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canh cting Coleopteran phan lap tai Viét Nam, c6 kha nang sinh téng hop doc to

tinh thé Cry8Da diét con trung bd cdnh cing Coleopteran. Ching Bacillus

thuringiensis serovar galleriae MHB11.3 theo giai phdp hitu ich mang céu tric

doan gen cry8Dat c6 kich thuéc 2031 bp ma héa protein tinh thé doc t6 Cry8Da

diét au trung céac loai bo hung: Cotinis nitida, Anomala cuprea. Giai phap hitu

ich ciing dé cap dén ché pham diét 4u tring bo cénh ciing Coleopteran chia dich

nuodi cdy ctia ching vi khuéan nay.
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Linh vue ky thuit dwogc dé cip

Giai phap hitu ich thudc linh vuc cong nghé vi sinh vat hoc, cu thé 1a dé cap dén
chung vi khudn Bacillus thuringiensis serovar galleriae MHB11.3 mang gen mi héa
protein tinh thé ddc t6 diét con tring bd canh ctimg Coleopteran phén 1ap tai Viét Nam
c6 kha ning sinh téng hop protein tinh thé doc t§ diét Au trung bd canh cung
(Coleopteran), loai Cotinis nitida, Anomala cuprea va trinh tu ADN ma hoa protein
tinh thé doc té tir ching nay. Giai phép hitu ich ciing d& cap dén ché phidm sinh hoc

diét 4u tring bo canh cimg Coleopteran chira dich nuéi cy cua ching vi khuin nay.
Tinh trang ky thuit ciia giai phap hiru ich

Trong céc loai con trung, con trung thudc bd canh ctiing la nhom con trung duge
biét dén véi sb luong loai 16n nhat (khoang 400.000 loai). Trong do, c6 rat nhiéu loai
gy hai nghiém trong cho ciy trong. Con tring bd canh ctng hai ciy trong c6 thé tin
cong tat ca cac bd phan khéc ctia cdy, nhiéu loai #n pha 1a, duc than, canh, trai, ré,
bong, v.v., din dén lam giam ning sudt, chét luong thanh pham cay trdng, c6 noi lam
cay chét trén dién rong dan dén mét mua hoan toan. C6 thé ké dén rat nhiéu loai thudc
mdt s ho pha hai nghiém trong cay tréng nhu: Ho Bo hung (Scarabaeidae) - bo hung
duc gbc mia Alissonotum pauper Burm; Anomala sp., Cotinis nitida hai dau tuong,
lac, khoai tay, nho, 1€, dé, v.v.; Oryctes rhinoceros, Xylotrupes gideon pha hai dira; Ho
Xén toc (Cerambycidae) - xén toc duc than, canh xoai Plocaderus ruficornis. bo hai
ca phé Celosterna pollinosa sulphurea.; Ho Anh kim - ho bo nhéy hai rau cai
(Phyllotreta striolata Fabr.), sau gai hai la (Hispa armigera Olivier), bo hai khoai

lang (Cassida circumdata Herbst), bo dua Brontispa longissima hai dua.

C6 nhiéu tac nhan diét 4u trung bo hung hiéu qua da duoc nghién ciru. Mot sb
tac nhan 1a cac hop chét hoa hoc ¢o tinh doc véi bo hung. Nhiing tic nhan khac 14 céc
vi sinh vét c6 hoat tinh diét 4u trung bo hung. Viéc sir dung cac chat hoa hoc diét bo
hung khéng nhitng doc dbi véi stc khoe con nguoi, mdi trudng ma con tao ra nhing

loai bo hung khang thudc. Dé duy tri hiéu qua, doi hoi phai tang liéu luong hoa chét
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ddc hai. Chinh sy gia tding st dung cac hda chét diét bo hung c6 khé nang lam tén hai
céc quan thé sinh vét c¢6 ich khac trong méi trudong. Cac td chire nhu T chire Nong
luong thé gidi, T6 chic Y té thé gioi va TS chirc Moi trudong thé gidi da khuyén céo
han ché d&én muc tdi da viée str dung cac hod chét va tang cuong str dung thude trir sdu
sinh hoc. Trong sb cac loai thudc trir siu sinh hoc da va dang duoc st dung thi loai
thube c6 ngudn gdc tir vi khudn Bacillus thuringiensis (Bt) 14 c¢6 hidu qua diét sau cao
nhit va rit an toan véi nguoi va dong vat bac cao. Cac nghién ctru da chi ra réng Bt
duogc st dung lam thude trir sdu sinh hoc va chuyén gen diét con trung vao cady t1‘6ng
dé tiéu diét cac loai con trung, trong do6: nhém gen cryl diét sau by Canh Vay
(Lepidoptera); nhdm gen cry2, cry4 diét con trung by Hai Canh (Diptera); nhom cry3,
cry7, cry8 diét cdn trung by Canh Cing (Coleoptera); nhém gen cry3 téng hop doc td
diét ca con trung canh vay va canh ctmg; nhom gen cry6 duge xép vao nhom gen diét
tuyén trung. Hién nay thude trir sau sinh hoc BT chiém hon 90% thi phén thude trir sdu
sinh hoc trén thé gidi. béi tugng ban dau ma thudc trir sdu BT tac dong chu yéu la con
tring bd canh vay va hai canh. Chi dén nam 1983, khi Kriege phan lap duoc dudi loai
B. thuringiensis tenebrionis (Bt.f) mang gen cry3 tit bo canh cing Tenebrio monitar
thi thudc trir sau BT ¢6 hoat tinh diét con trung canh cimg mai duge quan tdm nghién
ctru. Con trung bd canh cung rat kho diét, mat khac hién nay hién tuong con trung
khang thudc trir sdu ngay cang tang. Vi vay, mudn diét duoc ching can phai sir dung
céc loai thude trir sdu BT c6 phd dién sau rong va dac hiéu cho timg loai con trung
khéc nhau.

