc thé hién boi SEQ ID NO:16.

Thuat ngit phan tir axit nucleic "dwgce phan 14p", polynucleotit hodc protein la phin
tr axit nucleic, polynucleotit hodc protein ma khong con tdn tai trong moi trudng tw nhién
cta nd. Phan tir axit nucleic, polynucleotit hodc protein dugc phén lap theo sang ché co
thé tdn tai & dang tinh ché hoic ¢6 thé tdn tai trong vat chu tai td hop ching han nhu trong

vi khuan chuyén gen hodc cay trong chuyén gen.

"Phan tir axit nucleic" 14 ADN hoic ARN mach don hodc kép ma co thé dugc phan
1ap tir ngudn bit ky. Trong ngit canh cua sang ché, phén tir axit nucleic t6t hon 1a doan

cua ADN.

"Lién két c6 diéu khién" dung dé chi su lién két ctia polynucleotit trén doan axit
nucleic don sao cho chirc nang ctia cdi nay anh hudng dén chuc ning cta cai kia. Vi du,
promoto lién két c6 didu khién v6i polynucleotit ma hoa hogc ARN chirc niang khi n6 c6
thé anh hudng dén su biéu hién ctia polynucleotit ma hoa hoic ARN chirc ning d6 (tirc 1a,
polynucleotit md héa hodc ARN chirc nang do nim dudi sy kiém soat phién ma cia
promoto). Polynucleotit ma hoa theo huéng c6 nghia hodc d6i nghia c6 thé lién két co

didu khién véi polynucleotit diéu hoa.

Nhu dugc sir dung & day "diét loai gy hai," diét con trung," va tuong tu, dung dé
chi kha nang cua protein Cry theo sang ché dé kiém soat sinh vt gdy hai hodc luong cla

protein Cry ma co thé kiém soat sinh vt gdy hai nhu dugc dinh nghia ¢ day. Do do,
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protein Cry diét loai gdy hai c6 thé giét chét hodc trc ché kha ning ciia sinh vat gay hai (vi

du nhu, con trung gay hai) d€ song sot, sinh truéng, dn, hodc sinh san.

"Cay trdng" 12 cdy trong bat ky & giai doan phat trién bit ky, cu thé 1a cay trdng c6

hat.

"T¢é bao ctia ciy" 1a don vi ciu tric va sinh ly cua cdy trong, bao gdbm t€ bao trin
va thanh té bao. Té€ bao cua cdy c6 thé dudi dang t€ bao don dugce phan 14p hodc t€ bao
dugc nudi cdy, hodc 14 mot phan cta don vi duge to chirc cao hon nhu, vi dy, md ciy

trong, co quan cia cdy, hodc toan bo cdy.

"Mé nudi cay t€ bao cla cay" nghia la mé nudi cay cac don vi ctia ciy nhu, vi dy,
té bao tran, t€ bao nudi cdy té bao, t€ bao trong mod cdy trong, phan hoa, 6ng phén, noan,

tai phoi, hop tir va phoi & giai doan phat trién khac nhau.

"Nguyén liéu cay" dung dé chi 14, than, ré, hoa hoic cic bo phan cua hoa, qua,
phén hoa, té bao trimg, hop tir, hat, canh gidm, mé nuoi céy té bao hoic md, hoic bat ky

bo phén hodc san pham khéc cua cdy trong.

"Co quan cua ciy" la phan dugc cdu tric va phan biét ro rang va nhin thay dugc

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

"Mb cdy trdng" nhu duge sir dung trong ban md ta nay nghia 1a nhom té bao cla
cay duogc t6 chirc thanh mot don vi chu tric va chirc nang. Mb cdy trong bit ky trong thir
nghiém & thyc vat hodc trong nudi cdy déu dugc bao gdm. Thuit ngit nay bao gbm,
nhung khong gi6i han ¢, cay trdng nguyén ven, co quan ciy trdng, hat cdy trong, moi
truong nudi cdy md va nhom bét ky cta té bao cay trdng duoc td chire thanh cac don vi
cAu tric hodc chtrc ning. Viéc st dung cac thudt ngit nay két hop véi, hodc khong c6 mit,
dang dic trung bét ky ctia md cdy trong nhu duoc liét ké & trén hodc bao gdm dang khéc
theo dinh nghia ngay khong nhim loai trir bit ky dang nio ctia mo cdy trdng.

"Polynucleotit" dung dé chi polyme gb6m ¢6 nhiéu monome nucleotit lién két cong
hoa tri trong mach. "Polynucleotit" nay bao gdbm ADN, ARN, oligo nucleotit dugc cai
bién (vi duy, oligonucleotit bao gdm cic bazo ma khong co ban dbi voi ARN hoic ADN

sinh hoc, nhu oligonucleotit dugc 2’-O-metyl hoa), va dang tuong tu. Theo mot sb
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phuong 4n, axit nucleic hodc polynucleotit ¢ thé 1a soi don, soi ddi, da soi, hodc céc
dang két hop cta chiing. Trir khi ¢6 chi dinh khéc, axit nucleic hodc polynucleotit cu thé
theo sang ché tiy y bao gb6m hodc ma hoa cho polynucleotit bd sung, ngoai polynucleotit

duoc chi ro bat ky.

"Polynucleotit duge quan tdm" dung dé chi polynucleotit b4t ky ma, khi dugc
chuyén vao sinh vat, vi du nhu, thuc vat, mang lai cho sinh vat dac diém mong mubn
ching han nhu tinh khéng con trung, tinh khang bénh, khd nédng dung chiu chét diét co,
tinh khang khang sinh, gia tri dinh dudng dugc céi thi¢n, hi¢u sudt trong quy trinh cong
nghiép dugc cdi thién, san xuit enzym hodc chat chuyén hoa c6 gia tri thuong mai hodc

kha ning sinh san dugc thay doi.

Thuit ngit "promoto" dung dé chi polynucleotit, thudng nguge dong (5') véi
polynucleotit ma hoa cia nd, ma kiém sodat sy bidu hién cia polynucleotit ma hoa bing

cach tao ra nhan dién cho ARN polymeraza va cic yéu to khac can dé phién ma dung.

"Té bao trAn" 12 t& bao cdy trdng dugc phan 1ap ma khong c6 thanh té bao hoic chi

¢6 cac phan cua thanh t€ bao.

Nhu duge dung trong ban mé ta nay, thuat ngit "tai t6 hop" ding dé chi dang axit
nucleic (vi du nhu, ADN hoic ARN) hodc protein hogc sinh vat ma khong thuong duoc
tim thdy trong tu nhién va nhu vy dugc tao ra boi su can thi¢p cia con ngudi. Nhu dugce
dung trong ban mo ta nay, "phén tlr axit nucleic tai t6 hop" 14 phan tir axit nucleic ¢6 chira
su két hop cua cic polynucleotit ma khong cung c6 trong tu nhién va 1a két qua cia su
can thiép ctia con nguoi, vi du nhu, phéan tr axit nucleic ma gdm co su két hop cua it nhét
1a hai polynucleotit khac loai v6i nhau, hodc phén tir axit nucleic ma dugc téng hop nhan
tao va c6 chtra polynucleotit ma bét ngudn tir polynucleotit ma thuong ton tai trong tu
nhién, hodc phén ti axit nucleic ma c6 chira gen chuyén dugc két hop nhan tao vao ADN
hé gen clia té bao chit va ADN 1& kém theo ciia h¢ gen ciia té bao chii. Vi du vé phéan tu
axit nucleic tai t hop 1a phan tir ADN thu dugc tir su cai xen clia gen chuyén vao ADN
hé gen cua thuc vét, ma cudi cung co thé dan dén su biéu hién cua phan tr ARN hodc
protein tai td hop trong sinh vat d6. Nhu duge dung trong ban mo ta nay, "thuc vat tai to

hop" 1a thuc vat ma khong thuong tdn tai trong tu nhién, 1a két qua cuia sy can thiép cua
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con ngudi, va chira gen chuyén hodc phan tir axit nucleic khic loai két hgp vao hé gen cua
né. Do viéc thay doi hé gen nay, thuc vat tai to hop rd rang khac véi thye vét kicu dai lién

quan.

"Céc yéu to diéu hoa" dung dé chi cac trinh tu lién quan dén sy kiém soat bi€u hién
cta trinh tu nucleotit. C4c yéu t0 diéu hoa bao gébm promoto lién két c6 di€u khién véi
trinh tu nucleotit mong muon va céc tin hiéu két thic. Chung ciing thuong bao ham trinh

tu can cho sy dich ma thich hop cta trinh tu nucleotit.

Thuét nglt "su tuong ddng" hoic "tuong ddng" hoic "co ban tuong ddng," trong
bdi canh cua hai trinh tu axit nucleic hogc axit amin, d& cap dén hai hogc nhiéu trinh tu
hodc dudi trinh tu ma c6 it nhét 60%, tdt hon 1a it nhit 80%, tdt hon nita 1a 90%, con tt
hon nita 12 95%, va tdt nhét 12 it nhit 99% twong ddng gbc nucleotit hodc axit amin, khi
so sanh va sdp thang hang dbi voi su twong ung t6i da, nhu dugc do bang cach sir dung
mot trong céc thuét todn so sanh trinh tu sau hodc bang cach kiém tra bing mit. Tbt hon
1a, 6 trong ddng dang ké tbn tai & ving cia c4c trinh ty ma dai it nhét 12 khoang 50 gbc
hoic bazo, t6t hon nita 1a & ving c6 it nhit 1a khoang 100 gdc hodc bazo, va tot nhat 1a
céc trinh tu v& co ban 13 tuong dong & it nhéat 1a khoang 150 gdc hoidc bazo. Theo phwong
an dlioc ddc biét wu tién, cac trinh tu vé co ban 1a tuong déng trén toan bd chiéu dai cua
ving méa hoa. Hon nfta, trinh ty axit nucleic hodc axit amin v& co ban 1a tuong dong thurc

hién vé co ban la cung chirc nang.

Dé so sanh trinh tu, dién hinh 1a mot trinh tw dong vai trd nhu trinh ty tham chiéu
ma trinh ty thir nghiém dugc so sanh véi nd. Khi dung thuat toédn so sanh trinh ty, cac
trinh tu thtr nghiém va tham chiéu dugc nhip vao may tinh, sau d6 cac hé toa do dugc chi
dinh néu can va céc thong sb ctia chuong trinh thuét toén trinh ty dugc chi dinh. Thuat
toan so sanh trinh tu sau do s€ tinh toan ty 1€ phin trim tuong dong trinh tu ctia (cac)
trinh tu thir nghi€ém so v6i trinh tu tham chiéu, dua trén céac thong sb chuong trinh dugc

chi dinh.

Su sép xép théng hang tdi wu cda céc trinh tu dé so sanh c6 thé dugc thuc hién, vi
du nhu, bang thuat toan tuong ddng cuc bd ctia Smith & Waterman, Adv. Appl. Math. 2:
482 (1981), bing thuat todn sip x&p thing hang tuong dong ctia Needleman & Wunsch, J.
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Mol. Biol. 48: 443 (1970), bang cach tra ciru phuong phap dd tuong tu clia Pearson &
Lipman, Proc. Nat'l. Acad Sci. USA 85: 2444 (1983), bang cach thurc hién vi tinh hoa cla
chc thudt toan nay (GAP, BESTFIT, FASTA, va TFASTA trong g6i phan mém di truyén
hoc Wisconsin (Wisconsin Genetics Software Package), Genetics Computer Group, 575
Science Dr., Madison, Wis.), hodc bang cich quan sat bing mit (thudng xem trong tai

liéu, Ausubel et al., infra).

Mot vi du vé thudt toan ma thich hgp dé xé4c dinh ty 1& phin trim tuong ddng trinh
tu va tinh tuong d@)ng trinh tu 1 thuét toan BLAST, ma dugc mo ta trong Altschul et al.,
J. Mol. Biol. 215: 403-410 (1990). Phin mém dé thuc hién phén tich BLAST dugc cong
b6 qua trung tdm thong tin cOng nghé sinh hoc qudc gia (National Center for
Biotechnology Information, U.S. National Library of Medicine, 8600 Rockville Pike,
Bethesda, MD 20894 USA). Thuét todn nay li€én quan dén viéc xac dinh trudc tién cic cip
trinh tu c6 diém cao (cac HSP) bang cach x4c dinh céc tur ngin cua chidu dai W trong
trinh tu truy van, ma hoic 1 twong xtng hodc 1a thoa man diém ngudng T nao d6 co gia
tri dwong khi dugc sdp thing hang véi tir c6 cung chiéu dai trong trinh tw co s& dit liéu. T
dugce goi 1a ngudng diém cua tir 1an can (Altschul et al., 1990). Céac twong hop tir lan cén
khéi ddu nay c6 tac dung nhu hat gibng dé bat dau tim kiém cac HSP dai hon c6 chira
chiing. C4c tuwong hop tir ndy sau d6 dugc mé rong theo ca hai huéng doc theo mdi trinh
tu xa t6i muc diém sip thing hang tich lily c6 thé tang lén. Cac diém tich lily dugc tinh
bing cach sir dung, dbi véi trinh tu nucleotit, thong s6 M (diém thudong dbi véi cip cac
gbc tuong hop; ludn ludn >0) va N (diém phat ddi véi cac cip khong twong hop; ludn
ludn <0). D61 v6i cac trinh tu axit amin, ma tran diém duoc dung dé tinh toan diém tich
ltly. Viéc mo rong cac tuwong hop tir theo mdi huéng tam diung lai khi diém sip thing
hang tich lily gidm t6i luong X ké tir gia tri dat dugc tbi da cua no, diém tich lity tién t6i
khong hoic thap hon do tich Iy mot hogc nhidu phép sip thing hang nhém c6 diém am,
hodc dat dén diém cudi cua trinh ty nao doé. Céac thong s& W, T, va X cta thuét toan
BLAST x4c dinh do nhay va tdc do ctia phép sip thang hang. Chuong trinh BLASTN
(cho cac trinh tu nucleotit) ding méc dinh do dai tir (W) la 11, mac mong doi (E) la 10,
ngudng gigi han 1a 100, M=5, N=-4, va so sanh ca hai mach. D6 voi cac trinh tu axit

amin, chuong trinh BLASTP st dung lam mac dinh do dai tr (W) bang 3, ky vong (E)
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bing 10, v ma trén diém BLOSUMS62 (xem Henikoff & Henikoff, Proc. Natl. Acad Sci.
USA 89: 10915 (1989)).

Ngoai viéc tinh ty 1& phén trim do tvong dong trinh tu, thut toon BLAST con thyc
hién phéan tich théng ké do twong tu giira hai trinh ty (xem, vi dy, Karlin & Altschul, Proc.
Nat'l. Acad. Sci. USA 90: 5873-5787 (1993)). Mot phép do tuwong tu dugc dua ra boi
thuit todn BLAST 1a x4c xuét tdng nho nhit (P(N)), n6 cho chi ddu vé xac xuit ma do né,
twong xing gitta hai trinh tu nucleotit hodc axit amin ¢6 thé ngdu nhién xay ra. Vi du,
trinh tu axit nucleic thir nghiém dugc coi 1a trong tu v6i trinh tu tham chiéu néu tdng xéc
suAt nhé nhét khi so sanh trinh tu axit nucleic thir nghiém véi trinh ty axit nucleic tham
chiéu nho hon khoang 0,1, t5t hon nita 1a nhé hon khoang 0,01, va tt nhat 1a nhé hon
khoang 0,001.

DA4u hiéu khac cho thdy hai trinh ti axit nucleic cin ban 1 tuong ddng 13 hai phan
tir lai v&i nhau duéi cac didu kién nghiém ngit. Ciu "lai ddc hidu" dung dé chi su lién két,
ghép doi, hodc lai phan tir chi véi trinh tw nucleotit cu thé dudi cac diéu kién nghiém ngit
khi ma trinh tw ndy c6 mat trong hdn hop phirc (vi du, t bao tong s6) ADN hogc ARN.
"V& co ban lién két" dung dé chi viée lai bd sung giira axit nucleic do va axit nucleic dich
va bao gdm céc 16i bét cip nhé ma cb thé diéu tiét bang cach giam su nghiém ngit cla

moi truong lai d€ thu dugce viéce do trinh ty axit nucleic dich mong mudn.

"Céc diéu kién lai nghiém ngit" va "cac diéu kién rira lai nghiém ngit" trong ngit
canh cac thir nghiém lai axit nucleic nhu lai Southern va Northern 1a phu thudc trinh tu,
va khac nhau theo cac théng sé moi truong khéac nhau. Céc trinh tu cang dai lai dic hiéu &
cac nhiét d6 cang cao. Huéng din khdi quét vé lai axit nucleic dugc tim thdy 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 thudng, cac diéu kién lai va rira nghiém ngit cao dugc chon la thap hon
khoang 5°C so v6i diém néng chay nhiét (Tm) cho trinh tu cu thé & cuong do ion va do
pH xac dinh. Thong thuong, dudi "cac diéu kién nghiém ngat" trinh ty do s€ lai véi trinh

tu phu dich, ma khong lai véi cac trinh tu khac.
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Tm 12 nhiét 0 (& cudng do ion va pH xac dinh) ma & d6 50% trinh tu dich lai véi
trinh tu do bt cdp hoan toan. Cac diéu kién rét nghiém ngit duge chon 14 bang T dbi v6i
doan do cu thé. Vi du cua cic diéu kién lai nghiém nggt dé lai axit nucleic bd sung ma c6
hon 100 gdc bd sung trén dung cu loc trong k¥ thut lai thdm tach Southern hodc northern
14 50% formamit véi 1mg heparin ¢ 42°C, véi viée lai duge thuc hién qua dém. Vi du cua
cac didu kién rtra nghiém ngit cao 1a 0,15M NaCl & 72°C trong khoang 15 phut. Vi du
clia céc didu kién rira nghiém ngit 1a ria 0,2x SSC & 65°C trong 15 phit (xem,
Sambrook, du6i ddy, dbi voi mo ta dém SSC). Thong thudng, viée rira ¢6 do nghiém ngit
cao duoc thuc hién sau khi rira nghiém ngat thap dé tach du hiéu do cia nén. Viée rira ¢6
dod nghiém ngdt trung binh vi du dbi voi ghép ddi ctia, vi du, hon 100 nucleotit, 14 1x SSC
& 45°C trong 15 phut. Viéc rira c6 d6 nghiém ngat thip vi du d6i v6i ghép doi cta, vi du,
hon 100 nucleotit, 13 4-6x SSC & 40°C trong 15 phut. Dbi vai cac trinh tw dd ngin (vi du,
khoang 10 dén 50 nucleotit), cac diéu kién nghiém ngit thuong lién quan dén cac ndng do
mudi nhé hon khoang 1,0 M ion Na, thudng ndng do khoang 0,01 dén 1,0M ion Na (hodc
cac mudi khac) & pH 7,0 dén 8,3, va nhiét do thudng it nhit khoang 30°C. Céc diéu kién
nghiém ngit con co thé thu dugc vé6i didu kién cia cc tac nhin giy mat 6n dinh nhu
formamit. Thong thuong, tin hiéu ddi vé6i ty 18 nhidu hon gip 2x (hodc cao hon) quan sét
duge dbi véi trinh tu do khong lién quan trong thir nghiém lai cu thé cho thdy phét hién
lai dic hiéu. Cac axit nucleic ma khong lai v6i nhau trong didu kién nghiém ngit vé co
ban van gidng nhau néu cic protein ma ching ma hoa cho vé co ban gidng nhau. Pidu
nay xay ra, vi du, khi ban sao cua axit nucleic duoc tao ra béng cach st dung su thodi hoa

b6 ba ma hoa 16n nhit cho phép bdi ma di truyén.

Sau day 1a cac vi du ctia bd cac diéu kién lai/rira ma c6 thé duoc st dung dé tach
dong trinh ty nucleotit cing loai ma co ban tuong ddng v&i trinh tu nucleotit tham chiéu
theo sang ché: trinh tu nucleotit tham chiéu t&t hon 12 lai v6i trinh tw nucleotit tham chiéu
trong 7% natri dodexyl sulfat (SDS), 0,5M NaPOs, ImM EDTA & 50°C v6i rira trong 2x
SSC, 0,1% SDS & 50°C, mong mubn hon 1a trong 7% natri dodexyl sulfat (SDS), 0,5M
NaPOg4, ImM EDTA & 50°C véi rira trong 1x SSC, 0,1% SDS ¢ 50°C, mong mudn hon
nita 1a trong 7% natri dodexyl sulfat (SDS), 0,5M NaPO4, ImM EDTA ¢ 50°C voi rua
trong 0,5x SSC, 0,1% SDS ¢ 50°C, tdt hon 1a trong 7% natri dodexyl sulfat (SDS), 0,5M
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NaPOs, 1mM EDTA & 50°C v6i ria trong 0,1x SSC, 0,1% SDS ¢ 50°C, t6t hon nita 13
trong 7% natri dodexyl sulfat (SDS), 0,5M NaPOs, ImM EDTA ¢ 50°C vo6i rira trong
0,1x SSC, 0,1% SDS ¢ 65°C.

DAu hiéu khac cua viée hai trinh tu axit nucleic hodc protein vé co ban gidng nhau
1 protein dugc ma hoa béi axit nucleic thir nhit phan tmg chéo vé mit mién dich véi,
hodc lién két dic hiéu véi, protein duge ma hoa boi axit nucleic thir hai. Do do, protein
nay thuong 1a vé co ban gidng véi protein thir hai, vi dy, trong d6 hai protein chi khéc

nhau béi su thé bao toan.

"Téng hop" dung dé chi trinh tu nucleotit c6 chita bazo hodc dAu hiéu ciu tric ma
khong c6 mit trong trinh tu tu nhién. Vi dy, trinh tur nhan tao ma héa cho protein Cry theo
sang ché ma tuong tu gin hon vé ham lugng G+C va sy phan b bd ba ma hoa binh

thudong cua gen thyc vat hai 14 mam hodic mot 14 mam duge coi 1a tdng hop.

Nhu dugc dung trong ban md ta nay, protein Cry ma "gly doc" d6i vé6i con tring
gy hai ¢6 nghta 1a protein Cry dong vai tro lam tac nhén kiém soat con tring theo duong
miéng dé giét chét con trung gy hai, hodc protein Cry c6 thé ph4 v& hodc ngin can viéc
an cua coOn trung, hodc gay ra sy uc ché sinh trudng dbi v6i con trung gdy hai, ca hai ¢6
thé gay ra hodc khong gly ra céi chét cta con trung. Khi protein Cry theo sang ché dugc
phan phéi dén con tring hogc con trung trd nén tiép xuc bang miéng véi protein Cry, két
qua thuong la céi chét ctia con tring, hodc su sinh trudng cia con trung bi cham lai, hodc

con tring nglmg 4n khi ngudn tao ra protein gy doc Cry c6 san doi voi con trung.

"Bién nap" 1a qua trinh dua axit nucleic khac loai vao té bao chu hodc sinh vat. Cu
thé 13, "bién nap" nghia Ia su tich hop 4n dinh phén tr ADN vao h¢ gen cta sinh vat mong

muon.

"Puoc bién nap / chuyén gen / téi t6 hop" dung @2 chi sinh vat cht nhu vi khuén
hodc thuc vat ma phén tir axit nucleic khac loai dugc dua vao do. Phén tir axit nucleic co
thé dugc tich hop 6n dinh vao hé gen cta vat chu hodc phéan tir axit nucleic ciing c6 thé
hién dién nhu mot phan tir ngoai nhiém séc thé. Phan t ngoai nhigm sdc thé nay c6 thé tw
sao chép. Céc té bao, md hoidc cdy duge bién nap dugc hiéu 1a khong chi chira san phim
cudi cua qua trinh bién nap ma con chira ca thé hé con cai chuyén gen ctia n6. Vat chu
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"khong bién nap", "khong chuyén gen", hoic "khong tai t6 hop" d& cap dén sinh vat kiéu

dai, vi du, vi khuan hodc thuc vat, ma khong chira phan tir axit nucleic khac loai.

Céc nucleotit duoc x4c dinh bdi cac bazo cua ching nho céc chir viét tit chudn sau
day: adenin (A), xytosin (C), tymin (T), va guanin (G). Tuong tu céc axit amin dugc biéu
thi bing céc chit viét tat tiéu chuén 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 xuét cac hop phan va phwong phép dé kiém soat loai giy hai cay
trdng. Cu thé 13, sang ché @& cap dén protein Cry ma c6 thé dugc phén lap tir vi khudn,
chdng han nhu Bacillus thuringiensis, ma gy doc dbi v6i con tring gdy hai va dé cap dén
polynucleotit ma ¢6 chira trinh tu nucleotit ma ma hoa cho protein Cry, va dé cap dén viéc

tao ra va sir dung polynucleotit va protein Cry dé kiém soat con trung gy hai.

Theo mét sé phuong an, sang ché @& xuit phan tr axit nucleic hogc ty y phén tir
axit nucleic dugc phan 14p bao gbm trinh tu nucleotit ma hoa protein Cry & dang tién doc
td ctia n6 hodc doan hoat tinh sinh hoc hodc manh doc td cua ching, trong d6 trinh tu
nucleotit (a) c6 it nhit 80% dén it nhit 99% tuong dong trinh tu v6i bét ky trong s6 SEQ
ID NOs:1-5 hoac trinh tr ma hoa doc td cta chung; hodc (b) ma hoa protein bao gém
trinh ty axit amin ma c6 it nhat 80% dén it nhit 99% twong ddng trinh tw véi bét ky trong
s6 SEQ ID NOs:16-20 hodc méanh doc t§ ctia ching; hoic (c) 1a trinh tu téng hop cta (a)
hodc (b) ma c¢6 b ba ma hoa duoc t6i wu dé biéu hién trong sinh vat chuyén gen. Theo
phuong an khac, trinh ty nucleotit ¢6 chira SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, hofic manh ma héa cho doc t6 bat ky 6 trinh ty bat ky
trong s6 cdc SEQ ID NO:1-5. Theo phuong an khac, trinh tu nucleotit tong hop c¢6 chira
SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID
NO:11, SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID NO:15, hogc ménh ma
hoa cho doc t6 bat ky c6 trinh tu bét ky trong s6 cac SEQ ID NO:6-15.
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Polynucleotit ma 14 manh cta polynucleotit ma hoa cho tién doc té protein Cry
cling dugc bao ham bdi sang ché. "Manh" duogc du dinh 13 phén cua trinh tu nucleotit ma
hoéa cho protein Cry. Manh cua trinh tu nucleotit co thé ma héa cho phin c¢6 hoat tinh sinh
hoc cua protein Cry, goi 1a "manh doc t8," hodc n6 c6 thé 12 manh ma cb thé duoc dung
Jam doan do lai hoa hodc doan mdi PCR bing cach st dung phuong phép duge boc 10
du6i day. Phan tir axit nucleic ma 1a manh cta trinh tu nucleotit mad héa cho protein Cry
¢6 chira 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 s lrong cua nucleotit ¢c6 mdt trong trinh tu
nucleotit ma hoa cho protein Cry nguyén chiéu dai dugc boc 1§ trong ban md ta nay (vi

du, 2343 nucleotit déi véi SEQ ID NO:1) tuy thudc vao viée st dung du kién. Céc

I'e
A

nucleotit "lién tiép" dugc du dinh 1a cac gde nucleotit ma lién k& nhau. Mot s6 manh clia
trinh tu nucleotit theo sang ché ma héa cho méanh doc t& ma gitt lai hoat tinh sinh hoc cua
protein Cry va, do d6, gitr lai hoat tinh diét con trung. "Gitt lai hoat tinh di€t con trung"
duoc du dinh 14 viéc manh nay c6 it nhét 12 khoang 30%, t6t hon Ia it nhét 1a khoang
50%, tot hon nita 14 it nhat 1 khoang 70%, t6t hon nita 13 it nhét 1a khoang 80% clia hoat
tinh diét con tring cua protein Cry. Phuong phap do hoat tinh diét con trung da duogc biét
10 trong linh vyc. Xem tai li¢u, 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 My sb 5,743,477, tat ca cac tai lidu

nay dugc két hop & day bang cich vién din toan bo.

Manh doc tb cta protein Cry theo sang ché ma hoa cho it nhat 1a khoang 15, 25,
30, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350, 400, va 450 axit amin li€én tiép, hoic
1én dén tong sb luong cia axit amin c6 mit trong protein Cry nguyén chiéu dai theo sang

ché (vi du, 781 axit amin d6i véi SEQ ID NO:16).

Theo mot sé phuong 4n, phan tir axit nucleic theo sang ché c6 chira, vé co ban gébm
¢6 hodc gdm c6 trinh tw nucleotit ma hda cho protein Cry c6 chira trinh tu axit amin ma
c6 do tuong ddng trinh ty tir it nhat 12 80% dén it nhét 1a 99% véi trinh tu bat ky trong s
cac SEQ ID NO:16-20 hodc manh doc td ctia chiing. Theo mot s6 phuong an khéc, trinh
tu axit amin c6 chira, v& co ban gdm c6 hodc gdm ¢6 trinh tu bat ky trong s6 cac SEQ ID
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NO:16-20 hodc manh doc t6 ctia chiing. Do d6, theo mot s6 phwong 4n, protein Cry ma da
duoc hoat hoa bang phuong thire xtr 1y phan giai protein, vi du, bing proteaza dugc didu
ché tir rudt con trung, c6 thé dugc xac dinh dic didm va cac axit amin & dau tan cung N
hodc dau tin cung C ctia manh doc t5 d3 hoat héa dugc xac dinh. Theo khia canh nay cua
sang ché, nguoi co hiéu biét trung binh trong linh vyc ndy c6 thé xac dinh dugc rang, vi
du, manh doc t6 cia SEQ ID NO:17 ¢6 khé ning c6 chira cdc axit amin tir khodng 27-603
hoidc khoang 27-624 hojdc khoang 27-629 ciia SEQ ID NO:17, hodc manh doc t5 ctia SEQ
ID NO:18 ¢6 kha ning c6 chira cac axit amin tir khoang 43-623 hodc khoang 44-623 cuia
SEQ ID NO:18, hodc manh doc td ctia SEQ ID NO:19 c6 kha ning c6 chira cic axit amin
tir khoang 42-640 hodc khoang 43-640, hodc manh doc td cua SEQ ID NO:20 c¢6 kha
ning nhat [ c6 chira cic axit amin tir khoang 27-603 hodc khoing 27-622 cta SEQ ID
NO:20, hoic bién thé protein Cry manh doc td duoc san xuét béng cach dua vao hodc loai
trir cac vi tri x{r Iy proteaza & céc vi tri thich hop trong trinh tw mi hoa dé cho phép, hoic
loai trlr, su phén cét phan giai protein cia protein bién thé 16n hon béi proteaza clia con
trung, thuc vat hodc vi sinh vét cling nim trong pham vi clia sang ché. Két qua cudi cing
cua thao tac nay duogc hiéu 12 su tao ra ctia phén tor manh doc t6 c6 cung hoat tinh hodc

hoat tinh t&t hon so véi protein tién doc t6 Cry nguyén ven.

Theo mot sé phuong 4n ctia sing ché, sang ché dé xuat gen khim ma bao gdm
promoto khéc loai dugc lién két c6 didu khién véi polynucleotit bao gom, vé& co ban gém
¢6 hodc gdm c¢6 trinh tu nucleotit ma ma hoa cho protein Cry gdy doc d6i voi loai gay hai
thudc bd canh vay, trong d6 trinh tu nucleotit (a) c6 do twong déng trinh tu tur 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 12 99% (99%, 99,1%, 99,2%, 99,3%, 99,4%,
99,5%, 99,6%, 99,7%, 99,8%, 99,9%) vo6i trinh tu bat ky trong s cac SEQ ID NO:1-5,
hodc manh ma hoéa cho doc t§ cia chung; hodc (b) ma héa cho protein c¢6 chira trinh tu
axit amin ma c6 do tuong déng trinh tu tur 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
nhét 1a 99% (99%, 99,1%, 99.2%, 99,3%, 99,4%, 99,5%, 99,6%, 99,7%, 99,8%, 99,9%)
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véi trinh tu bit ky trong sb cac SEQ ID NO:16-20, hodc manh doc td cia chung; hoic (c)
a trinh tu tdng hop clia (a) hodic (b) ma da dugc t6i wu hoa bo ba ma héa dé bicu hién &

sinh vat chuyén gen.

Theo cac phuong an khac, promoto khac loai la promoto ¢ thé biéu hién & thuc
vat. Vi du, ma khong lam giéi han séng ché, promoto ¢ thé biéu hién & thuc vat c6 thé
duoc chon tir nhém cua cac promoto gdm ¢6 cic promoto ubiquitin, virut cestrum yellow,
TrpA & ngd, OsMADS 6, histon H3 & ngo, UTR 5' gen 9 thuc khuén thé T3, sucroza
synthetaza 1 & ngd, rugu dehydrogenaza 1 & ngd, phirc h¢ thu nhan anh sang & ngo,
protein sbc nhiét & ngd, mtl & ngd, RuBP carboxylaza tiéu don vi nhé & dau Ha Lan, actin
& lta, xyclophilin & lta, mannopin syntaza plasmit Ti, nopalin syntaza plasmit Ti, chalcon
isomeraza & da yén thdo, protein giau glyxin 1 & ddu, patatin & khoai tdy, lectin, RuBP

carboxylaza tiéu don vi nhé CaMV 35S va S-E9.

Theo cac phuong 4n khéc, protein ma hoéa bai gen kham gy doc d6i voi mot hoic
nhiéu con tring cénh vay gy hai duge chon tir nhom gdm c6 sdu duc than ngd chiu A
(Ostrinia furnacalis), sdu ngai dém mau den (Agrotis ipsilon), sdu duc qua bong
(Helicoverpa armigera), buém dém hai dao mau vang (Conogethes punctiferalis), sau
buém Phuong Dong (Mythimna sepatate), sau duc than ngd chau Avu (Ostrinia nubilalis),
sau xanh mua thu (Spodoptera frugiperda), sau duc trai trén cdy ngd (Helicoverpa zea),
sdu duc than mia (Diatraea saccharalis), sdu buém hai ddu nhung (Anticarsia
gemmatalis), sdu do dau tuong (Chrysodeixis includes), sdu duc than ngd tdy nam
(Diatraea grandiosella), sdu ngai dém hai ddu phuong tdy (Richia albicosta), sdu &n choi
thube 14 (Heliothis virescens), siu duc than c6 soc (Chilo suppressalis), sau duc thdn mau

hong (Sesamia calamistis) va sdu cudn 14 Ita (Cnaphalocrocis medinalis).

Theo phuong an khéc, polynucleotit bao gdm, vé& co ban gdm c6 hodc gdm c6 trinh
tw nucleotit ma c6 do twong ddng trinh tur tir it nhit 1a 85% dén it nhat 1a 99% véi SEQ ID
NO:1, hodc manh ma hoa cho doc td cua chung, hodc c6 do tuong déng trinh tu tur it nhét
14 95% dén it nhét 13 99% v6i SEQ ID NO:2, hoic manh ma hoa cho doc t6 ctia ching,
hodic ¢6 do twong ddng trinh t tir it nhét 1a 90% dén it nhit 1a 99% véi SEQ ID NO:3,

hodc manh ma hoa cho ddc té cta ching, hodc ¢6 do tuong dong trinh ty tir it nhat 1a 90%
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dén it nhat 12 99% vai SEQ ID NO:4, hoic méanh ma hoa cho dc t6 cua ching, hoac co
d5 twong ddng trinh ty tir it nhét 1a 95% dén it nhat 1a 99% v6i SEQ ID NO:5, hodc manh
ma hoa cho ddc td cua chung. Theo phuong an khac, polynucleotit ¢6 chira, v& co ban
gbm c6 hoic gdm ¢6 trinh tur bét ky trong s cac SEQ ID NO:1-5, hogc manh ma hoa cho

ddc to ctia chung.

Theo phuong an khéac, polynucleotit bao gdm, vé co ban gbm c6 hodc gdm c¢6 trinh
tu nucleotit ma ma héa cho protein bao gbm, vé co ban gdm c6 hoic gdm ¢6 trinh tir axit
amin ma c6 d6 tuong ddng trinh tu tir it nhét 1a 80% dén it nhat 12 99% véi trinh tw bat ky

trong s& cac SEQ ID NO:16-20, hogc manh doc t§ ctia chiing.

Theo phuong 4n khéc nita, trinh tu axit amin c6 do tuong déng trinh tu it nhét 13
80%, hodc it nhat 12 81%, hodc it nhat 1a 82%, hodc it nhat 13 83%, hodc it nhit 12 84%,
hoic it nhét 1a 85%, hodc it nhét 1a 86%, hodc it nhat 13 87%, hogc it nhat la 88%, hodc it
nhat 12 89%, hoic it nhat 1a 90%, hogc it nhét 12 91%, hoic it nhét 1a 92%, hogc it nhit 1a
93%, hoiic it nhét 13 94%, hodc it nhat 1a 95%, hodc it nhét 1 96%, hogc it nhat 1a 97%,
hoic it nhat 13 98%, hodc it nhit 1a 99%, hoic it nhét 1a 99,1%, hojc it nhat 1a 99,2%,
hodc it nhét 14 99,3%, hogc it nhit 1a 99,4%, hodc it nhit 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhit 12 99,7%, hodc it nhat 1 99,8%, hoic it nhat 12 99,9% véi SEQ ID NO:16,

hodc manh doc to cua chung.

Theo phuong an khéc, trinh tu axit amin c¢6 d§ twong ddng trinh tur it nhét 13 92%,
hodc it nhit 12 93%, hodc it nhat 1a 94%, hodc it nhit 1a 95%, hodc it nhat 1a 96%, hoic it
nhat 12 97%, hodc it nhit 13 98%, hodc it nhét 1a 99%, hodc it nhit 1 99,1%, hodc it nhét
14 99,2%, hodc it nhét 1a 99,3%, hodc it nhét 13 99,4%, hoc it nhit 1a 99,5% hodc it nhat
13 99,6%, hoic it nhét 1 99,7%, hodc it nhit 12 99,8%, hodc it nhat 12 99,9% véi SEQ ID

NO:17, hodc manh ddc tb ctia ching.

Theo phuong an khéc nita, trinh ty axit amin ¢6 do tuong déng trinh tu it nhat 1a
80%, hodc it nhat 1581%, hodc it nhét 1a 82%, hogc it nhat 1 83%, hodc it nhit 1a 84%,
hodc it nhit 13 85%, hodc it nhat 1a 86%, hodc it nhit 1a 87%, hodc it nhat 1a 88%, hodc it
nhat 13 89%., hodc it nhét 1a 90%, hodc it nhat 1a 91%, hodc it nhét 1a 92%, hoic it nhét 1a
93%, hoic it nhat 13 94%, hodc it nhat 12 95%, hodc it nhét 1a 96%, hoic it nhat 1a 97%,
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hoiic it nhét 1a 98%, hogc it nhat 1a 99%, hodc it nhét 1a 99,1%, hogc it nhét 1a 99,2%,
hoic it nhit 13 99,3%, hodc it nhat 1a 99,4%, hodc it nhit 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhit 12 99,7%, hodc it nhat 1a 99,8%, hodc it nhat 12 99,9% véi SEQ ID NO:18,

hodc manh ddc to cia chung.

Theo phuong an khéc, trinh tu axit amin ¢6 d0 tuong df”)ng trinh tu it nhét 13 86%,
hoic it nht 12 87%, hodc it nht 1a 88%, hoic it nhit 1a 89%, hogc it nhat 1a 90%, hodc it
nhat 12 91%, hodic it nhat 13 92%, hoic it nhat 12 93%, hoc it nhat 1a 94%, hogc it nhét 1a
95%, hodc it nhét 13 96%, hodc it nhat 1a 97%, hodc it nhét 1a 98%, hodc it nhét 1a 99%,
hoiic it nhat 12 99,1%, hodc it nht 13 99,2%, hoic it nhat 1a 99,3%, hogc it nhat 13 99,4%,
hoic it nhat 1a 99,5% hodc it nhat 12 99,6%, hodc it nhat 1a 99,7%, hogc it nhét 1a 99,8%,
hoic it nhat 1a 99,9% v6i SEQ ID NO:19, hoic manh ddc td ctia chung.

Theo phuong an khéac nira, trinh tu axit amin c6 do tuong déng trinh tu it nhét 1a
90%, hodc it nht 13 91%, hodc it nhat 1a 92%, hoic it nhit 12 93%, hodc it nhét 1a 94%,
hoic it nhit 12 95%, hodc it nhit 13 96%, hodc it nhit 1a 97%, hogc it nhat 1a 98%, hodc it
nhat 13 99%, hodc it nhit 1a 99,1%, hogc it nhét 12 99,2%, hodc it nhit 1a 99,3%, hogc it
nhét 13 99,4%, hodc it nhét 1a 99,5% hodc it nhét 1a 99,6%, hogc it nhit 1a 99,7%, hodc it
nhit 13 99,8%, hodc it nhét 1a 99,9% véi SEQ ID NO:20, hodc manh doc tb clia ching.

