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B OE: (8] XX 552 FRETAEE Bk Bt S2480-1 695 RE M IR ARESH 695
kA EFR. [Fi%] &M llumina Hiseq2000 | 5 F & 3+ Bt S2480-1 @Ak ¥t 474 A B 200 5, @
FAMEEFFERFZAMROARAFZE. RETUNAAEZZEGLARTRNRI; e, A
LTQ-Obitrap nano-LC-MS/MS & 43t iZ B4R 89§ & G AT T R4, B VAR S Y R fedd
F R R A FeAr B R Z AT T AW E N Z . [4 %] Bt S2480-1 A F 28 K v 4 6.2 Mb,
GC & EH 35.11%, #E/FE| | Ndide 3NN KRAGTANRFER, FMEBEE 6 297 A, H
FAK 12 AR F&EAE. Bt S2480-1 B # & & & £ LTQ-Orbitrap MS/MS i #7 F £ A4
1500 NE&EARFMFLEE, STRF 11 ANAEEE. Bt S2480-1 AR E RGO HB ALY R LI H
FEF ZHRBE N, Mt E R R RFE AR RHEG, H LCso 2] 4 27.636 ug/mL (95% FL:
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12.559-61.707 ug/mL)#= 496.833 ng/mg (95% FL: 320.134-776.964 pg/mg). [4+41 Bt S2480-1 &
AR R FEASH R2ATRNEEEG AR, LTQ-Orbitrap MS/MS % 2 313 11 A &%&4,
Bt S2480-1 B+ % & & *F S AE A S Ao $t R RIR Y RACELA X REH,

XBIR: HE=4LFAE; BtS2480-1; #%& ¢4 ; LTQ-Obitrap; * RiE M
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Abstract: [Objective] To identify the insecticidal activity of wild-type Bacillus thuringiensis strain Bt
S2480-1 and explore the insecticidal gene resources. [Methods] The whole genome of Bt S2480-1 was
sequenced by Illumina Hiseq2000. The genome information, genes, and insecticidal genes of the strain
were analyzed with bioinformatics methods. The total proteins of Bt S2480-1 were analyzed by
LTQ-Obitrap nano-LC-MS/MS and the biological activity of Bt S2480-1 against Culex gquinquefasciatus
and Spodoptera exigua larvae was determined. [Results] The genome of Bt S2480-1 was 6.2 Mb, with
GC content of 35.11%, and one nucleoid and three large plasmids were yielded through assembly,
containing 6 297 coding genes with 12 encoding insecticidal proteins. Meanwhile, a total of 1 500 proteins
of Bt S2480-1 were identified by LTQ-Orbitrap MS/MS, among which 11 were insecticidal proteins.
The total proteins of Bt S2480-1 showed strong activity against C. quinquefasciatus larvae but relatively
weak activity against S. exigua larvae, with LCs, of 27.636 pg/mL (95% FL: 12.559-61.707 ug/mL) and
496.833 pg/mg (95% FL: 320.134-776.964 pg/mg), respectively. [Conclusion] Bt S2480-1 contains
12 genes encoding insecticidal proteins and displays insecticidal activity against C. quinquefasciatus
and S. exigua larvae.

Keywords: Bacillus thuringiensis; Bt S2480-1; insecticidal protein; LTQ-Orbitrap; insecticidal activity

4 AT (Bacillus thuringiensis), il 2 FIEFRIE 1, P2 R EA Bt P25 e
WRARN Bt, SR AN, R SURfE A THHY, i, AWz E 28 Be R
ZEALIHRE AR X R E RSB HESI IR BE % IBRAR, LIS R SO RO SR P AR BT
15 PE RO 1 A A 25 1 (insecticidal crystal proteins, A RESE A AT B . I ORI AT A7 A SR s o
ICP), TENEMBURAME, 7has FAEd ANTFHY Bt B R AT AE S A A (6] B 2 2
RN ENAE AR . Aol T AR A D, AN R A SR B AR O AR AR B R B AT A ]
AR AR SR, TR R ik R RIE Y SO BR O A% E R R
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FIXF TCEHESI I 4 AT TLA KT B sh i 9 4
HAIE 600 FiE RURA F AW A R RGN, 3
S E . B E . EWE . SHE ., LA
MY 75 A )L K —se g 4001 A AR & )
Bt HEHH, Ko Cry KEFASH 3 4 dLm
AP SF 25 #J5; . Endtoxin N, Endtoxin Ml
Endtoxin_C, {HtnAHAh Cry &M BRI Iol
RUEFLE R, 140 : Cry35Ab (Toxin 10 45#
)Y Cry51Aa (ETX/MTX 2546 58 145 25 1
o J34bh, [l —8 A Z% ROt B R R
HE M. BN, Cry51 R ETX/MTX Z5H5K)
Xt B A E 4 iU S Cry75Aal
(Mtx2) %} H (Lepidoptera) F13# H (Coleoptera)
B B A iE#EDY Cry64Ba/Cry64Ca (455
A ETX/MTX2)P N8 (AL R kX A E 2R
K H /KRG UK K E((Laodelphax striatellus)
I3 KEl(Sogatella furcifera)f 4% HU g PR
DRI, 32 7 R0 5 2 11 Al 3 B A R B iR
HAEHHEEME XL,