Nhom gen cry8 ma héa cho céc protein tinh thé doc t6 diét con tring hai nong
nghiép bo canh cting. Gen cry8 duge phat hién dau tién vao nim 1992, boi Narva va
cdc cong su tur ching Bt subsp. kumamotoensis mang gen cry84Aal c6 ddc tinh dac
hiéu voi riéng 4u trung loai Scarabaeid. Cho dén 4/2014, da xac dinh duoc nhom gen
nay gém 38 gen tir cry8dal dén cry8Qal thude cac dudi loai Bt khac nhau; Gen
cry84al, cry8Bal dugc tach dong tir Bt var. kumamotoensis; Gen cry8Eal, cry8Fal,
cry8Hal duge tach dong tir Br185; Gen cry8Da duge tach dong tir Bt var. galleriae,
v.v.. Céc gen nay déu dic hiéu cho mot hay nhiéu loai con trung nhu gen ¢ry8Ca diét
duoc Au trung loai Anomala exoleta, A. corpulenta; gen cry8Ea diét du trung loai
Holotrichia parallela; gen cry84a va cry8Ba khang lai 4u trung Cotinis sp (Cotinis
nitida, June beetle); gen cry8Db diét duoc ca au trung va trudng thanh loai Popillia
Japonica. Hau hét cac gen cry8 ma hoa céac protein doc t6 c6 khéi lugng phan tir 1a 130
kDa. Tinh thé protein c¢ry8 duoc hinh thanh va phat trién trong subt qua trinh hinh
thanh cta bao tir va nim bén ngoai bao tir. CAu truc ctia protein tinh thé diét sau cua
gen cry8 dang 1a van dé dang quan tdm cua cac nha khoa hoc. M3i gen cry8 thude ho

gen ¢ry8 khic nhau thi cdu truc tinh thé ciing c6 nhitng diém khac nhit dinh, phan 16n
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cac protein tinh thé cta cac gen cry8 déu cé dang hinh cu (galleriae, Bt185, BBT2-5,
v.v.), mot sb it c6 dang hinh ludng thap (Bt HE-1, v.v.). Gen cry8 1a mot nhom gen rét
khé c6 thé phan 1ap duge. Vi vdy, nhiing nghién ctru co ban vé gen cry8 ciing nhu tng
dung chung trong san xudt thudc trir sau sinh hoc va chuyén gen vao cay trong van con
rdt méi mé va chua duoc ddy da. Mot sé it gen: cry8Ca2, cry8Da, cry8Eal, cry8Gal
duoc chuyén vao thudc 14 va mot vai loai cé chian nudi nhu cé dng Agrotis palustris,
¢ Lolium perenne dé khang lai cac loai bo hung hai ciy trong. Cac nghién ctru vé
thude trir sau BT tir cac chung mang gen cry8 méi chi bat dau. Theo théng ké, & Cong
ty American Mycogen (M¥), & Trung Qudc - nhitng noi rit manh vé nghién ciru va
tng dung thudc trir sdu BT trong san xuit néng nghiép, mic du trong san xuit néng
" nghiép dang sir dung rat nhidu san pham thudc trir sau BT (Trung Qudc ¢6 276 loai)
diét con trung b canh vay, hai canh va canh cimg, nhung céc nghién ctru vé ché pham
BT diét con triing canh cimg tir ngudn gen cry8 méi chi trong giai doan nghién ctru tao
ché phém va tién hanh thur nghiém ché phém sinh hoc BT diét mét sb bo hung hai cay
tréng. Vi vy, cac nghién ciru vé gen ¢ry8 dang duge céc nha khoa hoc trén thé gioi rat
quan tAm nghién ctru & tim ra dugc cic gen méi khang cac lodi ¢dn trung canh cimg
ddc hiéu va déc biét 1a khai thac dugc g dung rt 16n cta ching trong san xuét thudc
trir sdu BT va chuyén gen vao cdy trong nhdm giam thiéu nhiing thiét hai do con tring
bd canh cung giy ra.

Gen cry8Da dugc Asano va cOng su phat hién ndm 2003 tir chung Bacillus
thuringiensis serovar galleriae SDS502 phan lap tai Nhat Ban, ¢ kich thuée 3435 bp,
ma hoa protein tinh thé doc t6 130 kDa diét duoc ca 4u trung va trudng thanh cta bo
canh cing. Gen cry8Da c¢6 phd diét siu rong va hidu qua, tinh dén nay né da duoc cac
nha khoa hoc Nhat Ban va My (Asano va cdng su 2003, 2005 va Paula M. Pijut 2010)
chimg minh la c6 hoat tinh di¢t dugc 04 loai con trung canh ctrng (Coleoptera) hai cay
trdng nhu: Anomala cuprea, Anomala orientalis, Popillia japonica (ho bo hung -
Scarabaeidae); Agrilus planipennis (ho B cii - Elateridae) va doan ma hoa protein
doc t6 da duoc chuyén vao cdy cd voi va cdy gd tan bi dé tao cay c6 kha ning khang
lai cac lodi con trung canh cing noi trén.

O Viét Nam, cac nghién clru vé vi khuén Br (phén lap, phan loai, san xuét thube
trir sau, chuyén gen vao cy trdng) méi chi tap trung nhiéu vao cac loai gen cryl, vip
diét sau bd canh vay; gen cry2, cry4 diét rudi mudi va gen cry3 diét mot thoc do. Tuy
nhién, mdt s6 nghién ciru vé san xudt thudc trir sdu BT va chuyén gen Bt vao cay trong
chu yéu la gen Bt nhap ngoai (Ng6 Dinh Binh va cong su, 2010; V& Thi Thir va cong
su, 20; Lé Thu Hién va cdng su, 2002; Phan Dinh Phép va cong su, 2000; Nguyén

Htru H6 va cdng sy, 2007, v.v.). Cling can nhan manh rang, & nudc ta chua c6 mot
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cong trinh nao nghién ctru vé& gen cry8 nhap ngoai ciing nhu bdn dia va gan day nhom
gen ndy mdi duge nhom tac gia nghién ctru tr ndm 2006. Nhom tac gia da phan 1ap
thanh céng mot sé ching mang gen cry8Da, trong d6 cé chung Bacillus thuringiensis
serovar galleriae MHB11.3 mang gen cry8Dat ¢ kha nang diét dugc 4u tring hai loai
bo hung Cotinis nitida va Anomala cuprea, doan gen ma héa protein doc t6 ctia ching
MHB11.3 ¢6 kich thudc 2031 bp dd duoc ding ky trén Ngan hang gen qudc té, ma sd
FN796428.1 va budc ddu da duoc chuyén thanh cong vao cidy mé hinh la thude l4.
Ban chit ky thuit ciia giai phap hiru ich

Giai phap hitu ich dé xuét ching vi sinh vét tu nhién dugc phén lap tai Viét
Nam c6 kha ning tao protein tinh thé doc t§ diét con tring canh cung. Cu thé, giai
phap hitu ich d& cép dén ching vi khuan Bacillus thuringiensis serovar galleriae
MHB11.3 mang gen cry8Dat ma héa protein tinh thé doc t6 Cry8Dat ¢ hoat tinh diét
4u trung con trung bd canh cing cao, loai Cotinis nitida, Anomala cuprea va trinh tu

ADN mi héa protein tinh thé doc t6 Cry8Dat tir chiing nay.

