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(57) Sang ché dé cap dén ching vi khuan Bacillus thuringiensis TH19 véi trinh tu 16S

rARN duoc ding ky trén Ngan hang gen qudc té (GenBank) véi ma s6 MN832932 ¢6 kha

nang sinh protein tinh thé doc t6 dac hiéu diét sau duc qua Etiella zinckenella & muc cao.

Céc gen sinh tong hop tinh thé doc ¢ ching TH19 1a crylda4 va crylla34 duoc xac dinh

thong qua phan tich toan bd hé gen va duoc dang ky trinh tu trén ngan hang gen qudc té

(GenBank) v6i ma s6 MN729490 va MN729491. Protein tai to hop CrylAa4 va Crylla34

dugc bicu hién tir vecto pET-32a-crylAa4 va pET-32a-crylla34 ciing cho hoat tinh diét

sau dyc qua cao, trong d6 dang két hop theo ty 18 1:1 cho hiéu quéa cao nhat véi cac gia tri

LCs, tuong tng 1a 59,80ng/cm?, 89,99ng/cm? va 38,33ng/cm?. Diéu nay cho thdy chung

Bacillus thuringiensis TH19 c6 tiém nang ung dung trong viéc ché tao san pham sinh hoc

phong chéng sau duc qua déu tuong, co tinh dac tri cao va than thién voi moi truong. Bén

canh do, cac gen sinh tong hop tinh thé doc 13 ngudn gen tét phuc vu cong tac chuyén gen
tao glong dau tuong chdng chiu siu duc qua & Viét Nam, giup giam thiéu viéc st dung
thudc bao vé thuc vat trong ndng nghiép.
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Linh vuc k¥ thuat dwoc dé cap

Sang ché thudc linh vuc cong nghé sinh hoc vi sinh vat tng dung trong nong
nghiép, cu thé 1a sang ché @& cap dén ching vi khuén Bacillus thuringiensis TH19
thuén khiét v& mit sinh hoc, sinh protein doc dang tinh thé hinh thoi khang sau duc qua,
lam ngudn gen khang siu phuc vu cong tac chuyén gen vao cdy trdng, tao gidng chéng

chiu sau bénh, giam thiéu viéc sir dung thudc bao vé thuc vat trong nong nghiép.
Tinh trang ky thuit cia sang ché

Trong canh tic ndng nghiép, sdu bénh thuong dugc kiém soat biang céc loai
thudc trir sdu hoa hoc hoidc sinh hoc. Thudc trir sdu hoéa hoc c6 hoat lyc manh, phé
khang rong, tiéu diét ca céac loai con tring c6 ich, d@)ng thoi ¢6 tinh doc cao d6i véi con
nguoi va dong vét. Trong khi do, thudc trir sau sinh hoc tuy c6 hoat luc thép hon nhung
thuong tp trung vao dbi tuong sdu dich va khong doc hai dbi voi cac loai sinh vat
khac.

Thudc trir sdu sinh hoc duge sit dung rong rii nhat 1a vi khuén B. thuringiensis.
bay la cac truc khuin Gram dwong c6 mit rong rdi trong tw nhién, ddc biét trong dit.
Trong qué trinh hinh thanh bao tt, B. thuringiensis san sinh ra céc tinh thé doc tiu diét
céc loai 4u tring sau bénh. Cac tinh thé doc & cac chung B. thuringiensis khac nhau vé
hinh dang, thanh phan va s lugng trong té bao. Thanh phin cta cac tinh thé doc nay la
S-endotoxin ¢6 kich thudc trong khoang 27-140kDa, dugc ma hoa bai cic gen cry, chia
thanh 6 nhom (Bang 1) dya trén mirc d§ tuong ddng vé trinh ty axit amin va dbi tuong
sau dich (Hofte, Whiteley, 1989).

Bang 1. Cac nhom doc t cta B. thuringiensis va dbi tuong sau dich

TT | Nhom doc td Péi tuong sau dich Tai liéu tham khao
Cryl B6 Canh vay (Lepidoptera)
2 | Cryll ]‘?;D(i;}el;a\)/ay va Hai canh (Lepidoptera Hofte, Whiteley
3 | Crylll B& Cénh ciig (Coleoptera) (1989)
4 | CrylV B0 Hai canh (Diptera)
CryV Bd Céanh cing va Canh vay (Coleoptera | Tailor ef al. (1992)
va Lepidoptera)
6 | CryV, CryVI | Tuyén tring (Nematode) Feitelson et al.
(1992)
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Hién nay, ché phim sinh hoc B. thuringiensis diét con tring chiém t6i 90% thi
trudng thudc trir sdu sinh hoc. Protein tinh thé doc cta B. thuringiensis thuong ton tai &
dang tién doc td va c6 ciu tric dic thu, bao gdm céc ving bao thii ndm xen k& cac ving
bién dbi. Co ché hoat dong cia protein tinh thé doc td ctia B. thuringiensis lién quan t6i
su hoa tan cua tinh thé trong rudt giita cia sdu dudi tdc dong cla proteaza co tinh kiém
(pH>10) trong rudt su. Két qua 1a tinh thé doc bi hoa tan va hinh thanh nhan doc t6 c6
khéi lwong phan tir 60-65kDa bam vao cac phan tir cam thy dic biét nim trén mang vi
thé ctia té bao thanh rudt su. Su gén két nay & rudt su lam thay ddi gradien dién héa
tao thanh cac 15 ro (kénh ion), phé hiy cin bing 4p sudt thdm thau clia mang té bao,
1am cho té bao phdng 1én, bi phan hiy din dén sau chét. Trong khi d6, da day cia nguoi
va dong vat mau néng c6 dd pH< 2, protein tinh thé khong bi hoa tan nén dugc thai ra
ngoai. Vi vdy, B. thuringiensis dugc xem 1a mot tdc nhan diét con trung c6 tinh dac

hiéu cao va rit an toan v6i nguoi va dong vat bac cao (Knowles et al., 1993).

Trong s sdu hai ddu twong & nudc ta, sdu duc qua dau tuong Etiella zinckenella
Treitschke (Lepidoptera: Pyralidae) 1a dbi tuong gay hai nghiém trong va kho phong
trir. SAu non gim vé qua, duc vao trong dn hat, 1dm cho qua bi khuyét tirng phén hoac
duc rdng bén trong hat. Sau phat trién qua 4 pha: tring, su non, nhdng va trudng
thanh. Thoi gian phat trién tiy vao didu kién thoi tiét: trimg dao dong 4-7 ngdy; sdu non
11-21 ngay; nhong 15-20 ngay, tién dé trimg 2-3 ngdy. Vong doi cua sau duc qua dau
teong dao dong tir 32-51 ngay. V& tap tinh sdng, truéng thanh hoat dong ban dém, ban
ngay 4n trong tan cy, trénh anh séng.