Theo mot s phuong 4n, gen kham theo sang ché bao gdm polynucleotit bao gbm,
vé co ban gdm c6 hodc gém c6 trinh tu tdng hop ctia trinh tu nucleotit ma co it nhit 13
80%, hoic it nhat 12 81%, hodc it nhat 1a 82%, hodc it nhét 1a 83%, hodc it nhat 1a 84%,
hoic it nhat 1a 85%, hodc it nhét 1a 86%, hoic it nhét 1a 87%, hogc it nhét 1a 88%, hodc it
nhat 12 89%, hodic it nhat 1a 90%, hodc it nhat 1a 91%, hodc it nhat 1a 92%, hogc it nhét 1a
93%, hodc it nhét 13 94%, hodc it nhét 1a 95%, hodc it nhit 1a 96%, hodc it nhét 1a 97%,
hoic it nhét 1a 98%, hodc it nhat 1a 99%, hodc it nhit 1a 99,1%, hodc it nhat 1a 99,2%,
hoic it nhit 13 99,3%, hodc it nhat 12 99,4%, hodc it nhat 1a 99,5% hodc it nhét 1a 99,6%,
hodic it nhit 13 99,7%, hodc it nhat 1a 99,8%, hodc it nhit 1a 99,9% véi trinh tu bt ky
trong s6 cac SEQ ID NO:6-15, hodc manh ma héa cho doc td cua chung, trong d6 trinh tu
téng hop da duoc tdi vu héa bd ba ma hoa dé biéu hién 1a sinh vat chuyén gen. Theo cac

phuong an khac, gen kham theo sang ché bao gdm polynucleotit bao gdm, co ban chtra
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hoiic chtra trinh tu téng hop cta trinh tu nucleotit ma ma hoa protein bao gdm trinh tu axit
amin ma c6 it nhit 80%, hoic it nhit 81%, hogc it nhit 82%, hodc it nhit 83%, hoic it
nhét 84%, hoic it nhit 85%, hodc it nhit 86%, hodc it nhit 87%, hoic it nhat 88%, hoic it
nhat 89%, hodc it nhit 90%, hodc it nhit 91%, hodc it nhit 92%, hoic it nhat 93%, hoic it
nhét 94%, hodc it nhit 95%, hodc it nhit 96%, hodc it nhit 97%, hodc it nhit 98%, hoic it
nhat 99%, hodc it nhit 99,1%, hodc it nhit 99,2%, hodc it nhit 99,3%, hodc it nhit 99,4%,
hoic it nhat 99,5% hodc it nhat 99,6%, hoic it nhit 99,7%, hogc it nhit 99,8%, hofc it
nhét 99,9% twong ddng trinh tu véi bit ky trong s6 SEQ ID NOS:16-25, hodc manh doc
t6 cua chung, trong d6 trinh tu tong hop c6 bd ba ma héa dugc t61 wu dé biéu hién 1a sinh
vét chuyén gen. Theo céc phuong 4n khéc nita, sinh vét chuyén gen 14 vi khuan chuyén

gen hodc ciy trdng chuyén gen.

Theo mdt sb phuong 4n, sang ché dé xuit polynucleotit tbng hop bao gdm, vé co
ban gbm c6 hoic gdm c6 trinh ty nucleotit ma ma hoa cho protein ma gy doc d6i véi loai
gy hai thudc bd canh vay, trong do6 trinh tu nucleotit nay co6 do tuong ddng trinh t it
nhat 12 80%, hoic it nhat 1a 81%, hoic it nhat 1a 82%, hodc it nhat 1a 83%, hodc it nhat 12
84%. hodc it nhét 1a 85%, hodc it nhit 1a 86%, hodc it nhat 1a 87%, hogc it nhit 1a 88%,
hoic it nhét 12 89%, hodc it nhat 1a 90%, hodc it nhét 1a 91%, hogc it nhét 1a 92%, hodc it
nhat 12 93%, hoiic it nhat 1a 94%, hodc it nhat 1a 95%, hodc it nhat 1a 96%, hodc it nhét 1a
97%, hodc it nhit 12 98%, hodc it nhat 1a 99%, hoic it nhat 1a 99,1%, hodc it nhit 1a
99.2%, hodc it nht 12 99,3%, hodc it nhit 1a 99,4%, hodc it nhit 13 99,5% hodc it nhat 1a
99.,6%, hodic it nhat 1a 99,7%, hofc it nhét 1a 99,8%, hoic it nhit 12 99,9% véi trinh tu bat
ky trong s6 cac SEQ ID NO:6-15, hodc méanh mé hoa cho ddc t ctia chung.

Theo phuong 4n khac, sang ché dé xuét polynucleotit tdng hop bao gom, vé co ban
gbm c6 hozic gbm c6 trinh tu nucleotit ma ma hoa cho protein ma gay doc dbi véi loai gay
hai thudc bo canh vay, trong do trinh ty nucleotit ndy ma hoa cho trinh tu axit amin ma c6
d6 twong ddng trinh tu it nhit 1a 80%, hodc it nhat 1a 81%, hogc it nhét 1a 82%, hodc it
nhat 12 83%, hoic it nhat 1a 84%, hodc it nhét 1a 85%, hoic it nhét 1a 86%, hodc it nhét 1a
87%. hodc it nhat 13 88%, hodc it nhit 1a 89%, hodc it nhat 1 90%, hogc it nhat 1a 91%,
hodc it nhit 1a 92%, hogc it nht 12 93%, hodc it nhat 1a 94%, hodc it nhat 1a 95%, hodc it
nhat 12 96%, hodc it nhat 1a 97%, hodc it nhat 1a 98%, hoic it nhét 1a 99%, hodc it nhét 1a
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99.1%, hoic it nhét 1a 99,2%, hodc it nhit 1a 99,3%, hodc it nhét 1a 99,4%, hogc it nhét 1a
99.5% hodic it nhat 12 99,6%, hodc it nhét 1a 99,7%, hodc it nhét 1a 99,8%, hodc it nhat 1a
99,9% véi trinh tu bit ky trong s6 cac SEQ ID NO:16-25, hoic manh doc t6 clia ching.

Protein Cry theo sang ché ¢6 thé dugc phan 1ap tir cdc chung Bacillus thuringiensis
(Bf) nhét dinh chéng han nhu YN171-1, GX078-2 va GX435-1. S& nh4n ra rang protein
Cry theo sang ché ciing c6 thé dugc phan lap tr cdc ching Bt khac va ring cac ching Bt
nay c6 thé duge phan lap bang cac k¥ thuat tiéu chudn va duoc thir nghiém vé doc tinh
dbi v6i loai gy hai thudc bd canh vay theo sang ché. Thong thudng cac ching Bt c6 thé
dugc phén lap tu mAau moi truomg bét ky, bao gém dét, thuc vat, con trung, bui nang hat,
va nguyén liéu miu khac, v.v., bang phuong phép da biét trong linh vuc. Xem tai liéu, vi
duy, 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 phan lap, cac ching Bt ¢6 thé duogc thi
nghiém vé& doc tinh di vai loai gdy hai thuoe bd canh véy va protein Cry dugc bao ham
boi sang ché co thé duogce xac dinh. Do do, theo mot s6 phuong 4n, sang ché dé xuét ching
Bacillus thuringiensis (Bt) dugc phan 1ap ma san xuét protein Cry hoic protein Cry tai tb
hop c6 chtra, vé co ban gdm c6 hoic gdm ¢ trinh ty axit amin c6 d twong ddng trinh tu
tir it nhat 13 80% dén it nhit 1a 99% so véi trinh tu bat ky trong s6 cac SEQ ID NO: 16-25.
Theo phuong an khac, ching Bt dugc chon tir nhom gdm c6 YN171-1, GX078-2 va
GX435-1. Theo phuong 4n khac nita, protein Cry hodc protein Cry tai td hop c6 chira, vé
co ban gdm ¢6 hodic gdm c6 trinh tu bit ky trong s6 cdc SEQ ID NO:16-25.

Theo mot sb phuong 4n, sang ché d& xuét protein Cry dugc phan 1ap mot cach tuy
y ma giy doc dbi voi loai gay hai thudc bd canh vay, trong d6 protein c6 chira, vé co ban
gbm c6 hoic gdm c6 (a) trinh tr axit amin ma c6 tir d§ twong ddng trinh tu it nhét 12 80%
dén do twong déng trinh tu {t nhét 12 99% véi trinh tur axit amin dugc thé hién béi trinh tu
bat ky trong s6 cac SEQ ID NO:16-25, hoic manh doc td ctia chung; hodc (b) trinh tur axit

amin ma dugc ma hoa bdi trinh tu nucleotit ma cé tr d tuong déng trinh tu it nhit 1a
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80% dén do twong ddng trinh ty it nhit 1a 99% véi trinh ty nucleotit duge thé hién béi

trinh tu bat ky trong sé cac SEQ ID NO:6-15, hodc méanh ma héa cho doc t6 ctia chiing.

Theo phuong an khac, protein Cry dugc phan 1dp mot cach tuy y ¢ chira, vé co
ban g@)m co hodc g@)m ¢0 trinh tu axit amin ma c¢6 do tuong déng trinh tu tir it nhat 12 80%
dén it nhét 12 99% v6i trinh tu bét ky trong s6 cac SEQ ID NO:16-25, hodc manh doc t6
ctia chiing. Theo phuong an khac nira, trinh tir axit amin ¢ do tuong ddng trinh ty it nhét
14 80%, hodc it nhét 12 81%, hodc it nhat 1a 82%, hoic it nhat 1a 83%, hogc it nhit 1a 84%,
hoic it nhét 1a 85%, hoic it nhat 1a 86%, hodc it nhét 12 87%, hodc it nhat la 88%, hogc it
nhét 12 89%, hodc it nhat 1a 90%, hoic it nhat 1a 91%, hodc it nhat 1a 92%, hodc it nhét 1a
93%, hoic it nhét 13 94%, hoic it nhat 1a 95%, hodc it nhét 12 96%, hodc it nhat 1a 97%,
hodc it nhét 12 98%, hoic it nhat 1a 99%, hoic it nhét 1 99,1%, hodc it nhét 1a 99,2%,
hodc it nhit 14 99,3%, hodc it nhat 1a 99,4%, hoic it nhit 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhét 1a 99,7%, hodc it nhit 13 99,8%, hogc it nhit 12 99,9% véi SEQ ID NO:16,

hodc manh doc to cia ching.

Trinh tu axit amin c6 it nhit 90%, hodc it nhit 91%, hodc it nhit 92%, hodc it nhat
93%, hodc it nhit 94%, hodc it nht 95%, hodc it nhét 96%, hogc it nhat 97%, hogc it nhat
98%, hoic it nhit 99%, hodc it nhat 99,1%, hoic it nhit 99,2%, hodc it nhat 99,3%, hoic
it nhat 99,4%, hoic it nhit 99,5% hodc it nhit 99,6%, hodc it nhat 99,7%, hogc it nhat
99.8%, hoic it nhit 99,9% twong ddng trinh trr v6i SEQ ID NO:17, hogc manh ddc to cia

chung.

Theo phuong an khéac nita, trinh ty axit amin ¢6 d0 tuong déng trinh tu it nhat 1a
80%, hoic it nhit 1a 81%, hodc it nhit 1a 82%, hodc it nhit 1a 83%, hodc it nhat 1a 84%,
hodc it nhét la 85%, hoic it nhét 1a 86%, hodc it nhét 12 87%, hogc it nhét 1a 88%, hodc it
nhét 12 89%, hodc it nhét 1a 90%, hoic it nhét 1a 91%, hodc it nhét 1a 92%, hogc it nhit 1a
93%, hodic it nhat 1a 94%, hoic it nhat 12 95%, hodc it nhét 1a 96%, hodc it nhat 1a 97%,
hodc it nhét 12 98%, hodc it nhat 1a 99%, hodc it nhét 1a 99,1%, hodc it nhat 1a 99,2%,
hodc it nhét 1a 99,3%, hodc it nhit 1a 99,4%, hodc it nhit 1a 99,5% hodc it nhit 1a 99,6%,
hoic it nhit 1 99,7%, hodc it nhat 1a 99,8%, hodc it nhat 1a 99,9% véi SEQ ID NO:18,

hodc manh doc to ctia ching.
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Theo phuong 4n khéc nita, trinh tur axit amin cé d§ tuong dong trinh tr it nhit 13
86%, hodc it nhét 12 87%, hoic it nhat 12 88%, hodc it nhat 1a 89%, hogc it nhit 1a 90%,
hodc it nhét 1a 91%, hogc it nhét 1a 92%, hodc it nhét 12 93%, hogc it nhét 1a 94%, hogc it
nhét 12 95%, hoiic it nhét 1a 96%, hoic it nhat 1a 97%, hodc it nhat 1a 98%, hodc it nhét 1a
99%, hoic it nhit 1a 99,1%, hodc it nhat 1a 99,2%, hodc it nhét 1a 99,3%, hodc it nhit 1a
99.4%, hodc it nhit 13 99,5% hodc it nht 13 99,6%, hodc it nhit 1a 99,7%, hodc it nhét 1a
99,8%, hoic it nhét 12 99,9% v&i SEQ ID NO:19, hodc manh ddc t cla ching.

Theo cac phuong an khéc, trinh tyr axit amin ¢6 it nhit 90%, hodc it nhit 91%,
hoic it nhat 92%, hodc it nhit 93%, hodc it nhét 94%, hoic it nhit 95%, hodc it nhat 96%,
hoic it nht 97%, hodc it nhit 98%, hodc it nhit 99%, hodc it nhit 99,1%, hodc it nhat
99.2%, hoiic it nht 99,3%, hodc it nhit 99,4%, hodc it nhit 99,5% hodc it nhat 99,6%,
hoic it nhét 99,7%, hoic it nhit 99,8%, hoic it nhit 99,9% tuong dong trinh tu v6i SEQ
ID NO:20, hodc manh doc t§ cua ching.

Theo mét sb phuong 4n, trinh ty axit amin bao gbm, vé co ban gbm c6 hodc gdbm
c6 trinh tu bit ky trong sb cac SEQ ID NO:16-25, hoic manh doc td cua chung. Theo
phuong 4n khac, trinh ty axit amin dugc ma hoa boi trinh ty nucleotit bao gdm, vé co ban
gbm ¢6 hoic gdm c6 trinh tur bét ky trong sé cac SEQ ID NO:6-15, hoic manh ma hoa

cho doc to cua ching.

Theo phuong 4n khéc, protein Cry theo sdng ché gy doc ddi véi con triing canh
vay gdy hai dugc chon tur nhom gdm c6 sdu duc thin ngd chau A (Ostrinia furnacalis),
sau ngai dém mau den (4grotis ipsilon), sdu duc qua bong (Helicoverpa armigera), buém
dém hai ddo mau vang (Conogethes punctiferalis), siu buém Phuong Dong (Mythimna
sepatate), sau duc than ngd chau Au (Ostrinia nubilalis), sdu xanh mua thu (Spodoptera
frugiperda), sau duc trai trén cdy ngd (Helicoverpa zea), su duc thdn mia (Diatraea
saccharalis), sdu buém hai diu nhung (Anticarsia gemmatalis), sdu do dau tuong
(Chrysodeixis includes), sdu duc than ngd tdy nam (Diatraea grandiosella), sdu ngai dém
hai dau phuong tay (Richia albicosta), su dn chdi thudc 14 (Heliothis virescens), siu duc
than ¢6 soc (Chilo suppressalis), sau duc thin mau hong (Sesamia calamistis) va siu cubn

14 1aa (Cnaphalocrocis medinalis).
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Theo mdt sé phuong 4n, sang ché bao ham protein Cry tai t6 hop ma gy doc abi
v6i loai gy hai thudc bd canh vay, trong d6 protein Cry tai td hop bao gdm, vé co ban
gbm c6 hoic gdm ¢6 (a) trinh tur axit amin ma c6 do tuong ddng trinh ty tir it nhat 13 80%
dén it nhit 13 99% v6i trinh tu axit amin dwoc thé hién béi trinh tu bat ky trong sb cac
SEQ ID NO:21-25, hodc manh doc tb cua ching; hoac (b) trinh ty axit amin ma dugc ma
héa bdi trinh tw nucleotit ma c6 do twong ddng trinh tu tir 80% dén it nhat 1a 99% véi
trinh tu nucleotit dugc thé hién bai trinh tu bAt ky trong s6 cac SEQ ID NO:11-15, hoic

méanh ma hoéa cho ddc to cua chung.

Theo phuong an khéc, protein Cry tai t6 hop bao gdm, v& co ban gém c6 hodc gdm
¢ trinh tu axit amin ma ¢6 @9 twong ddng trinh tur tir it nhat 12 80% dén it nhat 1a 99% véi
trinh tu bét ky trong s6 cac SEQ ID NO:21-25, hodc manh doc td cua chung. Theo
phuong an khéc nita, trinh tu axit amin ¢6 do twong ddng trinh tu it nhét 13 80%, hodc it
nhat 12 81%, hodc it nhét 1a 82%, hoic it nhat 1a 83%, hodc it nhit 12 84%, hoic it nhét 1a
85%, hoic it nhat 13 86%, hodc it nhit 1a 87%, hodc it nhit 1a 88%, hodc it nhat 1a 89%,
hoic it nhit 13 90%, hogc it nht 1 91%, hoc it nhit 1a 92%, hogc it nhat 1a 93%, hoic it
nhét 12 94%, hoiic it nhét 1a 95%, hoic it nhét 1a 96%, hodc it nhét 1a 97%, hogc it nhit la
98%, hodc it nhit 13 99%, hodc it nhét 1a 99,1%, hoic it nhét 1a 99,2%, hogc it nhit 1a
99.3%, hoic it nhit 13 99,4%, hogc it nhit 12 99,5% hodc it nhit 1a 99,6%, hodc it nhat 1a
99.7%, hodc it nhit 12 99,8%, hodc it nhét 1a 99,9% véi SEQ ID NO:21, hoic manh doc tb

cua chung.

Theo phuong an khéc nita, trinh tur axit amin cé d tuwong ddng trinh ty it nhét 14
80%, hoiic it nhat 1a 81%, hodc it nhit 1a 82%, hoic it nhat 1a 83%, hodc it nhat 1a 84%,
hodc it nhat 1a 85%, hodc it nhit 1a 86%, hodc it nhit 1a 87%, hogc it nhat la 88%, hoic it
nhat 12 89%, hodc it nhét 13 90%, hoic it nhét 1a 91%, hodc it nhét 1 92%, hoic it nhat 1a
93%, hoic it nhat 13 94%, hodc it nhit 12 95%, hodc it nhat 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 12 99,3%, hodc it nhét 1a 99,4%, hoic it nht 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhét 1a 99,7%, hodc it nhat 1a 99,8%, hodc it nhat 1a 99,9% véi SEQ ID NO:22,

hodc manh doc to cua ching.
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Theo phuong 4n khac nira, trinh tu axit amin c6 do tuong dé)ng trinh tu it nhét 1a
80%, hodc it nhét 1a 81%, hodc it nhat 1a 82%, hoic it nhat 1a 83%, hogc it nhit 1a 84%,
hoic it nhét 12 85%, hodc it nhat 1a 86%, hoic it nhét 12 87%, hogc it nhat la 88%, hodc it
nhét 13 89%, hoic it nhét 1a 90%, hoic it nhét 1a 91%, hodc it nhét 1a 92%, hogc it nhat 1a
93%, hoic it nht 13 94%, hogc it nhét 1a 95%, hodc it nht 1 96%, hogc it nhét 1a 97%,
hodc it nhét 1a 98%, hodc it nhit 1a 99%, hodc it nhét 1a 99,1%, hodc it nhit 1a 99,2%,
hoic it nhat 1a 99,3%, hoic it nhat 12 99,4%, hodc it nhat 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhét 13 99,7%, hodc it nhit 13 99,8%, hodc it nhat 12 99,9% véi SEQ ID NO:23,

hoic manh dgc to cua ching.

Theo phuong an khac nira, trinh tu axit amin c6 do tuong ddng trinh ty it nhét 13
80%, hodc it nhat 12 81%, hoic it nhat 1a 82%, hoic it nhat 1a 83%, hogc it nhit 1a 84%,
hoic it nhit 13 85%, hoic it nhit 13 86%, hoic it nhit 1a 87%, hogc it nhat 12 88%, hodc it
nhét 12 89%, hodc it nhat 1a 90%, hoic it nhét 1a 91%, hoic it nhat 1a 92%, hoic it nhét 1a
93%, hoiic it nhét 13 94%, hogc it nhat 1a 95%, hoic it nhét 12 96%, hogc it nhat 1a 97%,
hoc it nhat 13 98%, hodc it nhit 1a 99%, hoic it nhat 1a 99,1%, hodc it nhat 1a 99,2%,
hodc it nhat 1a 99,3%, hodc it nhat 1 99,4%, hoc it nhét 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhét 1a 99,7%, hodc it nhit 1a 99,8%, hogc it nhit 12 99,9% véi SEQ ID NO:24,

hodc manh doc to cta ching.

Theo phuong an khac nita, trinh tu axit amin c6 do tuong dong trinh tir it nhit 13
80%, hodc it nhat 1a 81%, hodc it nhat 1a 82%, hoic it nhat 1a 83%, hogc it nhat 1a 84%,
hodc it nhit 13 85%, hoic it nhat 12 86%, hodc it nhat 1a 87%, hogc it nhat 1a 88%, hodc it
nhét 1 89%, hodc it nhét 1a 90%, hodc it nhét 1a 91%, hodc it nhét 1a 92%, hodc it nht 1a
93%, hoiic it nhét 13 94%, hogc it nhat 1a 95%, hoic it nhét 1a 96%, hodc it nhét 1a 97%,
hoic it nhat 12 98%, hodc it nhit 1a 99%, hodc it nhét 1a 99,1%, hodc it nhat 1a 99,2%,
hodc it nhét 14 99,3%, hogc it nhat 1a 99,4%, hodc it nhit 1a 99,5% hodc it nhat 1a 99,6%,
hodc it nhét 1a 99,7%, hodc it nhit 1a 99,8%, hogc it nhat 12 99,9% véi SEQ ID NO:25,

hodc manh doc to cua chung.

Theo phuong an khac nira, protein Cry téi td hop bao gom, vé co ban gdm c¢6 hoic

gdm ¢6 trinh ty axit amin cua trinh ty bat ky trong s6 cdc SEQ ID NO:21-25, hodc manh
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doc td cna chiing. Theo phuong én khéc, protein Cry tai t6 hop duge mi héa béi trinh tu
nucleotit ma ¢6 chira, vé& co ban gdm c¢6 hodc gdm cé trinh tu bat ky trong s6 cac SEQ ID

NO:11-15, hodc manh ma héa cho ddc t5 cua ching.

Khéng thé ma dugc tao ra trong dép (mg véi thir thach mién dich b&i BT-0049,
BT-0063, BT-0064, BT-0086 va BT-0498 tu nhién hodc dot bién va dang tuong tu hodc
protein Cry c6 lién quan cling dugcc bao ham bai séng ché. Khang thé nay c6 thé duoc tao
ra bang céach st dung céc ky thuét mién dich hoc tiéu chudn dé san xut khang huyét
thanh da dong va, néu mudn, 1am bét tir t& bao san xuét khang thé cta vat chu dugc gay
mién dich d c6 ngudn san xuét khang thd don dong. K§ thuat san xuét khang thé ddi véi -
chét bat ky dugc quan tam da duoc biét 3, 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 lieu Goding (Monoclonal Antibodies: Principles & practice.1986. Academic
Press, Inc., Orlando, FL). Sang ché bao ham protein diét con tring ma tuong tac chéo vai
khang thé, cu thé 1a khang thd don dong, dugc tao ra dé chdng lai mot hodc nhiéu protein

diét con trung Cry theo sang ché.

Khéng thé duge tao ra trong sing ché ciing hitu dung trong thit nghiém mién dich
dé xac dinh ham lugng hodc su c6 mit cia BT-0049, BT-0063, BT-0064, BT-0086 va
BT-0498 tu nhién hodc dot bién hodc protein Cry c6 lién quan trong mau sinh hoc. Cac
thtr nghiém nay ciing hitu dung trong su san xut c6 kiém soét chit luong ctia hop phén
¢6 chira mot hodc nhiéu protein Cry theo séng ché hoic cac protein giy doc c6 lién quan.
Ngoai ra, khang thé ¢6 thé dugc st dung dé dénh gia hidu qua cla su san xuét tai td hop
cia mot hodc nhiéu protein Cry theo sdng ché hoic protein c6 lién quan, cling nhu 12 dé
sang loc thu vién biéu hién dbi v&i su ¢6 mit cta trinh tu nucleotit ma hoa cho mét hodc
nhiéu protein Cry theo sang ché hoic céc trinh ty ma hoa cho protein ¢6 lién quan. Khang
thé cling hitu dung lam phéi tr ai luc dé tinh ché hoic phén 1&p mdot hoac nhiéu protein
bét ky theo sang ché va cic protein c6 lién quan. Protein Cry theo sang ché va protein ¢
chtra cac epitop khac nguyén c6 li€n quan co thé thu dugc bang cach biéu hién qui mirc
nguyén chiéu dai hoic mot phén chiéu dai cta trinh ty mi héa cho tat ca hodc mot phén

ctia protein Cry theo séng ché hodc protein ¢6 lién quan trong t€ bao chu dugc uu tién.
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Hiéu ring cac trinh tw ADN ma ma héa protein Cry tu nhién theo sing ché c6 thé
duoc thay ddi bang cac phuong phép khac nhau, va cac thay ddi nay c6 thé tao ra cac
trinh tw ADN ma héa céc protein vdi trinh ty axit amin khac v6i trinh tu dugc mé hoa boi
protein Cry tu nhién theo sang ché. Protein nay c6 thé duge thay d6i bang nhiéu cich
khac nhau bao g@)m thé, loai bo, cat cut, va chén axit amin ctia mdt hodc nhiéu axit amin
néu & bit ky trong sé cdc SEQ ID NOs:16-20, bao gdm 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, khoang 80, khoang 85, khoang 90,
khoang 100, khoang 105, khoang 110, khoang 115, khoang 120, khoang 125, khoang 130,
khoang 135, khoang 140, khoang 145, khoang 150, khoang 155, hoic nhiéu hon su thé,
loai bo hodc chén axit amin. Phuong phap cho céc thao tac nay thuong dugc biét trong
linh vuc. Vi du, cac bién thé trinh ty axit amin cta protein Cry tu nhién c6 thé dugc diéu
ché bang cac dot bién trong polynucleotit ma ma hoa protein. Diéu nay ciing c6 thé duogc
thue hién bing mot trong mot vai dang cla sy gdy dot bién hodc trong su tién hoa c6 dinh
huéng. Theo mot sd khia canh, céc thay d6i dugc ma héa trong trinh ty axit amin s& co
ban khong anh hudng dén chirc ning cua protein. Cac bién thé nay s& c6 hoat tinh diét
cOn trung mong mubn. Theo mot ) phuong an cua sang ché, trinh tu nucleotit duoc thé
hién boi cac SEQ ID NO: 1-5 duogc bién ddi dé dua vao su thé axit amin trong protein
dugc ma hdéa. Theo phuong an khéac, protein dot bién thu dugc dugc ma hda bai
polynucleotit dot bién tdng hop c6 chira trinh tu nucleotit dugc thé hién boi trinh tu bat ky
trong s6 cac SEQ ID NO:11-15. Theo cac phuong an khac, protein dot bién bao gdm, vé
co ban gém co hodc g@)m cé trinh tu axit amin dugc dai dién béi trinh tw bét ky trong sb

cac SEQ ID NO:21-25.

Can hiéu ring kha ning ctia protein diét con tring dé tao ra hoat tinh diét con trung
¢6 thé duoc cai thién bang cach sir dung céc ky thuat nay tuy theo cac hop phan theo séng
ché. Vi du, ngudi ta c6 thé biéu hién protein Cry trong té bao chii ma thé hién ti 1¢ két hop
nhdm bazo cao trong qud trinh sao chép ADN, ching han nhu XL-1 Red (Stratagene, La
Jolla, CA). Sau khi nhan gidng trong céc chung nay, c6 thé phan 1ap ADN (vi du bang
cach diu ché plasmit ADN, hodc bé‘mg cach khuéch dai béng k¥ thuat PCR va tach dong
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doan PCR thu dugc vao vat truyén), nudi chy céac dot bién protein Cry trong chiing khong
dot bién, va xac dinh gen duogc dot bién ¢6 hoat tinh diét con trung, vi du b%mg cach thuc
hién thtr nghiém dé thtr nghiém hoat tinh diét con trung. Thong thuong, protein dugc tron
va duoc str dung trong céc thir nghiém cho an. Xem tai liéu, vi du Marrone et al. (1985) J.
of Economic Entomology 78:290-293. Céc thir nghiém nay c6 thé bao gdbm bude cho thuc
vt tiép xtc v6i mot hodc nhiéu loai gy hai va xéac dinh kha nang cta thyc vat dé séng sot
hodic gly chét loai giy hai. Vi du vé cac dot bién ma din dén doc tinh ting l1én dugc tim

thiy trong tai liéu Schnepf et al. (1998) Microbiol. Mol. Biol. Rev. 62:775-806.

Theo céch khéc, cac thay dbi co thé duoc tao ra ddi véi trinh tu axit amin theo séng
ché & dau tdn cing amino hodc carboxy ma vé co ban khong anh hudng dén hoat tinh.
Thay dbi nay co thé bao g&”)m su cai xen, loai bd, hodc céc thay dbi dugc dua vao béng cac
phuong phép phén tir hién dai, nhu PCR, bao gdm khuéch dai PCR ma thay thé hoic mé
rong trinh tr ma héa protein do dwa vao trinh tw mi héa axit amin trong oligonucleotit
duoc st dung trong khuéch dai PCR. Mdt cach tly ¥, cac trinh ty protein dugc thém co
thé bao gém céc trinh tu ma héa protein toan by, nhu cac trinh ty thuong dugce st dung
trong linh vuc dé tao ra sy dung hop protein. Céc protein dung hop nay thuong dugc su
dung dé (1) 1am ting biéu hién cia protein quan tdm (2) dua vao mién lién két, hoat tinh
enzym, hodc epitop dé tao diéu kién cho hoic 12 tinh ché protein, phat hién protein, hodc
cac st dung thir nghiém khac da biét trong linh vuc (3) bai tiét dich hodc dich ma protein
thanh co quan dudi mirc té bao, nhu khong gian chu chét cta vi khudn gam am, hoic luéi

ndi bao ctia té bao nhan thuc, ludi ndi bao thudng tao ra glycosyl héa protein.

Protein Cry theo sang ché c6 thé con dugc dot bién dé dwa vao mot epitop dé tao ra
cac khang thé ma nhan dién protein duge dot bién. Do d6, theo mdt sb phuong én, sang
ché @& xuit protein Cry dugc dot bién, trong d6 su 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 voi protein Cry tu nhién trong thir nghi¢m phét hién protein.

Theo mdt s6 phuong 4n, sang ché dé xuit phuong phép tao ra khang thé ma nhan
dién mot cach khac protein Cry dugce dot bién tir protein Cry tu nhién ma protein Cry dot

bién duoc dan xuat tir d6, phuong phap bao gdm céac budc the cdc axit amin trong céu tric
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vong khang nguyén cua protein Cry tu nhién va lam tdng 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 mot phuong an, ciu trac vong khang nguyén dugc xic dinh
trong cic mién khong bao toan bén ngoai mién I cia protein Cry tu nhién. Theo phuong
4n khéc, cu tric vong khang nguyén khong phai 1a chu trac vong lién quan dén nhan dién
thu thé rudt con trung cia protein Cry hogc lién quan dén hoat hoa proteaza clia protein

Cry.

Céc trinh tu nucleotit va axit amin bién thé theo sang ché ciing bao ham céc trinh
tu dugce tao din xuét tir cac quy trinh gy dot bién va gay tai td hop chang han nhur su x40
trdn ADN. Véi quy trinh nay, mot hodc nhiéu ving ma héa protein doc khac nhau c6 thé
duoc dung dé tao ra protein doc méi s¢ hiru cac dic diém mong mudn. Bing cach nay,
cac thu vién cua polynucleotit tai td hop dugc tao ra tir quin thé ciia polynucleotit trinh tu
lién quan bao goém cic mién trinh tu ma c6 twong dong trinh tu co ban va ¢ thé duoc tai
td hop cung loai trong bng nghiém hoic trong co thé. Vi du, bang cach str dung nghién
ctru nay, md tip trinh tu ma hoa mién quan tdm cd thé duoc x40 tron gitra gen cua diét loai
gdy hai theo sang ché va gen ctia diét loai gy hai da biét khac dé thu dugc gen méi ma
héa protein v6i dac tinh quan tdm duge céi thién, nhu tdng hoat tinh diét con trung. Céc
chién lugc dé xdo tron ADN nay 13 da biét trong linh vuc. Xem tai liéu, vi dy, 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 séng ché M§ sb 5,605,793 va 5,837,458,

Su hoan ddi hodc x4o tron mién 13 co ché khéc dé tao ra céc protein Cry thay dbi
theo sang ché. Cac mién c6 thé duoc hoan d6i gifta cac protein Cry, tao ra cac protein ddc
lai hodic kham véi hoat tinh diét loai gdy hai hogic phd dich cai thién. Phuong phap dé tao
ra protein tai td hop va thtr nghiém chung vé hoat tinh diét loai gdy hai da dugc 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).
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Theo mot sd phwong 4n, sing ché d& xudt vat truyén tai t6 hop chira polynucleotit,
phén tr axit nucleic, cat-xet biéu hién hodc gen kham theo sang ché. Theo cac phuong 4n
khac, vat truyén con dugc xac dinh la plasmit, cosmit, phagemit, nhiém sic thé nhén tao,
vat truyén thé thuc khudn hodc virut. Mot s6 vét truyén ding trong bién nap thuc vt va

c4c sinh vat khéc 12 da biét trong linh vuec.

Do d6, méot s6 phuong 4n theo sdng ché d& cap dén bang c6 thé biéu hién duoc
thiét ké dé biéu hién polynucleotit va phan tir axit nucleic theo sang ché. Nhu dugc st
dung & day, "cat-xet biéu hién" nghia 1a phan tir axit nucleic co it nhét trinh ty kiém soat
lién két ¢6 diéu khién véi trinh tu nucleotit quan tAm. Theo phuong thirc nay, vi du, céc
promoto thuc vat dugce lién két ¢6 diéu khién véi trinh tu nucleotit cin dwoc biéu hién
duoc cung cip trong cat-xet bidu hién dé bidu hién & cdy tréng, phin ciy trong hoic té

bao cy trong.

Cat-xet biéu hién c6 chira polynucleotit dugc quan tim c6 thé 1a kham, c6 nghia 1a
it nhét 12 mot trong sd cac thanh phan ctia n6 13 khac loai ddi v6i it nhat 12 mét trong sd
cac thanh phan khic ctia n6. Cat-xet biéu hién c6 thé con 1a biang ma c6 trong tw nhién
nhung thu dugc dudi dang tai t6 hop hitu dung cho sy biéu hién khéc loai. Thong thudng,
tuy nhién, cat-xet biéu hién khac loai so vé&i vat chu, tirc 13, trinh tyr axit nucleic cu thé cua
cat-xet biéu hién khong c6 trong tu nhién trong té bao chu va phai dua vao té bao chu

hoic td tién cua t€ bao chi bang su kién bién nap.

Ngoai promoto lién két co didu khién v6i trinh tu nucleotit theo sang ché, cat-xet
bidu hién theo sang ché con co thé bao gbdm trinh tu didu hoa khéc. Nhu duge st dung &
day, "trinh tu diéu hoa" nghia 1a trinh ty nucleotit dugc bd tr nguoc dong (trinh tu khong
mi hoa 5°), & trong hodc xudi dong (trinh ty khong ma hoa 3”) cua trinh ty ma hoa, va ma
anh hudng dén su phién ma, su xir Iy hoic tinh 6n dinh ARN, hodc dich ma trinh ty ma
héa lién quan. Céc trinh tu diéu hoa bao gdm, nhung khong gi¢i han &, gen ting cuong,

intron, trinh tu dan dich m4, céc tin hiéu két thic, va trinh tu tin hiéu bd sung polyadenyl.

Theo mét sb phuong 4n, cat-xet bidu hién theo sang ché ciing c6 thé bao gdm
polynucleotit ma ma hoa cho céc tinh trang mong muén khéc ngoai protein Cry theo sdng

ché. Cat-xet biéu hién nay c6 chira céc tinh trang xép chong c6 thé dugc stir dung de tao ra
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cdy trong, phan ciy trdng hodic t& bao cdy tréng c6 kiéu hinh mong mudn véi céc tinh
trang xép chdng (tirc 13, sw xép chdng phan tir). Cac dang két hop xép chdng nay & cay
trdng ciing c6 thé duoc tao ra bang phuong phap khic bao gbm, nhung khéng giéi han 6,
lai chéo cdy trdng bing phuong phap thong thuong bit ky. Néu dugc chdng 1én bing cac
ciy bién nap gen, trinh tu nucleotit quan tim c6 thé két hop & thoi diém va trat tu bat ky.
Vi du, cdy trdng chuyén gen chira mot hodc nhiéu dic diém mong muén c6 thé dugc sir
dung 1am dich dé dua vao cac dic diém khic bang bién nap lién tiép. Trinh tu nucleotit
khéc c6 thé duoc dua vao mot cach dong thoi trong quy trinh dong bién nap véi trinh tu
nucleotit, phan tr axit nucleic, cAu tric axit nucleic, hoic hop ph?m theo sang ché, duoc
cung cp bing dang két hop bit ky cta cic cat-xet biéu hién. Vi du, néu hai trinh tu
nucleotit dwgc dua vao, chung c6 thé két hop trong cac bang riéng r& (trans) hoic co thé
két hop trong cling bing (cis). Su biéu hién ciia polynucleotit ¢6 thé duoc thuc hién boi
cung mot promoto hodc cac promoto khac nhau. Con nhén thdy rang polynucleotit c6 thé
duoc xép chdng & vi tri hé gen mong mudn bang cach sir dung hé tai té hop dic hiéu vi
tri. Xem, vi du, cOng bd don séng ché quéc t& s6 WO 99/25821; WO 99/25854; WO
99/25840; WO 99/25855 va WO 99/25853.

Cat-xet biéu hién ciing c6 thé bao gdém trinh tr ma héa khic dbi voi mot hodc
nhiéu polypeptit hodc cac phan tir ARN soi kép (dsARN) dugc quan tdm ddi v6i cac tinh
trang ndng nghiép ma chu yéu 1a c6 loi ddi véi cong ty hat gidng, ngudi trong hodc nguoi
phat trién hat. Polypeptit quan tim c6 thé 1a polypeptit bat ky duoc ma hoéa boi trinh tur
nucleotit mong muén. Vi du khong 1am giéi han séng ché v& polypeptit dugc quan tim
ma thich hop dé san xuit & cay trong bao gbm cac polypeptit dan dén cac tinh trang quan
trong trong noéng nghiép ching han nhu tinh khang chét diét co (d6i khi dugc dé cap dén
dudi dang "kha ning dung chiu chit diét c6"), tinh khang virut, tinh khang tac nhan gay
bénh 1a vi khuén, tinh khang con trung, tinh khang giun tron, hodc tinh khang nim. Xem,
vi du, biang sang ché My sb 5,569,823; 5,304,730; 5,495,071; 6,329,504; va 6,337,431.
Polypeptit con co thé 14 nhan t 1am ting strc sdng clia cdy hodc san lugng ctia ciy (bao
gbm cac dic diém cho phép cay phat trién & cdc nhiét do, diéu kién dit va mirc anh sang
va lugng mua khac nhau), hodc nhan to cho phép xac dinh cay biéu hién dic diém quan

tam (vi du, chét chi thi chon loc, mau bao hat, v.v.). Cac polypeptit quan tdm khéc nhau,
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cling nhu phuong phép dé dua cac polypeptit nay vao cay trdng, duoc mo ta, vi dy, trong
bing sang ché My sb 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 b6 don sang
ché My sd& 2001/0016956. Ciing xem, trén website tai dia chi

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

Polynucleotit tao ra tinh khéang/kha ndng chiu chat diét c6 e ché diém phat trién
hodc mo6 phén sinh, nhu imidazalinon hodc sulfonylure cé thé thich hop theo mot sb
phuong 4n cua sang ché. Polynucleotit vi du trong loai ndy ma hoa dbi v6i enzym ALS va
AHAS dot bién nhu mé ta, vi du, trong bang sang ché My s 5,767,366 va 5,928,937.
Bing sing ché My sb 4,761,373 va 5,013,659 nhim dén cdy chiu cdc chat diét cd
imidazalinon hodc sulfonamit. Sang ché My sb 4,975,374 dé cap dén té bao cia cdy va
cly chira axit nucleic mi hoa glutamin synthetaza (GS) dot bién khéng su trc ché boi chét
diét co da biét 1a e ché GS, vi du, phosphinothrixin va methionin sulfoximin. Sang ché
My sb 5,162,602 boc 10 cdy khéang sy tc ché boi chit diét co xyclohexanedion va
aryloxyphenoxypropanoic axit. Stc dé khang dugc tao ra boi axetyl coenzym A

carboxylaza (ACCase) dugc bién ddi.

Céac polypeptit dugc ma hoa boi cac trinh tu nucleotit giup khang glyphosat cling
thich hop v6i séng ché. Xem, vi du, sang ché My sd 4,940,835 va sang ché My sb
4,769,061. Sang ché My s6 5,554,798 boc 16 ciy ngd chuyén gen khang glyphosat, ma
sttc dé khang duoc tao ra nhd gen 5-enolpyruvyl-3-phosphoshikimat (EPSP) synthaza
bién doi.