Theo khia canh thir nhit, giai phap hitu ich dé cap dén chung vi khuan Bacillus
thuringiensis mang gen ma hoa protein tinh thé doc t6 diét con trung bd canh cing
Coleopteran phén lap tai Viét Nam cé hoat tinh diét du trung con trung canh cing
(Coleopteran) cao. Pay la ching Bt. serovar galleriae MHB11.3 c6 kha néng tao bao
tir va sinh tdng hop tinh thé doc té Cry8Da diét 4u trung bd canh cting. Chung Br.
serovar galleriae MHB11.3 mang cau trdc trinh tw ADN gen cry8Dat ma héa protein
tinh thé doc t6 Cry8Dat diét 4u tring cac loai bo hung: Cotinis nitida, Anomala
cuprea. Chung Bt. serovar galleriae MHB11.3 theo giai phap hitu ich cé kha nang sinh
kténg hop tinh thé doc t6 Cry8Da diét 4u tring cac loai bo hung - Cotinis nitida,
Anomala cuprea - véi hoat tinh cao: LCsy = 2,476 pg diét du trung loai Anomala
cuprea va LCsy = 2,857 g diét Au trung loai Cotinis nitida. Trinh tu ADN ma hoa
protein tinh thé doc t6 Cry8Dat tir ching Bt. serovar galleriae MHB11.3 c6 kich thudc
2031 bp, m& hoa 677 axit amin san sinh mdt protein tinh thé doc td 77 kDa da duoc
dang ky trén Ngan hang gen quc té, ma sb: FN796428.1.

Theo khia canh thtr hai, giai phap hitu ich d& cap dén ché pham sinh hoc diét du
tring bd canh cung Coleopteran, trong d6 ché phim nay chira dich nudi cdy cua ching
vi khudn nay.

MG ta vin tit cac hinh vé

Hinh 1 thé hién hinh thai bao tir va tinh thé doc t6 cla ching Bacillus
thuringiensis serovar galleriae MHB11.3 chup trén kinh hién vi dién tir (1: Tinh thé, 2:
Bao tw).
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Hinh 2 thé hién protein tinh thé doc tb ¢ hoat tinh diét con trung bo canh cing
cua chung Bacillus thuringiensis serovar galleriae MHB11.3 trén gel PAGE-SDS
12,5% (Cot 1 va 2: Protein tinh thé ctia ching MHB11.3; Cot M: protein dénh dau -

Marker protein).

Hinh 3 thé hién vi tri trinh tu nucleotit sai khac trong trinh ty ADN cta ching
Bt MHB11.3 va SDS502 (vi tri s6 26 va 1493).

Hinh 4 thé hién protein doc td tai to hop cé hoat tinh diét con trung canh ciing
phén lap to ching B. thuringiensis serovar galleriae MHBI11.3 trén gel PAGE-SDS
12,5% (Cot M: protein danh diu - Marker protein; Cot 1-3: Protein doc t6 tai tb hop da
duoc tinh sach; Cot 4: Protein tong s6 tai t6 hop tir ching BL21(DE3)pLysS).

Hinh 5 thé hién két qua dang ky trén Ngan hang gen qudc té ctia gen Cry8Da
cua chung MHB11.3 (FN796428.1).
M@ ta chi tiét giai phap hiru ich
Giai phap hitu ich dé cap dén ching vi khuan B. thuringiensis serovar galleriae
MHB11.3 ¢6 hoat tinh diét 4u trung con trung bd canh cimg cao, loai Cotinis nitida,
Anomala cuprea va trinh tu ADN ma hoa protein tinh thé doc t6 Cry8Da tlr chiing nay

s& duoc bdc 16 rd rang ¢ day thong qua cac phuong an thuc hién gidi phap hitu ich

Chung B. thuringiensis serovar galleriae MHB11.3 dugc phéan lap tir miu dat
ving trdng mia khong str dung thudc trir sdu Bt ctia viing Luong Son - Hoa Binh béng
cach: 1 g dit dugc hoa trong 9 ml dung dich mudi dém phosphat (phosphate-buffered
saline - PBS) v6 trung, lic 220 vong/phut trong 5 phut. LAy 1 ml huyén phu vao éng
Eppendorf 4 & nhiét do 65°C trong 30 phut. Dich da xur li nhiét dugc pha lodng voi
PBS vo tring & céc ndng do tir 10" dén 10", Hut 100 pl dich pha lodng dua lén dia
petri chita méi truong MPA 1di trai déu dung dich trén mit thach bang que gat thuy
tinh vé trung, & mdi ndng do pha lodng ciy 1én 3 dia moi trudng dinh dudng (1% cao
thit, 1% polypepton, 0.2% NaCl va 2% aga; d6 pH = 7,6), nu6i & 28°C trong 72 dén 96
gidr. i x4c dinh chung Bt MHB11.3 sinh tinh thé hinh cau.

Chung Bt serovar galleriae MHB11.3 dugc phéan loai dudi loai theo 55 typ
huyét thanh va dd c6 phan img ngung két véi typ huyét thanh HSa,5b — thudc dudi loai
Bt galleriae.

Hon hop bao tir va tinh thé cua chung Bt MHB11.3 duoc thir nghiém hoat tinh
khéang 3 loai con trung: C. nitida, A. cuprea (ho bo hung, by canh cung) va Plutella
xylostella (sau to, bo canh Véy). D3 xéac dinh chung Br MHB11.3 ¢6 hoat tinh diét C.
nitida, A. cuprea cao (90%).
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ADN plasmit ctia chiing Br MHB11.3 di duoc tach va khuéch dai gen cry8Da

bang cap mdi dic hidu cua gen cry8Da
5'-CGGATCCATGAGTCCAAATAATCAAAATG-3'
5'-GAGCTCTCACACATCTAGGTCTTCTTCT-3"'

Két qua thu dugce doan gen mi héa protein tinh thé ddc té ctia ching Br MHB11.3 ¢6
kich thudc 2031 bp.

Doan gen 2031 bp ma héa protein tinh thé ddc té ctia chung Bt MHB11.3 dugc
tach dong trong vector pGEM-T-Esasy va bién nap vao vi khuan E. coli DH50. Céc
plasmit tai t6 hop duoc dat tén 1a pGEM-cry8Dat.

Gen cry8Dat trong plasmit tai t6 hop pGEM-cry8Dat duge x4c dinh trinh tu
theo phuong phdp ctia Sanger va cong su voi bo kit xdc dinh trinh ty BigDye
Terminator 3.1 va may doc trinh tw ABI RISM 3700. Trinh tu nucleotit dugc phén tich
bing phin mém PCGENE di xac dinh doan gen cry8Dat c6 kich thudc 2031 bp ma
hoéa trinh tu 677 axit amin vdi trong lugng phan tir tinh toan theo ly thuyét la 77 kDa .
Lién két protein da dugc thuc hién béng ClustalX véi cac dic diém cua cac vung bao
tén ctia protein Cry. Két qua cho thiy, trinh tu doan gen cry8Dar duoc tach tir ching
MHB11.3 déu c6 mic dng nhét trinh tu cao nhit so v&i trinh tu doan tuong Urng cua
gen cry8Da tit chiing Bt subsp. galleriae SDS-502 c¢6 ma s AB089299 trén ngén
hang gen, dat 99% va c6 ty 1€ dé)ng nhét trinh tu kha thép vai trinh tu nucleotit cua
mot s& gen cry8 khac: 86% so voi gen cry8Ga tir ching FCD114 (ma sé FJ198072.1),
83% va&i1 gen crylll cua chung Bt. kumamotoensis PS50C(a)... Trinh tu nucleotit cta
gen cry8Dat tir ching MHB11.3 ¢6 2 nucleotit khac véi nucleotit cia gen cry8Da tir
ching SDSS502 & vi tri nucleotit s6 26 (G thay cho A) va vi tri s& 1493 (T thay cho A).
Su thay doi nay din dén su thay ddi trinh ty axit amin tai céc vi tri codon s6 9 (C thay
cho Y) va s6 498 (I thay cho N); trong d6, su thay thé & vi tri s6 9 thudc ving bao thu
ctia gen (Domain I) — viing quyét dinh phd doc t6 cua protein Cry8Da (Asano et al.,
2003). Trinh tu nucleotit ctia gen cry8Dat tur chung Bt MHB11.3 da dugc dang ky trén
Ngan hang gen qudc té, ma sb FN796428.1.