Sau duc qua phat sinh quanh ndm, & céc tinh phia Bic c6 t6i 9 ltra/ nam, giy hai
ning trén dau twong xuén va xudn he (thang 4-6), dau twong he (thang 7-8), hé thu (9-
10). Thiét hai do sau duc qua t6i nang sut 1én dén 70-80% néu khong dugc phong trir
hop ly. Hién nay phong trir sdu duc qua chu yéu 12 nho canh tac luén canh ciy tréng
nhu lba, ngd, ddc biét 1a lha nudce, hodc ngdm nude 2-3 ngay dé tiéu diét nhong trong
d4t. Cac phuong phap phong trir bing bién phap héa hoc cho thiy kém hiéu qua do giai
doan sdu non séng trong qua dau va dugc bao vé khoi tiép xtc vé6i thube trir sdu. Cac
nghién ctru vé B. Thuringiensis trong phong trir sdu E. zinckenella duc qua cdy dau
twong con rat it, dic biét cac nghién ctru nhim tién téi tmg dung trong thuc té chua
duoc quan tam.

Ban chit ky thuit ciia sing ché

Sang ché dé xuit ching vi khudn B. thuringiensis phan 1ap tir d4t rimg Thanh
Héa c6 kha ning sinh ddc t6 8-endotoxin diét sau duc qua déu tuong E. zinckenella dat
hidu qua cao. Cu thé 1a sang ché nay dé xuét ching B. thuringiensis TH19 véi trinh tyu
16S rARN cuia chiing TH19 dugc ding ky trén Ngan hang gen qubc té (GenBank) voi
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ma s MN832932 ¢6 kha nang diét sau duc qua déu tuong & tudi 2 véi ty 1€ diét sau >
95%. Céc gen sinh tdng hop doc t6 crylda4 va crylla34 dugc xé4c dinh & chung TH19
va duge dang ky trinh tu tai Ngan hang gen Qudc té (GenBank) véi ma s6 MIN729490
va MN729491, 1a ngudn gen quy phuc vu cong tic chuyén gen tao giéng dau tuwong
khang sau duc qua hodc tao san phdm sinh hoc phong chéng sau duc qua dau twong &
Viét Nam.

Mo ta van tat cac hinh vé

Hinh 1 13 hinh 4anh thé hién hinh thai khuén lac (A), tinh thé doc (B) va té bao (C) cta
chung B. thuringiensis TH19 duéi kinh hién vi phan pha.

Hinh 2 13 dd thi thé hién sy sinh trudng cia ching TH19 trén moi truong thong thuong
(LB) va moi truedong dic hidu T3 @& tao bao tir va tinh thé doc.

Hinh 3 13 hinh 4nh thé hién mirc do tao tinh thé doc ctia ching TH19 theo thoi gian khi
dwoc nudi trong moi trudng T3 dich thé.

Hinh 4 13 d thi thé hién kha nang diét sdu duc qua cta chung B. thuringiensis TH19
khi dugc bd sung vao mdi trudng nudi sdu & cac ndng d6 khac nhau va hinh anh thé
hién sdu duc qua ddu twong chét do in phai ching B. thuringiensis TH19 c6 chira

protein doc t6.

Hinh 5 1a cdy phan loai dua trén trinh ty gin du cda 16S rARN cia ching B.
thuringiensis TH19 so v6i cac loai gin giii trén ngan hang dit liéu Ngan hang gen qudc
té.

Hinh 6 13 hinh anh thé hién ban db nhidm séc thé ctia ching TH19 sau khi 1ip rap de

novo.

Hinh 7 12 anh dién di tao dong toan b trinh tu gen crylda4 va crylla34 vao vecto biéu
hién pET-32a(+). (A) San phdm khuéch dai 2 gen crylda4 va crylla34 cta ching B.
thuringiensis TH19. (B) Vecto tai té hop chtra cic gen cryl, trong d6 giéng 1 1a vecto
pET-32a(+) trdng; giéng 2, 3 1a vecto tai tb hop pET-32a-crylAa va pET-32a-crylla;
giéng 4 13 vecto pET-32a(+) duoc xir 1y véi enzym gii han BamHI; giéng 5 1a vecto
pET-32a-crylAa dugc xir Iy vé6i cip enzym EcoRI and Xhol; giéng 6 13 vecto pET-32a-
crylla dugc xr ly vé6i cdp enzym BamHI and Nofl. M 1a thang HyperLadder™ 1kb
(Bioline).

Hinh 8 14 anh dién di biéu hién va tinh sach cac protein tai t& hop CrylAa4 va
CrylIa34. (A) Phan tich cac protein trén gel SDS-PAGE, trong d6 giéng 1 1a thang
protein GangNam-STAIN™, giéng 2 1a dich ly giai t& bao E. coli BL21 (DE3) chta
vecto pET-32a(+) trdng, giéng 3 1a dich ly giai té bao E. coli BL21 (DE3) chtra vecto
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pET-32a-crylAa, giéng 4 1a dich ly giai té bao E. coli BL21 (DE3) chtta vecto pET-
32a-crylla, giéng 5 va 6 1a protein CrylAa4 and Crylla34 sau khi tinh sach. (B) Xac
nhan céc protein téi t6 hgp CrylAa4 and Cry1la34 bang phén tich Western blot.

MO ta chi tiét sing ché

Sang ché @& cép toi chung vi khudn B. thuringiensis TH19 véi trinh tu 16S
rARN cua ching TH19 dugc déng ky trén Ngan hang gen qudc té (GenBank) v6i ma sb
MN832932 sinh ddc td diét sdu duc qua dau twong E. zinckenella c¢6 kha ning tiéu diét
sau duc qua & tudi sinh truéng 2 voi ty 18 sau chét dat >95%. Céc gen téng hop doc to
5-endotoxin crylda4 va crylla34 & ching TH19 dugc xac dinh thong qua giai trinh tu
toan bd hé gen va da dugc diang ky trinh tu tai GenBank véi s6 hiéu 1an luot 13
MN729490 va MN729491.

Chung vi khuln B. thuringiensis TH19 dugc phan 14p tir mau dit rimg tréng cay
tai sinh thu thap tai huyén Vinh Ldc, tinh Thanh Héa vao thang 1 nam 2015. Mau dat
duoc léy tu 16p dat sau duédi 5 cm tai vi tri c6 bong rAm va c6 14 rung che phu. Trudc
khi phéan 1ap, miu déat dugc hoa trong mdi trudong dich thé LB (10 g/L trypton, 5 g/L
cao nidm men va 5 g/L NaCl) c6 bd sung natri axetat 2M tao thanh dich huyén phu va
duge xur 1y nhiét & 80°C trong 10 phut dé loai céc loai vi khuén khong sinh bao tr. Sau
d6 dich huyén phu dugc pha lodng trong dém PBS 1x v0 triung roi cdy trang trén dia
mdi truong thach LB (10 g/L trypton, 5 g/L cao ndm men, 5 g/L NaCl va 15 g/L agar),
U & 30°C trong 48 giv. Khuén lac c¢6 hinh dang cta vi khudn Bacillus spp. (mau tring
duc, det, b& mat nham, mép ring cua) dugce lya chon tach riéng va céy ria trén moi
truong thach LB nhiéu 1an cho t6i khi thu nhan dugc ching thuén khiét.