Polynucleotit ma hoéa dbi v6i hop chit khang phosphono nhu glufosinat amoni
hodc phosphinothrixin, va pyridinoxy hodc axit phenoxy propionic va xyclohexon cling 1a
thich hop. Xem, cong bd don séng ché chau Au 0 242 246. Ciing xem, bing sdng ché My
s6 5,879,903, 5,276,268 va 5,561,236.

Polynucleotit thich hgp khac bao gdm céc polynucleotit ma héa dé khang chat diét
c6 e ché quang hop, nhu triazin va benzonitril (nitrilaza), xem sang ché My sb

4,810,648. Polynucleotit thich hgp khdc ma hoa cho tinh khang chét diét co bao gdm cac
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polynucleotit ma héa cho tinh khéng axit 2,2-dicloropropionic, sethoxydim, haloxyfop,
chat diét co imidazolinon, chit diét ¢d sulfonylure, chit diét co triazolopyrimidin, chat
diét ¢d s-triazin va bromoxynil. Ciing thich hgp la polynucleotit tao ra kha nang khang
protox enzym, hodc ma tao ra kha niang khang bénh thuc vat ting cudng; stre chiu cac
didu kién moi trudong bt lgi ting cudng (céc tc ché v sinh) bao gdm nhung khong giGi
han & han han, qué lanh, qué néng, hodc dd mudi trong dat vuot qua hodc tinh axit hodc
tinh kidm cao; va céc thay doi trong kién tric hodc phat trién cta cay trdng, bao gdm cac
thay dbi vé thoi gian phat trién. Xem, vi du, cong bd don sang ché My s6 2001/0016956
va bing sang ché My s6 6,084,155.

Polynucleotit thich hop bd sung bao gdm cac polynucleotit ma héa cac polypeptit
diét loai giy hai (vi dy, diét con trung). Cac polypeptit co thé duoc tao ra v6i lugng di dé
kiém soat, vi du, cic con trung gy hai (vi du, luong kiém soat con trung). Pa nhan ra
rang ham luong clia su san xuét polypeptit diét lodi gy hai & cly trdng can dé kiém soat
con trung hodc loai gay hai khac co thé thay dbi ty thudc vao cay trong, kiéu loai giy
hai, cac yéu td mdi truong va dang tuong tu. Polynucleotit hitu dung dé khang con trung
hoic loai gdy hai bd sung bao gbm, vi du, polypeptit ma hoa doc t6 dugc xac dinh trong
sinh vat Bacillus. Polynucleotit c6 chita trinh ty nucleotit ma héa cho protein Cry Bacillus
thuringiensis (Bt) tr mot vai loai phu dd dugc tich dong va cic dong tai t6 hop da duoc
phat hién la gy doc dbi v6i 4u trung con trung thudc lodi gy hai thudc bd canh vay, bo
hai cénh va b canh ctmg. Vi du vé protein diét con trang Bf ndy bao gbm protein Cry
ching han nhu Crylda, CryiAb, CrylAdc, CrylB, CrylC, CrylD, CrylEa, CrylFa,
Cry34, Cry94, Cry9B, Cry9C, va dang tuong tu, cling nhu la protein di€t con trung ¢
thue vét chang han nhu Vipl, Vip2, Vip3, va dang tuong tu. Danh sich day du cua protein
¢6 ngudn gbe tir Bt ¢6 thé duge tim thdy trén trang mang ludi toan ciu & co so dit lieu
danh phép ddc t& Bacillus thuringiensis duge duy tri boi University of Sussex (cling xem

trong tai liéu, Crickmore et al. (1998) Microbiol. Mol. Biol. Rev. 62:8307-813).

Polypeptit ma thich hop dé san xuit & cy trong con bao gbdm polypeptit ma cai
thién hodc theo cach khac lam thuan loi cho su bién dbi cua cdy trong hodc phan cay
trong duoc thu hoach thanh san pham hiru dung trén thi trudong, bao gbm, vi du, ham

luong hodc su phan bd carbohydrat ting 1én hodc dugc thay ddi, cac tinh chét 1én men
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dugc cai thién, ham lugng dau ting lén, ham lugng protein tdng 1én, kha nang tiéu hoa
duoc cai thién, va ting 1én ham luong thanh phén hd trg dinh dudng, vi du nhu, ham
luong phytosterol ting 1én, ham lugng tocopherol ting 1én, ham luong stanol tang lén
hodc ham lwong vitamin tang 1én. Céc polypeptit quan tdm con bao gdm, vi du, polypeptit
tao ra hodc gop phin 1am giam ham lugng thanh phan khong mong mudn trong mua vu
thu hoach, vi du, axit phytic, hoic enzym lam giam duong. Thuat ngir "tao ra" hodc "gop
phin" ding dé chi polypeptit quan tAm c6 th8 dong gop truc tiép hoic gidn tiép vao su ton
tai ciia dac diém quan tAm (vi dy, 1am tang thoai bién xenluloza bang cach sir dung enzym

xenlulaza khac loai).

Theo mot sb phuong 4n, polypeptit gop phén vao kha ning tiéu hoa duoc cai thién
dbi véi thue phém hoic thirc an. Xylanaza 1a enzym hemixenluloza cai thién sy huy hoai
thanh té bao cia cay, dan dén dong vat sir dung tdt hon dinh dudng thuc vat. biéu nay
lam tang téc do phét trién va chuyén hoa thirc dn. Tuong tw, dd nhét cua thirc dn chira
xylan c6 thé giam. San xuét cac xylanaza khac loai trong té bao ciia cdy con c6 thé gitp

chuyén hoa lignoxenluloza thanh dudong Ién men duge ding trong san xuit cong nghiép.

Nhiéu xylanaza tir vi sinh vt 1a ndm va vi khudn d3 dugc x4c dinh va dugce xac
dinh dic diém (xem tai lidu, vi du nhw, bing sing ché My sb 5,437,992; Coughlin et al.
(1993) "Proceedings of the Second TRICEL Symposium on TIrichoderma reesei
Cellulases and Other Hydrolases" Espoo; Souminen and Reinikainen, eds. (1993)
Foundation for Biotechnical and Industrial Fermentation Research 8:125-135; cong b
bing sang ché My sb 2005/0208178; va cong b don PCT s6 WO 03/16654). Cu thé Ia,
ba xylanaza dac hiéu (XYL-I, XYL-II, va XYL-III) d& duoc xac 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 phuong an khac, polypeptit hitu dung d6i voi sang ché c6 thé 12 enzym lam
thoai hda polysacarit. Cay theo sang ché tao ra enzym ndy c6 thé hiru dung cho tao ra, vi
du, thirc dn chdn nudi 1én men dé xur ly sinh hoc. Theo mot s phuong 4n, enzym hitu
dung cho qua trinh Ién men bao gdm alpha amylaza, proteaza, pullulanaza, isoamylaza,

xenlulaza, hemixenlulaza, xylanaza, xyclodextrin glycotransferaza, lipaza, phytaza,
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laccaza, oxidaza, esteraza, cutinaza, enzym thuy phan bot nghién hat va glucoamylaza

khac.

Enzym lam gidm polysaccarit bao gbdm: enzym lam gidm bot nhu a-amylaza(EC
3.2.1.1), glucuronidaza (E.C. 3.2.1.131); exo-1,4-a-D glucanaza nhu amyloglucosidaza va
glucoamylaza (EC 3.2.1.3), B-amylaza (EC 3.2.1.2), a-glucosidaza (EC 3.2.1.20), va exo-
amylaza khic; enzym khir phan nhénh tinh bdt, nhu a) isoamylaza (EC 3.2.1.68),
pullulanaza (EC 3.2.1.41), va tuong tu; b) xenlulaza 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); ¢) L-
arabinaza, nhu endo-1,5-0-L-arabinaza (EC 3.2.1.99), a-arabinosidaza (EC 3.2.1.55) va
twong tu; d) galactanaza nhu endo-1,4-B-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 twong tu; €) mannanaza, nhu endo-1,4-f-D-mannanaza (EC 3.2.1.78), B-mannosidaza
(EC 3.2.1.25), a-mannosidaza (EC 3.2.1.24) va tuong tu; f) xylanaza, nhu endo-1,4-B-
xylanaza (EC 3.2.1.8), B-D-xylosidaza (EC 3.2.1.37), 1,3-B-D-xylanaza, va tuong tu; va
g) cdc enzym khac nhu a-L-fucosidaza (EC 3.2.1.51), a-L-rhamnosidaza (EC 3.2.1.40),
levanazae (EC 3.2.1.65), inulanaza (EC 3.2.1.7), va tuong tu. Theo mot phwong éan, a-
amylaza 1a a-amylaza tdng hop, Amy797E, dugc md ta 1a sang ché My s6 8,093,453,

duoc két hop & ddy bing cach vién din toan bd.

Cac enzym khiac ma co thé duge st dung theo sang ché bao gdm proteaza, nhu
proteaza nim va vi khuin. Proteaza nim bao gdm, nhung khong gi¢i han &, loai thu dugc
tuAspergillus, Trichoderma, Mucor va Rhizopus, nhu 4. niger, A. awamori, A. oryzae va
M. miehei. Theo mdt s phuong 4n, polypeptit theo sdng ché co thé 13 enzym
cellobiohydrolaza (CBH) (EC 3.2.1.91). Theo mdt phuong én, enzym cellobiohydrolaza
c6 thé 1a CBH1 hogc CBH2.

Cac enzym khac hitu dung véi sdng ché bao gdbm, nhung khong giéi han &,
hemixenlulaza, nhu mannaza va arabinofuranosidaza (EC 3.2.1.55); ligninaza; lipaza (vi
du, 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 esteraza ferulic (EC 3.1.1.73) va
axetyl xylan esteraza (EC 3.1.1.72); va cutinaza (vi du E.C. 3.1.1.74).
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Céc phéan t&r ARN soi kép hitu dung véi sang ché bao gdm, nhung khong gidi han
& cac phan tir ARN soi kép ma kim hdm gen c6n trung dich. Nhu dugce st dung trong ban
mo ta ndy cac tir "su kim ham gen", khi ding ciung nhau, dugc dy dinh 1a dung dé chi
phuong phap bét ky trong sb cac phuong phap da biét r6 dé 1am giam ham luong cla
protein dugc tao ra 1a két qua cia su phién ma gen thanh mARN va sy dich ma tiép theo
ctia mARN. Su kim ham gen cling dugc du dinh c6 nghia 1a su giam di cua sy biéu hién
protein tir gen hodc trinh tu ma hoa bao gdm sy kim him gen sau dich ma va sy kim ham
phién ma. Sy kim ham gen sau dich ma dugc diéu hoa qua trung gian su tuong ddng gitra
tAt ca hoic mot phén ciia mARN dugc phién ma tir gen hogc trinh tu mi hoa dugc nham
dich dé kim ham va ARN soi kép twong ung dugc dung d8 kim ham, va ding dé chi su
giam dang ké va c6 thd do duge cia lugng mARN sin c6 trong té bao dé lién két boi
ribosom. ARN dugc phién ma c6 thé theo huéng c6 nghia dé anh huong dén cai goi 1a su
ddng kim ham, theo huéng d6i nghia dé anh hudng dén cai goi 12 su kim ham d6i nghia,
hodc theo ca hai hudng tao ra dsARN dé anh hudéng dén cai goi 1a su can tr& ARN
(ARNI). Sy kim ham phién ma duoc diéu hoa qua trung gian su c6 mit trong té bao cla
dsARN, tac nhan kim ham gen, thé hién d6 tuong déng trinh tu dang ké dbi véi trinh tu
ADN promoto hodc phén bd sung ctia chiing dé anh huong dén céi goi 1a sy kim ham qua
promoto. Su kim ham gen c6 thé hiru hiéu chdng lai gen cay trdng tu nhién c6 lién quan
dén tinh trang, vi du nhu, dé tao ra cay trf‘mg thuc vat ¢6 ham luong giam cua protein
dugc mé hoa boi gen tu nhién nay hodc c6 ham luong dugc ting cudng hodc duge gidm
di cta chit chuyén héa bi anh huéng. Sy kim ham gen ciing ¢6 thé hiru hiéu chdng lai gen
dich & loai gay hai thuc vit ma co thé an hodc tiép xtc nguyén li¢u cy trong ¢ chira tac
nhan kim ham gen, dugc thiét ké dic hiéu dé uc ché hoic kim him su biéu hién ctia mot
hodc nhiéu trinh tu trong ddéng hodc trinh tu bd sung trong té bao ctia loai gay hai. Gen
duoc nhim dich dé kim ham nay c6 thé ma hoéa cho protein thiét yéu, chirc ning da duge
duy doan ma dugc chon tir nhém gém c6 su tao thanh co, su tao thanh hormon kich sau
non, Su didu hoa hormon kich siu non, su diéu hoa va van chuyén ion, su téng hop enzym
tiéu hoa, su duy tri dién thé mang té bao, sinh tdng hop axit amin, sy thodi hoa axit amin,
su tao thanh tinh trung, su téng hgp pheromon, su thu cam pheromon, sy tao thanh anten,

su tao thanh céanh, su tao thanh chan, sy phat trién va su biét hoa, su tao thanh trimg, su
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trudng thanh 4u tring, su tao thanh enzym tiéu héa, su tbng hop méu (haemolymph), su
duy tri mau (haemolymph), sy dan truyén than kinh, su phan chia té bao, sy chuyén hoa

nang luong, su ho hép, va su chét theo chuong trinh.

Theo mét sd phwong 4n, sdng ché @& xuit té bao chu chuyén gen khong phéi cta
nguoi bao gdm polynucleotit, phan tir axit nucleic, gen kham, cat-xet biéu hién hodic vat
truyén tai td hop theo sang ché. Té bao chii chuyén gen khdng phai clia ngudi c6 thé bao
gém, nhung khong giéi han 0, té bao cla cay, t& bao ndm men, t& bao vi khuén hodc té
bao con trung. Theo d6, theo mot s6 phuong 4n, sang ché @& xuét té bao vi khuan dugc
chon tr 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 1am cac tac nhan kiém soat con tring
sinh hoc, protein Cry theo sdng ché ¢6 thé duge tao ra bing cach biéu hién gen kham ma
héa cho protein Cry theo sang ché & té bao vi khuan. Vi du, theo mét sé phwong an, séng

ché dé xuat té bao Bacillus thuringiensis ¢b chira gen kham theo sang ché.

Theo phuong an khéc, sang ché d& xuét té bao cay trong chuyén gen ma 1a té bao
cdy hai 14 mam hozc té bao cay mot la mam. Theo cac phuong 4n bd sung, té bao clia ciy
hai 14 mim duoc chon tir nhém bao gdém té bao ciy dau tuong, té bao hudng duong, té
bao cdy ca chua, t& bao cay cai dau, té bao cdy bong, té bao cdy ci cai dudng va té bao
cdy thudc 14. Theo cac phuong 4n khéc nira, té bao mdt 14 mim duoc chon tir nhém bao
gdm té bao cay lua mach, té bao cdy ngd, té bao ciy yén mach, té bao ciy lda, té bao cay
lta mién, té bao ciy mia dudng va té bao cdy lta my. Theo mot s6 phuong an, sang ché
dé xuit mot ) lugng cac té bao cdy hai la mam hoic té bao cay mdt 14 mAm biéu hién
protein Cry theo sang ché dugc ma hoa béi gen kham theo sdng ché. Theo cac phuong 4n
khac nhiéu trong sb cac té bao dugc dé canh dé tao ra con duong v bao va phat trién
dudi anh sang mat troi ty nhién.

Theo phuong 4an khac theo sdng ché, protein diét con trung Cry theo sang ché dugc

biéu hién ¢ sinh vat bic cao, vi du, thuc vat. Trong truong hop nay, cay trdng chuyén gen
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biéu hién lugng hiru hidu cta protein diét con tring bao vé ban than ching khoi loai gay
hai thuc vét ching han nhu con tring gdy hai. Khi con trung bt ddu an trén ciy trong
chuyén gen nay, né in protein diét con trang Cry da duoc bidu hién. Didu nay co thé ngin
can cOn trung khdi hut thém vao md cly trdng hodc ¢ thé con gy hai hoic giét con
tring. Polynucleotit theo sdng ché duoc chén vao cat-xet biéu hién, ma sau d6 dugce tich
hop on dinh trong hé gen cia cdy. Theo phuong 4n khéc, polynucleotit dugc bao gdm
trong virut tu sao chép khong gay bénh. Cay dugc bién nap theo séng ché co thé 1a cay
mdt 14 mam hodc cdy hai 14 mim va bao gdm, nhung khong gi¢i han &, bép (ngd), ddu
twong, lua, lua my, lda mach, lda mach den, yén mach, lua mién, cay ké, huéng duong,
cAy rum, cu cai duong, bong, mia duong, ciy hat cai dau, co linh lang, thudc 14, lac, rau,
bao gém, khoai lang, dau, ddu Ha Lan, rau diép X04n, rau diép, bép cdi, cai hoa, stp lo,
cdy cu cai tron, ca rot, ca tim, dua chudt, ci cai, rau bina, khoai tiy, ca chua, mang tay,
hanh, toi, dua, hat tiéu, can tay, bi, bi ngod, bi ngoi, qua, bao g@)m, tdo, 1€, mOc qua, man,
anh dao, ddo, xuan dao, mo, diu tdy, nho, mam x0i, dau, dira, bo, du du, xoai, chudi, va
cdy chuyén nganh, nhu Arabidopsis, va cy gd nhu cy 14 kim va cdy 14 ban. Tét hon 13,
ciy trong theo sang ché 1a cy trong nhu ngo, lta mién, laa my, huéng duong, ca chua,
cay ho cai, hat tiéu, khoai tdy, bong, lua, ddu twong, ci cai duong, mia duong, thudc 14,

laa mach, cay hat cai dau, va tuong tu.

Mot khi polynucleotit mong mudn dugc bién nap vao loai thuc vét cu thé, co thé
nhan gidng loai nay hoic chuyén thanh cac dang khic cta loai twong tu, cu thé 1a bao

gbm cac dang kinh doanh dugc, sir dung cac ky thuat sinh san truyén thong.

Polynucleotit theo sang ché duoc bidu hién & cdy trong chuyén gen, do dé gay ra
su sinh tdng hop ciia protein Cry tuong (mg, ¢ dang tién doc t hodc doc tb trudng thanh,
trong cdy trong chuyén gen. Bing cach nay, cy trdng chuyén gen c6 su bao vé ning sudt
duogc tang cuong vai sy ¢ mat cda ép lyc con trung dugce tao ra. Déi voi biéu hién cta
ching trong céy trong chuyén gen, trinh trr nucleotit theo séng ché ¢6 thé can bién d6i va
t6i uu hoa. Mic du trong nhiéu trudng hop gen vi trung ¢6 thé duoc biéu hién & cay & cac
mtc cao ma khong can bién ddi, biéu hién thip trong cay trong chuyén gen c6 thé tao ra
tir trinh tu nucleotit cta vi khudn c6 bd ba ma héa ma khdng duge uu tién trong cdy trong.
Da biét trong linh vuc rang cac sinh vét séng ¢6 cac uu tién cu thé dbi voi viée sir dung bd

-47-



35801

ba mi hoéa, va bd ba ma hoa cua céc trinh ty nucleotit dugc mo ta trong sang ché c6 thé
dugc thay dbi dé thich hop véi vu tién cua cdy, trong khi van giit cdc axit amin dugc ma
hoa nho d6. Hon nira, biéu hién cao & cdy, vi du ciy ngo, tdt nhit thu duoc tir cac trinh tu
ma hoa ma c¢6 ham lugng GC it nhét khoang 35%, hodc it nhit khoang 45%, hodc it nhat
khoang 50%, hodc it nhét khoang 60%. Trinh tu nucleotit cta vi khuén ma c6 ham lugng
GC thép c6 thé biéu hién nghéo nan & cay do sy tdn tai cia mo tip ATTTA ma c6 thé 1am
bat 6n dinh cac thong tin, va cdc mo tip AATAAA ma cé thé tao ra sy polyadenyl hoa
khong thich hop. Mic du mot sb céac trinh tu gen nhét dinh co thé duoc biéu hién mot
cach thich hop trong ca cac loai cdy mot 1a mam va hai 14 mdm, céc trinh tu c6 thé dugc
bién ddi dé tinh cho cac wu tién bd ba ma hoa cu thé va wu tién ham lugng GC cua cay
mot 14 maAm hoic cay hai 14 mam nhu cic wu tién nay da dugc thé hién dé phéan biét
(Murray et al. Nucl. Acids Res. 17:477-498 (1989)). Ngoai ra, trinh tu nucleotit dugc
sang loc d6i vé6i su ton tai cla céc vi tri nbi khong hop 18 ma c6 thé gy ra cit cut thong
tin. Tt ca cac thay dbi cin duge thuc hién trong cic trinh ty nucleotit nhu céac trinh tu
dwoc md ta & trén duoc thue hién bing cach sir dung céc k¥ thuat da biét vé gay dot bién
huéng diém, PCR, va xdy dung gen tdng hop bang cach str dung phuong phip duge mo ta
vi du trong bing sang ché My s6 5,625,136; 5,500,365 va 6,013,523.

Theo mdt sb phuong an, sang ché d& xuit cac trinh tu hodc polynucleotit mad héa
tong hop dugce tao ra theo quy trinh dugc boc 10 trong bing sang ché My sb 5,625,136,
duoc két hop & ddy bang cach vién dan. Trong quy trinh nay, b ba ma hoa duge uu tién
cua ngd, tire 13, bo ba mi héa don ma ma hoa thuong xuyén nhét axit amin & ngd, dugc sir
dung. BO ba ma héa dugc uu tién ciia ngd cho axit amin cu thé c6 thé dugce dan Xuét, vi
du, tlr cac trinh tu gen da biét tur ngd. Vi duy, viéc st dung bd ba ma hoa ctia ngd cho 28
gen tr cay ngd dugc tim thdy trong Murray et al., Nucleic Acids Research 17:477-498
(1989), ndi dung cta n6 dugc két hop & day bang cach vién dan. Trinh tyu tbng hop duoc
ldy 1am vi du dic biét theo sang ché dugc thuc hién véi duge ti wu hda bd ba ma hoa cua
ngd duoc dai dién boi trinh tu bt ky trong s6 cdc SEQ ID NO: 6-15. Theo cach nay, trinh
tu nucleotit co thé dugc tbi vu dé biéu hién & cay bét ky. Hiéu réng tat ca hodc mot phén

bét ky cta trinh tu nucleotit co thé duoc t6i uu hoa hodc tong hop. Tirc 13, polynucleotit
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¢6 thé ¢6 chira trinh tu nucleotit ma 13 trinh tu tu nhién mot ph?m va trinh tu duoc toi wu

héa bd ba ma hoa mot phan.

Pé khéi diu dich ma hiéu qua, cac trinh tu lidn ké v6i methionin c6 thé can bién
dbi. Vi du, ching co thé duoc bién dbi béng cach gdp vao céac trinh tu da biét 14 c6 hiéu
qua trong thuc vat. Joshi da @& xuét trinh tu lién tng thich hop ddi véi thuc vat (NAR
15:6643-6653 (1987)) va Clonetech d& xut chit khoi diu dich ma lién tng khac (danh
muc 1993/1994, trang 210). Céc trinh ty lién Umg nay thich hop dé dung vé6i cac trinh tu
nucleotit theo sang ché. Céc trinh tu duge két hop vao cac chu triic bao gdm trinh tur
nucleotit, 1én dén va bao gdbm ATG (trong khi bd axit amin thi hai khong duoc bién ddi),
hodc tuy ¥ 1én dén va bao gdm GTC sau ATG (v6i kha nang thay dbi axit amin thir hai

cua gen chuyén).

Céc trinh tu ma hoa cho protein Cry méi theo sdng ché, dudi dang trinh tu tu nhién
cua chung hodc dudi dang trinh tu téng hop nhu dugec md ta & trén, co thé duoc dung hop
¢6 diéu khién v6i nhidu promoto dé biéu hién & thuc vat bao gdm céc promoto cu tric,
cam ung, dugc diéu hoa tam thoi, dugc diéu hoa tién trién, duoc diéu hoa hoa hoc, vu tién
mo va dic hiéu mod dé didu ché phén t& ADN tai td hop, tic 14, gen kham. Viéc lua chon
promoto s& thay ddi thy thudc vao yéu cau thoi gian va khong gian, va con tiy thude vao
loai dich. Do @0, su biéu hién cta trinh tu nucleotit theo sang ché & 14, & cuéng hodc than,
& bong, & cum hoa (vi du nhu chum, chuy, 131, v.v.), & ré, hodic cdy con dugc uu tién.
Trong nhiéu trurong hgp, tuy nhién, doi héi bao vé chéng lai nhiéu hon mot loai con trung
ody hai, va do d6 biéu hién trong nhiéu m 14 cin thiét. Mac du nhiéu promoto tir cac cly
hai 14 mim da thé hién hoat dong trong cac cay mot 1a mam va nguoc lai, ly tudng la cac
promoto cia cdy hai 14 mam duoc chon dé biéu hién trong ciy hai 14 mim va cac promoto
clia cdy mot 14 mam dé biéu hién trong ciy mot 14 mam. Tuy nhién, khong c6 han ché dbi
v6i ngudn gbe ctia promoto dugc chon; chi can chung hoat dong trong viéc dan huéng

biéu hién cua trinh tu nucleotit trong t€ bao mong muon.

Céc promoto ciu trac thich hgp bao gém, vi du, promoto CaMV 35S (SEQ ID
NO:1546; Odell et al., Nature 313:810-812, 1985); promoto Arabidopsis At6669 (SEQ ID
NO:1652; xem cong bd don PCT S6 W004081173A2); Ubi 1 & ngd (Christensen et al.,
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Plant Mol. Biol. 18:675-689, 1992); actin & lua (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 ¢ 1aa (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), promoto CT2 dinh ré ciu tric (SEQ ID NO:1535; ciing xem cong
bb don PCT $6 IL/2005/000627) va Super MAS téng hop (Ni et al., The Plant Journal 7:
661-76, 1995). Cac promoto céu triic khac bao gdm cac promoto trong bing sang ché My
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.

Promoto dic hiéu md hodc wu tién md hitu dung dé biéu hién trinh tu mi héa
protein Cry méi theo sang ché & cdy trong, cu thé 1a ngd, 1a cac loai ma dinh huéng su
bidu hién & r&, rudt cdy, 14 hoiic phin hoa. Céc promoto dic hiéu mo thich hop bao 2bm,
nhung khong gidi han &, cac promoto dic hi¢u 14 [chéng han nhu duoc mo ta, vi du, bdi
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, 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 promoto uu tién hat [vi du nhu, tr gen
dac hiéu 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 huéng duong (Cummins, etal., Plant
Mol. Biol. 19: 873-876, 1992)], cac promoto ddc hi¢u ndi nhi [vi du nhu, LMW va HMW
lia 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), promoto ltrl Ita 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,
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1996), Barley DOF (Mena et al., The Plant Journal, 116(1): 53-62, 1998), Biz2
(EP99106056.7), Promoto tong hop (Vicente-Carbajosa et al., Plant J. 13: 629-640,
1998), prolamin NRP33 lda, globulin lua GIb-1 (Wu et al., Plant Cell Physiology 39(8)
885-889, 1998), alpha-globulin lia REB/OHP-1 (Nakase et al. Plant Mol. Biol. 33: 513-
S22, 1997), ADP-glucoza PP lta (Trans Res 6:157-68, 1997), ho gen ESR ngd (Plant J
12:235-46, 1997), gamma-kafirin loa mién (Plant Mol. Biol 32:1029-35, 1996)], céc
promoto dic hidu phdi [vi du nhu, OSHI lua (Sato et al., Proc. Nati. Acad. Sci. USA, 93:
8117-8122), KNOX (Postma-Haarsma of al, Plant Mol. Biol. 39:257-71, 1999), oleosin
laa (Wu et at, J. Biochem., 123:386, 1998)], cac promoto dic hiéu hoa [vi du nhu,
AtPRP4, chalene syntaza (chsA) (Van der Meer, et al., Plant Mol. Biol. 15, 95-109,
1990), LAT52 (Twell et al., Mol. Gen Genet. 217:240-245; 1989), apetala-3, cac SEQ ID
NO thue vét [vi du nhu, cdc promoto OsSMADS (don sang ché M§ sb 2007/0006344)].

Trinh tu nucleotit theo sang ché con c6 thé duge biéu hién dudi su diéu bién cua
promoto ma la diéu bién héa hoc. Diéu nay cho phép céc protein Cry theo sang ché duoc
tdng hop chi khi cay trdng duoc xir ly bing cic chit hoa hoc cam tng. Cac vi du cua cong
nghé cam ung hoéa hoc cua biéu hién gen nay dugc md ta chi tiét trong cong bd don sang
ché chau Au s6 EP 0 332 104 va bang sang ché My sb 5,614,395. Theo mét phuong 4n,

promoto diéu bién hoa hoc 1a promoto PR-1a clia thudc 1a.

Nhém promoto khac hitu dung theo sang ché 13 loai ma cam tng cudn. Nhidu
promoto dd dugc mo td ma dugc biéu hién tai vi tri cudn va ca & cac vi tri nhiém bénh
thue vat. Ly tudng 13, promoto nay chi cé thé c¢o hoat tinh cuc b tai vi tri con trung x4m
chiém, va bing cach nay protein diét con trung chi xép chdng trong cac té bao can tong
hop protein di€t cOn trung dé diét loai con trung giy hai xam chiém. Vi du vé cac
promoto thudc loai nay bao gdm cac promoto dugc md ta boi Stanford et al. Mol. Gen.
Genet. 215:200-208 (1989), Xu et al. Plant Molec. Biol. 22:573-588 (1993), Logemann et
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 ef al. Plant J. 3:191-
201 (1993).
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Vi du khéng lam gigi han sang ché vé& cic promoto ma tao ra cac mAu biéu hién
dic hiéu md ma hitu dung trong sang ché bao g@)m dic hiéu md mau xanh, dic hiéu 1é,
ddc hiéu than, hodc dac hiéu hoa. Cac promoto thich hop dé biéu hién trong mo6 mau xanh
bao gom nhiéu gen diéu chinh lién quan dén quang tong hop va nhiéu promoto duge nhan
ban tlr ca hai loai cdy mot 14 mam va cay hai 14 mam. Mot promoto nhu vy 1a promoto
PEPC & ngd tir gen phosphoenol carboxylaza (Hudspeth & Grula, Plant Molec. Biol.
12:579-589 (1989)). Promoto khac d& biéu hién dic hiéu ré 1a loai dugc mo ta boi de
Framond (FEBS 290:103-106 (1991) hodc bing sang ché My sb 5,466,785). Promoto
khac hitu dung theo sang ché 12 promoto dic hiéu than duge md ta trong bing sang ché

M¥ s6 5,625,136, ma dan huéng mot cach ty nhién su biéu hién ctia gen trpA cia ngo.

Bén canh viéc lya chon promoto thich hop, cac chu trac dé bidu hién doc td diét
con tring & cdy trong cAn trinh tu két thuc phién ma thich hop d& lien két c6 didu khién
xubi dong ciia trinh tu nucleotit khac loai. Mot s trinh ty két thic 1a da c6 va la da biét
trong linh vre (vi du tml tir CaMV, E9 tir rbeS). Trinh tur két thiic bat ky hién c6 da biét Ia

c6 chirc ndng trong thuc vat co thé duoc st dung trong ngit canh cla sang ché.

Nhiéu trinh tu khac c6 thé dugc két hop vao bing c6 thé biéu hién mo ta trong
sang ché. Céc trinh tu nay bao gbm cac trinh tu thé hién ting cudong biéu hién nhu cac
trinh tu intron (vi du tir Adhl va bronzel) va trinh ty dan dat vi rat (vi du tr TMV, MCMV
va AMV).

C6 thé wu tién 1a nhim dich biéu hién trinh tu nucleotit theo séng ché dén dinh vi
té bao khac nhau trong cay trdng. Trong mot s6 trudong hop, su dinh vi trong xytosol ¢6
thé mong mubn, trong khi d6 trong cac trudng hop khac, sy dinh vi trong mot sd hat co
quan dudi mirc té bao c6 thé dugc wu tién. Co ché bit ky dé nhdm dich sén pham gen, vi
du, ¢ cay, co thé dugc dung dé thuc hién sang ché, va cac co ché nay duoc biét 1a ton tai &
cdy va cac trinh ty kiém soat chure nang cua cic co ché nay da dugc mo ta cu thé & muc
nao d6. Céc trinh tu nay da dugc x4c dinh dac diém ma gy ra su nham dich cda san phém
gen vao cac khoang té bao khéc. Cac trinh tu dau tan cung amino ¢ thé chiu trach nhiém
dbi vai viée nham dich protein dugc quan tdm vao khoang té bao bt ky, chéng han nhu,

khong bao, ty thé, peroxisom, thé protein, ludi noi chét, luc lap, hat tinh bot, lap bot, con
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dudng v6 bao hodc thanh té bao ctia 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; bang
sang ché My s6 7,102,057; cong bd don sang ché qudc té s& WO 2005/096704, tat ca
chung duoc két hop tai day béng c4ch vién dan. Mot cach tuy v, trinh tu tin hiéu c6 thé 1a
trinh tu tin hiéu dau tan cung N tir sap, trinh ty tin hiu dau tan cung N tir gamma-zein,
mién lién két tinh bot, mién lién két tinh bot dAu tan cung C, trinh ty nhdm dich luc lap,
ma nhdp protein truéng thanh vao luc lap (Comai et. al. (1988) J. Biol. Chem. 263:
15104-15109: van den Broeck, et. al. (1985) Nature 313: 358-363; bang sang ché My sb
5,639,949) hofc trinh tur tin hiéu tiét tir t& bao aloron (Koehler & Ho, Plant Cell 2: 769-
783 (1990)). Ngoai ra, cic trinh tu dau tan cung amino Kkét hgp véi céc trinh tu dau tan
cung carboxy chiu trich nhiém dbi v6i viec nhim dich khong bao cla san phim gen
(Shinshi et. al. (1990) Plant Molec. Biol. 14: 357-368). Theo mdt phwong 4n, trinh tyr tin
hidu duge chon bao gdm diém phén cit da biét, va dung hop duoc chu trac xét dén cac
axit amin bét ky sau (c4c) vi tri phan c&t ma can cho phan cit. Trong mot s6 trudong hop
yéu ciu nay cé thé duoc thda man bing cach bd sung s6 luong nho cic axit amin gitra vi
tr{ phan cat va ATG gen chuyén hoic, tity y, thay dbi vi tri cia mot sb axit amin trong
trinh ty gen chuyén. K¥ thuat ciu tric nay la da biét trong linh vuc va c6 thé 4p dung

twong duong cho céc ngin té bao bit ky.

S& hiéu ring cac co ché duge md ta ¢ trén dé nham dich te bao ¢ thé duge su
dung khong chi cling v6i promoto cing ngudn ciia chiing, ma con cung v6i promoto khac
loai sao cho anh hudng dén muc tiéu nham dich té bao cu thé dudi sy di€u bién phién ma

cia promoto ma c¢6 mau biéu hién khéc ctia promoto tir do tao ra tin hiéu nham dich.
Bién nap cay trong

Quy trinh dé bién nap cay trong 1a da biét va quen thudc trong linh vuc va dugc mo
td qua céc tai liéu tham khao. Vi du khong lam gi6i han sang ché vé& phuong phap dé bién
nap cdy trong bao gbm su bién nap thdng qua su chuyén axit nucleic qua trung gian vi
khuén (vi du, thong 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-
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phosphat, su bién nap qua trung gian xyclodextrin, duc 16 dién, su bién nap qua trung gian
hat nano, siéu 4m, su tham nhiém, su hép thu axit nucleic qua trung gian PEG, cling nhu
1a cac co ché dién, hoa, 1y (co hoc) hodc sinh hoc khéc b4t ky ma gy ra su dua axit
nucleic vao trong té bao cay trdng, bao gdbm dang két hop bat ky ctia chiing. Hudng dan
chung vé& cac phuong phap bién nap thuc vat khac nhau da biét trong linh vuc bao gdbm
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 vt truyén hai ky hodc vét
truyén mang it nhat mot trinh tur vién T-ADN thich hop, trong khi d6 dbi véi chuyén gen
truc tiép (vi du, bin hat va dang tuong tu) vat truyén bat ky 14 thich hgp va ADN thing
chi chira cdu triic quan tdm c6 thé duge sit dung. Trong trudng hop chuyén gen truc tiép,
bién nap véi cac loai ADN don hodc ddng bién nap c6 thé duge sir dung (Schocher et al.,
Biotechnology 4:1093- 1096 (1986)). D&i v6i ca chuyén gen truc tiép va chuyén trung
gian Agrobacterium, bién nap thuong (nhung khong nhét thiét) dugc hip thu véi chat chi
thi chon loc ¢6 thé 1a Iwa chon duong (phosphomanoza isomeraza), tao ra kha nang khang
khang sinh (kanamyxin, hygromyxin hodc methotrexat) hodc chét diét co (glyphosat hoic

glufosinat). Tuy nhién, viéc Iura chon chit 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 vét béi vi hiéu qua bién nap cao ciia n6 va béi vi kha ning sir dung rong
ctia né v6i nhiéu loai khac nhau. Sy bién nap qua trung gian Agrobacterium thuong gdm
c¢6 su chuyén cua vét truyén nhi thé mang ADN ngoai lai dugc quan tdm vao ching
Agrobacterium thich hgp ma c6 thé phu thudc vao phan bd sung cua gen vir dugc mang
béi ching vat chi Agrobacterium trén plasmit Ti cu trii hodc trén nhidm sic thé (Uknes et
al. (1993) Plant Cell 5:159-169). Viéc chuyén vét truyén nhi thé tai t6 hop vao
Agrobacterium cé thé dugc thuc hién bing quy trinh giao phdi ba bén sir dung
Escherichia coli mang vat truyén nhi thé tai t6 hop, chiung E. coli hd trg mang plasmit ma

¢6 kha nang di chuyén vat truyén nhi thé tai t6 hop dén ching Agrobacterium dich. Theo
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céch khéc, vat truyén nhi thé tai t6 hop c6 thé duge chuyén vio Agrobacterium bang cach

bién nap axit nucleic (Hofgen & Willmitzer (1988) Nucleic Acids Res. 16:9877).

Cay hai 14 mam ciing nhu 1a ciy mot 14 mam ¢6 thé duge bién nap bang cach st
dung Agrobacterium. Phuong phéap bién nap qua trung gian Agrobacterium & 1da bao gdm
cac phuong phap da biét d bién nap lua, ching han nhu cic phuong phép duge md ta
trong tai li€u bét ky trong sb céc tai li¢u sau: don séng ché Chau Au EP 1198985 Al,
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 duge két hop &
day dé tham khao nhu thé duoc néu diy du. Trong truong hop bién nap ngd, phuong phép
duoc wu tién 1a phuwong phdp nhu duge mo 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 10
duoc két hop & day dé tham khao nhu thé dugc néu diy da. Phuong phap nay duge mo ta
thém bing cach 14y 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 cAu trac cin dugc biéu hién tdt
hon 13 dugc tich dong vao vat 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 bing vat truyén nay sau do c6 thé duge st dung theo phuong thirc da biét
dé bién nap thuc vat, chéng han nhu thuc vat dung 1dm mau, nhu Arabidopsis hodc cay
trdng chang han nhu, bang cach 14y 1am vi du, cay thudc 14, vi du biang cach nhing 14 da
nghién thd hodc 14 dd bam trong dung dich agrobacteria va sau d6 nudi ciy chung trong
mdi truong thich hop. Su bién nap cla thuc vat bang phuong thitc Agrobacterium
tumefaciens dugc md ta, vi du, boi Hagen va Willmitzer trong tai liéu Nucl. Acid Res.
(1988) 16, 9877 hodc da biét khong ké nhitng cdi khac tir F. F. White, Vectors for Gene
Transfer in Higher Plants; trong tai liéu Transgenic Plants, Vol. 1, Engineering and

Utilization, eds. S. D. Kung and R. Wu, Academic Press, 1993, pp. 15-38.

Bién nap cta cdy bang Agrobacterium tai td hop thuong lién quan dén nudi ciy

ddng thoi Agrobacterium véi cac md cy tir cdy trong va theo phuong phap da biét trong
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linh vuc. M6 bién nap dugc tao ra trong moi trudng chon loc mang chét khang sinh hodc

d4u khang thubc diét co giita cac vién T-ADN lap thé hai ky.

Nhu duoc ban dén & trén, phuong phap khac dé bién nap cdy, bd phan cia ciy va
té bao cua cay lién quan dén viéc ddy cac hat hoat tinh sinh hoc hodc tro & md va té bao
ciy. Xem, vi du, bang sang ché My s6 4,945,050; 5,036,006 va 5,100,792. Thong thudng,
phuong phép lién quan dén viéc day céc hat hoat tinh sinh hoc hoic tro & té bao cua cdy
dudi cac didu kién hiéu qua dé xdm nhap mit ngoai cia té bao va tao ra két hop bén trong
né. Khi céc hat tro dugc st dung, vat truyén c6 thé dugc dua vao té bao béng cach phu
cac hat bang céc vit truyén chtra axit nucleic quan tdm. Tuy ¥, té bao hoic thé bao ¢ thé
bao quanh bdi vét truyén ma vat truyén dugc mang vio té bao bang cach theo hat. Cac hat
hoat tinh sinh hoc (vi du, t& bao ndm men khd, vi khun khé hodc vat n vi khuan, mdi hat

chira mot hodc nhicu axit nucleic can dua vao) con c6 thé dugc day vao md cdy trong.