Poan gen cry8Dar tir ching Bt MHB11.3 duoc biéu hién protein trong vi
khudn E. coli nhim thu duoc protein ddc t6 tai td hop dé khéng dinh phé hoat tinh cta
gen nay. Poan gen 2,0 kb duoc cat khoi plasmit tai td hop va gin vao vector biéu hién
pET32a(+) bdi 2 enzym giéi han BamHI va Sacl. Vector tai t6 hop pET32a- cry8Dat
bién nap vao t& bao E. coli ching BL21(DE3)pLysS. Céc khuan lac mang vecto téi to
hop duoc biéu hién trong méi trudng ¢ cht cam ung la IPTG 1mM, 37°C trong 4

gid. Kha nang biéu hién gen cry8Da trong ching E. coli tai tb hop dugc kiém tra trén
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gel polyacrylamide 12,5%. Protein tai t6 hop duge tinh ché bang cot sic ky ai luc

Probond™

Nickel-Chelating Resin (Invitrogen) va dugc dinh lugng theo Bradford
(1976) dua vao phan tmg bat mau gitta protein va thudc nhuém Coomassi Blue, sir
dung albumin huyét thanh bo (BSA) nhu protein chuan. Két qua thu dugc protein ti
t6 hop tinh sach c6 trong luong phan tir 96 kDa va lugng protein Cry8Dat téi t6 hop

tinh sach c6 ndng do trung binh 1a 45 pg/ml.

Thir nghiém hoat tinh khang 3 loai con trung: C. nitida, A. cuprea (ho bo hung,
bo canh cung) va Plutella xylostella (sdu to, bo canh vay) ctia protein tai to hop
Cry8Dat va protein tinh thé doc td tinh ché tir hdn hop bao tit va tinh thé ching Bt
MHB11.3 (c6 dinh luong 54.4 pg/ml). Ca hai dang protein déu c6 hoat tinh diét con
trung canh cung C. nitida, A. cuprea cao, trong khi khong c6 hoat luc voi P. xylostella.
Hoat tinh & cac ndng do protein khac nhau (tir 0,625 dén 10 pg/ml) duge xi 1y s6 lidu
trén phan mém Probit, két qua LCS50 cta protein tinh thé doc td tinh sach 1a 2,476 véi
A. cuprea va 2,857 png/ml voi C. nitida; LC50 cua protein tai t6 hop tinh sach véi A.
cuprea 13 2,391 va 2,710 pg/ml voi C. nitida.

Chung B. thuringiensis serovar galleriae MHB11.3 trong giai phdp hitu ich
khac biét & chd: Chung nay la ching tu nhién dugce phéan 14p tai Viét Nam mang trinh
tw doan gen cry8Dar ma hoa protein tinh thé doc t§ diét con trung canh cimg va ching
nay cé kha nang diét dugc Au trung loai bo hung C. nitida — tinh dén nay, chua c6 mot
cong bd nao vé gen cry8Da c6 kha nang diét du trung C. nitida. Doan gen mi héa c6
kich thudce 2031 bp ma hoa cho mét trinh tu 677 axit amin dé tao thanh mot protein cd
trong luong phan t& 1a 77 kDa. Trong trinh tu gen cry8Dar (la bién thé cia gen
cry8Da) ¢ 2 diém khéc biét 1a sy thay thé 2 (s6 26 - G thay cho A va sb 1493 - T thay
cho A) dan dén thay thé 2 axit amin (codon 6 9 - C thay cho Y va s6 498 - I thay cho
N), trong d6 c6 mdt vi tri axit amin nim trong ving bao thi quyét dinh phd doc t6 ctia
gen cry8Da (codon sb 9). Su thay d6i nay gitp cho ching Bt MHB11.3 tang phé diét
sau cho gen cry8Da - khong nhiing diét dugc A. cuprea ma con diét dugce ca au tring
loai C. nitida. Gen cry8Da tir ching Bt SDS502 d dugc cip patent s6 US6962977B2
dugc xac dinh la méi diét dugc 04 loai con trung dich: Anomala cuprea, Anomala
orientalis, Popillia japonica (ho bo hung - Scarabaeidae); Agrilus planipennis (ho B
cui - Elateridae); viéc gen cry8Dat tir chung Bt MHB11.3 diét dugc Au trung loai bo
hung C. nitida 1a mot két qua tmg dung c6 tinh méi trong va ngoai nudc. Két qua nay
mé& ra mot huéng méi 1a ing dung ngudn gen Bt ban dia trong sn xuat thudc trir sau
BT va tao gidng cdy trong bién ddi gen & Viét Nam nham tién téi mot nén san xuat

nong nghi€p xanh - sach — bén ving.
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Ching B. thuringiensis serovar galleriae MHB11.3 thuan khiét vé mat sinh hoc
theo giai phap hitu ich hién dang dwoc luu giit tai Phong Di truyén Vi sinh vét — Vién
Cong nghé sinh hoc — Vién Han 14am KHCNVN trong mdi truong MPA c¢6 b sung
30% glycerol trong diéu kién lanh sau -86°C, trong nito long va dong kho.