Chung vi khudn thudn khiét da phan 14p, sau 6 dugc x4c dinh hinh théi tinh thé
ddc béng cach dua té bao tir mot khuén lac don 1én lam kinh, cb dinh b'fmg cach dé kho
rdi nhudm véi thudc nhudm fuchsin va quan sat dudi kinh hién vi phan pha. Tinh thé
ddc va té bao bit mau d6 (tinh thé mau dam hon), bao tir khong bit mau.

Chung B. thuringiensis TH19 c6 hoat tinh khéang sdu duc qua d4u twrong & muc
cao thé hién trong thi nghiém sang loc so bd (khang séu & tudi 2 véi ty 1€ > 95%) duogc
nghién ctru chi tiét vé cac dic diém hinh thai (khuén lac, té bao, tinh thé doc) (Hinh 1).
Kha ning diét sdu duc qua d4u trong dugc khao sat va danh gia chi tiét (Hinh 4).

Tach chiét ADN téng sb cua ching TH19 phuc vu cho viéc gidi trinh ty toan bd
hé gen va tim kiém cac gen téng hop doc td diét sAu. Gen ma héa cho 16S rARN duoc
khuéch dai véi cap mdi dic hiéu, giai trinh ty va dang ky trén GenBank véi ma sb
MN832932. Dit li€u so sanh d) tuong déng cua trinh tr 16S rARN ctia chung TH19 véi
c4c trinh ty lién quan trén GenBank/DDBJ dugc st dung dé dung cay phan loai béng
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phin mém ClustalX 1.8 va thuat toan Neighbour-Joining (Hinh 5) (Saitou, Neil, 1987).
Trinh ti toan bo hé gen cta ching TH19 dugc xac dinh bing phwong phép giai trinh tur
gen thé hé méi sir dung hé théng Illumina HiSeq 2500 (Hinh 6). Cac gen mi héa cho
protein khang sdu dugc tim kiém tir dit liéu trinh tu hé gen béng cong cu BLAST trén
co s& dit lieu téng  hop boi Crickmore va  clng su
(http://www.lifesci.sussex.ac.uk/home/Neil Crickmore/Bt/). Cac gen tong hop doc td

8-endotoxin duogc tim thdy 1a crylda4 va crylla34 va sau d6 dugc ding ky trén
GenBank véi ma s6 MN729490 va MN729491.

Céc gen ma hoa cho protein khang siu dugc tao dong va biéu hién protein doc t6
tai t hop CrylAa4 va Crylla34 (Hinh 7, 8). Kha ning diét su duc qua dau twong cia
hai protein doc t6 nay duoc khao sat va ché pham dang két hop CrylAa4 va Crylla34
cho hiéu qua diét sdu cao nhit.

Chung vi khudn thudn khiét B. thuringiensis TH19 d4 phén 1ap dugc luu gt tai
Trung tAm Ngudn gen vi sinh vat qudc gia (VTCC), Vién Vi sinh vat va cong nghé sinh
hoc, Pai hoc quéc gia Ha Noi. M3 VTCC cuia chung: VTCC 60022.

Vi du thyce hién sang ché
Vi du 1: Phén 14p chung B. thuringiensis TH19 tir mdi truong dat ring tréng
A. Thu va xt Iy mau

MAu dit rung tréng tai sinh tai huyén Vinh Loc, tinh Thanh Héa & vi tri c6 14 cay
rung che pha duge iy tir d6 sdu 5 cm tré xudng va gitt trong cac dng falcon vo tring
rdi dwa vé phong thi nghiém dé phén l4p B. thuringiensis.

B. Phén 14p vi khuén B. thuringiensis

Céc bude tién hanh nhu sau: 0,25 g d4t dugc dua vao 10 mL mdi truedng LB ¢6
chtra 1,25 mL natri axetat 2M, l4c manh trén mdy vortex tao hdn dich déng nhét va
nudi lac qua dém & 30°C, 180 vong/phut. Sau d6, hdn dich duoc 10 phut ¢ 80°C trong
bé 6n nhiét dé loai cc té bao sinh dudng clia cac loai vi khuén khac va bao tir d nay
mam rdi dé ngudi & nhiét do phong.

Céc mlu sau khi xit Iy nhiét dugc pha loang dn ndng d6 10™. Luong thé tich
100uL dich pha lodng & cac ndng do 10™ va 10™ duoc cdy trang 1én dia petri c6 chua
mdi tredong thach LB, 0 ¢ 30°C trong 48 gid. Cac khuén lac c6 hinh théi tréng duc,
phing, bé mit nham, mép rang cua (Hinh 1A) dugc cdy chuyén sang cac dia LB méi
thém 1-2 14n dé dam bao thu duoc chiing thuan khiét ddng nhat v& hinh dang té bao khi
dugc quan sat dudi kinh hién vi.



3131

Bang 2. Mbi tredong phén 1ap va nudi ciy tao tinh thé doc cua vi khudn B. thuringiensis
(Travers et al., 1987)

Moi truong thach LB Moi truong T3
Thanh phan | Ham luong (g/L) Thanh phan Ham luong (g/L)
Trypton 10 Trypton 3
Cao ndm men 5 Cao nAm men 1,5
NaCl 5 Tryptoza 2
Agar 15 MnCl, 0,005
Na-photphat (pH 6,8) 0,05 M

Vi du 2: Nghién ctru dac diém hinh thai cua ching TH19

Thubc nhudm fuchsin ndng d6 gbc duge chudn bi bang cach hoa tan 0,3 g fuchsin
trong 10 mL etanol 95% va 5 mL phenol tinh thé d3 tan chay hoa trong 95 mL nuéc
cAt. Sau d6, 2 dung dich trén dugc tron 14n va bao quan noi thoang mat, tranh sang.

Thubc nhudm fuchsin nay dugc pha lodng 10 1an khi st dung dé nhuém mau.

Khuén lac ching B. thuringiensis TH19 dugc ciy trén dia thach LB sau 3-5 ngay,
dua t& bao 1én lam kinh va cb dinh, sau d6 nhudém b%mg thudc nhudém fuchsin da chudn
bi nhu trén trong 90 gidy, rira sach b%mg nuéc cat, dé khod. Té bao va tinh thé doc bat
mau do, bao tir khong bat mau (Hinh 1B). Ching TH19 c6 bao tir hinh trimg, tinh thé
doc hinh thoi, kich thudc dao dong phu thudc vao diéu kién nubi céy va ky sinh trudéng.

Quan sat duéi kinh hién vi phan pha (x) cho thdy, t& bao chiing TH19 c6 hinh que,
tron hai dau, don hoic xép chudi, kich thuée rong (1-1,5 um) x dai (3- 3,5 um), nhudm
Gram duong (Hinh 1C).