Bl B A W AR T B AN, R
S AE TR MR S A R T, AR E
M5 PCR Y1, 2 EARHEC 4 75
FERN K. Bt S2480-1 Rk ES A B Ap T3
KEZRP HREIX, ZE R R BH BAF 3L
W H MR H R AR, ARRENE D
AN B R AR K A BB AT Bl ZE 78 00 T8 B AR K
ST AL AR A, TR 8 25 AT BRIE A A S 1A
PR, S5 IXm RSB R IRBEE AR, 6
B0 3 92 R I B AR BRI R B IR T
o ASHIFGE I SR DL ) DL R B T4 MS/MS
FARSL[ & 4 Bt S2480-1 B Mk FE M 1AL A
F XT3k H6 B B [ PR ST S5 R AT AT, A
ZLUGIE Bt S2480-1 TR Pk #5211 19 A4« B M) RE S 1t
FEHIE S, o B iR ORI 50 H 3 U B iR
TAESRALHT T

WL

1.1 SEIE#HHE
1.1.1 BEHREEFENS

Bt S2480-1 B MR/ MBI VLA BK H AR IR
P IK 43 B 2 A B AR T TR AR o L R SR A N
NB 5723, 30 °C. 200 r/min, 72 h, BE/7H: K
R E R A

LB 15573 (g/L): tryptone 10, yeast extract
5, NaCl 10, F 5 mol/L NaOH % i JF1 35 1% 37 3k
() pH fH M 7.0, I ddH,O E & MAFR, 121 °C
1R R ZE PR K TA 20 min.

NB 1557 3(g/L): peptone 5, beef extract 3,
NaCl 5, i 5 mol/L NaOH % i J8 % 55 32 3L 1 pH
B0 7.2, A ddH,0 E AP, 121 °C & &
ZRVRCK A 20 min,

1.1.2 iR R AR ATENE A

WA HE bR R A . 3 Y BUHE JE I (Culex
quinquefasciatus)4fj ., 2 =2 ik (Spodoptera
exigua)% HL . A FH A 0 ) s ) R e vy
FE)T VY RTG KT 78 Z 0 h R ook 3 5 S0 00
=R E T AN TSR

N AR TS . 1.5 L KPS 45 it 240 g,
INEIRZE R 225 g, BERERY 15 g, BBk 45 g,
FEAMIRA), W R B 30 min, 121 °C KT# 45 min
o, AP 12 g, JEIHA TN 5.7 g, 1
B 1.5g, K 45mL, fdkls), &8,
IR
1.2 Bt S2480-1 H 5 DNA 2ELS &M

fdi ] OMEGA 474 & DNA $2 5t 7] & M
Bt S2480-1 AR AR TR Y T E2 B DNA, %
AU B B T EAE . RO SR AMook
J£31 NonoDrop 2000c LA K Byt Big M5 st v, 1k G
I DNA (1) 23 58 2
1.3 Bt S2480-1 B HkEE 22N FI LR 4L 12

Bt S2480-1 B &k 3k PRI 4 37 Hhy [ 58 A\ 2 38k
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DR 21 R 5 F 9 HR 0 (CHGC) 58 i, >R A Tllumina
HiSeq2000 il ¥ -5 % Bt S2480-1 M #kEFT 4
FER My . 5K SOAP denovo2 %5741
A, X BT P AL S 1Y reads 1T
e, SRJGHYE reads B9 paired-end Y overlap
KR, XHBGRHT R, &P
% scaffolds. - Fl| | DIYA T2/ diya-assemble
pseudocontig.pl Xf 375 scaffolds #E—432
HETERE R pseudo FEF4H .
1.4 Bt S2480-1 & #k ORF F 4 A5E &l #Y T
W R I ge %

FM A Glimmer (http://ccb.jhu.edu/software/
glimmer/index.shtml; version 3.02)1 MetaGeneMark