Giai phap hiru ich ciing dé cap dén ché pham diét 4u trung bd canh cing
Coleopteran chira dich nuéi cdy ctia chung vi khuén B. thuringiensis serovar galleriae
MHBI11.3. Trong d6, ndng d6 dich nuéi cdy ctia ching vi khuan nay trong ché pham la
16 000 TU/mg ché pham. Dich nuéi cdy ctia ching vi khuan B. thuringiensis serovar
galleriae MHB11.3 duoc tron véi chit mang 1a diatomit, galatoza, v.v., va cac phu gia

thong thudong trong linh vue. P6 4m ctia ché phdm nam trong khoang 9-11%.
Vi du thwc hién giai phap hiru ich

Céc vi du dudi ddy chi nhdm minh hoa cac phuong an thuc hién giai phap hitu

ich, ma khéng lam han ché pham vi yéu ciu bao ho cta giai phép hitu ich.
Vidu 1: Phéan lap chung Bacillus thuringiensis serovar galleriae MHB11.3

Chiing MHB11.3 dugc phan lap tir mau dat ving trdong mia khong s dung
thudc trir sdu Bt ctia viing Luong Son - Hoa Binh theo phuong phap sau: 1 g dét duoc
hoa trong 9 ml dung dich mubi dém phosphat (phosphate buffered saline - PBS) vo
tring, lic 220 vong/phut trong 5 phut. Lay 1 ml huyén phu vao éng Eppendorf u &
nhiét do 65°C trong 30 phat. Dich da xt 1i nhiét dugc pha lodng véi PBS vo trung &
cac ndng do tir 107" dén 107", Hat 100 pl dich pha lodng dua 1én dia petri chira moi
truong MPA r6i trai déu dung dich trén mat thach bang que gat thay tinh v6 trung, &
mdi ndng d6 pha loing cdy 1én 3 dia moi truong dinh dudng (1% cao thit, 1%
polypepton, 0.2% NaCl va 2% aga; do pH = 7,6), nuodi & 28°C trong 72 dén 96 gio.
Cac khuan lac c6 hinh thai dic trung ctia nhom Bacillus cereus duoc kiém tra dudi
kinh hién vi d6i pha ho#c quang hoc va chon nhiing khudn lac c6 kha nang sinh tinh
thé. Két qua 1a da phan lap duge ching MHB11.3.

St dung phuong phap phan loai Bt dua trén dic tinh huyét thanh hoc. Pic tinh
huyét thanh hoc ctia ching Br duoc xac dinh cht yéu dua trén khang nguyén tién mao
H va duoc tién hanh bang phan tmg ngung két cac t& bao sinh dudng véi khang huyét
thanh tuong ung.

Tién hanh theo Ohba and Aizawa (1978): Cdy chiing Br d4 phan lap dugc vao
dng Craigie (m6t éng thuy tinh nho cim thing dimg vao moi truong chia trong ong
nghiém to) chira moi truong Craigie, nudi & 28°C trong 24 — 48 gio. Khi d6, nhiing té

bao cé kha nang chuyén dong s€ di chuyén lén phia trén bé mat moi truong, gitta Ong
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Craige va dng nghiém. Vi khuin phat trién & bé mit nay s& dugce cAy vao dng nghiém
¢6 chira 2 ml mdi truong MPB, lic & 70-75 vong/phit trong khoang thoi gian 12 gio.
Quan sat phan ung ngung két voi khang huyét thanh tuong (mg bang 2 cach: (1) Quan
sat bang mat thuong: 100 ul dich t& bao tron v6i 100 pl huyét thanh chuin da pha
lodng 50 lan véi nuée mudi vo tring, sau d6 dem U & 37°C trong 1 gio. Phan tng
ngung két duong tinh c6 thé quan sat bing mit thuong 13 tao cin dudi ddy va dich
trong sudt; (2) Quan st trén kinh hién vi: Lay 1 ul dich nudi nho 1én phién kinh 15m,
quan sét su chuyén dong cua vi khuan trén kinh hién vi. Nho tiép vao 1l huyét thanh
chuén (da pha lodng) va quan sat. Thu 1an lugt v6i 55 typ huyét thanh, cho dén khi vi
khuén mét kha nang chuyén dong, tirc 1a phan tmg ngung két duong tinh da xay ra —
khéng huyét thanh tuong ung. Két qua ching MHB11.3 da ¢6 phan ung ngung két vai
typ huyét thanh H5a,5b — thudc dudi loai Bt galleriae.

Ching MHB11.3 duge dat tén la B. thuringiensis serovar galleriae MHBI1.3.
Trong pham vi ban md ta nay, ching nay cling dugc goi chung la MHBI11.3.
Vi du 2: Tinh sach protein tinh thé cua chiung B. thuringiensis serovar galleriae
MHBI11.3

Chung dugc nudi trong 20 ml mé truong LB ¢ 30°C bing cach quay lic tai 220
vong/phut qua dém, 1 ml cta dich nudi dugc chy chuyén vao 50 ml moi truong CYS
(Yamamoto, 1990) trong binh 250 ml, nudi lac 220 vong/phut ¢ 30°C trong 6 ngay
cho dén khi hinh thanh bao tir va tinh thé. Hon hop tinh thé va cic té bao ly giai dugce
rtra bang nudc cit khir triung ¢ 12.000 vong/phut trong 10 phit. Hdn hop tinh thé va
bao t&r duge u trong dung dich 0,01% Triton X-100 va 1,0 M NaCl ¢ 4°C qua dém.
Tinh thé cua B. thuringiensis dd dugc tach ra tir cac bao tir va cdc manh v& té bao boi
30-70% NaBr Gradient va ly tim ¢ 17.000 vong/phit trong 120 phut. Phan dich
protein tinh thé (phia trén) hoa tan trong nudc va rira hai 14n bang ly tam. Sau d6, dugc

gitt & -20 ° C. Dinh luong protein tinh thé theo Bradford xac dinh duoc ham luong
trung binh cua protein tinh thé = 54,4 pl/ml.
Vi du 3: Phan 14p gen va xac dinh trinh tuw ADN cua gen cry8Dat cua ching B.

thuringiensis serovar galleriae MHB11.3

Mot doan 2,0-kb cua gen cry8Dat dugc khuéch dai bang PCR sir dung cip moi
dac hiéu cta gen cry8D la 5'-CGGATCCATGAGTCCAAATAATCAAAATG-3' va
5'GAGCTCTCACACATCTAGGTCTTCTTCT-3 ' (Asano et al.,, 2005). ADN tu

ching B. thuringiensis da duoc tach tu 1 ml t& bao vi khudn duoc nuéi lic 220

-10-
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vong/phut trong 12-16 gio trong méi truong CYS. Dich nudéi duge ly tdm 10.000
vong/phut trong 5 phut, thu cdn va rira ba 1dn bing dH20 v6 triing, phan cin duge hoa
tan trong 100 ml dH2O vo trung va séc nhiét trong 10 phat dé ly giai cac t& bao
(Birnboim va Doly, 1979). Ly tam thu dich ndi va st dung 2 ml dich nay lam khudn
mau cho phan tmg PCR. Sau khuéch dai, cac san phAm PCR duoc phan tich biang dién
di trén gel 0,8% agaroza.