Vi du 3: Nghién ctru didu kién nudi va thu tinh thé doc t§ d6i véi ching TH19

Vi khuén dugc nudi trong méi truong dich thé LB va moi truong T3 (Bang 2) tai
30°C, lc 120 vong/phut. Dich nuéi dugc thu 1 14n vao mdi 24 gidr dé x4c dinh mat do
quang tai bude song 600 nm, qua d6 xay dung dudng cong sinh trudng cua ching trong
mdi loai mdi trudng. Song song voi viée xac dinh mét d6 té bao trong dich nudi cy, sb
lwong tinh thé d6c do chung B. thuringiensis tao ra dugc x4c dinh thong qua lam tiéu
ban va nhudm fuchsin (xem Vi du 2).

Két qua thu duoc cho thiy, ching TH19 sinh truéng tét hon trong mdi trudong
LB so véi méi truong T3 (Hinh 2). Tuy nhién v6i muc dich nudi vi khudn va thu nhin
tinh thé doc t6 thi méi trudng T3 phit hgp hon. Khi nudi trén mai truong T3, lwong tinh
thé doc t6 do ching TH19 sinh ra ting theo thoi gian nudi, dat mirc cao nhét sau 5 ngay
(Hinh 3). Nhu vay, quy trinh nudi st dung méi trudng T3 trong thoi gian 5 ngay tai
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30°C, lc 120 vong/phit dugc xéac dinh d& nudi ching TH19 thu tinh thé doc cho céc
thi nghiém danh gia kha nang diét sau cia chung nay.

Vi du 4: Nghién ciru kha nang diét sau duc qua ctia ching TH19

A. Chuén bi cbc thir sdu dung thirc dn nhan tao:

Chuan bi coc nudi sau chira thirc dn nhan tao va dich nudi ching TH19 nhu sau:

Chung B. thuringiensis TH19 duoc nudi lic trén moi trudong T3 (Bang 2) dé kich
thich tao bao tt va tinh thé trong thoi gian 5 ngay & 30°C. Dich nudi duge ly tAm
& 5000 vong/phit trong 10 phut, thu sinh khéi rdi hoa trong ciing thé tich nuéc

cat (hodc nudc muodi sinh ly) vo trung.

Hoa 90 g hdn hgp bot dau tuong va thach agar véi ty 1€ 1:5 trong 2500 mL nuGe
cAt rdi dun sdi cho tan thach. Hon hop thitrc in nhan tao nay dugc lam ngudi dén
60-65°C 1di chia 15 mL vao mdi cdc nhwa thi nghiém tao 16p thirc an trong cbe
day khoang 1 cm (Dulmage et al., 1971).

Dich té bao B. thuringiensis dd chuén bi & trén dugc bd sung vao thic dn nudi
sau theo 3 ty 1€ khac nhau 1a 3, 10 va 20% (v/v). St dung que cly dé khudy déu
hdn hop va lam dong & nhiét d phong. Sau khi thirc an dong va 6n dinh, dung
que tao cac vach déu trén mat thirc an dé 1am chd tri cho sau. Déi chiung am 1a

coc thirc dn khoéng bd sung t€ bao B. thuringiensis.

Dung kim cham déu trén nép cbc dé tao didu kién thoang khi, day cbe va dé thuc
an kh6é mat qua dém & diéu kién nhiét do thudng (25-28°C).

B. P4nh gia kha ning diét sdu duc qua ddu tuong E. zinckenella

Sau duc qua dugc nudi trén moi truong tw nhién 1a qua dau tuong, & do tudi 2
(dai khoang 5 mm).

Nhe nhang tach qua dau tuong va ding chdi 16ng loai nho, mém, méanh dé gat
séu vao cdc thi nghiém c6 thire dn da chuén bi trude d6 theo mat do 10 con/cde
(3 cbc cho mbi ndng d6 dich té bao B. thuringiensis thir nghiém).

bit cbe thi nghiém trong cac hdp carton dé tranh 4nh séng, nudi & tu Am c6 nhiét
d6 6n dinh 28°C.

Theo di sb luong sau chét & céc cde thi nghi€ém va ddi ching, ghi nhén ty 1€ sau
chét sau mdi 24 gio. Mdi thi nghiém duoc theo ddi trong 5 ngay.

Ti 1é s&u chét duoc tinh theo cdng thirc Abbott:

A =[(C-T)/C] %100
Trong d6:  A: Ty 18 sau chét (%);
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C: Sb sau séng & mau dbi ching;

T: S6 sau séng & mau thi nghiém.
Két qua danh gia kha ning diét sdu duc qua ddu twong & ching B. thuringiensis
TH19 cho thdy trong 24 gi® ddu ty 16 sau chét con thdp. Tuy nhién, sau da c6 biéu hién
b6 dn, 1o d6. O mdc thoi gian 48 gio, hoat lyc diét sau cua chuing vi khuin B.
thuringiensis TH19 tang 1&n rd rét, dat 90-95% & hai 16 thi nghiém c6 bd sung doc td
theo ty 18 10% va 20%. Sau 72 gid theo doi, ty 18 sau chét dat 95-100% (Hinh 4A). Sau
chét c6 mau den, toan than truong (Hinh 4B). Mot s con c6 xuét hién mau den & bung
trudc sau d6 lan ra toan than, hién tugng dic trung cua tic dung do doc td B.

thuringiensis 1am thung rudt, khién sau bé an va chét (Hofte, Whiteley, 1989).
Vi du 5: Xac dinh vi tri phan loai cua ching TH19 dua trén trinh tu 16S rARN
A. Tach ADN h¢ gen cua chung THI19

Str dung b E.Z.N.A Bacterial DNA Kit ciia Hing Omega (Hoa Ky) dé tach ADN
hé gen ciia ching TH19. Cac budc tach chiét dugc thuc hién theo ding huéng din cua
nha san xuét dé thu dugc ADN hé gen ddm bdo céac chi tiéu:

- D0 tinh sach: Ajgo/Azgo>1,7

- Nong d6: >100 ng/uL

- Luong miu: >20 pL

- Téng luong ADN: >2,0 pg.

B. Khuéch dai doan 16S rARN trong phan tmg PCR

ADN hé€ gen sau d6 dugc st dung lam khudn dé khuyéch dai doan 16S rARN
dung cho viéc xac dinh vi tri phan loai. Céc cdp mdi dic hiéu va chu trinh nhiét tuong
ung dugc trinh bay trong Bang 3.

Bang 3. Céc cép mdi va chu trinh nhiét st dung dé khuyéch dai cac doan gen cho muc

dich xac dinh vi tri phén loai cia ching TH19

3 3 Séan pha ai lig
Tén gen | Tén moi Trinh ty moi/ chu trinh nhiét an pham Tai ligu
PCR tham khao
16S 27F 5‘“AGAGTTTGATCCTGG CTCAG-3¢ Weisburg et
rARN : 1500bp | 47 1991
1492R 5‘-“GGTTACCTTGTTACGACTT-3¢

94°C 3 phut, (94°C 30 giay, 55°C 45 giay, 72°C 1,5

Chu trinh nhiét .
phut) x 35 chu ky, 72°C 7 phut, két thac 4°C.