(http://exon.gatech.edu/GeneMark/metagenome/
index.cgi; version 1.0)_T. H435|% Bt S2480-1

Rl e 5L DR 2H RS i A 2 5 5 DR 000 L2 % e A i
58 14307, 8] H KEGG automatic annotation
server (KAAS, http://www.genome.jp/tools/kaas/;
Ver.1.67x)% Bt S2480-1 B Ak 1) T 3 DA 984 738
BEIhRE A HTiERE . YEA CGviewer server (http://
stothard.afns.ualberta.ca/cgview_server/index.html)
TELP 6, AT Z AT LR Bt S2480-1
BRI PG B SOE R REE R, etk
BB G Al A Al A o AT A R
1.5 Bt S2480-1 E#xE & A E B FNIR A

T3 B PE EE (http://www.lifesci.sussex.ac.
uk/home/Neil _Crickmore/Bt/) A& i F) 75 2= 4 2- 1
FF 7 2R V2R T 41 (864 4%), L Bt S2480-1
B TR 20 T 2 1 e 904 O 1 R BUE R, R
BLASTp 544 )2 2 1 2 FE IR 1y 51 50 Bl 2
& Bt $2480-1 4t N w5 8 AN, O THR
e EXT A R B ERR A AT e, FES e (B
WEN le-5,

FFH SMART 72k T. H (http://smart.embl-
heidelberg.de) 73 #r F Il &5 25 (DU e 4 d 9, IF
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TETR = 4 2 FOAF B 2R o 44 07 RGEAN T AR R
T 1 B HE JE (https://camtech-bpp.ifas.ufl.edu/ ,
BPPRC) %} Bt S2480-1 T2 ¥k fr A g fih #7511
R A T HEXS 0BT o
1.6 SDS-PAGE #&ill] Bt S2480-1 & #k 5
A % LTQ-Orbitrap MS/MS J&Rit 2 #f

Bt S2480-1 FIHRTE 30 °C 24 T I NB K537
SRR 3 d, HER AR RIEN,
], % 4 h AR — W, JLIREE T 18 AN [a]
Beo T R il A e R A B2 B Bt S2480-1
£ A~ B 1] B2 By 8 11 B (SONICS VCXT50 ,
SONICS&MATERIALS, INC. 53 church hill rd.
newtown, CT USA), W& TAEFRMHR: 25%
Ampl, pulse on 3sec, pulse off 15 sec, working
time 20 min, f/5IRG A $EBUE A R
SDS-PAGE £l .

b5, FIH LTQ-Obitrap nano-LC-MS/MS
Z 4; (LTQ-Obitrap Elite Mass Spectrometer ,
Thermo Fisher Scientific, Bremen, Germany)%
GE Bt S2480-1 FE bk M R IXEM . HAK
LTQ-Obitrap MS #F il &1 FE 5 B Fu 2501
AT
1.7 Bt S2480-1 EHREYE LN E

il % Bt S2480-1 FMR AL WEM: NB 552k,
30 °C. 200 r/min K537 72 h 22158 2T M
FERE R ER . B 8 000 r/min &L
15 min, # 3, H01 10 mL 50 mmol/L Tris-HC1
(50 mmol/L Tris-HCI, 500 mmol/L NaCl, 10%
glycerol, pH 7.8), =& A F 496 e
T o APk AR BTG R R AT 2 W RIS
HUOFT 2 SR AR 40y oy #E R B HR R A T 1 1
E o BRI 5 DR EE, BREE A
AbFR 15 Sk, BRI ES 3 W, I I
TRAKAE N BT B

AEYITEPEIE 25 BT 28 °C =, *
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5 T0%AMXHEIE, SR B IR 12 h IR 5
12h, 7E24. 48. 72 h BPEEIF 055 S B0

2 BREM

2.1 Bt S2480-1 E#REE BN F 54
WL lumina HiSeq2000 P 2H I 5
-3 %) Bt $2480-1 B BRI T UK BRI, 385221
B PR ZARAS 236 /) scaffolds (N5=386 kb),
356 4~ contigs (Ns;=130 kb), 4 K/NK

6.2 Mb (GC%=35.11), HH, KJFE>500 bp Y
scaffolds “& 106 />, contigs & 226 1>,

Wt 5 S I N R Rt X, &t B
2, Bt S2480-1 HikkAT 4 N7, Br 11431 Mb
AU YL {6, 4K (Bt2480-1 pseudo chromosome)d, ifs
A 3ATRLTH, 45l A Bt2480-1 plasmidOl.,
Bt2480-1 plasmid02, Bt2480-1 plasmid03, {ii
AL T3 00 %00 & 52l 1A L PR 20 7 51 Rl A
FEERIE (18 1),

M Predicted genes M Predicted cry genes M Predicted vip genes Il ORF l GC content ll GC skew+ W GC skew—

4000 kb

Bt2480-1 pseudo
chromosome | 45045
. Length:
4306 949 bp

2000 kb

Bt2480-1
“200kb plasmid02
Length: 265 465 bp

100 kb

B 1 BtS2480-1 EFEHRRLE
Figure 1 Genome visualization map of Bt S2480-1
content; 3: predicted ORF.