Phan tmg PCR dugc thuc hién theo cdc phuong phap chuan dugc mo ta boi
Sambrook va Russell (2001). Két qua thu duoc mot phan doan gen co6 kich thudc
khoang 2,0 kb. Phan doan ADN 2,0-kb dugc gén vao vecto tich dong pGEM-T-Esasy
va bién nap vao vi khuan E. coli DHSa. C4c plasmit tai t6 hop dugc dit tén la pGEM-
cry8Dat. Plasmit téi t6 hop duoc dy dodn c6 mang vecto tai t6 hop dugc nudi trong
mdi truong LB 16ng co bd sung Amp 50 pg/ml va tach ADN plasmit dé kiém tra su c6
mat cua gen cry8Da. Phuong thirc kiém tra ADN plasmit tai td hop la bang ky thuat
PCR (v6i cap moi dic hiéu ery8Da-BamHI va cry8Da-Sacl) va xu ly voi enzym gidi
han. Trinh tu gen cry8Da duge xac dinh theo phuong phép cuia Sanger va cong su véi
bd kit x4c dinh trinh tu BigDye Terminator 3.1 va may doc trinh tu ABI RISM 3700.
Trinh tu nucleotit duge phan tich bing phan mém PC GENE. Lién két protein da dugc
thuc hién béng ClustalX voi cac dac diém cua cac ving Cry-bao ton. Két qua da xéac
dinh duoc trinh tu doan gen cry8Dat tach tir chung MHB11.3 ¢6 kich thude 2031 bp
ma hoa cho mot trinh tu 677 axit amin cAu thanh mot protein c6 trong luong phan tu la
77 kDa. Poan gen niy c6 murc dong nhét trinh tu 99% so véi trinh tu doan tuong Ung
cta gen cry8Da tir ching Bt sub sp. galleriae SDS-502 c6 mé@ s6 AB089299 trén ngan
hang gen va co ty 1& dong nhét trinh tu 86% so voi gen cry8Ga tit chung FCD114 (ma
s& FJ198072.1), 83% v&i gen crylll cua ching Bt. kumamotoensis PS50C(a), v.v..
Trinh tu nucleotit ciia gen cry8Dar tr ching MHB11.3 ¢6 2 nucleotit khac véi
nucleotit ctia gen cry8Da tir chung SDS502 ¢ vi tri nucleotit s6 26 (G thay cho A) va
vi tri 6 1493 (T thay cho A). Su thay d6i nay dan dén su thay ddi trinh tu axit amin tai
céc vi tri codon s6 9 (C thay cho Y) va s6 498 (I thay cho N).

Vi du 4: Biéu hién gen cry8Dat cua ching B. thuringiensis serovar galleriae MHB11.3
trong E. coli BL21(DE3)pLysS

DPoan gen 2,0 kb dugc tach tir vector pGEM-cry8Dat va gin vao vector biéu
hién pET32a(+) boi cdc enzym BamHI va Sacl. Vector tai td hop pET32a- cry8Dat
bién nap vao té bao E. coli chung BL21(DE3)pLysS. San phdm bién nap dugc nudi
cy trong moi truong LB c6 bd sung Amp 50 pg/ml, 37°C cho t6i khi OD= 0,5-0,7;
sau d6 duoc kiém tra bang colony-PCR. Nhing khudn lac mang vecto tai to hop dugce

biéu hién trong mdi trudng cb chit cam tng 1a IPTG 1mM, 37°C trong 4 gid. Kha
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nang biéu hién gen cry8Da trong ching E. coli tai td hop duoc kiém tra trén gel
polyacrylamit 12,5%. San phim thu duoc 1a protein tai t6 hop co trong luong phan tir
96 kDa.

Protein tai t& hop dugc tinh ché bing cot sic ky ai luc Probond™ Nickel-
Chelating Resin (Invitrogen), quy trinh duoc tién hanh theo protocol ctia hing. Protein
tai to hop tinh sach dugc dinh luong theo Bradford (1976) dua vao phan ting bat mau
gitta protein va thudc nhuém Coomassi Blue, sit dung albumin huyét thanh bo (BSA)
nhu protein chuin. Dung duong cong chudn biéu dién ndng do protein chuin. Ham

lugng protein co6 trong 1ml dich ban dau duoc xac dinh theo cong thirc:
M (mg) =c.v.a

(Trong dé: c: néng do protein theo dd thi Img/ml, v: 1 thé tich dung dich mau

cho vao, a: 1a d¢ pha loang dung dich)
Vi du 5: Thir hoat tinh sinh hoc

Tht hoat tinh khang con trung cua 3 loai protein doc td c6 nguodn goc tir chung
Bt serovar galleriae MHB11.3: Hon hop bao tr va tinh thé ctia ching MHB11.3;
Protein tinh thé tinh sach tir ching MHB11.3 va Protein ddc td tai td hop tinh sach tur
chung E. coli chuing BL21(DE3)pLysS. Déi tuong con trung thtr nghiém la: 4.
Cuprea, C. nitida (bd canh ctng) va Plutella xylostella (bd canh vay).

Ching MHB11.3 dugc nudi lic trong 250 ml moi trudong CY'S, 220 vong/pht,
72 gidr. Hon hop bao ttr va tinh thé duoc ly tdm thu cin & 12.000 vong/phut, 10 phut.
Hoa tan can trong 10 ml nude khir ion vo trung. L4y 1 ml dich protein tron déu voi 5 g
compost dd khir trung dung trong cbc nhua vo trung. Bét vao mdi cbc 5 con 4u tring
A. cuprea hoac C. nitida tudi 1, 2 hodc 3 va nudi, theo ddi trong 7 ngay & nhiét do
28°C. Thi nghiém duogc tién hanh nhic lai 3 lan, mbi lan 2 cong thirc va 5 con 4u
tring/cong thirc tim hdn hop bao tir va tinh thé doc t8. Song song la dbi ching thi
nghiém trén 4u tring khong tdm protein vao compost (5 con/ cbe compost) va doi
chimg thir hoat tinh v&i su to (Plutella xylostella) hai cay ho cai thudc bd canh véy
(10 con sdu to/dia 14 cai tam 1 ml hdn hop bao tir va tinh thé doc t6, 3 1an nhic lai).
Chtng Br MHB11.3 ¢6 hoat tinh diét C. nitida, A. cuprea cao , dat 90% (27/30 con
chét).