San phdm PCR cta 16S rARN (1500 bp) sau d6 duoc tinh sach bing PCR
Purification Kit (Bioneer, Han Qudc) rdi tién hanh phan ung doc trinh tu gen vdi ABI
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Prism Big Dye Terminator Cycle Sequencing Kit va doc trinh tu trén may x4c dinh
trinh tu tw dong ABI 3500 Genetic Analyzer (Applied Biosystems, Hoa Ky).

Trinh tu gen sau d6 dugc phén tich, so sanh véi trinh tw 16S rARN cua céc loai co
lién quan hién da cong bd trén Ngan hang dit liéu GenBank/DDJB st dung cong cu
BLASTN. Cay phéan loai dugc dung theo phuong phép Neighbour-Joining (Hinh 5)
(Saitou, Nei, 1987), trong d6 dinh dang cay dugc tién hanh duya trén 1000 phép so sanh
da chiéu (Felsenstein, 1985).

So séanh trinh ty gn da cia gen 16S rARN (1439 bp) cho thiy loai gan giii nhét
v6i TH19 14 Bacillus thuringiensis v6i d6 twong dong 1a 100%. Dua trén cAc phan tich
vé trinh tu gen, ching TH19 dugc dinh danh khoa hoc 1a Bacillus thuringiensis TH19.
Trinh tw 16S rARN cua ching TH19 dwoc ding ky trén GenBank véi mi sb
MN832932.

Vi du 6: Giai trinh ty hé gen ctia chung TH19 va xac dinh céc gen sinh tdng hop doc tb

khang sau
A. Chuén bi thu vién va giai trinh tu toan bd hé gen

ADN tdng sb ciia mau TH19 dugc tién hanh phan manh dé thu duoc thu vién
gdm cac doan c6 kich thudc khoang 300 bp dén 400 bp. Nong d6 va kich thuéce cia céac
phan doan ADN dugc do bing Bioanalyzer DNA High Sensitivity Chip (Agilent, Hoa
Ky). Sau d6, TruSeq DNA PCR-Free Kit dugc str dung dé 18p thu vién gidi trinh tu tu
cac phan doan ADN da chon loc kich thuéc. Cubi cung, thu vién dugc sir dung dé tién
hanh giai trinh ty toan b hé gen b%mg hé théng giai trinh ty gen thé hé méi [lumina
HiSeq 2500 véi dd bao phu 1a 80x.

B. Lap réap, chua giai hé gen va tim kiém cac gen ma hoa protein khang séu

Dit liéu tir qué trinh giai trinh tu gen thé hé méi dugc 1ap rap de novo bang cong
cu SOAP de novo (Li et al., 2010) két hop véi BWA (Li, 2013) va chu giai theo
pipeline Prokka (Seemann, 2014) dé xac dinh sb lugng va vi tri cac trinh ty ma hoéa
protein, cac gen ma hdéa tARN va rARN. Vi¢c chua gidi dugc thuc hién dua trén cac co
s¢ dit lieu eggNOG (Huerta-Cepas et al., 2015), GO (Ashburner et al., 2000), InterPro
(Hunter et al., 2008) va PFAM (Finn et al., 2013). Ban d6 hé gen cta ching TH19
dugc v& bang phan mém CGview (Grant, Stothard, 2008).

Sau khi chu giai toan b hé gen, cac gen ma héa cho protein khang sau dugce so

sanh bang cong cu BLAST trén co s& dit liéu tdng hop boi Crickmore va cdng su
(http://www lifesci.sussex.ac.uk/home/Neil Crickmore/Bt/).
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Két qua cho thiy ndéng dd clia mau sau khi phan manh dat 9,26 ng/uL va kich
thudc nim trong khoang 300 bp dén 400 bp. Thu vién thu duge tr miu ADN dau vao
¢6 kich thuéc trung binh 13 470 bp. Két qua gidi trinh ty toan bd hé gen thu duge
9.290.272 doan doc, tao thanh 199 contig v4i d6 dai trung binh cta contig la 29.006 bp.
Sau khi lép rap de novo, hé gen ctia ching TH19 c6 kich thuéc 5.827.350 bp va ty 1&
GC trung binh dat 34,91%. Qua trinh lap rap sau ciing cho kich thu¢c nhiém sdc thé c6
chiéu dai 5.627.121 bp, phan con lai 12 cac plasmit (Hinh 6).

Két qua chu giai toan bo hé gen cho thiy hé gen c6 6.051 gen, trong d6 5.974
gen ¢ chitc ning ma hoa protein va 77 gen ma hoéa ARN (bao gdm 73 gen tARN va 4
gen tARN). Toan bd dir liéu thd cta hé gen chung TH19 dugc ding ky tai Ngén hang
gen Quéc t& GenBank véi ma s§ SZVT00000000. Phién ban hé gen dugc lép rap va
chu gii 14n thir nhét c6 ky hiéu SZVT01000000.

Sau khi so sanh bing cong cu BLAST trén co s& dit liéu chuyén biét, hai gen
sinh tdng hop doc t6 S-endotoxin hién dién trong hé gen cia chung TH19 c6 d6 tuong
ddng 100% v&i hai gen cryldad va crylla34, véi kich thudce lan luot 12 1206 bp va
2160 bp. Hai gen nay dugc dang ky tai GenBank vGi ma s6 MN729490 va MIN729491.

Vi du 7: Bidu hién protein t4i t6 hgp CrylAa4 va Crylla34 tir chung TH19

A. Khuéch dai va tao dong toan bd hai gen crylda4 va crylla34 mi hoa protein doc tb
vao vecto pET-32a(+)

ADN hé gen sau d6 dugc st dung lam khuo6n dé khuyéch dai toan bo hai gen
crylda4 va crylla34 ma hoa protein doc td. Céac cap mdi dic hiéu va chu trinh nhiét
tuong tng dugc trinh bay trong Bang 4.

Bang 4. Cac cip mdi va chu trinh nhiét sir dung dé khuyéch dai cac doan gen tdng hop
doc t6 hién dién trong ching B. thuringiensis TH19

San
Téngen | Ténmdi Trinh tuy mdi/ chu trinh nhiét phim
PCR

CrylAa-F | 5’-CAGATAGAATTCGTGCCAGGTACGGGTTCC-3’
crylAa4 1220 bp
CrylAa-R | 5’-CGGATCCTCGAGTTCCTCCATAAGGAG-3’

Crylla-F | 5’-GTGCAGGGATCCATGAAACTAAAGAATC-3’

crylla34 2180 bp
Crylla-R | 5’-ATATTGCGGCCGCCTACATGTTACGCTC-3’

95°C 3 phut, (95°C 15 gidy, 56°C 30 gidy, 72°C 2 phit) x 35 chu

Chu trinh nhiét ,
ky, 72°C 10 phut, két thac 4°C.
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San phdm PCR ctia hai gen crylda4 va crylla34 c6 kich thudc ding nhu mong
mudn, duge tinh sach bang E.Z.N.A Cycle Pure Kit (Omega, Hoa Ky) (Hinh 7A), sau
d6 duoc xir Iy v6i cdp enzym gidi han twong ung cho tung gen 1a EcoRI-Xhol, va
BamHI-Notl (Fermentas, Hoa Ky) & 37°C trong 2 gio. San phim cét duge nbi véi vecto
biéu hién pET-32a(+) (Novagen, Dtrc) nhd enzym T4 ligase (Themor Fisher Scientific,
Hoa Ky), tao thanh vecto tai td hop pET-32a-crylAad4 va pET-32a-crylla34 c6 kich
thude 1an luot 1a 7,2 kb va 8,1 kb (Hinh 7B).