Bt2480-1 plasmidO1

Length: 1 631 237 bp

500 kb

, 1000 Kb

4 4
Jf k
? Bt2480-1 plasmid03

5
>
Length: 5645 b v
!-ub & P J’
&

Y‘ 2 kb,
>4 “}

~ 5

. The circle from inside to outside: 1: GC skew; 2: G+C
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FIH Glimmer 7 Bt S2480-1 3% K 21 Fh i 1
5% 6 573 P FF LR EEHE (open read frame, ORF)
Feol, Hop AR oA T 4 491 4>, 341
JBORE B4 54 1763 4>, 307 A1 12 SR 1)
iH 1 MetaGeneMark X # il () Bt S2480-1 & [A]
H AT G A LR I, HEA5 2] 6 297 Gtk
I, HA UL E A AT 4366 1>, 3 NJB0kE
FAE A 1663 4>, 262 A 6 4N (F 1), dE
KAAS Xfi% 6 297 AFN & k478 F 2 RE
BRI, EA 1227 MERTERICHIIRE
T ) A R T RS Y D BE R A bR iC IR A
(hypothetical protein),

2.2 Bt S2480-1 EHREEBREERR T
MR A

T 3k 5 ) A A L B AR B R T L
XF, B A bk 25 R i B SE [ 41 Ol Bt
S2480-1 Tk I REHEHF A9 1 28 I mAD JE I, 254
HEMaEE AR, LER O B
FR) TR B PR, g 20 17 00 A PR v Rl i e £
FEAMIERNIL 12 MER 2), By
Cry/Cyt 2553 8 F1 0 m s JE R, 783 10 41 B R~ B
VB Air 4 R G, X 12 SN EE A R
Ry 5 A5, b Cry 285 8 H i i 2%
4 /~(plasmidl_gene235. plasmid2 gene242 .
plasmid2_gene243 . plasmid2 gene262), Cyt &
FmEAMMEIERE 3 M (plasmidl _genel609
plasmid2_genel03 . plasmid2 genel94), App HI
Tpp RKpEARmMSERNS 1 “Mplasmidl genel67

&1 Bt S2480-1 EEEMM{EE

Table 1 Genome predicted information of Bt S2480-1
Genome ORF Gene
Chromosome 4491 4366

S2480p01 1763 1663

S2480p02 307 262

S2480p03 12 6

Total 6573 6 297

P4 actamicro@im.ac.cn, 7 010-64807516

&2 Bt S2480-1 Bk 12 MANESEAEERFIR
T IHER

Table 2 Homology alignment information of
12 predicted toxic protein genes of Bt S2480-1
strain

Homologous Homologous Identify/
genes toxic protein %
plasmidl_gene235 cry70Bbl Cry70Bbl1 98.8

plasmidl_genel67 app4Aal App4Aal 71.5

Predicted genes

plasmidl genel609 cytlCal CytlCal 20.1
plasmid2 gene4 tpp49Abl Tpp49Abl 36.7
plasmid2_genel03 cytlDal CytlDal 19.9

plasmid2_genel86 mpp75Aa2
plasmid2 genel89 mppl5Aal
plasmid2 genel194 cytlDal
plasmid2_gene213 mppl5Aal
plasmid2_gene242 cryl0Aa3
plasmid2_gene243 cry50Ba2
plasmid2 gene262 cry68Aal

Mpp75Aa2 273
Mppl5Aal 29.3
CytlDal 23.2
Mppl5Aal 28.6
Cryl10Aa3 29.5
Cry50Ba2 25.1
Cry68Aal 41.3