Protein tinh thé tinh sach tir ching MHB11.3 va Protein dgc td tai to hop tinh
sach tur chung E. coli ching BL21(DE3)pLysS dugc dinh luong theo Bradford. Tién
hanh thir nghiém hoat tinh theo phuong phap LC50. Protein doc t6 trong ché pham sau
dwoc dinh luong va pha vé cac nong do thich hop: 0,625-10 pg/ml. O mdi mot nong

do, 2 ml dich protein dugc tron déu voi 10 g compost da khir tring trong cdc nhua, bt
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5 con 4u trung A. impressicola tudi 2, 3 cho vao mdi cbe. Nudi, theo ddi sb luong 4u
trung chét trong 7 ngay ¢ nhiét do 28°C. Thi nghiém dugc tién hanh nhic lai 5
lan/cong thire, mdi 14n 20 con au tring/4 cbe compost tim ché phadm nghién ctru. Song
song la thi nghiém dbi chimg khong tAm ché phim (str dung nude cat vo trung) véi 20
con 4u trung/4 dia petri/cong thirc va ddi chimg tht hoat tinh voi 4u trung bo canh vay
— loai siu to (Plutella xylostella) hai cay ho cai - 20 con 4u trung/4 dia 14 cai tim
protein nghién cttu, nudi 5 ngay & 28°C. Ti 1é sdu chét duoc tinh trung binh & cic cong
thae thi nghiém voi 5 1an nhic lai. S8 licu théng ké dugc dugc xu ly, tinh toan theo
phuong phap LC50 voi phan mém phan tich Probit SPSS16.0 (International Business
Machines Corp. USA). Sau 7 ngay thr nghiém va phan tich dit liéu bang phan mém
probit cho thiy: Ca hai dang protein déu c6 hoat tinh diét con trung canh cung C.
nitida, A. cuprea cao, trong khi khong co6 hoat luc véi P. Xylostella; trong do: LCS0
ctia protein tinh thé doc t6 1a 2,476 véi A. cuprea va 2,857 pug/ml voi C. nitida; LC50
clia preotein tai to hop tinh sach vé&i A. cuprea 1a 2,391 va 2,710 pg/ml véi C. nitida
(Bang 1).

Bang 1. Hoat tinh diét 4u trung bo hung ctia céc protein ddc t6 Cry8Dat

STT Con trung thtr Protein tinh thé LCsg LCs095%
nghiém (ng)* Thap nhit | Cao nhat

1 Anomala cuprea | Protein tinh thé doc td 2.476 1.767 3.458
Protein Cry8Dat tai 6| 2.391 1.688 3.355
hop tinh sach

2 Cotinis nitida Protein tinh thé doc td 2.857 1.977 4.238
Protein Cry8Dat tai to 2.710 1.839 4.066
hop tinh sach

3 Plutella xylostella | Protein tinh thé doc tb KPK KPK KPK
Protein Cry8Dat tii t6| KDK KPK KPK
hop tinh sach

Ghi chi: * P-values<0.05; KDK: Khong dang ké do ti 1& 4u triing chét thip (1-3%) nén khong tinh duge LC50.
Hiéu qua dat dwgc cia gidi phap hiru ich

Chung vi khudn Bacillus thuringiensis serovar galleriae MHB11.3 la chung
dugc phan lap tai Viét Nam, c6 kha nang tao bao tir va sinh téng hop tinh thé doc to

diét 4u trung bd canh ctng (Coleopteran), loai bo hung: Cotinis nitida va Anomala

-13-
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cuprea - ¢& hai déu la con trung thudng gdy thiét hai rat l1én cho mdt loat cac cay trong

& Viét Nam nhu mia, dira, ddu twong, nho, thudc 14, keo, gimg. v.v..

Trén thé gidi, gen cry8Da cua ching B. thuringiensis serovar galleriae SDS502
phéan 14p tai Nhat Ban dd dugc cac nha khoa hoc Nhat Ban va My (Asano va cong su
2003, 2005 va Paula M. Pijut 2010) chiing minh 1& c6 hoat tinh diét dugc 04 loai con
trung canh cung (Coleoptera) hai cay trong nhu: Anomala cuprea, Anomala orientalis,
Popillia japonica (ho bo hung - Scarabaeidae); Agrilus planipennis (ho Bo cui —
Elateridae). Tinh dén nay, chua c6 mét cong bd nao vé ching Bt mang gen cry8Da c6
kha nang diét duogc au trung loai Cotinis nitida. Chung B thuringiensis serovar
galleriae MHB11.3 1a ching dAu tién duoc phan lap tai Viét Nam mang bién thé clia

gen cry8Da nhung lai ¢ thém kha nang diét dugc au trung loai Cotinis nitida.

Ching B. thuringiensis serovar galleriae MHB11.3 ¢6 tiém niang tng dung lam
nguyén liéu trong san xuét ché pham sinh hoc BT va trong cong tac tao gidng cay
trong bién dbi gen khang con trung canh cung tai Viét Nam - 1a mét thay thé kha thi
cho viéc kiém soat con trung gay hai trong nong nghiép, giam thiéu luong thude trir

sdu héa hoc, ddm bao an toan mdi trudong sinh thai va sic khoe cho nguoi, vat nudi.
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YEU CAU BAO HO
1. Chung vi khuan Bacillus thuringiensis serovar galleriae MHB11.3 mang gen ma hoa
protein tinh thé doc to diét con trung bd canh ctimg Coleopteran thuin khiét vé mat
sinh hoc ¢é kha nang tao bao tur va sinh téng hop tinh thé doc t6 diét du trung bd canh
ctmg Coleopteran, trong d6 ching nay c6 trinh tu nucleotit ctia doan gen cry8Dat ma
hda trinh tu cac axit amin tao protein tinh thé doc tb Cry8Dat duoc-thé hién trong SEQ
ID No:1 va da dugce dang ky trén Ngén hang gen qudc t€ voi s higu FN796428.1 o
kich thude 2031 bp, ma hoa 677 axit amin san sinh mét protein tinh thé doc t6 77 kDa.

2. Ché pham sinh hoc diét 4u trung bo canh ctimg Coleopteran, trong d6 ché pham nay
chta dich nudi cdy cta ching vi khudn theo diém 1 v&i ndng do 16 000 TU/mg ché

pham.
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2
kDa
130kDa — §
—25
Hinh 2
26
1 20 v 40 60

MHB11.3 ATGAGTCCAAATAATCARAATGAATGTGARRTTCTAGATGCTTCATCATCTACTTCTGTA

PEUERrerr e rrreerirerrrreerreer e e
sDS-502 ATGAGTCCARATAATCARRATGRATATGAAATTCTAGATGCTTCATCATCTACTTCTGTA

1493
1441 1460 1480 ¥ 1500

MHB11.3 AGAGGGTATAGCCATAGATTATCTCATATCACCTCTTATTCTTTTTCTARGATTGCTAGT

PEECRTCEb e r et et rreeerrrerreet et
SD5-502 AGAGGGTATAGCCATAGATTATCTCATATCACCTCTTATTCTTTTTCTARGAATGCTAGT

Hinh 3
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Bacillus thuringiensis serovar galleriae partial cry8Da gene, strain MHB11.3