Theo phuong an khac, polynucleotit theo sang ché c6 thé dugc bién nap truc tiép
vao hé gen lap thé. Loi ich cha yéu ctia bién nap lap thé 1a céc lap thé thuong c6 kha ning
biéu hiéu gen vi khuin ma khéng lam bién ddi co ban, va cac lap thé c6 kha ning biéu
hiéu khung doc mé phire dudi su kiém soét ciia promoto don. Cong nghé bién nap lap thé
duoc md ta bao quat trong bang sang ché My sb 5,451,513, 5,545,817, va 5,545,818,
trong coéng bd don PCT s6 WO 95/16783, va trong McBride et al. (1994) Proc. Nati.
Acad. Sci. USA 91, 7301-7305. K¥ thuét co s& dé bién nap lap luc lién quan dén viéc dua
cac mién ADN lap thé da tach dong gidi han hai d4u mot chét chi thi chon loc cung véi
gen quan tam vao mo dich thich hop, vi du, dung sing bin gen hoic bién nap té bao tran
(nhu bién nap qua trung gian canxi clorua hoic PEG). Cac mién gi6i han hai dau 1-1,5kb,
duoc goi 1a cac trinh ty dich, tao diéu kién cho tai td hop twong dong v6i hé gen lap thé va
do do6 cho phép thay thé hoac stra dbi cac mién cu thé cta hé gen lap thé. Ban dau, cac dot
bién diém trong cic gen rARN va rpsl12 16S luc lap mang lai tinh khéng d6i vai
spectinomyxin hodc streptomyxin ¢ thé dugc str dung lam chét chi thi chon loc dé 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). Sy c¢6 mit cac vi tri
tach dong giita cac chi thi nay cho phép tao ra vit truyén dinh huéng lap thé dé dua vao
cac gen la (Staub, J.M., and Maliga, P. (1993) EMBO J. 12, 601-606). Su ting lén diang
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k& & tan s6 bién nap c6 thé dat dugc bang cach thay thé gen khang khang sinh rARN hodc
r-protein 1an bang chit chi thi chon loc trdi, gen aadA vi khuin ma hoéa cho enzym khtt
doc spectinomyxin aminoglycosit- 3'- adenyltransferaza (Svab, Z., and Maliga, P. (1993)
Proc. Natl. Acad. Sci. USA 90, 913-917). Truéc ddy, chi thi nay duoc st dung thanh cOng
d bién nap tan sudt cao clia hé gen lap thé cua tao xanh Chlamydomonas reinhardtii
(Goldschmidt-Clermont, M. (1991) Nucl. Acids Res. 19:4083-4089). Cac chét chi thi chon
loc khac hiru dung cho bién nap lap thd da dugc biét trong linh vuc va bao gdm trong
pham vi cua sang ché. Thong thuong, can dén khoang 15-20 chu ky phén chia té bao sau
khi bién nap dé dat dugc trang thai ddng nhat. Biéu hién lap thé, ma trong d6 cic gen
dugc chén boi tai td hop tuong ddng vao todn bo vai nghin ban sao cta hé gen lap thé
vong c6 trong mdi té bao cua cdy, loi dung sd luong rAt 16n ban sao loi thé hon cic gen
duoc bidu hién trong nhan dé cho phép cac muc biéu hién c6 thé d& dang vuot qua 10%
tdng protein & cay trdng hoa tan. Theo mdt phuong an, polynucleotit theo sing ché co thé
duoc chén vao vat truyén dinh hudéng lap thé va duoc bién nap vao hé gen lap thé coa vat
chua thuc vat mong mudn. Do d6, thuc vt déng nhét dbi véi cac hé gen lap thé chura trinh

tu nucleotit cia sang ché c6 thé thu dugc, ma c6 kha nang biéu hién cao polynucleotit.

Phuong phép chon loc d6i v6i cdy trong, té bao ciy trdng hodc mdi trudong nudi
chy mo cay trong dugc bién nap, chuyén gen 13 thong thudng trong linh vuc va c6 thé
dugc str dung trong phuong phép theo sang ché dugc dé xuét trong ban mo ta nay. Vi du,
vat truyén tai t6 hop theo séng ché ciing ¢6 thé bao gdm cat-xet biéu hién c6 chira trinh tu
nucleotit ddi v&i chét chi thi chon loc, ma c6 thé duogc st dung dé chon loc cay tréng,
phan cay trong hoic té bao cdy trong dugc bién nap. Nhu dugce dung trong ban mo ta nay,
"chat chi thi chon loc" c6 nghia 1a trinh tw nucleotit ma khi dugc biéu hién truyén kicu
hinh khac biét cho cdy trong, phan cay trong hozic té bao cdy trong biéu hién chét chi thi
va do do cho phép cay trdng, phan ciy trdng hodc té bao cay trong duoc bién nap nay
duogc phan biét vai cly trdng, phan cay trdng hodc té bao cdy trong ma khong c6 chat chi
thi. Trinh tu nucleotit c6 thé ma hoa hodic 1a chat chi thi chon loc hodc sang loc, phu thude
va chi ddu tao ra dic diém co thé dugc chon loc bing phuong phép héa hoc, nhu bang
cch st dung chat chon loc (vi du, chét khang sinh, chét diét ¢, hodc twong tur), hogc ligu
chi ddu don gian la dac diém ma c¢6 thé xac dinh thdng qua viéc quan sat hodc thir, nhu
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bang cach sang loc (vi du, dic diém noi cu tra R). Duong nhién, nhiéu vi du vé chét chi
thi chon loc thich hop 1a da biét trong linh vuc va c6 thé duoc sir dung trong cat-xet biéu
hién mo ta ¢ day.

Vi du vé chét chi thi chon loc bao gﬁ‘)m, nhung khong gidi han ¢, trinh tu nucleotit
ma hoéa cho neo hodc nptll, ma mang lai tinh khang dbi véi kanamyxin, G418, va dang
twong tu (Potrykus et al. (1985) Mol. Gen. Genet. 199:183-188); trinh tu nucleotit ma héa
cho bar, ma mang lai tinh khang dbi véi phosphinothrixin; trinh tu nucleotit ma héa cho
5-enolpyruvylshikimat-3-phosphat (EPSP) syntaza dugc thay d6i, ma mang lai tinh khang
déi véi glyphosat (Hinchee et al. (1988) Biotech. 6:915-922); trinh tu nucleotit ma héa
cho nitrilaza ching han nhu bxn tir Klebsiella ozaenae ma mang lai tinh khang déi véi
bromoxynil (Stalker ef al. (1988) Science 242:419-423); trinh tu nucleotit ma héa cho
axetolactat syntaza (ALS) duogc thay d6i ma mang lai tinh khang ddi v6i imidazolinon,
sulfonylure hodc héa chét Grc ché ALS khac (don sang ché EP s 154204); trinh tu
nucleotit mad hoa cho dihydrofolat reductaza (DHFR) khang methotrexat (Thillet et al.
(1988) J. Biol. Chem. 263:12500-12508); trinh tu nucleotit ma héa cho dalapon
dehalogenaza ma mang lai tinh khang dbi véi dalapon; trinh tu nucleotit ma héa cho
manoza-6-phosphat isomeraza (con dugc goi 1a phosphomanoza isomeraza (PMI)) ma
mang lai kha ning chuyén héa manoza (bang sang ché My s6 5,767,378 va 5,994,629);
trinh tu nucleotit ma héa cho anthranilat syntaza duogc thay d6i ma mang lai tinh khéng
déi voi 5-metyl tryptophan; hogc trinh tu nucleotit ma héa cho sph ma mang lai tinh
khang d6i voi hygromyxin. Ngudi ¢ hiéu biét trung binh trong linh vuc nay c6 khé ning

chon chit chi thi chon loc thich hop dé dung trong cat-xet bidu hién ctia sang ché.

Céc chét chi thi chon loc bd sung bao gdm, nhung khoéng giGi han &, trinh tu
nucleotit md hoéa B-glucuronidaza hodc uid4 (GUS) ma mi héa enzym ma cac nén chit
sinh mau khac nhau cho ching 13 da biét; trinh tu nucleotit diém R ma ma hoa san phim
ma diéu bién viéc tao ra chét nhudm anthoxyanin (mau dd) trong mo cdy trong
(Dellaporta ez 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 mad héa cho B-lactamaza, enzym ma céac chat nén sinh mau khac nhau déi véi
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chung da dugc biét dén (vi du nhu, PADAC, xephalosporin sinh mau) (Sutcliffe (1978)
Proc. Natl. Acad. Sci. USA 75:3737-3741); trinh tu nucleotit ma hoa cho xy/E ma ma héa
cho catechol dioxygenaza (Zukowsky et al. (1983) Proc. Natl. Acad. Sci. USA 80:1101-
1105); trinh trr nucleotit ma hoa cho tyrosinaza, enzym c6 kha néng oxy héa tyrosin thanh
DOPA va dopaquinon, ma dén luot n6 ngung tu dé tao thanh melanin (Katz ef al. (1983)
J. Gen. Microbiol. 129:2703-2714); trinh tu nucleotit mad hoa cho B-galactosidaza, enzym
ma ¢6 cac chét nén sinh mau d6i véi no; trinh tu nucleotit ma hoa cho luxiferaza (lux) ma
cho phép phat hién sy phat quang sinh hoc (Ow et al. (1986) Science 234:856-859); trinh
tu nucleotit ma héa cho aequorin ma co thé duoc st dung trong su phat hién phat quang
sinh hoc nhay cadm véi canxi (Prasher et al. (1985) Biochem. Biophys. Res. Comm.
126:1259-1268); hoic trinh tu nucleotit ma hoa cho protein huynh quang mau xanh 14
(Niedz et al. (1995) Plant Cell Reports 14:403-406). Ngudi ¢6 hiéu biét trung binh trong
linh vuc nay c¢6 kha nang chon chét chi thi chon loc thich hop dé diing trong cat-xet biéu

hién ctia sang cheé.

Ngoai ra, nhu da biét rd trong linh vue, ciy trdng chuyén gen nguyén ven co thé
duoc téi tao tir té bao cdy trong, mdi truong nudi cdy md cay trong hoic té bao tran dugc
nudi cdy duge bién nap bang cach str dung k¥ thuat bat ky trong nhiéu k¥ thuat da biét. Su
tai tao cAy trong tir té bao cdy trdng, mi trudng nudi cdy mo cay trdng hoic té bao trin
dugc nudi cdy duoc mo ta, vi dy, trong tai liéu Evans et al. (Handbook of Plant Cell
Cultures, Vol. 1, MacMilan Publishing Co. New York (1983)); va Vasil I. R. (ed.) (Cell
Culture and Somatic Cell Genetics of Plants, Acad. Press, Orlando, Vol. I (1984), va Vol.
11 (1986)).

Ngoai ra, cac dic diém di truyén dugc thiét ké cho hat va cdy trdng, phan cy
tréng, hoac té bao cay tréng chuyén gen theo sang ché dugc mo ta & trén co thé duoc
truyén bang cach sinh san hitu tinh hogc sinh truong sinh dudng va do do c6 thé dugc duy
tri va dugc nhén 1én & cdy trong con chau. Nhin chung, viéc duy tri va nhan gidng lam
viéc st dung céc phuong phép nong nghiép da biét phat trién dén muc dich cu thé nhu thu

hoach, gieo hat hodc cay bua.
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Do d6 polynucleotit co thé duge dua vao cdy trdng, phan cdy trong hodc té bao cdy
trong theo sb luong cach bit ky ma da biét 15 trong linh vue, nhu duge md ta & trén. Do
do, khong c6 phuong phép cu th& dé dwa mot hodc nhiéu polynucleotit vao cdy, ma cé thé
sir dung phuong phap bit ky ma cho phép mot hodc nhiéu polynucleotit duoc tich hop on
dinh trong hé gen ctia cdy. Khi hon mgt polynucleotit dugc dua vao, polynucleotit tuong
g ¢6 thé duoc tap hop thanh mot phin ctia phan tr axit nucleic don, hodc phéan tir axit
nucleic riéng biét, va c6 thé nim trén cac phan tir axit nucleic gidng hoic khac nhau. Theo
do, polynucleotit c6 thé duoc dua vao té bao quan tdm trong su kién bién nap don, trong

su kién bién nap riéng r&, hodc, vi du, trong thuc vét, 1a mét phan cua yéu to6 nhén giong.

Céc phuong 4n khac cua sang ché bao gdm san phdm thu hoach dugc tao ra tir cay
trdng chuyén gen hoic phan cua ching theo sang ché, cling nhu 12 san phim da duogc xir
Iy dugc tao ra tir san phim thu hoach. Céc san phim thu hoach c6 thé 12 tdng thé cay hoic
bd phén bét ky cta cdy, nhu duoc mo ta & day. Do d6, theo mot s6 phuong an, cac vi du
khong gidi han cia san phém thu hoach bao gém hat, qua, hoa hodc bd phan cia chung
(vi dy, bao phén, nhuy, va tuong tu), 14, than, va tuong tu. Theo cac phuong an khac, san
phdm x@ Iy bao gdm, nhung khong gidi han &, bt min, bot xay thd, dau, tinh bot, ngil
cbe, va tuong tu dugc tao ra tir hat duge thu hoach hodc bd phan khéc cia céy theo sang
ché, trong d6 hat nay hoic bd phin khac cua ciy bao gdm trinh tu phan tir axit

nucleic/polynucleotit/nucleotit theo sang ché.

Theo phuong 4n khac, sang ché dé xuit chat chiét tir hat chuyén gen hoic cay
trdng chuyén gen theo sang ché, trong d6 chét chiét c6 chira phan tir axit nucleic,
polynucleotit, trinh ty nucleotit hodc protein gdy doc theo sing ché. Chiét xuit tir cay
hodic bd phén cua cdy c6 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)).

Hop phén diét con trung

Theo mdt sé phuong an, sang ché dé xuét hop phan diét c¢on tring bao gdm protein
Cry theo sang ché trong chat mang noéng dung. Nhu duge dung trong ban mo té nay "chat

mang ndng dung" c6 thé bao gdm nguyén li¢u hitu co hodc vo co, ty nhién hodc tong hop
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ma dugc két hop véi protein Cry hoat tinh dé 1am thuan loi cho viéc 4p dung né cho hoic
trong cdy trong, hoic phén ciia ching. Cic vi du cla chit mang nong dung bao gdm,
khong giGi han, bot, bui, vién, hat, dich phun, nhil tuong, chit keo, va dung dich. Chét
mang ndng dung con bao gdm, nhung khong giéi han &, thanh phén tro, chit phan tan,
chit hoat dong bé mat, ta dugc, chit dinh, chét dan, chét lién két, hodc cac Kkét hop cia
ching, ma c6 thé dugc sir dung trong hop phéan néng nghiép. Cac hop phin nay c6 thé
dugc ap dung theo céach bat ky ma mang protein diét loai gdy hai hodc tac nhan kiém soat
loai gy hai khac tiép xtic véi loai gdy hai. Theo do, hop phin c6 thé duoc ap dung lén bé
mit ctia cdy hodc bd phin cua cay, bao gém hat, 14, hoa, than, cuéng, ré, va tuong tu.
Theo phuong an khéac, ciy trdng san xuét protein Cry theo sang ché & thuc vat 13 chét

mang dung trong ndng nghiép cia protein Cry dugc biéu hién.

Theo phuong an khéc, hop phan diét con tring c6 chira té bao vi khudn hoic té bao
vi khuén chuyén gen theo séng ché, trong d6 té bao vi khuan hozic té bao vi khuan chuyén
gen san xuiit protein Cry theo sing ché. Hop phin diét con tring ndy c6 thé duoc didu ché
béng cach 1am mét nuée, dong kho, dé)ng nhét hoa, chiét, loc, ly tam, léng, hoédc ¢6 modi
truong nudi cdy cta Bacillus thuringiensis (Bf). Moi truong nudi cly Bt nay c6 thé 1a cac
chiing Bt ¢6 trong tu nhién YN171-1, GX078-2 va GX435-1 dugc mo ta dudi ddy trong
céc vi du hofic méi trudng nudi cdy Bt chuyén gen. Theo cdc phuong an bd sung, hop
phan bao gbm tir khoang 1% dén khoang 99% theo khéi luong cia protein Cry theo sdng

7
A

ché.

Protein Cry theo sang ché c6 thé dugc sir dung két hop véi tac nhan kiém soat loai
gdy hai khac dé 1am ting pham vi dich loai gay hai hodc dé ngan ngira hoic quan Iy tinh
khang con trung. Do do, theo mot sb phuong 4n, séng ché d& xuét hop phan ma kiém soat
mdt hogc nhiu loai gy hai cdy tréng, trong d6 hop phin bao gém protein Cry thi nhét
theo sang ché va tdc nhan kiém sodt loai gdy hai thir hai khéc protein Cry thir nhat. Theo
cac phuong an khac, hop phan 1a hop phan dé ap dung cuc b cho cay trong. Theo céc
phuong an khac ntra, hop phén 1a cay trong chuyén gen. Theo cac phuong an khéc nita,
hop phan 1a dang két hop ctia cac hop phan duge ap dung cuc bd 1én ciy trong chuyén
gen. Theo mot s6 phuong 4n, ché pham c6 chua protein Cry thit nhét theo sang ché khi
cdy trong chuyén gen c6 chira tdc nhan kiém soat loai gdy hai thit hai. Theo phuong an
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khéc, ché phim bao gdm tdc nhéan kiém soat loai gdy hai thit hai khi cay trong chuyén gen

¢6 chira protein Cry thir nhét theo sang ché.

Theo mot sé phuong 4n, tac nhan kiém soat loai gy hai thit hai c6 thé 1a tic nhan
duoc chon tr nhom gém c6 chit diét loai gdy hai hoa hoc, chéng han nhu chét diét con
tring, protein diét con trung Bacillus thuringiensis (Bt), protein di¢t con trung
Xenorhabdus, protein diét con trung Photorhabdus, protein diét con trang Brevibacillus
laterosporus, protein diét cdn trung Bacillus sphaericus, chét e ché proteaza (ca loai
serin va loai xystein), lectin, alpha -amylaza, peroxidaza, cholesterol oxidaza va phén tur

ARN s01i kép (dsARN).

Theo phuong an khéc, tdc nhin kiém so4t loai gy hai thir hai 1a chét diét loai gay
hai héa hoc dugc chon tir nhém gdm c6 pyrethroit, carbamat, neonicotinoit, chét phong bé
kénh natri than kinh, lacton vong 16n diét con trung, chit dbi khang axit gamma-
aminobutyric (GABA), ure diét cOn tring va chét gia hormon kich sau non. Theo phuong
4n khac, chat diét loai gay hai hoa hoc dugc chon tir nhém gé‘)m 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, lufenuron, malathion, metaldehyt,
methamidophos, methidathion, methomyl, methopren, methoxychlor, monocrotophos,
methoxyfenozit, nithiazin, novaluron, noviflumuron (XDE-007), 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
triflumuron, aldicarb, oxamyl, fenamiphos, amitraz, chinomethionat, clorobenzilat,

xyhexatin, dicofol, dienochlor, etoxazol, fenazaquin, fenbutatin oxit, fenpropathrin,
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fenpyroximat, hexythiazox, propargit, pyridaben va tebufenpyrad. Theo phuvong an khac
nita, chét diét loai gAy hai hoa hoc dugc chon tir nhom gé)m c6 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 an bd sung, tic nhan kiém soat loai gdy hai thir hai c6 thé 1a mot
hodc nhidu trong sb bat ky cac protein diét con trung Bacillus thuringiensis bao g0m
nhung khong gi6i han & protein Cry, protein diét con trung sinh dudng (VIP) va chét bét
chudc diét con tring ctia bit ky trong sb céc protein diét con tring néu trén. Theo phwong
4n khéc, tac nhan kiém so4t loai gdy hai thir hai 1 protein Cry dugc chon tir nhém gb6m cb
CrylAa, CrylAb, CrylAc, CrylAd, CrylAe, CrylAf, CrylAg, CrylAh, CrylAi,
CrylAj, CrylBa, Cry1Bb, CrylBc, CrylBd, CrylBe, CrylBf, CrylBg, CrylBh, CrylBi,
CrylCa, CrylCb, Cry1Da, Cry1Db, CrylDc, CrylDd, CrylEa, CrylEDb, Cry1Fa, CrylFb,
CrylGa, CrylGb, CrylGe, CrylHa, CrylHb, CrylHc, Crylla, Cryllb, Crylle, Crylld,
Crylle, Cryllf, Cryllg, CrylJa, CrylJb, CrylJc, CrylJd, CrylKa, CrylLa, CrylMa,
CrylNa, CryINb, Cry2Aa, Cry2Ab, Cry2Ac, Cry2Ad, Cry2Ae, Cry2Af, Cry2Ag,
Cry2Ah, Cry2Ai, Cry2Aj, Cry2Ak,Cry2Al, Cry2Ba, Cry3Aa, Cry3Ba, Cry3Bb, Cry3Ca,
Cry4Aa, Cry4Ba, Cry4Ca, Cry4Cb, Cry4Cc, CrySAa, Cry5Ab, Cry5Ac, Cry5Ad,
Cry5Ba, Cry5Ca, Cry5Da, Cry5Ea, Cry6Aa, Cry6Ba, Cry7Aa, Cry7Ab, Cry7Ac, Cry7Ba,
Cry7Bb, Cry7Ca, Cry7Cb, Cry7Da, Cry7Ea, Cry7Fa, Cry7Fb, Cry7Ga, Cry7Gb, Cry7Ge,
Cry7Gd, Cry7Ha, Cry7la, Cry7]Ja, Cry7Ka, Cry7Kb, Cry7La, Cry8Aa, Cry8Ab, Cry8Ac,
Cry8Ad, Cry8Ba, Cry8Bb, Cry8Bc, Cry8Ca, Cry8Da, Cry8Db, Cry8Ea, Cry8Fa, Cry8Ga,
Cry8Ha, Cry8Ia, Cry8Ib, Cry8Ja, Cry8Ka, Cry8Kb, Cry8La, Cry8Ma, Cry8Na, Cry8Pa,
Cry8Qa, Cry8Ra, Cry8Sa, Cry8Ta, Cry9Aa, Cry9Ba, Cry9Bb, Cry9Ca, Cry9Da, Cry9Db,
Cry9Dc, Cry9Ea, Cry9Eb, Cry9Ec, Cry9Ed, Cry9Ee, Cry9Fa, Cry9Ga, CrylOAa,
CryllAa, Cryl1Ba, CryllBb, Cryl2Aa,Cryl3Aa, Cryl4Aa, Cryl4Ab, Cryl5Aa,
Cryl6Aa, Cryl7Aa, Cryl8Aa, Cryl8Ba, Cryl8Ca, Cryl9Aa, Cryl9Ba, Cryl9Ca,
Cry20Aa, Cry20Ba, Cry2l1Aa, Cry21Ba, Cry21Ca, Cry21Da, Cry21Ea, Cry2lFa,
Cry21Ga, Cry21Ha, Cry22Aa, Cry22Ab, Cry22Ba, Cry22Bb, Cry23Aa, Cry24Aa,
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Cry24Ba, Cry24Ca, Cry25Aa, Cry26Aa, Cry27Aa, Cry28Aa, Cry29Aa, Cry29Ba,
Cry30Aa, Cry30Ba, Cry30Ca, Cry30Da, Cry30Db, Cry30Exa, Cry30Fa,
Cry30Ga,Cry31Aa, Cry31Ab, Cry31Ac, Cry31Ad, Cry32Aa, Cry32Ab, Cry32Ba,
Cry32Ca, Cry32Cb, Cry32Da, Cry32Ea, Cry32Eb, Cry32Fa, Cry32Ga, Cry32Ha,
Cry32Hb, Cry32la, Cry32Ja, Cry32Ka, Cry32La, Cry32Ma, Cry32Mb, Cry32Na,
Cry320a, Cry32Pa, Cry32Qa, Cry32Ra, Cry32Sa, Cry32Ta, Cry32Ua, Cry33Aa,
Cry34Aa, Cry34Ab, Cry34Ac, Cry34Ba, Cry35Aa, Cry35Ab, Cry35Ac, Cry35Ba,
Cry36Aa, Cry37Aa, Cry38Aa, Cry39Aa, Cry40Aa, Cry40Ba, Cry40Ca, Cry40Da,
Cry41Aa, Cry41Ab, Cry41Ba, Cry42Aa, Cry43Aa, Cry43Ba, Cry43Ca, Cry43Cb,
Cry43Cc, Cry44Aa, Cry45Aa, Cry46Aa Cry46Ab, Cry47Aa, Cry48Aa, Cry438Ab,
Cry49Aa, Cry49Ab, Cry50Aa, Cry50Ba, Cry51Aa, Cry52Aa, Cry52Ba, Cry53Aa,
Cry53Ab, Cry54Aa, Cry54Ab, Cry54Ba, Cry55Aa, Cry56Aa, Cry57Aa, Cry57Ab,
Cry58Aa, Cry59Aa, Cry59Ba, Cry60Aa, Cry60Ba, Cry61Aa, Cry62Aa, Cry63Aa,
Cry64Aa, Cry65Aa, Cry66Aa, Cry67Aa, Cry68Aa, Cry69Aa, Cry69Ab, Cry70Aa,
Cry70Ba, Cry70Bb, Cry71Aa, Cry72Aa va Cry73Aa.

Theo phuong 4n khéc, tdc nhin kiém so4t loai gy hai thir hai 1a protein diét con
trung & thuc vat Vip3 dugc chon tir nhom gf”)m cd Vip3Aal, Vip3Aa2, Vip3Aa3,
Vip3Aa4, Vip3Aa5, Vip3Aa6, Vip3Aa7, Vip3Aa8, Vip3Aa9, Vip3Aal0, Vip3Aall,
Vip3Aal2, Vip3Aal3, Vip3Aal4, Vip3Aal5, Vip3Aal6, Vip3Aal7, Vip3Aalsg,
Vip3Aal9, Vip3Aa20, Vip3Aa2l, Vip3Aa22, Vip3Aa2, Vip3Aa24, Vip3Aa2s,
Vip3Aa26, Vip3Aa27, Vip3Aa28, Vip3Aa29, Vip3Aa30, Vip3Aa3l, Vip3Aa32,
Vip3Aa33, Vip3Aa34, Vip3Aa35, Vip3Aa36, Vip3Aa37, Vip3Aa38, Vip3Aa39,
Vip3Aa40, Vip3Aadl, Vip3Aa42, Vip3Aa43, Vip3Aad4, Vip3Abl, Vip3Ab2, Vip3Acl,
Vip3Adl, Vip3Ad2, Vip3Ael, Vip3Afl, Vip3Af2, Vip3Af3,
Vip3Agl,Vip3Ag2,Vip3Ag3 HMI117633, Vip3Ag4, Vip3AgS, Vip3Ahl, Vip3Bal,
Vip3Ba2, Vip3Bbl, Vip3Bb2 va Vip3Bb3.

Theo cac phuong an khéac nira, protein Cry thu nhit theo sang ché va tic nhan
kiém soat loai gdy hai thtr hai dugc ddng biéu hién trong ciy trong chuyén gen. Viéc dong
biéu hién ctia nhiéu hon mét gbc diét loai gy hai trong cung cay trong chuyén gen c6 thé
thu duge bang cach thiét ké gen cuia cdy dé chira va bidu hién tit ca cac gen can thiét. Tiy
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y, cdy trong, b6 me 1, c6 thé duge thiét ké gen dé biéu hién protein Cry theo sang ché.
Cay trdng thir hai, bd me 2, c6 thé dugc thiét ké di truyén dé biéu hién cia téc nhan kiém
soat loai gay hai tht hai. Bing cach lai bb me 1 v6i bd me 2, cdy thé hé con cdi thu duge

ma biéu hién tat ca cac gen dugc dua vao bo me 1 va 2.

Theo phuong 4n khéc, sang ché @& xuét cay trong chuyén gen xép chdng khang v&i
su pha hoai cdy trong béi loai gy hai c6 chira trinh tw ADN ma héa cho dsARN dé kim
ham gen thiét yéu & loai gy hai dich va trinh tt ADN ma hoa cho protein Cry theo sang
ché thé hién hoat tinh sinh hoc chdng lai loai giy hai dich. P4 c6 bao céo ring dsARN
khong hitu hiéu dé chdng lai lodi gy hai thudc bd canh vay nhét dinh (Rajagopol et al.
2002. J. Biol. Chem. 277:468-494), ¢6 thé do do pH cao cia trung trang ma 1am mét on
dinh dsARN. Do d6, theo mot ) phuong 4n khi loai gy hai dich 1a loai gay hai thudc bd
canh vay, protein Cry theo sang ché tac dong 1am gidm tam thoi do pH trung trang ma dap
ung lam dn dinh dsARN duoc tiéu hoa dbng thoi mang lai dsARN hitu hiéu trong viéc

lam cam gen dich.

Ngoai viéc dé xuét hop phan, sang ché dé xuit phuong phép san xuit protein Cry
gdy doc ddi véi loai gay hai thudc bd canh vay. Phuong phép nay bao gbm budc, nudi cy
té bao chu khong phai & nguoi chuyén gen ma c6 chira polynucleotit hodc gen kham hogc
phén tir axit nucleic hodc vat truyén tai to hop theo sang ché trong diéu kién trong do té
bao chii san xuét protein gdy doc ddi véi loai gay hai thude bo canh vay. Theo mot sb
phuong an, té bao chii chuyén gen khong phai clia nguoi 1a té bao cua cdy trong. Theo
mot sé phuong an khéc, té bao cdy trong 1a té bao ngd. Theo cac phuong an khac, cac
didu kién ma té bao cua ciy hodc té bao cdy ngd phat trién bao gdm anh sang mit troi tu
nhién. Theo cac phuong &n khéc, té bao chu chuyén gen khong phai clia nguoi 1a té bao vi
khuén. Theo c4c phuong an khac nita, té bao chii chuyén gen khong phéi cta ngudi 1a té
bao ndm men.

Theo phuong 4n khac cua phuong phép ndy, con tring canh vay gay hai dugce chon
tr nhom gdém co sau duc than ngd chau A (Ostrinia furnacalis), sdu ngai dém mau den
(Agrotis ipsilon), sAu duc qua bong (Helicoverpa armigera), buém dém hai dao mau vang

(Conogethes punctiferalis), shu buom Phuong Dong (Mythimna sepatate), sdu duc than
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ngo chiu Au (Ostrinia nubilalis), siu xanh mua thu (Spodoptera frugiperda), sdu duc trai
trén ciy ngd (Helicoverpa zea), sdu duc than mia (Diatraea saccharalis), sdu budm hai
dau nhung (dnticarsia gemmatalis), sdu do dau tuong (Chrysodeixis includes), sdu duc
than ngd tdy nam (Diatraea grandiosella), sau ngai dém hai dau phuong tdy (Richia
albicosta), su in chdi thudc 14 (Heliothis virescens), sdu duc than c6 soc (Chilo
suppressalis), sau duc thdn mau hdng (Sesamia calamistis) va siu cubn 14 lua

(Cnaphalocrocis medinalis), va dang két hop bét ky cta ching.

Theo cac phuong an khac cia phuong phép, gen kham bao gbm bit ky trong s cac
SEQ ID NO:1-5. Theo cac phuong an khéc nita, protein dugc tao ra bao gdm trinh tur axit
amin néu trong trinh tu bit ky trong s6 cac SEQ ID NO: 16-25.

Theo mot sé phuong 4n ctia phurong phép, gen kham c6 chira trinh ty nucleotit ma
duoc t6i vu hoa bd ba mi hoa dé biéu hién & thuc vat. Theo cac phuong an khéc, gen
kham bao gdm bét ky trong s6 cac SEQ ID NOs:6-10. Theo cic phuong an khic nita,
protein dugc tao ra bao gbm trinh tu axit amin néu & bét ky trong s6 cac SEQ ID NOs:16-
25.

Theo phuong an khac, sang ché dé xuit phuong phép san xuét ciy trong chuyén
gen khang loai gay hai (vi du nhu, khang con trung), bao gbdm: bude dua polynucleotit,
gen kham, vat truyén tai to hop, cat-xet biéu hién hodc phan tir axit nucleic theo sang ché
¢6 chira trinh tu nucleotit ma ma hoéa cho protein Cry theo sang ché vao cay trong, trong
d6 trinh tu nucleotit duoc biéu hién trong cdy trong, bing cach d6 mang lai cho cay trong
tinh khang ddi véi con tring canh vay gy hai, va tao ra cdy trdng chuyén gen khang con
tring. Theo mdt s& phuong 4n, cay trdng chuyén gen khang loai giy hai khang véi con
tring canh vay gy hai thudc chi Ostrinia khi so sanh véi cay trong ddi chung thiéu
polynucleotit, gen kham, vt truyén tai tb hop, cat-xet biéu hién hodc phan tir axit nucleic
theo sang ché. Theo phuong 4n khac, con trung thudc chi Ostrinia 1a sau duc than ngd
chiu A (Ostrinia furnacalis) hodc siu duc than ngd chau Au (Ostrinia nubilalis). Theo
mot s& phuong 4n, viée dua vao dat dugc bang cach bién nap ciy trdng. Theo cic phuong
an khéc, viéc dua vao dat duge bang cach lai cay thir nhit chtra gen kham, vat truyén tai

t6 hop, cat-xet biéu hién hoic phan tir axit nucleic theo sang ché véi cdy thtr hai khéc.
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Theo mét s phuong 4n, ciy trong chuyén gen theo sing ché ma khang vdi it nhit
14 sAu duc than ngd chau A (Ostrinia furnacalis) hodc sau duc than ngo6 chéu Au (Ostrinia
nubilalis) hodc khang thém véi it nhét 1a mdt con trung canh vay gy hai khac, trong do
con trung canh vay gay hai khac bao gdm, nhung khong gidi han &, su ngai dém mau
den (Agrotis ipsilon), sAu xanh mua thu (Spodoptera frugiperda), su dyc trai trén cdy ngd
(Helicoverpa zea), sau duc thdn mia (Diatraea saccharalis), sdu budém hai dau nhung
(Anticarsia gemmatalis), sdu do dau tuong (Chrysodeixis includes), sdu duc than ngo tay
nam (Diatraea grandiosella), siu ngai dém hai ddu phuong tdy (Richia albicosta), sau an
chdi thudc 14 (Heliothis virescens), sdu duc qua bong (Helicoverpa armigera), sdu duc
than c6 soc (Chilo suppressalis), sau duc than mau hdng (Sesamia calamistis) hodc sdu

cudn 14 laa (Cnaphalocrocis medinalis), va dang két hop bt ky ctia chiing.

Theo phuong an khéc, phwong phap kiém so4t con trung canh véay gay hai ching
han nhu siu duc than ngd chau A (Ostrinia furnacalis) hodc sau duc thin ng6 chéu Au
(Ostrinia nubilalis) dugc dé xut, phuong 4n nay c6 chira bude phan phéi cho con tring
lugng hitu hiéu cua protein Cry theo sang ché. Dé c6 hiéu qud, protein Cry dau tién dugc
con tring an vao bung qua dudong miéng. Tuy nhién, protein Cry dugc phén phbi dén con
tring theo nhiéu cach da biét. Cac cach dé phan phdi protein theo dudng miéng dén con
trung bao gbm, nhung khong gi6i han ¢, cung cip protein (1) & cay trdng chuyén gen,
trong d6 con trung dn (an vao bung) mot hodc nhiéu phén ctia cay trong chuyén gen, bang
cach do6 tiéu hoa polypeptit ma dugc biu hién trong cay trong chuyén gen; (2) trong (céc)
hop phan protein dugce tao ché phdm ma co thé dugc 4p dung cho hodc duoc két hop vio,
vi du, moi truong sinh truéng con trang; (3) trong (cac) hop phan protein ma c6 thé duoc
ap dung cho bé mit, vi du, duoc phun, 1én trén bé mit cla phén cay tréng, ma sau do
dugce dn vao bung béi cong tring khi cdn tring dn mot hodc nhiéu phin ciy trong dugc
phun; (4) chét nén mdi; hodc (5) hé théng phan phéi protein khac bt ky da biét trong linh
vuc. Do do, phuong phép phén phbi qua duong miéng bét ky dén con tring c6 thé dugc
ding dé phan phdi protein Cry doc theo séng ché. Theo mét sd phuong 4n cu thé, protein
Cry theo sang ché dugc phan phéi theo dudng miéng dén con trung, trong d6 con trung an

vao bung mot hodc nhiéu phan cda cdy trong chuyén gen.
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Theo cac phuong an khéc, protein Cry theo sang ché duoc phan phdi theo dudong
miéng dén con tring, trong d6 con tring dn vao bung mot hodc nhidu phdn cta ciy duoc
phun v6i hop phan bao gdm cac protein Cry theo sang ché. Phan phdi hop phan theo sang
ché 1én bé mit cdy c6 thé dugc thuc hién bang cach st dung phuong phap bét ky da biét
ddi v6i nguoi ¢6 hiéu biét trung binh trong linh vuc nay dé ap dung hop chét, hop phan,
cbng thuc va tuong tu 1én bé mit cay. Mot s6 vi du khong gi6i han phan phdi hoidc cho
tiép xuc cdy hoic bd phan cua né bao gbm phun, rai bui, rai, tung ric, swong mi, tAn nho,
truyén phét, ngdm, bom vao dat, két hop véi dét, 1am w6t sting (vi du, ré, xir Iy dét),
nhung, rét, bao, thdm qua 14 hodc thén, boc hodc xtr ly hat, va tuong tu, va két hop cua
chung. Cac quy trinh ndy va quy trinh khac dé cho céy hodc bo phan ctia n6 tiép xtic véi
(cac) hop chét, (cac) ché pham hodc (cic) cong thirc 1a da biét v6i ngudi co hiéu biét

trung binh trong linh vuc nay.

Theo mét sd phuong 4n, sang ché bao ham phuong phap cung cip cho ndng dan
phuong thirc kiém soat loai gdy hai thudc bd canh vay, phuong phép nay bao gbdm budc
cung ung hoic ban cho nong dan nguyén liéu cay trdng ching han nhu hat, nguyén liéu
cdy trdng nay c6 chtra polynucleotit, gen kham, cat-xet bidu hién hodc vét truyén tai td
hop c6 kha ning biéu hién protein Cry theo sang ché & cdy trong sinh truéng tlr hat ndy,

nhu dugc mo ta & trén.

Céac phuong 4n cua sang ché ¢6 thé duoc hidu ro hon biang cach tham khao dén cac
vi du sau day. Phdn mb ta trén va sau day cla cac phuong 4n ciia sing ché va cac phuong
an khéc nhau khong nhim gi¢i han pham vi bao h, ma chi dé minh hoa cho yéu cau bao
ho. Do d6, can hiéu ring diém khong giéi han & cac chi tiét cu thé trong cac vi du nay.
Ngudi ¢6 hiéu biét trung binh trong linh vuc nay hiéu ring cac phwong 4n khéc cua sdng
ché ¢6 thé dugc thuc hién ma khong vuot ra khoi pham vi va tinh thdn ctia ban mo ta nay,

pham vi cla sdng ché dugc xac dinh trong yéu ciu bao ho kém theo
Vi du thue hién sang ché
Vidu 1. Xac dinh cac chung Bt hoat tinh

Cac chung Bacillus thuringiensis (Bt) dugc phén lap tu mau dit thu duge & Trung

Québc. Mau dat duoge tao huyén phu trong mdi truong 16ng LB+2,5M natri axetat sau d6 la
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xtr 1y nhiét & 70°C trong thoi gian 20 phut. Sau d6 mot microlit huyén phir dugc phét 1én
dia aga T3 + penixilin va 0 & nhiét 4o 28°C dén khi tao thanh khuén lac. Cac khuén lac ¢6
hinh thai giéng Bacillus dwgc nhit ra tir dia va dugc vach lai trén dia aga T3 + penixilin
dén khi chang hinh thanh bao tir, thudng 1a trong xap xi ba ngay. Céc ching Bt dugc nhin
dién bing cach nhudm mau moi trudong nudi ciy bang xanh Coomasie/axit axetic va lam
hién thi bing kinh hién vi. Sau khi hinh thanh bao t&r, mi trudng nudi cy dugce tao huyén
phu trong chit dém kidm va duoc thir nghiém vé hoat tinh chéng lai cac loai canh vay
quan tam. Céc huyén phu duge thir nghiém trong thir nghiém sinh hoc nhiém bé mit,
trong d6 dich 16ng dugc phu lén trén khéu phin an nhan tao nhiéu loai. Mdi thé phan 14p
duoc sang loc chéng lai it nhét 13 ba loai con tring canh vay gy hai, bao gbdm sau duc
qua bong (Helicoverpa armigera ), su ngai dém mau den (4grotis ipsilon) va sau duc
than ngo chau A (Ostrinia furnacalis) v6i co mAu 13 12 4u tring méi nd. Thoi gian cua
mbi thir nghiém 13 hoang 7 ngdy & nhiét do 27°C; céc dia dugc tinh diém vé ty 1¢ chét
cling nhu 1a sy trc ché sinh trudng 4u tring. Ty 1€ chét quan sat duoc & muc ting bang
30% so voi dbi chimg 4m duoc coi 14 ¢6 hoat tinh. Dya trén thir nghiém c6n trung ban

d4u, ba ching Bt, YN171-1, GX078-2 va GX435-1, dugc chon dé phén tich thém.
Vi du 2. Lap rép va phan tich hé gen

Cac gen Bt cry theo sang ché duoc xé4c dinh tir cac chung dugce xac dinh ¢ vi du 1
st dung nguyén tac sép trinh tu toan bd bd gen. Tom lai, ADN cia Bacillus dugc cit béng
cach st dung thiét bi siéu 4m Covaris S2 (Covaris, Inc., Woburn, MA) v6i chuong trinh
ADN_400bp dugc cai dat & chu ky hoat dong: 10%; cuong do: 4; chu ky/néz 200. ADN
duge xtt 1y bing mo hinh sira ddu/ndi dudi dA NEBNext® Ultra™ (New England Biolabs,
Inc. Ipswich, MA). Céc chudi tiép hop chi s6 Biooscience 1-57 (1-27 Braxin, 28-57 MY,
Vuong Qubc Anh va Thuy ST) dugce ndi lai st dung NEB Quick Ligation™ nhu dugc md
ta boi nha cung cip (New England Biolabs, Inc. Ipswich, MA). Viéc nbi duoc 1am sach
bang cach str dung céc hat Agencourt AMPure XP nhu dugc mo ta bdi nha cung clp

(Beckman Coulter, Inc., Indianapolis, IN).