B. Biéu hién protein t4i t6 hop CrylAa4 va Crylla34

Hai vecto tai t6 hop pET-32a-crylAa4 va pET-32a-cry1la34 dugc bién nap vao
té bao kha bién Escherichia coli BL21 (DE3) biang phuong phip xung dién véi cac
thong s6 2.500 V/em?, 200 Q, 25 uF. Ching E. coli BL21 (DE3) mang vecto tai t6 hop
duoc nudi trong mdi tredng LB ¢6 bd sung 100 pg/mL ampicillin (Sigma, Singapore) &
37°C, 14¢c vé6i van tdc 180 vong/phit. Isopropyl B-D-1-thiogalactopyranosit (IPTG)
(Sigma-Aldrich, Hoa Ky) dugc thém vao véi ndéng d6 cudi cing 14 1 mM va tiép tuc
nudi trong 5 gidr & 30°C dé cam tmg biéu hién protein. Sau d6, vi khuén duge thu sinh
khdi bing cach ly tim véi tdc d6 6000 vong/phit trong 10 phut. Cin té bao duoc hoa
tan trong dung dich mudi dém photphat (PBS; pH 7,4). Té bao bi pha v& bang song siéu
am trong 1 phat dé giai phong protein khoi té bao. Dich chiét xuit duogc ly tAm véi tc
do 13000 vong/phut trong 30 phuat va dich ndi trén bé mat dugce chuyén sang mot 6ng

moi.

Dung dich chira protein muc tiéu dugc bd sung dém ly giai va can bang cot
(50mM NaH,PO,, 300 mM NaCl va 10 mM imidazol) theo ty 1€ 1:1 va sau d6 dugc u
v6i hat nhua HisPur™ Ni-NTA (Themor Fisher Scientific, Hoa Ky) ¢ 4°C. Sau 2 gio,
dong chay qua cot dugc loai bo va nhua gén protein trong cdt Ni-NTA duge rira k§ ba
lan véi dung dich dém chta 50 mM NaH,PO,4, 300 mM NaCl va 50 mM imidazol
(Sigma-Aldrich, Hoa Ky). C4c protein tai t& hop CrylAa4 va Crylla34 thu dugc bang
cach rira giai hat nhya trong ¢t Ni-NTA. Mtrc d0 tinh sach cua protein tai to hop duoc
xé4c dinh trong didu kién bién tinh bing cach dién di trén gel SDS-PAGE 10% (v/v) va
phat hién bang thuéc nhuém CoomassieBlue. Két qua cho thiy protein dugc tinh sach
tbt, khong bi 13n véi cac protein khéc trong té bao (Hinh 8A).

Sau khi dién di trén gel SDS-PAGE 10% (v/v), cac protein duoc chuyén sang
mang PVDF (Amersham, Anh). Céc lién két khong dac hiéu s€ bi chan véi Block ACE
(DS Pharma Biomedical, Nhat Ban) trong 2 gid. Khang thé so cép khang polyhistidin
(Themor Fisher Scientific, Hoa Ky) dugc pha lodng véi ty 1€ 1:4000 va G véi mang qua
dém & nhiét do phong. Sau khi rira bing PBST (PBS bd sung 0,1% Tween 20), mang
dugc U v6i khang thé thir cip khang chudt két hop HRP (Abcam, Anh) trong PBST
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trong 2 gid. Cac khang thé gin protein tai t hop dwgc phat hién véi co chit AEC
(Sigma-Aldrich, Hoa K¥). Két qua cho thdy protein thu dugc ding 1a CrylAa4 va
Cry1Ia34 véi kich thuéc twong tmg 64 kDa va 99 kDa do ¢6 gin thém dudi His-tag vao
dau N cua protein (Hinh 8B).

Vi du 8: Nghién ctru kha ndng diét sdu duc qua cua protein tai t6 hop CrylAa4 va
Crylla34 '

M3ai protein CrylAa4 va CrylIa34 tinh khiét duoc bd sung vao thirc in nhan tao
v6i mot dai cdc lidu doc td nhu sau S, 10, 25, 50, 100, 200, 300, 400 va 500 ng/cm’.
Hoat tinh sinh hoc chdng lai E. zinckenella cua CrylAa4 két hop vé6i Crylla34 ciing
dwoc danh gia bing cach ap dung timg loai protein vao ché d in nhan tao theo ty 1¢
1:1. Nudc khir ion va dich chiét E. coli BL21 (DE3) khong chira vecto tai to hop dugc
st dung lam d6i chimg am. T4t ca c4c thi nghiém dugc tién hanh & diéu kién 28°C, d6
4m 60-70% va duoc thuc hién lip lai ba 1an véi 10 4u trung E. zinckenella tudi 2 cho
mdi ndng d6 protein doc 6. Ty 18 tir vong ciia 4u tring dugc danh gia sau 7 ngiy. Nong
d0 gay chét trung binh (LCsp) ctia 4u tring dugc udce tinh bing phin mém R tich hop
hiéu chinh Abbott (Savi et al., 2017).

Ty 18 4u trang sdu E. zinckenella chét sau 7 ngay ddi véi timg loai protein doc tb
duoc trinh bay trong Bang 5. Két qua danh gia kha nang diét siu duc qua dau twong d6i
v6i 2 protein tai t6 hop riéng 1& CrylAa4 va Crylla34va su két hop cua 2 protein nay
theo ti 18 1:1 cho thdy 4u trung E. zinckenella nhay cam véi protein CrylAa4 hon
CrylIa34 do céc gi tri LCs, tuong tng 12 59,80 ng/cm? va 89,99 ng/cm?. C6 thé nhan
thiy rang su két hop ctia cac doc t& CrylAa4 va Crylla34 da hoat dong hiéu qua nhat
d6i voi E. zinckenella, v6i mirc LCs 12 38,33 ng/cm®.