GenBank: FN

7964281
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attatctgag aatgtctgag ggagagaatc
ttagttcatc tacggttcaa actggaattg
gggttccatt tgctggacag atagctagtt
catcaagtac cgtgagtgta tgggaaatga
aaaaaataac agattctgta aggaaaacag
gcttagacgt atatcagaaa tcacttaaga
ctagaagtgt tgtggtgacc caatatatag
catcttttge aatatctgga caggaagtac
stttacattt gctattatta cgagatgctt
caggagaaat ttccacattt tatgatcgtc
attgtgtaaa gtggtataac actggcttag
ggctgaagta tcaccaattc cgaagagaaa
tatttccaaa ctatgacaca cgtacgtatc
aagtgtatac agatccaata gtatttaaca
ggtcacttaa cagtgatatt tctttttcag
acctatttyga tatactcagt gaaatagaat
ataatacgga ataccttgaa tattgggtag
cctcatcage attagaacgt aattacggta
atttagcaaa taaggatatc tttcaggttc
acgcacaggt atatggagtt ccgtacgcta
caggatcagt tggaggtttt acgtactcaa
aaaattacaa tacgattgat gaaatccctc
gccatagatt atctcatatc acctcttatt
gatatggcaa tctceoctgta tttgettygga
tttattcaga taaaattact cagataccag
ctactgttat taaaggtcct ggatttacag
gtccgttage ttatactagt gtctctgtaa
gaatacgtta tgcttctact actaacttac
tttactctat aaatgttaat aaaaccatga
ttgacttagc aactattggt actgctttca
taggtgcaga ttettttget tcaggaggag
cggtaaatgc aacatttgaa gcagaagaag

cttcatcate
cgaccacatt
ctgaattatt
gcattgttgg
tttatagttt
ttatgaaaca
cgcttgecagg
attggctgga
ctttagagcet
cattattatc
ccatttttgg
aggtgacacg
ataaattaaa
tgacattact
caatcgaaac
gagaaacaag
aagtcgaaag
tttatacaac
gacattctat
cgattacttc
gatcattagg
gttttacact
aaccacatac
cagagaatga
ctttttctaa
cacatcggag
ttgtaaaggc
gaggcaatat
aatcaccatt
gactttttgt
ataaagggga
cattttcaaa
aagtttatgt
acctagatgt

tacttctgta
acaaaacatg
tggaaatccg
tcaagtactg
cattgtcggt
agtggaagat
actacaagga
aaatcgtaat
tgattttgtt
agtgtatgca
agcagagtgg
taccgccecaa
aggtacgaat
ggtattagat
aacggcccaa
tggtggattt
cgctgtaatt
aagagcgggg
aaaatataaa
taacaaaatc
ggcggattta
gcttgacaag
aactatgcaa
gccacttagt
gattgctagt
tgcggatgtt
acatacttta
ccttaaaaga
atcacaaaga
aacaatttct
tgatttaaca
ttactcggat
agataagttc
9
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DANH MUC TRINH TU

<110> Vién Cong nghé sinh hoc

<120> CHUNG VI KHUAN BACILLUS THURINGIENSIS SEROVAR

GALLERIAE MHB11.3 DAJXPJC}(}EHN’D4}&]HI)}&iPI{CYFEHTJ'TIPJII'TI{EZI)()(E’F()
DIET CON TRUNG BQ CANH CUNG COLEOPTERAN VA CHE PIIAM

SHNHZHOC‘DHHTAU’TRUNG'BO CANHZCUNG»COLEOPTERAN’CHUA
DKXINUOICAYCUACHUNGVTKHUANNAY

<160> 1

<210>SEQIDNO 1
<211> 2031
<212> ADN

<213> Bacillus thuringiensis serovar

<400>

6l
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981

atgagtccaa
tccgataatt
aactataaag
gagacgttta
ggggctttag
caattatggc
ctaattgatc
ttaggagatg
gatacaagag
gctaaaatcc
caagcagcga
ggattcacac
tactcggatt
gctgcaagtt
ttagtagcgt
cttacacggg
tgtaggcgtt
cgttcaccac
cttcccttga
aatacgaatg
aagtattatg
gctaattact
aatacaggat
gtatgtacac
agagggtata
agtcctgcta
acaaatacag
gtttcaggta
acaagtagtg
tatcgtgcaa
ggaactcgca
tttaatacat
agcttaacgg
gaacttattc

ataatcaaaa
ctgttagata
attatctgag
ttagttcatc
gggttccatt
catcaagtac
aaaaaataac
gcttagacgt
ctagaagtgt
catcttttgc
atttacattt
caggagaaat
attgtgtaaa
ggctgaagta
tatttccaaa
aagtgtatac
ggtcacttaa
acctatttga
ataatacgga
cctcatcagc
atttagcaaa
acgcacaggt
caggatcagt
aaaattacaa
gccatagatt
gatatggcaa
tttattcaga
ctactgttat
gtccgttagce
gaatacgtta
tttactctat
ttgacttagc
taggtgcaga
cggtaaatgc

galleriae

tgaatgtgaa
ccctttagea
aatgtctgag
tacggttcaa
tgctggacag
cgtgagtgta
agattctgta
atatcagaaa
tgtggtgacc
aatatctgga
gctattatta
ttccacattt
gtggtataac
tcaccaattc
ctatgacaca
agatccaata
cagtgatatt
tatactcagt
ataccttgaa
attagaacgt
taaggatatc
atatggagtt
tggaggtttt
tacgattgat
atctcatatc
tctccctgta
taaaattact
taaaggtcct
ttatactagt
tgcttctact
aaatgttaat
aactattggt
ttcttttgct
aacatttgaa
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attctagatg
aacgatcaaa
ggagagaatc
actggaattg
atagctagtt
tgggaaatga
aggaaaacag
tcacttaaga
caatatatag
caggaagtac
cgagatgctt
tatgatcgtc
actggcttag
cgaagagaaa
cgtacgtatc
gtatttaaca
tctttttcag
gaaatagaat
tattgggtag
aattacggta
tttcaggttc
ccgtacgcta
acgtactcaa
gaaatccctc
acctcttatt
tttgcttgga
cagataccag
ggatttacag
gtctctgtaa
actaacttac
aaaaccatga
actgctttca
tcaggaggag
gcagaagaag

cttcatcatc
cgaccacatt
ctgaattatt
gcattgttgg
tttatagttt
ttatgaaaca
cgcttgcagg
attggctgga
ctttagagct
cattattatc
ccatttttgg
aggtgacacg
ataaattaaa
tgacattact
caatcgaaac
gagaaacaag
aagtcgaaag
tttatacaac
gacattctat
cgattacttc
gatcattagg
gttttacact
aaccacatac
cagagaatga
ctttttctaa
cacatcggag
ttgtaaaggc
gaggcaatat
aatcaccatt
gactttttgt
ataaagggga
cattttcaaa
aagtttatgt
acctagatgt

acttctgta

acaaaacatg
tggaaatccg
tcaagtactg
cattgtcggt
agtggaagat
actacaagga
aaatcgtaat
tgattttgtt
agtgtatgca
agcagagtgg
taccgcccaa
aggtacgaat
ggtattagat
aacggcccaa
tggtggattt
cgctgtaatt
aagagcgggg
aaaatataaa
taacaaaatc
ggcggattta
gcttgacaag
aactatgcaa
gccacttagt
gattgctagt
tgcggatgtt
acatacttta
ccttaaaaga
atcacaaaga
aacaatttct
tgatttaaca
ttactcggat
agataagttc
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