Thu vién ¢6 kich thude dugc chia doan nhu sau: Mau 50ul duge tron véi 45ul hdn

hop hat 75% (25% hat AMPure cong thém dung dich NaCI/PEG 75% TekNova cat #
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P4136). Hon hop dugc khudy va dit trén gid tir. Dich nbi bé mit thu dugce duoc chuyén
vao giéng mai va 45ul hdn hop hat 50% (50% hat AMPure cdng v6i 50% dung dich
NaCl/PEG TekNova cat # P4136) dugc bd sung. Hon hop dugc khudy va dit trén gia tir.
Dich nbi thu duge duge loai ra va cac hat duge rira béng 80% etanol. 25ul dém tach rira
(EB) dugc thém va hdn hop duoc dit trén gid tir. Dich nbi thu duoc cudi ciing duoc loai
ra va dit vao éng 1,5ml. Phuong phap ndy tao ra cc thu vién trong khoang kich thudc

clia c4c cip bazo (bp) ADN 525 (chén thém chudi tiép hop).

Thu vién ADN duoc dinh kich thuédc dugc khuéch dai str dung KAPA Biosystem
HiFi Hot Start (Kapa Biosystem, Inc., Wilmington, MA) st dung cic didu kién chu ky
sau day: [98°C, 45 gidy]; 12 x [98°C, 15 gidy, 60°C, 30 giay, 72°C, 30 gidy]; [72°C, 1
phut]. M3i hén hop phan tmg chtra: 5l thu vién ADN, 1pl doan mdi théng thuong
Bioscience (25uM), 18ul nude v6 tring, 1pl doan mdi duge ddnh sb thtr tu Bioscience

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

Céc thu vién duoc chay trén thiét bi phén tich sinh hoc Agilent 2100 (Agilent
Technologies, Santa Clara, CA) sir dung chip dd nhay cao dé x4c dinh khoang kich thucc
cua thu vién va kich thudc chén trung binh. Tét ca céc thu vién duge xur Iy x4c dinh trinh
tu cac dau bit cap (PE) (100 chu ky mbi 14n doc; 12-24 thu vién mdi 14n) trén hé x4c dinh
trinh tu HiSeq 2500 str dung nguyén tdc xac dinh trinh ty cia nha san xuét (Ilumina, Inc.,

San Diego, CA).

Cong cu phén tich vi tinh Bacillus dugc phat trién dé nhan dang va xac dinh dic
diém gen gidng Cry dugce st dung dé sap xép thtr tu wu tién cta su din dau dé thir nghiém
thém trong phong thi nghiém.

Su l4p rap va phan tich hé gen cling nhu 13 phan tich thu vién hé gen dugc mo ta &
dAn dén su nhan dién cia ba gen giéng Cry trong cac chiing Bt c6 doc tinh d6i voi it nhit
l1a mot con trung canh vay gy hai, vi du, sau duc than ngd chiu A (Ostrinia furnacalis).

Viéc xéc dinh dic diém cua gen giéng Cry va protein duoc thé hién trong bang 1.
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Bang 1. Gen/protein Cry dugc xdc dinh trong céc chung Bacillus thuringiensis

Protein/ Thanh vién | % D6 twong | Khéi Nucleotit | Axit
Chiing Tén gen ho Cry gan | dong lugng SEQ ID | amin
nhét phan  tir | NO: SEQ ID

(kD) NO:
YN171 BT0049 Cry20Ba 68% 89,5 1 16
GX078 BT0063 Cry9Dbl 91% 132,2 2 17
GX078 BT0064 Cry2Ae 75% 69,8 3 18
GX078 BT0086 Cry2Ah 85% 71,4 4 19
GX435 BT0498 CrylGa 89% 132,1 5 20

Vi du 3. Biéu hién protein Bt trong té bao chu tai to hop

Biéu hién Bacillus. Protein Cry dugc md ta trong vi du 2 duoc biéu hién trong
chung Bacillus thuringiensis (Bt) khong c6 tinh thé khong c6 hoat tinh diét con tring nén
c¢6 thé quan sat dugce thong qua vat truyén con thoi dugc thiét ké pCIB5634", dugc thiét
ké dé biéu hién & ca E. coli va Bt. Vit truyén pCIB5634" ¢6 chira promoto CrylAc ma
didu khién sw biéu hién cta gen Cry Br dd tach dong va chét chi thi tinh khang
erythromyxin. Cat-xet biéu hién c6 chira trinh ty ma héa Cry dugc quan tdm duoc bién
nap vao chung Bt vat chd thong qua duc 15 dién va cac ching Bf chuyén gen dugc chon
trén dia aga c¢6 chta erythromyxin. Céac ching Bt chuyén gen dugc chon duge cho sinh
truéng dén pha tao bao tit trong moi truong T3 & nhiét do 28°C trong thoi gian 4-5 ngay.
Céc vién té bao duogc thu va rira di rira lai trude khi hoa tan trong dém cacbonat d6 pH cao

(50mM) chtra 2mM DTT.

Biéu hién E. coli. Protein Cry duoc biéu hién & céc chung E. coli bang céach sir
dung céac vat truyén pET28a hodc pET29a (Merck KGaA, Darmstadt, Dirc). Céu tric

duoc bién nap bang cach duc 16 dién va cac dong E. coli chuyén gen dugc chon trén dia
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aga c6 chira kanamyxin. Céc chung E. coli chuyén gen dugc chon dugce cho sinh truong
va su biéu hién protein Cry dugc gy ra bang cach st dung sy cam tmg IPTG & nhiét do
28°C. Cac té bao duge tao huyén phi lai trong dém carbonat do pH cao (50mM) chua
2mM DTT va sau d6 phd vd bang cach sir dung thiét bi ddng nhét Microfluidics LV-1.

Phan tich biéu hién. Sau d6 dich tan té bao thu dugc tir cac chiing Bt hodc E. coli
chuyén gen dugc phan loai thong qua ly tdm va cic mau dugc phan tich vé& do tinh sach
thong qua SDS-PAGE va dién di dd bing cach sir dung hé théng BioRad Experion
(Biorad, Hercules, CA). Tbng ndng do protein duge xac dinh qua thir nghiém Bradford
hodc Thermo 660. Sau d6 protein Cry da tinh ché dugc thir nghiém trong cac thir nghiém

sinh hoc dugc md ta dudi day.
Vi du 4. Hoat tinh cta protein Cry trong thir nghiém sinh hoc

Protein Cry dugc tao ra trong vi du 3 dugc thir dbi v6i mot hoic nhiéu trong s6 loai
gdy hai bd canh vay sau ddy sir dung phuong phdp thir nghiém sinh hoc khau phan nhan
tao da biét trong linh vuc: sau duc thin chéu A (ACB; Ostrinia furnacalis); sau duc qua
bong (CBW; Helicoverpa armigera); sau ngai dém mau den (BCW; Agrotis ipsilon);
buém dém hai dao mau vang (YPM; Conogethes punctiferalis); siu buém Phuong Dong
(OAW, Mythimna separate); sau duc than c6 soc (SSB; Chilo suppressalis); sau duc than
ngd chau Au (ECB; Ostrinia nubilalis); sdu xanh mua thu (FAW; Spodoptera
frugiperda); sau duc tréi trén cdy ngd (CEW; Helicoverpa zea); séu duc than mia (SCB;
Diatraea saccharlis); sdu do dau tuong (SBL; Pseudoplusia includens) va sdu an chdi

thubc 1a (TBW; Heliothis virescens).

Luong bang nhau cla protein trong dung dich dwgc dp dung 1€n bé mait cua cac
khiu phan nhén tao cho con trung (Bioserv, Inc., Frenchtown, NJ) trong dia 24 giéng. Sau
khi bé mit khau phan kho, 4u tring cta cac loai con trung thir duoc thém vao mdi giéng.
Céac tAm dugc déng kin va gilt & diéu kién moi trudng phong thi nghiém vé nhiét d9, 4nh
sang va do 4m tuong tdi. Nhom dbi chimg duong bao gbm 4u trung duge 1§ ra voi chung
Bacillus kiéu dai c6 hoat tinh manh va phd rong. Nhom dbi chung 4m bao gdm 4u trung

duoc 16 ra voi khau phan con trung dugce xir Iy chi véi dung dich dém va au trung trén
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khéu phin c6n tring khong dugce xir Iy; tic 1a chi khau phan. Ty 1¢ chét dugc dénh gia sau

khoang xap xi 120 gid va tinh diém tuong ddi so véi ddi chimeg.

Két qua duge thé hién trong bang 2, trong d6 "-" ¢6 nghia 12 khong c6 hoat tinh so
v6i nhém dbi chimg, "+/-" ¢ nghia Ia hoat tinh 0-10% so v&i dAu kiém tra (loai ndy ciing
bao gdm ti 1¢ chét 0% véi su e ché sinh trudng 4u tring manh), "+" ¢6 nghia 13 hoat tinh
10-25% so v6&i ddu kiém tra, "++" ¢6 nghia 1a hoat tinh 25-75% so véi déu kiém tra, va
"+++" ¢6 nghia 1a hoat tinh 75-100% so v6i dAu kiém tra. Chit trong ngodc don chi ra sy
kim ham 4u tring quan sat dugc (sy (rc ché sinh truong) nhu sau: "(1)" ¢6 nghia 1a kim
ham nhe; "(m)" ¢6 nghia 12 kim ham trung binh va "(s)" ¢6 nghia la kim ham manh. Ky
hiéu "nt" trong bang 2 c6 nghia la protein dugc chi ra khong duge thir nghiém chéng lai

loai gay hai cu thé do.

Bang 2. Két qua ctia thr nghiém sinh hoc véi protein Cry

Con Céc protein BT
trung
0049 | 0063 | 0064 | 0086 | 0498
ACB | ++(1) | +++ | +++ - ++(m)
ECB - +++(s) | -(s) ++ +++
BCW + +/- + +/- | khong
kiém
tra
CBW |- - - - +(1)
OAW | khong | +++ ++(m) | + khong
kiém kiém
tra tra
YPM |- +(s) +++ -(1) ++(m)
SCB - - -(s) khong | +/-
kiém
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tra
SWCB | - +/- - khong | +/-
kiém
tra
FAW - - - +/- |-
CEW | +/- - - - +/-
SBL - + ++ khong | khong
kiém | kiém
tra tra

Budm dém hai dao mau vang (YPM; D. punctiferalis; ddng nghia véi Conogethes
punctiferalis) co thé gay thiét hai nghiém trong cho nhidu cdy trong khac nhau, bao gbm
ngd, cao luong hat, ddu twong, bong, dao va cdy cam chanh, dAn dén thiét hai kinh té ning
né. N6 phan b6 rong tir An Do va Pakistan qua Ty Nam A @én Uc va thAm nhép vao cac
qudc gia khac qua viéc chuyén chd trai cdy, bao gébm Anh va Ha Lan. Buém dém hai dao
mau vang con dugc goi la ngai dém hai ngd & Uc va sdu buém hai hat thau dau & An Do.
YPM duge kiém soat chi yéu bing chét diét vat gdy hai héa hoc nén c6 nhu ciu vé cac
san phém kiém soat sinh hoc. C6 mdt sb it cac bao cdo vé& su nhay cam YPM dbi voi
protein Cry Bt. Do d6, phat hién vé protein Cry méi ¢6 ddc tinh cao hon d6i véi YPM la
can thiét dé mang lai phuong thirc hitu dung hon dé kiém soat cac loai vat gy hai pha
hoai nay ¢ Trung Qudc va cac qudc gia khac. Két qua duoc thé hién & trén chi ra rang
BT0064, thudc ho Cry2A, rt hoat tinh dé chéng lai YPM va gdy ra su uc ché sinh trudng
dang ké.

Ngac nhién 13, BT-0049, ma c6 sy dn khép trinh tu gr?m nhét véi cac thanh vién cia
ho Cry20, c6 hoat tinh chéng lai céc con trung cdnh vay gay hai nhat dinh, cu thé 1a sau
duc than ngd chau A (Ostrinia furnacalis). Diéu nay dugc tin 1a bdo céo dau tién vé
protein lién quan dén Cry20 c6 hoat tinh chéng lai con tring cdnh vay gy hai. Protein

Cry20 duoc biét dén trong linh vuc vé hoat tinh chéng lai cOn trung hai canh, vi du mudi
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(Xem tai liéu vi du, Ibrahim et al. supra., Konecka et al. 2014. Biol. Lett. 5:83-92; va
Gama & Nakagoshi, 2014. Int. J. Curr. Microbiol. App. Sci. 3:179-197). Protein Cry Bt
khac dugc phan 1ap nhu md ta & trén, BT-0211 duoc thiét ké (SEQ ID NO:26), ciing nhu
1a thanh vién cua ho Cry20, khong c6 hoat tinh chéng lai sdu duc than ngd chiu A
(Ostrinia furnacalis) khi dwoc thir nghiém trong cing diéu kién nhu md ta & trén. Dicu
nay 14 chi thi khéc ctia phéd hoat tinh duy nhét cta protein BT-0049 Cry. Bang 3 thé hién
ma tran ti 16 phdn trim tuong ddng gitta BT-0049, BT-0211 va céc protein Cry20 d biét.
Céc sb & trong ngodc don sau tén cua protein Cry20 da biét 1a ma sd truy cap GenBank.
Dua trén do twong ddng dugc thé hién trong ma trén ndy va phuong phap goi tén protein
Cry méi theo Crickmore et al. (1998. Microbiol. Molec. Biol. Rev. 62:807-813), BT-0211
¢6 kha ning 13 Cry20Bb2 va BT-0049 c¢6 kha ning 13 protein Cry20 méi ma s& dugc chi
dinh 1a Cry20Cal.

Bang 3. Ma trén ti 1€ phan tram do twrong ddng ddi véi cac thanh vién ho Cry20

Protein Cry Bt 0049 | 0211 | Cry20Aal | Cry20Bal | Cry20Ba2 | Cry20Bbl
BT-0049 - | 67 63 68 67 68
BT-0211 67 | - 67 71 71 96

Cry20Aal(AAB93476) | 63 | 67 - 64 64 68
Cry20Bal(ACS93601) | 68 | 71 64 - 97 72
Cry20Ba2(KC156694) | 67 | 71 64 97 - 72
Cry20Bb1(KC182372) | 68 | 96 68 72 72 -

Su sép xép thang hang trinh ty gifta protein BT-0049 c6 hoat tinh v6i con trung
cénh vay va protein BT-0211 khong c6 hoat tinh v6i ¢on tring canh vay (Hinh 1) chi ra
ring c6 hai viing dang chd y cta su khac biét axit amin c6 mét trong protein BT-0049 ma
¢6 thé chiu trach nhiém hoan toan hogc mot phan déi véi sy khac biét phd hoat tinh giita
hai protein nay. Vung thr nhét 1a tir axit amin 674 dén axit amin 709 ctia BT-0049 (SEQ
ID NO:16) gdm c¢6 trinh tu SVYHPDANDAYDEGDDNTYNQNYNSMY
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NQNADNTYD (SEQ ID NO:27). Ving thtt hai 12 tir axit amin 730 dén axit amin 746 cta
SEQ ID NO:16 gdm ¢6 trinh tr GYEQNNYDSDDSDYNNT (SEQ ID NO:28).

Vidu 5. Tao vat truyén clia gen dé biéu hién & thuc vat

Trudce khi biéu hién & cdy trong, cac polynucleotit md héa cho cac protein Cry,
BT-0049 (SEQ ID NO:16), BT-0063 (SEQ ID NO:17), BT-0064 (SEQ IDNO:18), BT-
0086 (SEQ ID NO:19) hoic BT-0498 (SEQ ID NO:20) hoic protein Cry dot bién, mBT-
0049 (SEQ ID NO:21), mBT-0063 (SEQ ID NO:22), mBT-0064 (SEQ ID NO:23), mBT-
0086 (SEQ ID NO;24) hoic mBT-0498 (SEQ ID NO:25) dugc tong hop trén nén tang
téng hop gen tu dong (vi du, Genscript, Inc., Piscataway, NJ). Di véi vi du nay, cat-xet
biéu hién thr nhit dugc tao ra ¢ chira promoto co thé biéu hién & thuc vat duoc lién két
c¢6 diéu khién véi trinh tu ma héa cho protein Cry ma dugc lién két co diéu khién voi
ving két thuc va cat-xet biéu hién thit hai dugc tao ra c6 chira promoto ¢ thé biéu hién &
thuc vat duoc lién két c6 didu khién véi gen danh ddu chon loc ma duoc lién két co didu
khién véi viing két thiic. Su biéu hién cta gen danh déu chon loc cho phép nhan dién ciy
tr?)ng chuyén gen trén moi truong chon loc. Ca hai cat-xet biéu hién duoc tach dong vao

vét truyén thich hop dé bién nap 1ua hodc ngd qua trung gian Agrobacterium.
Vi du 6. Su biéu hién va hoat tinh cta protein Cry & cdy ngo

Bién nap cua cac phoi ngd chua chin dugce thuc hién cha yéu nhu duge mo ta trong
Negrotto va cong su, 2000, Plant Cell Reports 19: 798 803. Tom lai, ching
Agrobacterium LBA4404 (pSB1) c6 chira vét truyén biéu hién dugc md ta trong vi du 5
dugc cho sinh truéng trén YEP (dich chiét nAm men (5g/1), pepton (10g/1), NaCl (5g/1),
15g/1 aga, d6 pH 6,8) moi truong rin trong thoi gian 2- 4 ngay & nhiét d6 28°C. Khoang
0,8X 10° té bao Agrobacterium dugc tao huyén phu trong méi truong LS-inf duoc bd
sung thém 100pM As. Vi khuan duge cam tmg trude trong mdi truong nay trong khoang
30-60 phut.

Phoi chua truong thanh tir dong ngd lai cung dong dugc thuc hién tr cac tai 8-12
ngay tudi trong LS-inf long + 100uM As. Phoi duoc rira mot 1an biang moi trudng giy
nhiém méi. Sau d6 dung dich Agrobacterium dugc bd sung vao va phdi duge tao xody

trong 30 gidy va cho xir Iy bang vi khuin trong 5 phut. Sau dé phdi duge chuyén hudng
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phia hinh vay 1én vao moi truong LSAs va nudi ciy trong toi trong tir hai dén ba ngay.
Sau d6, khoang tir 20 dén 25 phdi mdi dia petri dugc chuyén vao méi trudng LSDc duoc
bd sung xefotaxim (250mg/l) va bac nitrat (1,6mg/1) va duoc nudi cdy trong tbi & khoang

28°C trong 10 ngay.

Céc phoi chua trudng thanh, tao ra cac thé san phoi dugc chuyén vao moi truong
LSD1MO0.5S. Mé nudi cdy duoc chon trén moi trudng ndy trong khoang 6 tudn véi bude
nudi cdy phu & khoang 3 tuan. Thé sin séng st duoc chuyén sang méi truong Regl duge
bd sung manoza. Sau khi nudi cdy trong sang (ché do 16 gid séng/ 8 gid t61), sau d6 md
mau xanh duoc chuyén viao moi truong Reg2 khong co chét diéu hoa sinh truéng va duoc
u trong khoang 1-2 tudn. Cay non dugc chuyén sang hop Magenta GA-7 (Magenta Corp,
Chicago I11.) chira méi trudng Reg3 va nudi trong sang. Sau khoang 2-3 tudn, cdy trong
dwgc thir nghiém vé sw c6 mit ctia gen dénh d4u chon loc va gen cry Bt baing PCR. Cay

duong tinh tir thtr nghiém PCR dugc chuyén vao nha kinh dé danh gia thém.

Cay chuyén gen duogc dénh gia vé sb sao chép (duoc xic dinh bing phan tich
Tagman), mutrc biéu hién protein (duoc xac dinh béng ELISA), va tinh hiéu qua khang céac
loai cdn trung dugc mong mudn trong cac sinh thir nghiém cit bo 1a. Pic biét 13, mo cay
(14 hodc to) dugc cat mo tir sy kién ban sao don (giai doan V3-V4) va dugc cho tan phd
v6i du tring so sinh cia loai gdy hai dich, sau d6 t & nhiét do phong trong 5 ngay. Céc dia
14 tir cAy trong chuyén gen biéu hi¢n BT-0049, BT-0063, BT-0064, BT-0086, BT-0498,
mBT-0049, mBT-0063, mBT-0064, mBT-0086 hoic mBT-0498 duoc thir nghiém chéng
lai mot hodc nhiéu con tring cdnh vay gy hai ching han nhu siu duc thin ngd chau A
(Ostrinia furnacalis). Két qua cta thtr nghiém sinh hoc md cay trdng chuyén gen s& xéc
nhén rang protein Cry theo séng ché khi biu hién & cdy trong chuyén gen gy doc db6i voi

mot hodc nhiéu con tring canh vay gay hai dich.
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YEU CAU BAO HO
1. Phan tr axit nucleic bao gém trinh tw nucleotit ma ma héa protein Cry cia

Bacillus thuringiensis ma ddc dbi véi loai gy hai thudc bd canh vay, trong do protein Cry

bao gdbm SEQ ID NO: 18.

2. Phan ti axit nucleic theo diém 1, trong d6 trinh ty nucleotit nay bao gdm

SEQ ID NO: 3 hodc SEQ ID NO: 8.

3. Gen kham bao gdm phan tir axit nucleic theo diém bat ky trong s6 cac diém 1
hodc 2 va promoto khac loai, trong d6 promoto khac loai nay dugc lién két c6 didu khién

v6i phan tr axit nucleic.

4.  Gen kham theo diém 3, trong d6 promoto khac loai 1a promoto ¢6 thé biéu
hién & cdy.

5. Gen kham theo diém 4, trong d6 promoto c6 thé biéu hién & cdy duogc chon tir
nhém cua cac promoto gdm ¢6 cac promoto ubiquitin, virut cestrum yellow, TrpA & ngo,
OsMADS 6, histon H3 & ngo, UTR 5' gen 9 thuc khuén thé T3, sucroza synthetaza 1 &
ngd, rugu dehydrogenaza 1 & ngd, phtc hé thu nhdn anh séng ¢ ngd, protein sbc nhiét &
ngod, mtl & ngd, RuBP carboxylaza tiéu don vi nho & dau Ha Lan, actin & lGa, xyclophilin
& lua, mannopin syntaza plasmit Ti, nopalin syntaza plasmit Ti, chalcon isomeraza ¢ da
yén thio, protein gidu glyxin 1 & ddu, patatin & khoai tdy, lectin, RuBP carboxylaza tiéu

don vi nho CaMV 358 va S-E9.

6. Protein Cry ma gay doc dbi voi loai gdy hai thudc bd canh vay, trong do

protein Cry c6 chira SEQ ID NO: 18.

7. Chung Bacillus thuringiensis duoc phan lap ma san xuét protein Cry theo

diém 6.

8.  Hop phan diét con trung bao gbm protein Cry theo diém 6 va chat mang nong

dung.
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9.  Hop phén theo diém 8, trong d6 hop phin nay duoc diéu ché bing cach lam
mét nude, dong kho, ddng nhét hoéa, chiét, loc, ly tim, ling, hodc cd méi trudng nudi cdy

cua chung Bacillus thuringiensis.

10. Hop phan theo diém 9, trong d6 ching Bacillus thuringiensis 1la chung

Bacillus thuringiensis theo diém 7.

11. Hop phin theo diém 8, trong d6 hop phin ¢6 chira t& bao vi khuin chuyén

gen ma san xuat protein Cry.

12. VAt truyén tai t6 hop c6 chira phan tir axit nucleic theo diém 1 hodc gen kham

theo diém 3.

13. Phuong phép tao ra cay chuyén gen khang con tring, bao gdm: budc dua gen
kham theo diém 4 vao cdy, trong d6 protein Cry dugc bidu hién trong cdy, bang cach do
tao ra cay chuyén gen khang con trung, va trong d6 con tring duge chon tir nhém gdm c6
sau duc than ngd chau A (Ostrinia furnacalis), sdu ngai dém mau den (4grotis ipsilon),
siu budm Phuong Dong (Mythimna sepatate), buém dém hai dao mau vang (Conogethes

punctiferalis), va sdu do déu tuong (Chrysodeixis includes).

14. Phuong phép theo diém 13, trong d6 bude dua vao dat dugce bing céach bién

nap cdy hodc bang cach lai chéo cay thir nhit bao gdbm gen kham véi cdy thi hai khéc.
15. Phuong phép theo diém 13 hoic 14, trong d6 cay la cay lua hodc ciy ngo.

16. Phuong phép kiém soét loai gdy hai thudc bd canh vay, bao gdm buéc phin
phéi cho loai gy hai thudc bd canh vay hodc moi truong cta ching hop phén bao gdm
lugng hitu hiéu cia protein Cry theo didm 6 hodc hop phan diét con trung theo diém 8,
trong d6 loai gdy hai thudc by canh vay dugc chon tir nhom gdm c6 siu duc than ngd
chau A (Ostrinia furnacalis), sdu ngai dém mau den (4grotis ipsilon), sdu buém Phuong
Doéng (Mythimna sepatate), buém dém hai dao mau vang (Conogethes punctiferalis), va

sau do dau twong (Chrysodeixis includes).
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BT-0049pxro
BT-021lpro

BT-0049%pxo
BT-021lpro

BT-0049%pro
BT-021lpro

BT-0049pxo
BT-0211lpro

BT-0049pro
BT-021lpro

BT-0049pro
BT-021lpro

BT-0049%pxo
BT-021lpro

BT-0049prxo
BT-0211lpxo

BT-0049pro
BT-021lpro

BT-0049pro
BT-021lpro

BT-0049pro
BT-021lpro

BT-0049pro
BT-021lpxo

BT-0049pxo
BT-021lpro

BT-0049pro
BT-021lpro

61
55

121
115

181
175

241
235

301
295

361
355

421
415

481
475

541
535

600
595

660
655

720
680

780
721

35801
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<110>
Mei,
Luo,

Duan,
Wang,
Wang,
Changming, Ning

<120>

Wengian

Chunping
Qiangian
Fenshan
Xiaojun

35801

DANH MUC TRINH TU

Syngenta Participations AG

phép dé& kiém soat loai gay hai cay

<130>
<160> 28
<170>
<210> 1

<211> 2343
<212> ADN
<213>

<400> 1
atgaatcctt

cgcatgccta
aataaccatt
tctggaattt
ggcgtcacac
acaggcgatg
fatagaagtg
atgtttttta
gcttttacta
cgtagaggat
ttattattaa
aaaagtgtta
cattggtata
tttaatgcct
acctatgacc

acaaatccaa

atcagaataa
attgttattc
ataaagattg
taacttcaat
caatagttat
atttattagc
ctgccactgg
agcaatggga
ctgttaatac
tcgaaacact
gagatgccgt
atcttacaat
atgatgggtt
atcgtagaga
caattatata

taattccacc

80982-WO-REG-ORG-P-1

PatentIn phién bdn 3.5

Bacillus thuringiensis

gaatgaccat
aagatatcca
gctgaataag
aggaatgttc
taacataata
tcatacagaa
agccatatat
acgtaataga
tttatgtatt
tttattacca
tatttataga
attaagaaat
aaatagattt
tatgacgtta
tccaaaagca

tagaggattt

gaaattttaa
ttatcaaatg
tatgaaaata
aataaggtac
ctagatatgg
caacttattc
ggtatatcta
actcctcaaa
actgccctag
aactatgcac
aacagctggt
gccataagtg
gcccgctceat
tccgtattag
acaaatattg

cctagaacta

-81-

atgccacaca
atccacaaat
ttactactac
tcatgttaac
tgagattaat
aacaaacact
gagcatacga
atggacaaca
ctcctcaggce
tagcggcaaa
tgcctagtaa
aatatcgtaa
cttttaatga
atttcattac
aattaactag

atcctcctac

aaataattgt
atcctgtcag
atcttcttta
cggagtatta
tgatatggga
agcagcacaa
aaattatttg
agtagagagt
tttactttct
tttccatttg
tgtttcaata
tcattgtaat
ttgggttcgt
agtgttcccc
aattgtgtat

ttttaatcag

Phan t@ axit nucleic, protein va hop phdn diét cén trung va phuong

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



atggaaaatt
actttttatc
ttaagtaatg
atgcaaaata
agaagttacg
ggaacatcaa
acagcatttt
ttatttcaag
cacgcatgga
caaatacccg
ggagaaaata
gaggattccg
aataataaat
acaatgcaaa
tttgcaagta
aatgcagatt
aagcaaacac
tatgatgctt
aatgacgcgt
aatcagaatg
aatacgtatc
tcagattata
aataacgata
aaa

<210> 2
<211> 3510
<212> ADN
<213>

<400> 2

taattatttc
atgacccgca
gtaccattcg
ttgatgtctt
gtggagttca
tattatataa
tacccggaga
tgatgacaac
cgcatagaag
ccgtaaaagc
tgatgaaatt
aagcatcgaa
tgaatctaat
atggcggatc
atttcaagat
ttattctaga
aagattgtaa
acgaaccgaa
atgacgaggg
ctgataatac
aaccaagcta
acaatactta

atccaaacaa

cggttgccecct
taatatatca
tacttctgga
cagggtgaat
tagatctgat
tgtgcctctc
ttctggatta
atatcgttct
tttaagacgc
aataaatact
agataactta
tacacgtttt
tttaaatggt
attaacagat
aggttctcag
taaaattgaa
caactataat
tgctagtgat
ggacgacaat
gtatgaccaa
tgacaatggc
caatcaaaat

tggctgtacg

Bacillus thuringiensis

35801

agttttttga
agagattttt
gctcttgcgg
atgactactc
tttattggtg
gatactactc
gagcccaatg
aatccaaatg
cgaaatggat
agtgatgatt
actacaagtt
atagtgcgta
actcagatag
cttcaatatg
tctataatag
ttgattccag
caagatacta
tcgtatgata
acttacaatc
agttacaaca
tatgaacaaa
actaataata

tgcaagcaat

-82-

atcaattgcg
gggctggtaa
gaagacgaat
atgacattga
taaatataca
gatttatgac
aacgtaatta
ctcgtagagce
ttagagcgga
ctgctgtagt
tatcctataa
ttcgttatgce
catcgctgaa
aaaattttaa
ggatttttaa
tggatttcat
tttatacatg
gcgtttatca
aaaactataa
attacgatcc
ataactatga
tgtacaatca

gttacaacca

gatatataca
tcaaaatttt
cgattttagt
ttctttatca
aaataatcaa
tcgcaatgaa
tactcatagg
agcattttta
tcagattata
atcaaatgtt
attaacagcg
tagtatgaac
tgtggaaggt
atatgccgca
agagacatct
accattatta
taaccaagga
tccagatgct
tagtatgtac
aaacatggag
tagtgatgat
agaatataat

gaactatcct

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2343



atgaatcgaa
tcagaggata
aactataagg
aacttatctg
ctaagctttt
aacagcttgt
gaacttattg
ggattacaaa
aatggggcaa
caatttatgc
gcagtatatg
ggagctagat
cttactcaga
agaggcacaa
acggcaatgg
gcaaatccac
cgtccaagtg
actttttcgc
gctttaggga
tggattggac
tacggaacag
cagatcaatt
agagcacaat
cttgcacaat
cctacagtta
cagcttaata
agtgtggacc

gcgtttgagce

ataatcaaaa
tcgtaaaata
aatatttaca
ttagtggaaa
ttggattccc
ggccggatga
atcaaaaaat
ataattataa
gggcagcctt
caagctttgg
cacaagcagc
gggggctgaa
cttatacaaa
gcgttgagag
atttagtggc
aacttacacg
gcgctttctg
aacttgaaaa
tttatacagg
attttataag
tcaataatcg
caatctcaag
tctattatgg
gtcatcaaaa
gaagttatag
atcctgtaat
ttaataacac

taagcgatgg

tgaatatgaa
tcctctgaca
aatgcatggt
agatgtaata
tttttctagt
cgagaattct
ctcaacatta
tttatatgta
agtttctcag
ctctggttcc
aaaccttcat
tcaaactcaa
tcattgtgtt
ttggctcaaa
attattccca
tgaggtatat
cgaaagtttt
tgcaataatt
cgaggcgcga
aaatacacgt
tttaactaac
taatttagcc
atcaggaatt
ctataattca
ccatagatta
ttctgctggce
gattacttcg

ggctactatt

35801

gttatcgatg
gatgatccga
ggagactata
caagttggaa
caatgggtta
gtatgggatg
gtaaagggta
gaagcattag
cgattttaca
gggagtcaaa
ttgttattat
atagatcaat
actgcgtata
tatcatcaat
tactataatg
acagatccaa
tatactatcc
cgtccaccgc
ctgaatgcaa
ttgggtgact
ttcattccte
gctattttag
atttggtcgt
atagaagaat
tctcatatca
aatatgcctg
gatagaatta

gtaaaaggcc

-83-

ccccccattg
atgctggatt
cagatcctct
ttaatattgt
ctgtatatag
cttttatgga
acgcattgga
atgagtggct
ttttagatag
attatgcaac
taaaagatgt
tccattctcg
atgatggatt
accgtaggga
ttcgacaata
tcgtatttaa
gagcggcetceg
gcttgtttga
atagtgctcc
caacaacaat
ctactaccag
gcactttata
atgtcggaca
taccaaacca
cctcttttaa
tatatgtgtg
ctcaattacc

caggatttac

tgggtgtccg
gcaaaatatg
tatcaatcct
aggaagatta
ttatctttta
gagagtagaa
taacctaact
gaatagaccg
cctatttacc
tatattactt
agaaatttat
tcaacaaagc
agcggaatta
aatgacagta
tccaaatggg
tctacctgaa
agaacgttta
aaggtttcaa
aatgaactat
tactacaaat
tgatgtttat
tggggttact
aaatagcgtt
aagcgatgaa
tttcaatgta
gacacatcgc
agcagtaaag

agggggagat

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680



gtaatccgaa
ctaactcaac
gtaacacgtg
caggaatcaa
caaagtcaag
cttgatagaa
gcagcgaaga
gtgacagatt
tatgggcatg
gaacgtaatt
tggaaggcaa
cttcaattag
tcggtgttaa
ttagaaattg
ttagtatctg
catcaggtag
caaacacatg
ggtatttggg
gaattggtag
gcggaatgga
gcgaaacaag
atagggctaa
agtgatacag
cgattacaac
gacagtgggt
atgcatttct
ccgaactgfa

gtcacaatcc

gaacaaatca
gatatcgcat
gaggaactac
gatatgaatc
atataattcg
ttgaaatcat
aagcggtgge
atcaagtcga
ataaaaagat
tgcttcagga
gtaacggcgt
caagcgcaag
agccttatac
atctcattca
atacttactc
atatgcagct
agttttcttc
ttgtattgaa
aagttggacc
atgcaggatt
caattaatca
cggagattaa
tattgcaaat
aagcatcgaa
tagatggttg
tggttctttc

agtatgtctt

gagatggcgce

aggtgggttc
aaggttccgt
tataaataat
ctatcgtact
aacatctatc
ccctgtaaat
gagcttgttt
tcaagcggca
gttattggaa
cccagatttt
tactattagc
agagaattat
acgctataga
ccatcataaa
agatggttct
agatgcggag
ttatattaat
agttcgaaca
attatcaggt
aggaagaaag
tctatttgta
tgaagtctca
ccctggaatt
tctgtatacg
gaacgcaaca
ccattgggat
acgtgtgaca

tcatcaccaa

35801

ggaagtataa
tatgcttcga
tttagattta
gtagagttta
cagggactta
ccaacacgag
acacgtacta
aatttagtgt
gccgtacgceg
aatgctataa
gagggcggte
ccaacataca
ctagatggat
gtccatcttg
tgcagcggaa
catcatccaa
acaggggatc
acagatggtt
gaatccctag
cgtacagaaa
gactatcaag
aatcttgtgg
aactacgaga
tctcgaaatg
actgatacat
gcacaagttt
gcaagaaaag

aaaaccctta

gagtgtcggt
caatagattt
cacgtacaat
caactccttt
gtggaaatgg
aagcggaaga
gagatggatt
cgtgcttatc
cggcaaagcg
atagcacaga
cattctttaa
tttatcaaaa
ttgtgaagag
taaaaaatgt
ttaatcgttg
tggattgctg
taaattcaag
atgcaacgct
aacatgaaaa
cagatcgcgt
atcaacaatt
agtcaattac
tttacaaaga
ctgtgcaaaa
cggttcagca
cccaacaatt
tgggaggcgg

catttaatgc

tactggcccg
tgatttcttt
gaacagcgga
taactttaca
ggaagtatac
ggatttagaa
gcaggtaaat
agatgaacaa
tctcagccgce
agaaaatggc
aggccgtgca
ggtagatgca
tagtcaaaat
accagataat
tgatgaacag
tgaagcggcect
tgtagatcaa
gggaaatctt
aagaaaaaat
gtatcaagct
aaatccggaa
ggatgtatat
gttatccgat
cggcgacttt
ggatggcaat
gagagtacac
cgatgggtac

atgtgattac

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360



35801

gatgtaaatg gtacgtatgt agatgataat acgtatataa caaaagatgt gatattctac

ccagagacaa aacatatgtg ggtagaggtg agtgaatccg aaggttcatt ctatatagat

agtattgagt ttattgaaac acaagagtaa

<210> 3

<211> 1872
<212> ADN
<213>

<400> 3
atgaataata

catgatccat
tggaagagaa
ctgctaaaga
atattcccta
ataaatcaaa
caagccaatg
gctgttcctt
ttaccccagt
gccaatatgc
tccccagcaa
aattattgta
atgttagaat
ctatttaaat
actgtaggtg
caagttaatt
ctcaattcat
tctggtaatt
caattgccat
aatgaatatt
actctgggtg

ggctggttta

tattgaataa
ttagttttga
ctgatcatag
aagtggggag
gtggtagtac
gacttaatgc
taagggagtt
tatcaataac
tccagataca
atctttcttt
tgttacgtac
taaatacgta
ttagaaccta
accagagcct
caaatcaatc
caaattatat
ttgttatcac
taggtccagc
atcgaacatc
ttacgggcgc
cagctaactc

gaaatgaaga

Bacillus thuringiensis

cgaaagaact
acataaatca
tttatacgta
tcttattgga
aaatctaatg
agacactctt
taatcaacaa
ttcttcagtt
aggatacgag
tattagagat
atatcgagat
tcgaactgaa
tatgttttta
tctggtaact
ttttactgca
attgactgga
attattggct
agctaactat
ttatttagac
ttttcttgca
tttcccgaat

tttagaaaga

actatttgtg
gtagatacca
tctcctattg
aaaaggatat
caagatattt
gctcgtataa
gtagataatt
aatacaatgc
ctgttattat
gttattctta
cacctaaaaa
tttgaagggt
aatgtatttg
tctggcgcta
agaaattggc
tttagtggag
gcacgtattc
aatgttagtt
tcatttatat
ttgatactac
tattccatac

cctttacact

-85-

atgcgcataa
tccaaaaaga
ttgggaccgt
tgagtgagtt
taagagcgac
atgtagaatt
ttttaaaccc
agcaaatatt
tacctttatt
atgcagatga
gatatacaaa
taaatgttcc
aatatgtatc
acttgtatgt
cgtttttaaa
ctagatttca
attacatggg
gtaatttatc
taagagatgg
cttgtggtgt
ggaatatttc

ttaatgaaat

tgtagtggct
atggacggaa
tgctagtttg
atggggttta
agaacaattc
ggtagggctt
taaccgaaac
tctaaataga
cgcacaagca
atgggacatt
cgaatattcc
tttaaaagat
catatggtcg
ttctggtaca
tactcttttc
atcaacctta
aggagtctca
atcccctata
aaatcgaaca
tactggacct

tggggctgtt

aagaaatata

3420

3480

3510

60
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240

300

360

420
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540

600
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720
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840