Bang 5. Ty 1& 4u trung sdu E. zinckenella tudi 2 chét sau 7 ngay khi nudi bing thirc dn
nhan tao c6 bd sung cic protein tai td hgp CrylAa4 va Crylla34

Liéu thir nghiém Ty 18 Au trung sdu E. zinckenella chét (%)
(ng/cm?) CrylAa4 Crylla34 CrylAa4 : Crylla34 (1:1)

0 0 0 0
5 6,7+5,8 33+0,0 13,3+5,8
10 23,3 +5,8 16,7+5,8 26,7 +5,8
25 26,7+5,8 26,7+ 5,8 36,7+5,8
50 36,7+ 5,8 30,0 + 0,0 50,0 + 10,0

100 56,7 +5,8 46,7+5,38 66,7 £ 5,8

200 73,3+5,8 66,7 + 5,8 76,7 +5,8

300 83,8+5,8 73,3+5,8 90,0 + 10,0
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400 90,0 + 10,0 83,8+5,8 96,7 + 5,8
500 96,7 + 5,8 86,7 +5,8 100,0 + 0,0
GidtriLCsp | 59,80 ng/cm’ 89,99 ng/cm” 38,33 ng/cm’

Hiéu qua dat dwoc cia sang ché

Sau duc qua dau teong vai tén khoa hoc Etiella zinckenella (Treitschke) thude
ho Ngai sang (Pyralidae), by Canh vay (Lepidoptera) gdy hai nghi€ém trong dén ning
sudt va chét lugng cdy dau twong. Sau non gdm vo qua, duc vao trong an hat dau tuong,
1am cho hat bi khuyét timg phan hoic bi rdng bén trong, 1am giam t6i 20% nang sut va
hat khong dung lam giéng duge. Ching vi khudn Bacillus thuringiensis TH19 phan 1ap
tir dat rung & Thanh Hoa c6 kha nang diét sdu duc qua E. zinckenella rit cao, c6 tiém
ning st dung cho muc dich ché tao san phém thudc bao vé thuc vat phong chéng sau
duc qua. Ngoai ra, cdc gen sinh tdng hop doc t6 crylda4 va crylla34 cua chung nay
duoc xac dinh dua trén giai trinh ty va phan tich toan by hé gen da dugc ding ky tai
Ngén hang gen Quéc té (GenBank) v6i ma s MN729490 va MN729491, 1a nguon gen
quan trong dé tién hanh cong tac chuyén gen tao gidng cdy dau tuong khéng siu duc

qua ¢ Viét Nam.
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YEU CAU BAO HQ
1. Ching vi khuén Bacillus thuringiensis TH19 véi trinh tu 16S rARN dugc dang ky
trén Ngan hang gen qudc té véi ma s6 MN832932 dugc phan lap tir dét rimg tai sinh &
huyén Vinh Loc, tinh Thanh Hoéa, Viét Nam, c6 kha ndng sinh protein CrylAa4 va
Crylla34 doc td dang tinh thé hinh ludng thap, c6 tinh khang déc hiéu dbi véi sau duc

qua dau tuong Etiella zinckenella.
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DANH MUC TRINH TU

<110> Vién nghién citu hé gen, Vién han 1lam Khoa hoc va Céng nghé Viét Nam

<120> CHUNG VI KHUAN BACILLUS THURINGIENSIS TH19 PHAN LAP TU PAT RUNG THANH
HOA CO KHA NANG SINH PROTEIN POC DIET SAU PUC QUA DAU TUONG

<170> BiSSAP 1.3.6

<210> 1

<211> 1439

<212> ADN

<213> Bacillus thuringiensis

220>

<400> 1

aaggtatacc ccaccgactt cgggtgttac aaactctcgt ggtgtgacgg gcggtgtgta 60
caaggcccgg gaacgtattc accgeggecat getgatccge gattactage gattccagcet 120
tcatgtaggc gagttgcagc ctacaatccg aactgagaac ggttttatga gattagctcc 180
acctcgcggt cttgcagectc tttgtaccgt ccattgtage acgtgtgtag cccaggtcat 240
aaggggcatg atgatttgac gtcatcccca ccttecctccg gtttgtcacc ggeagtcacc 300
ttagagtgcc caacttaatg atggcaacta agatcaaggg ttgcgctcgt tgegggactt 360
aacccaacat ctcacgacac gagctgacga caaccatgca ccacctgtca ctctgctccc 420
gaaggagaag ccctatctct agggttttca gaggatgtca agacctggta aggttcttcg 480
cgttgcttcg aattaaacca catgctccac cgettgtgeg ggccccegte aattcctttg 540
agtttcagcc ttgcggecgt actccccagg cggagtgett aatgcgttaa cttcagcact 600
aaagggcgga aaccctctaa cacttagcac tcatcgttta cggcgtggac taccagggta 660
tctaatcctg tttgctcccc acgetttege gectcagtgt cagttacaga ccagaaagtc 720
gccttcgeca ctggtgttcc tccatatctc tacgcatttc accgctacac atggaattcc 780
actttcctct tctgcactca agtctcccag tttccaatga ccctccacgg ttgageccgtg 840
ggctttcaca tcagacttaa gaaaccacct gcgecgegett tacgcccaat aattccggat 900
aacgcttgcc acctacgtat taccgegget gectggcacgt agttagccgt ggctttctgg 960
ttaggtaccg tcaaggtgcc agcttattca actagcactt gttcttccct aacaacagag 1020
ttttacgacc cgaaagcctt catcactcac geggegttge tccgtcagac tttcgtccat 1080
tgcggaagat tccctactge tgectcccgt aggagtctgg gccgtgtctc agtcccagtg 1140
tggccgatca ccctctcagg tcggectacge atcgttgect tggtgageccg ttacctcacc 1200
aactagctaa tgcgacgcgg gtccatccat aagtgacagc cgaagccgcc tttcaatttc 1260
gaaccatgca gttcaaaatg ttatccggta ttagccccgg tttcccggag ttatcccagt 1320
cttatgggca ggttacccac gtgttactca cccgtccgec gctaacttca taagagcaag 1380
ctcttaatcc attcgctcga cttgcatgta ttaggcacgc cgccagegtt catcctgag 1439
<210> 2

<211> 1206
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<212> ADN
<213> Bacillus thuringiensis

<220>

<221> CDS

<222> 1..1206

<223> /transl_table=11

<400> 1

gtg cca ggt acg ggt tcc tta tgg ccg ctt
gga aag tgt gga gag ccg aat cga tgc gcg
cct gac tta gat tgt tcg tgt agg gat gga
tcg cat cat ttc tcc tta gac att gat gta
gag gac cta ggt gta tgg gtg atc ttt aag
cac gca aga cta ggg aat cta gag ttt ctc
gga gaa gcg cta gct cgt gtg aaa aga gcg
aaa cgt gaa aaa ttg gaa tgg gaa aca aat
aaa gaa tct gta gat gct tta ttt gta aac
caa gcg gat acg aat att gcc atg att cat
cat agc att cga gaa gct tat ctg cct gag
gtc aat gcg gct att ttt gaa gaa tta gaa
ttc tcc cta tat gat gcg aga aat gtc att
aat ggc tta tcc tgc tgg aac gtg aaa ggg
caa aac aac caa cgt tcg gtc ctt gtt gtt
gtg tca caa gaa gtt cgt gtc tgt ccg ggt
gtc aca gcg tac aag gag gga tat gga gaa
gag atc gag aac aat aca gac gaa ctg aag
gag gaa atc tat cca aat aac acg gta acg
aat caa gaa gaa tac gga ggt gcg tac act
aac gaa gct cct tcc gta cca gct gat tat
aaa tcg tat aca gat gga cga aga gag aat
ggg tat agg gat tac acg cca cta cca gtt
tta gaa tac ttc cca gaa acc gat aag gta
acg gaa gga aca ttt atc gtg gac agc gtg
gaa tag