900

960

1020

1080

1140

1200

1260

1320



gaaggtcaac
agaaaaaata
tatacaggat
attatttctg
acagctcgtt
tcaataggaa
gttaatacta
aatatcggta
tttaacgcca
ccagtatatt
<210> 4

<211>

<212>
<213>

ADN
<400> 4

atggatagtg
cttgatccat
tggaaaaaaa
ctgttaaaga
atatttccta
ctgaatcaaa
caagcaaatg
gctgttccectt
ttaccccagt
gccaatttac
tcagcagcaa
aactattgta
atgttagaat

ttatttaaat

1920

cgggagtagg
atatcgtcge
tcactatatc
aaaaatttgg
atacgcttag
attccactat
ctacaaataa
atgtagtggc
atacaccatt

aa

tattgaatag
ttagttttca
ataatcatag
aagtggggag
gtggcagtac
gacttaatac
tagacgagtt
tatcaataac
tccagatgca
atctttcttt
cattacgtac
taaatacgta
ttagaaccta

atcaaagtct

tggtggaagt
tcatgaaaat
accgatacat
aaatcaaggt
agggaatgga
tcgggttact
cgatggagta
aagtgctaat

tgagcttatg

Bacillus thuringiensis

cggaagaatt
acacaaatca
tttatatgta
tcttattgga
aaatctaatg
agacactctt
taatcgacaa
ttcttcagtt
aggataccaa
tattagagat
gtatcgagat
tcaaagtgcg
tatgttttta

tctagtatct

35801

agaatctcta
ggtactatga
gcaactcaag
gattccttaa
aatagttaca
ataaacggta
cttgataatg
actaatgtac

aatattatgt

accaatcgtg
ttagatacca
gatcctattg
aaaaggatac
caagatattt
gcccgtgtaa
gtagataatt
aatacaatgc
ctgttattat
gttattctta
tacctgaaaa
tttagaggtt
aatgtatttg

tccggcegceta
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gtttagtatc
ttcatttagc
tgaataatca
ggtttgaaca
atctttattt
gagtttatac
gagctcgttt
cattagatat

ttgtgccaac

atgcgtataa
tacaaaaaga
ttggaactgt
tgagtgagtt
taagagagac
atgctgaatt
ttttgaaccc
agcaattatt
tacctttatt
atgcagatga
attatacaag
taaacaccag
aatatgtctc

atttatatgc

tgtgcataac
tccagatgat
aacgcgaaca
aagcaacacg
aagagtatct
tgctacaaat
ttcagatatt
aaatgtgaca

taatcttcca

tgtagtggct
atggacggag
ggctagtttt
acggaattta
agaaaaattc
gacagggatg
taaccgaaac
tctaaataga
tgcacaggca
atggggaatc
agagtactct
tttacacgat
tatctggtcg

aagtggtagt

1380

1440

1500

1560

1620

1680

1740

1800

1860

1872
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420

480
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600

660

720

780

840



tcaattggta
aattcccttt
tttatttctc
ggtgcaaggg
aatcaaaact
tggctggatg
gcatttcaga
tttttcectg
gatctaagaa
cctgctggat
gttcatgaaa
tcaccgatac
gaaaaatttg
tacacattta
agttccacta
actacaaata
aatgtagtgg
aatccacaat
<210> 5

<211>

<212>
<213>

ADN
<400> 5

atggaggtaa
gagatattta
acacgttttc
atcatttggg
ttaatacgac
ctttcggcaa

aatccagctt

3501

gtgtaccaga
tccaagttaa
tccctaatat
ttaattattg
ttaattgtag
caggttcaga
caactcaggg
attattttat
gaccactaca
cacgagctta
acggtactat
atgcaactca
gaaatcaggg
gagggaatgg
ttcgagttgg
atgatggagt
caagtgctaa

ttgagcttat

ataaccagaa
atgctaggaa
ttctagaagc
gcgctctagg
aagaaataac
gttatgatat

cacaagatag

gcggacccaa
ttcaaattat
tggtctacct
tggaggaata
cgcgggtecc
tcgacagggc
ccgaagttgt
ccgtaatatt
ttacaatgaa
tatggtatct
gattcatttg
agtgaatagt
tgattcctta
acatagttac
tctaaacggt
acttgataat
tactaatgta

gaatattatg

Bacillus thuringiensis

tcaatgtatc
ttccaatttc
cgctattcca
tgttgatcaa
aactgtggaa
atatattgag

agtggttgca

35801

acatatactt
gtattatctg
cctggcagta
tcatctggct
tctcctttat
gctaatacct
ggtgcttttg
tctggagttc
ataaggaata
gtgcataaca
gcgecggaag
caagctaatc
agggttgaac
aatctttatt
acagtttata
ggagctcgtt
ccattaaata

tttgtgccaa

ccctataact
caacttgttt
ggggctggtt
tggagtttat
agaaatagag
gcattaagag

cgttttcgtg

-87-

cacaagattg
gttatagtgg
ctacaactca
tcataggagt
caacaccatt
ctacaaattg
gagctcgtgg
ctttagttgt
tagaaagtcc
gaaaaaataa
attatacagg
aagcgcgaac
aaagcacctc
taagagtatc
ctgttcgaga
tttcagatat
taactatttc

ctaatcttcc

gtttgaataa
ctcaagtcag
ttgcactggg
ttcttgagca
caactcaagc
aatgggaaaa

caacagataa

gccattctta
tgctagtctt
agcattgctt
atctaatttc
tattagaagt
gcaaacagaa
taattcgaac
tagaaatgaa
tgcaggtaca
tatttatgcc
atttactata
atttatttct
aacggttcaa
ttcaatagga
tgttaatact
ttatatcggt
atttaacggc

accagtatat

tcctgaaagt
cgtgggactt
cctatttgat
gattgagcaa
attagtggga
tgatcctgat

ttctctaata

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

60

120

180

240

300

360

420



acagatatac
caagcagcga
ggattgacac
tattcagacc
acgagatatt
ttcccaaact
atttatacat
ttgagagccc
agaagtactc
ggaaatgaga
ataagaccta
gtctcgttta
atatttagtg
gaaattccaa
ggttttgttg
acgcaccgta
ttagtaaagg
ggtggggata
actgcaccac
caattccata
gagaataggg
actttttcag
gaagtttata
aatttaaaac
ttaaaaacag
tcggatgaat
cgactcagtg

ccagaccgtg

ctctattagc
atctccattt
cagtaaatat
attgtgtaag
tggacttcca
acgatatccg
ctccecgtegt
ctcatctggt
cacattgggc
tacgatttcc
caggatttac
gaagttcagg
ccctttecatt
ttgagggaac
cgtcatctcc
gtgcaaccct
ctttcaatct
tccttcgaag
tatcacaaag
catcaattaa
ggaatttaca
atgcaaacag
tagatcgaat
aagcacaaca
atgtgacgga
tttgtctgga
atgagcgcaa

gttggagagg

aatcccaaac
agctttgtta
tgaagattta
atggtataat
aagagattta
aacatatcca
tgcagatggt
ggactttttt
agggcatgaa
tttatatgga
tgatgagcaa
gcaagatttt
ctatagaaat
cgatccacta
attcatcagt
tacaaataca
tcattcaggt
aacgaatgtt
atatcgcgta
cggaagagcg
attcggagac
cacattcaca
tgaatttgtt
ggcggtgaat
ttatcaaatt
tgaaaagcga
tttacttcaa

aagtacagat

35801

tatgagatag
agagatgctg
tacacaagac
caaggcttga
acaatttctg
attccgacac
gtaaattggc
gatcgaataa
gtcatatcga
gtggctgcaa
cgacaatggt
agtttggtag
ggctttggat
actggatata
cagtatgcaa
attgctccag
gccacggttg
ggtagctttg
aggattcgtt
attaatcagg
ttcagaactg
ataggtgctt
ccggcagaag
gcgctgttta
gatcaagtgt
gaattgtccg
gattcaaact

attatcatcc

-88-

cgactttatc
tttactttgg
tcacgaggaa
atagtattgg
tcttagatat
aaagccaatt
ttttaagtat
tcatttatac
gaagaacagg
atacagaacc
atagagtact
atgcagtagg
ttaacacgga
gccaccgatt
gggttcctgt
atgtcattac
ttagaggacc
gagatatgcg
atgcttctac
caaattttcc
taggttttac
ggagcttctc
taacctttga
cttcttccaa
ccaatttagt
agaaagtcaa
ttagaggcat

aaggaggaga

agtctatgtt
agaaagatgg
tatccaacta
agcgacaaat
tgtcgccectt
aacaagggag
tgcgaatgta
taatacagtt
gcaaggacaa
accagttact
atcacgtatt
attccttact
tactattaat
atgccatgtt
attttcttgg
ccaaataccg
aggttttaca
tgtaaacatt
gacagattta
agcaactatt
tactccattt
ttcaggtaac
ggcagaatat
tcaaattggg
tgagtgttta
acatgcgaag
caatagacaa

tggcgtattc

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100



aaagagaatt
caaaaaatag
gaggatagtc
aatgtgccag
ggagagccga
agggatggag
tgtacagatc
ggtcatgcga
ctagctcgtg
gaaacaaata
caatatgata
gttcatagaa
ggcatttttg
aatgtcatta
gtagatgtag
gaagtgtccc
tacaaagagg
gaactgaaat
aatgattata
tatgacgaaa
gaaaaagcgt
gattacacac
gataagatat
ttactcctta
<210> ©

<211> 2346
<212> ADN
<213>

<220>

acgttacact
atgagtcgaa
aagatctaga
gatctggctce
atcgctgegce
aaaagtgtgc
taaatgagga
gactaggaaa
tgaaaagagc
ttgtttataa
gattacaagc
ttcgagaagc
aagaattaga
aaaacggcga
aagaacaaca
aagaagttcg
gatatggaga
tcagcaactg
ctgcgactca
cttatggaag
atacagatgg
cactaccagc
ggattgagat

tggaggaata

accgggtacc
attaaaagcc
aatctatttg
cttacggccg
gccacacctt
ccatcattcg
cctaggtgta
tctagagttt
ggagaaaaaa
agaggcaaaa
ggatacgaat
gtaﬁctgcca
gggacgtatt
ttttaataat
caaccaccgt
tgtctgtcca
gggcacagta
tgtagaagag
agaagaatac
caattcttcc
acgaagagag
tggttatgtg
cggagaaacg

g

Trinh ty nhén tao

35801

tttgatgagt
tatacccgtt
attcgttata
ctttcagccc
gaatggaatc
catcatttct
tgggtgatat
ctcgaagaga
tggagagaca
gaatctgtag
atcgcgatga
gagttatctg
ttcacagcct
ggtttatcgt
tcggtccttg
ggtcgtggcet
acaatccatg
gaagtctatc
gggggtgcat
gtatcagcag
aatccttgtg
acaaaagaat

gaaggaacat

-890-

gctatccaac
atcaattaag
atgcaaagca
aaaatccaat
ctgacttaga
ccttagacat
tcaagattaa
aaccactatt
aacgagaaaa
atgctttatt
ttcatgcggc
taattccggg
actctcaata
gctggaacgt
ttgtcccgga
atatcctgcg
agatcgaaga
caaacaacac
acacttcccg
attatgcgtc
aatttaacag
tagagtactt

tcatcgtgga

gtatttatat
agggtatatc
tgaaacagta
tggaaagtgc
ttgttcgtgt
tgatgttgga
gacgcaagat
aggggaagca
attggaattg
tgtaaactct
agataaacgc
tgtaaatgcg
tgatgcgaga
gaaagggcat
atgggaagca
tgttacagcg
tcatacagat
ggtaacgtgt
taatcgtgga
agtctatgaa
aggatatggg
cccagaaacc

cagcgtggaa

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3501



<223>

<400> 6
atgaacccat

aggatgccga
aacaaccact
tccggcatcce
ggcgtcacgc
accggcgacg
tacaggtccg
atgttcttca
gccttcacga
aggaggggct
ctcctgcectca
aagtccgtca
cactggtaca
ttcaacgcgt
acctacgacc
acgaacccaa
atggagaacc
accttctacc
ctctccaacg
atgcagaaca
aggtcctacg
ggcaccagca
accgcgttec
ctgttccagg
cacgcatgga
cagatcccgg

ggcgagaaca

accagaacaa
actgctactc
acaaggactg
tgaccagcat
cgatcgtgat
atctcctggce
cagcaacggg
agcagtggga
ccgtcaacac
tcgagaccct
gggatgccgt
acctcacgat
acgatggcct
accgcaggga
caatcatcta
tcatcccacc
tgatcatctc
acgatccgca
gcacgatcag
tcgacgtgtt
gcggcgtgca
tcctctacaa
tcccaggcga
tcatgacgac
cccacaggag
ccgtgaaggc

tgatgaagct

B6 ba md hbéa BT-0049 duoc

gaacgaccac
ccgctaccca
gctgaacaag
cggcatgttc
caacatcatc
acacaccgag
cgcaatctac
gaggaaccgc
gctctgcatc
cctgctccca
gatctacagg
cctgaggaac
caacaggttc
tatgaccctc
cccgaaggcg
aaggggcttc
cggctgccca
caacatctcc
gaccagcggce
ccgcgtcaac
caggtccgac
cgtgccgcectg
cagcggcctg
ctacaggtcc
cctgaggagg
gatcaacacg

cgataacctg

35801

t6i uwu hoa.

gagatcctca
ctcagcaacg
tacgagaaca
aacaaggtgc
ctcgatatgg
cagctcatcc
ggcatcagcc
accccacaga
accgcactgg
aactacgcac
aactcctggc
gccatcagcg
gcccgctcecca
tccgtgctgg
acgaacatcg
ccaaggacga
agcttcctca
cgcgacttct
gcactggcag
atgacgaccc
ttcatcggcg
gatacgacca
gagccaaacg
aacccaaacg
aggaacggct
tccgacgata

acgaccagcc

-90-

acgccaccca
atccgcagat
tcaccacgac
tgatgctcac
tcaggctgat
agcagacgct
gcgcgtacga
acggccagca
caccacaggc
tcgcagcgaa
tgccgagcaa
agtaccgcaa
gcttcaacga
acttcatcac
agctcacccg
acccaccaac
accagctgag
gggccggcaa
gcaggaggat
acgacatcga
tcaacatcca
ggttcatgac
agaggaacta
caaggagggc
tccgcgcaga
gcgeggtggt

tctcctacaa

gaacaactgc
ctcctgccag
ctccagcectce
cggcgtgctce
cgacatgggc
ggcagcacag
gaactacctg
ggtggagtcc
actcctgagce
cttccacctg
cgtgtccatc
ccactgcaac
ctgggtgagg
ggtcttcccg
catcgtctac
cttcaaccag
gatctacacg
ccagaacttc
cgatttcagc
ttccctcage
gaacaaccag
gaggaacgag
cacgcaccgc
agcgttcctc
ccagatcatc
ctccaacgtc

gctgaccgca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



gaggactccg
aacaacaagc
accatgcaga
ttcgcctcca
aacgcggatt
aagcagacgc
tacgacgcct
aacgatgcgt
aaccagaacg
aacacgtacc
agcgactaca
aacaacgaca
aagtga
<210> 7
<211>

<212>
<213>

ADN
<220>
<223>

<400> 7
atgaaccgca

agcgaggata
aactacaagg
aacctctccg
ctgtccttct
aacagcctct
gagctgatcg
ggcctccaga
aacggcgcaa

cagttcatgc

3510

aggcaagcaa
tgaacctcat
acggcggceag
acttcaagat
tcatcctcga
aggattgcaa
acgagccaaa
acgacgaggg
ccgataacac
agccgagcta
acaacactta

acccaaacaa

acaaccagaa
tcgtgaagta
agtacctgca
tcagcggcaa
tcggcttceccece
ggccagacga
atcagaagat
acaactacaa

gggcagcact

catccttcgg

cacgcgcttc
cctgaacggc
cctcacggac
cggcagccag
caagatcgag
caactacaac
cgcgagcgac
cgacgataac
ctacgaccag
cgacaacggc
taaccagaac

cggctgcacc

Trinh ty nhdn tao

B6 ba md& hdéa BT-0063 dugc

cgagtacgag
cccgctgacc
gatgcacggc
ggacgtgatc
gttctccagc
tgagaacagc
ctccaccctc
cctctacgtg
cgtgtcccag

ctccggcagce

35801

atcgtgagga
acccagatcg
ctgcagtacg
tccatcatcg
ctgatcccag
caggacacga
tcctacgatt
acctacaacc
agctacaaca
tacgagcaga
acgaacaaca

tgcaagcagt

tdi wu hoéa.

gtcatcgacg
gacgatccaa
ggcgactaca
caggtcggca
cagtgggtga
gtctgggacg
gtgaagggca
gaggccctgg
cgcttctaca

ggctcccaga

-01-

tccgctacge
cgtccctcaa
agaacttcaa
gcatcttcaa
tggatttcat
tctacacctg
ccgtctacca
agaactacaa
actacgatcc
acaactacga
tgtacaacca

gctacaacca

caccacactg
acgcgggcect
ccgatccgcet
tcaacatcgt
ccgtctactce
ccttcatgga
acgcgctcga
atgagtggct
tcctggacag

actacgccac

ctccatgaac
cgtcgagggc
gtacgccgcg
ggagaccagc
cccgctgcetce
caaccagggc
cccggacgcece
ctccatgtac
aaacatggag
ttccgacgat
ggagtacaac

gaactacccg

cggctgccca
ccagaacatg
gatcaaccca
gggccgcectce
ctacctcctg
gagggtggag
caacctgacg
caacaggcca
cctcttcacc

gatcctcctg

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2346

60

120

180

240

300

360

420

480

540

600



gcagtctacg
ggcgcacgct
ctcacccaga
aggggcacga
accgccatgg
gcaaacccac
aggccatccg
acgttcagcc
gcactcggca
tggatcggcc
tacggcacgg
cagatcaaca
agggcccagt
ctggcgcagt
ccaaccgtgc
cagctcaaca
agcgtcgacc
gcattcgagc
gtgatcagga
ctcacccaga
gtcacgaggg
caggagtccc
cagagccagg
ctcgaccgca
gcagcgaaga
gtcaccgact
tacggccacg

gagaggaacc

cacaggcagc
ggggcctgaa
cgtacaccaa
gcgtggagte
atctggtggc
agctgacgag
gcgcattctg
agctcgagaa
tctacaccgg
acttcatccg
tcaacaaccg
gcatctccag
tctactacgg
gccaccagaa
gcagctactc
acccggtcat
tgaacaacac
tctccgacgg
ggacgaacca
ggtacaggat
gcggcaccac
gctacgagag
acatcatcag
tcgagatcat
aggcagtggce
accaggtcga
ataagaagat

tcctgcagga

aaacctccac
ccagacccag
ccactgcgtce
ctggctcaag
gctcttceceg
ggaggtctac
cgagagcttc
cgcgatcatc
cgaggcaagg
caacacgagg
cctcaccaac
caacctcgca
ctccggcatc
ctacaacagc
ccacaggctg
cagcgccggce
gatcacctcc
cgcaacgatc
gggcggcette
ccgcttcagg
gatcaacaac
ctacaggacc
gacgtccatc
cccggtgaac
atccctgttce
tcaggccgcg
gctcctggag

cccagatttc

35801

ctcctgctcecc
atcgatcagt
accgcataca
taccaccagt
tactacaacg
accgacccaa
tacaccatca
cgcccgcecaa
ctgaacgcaa
ctgggcgact
ttcatcccge
gcaatcctgg
atctggagct
atcgaggagc
agccacatca
aacatgccag
gataggatca
gtcaagggcc
ggcagcatcc
tacgccagca
ttccgcttca
gtggagttca
cagggcctga
ccaaccaggg
acgaggacca
aacctggtga
gccgtccecgeg

aacgccatca

-02-

tgaaggacgt
tccacagcag
acgacggcct
accgcaggga
tgcgccagta
tcgtgttcaa
gggcagcaag
ggctgttcga
acagcgcgcce
ccaccacgat
caaccacgtc
gcacgctcta
acgtcggcca
tcccgaacca
cgtccttcaa
tctacgtgtg
cgcagctgcc
caggcttcac
gcgtgtcegt
ccatcgactt
cgaggaccat
ccacgccatt
gcggcaacgg
aggcagagga
gggacggcct
gctgcctctc
cagcaaagag

actccaccga

ggagatctac
gcagcagtcc
ggcagagctc
gatgacggtc
cccaaacggc
cctcccagag
ggagaggctg
gcgcttccag
gatgaactac
caccacgaac
cgatgtgtac
cggcgtcacc
gaactccgtg
gtccgacgag
cttcaacgtc
gacccaccgc
agcagtgaag
cggcggcgat
cacgggccca
cgatttcttc
gaacagcggc
caacttcacc
cgaggtctac
ggatctggag
ccaggtgaac
cgacgagcag
gctcagcagg

ggagaacggc

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680
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1860

1920

1980

2040

2100

2160

2220

2280



tggaaggcgt
ctccagctgg
tccgtgctga
ctggagatcg
ctcgtctcecceg
caccaggtgg
cagacccacg
ggcatctggg
gagctggtgg
gcagagtgga
gcgaagcagg
atcggcctca
agcgataccg
aggctccagc
gatagcggcc
atgcacttcc
ccgaactgca
gtgacgatca
gatgtcaacg
ccggagacga
agcatcgagt
<210> 8

<211> 1872
<212> ADN
<213>

<220>
<223>

<400> 8

ccaacggcgt
caagcgcaag
agccatacac
atctcatcca
acacctacag
acatgcagct
agttctccag
tggtcctgaa
aggtcggccc
acgcaggcct
ccatcaacca
ccgagatcaa
tgctccagat
aggcatccaa
tcgatggctg
tcgtgctgtc
agtatgtgct
gggatggcgce
gcacctacgt
agcacatgtg

tcatcgagac

gacgatcagc
ggagaactac
gcgctacagg
ccaccacaag
cgatggcagc
ggatgccgag
ctacatcaac
ggtgaggacc
actgagcggc
gggccgcaag
cctcttcgtg
cgaggtctcc
cccaggcatc
cctgtacacc
gaacgcaacc
ccactgggac
cagggtgacc
ccaccaccag
ggacgataac
ggtggaggtc

ccaggagtga

Trinh ty nhén tao

35801

gagggcggcec
ccgacctaca
ctcgacggct
gtgcacctgg
tgctccggcea
caccacccga
acgggcgacc
acggatggct
gagtccctcg
aggacggaga
gactaccagg
aacctggtgg
aactacgaga
agcaggaacg
acggacacgt
gcacaggtca
gcaaggaagg
aagacgctca
acgtacatca

agcgagtccg

B6 ba ma hoéa BT-0064 duoc tdi uu hoa.

cattcttcaa
tctaccagaa
tcgtgaagtc
tcaagaacgt
tcaaccgctg
tggactgctg
tcaactccag
acgcgaccct
agcacgagaa
ccgacagggt
atcagcagct
agagcatcac
tctacaagga
cggtgcagaa
ccgtccagca
gccagcagct
tcggcggegg
ccttcaacgc
ccaaggacgt

agggctcctt

gggcagggca
ggtcgatgcg
cagccagaac
gccggacaac
cgacgagcag
cgaggcagca
cgtcgatcag
cggcaacctc
gcgcaagaac
ctaccaggcc
gaacccggag
ggacgtctac
gctgtccgac
cggcgacttc
ggatggcaac
gagggtgcac
cgacggctac
gtgcgactac
gatcttctac

ctacatcgat

atgaacaaca ttctcaacaa cgagcgcacc acgatctgcg acgcccacaa cgtggtcgcg

cacgatccgt tctccttcga gcacaagagc gtcgacacga tccagaagga gtggacggag

-03-

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3510

60

120



tggaagagga
ctgctcaaga
atcttcccgt
atcaaccagc
caggcaaacg
gcggtcccac
ctccecgcecagt
gcgaacatgc
agcccggcga
aactactgca
atgctggagt
ctgttcaagt
acggtcggceg
caggtcaact
ctcaacagct
agcggcaacc
cagctgccat
aacgagtact
accctgggcg
ggctggttca
gagggccage
aggaagaaca
tacacgggct
atcatcagcg
acggcaaggt
agcatcggca
gtgaacacca

aacatcggca

ccgatcactc
aggtcggcectc
ccggcagcac
gcctcaacgc
tccgcgagtt
tgtccatcac
tccagatcca
acctctcctt
tgctccgcecac
tcaacacgta
tccgcacgta
accagtccct
caaaccagag
ccaactacat
tcgtgatcac
tcggcccage
accgcacctc
tcaccggcegce
cagcgaactc
ggaacgagga
caggcgtcgg
acatcgtggc
tcaccatctc
agaagttcgg
acaccctgag
acagcacgat
cgaccaacaa

acgtggtcgc

cctctacgtc
cctgatcggc
gaacctcatg
cgataccctg
caaccagcag
gtccagcgtg
gggctacgag
catcagggac
gtacagggat
caggaccgag
catgttcctc
gctcgtgacc
cttcacggcg
cctgaccggc
cctgctcgcece
cgcgaactac
ctacctcgac
cttcctggceca
cttcccgaac
cctcgagagg
cggcggcage
ccacgagaac
cccaatccac
caaccagggc
gggcaacggce
ccgcgtgacc
cgacggcgtg

cagcgcgaac

35801

agcccaatcg
aagcgcatcc
caggacatcc
gcgaggatca
gtggacaact
aacaccatgc
ctgctcctgce
gtgatcctga
cacctgaagc
ttcgagggcce
aacgtgttcg
agcggcgcca
aggaactggc
ttcagcggceg
gcgaggatcc
aacgtgtcct
agcttcatcc
ctcatcctgc
tacagcatcc
ccgctgcact
cgcatctcca
ggcacgatga
gccacccagg
gatagcctca
aactcctaca
atcaacggca
ctcgataacg

acgaacgtcc

-94-

tgggcaccgt
tcagcgagct
tgagggcgac
acgtggagct
tcctcaaccc
agcagatctt
tcccactctt
acgccgacga
gctacaccaa
tgaacgtccc
aatacgtgtc
acctctacgt
cgttcctgaa
caaggttcca
actacatggg
gcaacctctc
tgcgcgatgg
catgcggcgt
gcaacatctc
tcaacgagat
gcctcgtgtce
tccacctgge
tgaacaacca
ggttcgagca
acctctacct
gggtctacac
gcgcgaggtt

cgctggatat

cgcaagcctc
gtggggcctce
cgagcagttc
ggtcggcctce
gaacaggaac
cctgaaccgc
cgcacaggca
gtgggatatc
cgagtacagc
actcaaggac
catctggagc
gtccggcacc
caccctcttc
gtccacgctg
cggcgtctcc
cagcccgatce
caacaggacg
cacgggccca
cggcgcagtg
caggaacatc
cgtccacaac
gccggacgat
gacgcgcacc
gtccaacacc
gcgcgtctcecce
ggccaccaac
ctccgacatc

caacgtgacg

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



35801

ttcaacgcca acaccccgtt cgagctcatg aacatcatgt tcgtcccaac caacctgccg

ccagtgtact

<210> 9
<211>
<212>
<213>

ADN
<220>
<223>

<400> 9
atggacagcg

ctcgatccgt
tggaagaaga
ctcctgaaga
atcttccegt
ctgaaccagc
caggcgaacg
gccgtcecccac
ctcccgecagt
gcgaacctcc
agcgcagcaa
aactactgca
atgctggagt
ctgttcaagt
agcatcggcet
aacagcctct
ttcatctccc
ggcgcaaggg
aaccagaact
tggctggacg

gcattccaga

1923

ga

tgctcaactc
tcagcttcca
acaaccactc
aggtcggctc
ccggcagcac
gcctcaacac
tcgacgagtt
tgtccatcac
tccagatgca
acctgtcctt
cgctccgcac
tcaacaccta
tcaggaccta
accagtccct
ccgtgccgga
tccaggtcaa
tgccaaacat
tcaactactg
tcaactgcag
caggctccga

cgacccaggg

Trinh ty nhédn tao

B6 ba md hdéa BT-0086 dugc

cggccgcatc
gcacaagtcc
cctctacgtc
cctgatcggc
gaacctcatg
cgatacgctc
caaccgccag
gtccagcgtg
gggctaccag
catccgcgac
ctacagggac
ccagtccgceg
catgttcctc
cctggtctcc
gcgcacccag
ctccaactac
cggcctgcca
cggcggcatc
cgcaggccca

taggcagggc

caggtcctgc

t81 uwu hoéa.

accaacaggg
ctggacacga
gatccaatcg
aagcgcatcc
caggacatcc
gcaagggtca
gtggataact
aacaccatgc
ctcctgctcecce
gtgatcctca
tacctgaaga
ttccgecggcece
aacgtcttcg
agcggcgcaa
acgtacacca
gtgctctccg
ccaggcagca
tccagcggcet
agcccactct
gcaaacacga

ggcgcattcg

-05-

acgcgtacaa
tccagaagga
tgggcaccgt
tcagcgagct
tgcgcgagac
acgcagagct
tcctcaaccc
agcagctctt
tgccactgtt
acgcagatga
actacacgag
tgaacacgag
aatacgtgtc
acctgtacgc
gccaggactg
gctacagcgg
ccacgaccca
tcatcggcgt
ccacgccgtt

gcaccaactg

gcgcgagggg

cgtggtcgcc
gtggaccgag
cgccagcttce
gaggaacctc
cgagaagttc
gaccggcatg
gaacaggaac
cctgaacagg
cgcacaggca
gtggggcatc
ggagtacagc
cctccacgat
catctggagc
aagcggctcc
gccattcctg
cgcatccctc
ggcactcctg
gtccaacttc
catcaggagc
gcagaccgag

caacagcaac

1860

1872

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



ttcttcecegg
gatctccgca
ccagcaggca
gtccacgaga
tccccaatcce
gagaagttcg
tacacgttca
tccagcacca
accacgaaca
aacgtggtcg
aacccgcagt
tga

<210> 10
<211>

<212>
<213>

ADN
<220>
<223>

<400> 10
atggaggtga

gagatcttca
accaggttcc
atcatctggg
ctcatccgcc
ctctccgceca
aacccagcaa
accgatatcc
caggcagcaa
ggcctgacgc

tacagcgacc

3501

actacttcat
ggccgctgea
gcagggcata
acggcaccat
acgcgacgca
gcaaccaggg
ggggcaacgg
tcagggtggg
acgatggcgt
ccagcgcgaa

tcgagctcat

acaaccagaa
acgcccgcaa
tcctggaggce
gcgcactggg
aggagatcac
gctacgatat
gccaggacag
cgctcctggce
acctgcacct
cagtcaacat

actgcgtgag

ccgcaacatc
ctacaacgag
catggtgtcc
gatccacctc
ggtgaacagc
cgatagcctg
ccactcctac
cctcaacggc
cctggataac
cacgaacgtg

gaacatcatg

Trinh ty nhan tao

B6 ba md hbéa BT-0498 dugc

ccagtgcatc
ctccaacttc
agcaatccca
cgtggatcag
cacggtggag
ctacatcgag
ggtggtcgca
catcccaaac
cgcactcctg
cgaggatctc

gtggtacaac

35801

tccggegtge
atccgcaaca
gtccacaaca
gccecggagg
caggccaacc
agggtcgagc
aacctctacc
acggtgtaca
ggcgccaggt
ccactcaaca

ttcgtcccaa

t8i wu hoa.

ccgtacaact
cagctggtct
ggcgcaggct
tggagcctgt
cgcaacaggg
gcactcaggg
cgcttcaggg
tacgagatcg
agggacgcag
tacacgcgcc

cagggcctga

-06-

cactcgtggt
tcgagagccc
ggaagaacaa
actacacggg
aggcgaggac
agtccacgag
tgcgecgtctce
ccgtccgcega
tctccgatat
tcaccatcag

ccaacctgcc

gcctgaacaa
cccaggtgag
tcgcgetggg
tcctcgagca
caacccaggc
agtgggagaa
caacggacaa
caaccctctc
tgtacttcgg
tgaccaggaa

actccatcgg

caggaacgag
agcaggcacg
catctacgcg
cttcaccatc
cttcatctcc
caccgtgcag
cagcatcggc
cgtgaacacg
ctacatcggc
cttcaacggc

gccagtgtac

cccagagagc
cgtcggcectce
cctcttcgac
gatcgagcag
actggtcggc

cgacccggat

ctcecctgatc

cgtctacgtg
cgagcgcetgg
catccagctc

cgccaccaac

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1923

60

120

180

240

300

360

420

480

540

600

660



acgcgctacc
ttcccaaact
atctacacct
ctgagggcac
aggagcaccc
ggcaacgaga
atcaggccaa
gtcagcttca
atcttctccg
gagatcccga
ggcttcgtcg
acccacagga
ctggtcaagg
ggcggcgaca
accgcaccac
cagttccaca
gagaaccgcg
acgttctccg
gaggtctaca
aacctcaagc
ctcaagacgg
tccgacgagt
aggctcagcg
ccagacaggg
aaggagaact
cagaagatcg
gaggactccc

aacgtcccag

tcgacttcca
acgatatccg
ccccagtggt
cacacctcgt
cacactgggc
tcaggttccce
cgggcttcac
ggtccagcgg
cgctcagctt
tcgagggcac
catccagccc
gcgcaaccct
ccttcaacct
tcctcaggag
tgtcccagag
cctccatcaa
gcaacctgca
acgccaacag
tcgatcgcat
aggcccagca
acgtcaccga
tctgcctgga
acgagcgcaa
gctggagggg
acgtcacgct
atgagagcaa
aggatctcga

gctccggcag

gagggatctc
cacgtacccg
cgcagacggc
cgacttcttc
aggccacgag
gctctacggc
cgacgagcag
ccaggaéttc
ctaccgcaac
ggatccactg
gttcatctcc
gacgaacacc
ccactccggc
gacgaacgtg
gtacagggtg
cggcagggcg
gttcggcgat
cacgttcacc
cgagttcgtg
ggcggtgaac
ttaccagatc
tgagaagcgc
cctcctgcag
ctccaccgac
gccgggcace
gctgaaggcc
gatctacctg

cctgaggcca

35801

accatcagcg
atcccaaccc
gtcaactggc
gatcgcatca
gtcatctcca
gtggcagcaa
cgccagtggt
agcctcgtgg
ggcttcggct
accggctaca
cagtacgcgc
atcgcaccag
gcaacggtgg
ggcagcttcg
cgcatcecgcet
atcaaccagg
ttcaggaccg
atcggcgcgt
ccagcagagg
gccctgttca
gaccaggtga
gagctcagcg
gattccaact
atcatcatcc
ttcgacgagt
tacacgaggt
atcaggtaca

ctcagcgcac

-97-

tgctggacat
agagccagct
tcctgtccat
tcatctacac
ggaggacggg
acacggagcc
acagggtgcect
atgccgtcgg
tcaacaccga
gccacaggct
gcgtgccagt
acgtgatcac
tcaggggccc
gcgatatgcg
acgcgagcac
ccaacttccc
tgggcttcac
ggagcttctc
tcaccttcga
cgtccagcaa
gcaacctcgt
agaaggtgaa
tcaggggcat
agggcggcega
gctacccaac
accagctccg
acgcgaagca

agaacccaat

cgtcgcgcetce
gacgagggag
cgcaaacgtg
caacacggtg
ccagggccag
accagtcacc
gtcccgceatece
cttcctgacc
cacgatcaac
ctgccacgtg
cttctcctgg
gcagatccca
aggcttcacc
cgtcaacatc
cacggacctc
ggcgacgatc
cacgccattc
cagcggcaac
ggcagagtac
ccagatcggc
cgagtgcctg
gcacgccaag
caacaggcag
tggcgtgttc
ctacctctac
cggctacatc
cgagaccgtg

cggcaagtgc

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



ggcgagccaa
agggatggcg
tgcaccgacc
ggccacgcaa
ctcgcaaggg
gagaccaaca
cagtacgaca
gtgcaccgca
ggcatcttcg
aacgtgatca
gtggacgtcg
gaggtctccc
tacaaggagg
gagctcaagt
aacgattaca
tacgacgaga
gagaaggcat
gactacaccc
gataagatct
ctcctgctca
<210>
<211>

<212>
<213>

11
2346
ADN

<220>
<223>
bién

<400> 11

acaggtgcgc
agaagtgcgc
tcaacgagga
ggctgggcaa
tgaagagggc
tcgtctacaa
ggctccaggce
tcagggaggce
aggagctcga
agaacggcga
aggagcagca
aggaggtgag
gctacggcga
tcagcaactg
cggcaaccca
cgtacggctc
acaccgacgg
cactgccagc
ggatcgagat

tggaggagtg

accacacctg
acaccactcc
tctgggcgtyg
cctcgagttc
ggagaagaag
ggaggccaag
cgatacgaac
ctacctcccg
gggccgcatce
tttcaacaac
caaccacagg
ggtctgccca
gggcacggtc
cgtggaggag
ggaggagtac
caactccagc
caggagggag
aggctacgtg
cggcgagacg

a

Trinh ty nhan tao

35801

gagtggaacc
caccacttca
tgggtcatct
ctggaggaga
tggcgcgata
gagagcgtgg
atcgcgatga
gagctgagcg
ttcaccgcecct
ggcctgtcct
agcgtgctcg
ggcaggggct
accatccacg
gaggtctacc
ggcggcgceat
gtgagcgcegg
aacccatgcg
acgaaggagc

gagggcacct

cagacctcga
gcctggacat
tcaagatcaa
agccactcct
agagggagaa
acgcgctgtt
tccacgccge
tgatcccagg
acagccagta
gctggaacgt
tggtcccaga
acatcctgag
agatcgagga
cgaacaacac
acacctccag
attacgcctc
agttcaacag
tcgagtactt

tcatcgtgga

ttgctcctgce
cgatgtgggc
gacgcaggac
gggcgaggca
gctggagctc
cgtcaactcc
ggataagcgc
cgtcaacgca
cgacgcgagg
caagggccac
gtgggaggca
ggtgaccgca
ccacacggat
ggtgacctgc
gaacaggggc
cgtctacgag
gggctacggc
cccagagacce

ctccgtcgag

atgaacccat accagaacaa gaacgaccac gagatcctca acgccaccca gaacaactgc

aggatgccga actgctactc ccgctaccca ctcagcaacg atccgcagat ctcctgcecag

-08-

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3501

Trinh tu dugc tdéi uu hdéda bd ba md hdéa md hda cho protein BT-0049 dot

60

120



aacaaccact
tccggcecatcce
ggcgtcacgce
accggcgacg
tacaggtccg
atgttcttca
gccttcacga
aggaggggct
ctcctgcectcea
aagtccgtca
cactggtaca
ttcaacgcgt
acctacgacc
acgaacccaa
atggagaacc
accttctacc
ctctccaacg
atgcagaaca
aggtcctacg
ggcaccagca
accgcgttece
ctgttccagg
cacgcatgga
cagatcccgg
ggcgagaaca
gaggactccg
aacaacaagc

accatgcaga

acaaggactg
tgaccagcat
cgatcgtcat
atctcctggce
cagcaacggg
agcagtggga
ccgtcaacac
tcgagaccct
gggatgccgt
acctcacgat
acgatggcct
accgcaggga
caatcatcta
tcatcccacc
tgatcatctc
acgatccgca
gcacgatcag
tcgacgtgtt
gcggcgtgcea
tcctctacaa
tcccaggcga
tcatgacgac
cccacaggag
ccgtgaaggc
tgatgaagct
aggcaagcaa

tgaacctcat

acggcggcag

gctgaacaag
cggcatgttc
aaacatcatc
acacaccgag
cgcaatctac
gaggaaccgc
gctctgcatc
cctgctccca
gatctacagg
cctgaggaac
caacaggttc
tatgaccctc
cccgaaggca
aaggggcttc
cggctgccca
caacatctcc
gaccagcggc
ccgcgtcaac
caggtccgac
cgtgccgcetg
cagcggcctg
ctacaggtcc
cctgaggagg
aatcaacacg
cgataacctg
cacgcgcttc
cctgaacggc

cctcacggac

35801

tacgagaaca
aacaaggtgc
ctcgatatgg
cagctcatcc
ggcatcagcc
accccacaga
accgcactgg
aactacgcac
aactcctggce
gccatcagcg
gcccgctcca
tccgtgcetgg
accaacatcg
ccaaggacga
agcttcctca
cgcgacttct
gcactggcag
atgacgaccc
ttcatcggcg
gatacgacca
gagccaaacg
aacccaaacg
aggaacggct
tccgacgata
acgaccagcc
atcgtgagga
acccagatcg

ctgcagtacg

-90-

tcaccacgac
tgatgctcac
tcaggctgat
agcagacgct
gcgcgtacga
acggccagca
caccacaggc
tcgcagcgaa
tgccgagcaa
agtaccgcaa
gcttcaacga
acttcatcac
agctcacccg
acccaccaac
accagctgag
gggccggceaa
gcaggaggat
acgacatcga
tcaacatcca
ggttcatgac
agaggaacta
caaggagggc
tccgcgcaga
gcgcggtggt
tctcctacaa
tccgctacge
cgtccctcaa

agaacttcaa

ctccagcctce
cggcgtgcete
cgacatgggc
ggcagcacag
gaactacctg
ggtggagtce
actcctgagce
cttccacctg
cgtgtcaatc
ccactgcaac
ctgggtgagg
ggtcttcccg
catcgtctac
cttcaaccag
gatctacacg
ccagaacttc
cgatttcagc
ttccectcagce
gaacaaccag
gaggaacgag
cacgcaccgc
agcgttcctc
ccagatcatc
ctccaacgtc
gctgaccgca
ctccatgaac
cgtcgagggce

gtacgccgceg

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



ttcgcctceca
aacgcggatt
aagcagacgc
tacgacgcct
aacgatgcgt
aaccagaacg
aacacgtacc
agcgactaca
aacaacgaca
aagtga
<210>

<211>

<212>
<213>

12
3510
ADN

<220>
<223>
bién

<400> 12
atgaaccgca

agcgaggata
aactacaagg
aacctctccg
ctgtccttcet
aacagcctct
gagctgatcg
ggcctccaga
aacggcgcaa
cagttcatgc
gcagtctacg
ggcgcacgct

ctcacccaga

acttcaagat
tcatcctcga
aggattgcaa
acgagccaaa
acgacgaggg
ccgataacac
agccgagcta
acaacactta

acccaaacaa

acaaccagaa
tcgtgaagta
agtacctgca
tcagcggcaa
tcggcttccce
ggccagacga
atcagaagat
acaactacaa
gggcagcact
catccttcgg
cacaggcagc

ggggcctgaa

cgtacaccaa

cggcagccag
caagatcgag
caactacaac
cgcgagcgac
cgacgataac
ctacgaccag
cgacaacggc
taaccagaac

cggctgcacc

Trinh tuyu nhédn tao

cgagtacgag
cccgctgacc
gatgcacggc
ggacgtgatc
gttctccagce
tgagaacagc
ctccaccctc
cctctacgtg
cgtgtcccag
ctccggcagc
aaacctccac
ccagacccag

ccactgcgtc

35801

tccatcatcg
ctgatcccag
caggacacgc
tcctacgatt
acctacaacc
agctacaaca
tacgagcaga
acgaacaaca

tgcaagcagt

gtcatcgacg
gacgatccaa
ggcgactaca
caggtcggaa
cagtgggtga
gtctgggacg
gtgaagggca
gaggccctgg
cgcttctaca
ggctcccaga
ctcctgctcecce
atcgatcagt

accgcataca

-100-

gcatcttcaa
tggatttcct
tctacacctg
ccgtctacca
agaactacaa
actacgatcc
acaactacga
tgtacaacca

gctacaacca

caccacactg
acgcgggcect
ccgatccgct
tcaacatcgt
ccgtctactc
ccttcatgga
acgcgctcga
atgagtggct
tcctggacag
actacgccac
tgaaggacgt
tccacagcag

acgacggcct

ggagaccagc
ccecgcetgete
caaccagggc
cccggacgcec
ctccatgtac
aaacatggag
ttccgacgat
ggaatacaac

gaactacccg

cggctgccca
ccagaacatg
gatcaaccca
gggccgcectce
ctacctcctg
gagggtggag
caacctgacg
caacaggcca
cctcttcacc
gatcctcctg
ggagatctac
gcagcagtcc

ggcagagctc

1860

1920

1980

2040

2100

2160

2220

2280

2340

2346

Trinh tu duoc téi uu hda bd ba md hdéa m& hda cho protein BT-0063 dot

60

120

180

240

300

360

420

480

540

600

660

720

780



aggggcacga
accgccatgg
gcaaacccac
aggccatccg
acgttcagcc
gcactcggca
tggatcggcc
tacggcacgg
cagatcaaca
agggcccagt
ctggcgcagt
ccaaccgtgc
cagctcaaca
agcgtcgacc
gcattcgagc
gtgatcagga
ctcacccaga
gtcacgaggg
caggagtccc
cagagccagg
ctcgaccgca
gcagcgaaga
gtcaccgact
tacggccacg
gagaggaacc
tggaaggcgt
ctccagctgg

tccgtgcectga

gcgtggagtc
atctggtggc
agctgacgag
gcgcattctg
agctcgagaa
tctacaccgg
acttcatccg
tcaacaaccg
gcatctccag
tctactacgg
gccaccagaa
gcagctactc
acccggtcat
tgaacaacac
tctccgacgg
ggacgaacca
ggtacaggat
gcggcaccac
gctacgagag
acatcatcag
tcgagatcat
aggcagtggc
accaggtcga
ataagaagat
tcctgcagga
ccaacggcgt
caagcgcaag

agccatacac

ctggctcaag
gctcttccca
ggaggtctac
cgagagcttc
cgcgatcatc
cgaggcaagg
caacacgagg
cctcaccaac
caacctcgca
ctccggceatce
ctacaacagc
ccacaggctg
cagcgccggce
gatcacctcc
cgcaacgatc
gggcggcette
ccgcttcagg
gatcaacaac
ctacaggacc
gacgtccatc
cccggtgaac
atccctgttc
tcaggccgcg
gctcctggag
cccagatttc
gacgatcagc
ggagaactac

gcgctacagg

35801

taccaccagt
tactacaacg
accgacccaa
tacaccatca
cgcccgccaa
ctgaacgcaa
ctgggcgact
ttcatcccgce
gcaatcctgg
atctggagct
atcgaggagc
agccacatca
aacatgccag
gataggatca
gtcaagggcc
ggcagcatcc
tacgccagca
ttccgcecttca
gtggagttca
cagggcctga
ccaaccaggg
acgaggacca
aacctggtga
gccgtceccecgeg
aacgcaatca
gagggcggcec
ccgacctaca

ctcgacggcet

-101-

accgcaggga
tgcgccagta
tcgtgttcaa
gggcagcaag
ggctgttcga
acagcgcgcec
ccaccacgat
caaccacgtc
gcacgctcta
acgtcggcca
tcccgaacca
cgtccttcaa
tctacgtgtg
cgcagctgcc
caggcttcac
gcgtgtccgt
ccatcgactt
cgaggaccat
ccacgccatt
gcggcaacgg
aggcagagga
gggacggcct
gctgcctctce
cagcaaagag
actccaccga
cattcttcaa
tctaccagaa

tcgtgaagtce

gatgacggtc
cccaaacggc
cctcccagag
ggagaggctg
gcgcttccag
gatgaactac
caccacgaac
cgatgtgtac
cggcgtcacc
gaactccgtg
gtccgacgag
cttcaacgtc
gacccaccgc
agcagtgaag
cggcggcgat
cacgggccca
cgatttcttc
gaacagcggc
caacttcacc
cgaggtctac
ggatctggag
ccaggtgaac
cgacgagcag
gctcagcagg
ggagaacggc
gggcagggca
ggtcgatgcg

cagccagaac

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460



ctggagatcg
ctcgtctccg
caccaggtgg
cagacccacg
ggcatctggg
gagctggtgg
gcagagtgga
gcgaagcagg
atcggcctca
agcgataccg
aggctccagc
gatagcggcc
atgcacttcc
ccgaactgca
gtgacgatca
gatgtcaacg
ccggagacga
agcatcgagt
<210>
<211>

<212>
<213>

13
1872
ADN

<220>
<223>
bién

<400> 13
atgaacaaca

cacgatccgt
tggaagagga

ctgctcaaga

atctcatcca
acacctacag
acatgcagct
agttctccag
tggtcctgaa
aggtcggccc
acgcaggcct
ccatcaacca
ccgagatcaa
tgctccagat
aggcatccaa
tcgatggctg
tcgtgcectgtce
agtatgtgct
gggatggcgce
gcacctacgt
agcacatgtg

tcatcgagac

ttctcaacaa
tctccttega
ccgatcactc

aggtcggctc

ccaccacaag
cgatggcagc
ggatgccgag
ctacatcaac
ggtgaggacc
actgagcggc
gggccgcaag
cctcttcgtg
cgaggtctcc
cccaggaatc
cctgtacacc
gaacgcaacc
ccactgggac
cagggtgacc
ccaccaccag
ggacgataac
ggtggaggtc

ccaggagtga

Trinh ty nhén tao

cgagcgcacc
gcacaagagc
cctctacgtc

cctgatcggce

35801

gtgcacctgg
tgctccggaa
caccacccga
acgggcgacc
acggatggct
gagtccctcg
aggacggaga
gactaccagg
aacctggtgg
aactacgaga
agcaggaacg
acggacacgt
gcacaggtca
gcaaggaagg
aagacgctca

acgtacatca

agcgagtccg

acgatctgcg
gtcgacacga
agcccaatcg

aagcgcatcc

-102-

tcaagaacgt
tcaaccgctg
tggactgctg
tcaactccag
acgcgaccct
agcacgagaa
ccgacagggt
atcagcagct
agagcatcac
tctacaagga
cggtgcagaa
ccgtccagceca
gccagcagct
tcggcggcegg
ccttcaacgc
ccaaggacgt

agggctcctt

acgcccacaa
tccagaagga
tgggcaccgt

tcagcgagct

gccggacaac
cgacgagcag
cgaggcagca
cgtcgatcag
cggcaacctc
gcgcaagaac
ctaccaggcc
gaacccggag
ggacgtctac
gctgtccgac
cggcgacttce
ggatggcaac
gagggtgcac
cgacggctac
gtgcgactac
gctcttctac

ctacctcgat

cgtggtcgcg
gtggacggag
cgcaagcctc

gtggggcctc

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3510

Trinh tu dugc téi uu hda bd ba m& hdéa md hda cho protein BT-0064 doét

60

120

180

240



atcttccegt
ataaaccagc
caggcaaacg
gcggtcccac
ctcccgcecagt
gcgaacatgc
agcccggcga
aactactgca
atgctggagt
ctgttcaagt
acggtcggceg
caggtcaact
ctcaacagct
agcggcaacec
cagctgccat
aacgagtact
accctgggcg
ggctggttca
gagggccagce
aggaagaaca
tacacgggct
atcatcagcg
acggcaaggt
agcatcggca
gtgaacacca
aacatcggca
ttcaacgcca

ccagtgtact

ccggcagcac
gcctcaacgc
tccgecgagtt
tgtccatcac
tccagatcca
acctctcctt
tgctccgcecac
taaacacgta
tccgcacata
accagtccct
caaaccagag
ccaactacat
tcgtgatcac
tcggcccagce
accgcacctc
tcaccggcgce
cagcgaactc
ggaacgagga
caggcgtcgg
acatcgtggc
tcaccatctc
agaagttcgg
acaccctgag
acagcacgat
cgaccaacaa
acgtggtcgce
acaccccgtt

ga

gaacctcatg
cgataccctg
caaccagcag
gtccagcgtg
gggctacgag
catcagggac
gtacagggat
caggaccgag
catgttcctc
gctcgtgacc
cttcacggcg
cctgaccggce
cctgctcgcec
cgcgaactac
ctacctcgac
cttcctggca
cttcccgaac
cctcgagagg
cggcggceage
ccacgagaac
cccaatccac
caaccagggc
gggcaacggc
ccgcgtgaca
cgacggcgtg
cagcgcgaac

cgagctcatg

35801

caggacatcc
gcgaggatca
gtggacaact
aacaccatgc
ctgctcctge
gtgatcctga
cacctgaagc
ttcgagggcc
aacgtgttcg
agcggcgcecca
aggaactggc
ttcagcggcg
gcgaggatcc
aacgtgtcct
agcttcatcc
ctcatcctgce
tacagcatcc
ccgctgcact
cgcatctcca
ggcacgatga
gccacccagg
gatagcctca
aactcctaca
atcaacggca
ctcgataacg
acgaacgtcc

aacatcatgt

-103-

tgagggcgac
acgtggagct
tcctcaaccc
agcagatctt
tcccactcett
acgccgacga
gctacaccaa
tgaacgtccc
aatacgtgtc
acctctacgt
cgttcctgaa
caaggttcca
actacatggg
gcaacctctc
tgcgcegatgg
catgcggcgt
gcaacatctc
tcaacgagat
gcctcgtgte
tccacctggce
tgaacaacca
ggttcgagca
acctctacct
gggtctacac
gcgcgaggtt
cgctggatct

tcgtcccaac

cgagcagttc
ggtcggcectc
gaacaggaac
cctgaaccgc
cgcacaggca
gtgggatatc
cgagtacagc
actcaaggac
catctggagc
gtccggcacc
caccctcttc
gtccacgctg
cggcgtctcc
cagcccgatce
caacaggacg
cacgggccca
cggcgcagtg
caggaacatc
cgtccacaac
gccggacgat
gacgcgcace
gtccaacacc
gcgcgtctcecce
ggccaccaac
ctccgacctc
caacgtgacg

caacctgccg

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1872



<210> 14
<211> 1923
<212> ADN
<213>

<220>

<223>

Trinh tu nhé&n tao

35801

Trinh tu duoc tbéi uwu hdéa bd ba md hdéa md hda cho protein BT-0086 4ot

bidn.Trinh tu dugc téi uu hdéa bd ba md hdéa md hda cho protein BT-0086 dot

bién

<400> 14
atggacagcg

ctcgatccgt
tggaagaaga
ctcctgaaga
atcttcccgt
ctgaaccagc
caggcgaacg
gccgtcccac
ctcccgecagt
gcgaacctcc
agcgcagcaa
aactactgca
atgctggagt
ctgttcaagt
agcatcggct
aacagcctct
ttcatctccc
ggcgcaaggg
aaccagaact
tggctggacg
gcattccaga

ttctteccecgg

tgctcaactc
tcagcttcca
acaaccactc
aggtcggctc
ccggcagcac
gcctcaacac
tcgacgagtt
tgtccatcac
tccagatgca
acctgtcctt
cgctccgcac
taaacaccta
tcaggacata
accagtccct
ccgtgccgga
tccaggtcaa
tgccaaacat
tcaactactg
tcaactgcag
caggctccga

cgacccaggg

actacttcat

cggccgcatc
gcacaagtcc
cctctacgtc
cctgatcggce
gaacctcatg
cgatacgctc
caaccgccag
gtccagcgtg
gggctaccag
catccgcgac
ctacagggac
ccagtccgceg
catgttcctc
cctggtctcce
gcgcacccag
ctccaactac
cggcctgcca
cggcggcatc
cgcaggccca
taggcagggc
caggtcctgc

ccgcaacatc

accaacaggg
ctggacacga
gatccaatcg
aagcgcatcc
caggacatcc
gcaagggtca
gtggataact
aacaccatgc
ctcctgctcc
gtgatcctca
tacctgaaga
ttccgecggcece
aacgtcttcg
agcggcgcaa
acgtacacca
gtgctctccg
ccaggcagca
tccagcecggcet
agcccactct
gcaaacacga
ggcgcattcg

tccggegtgce

-104-

acgcgtacaa
tccagaagga
tgggcaccgt
tcagcgagct
tgcgcgagac
acgcagagct
tcctcaaccc
agcagctctt
tgccactgtt
acgcagatga
actacacgag
tgaacacgag
aatacgtgtc
acctgtacgc
gccaggactg
gctacagcgg
ccacgaccca
tcatcggcegt
ccacgccgtt
gcaccaactg
gcgcgagggyg

cactcgtggt

cgtggtcgcec
gtggaccgag
cgccagcttc
gaggaacctc
cgagaagttc
gaccggcatg
gaacaggaac
cctgaacagg
cgcacaggca
gtggggcatc
ggagtacagc
cctccacgat
catctggagc
aagcggctcc
gccattcctg
cgcatccctc
ggcactcctg
gtccaacttc
catcaggagc
gcagaccgag
caacagcaac

caggaacgag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



gatctccgca
ccagcaggca
gtccacgaga
tccccaatcce
gagaagttcg
tacacgttca
tccagcacca
accacgaaca
aacgtggtcg
aacccgcagt
tga

<210>
<211>

<212>
<213>

15
3501
ADN

<220>
<223>

ggccgctgcea
gcagggcata
acggcaccat

acgcgacgca

gcaaccaggg

ggggcaacgg
tcagggtggg
acgatggcgt
ccagcgcgaa

tcgagctcat

ctacaacgag
catggtgtcc
gatccacctc
ggtgaacagc
cgatagcctg
ccactcctac
cctcaacggce
cctggataac
cacgaacgtg

gaacctcatg

Trinh ty nhan tao

35801

atccgcaaca
gtccacaaca
gcecceggagg
caggccaacc
agggtcgagc
aacctctacc
acggtgtaca
ggcgccaggt
ccactcaaca

ttcgtcccaa

tcgagagccc
ggaagaacaa
actacacggg
aggcgaggac
agtccacgag
tgcgcgtctce
ccgtccgcga
tctccgatat
tcaccctcag

ccaacctgcc

agcaggcacg
catctacgcg
cttcaccatc
cttcatctcc
caccgtgcag
cagcatcggc
cgtgaacacg
atacatcggce
cttcaacggc

gccagtgtac

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1923

Trinh tu ducgc téi uu hoéa bd ba md& hda md& hdéa cho protein BT-0498 dot

bién.Trinh tu ducgc tdi uwu hoéa bd ba md hdéa md hda cho protein BT-0086 ddt

bién

<400> 15
atggaggtga

gagatcttca
accaggttcc
atcatctggg
ctcatccgcec
ctctccgcca
aacccagcaa
accgatatcc
caggcagcaa
ggcctgacgc

tacagcgacc

acaaccagaa
acgcccgcaa
tcctggaggc
gcgcactggg
aggagatcac
gctacgatat
gccaggacag
cgctcctggce
acctgcacct
cagtcaacat

actgcgtgag

ccagtgcatc
ctccaacttc
agcaatccca
cgtggatcag
cacggtggag
ctacatcgag
ggtggtcgca
catcccaaac
cgcactcctg
cgaggatctc

gtggtacaac

ccgtacaact
cagctggtct
ggcgcaggcet
tggagcctgt
cgcaacaggg
gcactcaggg
cgcttcaggg
tacgagatcg
agggacgcag
tacacgcgcc

cagggcctga

-105-

gcctgaacaa
cccaggtgag
tcgcgectggg
tcctcgagca
caacccaggc
agtgggagaa
caacggacaa
caaccctctc
tgtacttcgg
tgaccaggaa

actccatcgg

cccagagagc
cgtcggccte
cctcttcgac
gatcgagcag
actggtcggc
cgacccggat
ctccctgatce
cgtctacgtg
cgagcgcetgg
catccagctc

cgccaccaac

60

120

180

240

300

360

420

480

540

600

660



acgcgctacc
ttcccaaact
atctacacct
ctgagggcac
aggagcaccc
ggcaacgaga
atcaggccaa
gtcagcttca
atcttctccg
gagatcccga
ggcttcgtcg
acccacagga
ctggtcaagg
ggcggcgaca
accgcaccac
cagttccaca
gagaaccgcg
acgttctccg
gaggtctaca
aacctcaagc
ctcaagacgg
tccgacgagt
aggctcagcg
ccagacaggg
aaggagaact
cagaagatcg
gaggactccc

aacgtcccag

tcgacttcca
acgatatccg
ccccagtggt
cacacctcgt
cacactgggc
tcaggttccc
cgggcttcac

ggtccagcgg
cgctcagctt
tcgagggcac
catccagccc
gcgcaaccct
ccttcaacct
tcctcaggag
tgtcccagag
cctccatcaa
gcaacctgca
acgccaacag
tcgatcgcat
aggcccagca
acgtcaccga
tctgcctgga
acgagcgcaa
gctggagggg
acgtcacgct
atgagagcaa
aggatctcga

gctccggcag

gagggatctc
cacgtacccg
cgcagacggc
cgacttcttc
aggccacgag
gctctacggc
cgacgagcag
ccaggacttc
ctaccgcaac
ggatccactg
gttcatctcc
gacgaacacc
ccactccggce
gacgaacgtg
gtacagggtg
cggcagggca
gttcggcgat
cacgttcacc
cgagttcgtg
ggcggtgaac
ttaccagatc
tgagaagcgc
cctcctgcag
ctccaccgac
gccgggcacce
gctgaaggcc
gatctacctg

cctgaggcca

35801

accatcagcg
atcccaaccc
gtcaactggc
gatcgcatca
gtcatctcca
gtggcagcaa
cgccagtggt
agcctcgtgg
ggcttcggcet
accggctaca
cagtacgcgc
atcgcaccag
gcaacggtgg
ggcagcttcg
cgcatccgcet
atcaaccagg
ttcaggaccg
atcggcgegt
ccagcagagg
gccctgttca
gaccaggtga
gagctcagcg
gattccaact
atcatcatcc
ttcgacgagt
tacacgaggt
atcaggtaca

ctcagcgcac

-106-

tgctggacat
agagccagct
tcctgtccat
tcatctacac
ggaggacggg
acacggagcc
acagggtgct
atgccgtcgg
tcaacaccga
gccacaggct
gcgtgccagt
acgtgatcac
tcaggggccc
gcgatatgcg
acgcgagcac
ccaacttccc
tgggcttcac
ggagcttctc
tcaccttcga
cgtccagcaa
gcaacctcgt
agaaggtgaa
tcaggggaat
agggcggcga
gctacccaac
accagctccg
acgcgaagca

agaacccaat

cgtcgcgcetce
gacgagggag
cgcaaacgtg
caacacggtg
ccagggccag
accagtcacc
gtcccgcecatc
cttcctgacc
cacgatcaac
ctgccacgtg
cttctcctgg
gcagatccca
aggcttcacc
cgtcaacatc
cacggacctc
ggcgacgatc
cacgccattc
cagcggcaac
ggcagagtac
ccagatcggc
cgagtgcctg
gcacgccaag
caacaggcag
tggcgtgttc
ctacctctac
cggatacatc
cgagaccgtg

cggcaagtgc

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340



ggcgagccaa
agggatggcg
tgcaccgacc
ggccacgcaa
ctcgcaaggg
gagaccaaca
cagtacgaca
gtgcaccgca
ggcatcttcg
aacgtgatca
gtggacgtcg
gaggtctccc
tacaaggagg
gagctcaagt
aacgattaca
tacgacgaga
gagaaggcat
gactacaccc
gataagctct
ctcctgctca
<210> 16

<211> 781
<212> PRT
<213>

<400> 16

acaggtgcgc
agaagtgcgc
tcaacgagga
ggctgggcaa
tgaagagggc
tcgtctacaa
ggctccaggc
tcagggaggce
aggagctcga
agaacggcga
aggagcagca
aggaggtgag
gctacggcga
tcagcaactg
cggcaaccca
cgtacggctc
acaccgacgg
cactgccagc
ggatcgagat

tggaggagtg

accacacctg
acaccactcc
tctgggegtg
cctcgagttc
ggagaagaag
ggaggccaag
cgatacgaac
ctacctcccg
gggccgcatc
tttcaacaac
caaccacagg
ggtctgccca
gggcacggtc
cgtggaggag
ggaggagtac
caactccagc
caggagggag
aggctacgtg
cggcgagacg

a

Bacillus thuringiensis

35801

gagtggaacc
caccacttca
tgggtcatct
ctggaggaga
tggcgcgata
gagagcgtgg
atcgcgatga
gagctgagcg
ttcaccgcect
ggcctgtcect
agcgtgctcg
ggcaggggat
accatccacg
gaggtctacc
ggcggcgceat
gtgagcgcegg
aacccatgcg
acgaaggagc

gagggcacct

cagacctcga
gcctggacat
tcaaaatcaa
agccactcct
agagggagaa
acgcgctgtt
tccacgccgce
tgatcccagg
acagccagta
gctggaacgt
tggtcccaga
acatcctgag
agatcgagga
cgaacaacac
acacctccag
attacgcctc
agttcaacag
tcgagtactt

tcctcecgtgga

ttgctcctge
cgatgtgggc
gacgcaggac
gggcgaggcea
gctggagctc
cgtcaactcc
ggataagcgc
cgtcaacgca
cgacgcgagg
caagggccac
gtgggaggca
ggtgaccgca
ccacacggat
ggtgacctgc
gaacaggggc
cgtctacgag
gggctacggce
cccagagacc