<210> 3

<211> 2160

<212> ADN

<213> Bacillus thuringiensis

<220>
<221> CDS

17-

tca
cca
gaa
gga
att
gaa
gag
atc
tct
gCcg
ctg
g88
aaa
cat
ccg
cgt
gst
ttt
tgt
tct
gCg
cct
gst
tgg
gaa

gcc
cac
aag
tgt
aag
gag
aaa
gtt
caa
gca
tct
cgt
aat
gta
gaa
gec
tgc
agc
aat
cgt
tca
tgt
tat
att
tta

caa
ctt
tgt
aca
acg
aaa
aaa
tat
tat
gat
gtg
att
gst
gat
tgg
tat
gta
aac
gat
aat
gtc
gaa
gtg
gag
ctc

agt
gaa
gcc
gac
caa
cca
tgg
aaa
gat
aaa
att
ttc
gat
gta
gaa
atc
acc
tgc
tat
cga
tat
ttt
aca
att
ctt

cca
tgg
cat
tta
gat
tta
aga
gag
caa
cgt
ccg
act
ttt
gaa
gca
ctt
att
gta
act
gga
gaa
aac
aaa
gga
atg

atc
aat
cat
aat
geg
gta
gac
gca
tta
gtt
gst
gca
aat
gaa
gaa
cgt
cat
gaa
gta
tat
gaa
aga
gaa
gaa
gag

48
96
144
192
240
288
336
384
432
480
528
576
624
672
720
768
816
864
912
960
1008
1056
1104
1152
1200
1206
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<222> 1..2160
<223> /transl_table=11

<400> 2

atg aaa cta aag aat caa gat aag cat caa agt ttt tct agc aat gcg 48
aaa gta gat aaa atc tct acg gat tca cta aaa aat gaa aca gat ata 96
gaa tta caa aac att aat cat gaa gat tgt ttg aaa atg tct gag tat 144
gaa aat gta gag ccg ttt gtt agt gca tca aca att caa aca ggt att 192
ggt att gcg ggt aaa ata ctt ggt acc cta ggc gtt cct ttt gca gga 240
caa gta gct agt ctt tat agt ttt atc tta ggt gag cta tgg cct aag 288
ggg aaa aat caa tgg gaa atc ttt atg gaa cat gta gaa gag att att 336
aat caa aaa ata tca act tat gca aga aat aaa gca ctt aca gac ttg 384
aaa gga tta gga gat gcc tta gct gtc tac cat gat tcg ctt gaa agt 432
tgg gtt gga aat cgt aat aac aca agg gct agg agt gtt gtc aag agc 480
caa tat atc gca tta gaa ttg atg ttc gtt cag aaa cta cct tct ttt 528
gca gtg tct gga gag gag gta cca tta tta ccg ata tat gcc caa gct 576
gca aat tta cat ttg ttg cta tta aga gat gca tct att ttt gga aaa 624
gag tgg gga tta tca tct tca gaa att tca aca ttt tat aac cgt caa 672
gtc gaa cga gca gga gat tat tcc gac cat tgt gtg aaa tgg tat agc 720
aca ggt cta aat aac ttg agg ggt aca aat gcc gaa agt tgg gta cga 768
tat aat caa ttc cgt aga gac atg act tta atg gta cta gat tta gtg 816
gca cta ttt cca agc tat gat aca caa atg tat cca att aaa act aca 864
gcc caa ctt aca aga gaa gta tat aca gac gca att ggg aca gta cat 912
ccg cat cca agt ttt aca agt acg act tgg tat aat aat aat gca cct 960

tcg ttc tct gec ata gag gct get gtt gtt cga aac ccg cat cta ctc 1008
gat ttt cta gaa caa gtt aca att tac agc tta tta agt cga tgg agt 1056
aac act cag tat atg aat atg tgg gga gga cat aaa cta gaa ttc cga 1104
aca ata gga gga acg tta aat atc tca aca caa gga tct act aat act 1152
tct att aat cct gta aca tta ccg ttc act tct cga gac gtc tat agg 1200
act gaa tca ttg gca ggg ctg aat cta ttt tta act caa cct gtt aat 1248
gga gta cct agg gtt gat ttt cat tgg aaa ttc gtc aca cat ccg atc 1296
gca tct gat aat ttc tat tat cca ggg tat gct gga att ggg acg caa 1344
tta cag gat tca gaa aat gaa tta cca cct gaa gca aca gga cag cca 1392
aat tat gaa tct tat agt cat aga tta tct cat ata gga ctc att tca 1440
gca tca cat gtg aaa gca ttg gta tat tct tgg acg cat cgt agt gca 1488
gat cgt aca aat aca att gag cca aat agc att aca caa ata cca tta 1536
gta aaa gct ttc aat ctg tct tca ggt gcc gect gta gtg aga gga cca 1584
gga ttt aca ggt ggg gat atc ctt cga aga acg aat act ggt aca ttt 1632
ggg gat ata cga gta aat att aat cca cca ttt gca caa aga tat cgc 1680
gtg agg att cgc tat gct tct acc aca gat tta caa ttc cat acg tca 1728
att aac ggt aaa gct att aat caa ggt aat ttt tca gca act atg aat 1776
aga gga gag gac tta gac tat aaa acc ttt aga act gta ggc ttt acc 1824
act cca ttt agc ttt tta gat gta caa agt aca ttc aca ata ggt gct 1872

-18-



tgg
gtt
caa
aaa
gag
gag

aac
ccg
gag
aca
tct
ata

ttc
gta
aag
gat
cta
gtt

tct
gaa
gtt
gta
tca
aaa

tca
gta
act
aag
gat
tac

gst
aca
gca
gat
gaa
gcg

aac
tat
ctg
tat
ttc
aag

gaa
gag
ttt
cat
tat
caa
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gtt
gca
aca
att
ctt
ctc
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tat
gaa
tct
gac
gat
cat

ata
tat
acg
cag
gaa
att

gat
gat
aat
gta
aag
gag

aga
ttt
cca
tca
aga
cgt

att
gaa
aga
aat
gaa
aac

gaa
aaa
gga
tta
tta
atg

ttt
gcg
tta
gta
ttc
tag

1920
1968
2016
2064
2112
2160
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By

Pseudomonas aeruginosa (NR_026078)
Bacillus paramycoides (NR_157734)

Bacillus cereus (NR_074540)

Bacillus proteolyticus (NR_157735)

653| - TH19

0.01
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Bacillus thuringiensis (NR_114581)

L[ Bacillus wiedmannii (NR_152692)
85.

5.2
Bacillus toyonensis (NR_121761)

z CDS

tARN

rARN

Thanh phan GC
GC nhiéu

B Gt
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HINH 7
B
bp bp
6000 6000
4000 4000
3000 3000
2000 2000
1000 1000
HINH 8
A B
KDa 1 2 3 4 5 6 kDa 1 2
235
170
130
93 99 p oy
70 o > D
53
41
30
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