ctccgtcgag

Met Asn Pro Tyr Gln Asn Lys Asn Asp His Glu Ile Leu Asn Ala Thr

1

5

10

15

Gln Asn Asn Cys Arg Met Pro Asn Cys Tyr Ser Arg Tyr Pro Leu Ser

20

25

-107-

30

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3501



Asn

Asn

Thr

65

Gly

Ile

Ile

Ile

Gln

145

Ala

Ala

Ala

Tyr

Leu

225

His

Asp

Lys

50

Ser

Val

Asp

Gln

Tyr

130

Trp

Phe

Leu

Leu

Arg

210

Thr

Trp

Pro

35

Tyr

Ile

Thr

Met

Gln

115

Gly

Glu

Thr

Leu

Ala

195

Asn

Ile

Tyr

Gln

Glu

Gly

Pro

Gly

100

Thr

Ile

Arg

Thr

Ser

180

Ala

Ser

Leu

Asn

Ile

Asn

Met

Ile

85

Thr

Leu

Ser

Asn

Val

165

Arg

Asn

Trp

Arg

Asp
245

Ser

Ile

Phe

70

Val

Gly

Ala

Arg

Arg

150

Asn

Arg

Phe

Leu

Asn

230

Gly

Cys

Thr

55

Asn

Ile

Asp

Ala

Ala

135

Thr

Thr

Gly

His

Pro

215

Ala

Leu

Gln

40

Thr

Lys

Asn

Asp

Gln

120

Tyr

Pro

Leu

Phe

Leu

200

Ser

Ile

Asn

35801

Asn

Thr

vVal

Ile

Leu

105

Tyr

Glu

Gln

Cys

Glu

185

Leu

Asn

Ser

Arg

Asn

Ser

Leu

Ile

90

Leu

Arg

Asn

Asn

Ile

170

Thr

Leu

Val

Glu

Phe
250

-108-

His

Ser

Met

75

Leu

Ala

Ser

Tyr

Gly

155

Thr

Leu

Leu

Ser

Tyr

235

Ala

Tyr

Leu

60

Leu

Asp

His

Ala

Leu

140

Gln

Ala

Leu

Arg

Ile

220

Arg

Arg

Lys

45

Ser

Thr

Met

Thr

Ala

125

Met

Gln

Leu

Leu

Asp

205

Lys

Asn

Ser

Asp

Gly

Gly

vVal

Glu

110

Thr

Phe

Val

Ala

Pro

190

Ala

Ser

His

Ser

Trp

Ile

vVal

Arg

95

Gln

Gly

Phe

Glu

Pro

175

Asn

vVal

Val

Cys

Phe
255

Leu

Leu

Leu

80

Leu

Leu

Ala

Lys

Ser

160

Gln

Tyr

Ile

Asn

Asn

240

Asn



Asp

Leu

Lys

Ile

305

Met

Arg

Phe

Ser

Asp

385

Arg

Gln

Thr

Gly

Met
465

Trp

Asp

Ala

290

Pro

Glu

Ile

Trp

Gly

370

Val

Ser

Asn

Arg

Leu

450

Thr

val

Phe

275

Thr

Pro

Asn

Tyr

Ala

355

Ala

Phe

Tyr

Asn

Phe

435

Glu

Thr

Arg

260

Ile

Asn

Arg

Leu

Thr

340

Gly

Leu

Arg

Gly

Gln

420

Met

Pro

Tyr

Phe

Thr

Ile

Gly

Ile

325

Thr

Asn

Ala

Val

Gly

405

Gly

Thr

Asn

Arg

Asn

Val

Glu

Phe

310

Ile

Phe

Gln

Gly

Asn

390

Val

Thr

Arg

Glu

Ser
470

Ala

Phe

Leu

295

Pro

Ser

Tyr

Asn

Arg

375

Met

His

Ser

Asn

Arg

455

Asn

Tyr

Pro

280

Thr

Arg

Gly

His

Phe

360

Arg

Thr

Arg

Ile

Glu

440

Asn

Pro

35801

Arg

265

Thr

Arg

Thr

Cys

Asp

345

Leu

Ile

Thr

Ser

Leu

425

Thr

Tyr

Asn

Arg

Tyr

Ile

Asn

Pro

330

Pro

Ser

Asp

His

Asp

410

Tyr

Ala

Thr

Ala

-109-

Asp

Asp

Val

Pro

315

Ser

His

Asn

Phe

Asp

395

Phe

Asn

Phe

His

Arg
475

Met

Pro

Tyr

300

Pro

Phe

Asn

Gly

Ser

380

Ile

Ile

Val

Leu

Arg

460

Arg

Thr

Ile

285

Thr

Thr

Leu

Ile

Thr

365

Met

Asp

Gly

Pro

Pro

445

Leu

Ala

Leu

270

Ile

Asn

Phe

Asn

Ser

350

Ile

Gln

Ser

Val

Leu

430

Gly

Phe

Ala

Ser

Tyr

Pro

Asn

Gln

335

Arg

Arg

Asn

Leu

Asn

415

Asp

Asp

Gln

Phe

Val

Pro

Ile

Gln

320

Leu

Asp

Thr

Ile

Ser

400

Ile

Thr

Ser

Val

Leu
480



His

Asp

Asp

Asn

Ala

545

Asn

Asn

Tyr

Ser

Ile

625

Lys

Cys

Asp

Asp

Ala

Gln

Ser

Leu

530

Ser

Asn

Val

Glu

Gln

610

Leu

Gln

Asn

Ser

Asn
690

Trp

Ile

Ala

515

Thr

Asn

Lys

Glu

Asn

595

Ser

Asp

Thr

Gln

Val

675

Thr

Thr

Ile

500

vVal

Thr

Thr

Leu

Gly

580

Phe

Ile

Lys

Gln

Gly

660

Tyr

Tyr

His

485

Gln

Val

Ser

Arg

Asn

565

Thr

Lys

Ile

Ile

Asp

645

Tyr

His

Asn

Arg

Ile

Ser

Leu

Phe

550

Leu

Met

Tyr

Gly

Glu

630

Cys

Asp

Pro

Gln

Ser

Pro

Asn

Ser

535

Ile

Ile

Gln

Ala

Ile

615

Leu

Asn

Ala

Asp

Asn
695

Leu

Ala

Val

520

Tyr

Val

Leu

Asn

Ala

600

Phe

Ile

Asn

Tyr

Ala

680

Tyr

35801

Arg

Val

505

Gly

Lys

Arg

Asn

Gly

585

Phe

Lys

Pro

Tyr

Glu

665

Asn

Asn

Arg

490

Lys

Glu

Leu

Ile

Gly

570

Gly

Ala

Glu

vVal

Asn

650

Pro

Asp

Ser

-110-

Arg

Ala

Asn

Thr

Arg

555

Thr

Ser

Ser

Thr

Asp

635

Gln

Asn

Ala

Met

Asn

Ile

Met

Ala

540

Tyr

Gln

Leu

Asn

Ser

620

Phe

Asp

Ala

Tyr

Tyr
700

Gly

Asn

Met

525

Glu

Ala

Ile

Thr

Phe

605

Asn

Ile

Thr

Ser

Asp

685

Asn

Phe

Thr

510

Lys

Asp

Ser

Ala

Asp

590

Lys

Ala

Pro

Ile

Asp

670

Glu

Gln

Arg

495

Ser

Leu

Ser

Met

Ser

575

Leu

Ile

Asp

Leu

Tyr

655

Ser

Gly

Asn

Ala

Asp

Asp

Glu

Asn

560

Leu

Gln

Gly

Phe

Leu

640

Thr

Tyr

Asp

Ala



Asp

705

Asn

Asp

Asn

Cys

Asn

Thr

Ser

Met

Thr
770

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

<400>

Thr

Tyr

Asp

Tyr

755

Cys

17
1169
PRT

Tyr

Gln

Asp

740

Asn

Lys

Bacillus

17

Met Asn Arg

1

Cys

Pro

His

Ser

65

Leu

Ser

Asp

Gly

Asn

Gly

50

Gly

Ser

Tyr

Ala

Cys

Ala

35

Gly

Lys

Phe

Leu

Phe

Asn

Pro

20

Gly

Asp

Asp

Phe

Leu

100

Met

Asp

Pro

725

Ser

Gln

Gln

Gln

710

Ser

Asp

Glu

Cys

Ser

Tyr

Tyr

Tyr

Tyr
775

Tyr

Asp

Asn

Asn

760

Asn

thuringiensis

Asn

Ser

Leu

Tyr

Val

Gly

85

Asn

Glu

Gln

Glu

Gln

Thr

Ile

70

Phe

Ser

Arg

Asn

Asp

Asn

Asp

55

Gln

Pro

Leu

Val

Glu

Ile

Met

40

Pro

Val

Phe

Trp

Glu

35801

Asn

Asn

Asn

745

Asn

Gln

Tyr

Val

25

Asn

Leu

Gly

Ser

Pro

105

Glu

-111-

Asn

Gly

730

Thr

Asn

Asn

Glu

10

Lys

Tyr

Ile

Ile

Ser

90

Asp

Leu

Tyr

715

Tyr

Tyr

Asp

Tyr

Val

Tyr

Lys

Asn

Asn

75

Gln

Asp

Ile

Asp

Glu

Asn

Asn

Pro
780

Ile

Pro

Glu

Pro

60

Ile

Trp

Glu

Asp

Pro

Gln

Gln

Pro

765

Lys

Asp

Leu

Tyr

45

Asn

Val

Val

Asn

Gln

Asn

Asn

Asn

750

Asn

Ala

Thr

30

Leu

Leu

Gly

Thr

Ser

110

Lys

Met

Asn

735

Thr

Asn

Pro

15

Asp

Gln

Ser

Arg

Val

95

vVal

Ile

Glu

720

Tyr

Asn

Gly

His

Asp

Met

Val

Leu

80

Tyr

Trp

Ser



Thr

Asn

145

Asn

Ser

Gln

Leu

Gly

225

Leu

Leu

Gln

Phe

Leu

305

Arg

Arg

Leu

130

Tyr

Gly

Leu

Asn

His

210

Leu

Thr

Ala

Tyr

Pro

290

Thr

Pro

Glu

115

vVal

Asn

Ala

Phe

Tyr

195

Leu

Asn

Gln

Glu

Arg

275

Tyr

Arg

Ser

Arg

Lys

Leu

Arg

Thr

180

Ala

Leu

Gln

Thr

Leu

260

Arg

Tyr

Glu

Gly

Leu

Gly

Tyr

Ala

165

Gln

Thr

Leu

Thr

Tyr

245

Arg

Glu

Asn

Val

Ala

325

Thr

Asn

Val

150

Ala

Phe

Ile

Leu

Gln

230

Thr

Gly

Met

Val

Tyr

310

Phe

Phe

Ala

135

Glu

Leu

Met

Leu

Lys

215

Ile

Asn

Thr

Thr

Arg

295

Thr

Cys

Ser

120

Leu

Ala

Val

Pro

Leu

200

Asp

Asp

His

Ser

Val

280

Gln

Asp

Glu

Gln

35801

Asp

Leu

Ser

Ser

185

Ala

Val

Gln

Cys

Val

265

Thr

Tyr

Pro

Ser

Leu

Asn

Asp

Gln

170

Phe

Val

Glu

Phe

Val

250

Glu

Ala

Pro

Ile

Phe

330

Glu

-112-

Leu

Glu

155

Arg

Gly

Tyr

Ile

His

235

Thr

Ser

Met

Asn

Val

315

Tyr

Asn

Thr

140

Trp

Phe

Ser

Ala

Tyr

220

Ser

Ala

Trp

Asp

Gly

300

Phe

Thr

Ala

125

Gly

Leu

Tyr

Gly

Gln

205

Gly

Arg

Tyr

Leu

Leu

285

Ala

Asn

Ile

Ile

Leu

Asn

Ile

Ser

190

Ala

Ala

Gln

Asn

Lys

270

val

Asn

Leu

Arg

Ile

Gln

Arg

Leu

175

Gly

Ala

Arg

Gln

Asp

255

Tyr

Ala

Pro

Pro

Ala

335

Arg

Asn

Pro

160

Asp

Ser

Asn

Trp

Ser

240

Gly

His

Leu

Gln

Glu

320

Ala

Pro



Pro

Ala

Phe

385

Tyr

Ser

Leu

Gly

His

465

Pro

Asn

Pro

Thr

Ser

545

Val

Arg

Arg

370

Ile

Gly

Asp

Gly

Ile

450

Gln

Thr

Phe

Val

Ser

530

Asp

Ile

Leu

355

Leu

Arg

Thr

Val

Thr

435

Ile

Asn

Val

Asn

Tyr

515

Asp

Gly

Arg

340

Phe

Asn

Asn

Val

Tyr

420

Leu

Trp

Tyr

Arg

Val

500

Val

Arg

Ala

Arg

Glu

Ala

Thr

Asn

405

Gln

Tyr

Ser

Asn

Ser

485

Gln

Trp

Ile

Thr

Thr

Arg

Asn

Arg

390

Asn

Ile

Gly

Tyr

Ser

470

Tyr

Leu

Thr

Thr

Ile

550

Asn

Phe

Ser

375

Leu

Arg

Asn

Val

Val

455

Ile

Ser

Asn

His

Gln

535

Val

Gln

Gln

360

Ala

Gly

Leu

Ser

Thr

440

Gly

Glu

His

Asn

Arg

520

Leu

Lys

Gly

35801

345

Ala

Pro

Asp

Thr

Ile

425

Arg

Gln

Glu

Arg

Pro

505

Ser

Pro

Gly

Gly

Leu

Met

Ser

Asn

410

Ser

Ala

Asn

Leu

Leu

490

Val

Val

Ala

Pro

Phe

-113-

Gly

Asn

Thr

395

Phe

Ser

Gln

Ser

Pro

475

Ser

Ile

Asp

Val

Gly

555

Gly

Ile

Tyr

380

Thr

Ile

Asn

Phe

Val

460

Asn

His

Ser

Leu

Lys

540

Phe

Ser

Tyr

365

Trp

Ile

Pro

Leu

Tyr

445

Leu

Gln

Ile

Ala

Asn

525

Ala

Thr

Ile

350

Thr

Ile

Thr

Pro

Ala

430

Tyr

Ala

Ser

Thr

Gly

510

Asn

Phe

Gly

Arg

Gly

Gly

Thr

Thr

415

Ala

Gly

Gln

Asp

Ser

495

Asn

Thr

Glu

Gly

Val

Glu

His

Asn

400

Thr

Ile

Ser

Cys

Glu

480

Phe

Met

Ile

Leu

Asp

560

Ser



Val

Ser

Asn

Tyr

625

Gln

Gly

Arg

Leu

Gln

705

Tyr

Arg

Ile

Ile

Ser

Thr

Thr

Asn

610

Glu

Ser

Glu

Glu

Phe

690

Val

Gly

Leu

Asn

Ser

770

Ala

Gly

Ile

595

Phe

Ser

Gln

Val

Ala

675

Thr

Asp

His

Ser

Ser

755

Glu

Arg

Pro

580

Asp

Arg

Tyr

Asp

Tyr

660

Glu

Arg

Gln

Asp

Arg

740

Thr

Gly

Glu

565

Leu

Phe

Phe

Arg

Ile

645

Leu

Glu

Thr

Ala

Lys

725

Glu

Glu

Gly

Asn

Thr

Asp

Thr

Thr

630

Ile

Asp

Asp

Arg

Ala

710

Lys

Arg

Glu

Pro

Tyr

Gln

Phe

Arg

615

Val

Arg

Arg

Leu

Asp

695

Asn

Met

Asn

Asn

Phe

775

Pro

Arg

Phe

600

Thr

Glu

Thr

Ile

Glu

680

Gly

Leu

Leu

Leu

Gly

760

Phe

Thr

35801

570

Tyr Arg
585

Val Thr

Met Asn

Phe Thr

Ser Ile
650

Glu Ile
665

Ala Ala

Leu Gln

Val Ser

Leu Glu

730

Leu Gln

745

Trp Lys

Lys Gly

Tyr Ile

-114-

Ile

Arg

Ser

Thr

635

Gln

Ile

Lys

Val

Cys

715

Ala

Asp

Ala

Arg

Tyr

Arg

Gly

Gly

620

Pro

Gly

Pro

Lys

Asn

700

Leu

Val

Pro

Ser

Ala

780

Gln

Phe

Gly

605

Gln

Phe

Leu

vVal

Ala

685

Val

Ser

Arg

Asp

Asn

765

Leu

Lys

Arg

590

Thr

Glu

Asn

Ser

Asn

670

Val

Thr

Asp

Ala

Phe

750

Gly

Gln

Val

575

Tyr

Thr

Ser

Phe

Gly

655

Pro

Ala

Asp

Glu

Ala

735

Asn

Val

Leu

Asp

Ala

Ile

Arg

Thr

640

Asn

Thr

Ser

Tyr

Gln

720

Lys

Ala

Thr

Ala

Ala



35801

785 790 795 800

Ser Val Leu Lys Pro Tyr Thr Arg Tyr Arg Leu Asp Gly Phe Val Lys
805 810 815

Ser Ser Gln Asn Leu Glu Ile Asp Leu Ile His His His Lys Val His
820 825 830

Leu Val Lys Asn Val Pro Asp Asn Leu Val Ser Asp Thr Tyr Ser Asp
835 840 845

Gly Ser Cys Ser Gly Ile Asn Arg Cys Asp Glu Gln His Gln Val Asp
850 855 860

Met Gln Leu Asp Ala Glu His His Pro Met Asp Cys Cys Glu Ala Ala
865 870 875 880

Gln Thr His Glu Phe Ser Ser Tyr Ile Asn Thr Gly Asp Leu Asn Ser
885 890 895

Ser Val Asp Gln Gly Ile Trp Val Val Leu Lys Val Arg Thr Thr Asp
900 905 910

Gly Tyr Ala Thr Leu Gly Asn Leu Glu Leu Val Glu Val Gly Pro Leu
915 920 925

Ser Gly Glu Ser Leu Glu His Glu Lys Arg Lys Asn Ala Glu Trp Asn
930 935 940

Ala Gly Leu Gly Arg Lys Arg Thr Glu Thr Asp Arg Val Tyr Gln Ala
945 950 955 960

Ala Lys Gln Ala Tle Asn His Leu Phe Val Asp Tyr Gln Asp Gln Gln
965 970 975

Leu Asn Pro Glu Ile Gly Leu Thr Glu Ile Asn Glu Val Ser Asn Leu
980 985 990

Val Glu Ser Ile Thr Asp Val Tyr Ser Asp Thr Val Leu Gln Ile Pro
995 1000 1005

Gly Ile Asn Tyr Glu Ile Tyr Lys Glu Leu Ser Asp Arg Leu Gln

-115-



35801

1010 1015 1020

Gln Ala Ser Asn Leu Tyr Thr Ser Arg Asn Ala Val Gln Asn Gly
1025 1030 1035

Asp Phe Asp Ser Gly Leu Asp Gly Trp Asn Ala Thr Thr Asp Thr
1040 . 1045 1050

Ser Val Gln Gln Asp Gly Asn Met His Phe Leu Val Leu Ser His
1055 1060 1065

Trp Asp Ala Gln Val Ser Gln Gln Leu Arg Val His Pro Asn Cys
1070 1075 1080

Lys Tyr Val Leu Arg Val Thr Ala Arg Lys Val Gly Gly Gly Asp
1085 1090 1095

Gly Tyr Val Thr Ile Arg Asp Gly Ala His His Gln Lys Thr Leu
1100 1105 1110

Thr Phe Asn Ala Cys Asp Tyr Asp Val Asn Gly Thr Tyr Val Asp
1115 1120 1125

Asp Asn Thr Tyr Ile Thr Lys Asp Val Ile Phe Tyr Pro Glu Thr
1130 1135 1140

Lys His Met Trp Val Glu Val Ser Glu Ser Glu Gly Ser Phe Tyr
1145 1150 1155

Ile Asp Ser Ile Glu Phe Ile Glu Thr Gln Glu

1160 1165
<210> 18
<211> 623
<212> PRT

<213> Bacillus thuringiensis
<400> 18

Met Asn Asn Ile Leu Asn Asn Glu Arg Thr Thr Ile Cys Asp Ala His
1 5 10 15

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

-116-



Thr

Tyr

vVal

65

Ile

Thr

Ile

Gln

Ser

145

Leu

Phe

Leu

Arg

Asn

225

Met

Ile

vVal

50

Gly

Phe

Glu

Asn

Gln

130

Ile

Pro

Ala

Asn

Asp

210

Thr

Leu

Gln

35

Ser

Ser

Pro

Gln

val

115

vVal

Thr

Gln

Gln

Ala

195

His

Tyr

Glu

Lys

Pro

Leu

Ser

Phe

100

Glu

Asp

Ser

Phe

Ala

180

Asp

Leu

Arg

Phe

Glu

Ile

Ile

Gly

85

Ile

Leu

Asn

Ser

Gln

165

Ala

Glu

Lys

Thr

Arg
245

Trp

vVal

Gly

70

Ser

Asn

vVal

Phe

Val

150

Ile

Asn

Trp

Arg

Glu

230

Thr

Thr

Gly

55

Lys

Thr

Gln

Gly

Leu

135

Asn

Gln

Met

Asp

Tyr

215

Phe

Tyr

Glu

40

Thr

Arg

Asn

Arg

Leu

120

Asn

Thr

Gly

His

Ile

200

Thr

Glu

Met

35801

Trp

val

Ile

Leu

Leu

105

Gln

Pro

Met

Tyr

Leu

185

Ser

Asn

Gly

Phe

Lys

Ala

Leu

Met

90

Asn

Ala

Asn

Gln

Glu

170

Ser

Pro

Glu

Leu

Leu
250

-117-

Arg

Ser

Ser

75

Gln

Ala

Asn

Arg

Gln

155

Leu

Phe

Ala

Tyr

Asn

235

Asn

Thr

Leu

60

Glu

Asp

Asp

vVal

Asn

140

Ile

Leu

Ile

Met

Ser

220

Val

Val

Asp

45

Leu

Leu

Ile

Thr

Arg

125

Ala

Phe

Leu

Arg

Leu

205

Asn

Pro

Phe

His

Leu

Trp

Leu

Leu

110

Glu

Val

Leu

Leu

Asp

190

Arg

Tyr

Leu

Glu

Ser

Lys

Gly

Arg

95

Ala

Phe

Pro

Asn

Pro

175

Val

Thr

Cys

Lys

Tyr
255

Leu

Lys

Leu

80

Ala

Arg

Asn

Leu

Arg

160

Leu

Ile

Tyr

Ile

Asp

240

Val



Ser

Ala

Thr

Asn

305

Leu

Gly

Ser

Leu

Thr

385

Thr

Ser

His

Gly

Ile
465

Ile

Asn

Ala

290

Tyr

Asn

Gly

Cys

Asp

370

Gly

Leu

Gly

Phe

Ser

450

Val

Trp

Leu

275

Arg

Ile

Ser

vVal

Asn

355

Ser

Ala

Gly

Ala

Asn

435

Arg

Ala

Ser

260

Tyr

Asn

Leu

Phe

Ser

340

Leu

Phe

Phe

Ala

Val

420

Glu

Ile

His

Leu

Val

Trp

Thr

Val

325

Ser

Ser

Ile

Leu

Ala

405

Gly

Ile

Ser

Glu

Phe

Ser

Pro

Gly

310

Ile

Gly

Ser

Leu

Ala

390

Asn

Trp

Arg

Ser

Asn
470

Lys

Gly

Phe

295

Phe

Thr

Asn

Pro

Arg

375

Leu

Ser

Phe

Asn

Leu

455

Gly

Tyr

Thr

280

Leu

Ser

Leu

Leu

Ile

360

Asp

Ile

Phe

Arg

Ile

440

vVal

Thr

35801

Gln

265

Thr

Asn

Gly

Leu

Gly

345

Gln

Gly

Leu

Pro

Asn

425

Glu

Ser

Met

Ser

Val

Thr

Ala

Ala

330

Pro

Leu

Asn

Pro

Asn

410

Glu

Gly

Val

Ile

-118-

Leu

Gly

Leu

Arg

315

Ala

Ala

Pro

Arg

Cys

395

Tyr

Asp

Gln

His

His
475

Leu

Ala

Phe

300

Phe

Arg

Ala

Tyr

Thr

380

Gly

Ser

Leu

Pro

Asn

460

Leu

Val

Asn

285

Gln

Gln

Ile

Asn

Arg

365

Asn

Val

Ile

Glu

Gly

445

Arg

Ala

Thr

270

Gln

Val

Ser

His

Tyr

350

Thr

Glu

Thr

Arg

Arg

430

Val

Lys

Pro

Ser

Ser

Asn

Thr

Tyr

335

Asn

Ser

Tyr

Gly

Asn

415

Pro

Gly

Asn

Asp

Gly

Phe

Ser

Leu

320

Met

Val

Tyr

Phe

Pro

400

Ile

Leu

Gly

Asn

Asp
480



Tyr

Gln

Leu

Asn

Ser

545

Val

Phe

Val

Leu

Thr

Thr

Arg

Gly

530

Thr

Asn

Ser

Pro

Met
610

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

<400>

Gly

Arg

Phe

515

Asn

Ile

Thr

Asp

Leu

595

Asn

19
640
PRT

Phe

Thr

500

Glu

Ser

Arg

Thr

Ile

580

Asp

Ile

Bacillus

19

Met Asp Ser Val

1

Asn Val Val Ala

20

Thr Ile Gln Lys

35

Thr

485

Ile

Gln

Tyr

Val

Thr

565

Asn

Ile

Met

Ile

Ile

Ser

Asn

Thr

550

Asn

Ile

Asn

Phe

Ser

Ser

Asn

Leu

535

Ile

Asn

Gly

Val

Val
615

Pro

Glu

Thr

520

Tyr

Asn

Asp

Asn

Thr

600

Pro

thuringiensis

Leu Asn Ser Gly

5

Leu Asp Pro Phe

Glu Trp Thr Glu

40

35801

Ile

Lys

505

Thr

Leu

Gly

Gly

Val

585

Phe

Thr

Arg

Ser
25

Trp

His

490

Phe

Ala

Arg

Arg

Val

570

Val

Asn

Asn

Ile
10

Phe

Lys

-119-

Ala

Gly

Arg

Val

Val

555

Leu

Ala

Ala

Leu

Thr

Gln

Lys

Thr

Asn

Tyr

Ser

540

Tyr

Asp

Ser

Asn

Pro
620

Asn

His

Asn

Gln

Gln

Thr

525

Ser

Thr

Asn

Ala

Thr

605

Pro

Arg

Lys

Asn
45

Val

Gly

510

Leu

Ile

Ala

Gly

Asn

590

Pro

Val

Asp

Ser
30

His

Asn

495

Asp

Arg

Gly

Thr

Ala

575

Thr

Phe

Tyr

Ala
15

Leu

Ser
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Trp
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Thr

Ala

415

Ser

His

Gly

Tyr

Tyr
495

Arg

Phe
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Val

Val

Asn

Asn
635

Pro

Asn

Phe

Val

Gly

Gln

540

vVal

vVal

Leu

Ala

Gly

620

Leu

Tyr

Ser

Leu
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Gly Tyr Ala Thr Leu Gly Asn Leu Glu Leu Val Glu Val Gly Pro Leu
915 920 925

Ser Gly Glu Ser Leu Glu His Glu Lys Arg Lys Asn Ala Glu Trp Asn
930 935 940

Ala Gly Leu Gly Arg Lys Arg Thr Glu Thr Asp Arg Val Tyr Gln Ala
945 950 955 960

Ala Lys Gln Ala Ile Asn His Leu Phe Val Asp Tyr Gln Asp Gln Gln
965 970 975

Leu Asn Pro Glu Ile Gly Leu Thr Glu Ile Asn Glu Val Ser Asn Leu
980 985 990

Val Glu Ser Ile Thr Asp Val Tyr Ser Asp Thr Val Leu Gln Ile Pro
995 1000 1005

Gly Ile Asn Tyr Glu Ile Tyr Lys Glu Leu Ser Asp Arg Leu Gln
1010 1015 1020

Gln Ala Ser Asn Leu Tyr Thr Ser Arg Asn Ala Val Gln Asn Gly
1025 1030 1035

Asp Phe Asp Ser Gly Leu Asp Gly Trp Asn Ala Thr Thr Asp Thr
1040 1045 1050

Ser Val Gln Gln Asp Gly Asn Met His Phe Leu Val Leu Ser His
1055 1060 1065

Trp Asp Ala Gln Val Ser Gln Gln Leu Arg Val His Pro Asn Cys
1070 1075 1080

Lys Tyr Val Leu Arg Val Thr Ala Arg Lys Val Gly Gly Gly Asp
1085 1090 1095

Gly Tyr Val Thr Ile Arg Asp Gly Ala His His Gln Lys Thr Leu
1100 1105 1110

Thr Phe Asn Ala Cys Asp Tyr Asp Val Asn Gly Thr Tyr Val Asp
1115 1120 1125
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315

Ala

Ala

Pro

Ile

Leu

Ile

Met

Ser

220

Val

Val

Leu

Ala

Phe

300

Phe

Arg

Ala

Tyr

Phe

Leu

Arg

Leu

205

Asn

Pro

Phe

Val

Asn

285

Gln

Gln

Ile

Asn

Arg
365

Leu

Leu

Asp

190

Arg

Tyr

Leu

Glu

Thr

270

Gln

vVal

Ser

His

Tyr

350

Thr

Asn

Pro

175

vVal

Thr

Cys

Lys

Tyr

255

Ser

Ser

Asn

Thr

Tyr

335

Asn

Ser

Arg

160

Leu

Ile

Tyr

Ile

Asp

240

Val

Gly

Phe

Ser

Leu

320

Met

Val

Tyr



Leu

Thr

385

Thr

Ser

His

Gly

Ile

465

Tyr

Gln

Leu

Asn

Ser

545

Val

Phe

Asp

370

Gly

Leu

Gly

Phe

Ser

450

vVal

Thr

Thr

Arg

Gly

530

Thr

Asn

Ser

Ser

Ala

Gly

Ala

Asn

435

Arg

Ala

Gly

Arg

Phe

515

Asn

Ile

Thr

Asp

Phe

Phe

Ala

Val

420

Glu

Ile

His

Phe

Thr

500

Glu

Ser

Arg

Thr

Leu
580

Ile

Leu

Ala

405

Gly

Ile

Ser

Glu

Thr

485

Ile

Gln

Tyr

vVal

Thr

565

Asn

Leu

Ala

390

Asn

Trp

Arg

Ser

Asn

470

Ile

Ile

Ser

Asn

Thr

550

Asn

Ile

Arg

375

Leu

Ser

Phe

Asn

Leu

455

Gly

Ser

Ser

Asn

Leu

535

Ile

Asn

Gly

Asp

Ile

Phe

Arg

Ile

440

Val

Thr

Pro

Glu

Thr

520

Tyr

Asn

Asp

Asn

35801

Gly

Leu

Pro

Asn

425

Glu

Ser

Met

Ile

Lys

505

Thr

Leu

Gly

Gly

Val
585

Asn

Pro

Asn

410

Glu

Gly

Val

Ile

His

490

Phe

Ala

Arg

Arg

Val

570

Val

-139-

Arg

Cys

395

Tyr

Asp

Gln

His

His

475

Ala

Gly

Arg

Val

Val

555

Leu

Ala

Thr

380

Gly

Ser

Leu

Pro

Asn

460

Leu

Thr

Asn

Tyr

Ser

540

Tyr

Asp

Ser

Asn

Val

Ile

Glu

Gly

445

Arg

Ala

Gln

Gln

Thr

525

Ser

Thr

Asn

Ala

Glu

Thr

Arg

Arg

430

Val

Lys

Pro

Val

Gly

510

Leu

Ile

Ala

Gly

Asn
590

Tyr

Gly

Asn

415

Pro

Gly

Asn

Asp

Asn

495

Asp

Arg

Gly

Thr

Ala

575

Thr

Phe

Pro

400

Ile

Leu

Gly

Asn

Asp

480

Asn

Ser

Gly

Asn

Asn

560

Arg

Asn



35801

Val Pro Leu Asp Leu Asn Val Thr Phe Asn Ala Asn Thr Pro Phe Glu

595

600

605

Leu Met Asn Ile Met Phe Val Pro Thr Asn Leu Pro Pro Val Tyr

610

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

<220>
<223>

<400>

24
640
PRT

Trinh ty nhédn tao

Protein BT-0086 dot bién.

24

Met Asp Ser

1

Asn

Thr

Tyr

Val

65

Ile

Thr

Val

Arg

vVal

Ile

vVal

50

Gly

Phe

Glu

Asn

Gln
130

Val

Gln

35

Asp

Ser

Pro

Lys

Ala

115

Val

Val

Ala

20

Lys

Pro

Leu

Ser

Phe

100

Glu

Asp

Leu

Leu

Glu

Ile

Ile

Gly

85

Leu

Leu

Asn

Asn

Asp

Trp

Val

Gly

70

Ser

Asn

Thr

Phe

615

Ser

Pro

Thr

Gly

55

Lys

Thr

Gln

Gly

Leu
135

Gly

Phe

Glu

40

Thr

Arg

Asn

Arg

Met

120

Asn

Arg

Ser

25

Trp

vVal

Ile

Leu

Leu

105

Gln

Pro

Ile

10

Phe

Lys

Ala

Leu

Met

90

Asn

Ala

Asn

-140-

Thr

Gln

Lys

Ser

Ser

75

Gln

Thr

Asn

Arg

620

Asn

His

Asn

Phe

60

Glu

Asp

Asp

Val

Asn
140

Arg

Lys

Asn

45

Leu

Leu

Ile

Thr

Asp

125

Ala

Asp

Ser

30

His

Leu

Arg

Leu

Leu

110

Glu

Val

Ala

15

Leu

Ser

Lys

Asn

Arg

95

Ala

Phe

Pro

Tyr

Asp

Leu

Lys

Leu

80

Glu

Arg

Asn

Leu



Ser

145

Leu

Phe

Leu

Arg

Asn

225

Met

Ser

Ala

Thr

Gln

305

Phe

Gln

Gly

Ile

Pro

Ala

Asn

Asp

210

Thr

Leu

Ile

Asn

Gln

290

vVal

Ile

Ala

Phe

Thr

Gln

Gln

Ala

195

Tyr

Tyr

Glu

Trp

Leu

275

Thr

Asn

Ser

Leu

Ile
355

Ser

Phe

Ala

180

Asp

Leu

Gln

Phe

Ser

260

Tyr

Tyr

Ser

Leu

Leu

340

Gly

Ser

Gln

165

Ala

Glu

Lys

Ser

Arg

245

Leu

Ala

Thr

Asn

Pro

325

Gly

Val

Val

150

Met

Asn

Trp

Asn

Ala

230

Thr

Phe

Ser

Ser

Tyr

310

Asn

Ala

Ser

Asn

Gln

Leu

Gly

Tyr

215

Phe

Tyr

Lys

Gly

Gln

295

Val

Ile

Arg

Asn

Thr

Gly

His

Ile

200

Thr

Arg

Met

Tyr

Ser

280

Asp

Leu

Gly

Val

Phe
360

35801

Met

Tyr

Leu

185

Ser

Arg

Gly

Phe

Gln

265

Ser

Trp

Ser

Leu

Asn

345

Asn

Gln

Gln

170

Ser

Ala

Glu

Leu

Leu

250

Ser

Ile

Pro

Gly

Pro

330

Tyr

Gln

-141-

Gln

155

Leu

Phe

Ala

Tyr

Asn

235

Asn

Leu

Gly

Phe

Tyr

315

Pro

Cys

Asn

Leu

Leu

Ile

Thr

Ser

220

Thr

Val

Leu

Ser

Leu

300

Ser

Gly

Gly

Phe

Phe

Leu

Arg

Leu

205

Asn

Ser

Phe

Val

Val

285

Asn

Gly

Ser

Gly

Asn
365

Leu

Leu

Asp

190

Arg

Tyr

Leu

Glu

Ser

270

Pro

Ser

Ala

Thr

Ile

350

Cys

Asn

Pro

175

Val

Thr

Cys

His

Tyr

255

Ser

Glu

Leu

Ser

Thr

335

Ser

Ser

Arg

160

Leu

Ile

Tyr

Ile

Asp

240

vVal

Gly

Arg

Phe

Leu

320

Thr

Ser

Ala



Gly

Gly

385

Ala

Gly

vVal

Asn

Arg

465

Val

Gly

Asn

Ser

Gly

545

Ser

Asp

Pro

370

Ser

Phe

Asn

Pro

Glu

450

Ala

His

Phe

Gln

Leu

530

Asn

Ser

Val

Ser

Asp

Gln

Ser

Leu

435

Ile

Tyr

Glu

Thr

Ala

515

Arg

Gly

Thr

Asn

Pro

Arg

Thr

Asn

420

vVal

Arg

Met

Asn

Ile

500

Arg

Val

His

Ile

Thr
580

Leu

Gln

Thr

405

Phe

Val

Asn

Val

Gly

485

Ser

Thr

Glu

Ser

Arg

565

Thr

Ser

Gly

390

Gln

Phe

Arg

Ile

Ser

470

Thr

Pro

Phe

Gln

Tyr

550

Val

Thr

Thr

375

Ala

Gly

Pro

Asn

Glu

455

Val

Met

Ile

Ile

Ser

535

Asn

Gly

Asn

Pro

Asn

Arg

Asp

Glu

440

Ser

His

Ile

His

Ser

520

Thr

Leu

Leu

Asn

35801

Phe

Thr

Ser

Tyr

425

Asp

Pro

Asn

His

Ala

505

Glu

Ser

Tyr

Asn

Asp
585

Ile

Ser

Cys

410

Phe

Leu

Ala

Arg

Leu

490

Thr

Lys

Thr

Leu

Gly

570

Gly

-142-

Arg

Thr

395

Gly

Ile

Arg

Gly

Lys

475

Ala

Gln

Phe

val

Arg

555

Thr

vVal

Ser

380

Asn

Ala

Arg

Arg

Thr

460

Asn

Pro

Val

Gly

Gln

540

vVal

Val

Leu

Trp

Trp

Phe

Asn

Pro

445

Pro

Asn

Glu

Asn

Asn

525

Tyr

Ser

Tyr

Asp

Leu

Gln

Gly

Ile

430

Leu

Ala

Ile

Asp

Ser

510

Gln

Thr

Ser

Thr

Asn
590

Asp

Thr

Ala

415

Ser

His

Gly

Tyr

Tyr

495

Gln

Gly

Phe

Ile

Val

575

Gly

Ala

Glu

400

Arg

Gly

Tyr

Ser

Ala

480

Thr

Ala

Asp

Arg

Gly

560

Arg

Ala



Arg Phe

Asn Val
610

Glu Leu
625

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

<220>
<223>

<400>

Met Glu

Asn Pro

Val Ser

Ile Pro

50

Ala Leu

65

Leu Ile

Ala Leu

Arg Glu

Val Ala
130

Ser Asp Ile Tyr Ile Gly
595 600
Pro Leu Asn Ile Thr Leu
615
Met Asn Leu Met Phe Val
630
25
1166
PRT
Trinh tu nhan tao

Protein BT-0498 dé6t bién.

25

Val Asn Asn Gln Asn Gln

Glu Ser Glu Ile Phe Asn
20

Gln Val Ser Val Gly Leu
35 40

Gly Ala Gly Phe Ala Leu
55

Gly Val Asp Gln Trp Ser
70

Arg Gln Glu Ile Thr Thr
85

Val Gly Leu Ser Ala Ser
100

Trp Glu Asn Asp Pro Asp
115 120

Arg Phe Arg Ala Thr Asp
135

35801

Asn Val

Ser Phe

Pro Thr

Cys Ile
10

Ala Arg
25

Thr Arg

Gly Leu

Leu Phe

Val Glu

90

Tyr Asp
105

Asn Pro

Asn Ser

-143-

Val

Asn

Asn
635

Pro

Asn

Phe

Phe

Leu

75

Arg

Ile

Ala

Leu

Ala

Gly

620

Leu

Tyr

Ser

Leu

Asp

60

Glu

Asn

Tyr

Ser

Ile
140

Ser
605

Asn

Pro

Asn

Asn

Leu

45

Ile

Gln

Arg

Ile

Gln

125

Thr

Ala

Pro

Pro

Cys

Phe

30

Glu

Ile

Ile

Ala

Glu

110

Asp

Asp

Asn

Gln

Val

Leu

15

Gln

Ala

Trp

Glu

Thr

95

Ala

Arg

Ile

Thr

Phe

Tyr
640

Asn

Leu

Ala

Gly

Gln

80

Gln

Leu

Val

Pro



Leu

145

Gln

Gly

Arg

Tyr

Asp

225

Phe

Leu

Trp

Phe

His

305

Gly

Pro

Trp

Leu

Ala

Glu

Leu

Asn

210

Phe

Pro

Thr

Leu

Phe

290

Trp

Asn

Pro

Tyr

Ala

Ala

Arg

Thr

195

Gln

Gln

Asn

Arg

Leu

275

Asp

Ala

Glu

val

Arg
355

Ile

Asn

Trp

180

Arg

Gly

Arg

Tyr

Glu

260

Ser

Arg

Gly

Ile

Thr

340

Val

Pro

Leu

165

Gly

Asn

Leu

Asp

Asp

245

Ile

Ile

Ile

His

Arg

325

Ile

Leu

Asn

150

His

Leu

Ile

Asn

Leu

230

Ile

Tyr

Ala

Ile

Glu

310

Phe

Arg

Ser

Tyxr

Leu

Thr

Gln

Ser

215

Thr

Arg

Thr

Asn

Ile

295

Val

Pro

Pro

Arg

Glu

Ala

Pro

Leu

200

Ile

Ile

Thr

Ser

vVal

280

Tyr

Ile

Leu

Thr

Ile
360

35801

Ile

Leu

vVal

185

Tyr

Gly

Ser

Tyr

Pro

265

Leu

Thr

Ser

Tyr

Gly

345

Val

Ala

Leu

170

Asn

Ser

Ala

Val

Pro

250

vVal

Arg

Asn

Arg

Gly

330

Phe

Ser

-144-

Thr

155

Arg

Ile

Asp

Thr

Leu

235

Ile

vVal

Ala

Thr

Arg

315

Val

Thr

Phe

Leu

Asp

Glu

His

Asn

220

Asp

Pro

Ala

Pro

Val

300

Thr

Ala

Asp

Arg

Ser

Ala

Asp

Cys

205

Thr

Ile

Thr

Asp

His

285

Arg

Gly

Ala

Glu

Ser
365

vVal

Val

Leu

190

Val

Arg

Val

Gln

Gly

270

Leu

Ser

Gln

Asn

Gln

350

Ser

Tyr

Tyr

175

Tyr

Arg

Tyr

Ala

Ser

255

vVal

Val

Thr

Gly

Thr

335

Arg

Gly

Val

160

Phe

Thr

Trp

Leu

Leu

240

Gln

Asn

Asp

Pro

Gln

320

Glu

Gln

Gln



Asp

Leu

385

Glu

Leu

Ala

Asn

Phe

465

Gly

Arg

Arg

Arg

Asn

545

Thr

Ser

Phe

370

Ser

Ile

Cys

Arg

Thr

450

Asn

Gly

Val

Tyr

Ala

530

Leu

Phe

Ser

Ser

Phe

Pro

His

val

435

Ile

Leu

Asp

Asn

Ala

515

Ile

Gln

Ser

Gly

Leu

Tyr

Ile

Val

420

Pro

Ala

His

Ile

Ile

500

Ser

Asn

Phe

Asp

Asn
580

Val

Arg

Glu

405

Gly

Val

Pro

Ser

Leu

485

Thr

Thr

Gln

Gly

Ala

565

Glu

Asp

Asn

390

Phe

Phe

Asp

Gly

470

Arg

Ala

Thr

Ala

Asp

550

Asn

vVal

Ala

375

Gly

Thr

Val

Ser

Val

455

Ala

Arg

Pro

Asp

Asn

535

Phe

Ser

Tyr

Val

Phe

Asp

Ala

Trp

440

Ile

Thr

Thr

Leu

Leu

520

Phe

Arg

Thr

Ile

35801

Gly

Gly

Pro

Ser

425

Thr

Thr

Val

Asn

Ser

505

Gln

Pro

Thr

Phe

Asp
585

Phe

Phe

Leu

410

Ser

His

Gln

Val

Val

490

Gln

Phe

Ala

Val

Thr

570

Arg

-145-

Leu

Asn

395

Thr

Pro

Arg

Ile

Arg

475

Gly

Arg

His

Thr

Gly

555

Ile

Ile

Thr

380

Thr

Gly

Phe

Ser

Pro

460

Gly

Ser

Tyr

Thr

Ile

540

Phe

Gly

Glu

Ile

Asp

Tyr

Ile

Ala

445

Leu

Pro

Phe

Arg

Ser

525

Glu

Thr

Ala

Phe

Phe

Thr

Ser

Ser

430

Thr

Val

Gly

Gly

Val

510

Ile

Asn

Thr

Trp

Val
590

Ser

Ile

His

415

Gln

Leu

Lys

Phe

Asp

495

Arg

Asn

Arg

Pro

Ser

575

Pro

Ala

Asn

400

Arg

Tyr

Thr

Ala

Thr

480

Met

Ile

Gly

Gly

Phe

560

Phe

Ala



Glu

Val

Val

625

Ser

Lys

Asn

Thr

Val

705

Gln

Arg

Tyr

Arg

Arg

785

Arg

vVal

Asn

610

Thr

Asp

His

Phe

Asp

690

Thr

Lys

Gly

Asn

Pro

770

Cys

Asp

Thr

595

Ala

Asp

Glu

Ala

Arg

675

Ile

Leu

Ile

Tyr

Ala

755

Leu

Ala

Gly

Phe

Leu

Tyr

Phe

Lys

660

Gly

Ile

Pro

Asp

Ile

740

Lys

Ser

Pro

Glu

Glu

Phe

Gln

Cys

645

Arg

Ile

Ile

Gly

Glu

725

Glu

His

Ala

His

Lys
805

Ala

Thr

Ile

630

Leu

Leu

Asn

Gln

Thr

710

Ser

Asp

Glu

Gln

Leu

790

Cys

Glu

Ser

615

Asp

Asp

Ser

Arg

Gly

695

Phe

Lys

Ser

Thr

Asn

775

Glu

Ala

Tyr

600

Ser

Gln

Glu

Asp

Gln

680

Gly

Asp

Leu

Gln

Val

760

Pro

Trp

His

35801

Asn

Asn

val

Lys

Glu

665

Pro

Asp

Glu

Lys

Asp

745

Asn

Ile

Asn

His

-146-

Leu

Gln

Ser

Arg

650

Arg

Asp

Gly

Cys

Ala

730

Leu

Val

Gly

Pro

Ser
810

Lys

Ile

Asn

635

Glu

Asn

Arg

Val

Tyr

715

Tyr

Glu

Pro

Lys

Asp

795

His

Gln

Gly

620

Leu

Leu

Leu

Gly

Phe

700

Pro

Thr

Ile

Gly

Cys

780

Leu

His

Ala

605

Leu

Val

Ser

Leu

Trp

685

Lys

Thr

Arg

Tyr

Ser

765

Gly

Asp

Phe

Gln

Lys

Glu

Glu

Gln

670

Arg

Glu

Tyr

Tyr

Leu

750

Gly

Glu

Cys

Ser

Gln

Thr

Cys

Lys

655

Asp

Gly

Asn

Leu

Gln

735

Ile

Ser

Pro

Ser

Leu
815

Ala

Asp

Leu

640

Val

Ser

Ser

Tyr

Tyr

720

Leu

Arg

Leu

Asn

Cys

800

Asp



35801

Ile Asp Val Gly Cys Thr Asp Leu Asn Glu Asp Leu Gly Val Trp Val
820 825 830

Ile Phe Lys Ile Lys Thr Gln Asp Gly His Ala Arg Leu Gly Asn Leu
835 840 845

Glu Phe Leu Glu Glu Lys Pro Leu Leu Gly Glu Ala Leu Ala Arg Val
850 855 860

Lys Arg Ala Glu Lys Lys Trp Arg Asp Lys Arg Glu Lys Leu Glu Leu
865 870 875 880

Glu Thr Asn Ile Val Tyr Lys Glu Ala Lys Glu Ser Val Asp Ala Leu
885 890 895

Phe Val Asn Ser Gln Tyr Asp Arg Leu Gln Ala Asp Thr Asn Ile Ala
900 905 910

Met Ile His Ala Ala Asp Lys Arg Val His Arg Ile Arg Glu Ala Tyr
915 920 925

Leu Pro Glu Leu Ser Val Ile Pro Gly Val Asn Ala Gly Ile Phe Glu
930 935 940

Glu Leu Glu Gly Arg Ile Phe Thr Ala Tyr Ser Gln Tyr Asp Ala Arg
945 950 955 960

Asn Val Ile Lys Asn Gly Asp Phe Asn Asn Gly Leu Ser Cys Trp Asn
965 970 975

Val Lys Gly His Val Asp Val Glu Glu Gln His Asn His Arg Ser Val
980 985 990

Leu Val Val Pro Glu Trp Glu Ala Glu Val Ser Gln Glu Val Arg Val
995 1000 1005

Cys Pro Gly Arg Gly Tyr Ile Leu Arg Val Thr Ala Tyr Lys Glu
1010 1015 1020

Gly Tyr Gly Glu Gly Thr Val Thr Ile His Glu Tle Glu Asp His
1025 1030 1035

-147-



35801

Thr Asp Glu Leu Lys Phe Ser Asn Cys Val Glu Glu Glu Val Tyr
1040 1045 1050

Pro Asn Asn Thr Val Thr Cys Asn Asp Tyr Thr Ala Thr Gln Glu
1055 1060 1065

Glu Tyr Gly Gly Ala Tyr Thr Ser Arg Asn Arg Gly Tyr Asp Glu
1070 1075 1080

Thr Tyr Gly Ser Asn Ser Ser Val Ser Ala Asp Tyr Ala Ser Val
1085 1090 1095

Tyr Glu Glu Lys Ala Tyr Thr Asp Gly Arg Arg Glu Asn Pro Cys
1100 1105 1110

Glu Phe Asn Arg Gly Tyr Gly Asp Tyr Thr Pro Leu Pro Ala Gly
1115 1120 1125

Tyr Val Thr Lys Glu Leu Glu Tyr Phe Pro Glu Thr Asp Lys Leu
1130 1135 1140

Trp Ile Glu Ile Gly Glu Thr Glu Gly Thr Phe Leu Val Asp Ser
1145 1150 1155

Val Glu Leu Leu Leu Met Glu Glu

1160 1165
<210> 26
<211> 722
<212> PRT

<213> Bacillus thuringiensis
<400> 26

Met Asn Ser Tyr Lys Asn Asn His Thr Met Val Asn Ser Pro Glu Asn
1 5 10 15

Tyr Ser Asn Ile Val Asn Lys Tyr Pro Tyr Ala Ser Asn Pro Asn Ile
20 25 30

Glu Met Gln Asn Met Asn Tyr Lys Asp Trp Met Ala Gly Tyr Glu Glu
35 40 45

-148-



Phe

Asn

65

Ile

Asn

Thr

Ala

Thr

145

Thr

Gly

His

Ala

Ala

225

Leu

Ala

Ala

50

Gln

Asn

Asp

Gln

Tyr

130

Pro

Leu

Phe

Leu

Asn

210

Ile

Asn

Tyr

Pro

val

Ile

Leu

Tyr

115

Asn

Gln

Cys

Glu

Leu

195

Ser

Asp

Arg

Arg

Ser

Ile

Val

Leu

100

Arg

Asp

Asn

Ile

Thr

180

Leu

Met

Glu

Phe

Arg
260

Ser

Thr

Gln

85

vVal

Ser

Tyr

Gly

Asn

165

Leu

Leu

Ser

Tyr

Thr

245

Asp

Leu

Leu

70

Glu

His

Ala

Leu

Gln

150

Ala

Leu

Arg

Thr

Arg

230

Arg

Met

Ser

55

Thr

Met

Val

Ala

Lys

135

Gln

Leu

Leu

Asp

Arg

215

Asn

Thr

Thr

Leu

Gly

Val

Glu

Thr

120

Phe

Val

Ala

Pro

Ala

200

Asn

His

Ser

Leu

35801

Ile

Val

Arg

Gln

105

Gly

Phe

Glu

Pro

Asn

185

Val

Ile

Cys

Phe

Ser
265
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Leu

Leu

Leu

90

Leu

Ala

Arg

Ser

Gln

170

Tyr

Leu

Asn

Asn

Asn

250

Val

Ser

Gly

75

Ile

Ile

Ile

Gln

Ala

155

Ala

Ala

Tyr

Ile

Tyr

235

Asp

Leu

Ser

60

Lys

Arg

Gln

Tyr

Trp

140

Phe

Ser

Leu

Arg

Gln

220

Trp

Trp

Asp

Ile

Thr

Gly

Gln

Gly

125

Glu

Thr

Leu

Ala

Thr

205

Ile

Tyr

Val

Phe

Gly

Pro

Asn

Thr

110

Ile

Arg

Thr

Ser

Thr

190

Gln

Leu

Asn

Arg

Val
270

Ile

Glu

Thr

95

Leu

Ser

Asn

Val

Arg

175

Asn

Trp

Thr

Ile

Phe

255

Thr

Leu

Ile

80

Gly

Ala

Arg

Arg

Asn

160

Arg

Phe

Leu

Arg

Gly

240

Asn

Val



Phe

Leu

Pro

305

Ser

Tyr

Asn

Trp

Leu

385

His

Thr

Asn

Gln

Asn

465

Ser

Pro

Thr

290

Arg

Gly

His

Tyr

Ser

370

Thr

Arg

Leu

Glu

Asn

450

Pro

Leu

Thr

275

Arg

Thr

Gly

Asp

Leu

355

Thr

Thr

Ser

Phe

Thr

435

Tyr

Asn

Arg

Tyr

Ile

Asn

Pro

Pro

340

Ser

Asn

His

Asp

Tyr

420

Val

Thr

Ala

Arg

Asp

Val

Pro

Ser

325

His

Asn

Ile

Asp

Phe

405

His

Phe

His

Arg

Arg
485

Pro

Tyr

Pro

310

Phe

His

Pro

Ile

390

Ile

Gln

Leu

Arg

Arg

470

Asn

Ile

Thr

295

Ser

Leu

Val

Ile

Met

375

Asp

Gly

Asn

Pro

Leu

455

Ala

Gly

Arg

280

Asp

Phe

Asn

Tyr

Phe

360

Gln

Ser

Val

val

Gly

440

Phe

Ala

Phe

35801

Tyr

Pro

Asn

Gln

Arg

345

Arg

Asn

Met

Asn

Asn

425

Asp

Gln

Phe

Arg
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Pro

Ile

Gln

Leu

330

Asp

Gln

Ile

Gln

Thr

410

Thr

Ser

Val

Leu

Thr
490

Arg

Ser

Met

315

Arg

Tyr

Ser

Asp

Arg

395

Ile

Ser

Gly

Met

His

475

Asp

Pro

Pro

300

Glu

Ile

Trp

Gly

Ile

380

Ser

Asn

Leu

Leu

Thr

460

Ala

Gln

Thr

285

Pro

Asn

Tyr

Ala

Ser

365

Phe

Tyr

Asn

Phe

Glu

445

Thr

Trp

Ile

Asn

Arg

Leu

Thr

Gly

350

Thr

Arg

Gly

Gln

Leu

430

Pro

Tyr

Thr

Met

vVal

Gly

Ile

Thr

335

Asn

Ala

Val

Gly

Arg

415

Thr

Asn

Arg

His

Gln
495

Glu

Phe

Ile

320

Phe

Arg

Pro

Asn

Val

400

Thr

Arg

Glu

Thr

Arg

480

Ile



Pro

Asn

Ser

Ile

545

Val

Gln

Tyr

Gly

Glu

625

Asp

Gly

Lys

Asn

Ser
705

Ala

Tyr

Tyr

530

Val

Leu

Asn

Ala

Ile

610

Leu

Tyr

Thr

Asn

Tyr

690

Gln

Val

Gly

515

Lys

Arg

Asn

Gly

Thr

595

Phe

Ile

Ser

Tyr

Tyr

675

Asn

Asn

Lys

500

Glu

Val

Val

Gly

Gly

580

Phe

Lys

Pro

Tyr

Asp

660

Thr

Gln

Thr

Thr

Asn

Thr

Arg

Ala

565

Glu

Ala

Asp

Ser

Asn

645

His

Gln

Asn

Gly

Ile

Ile

Ala

Tyr

550

Gln

Ser

Gly

Ile

His

630

Gln

Asn

Asp

Asn

Cys
710

Ser

Met

Thr

535

Ala

Ile

Leu

Asp

Ser

615

Phe

Asn

Ser

Met

Thr

695

Thr

Thr

Lys

520

Asp

Ser

Ala

Thr

Phe

600

Asn

Met

Thr

Ser

Asp

680

Asp

Cys

35801

Gly

505

Leu

Ser

Met

Ser

Ala

585

Gln

Ala

Ser

Ile

Asn

665

Thr

Met

Asn
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Asp

Asp

Ala

Asp

Leu

570

Leu

Met

Asp

Ser

Tyr

650

Met

Thr

Tyr

Gln

Asp

Asn

Ala

Asn

555

Asn

Gln

Gly

Phe

Leu

635

Thr

Tyr

Tyr

Asp

Gly
715

Arg

Leu

Ser

540

Asn

Val

Cys

Ser

Ile

620

Glu

Cys

Asp

Gln

Ser

700

Tyr

Ala

Thr

525

Asn

Lys

Glu

Glu

Gln

605

Leu

Gln

Asn

His

Pro

685

Gly

Asn

Val

510

Ser

Thr

Leu

Arg

Asp

590

Ser

Asp

Thr

Gln

Gln

670

Asp

Tyr

Asn

Val

Gly

Arg

Asn

Thr

575

Phe

Ile

Lys

Gln

Gly

655

Asn

Tyr

Asn

Asn

Leu

Leu

Phe

Leu

560

Val

Lys

Leu

Ile

Asp

640

Tyr

Tyr

Asp

Asn

Phe
720



35801

Pro Lys
<210> 27
<211> 36
<212> PRT

<213> Bacillus thuringiensis
<400> 27

Ser Val Tyr His Pro Asp Ala Asn Asp Ala Tyr Asp Glu Gly Asp Asp
1 5 10 15

Asn Thr Tyr Asn Gln Asn Tyr Asn Ser Met Tyr Asn Gln Asn Ala Asp
20 25 30

Asn Thr Tyr Asp

35
<210> 28
<211> 17
<212> PRT

<213> Bacillus thuringiensis
<400> 28

Gly Tyr Glu Gln Asn Asn Tyr Asp Ser Asp Asp Ser Asp Tyr Asn Asn
1 5 10 15

Thr
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