F1 plasmid2_gene4), Mpp JE8: 8 H bS5 KA
3 “~(plasmid2 genel86 . plasmid2 genel89 #
plasmid2_gene213). F& T plasmidl_genel67.
plasmidl gene235 Fl plasmid1l genel609 iX 3 >3t
R T ks 1 (Bt2480-1 plasmid01)7k, Hi4x 8 4
B R IR AL TRk 2 (Bt2480-1 plasmid02) I
i IR 2 4 2 FUF 1A 7 2 1 P 44 2= 5
242N, plasmid]l gene235 @ T4 4 43
AT (—EE>95%), 1B plasmid]l_gene235
J& cry70Bbl ()[Rl JEIE A 5 plasmidl_genel67 IH
J& T 3 R R(— BNy 78%-94.99%); H:
AR 10 AT R IR T2 1 70255 (—3L
PE<45%), Ud B IX 2L T L PR AT RE 2 40T I
BN, FAVGEHEXN BT KA ORF i
P T (€ 2).
2.3 E#k Bt S2480-1 HE B F 5 SEIH D
HMH SMART 7E£k T H A3 HriX 11 41 22
HEHRT RS 2). 4R BN, X
12 AN TR0 B 2 11 Rk DR 2 ) 2 11 ) DR AT D RE 2 AL
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plasmidl_gene235 l

plasmidl genel609

plasmidl_genel67

plasmidl_gene4

]

plasmidl genel03
plasmidl genel86
plasmidl_genel 89
plasmidl_genel94

% N
plasmidl gene213 -
plasmidl_gene242 |

plasmidl_gene243 |

plasmid]_gene262

300 300 500 ts00 o0 'S0

200 ' 300 400 * 500

300 40 ‘500 R o0

2 Bt S$2480-1 E#k 12 NS EBRIRTEHIZO
Figure 2 Conserved domains of 12 predicted toxins of Bt S2480-1 strain.

AT e, BN X L EE A AT e
FHEMARIIAE. H, plasmid2_gene242,
plasmid2 gene243, plasmid2 gene262 H.A Cry
KABME MY 3D L5 5k, B fdE
Endotoxin_N. Endotoxin M, Endotoxin_C 3 />
ZEMIR; T plasmidl gene235 Y& A N Uiy
Endotoxin_ N FI C %[} Endotoxin_C %543, Gk

/b i [E) 9 Endotoxin M %5 #4 3 . plasmidl
genel609, plasmid2_genel03, plasmid2_genel94
%y Cyt AR ME T, BEA 14 Ricin Z5#5FI
PLCXc %5 #41§ . plasmid2 gened & A — 1>
Toxin_10 &5, M REAMWEEN, K
P4y Cry I HA RICIN B Toxin 10 iX 2 4>
2ER)IE,, plasmid2_genel86 A plasmid2_ genel89

http://journals.im.ac.cn/actamicrocn



3594

Zhou Yan et al. | Acta Microbiologica Snica, 2022, 62(9)

B1)J& T Mpp KE&E MBS A —1 ETX_MTX2
SEMIE, BRI R L, Mix2 S8 FE 7 A il A i
FE, H, #ENGXPTRER 2 MREEE A
I plasmid2_gene213 4kt W] J& F Mpp 25552
1, EHRFLE IR aerolysin, Ui E
(acrolysin) & —FI A I B A AUSLIETE B 5=,
I plasmid2_gene213 Al A& EfLE .
2.4 Bt S2480-1 E k.2 EH & LTQ-Orbitrap
MS/MS RiE S s EH

X} Bt S2480-1 Bk 18 4~ [H] B (IR A B
M i#47 SDS-PAGE il (] 3), Bt S2480-1 Btk
FIE M B H R/NEEATE 200, 120, 100, 50,
32, 27 kDa /%7, H LTQ-Orbitrap Elite Mass
Spectrometer (Thermo Fisher Scientific, Germany)
B A FRIR A S F#E T T LTQ-Orbitrap
MS/MS RN LT, W3R T Bt S2480-1
PR I 4 2 T A R8s, AN Bt S2480-1 Gtk
FIRAHEAPIERET 1 500 NEAE, Ai
I 12 AEE AT, (U plasmid2_gene243
—EEE PR E B (GR 3). HEN A REZAERE
a0 BT AR IZ A H AR B E P A B R A
MRS R Y, R IR S S FRAT T 2o I
PR FRIR G DA — 20 B IE S S

kDa M Bt S2480-1
200 kDa
180
130 120 kDa
100 100 kDa
75
65
« 50 kDa
45
35
32 kDa
5 27 kDa
15

3 Bt S2480-1 E#k 5 & H SDS-PAGE 53 #f
Figure 3 SDS-PAGE analysis of total protein of
Bt S2480-1 strain. M: protein marker; Bt S2480-1:
Bt S2480-1 total protein.

2.5 Bt S2480-1 T E{% FE A0 iH K& 4
HAY R HIE SN E

A3 SILL 2 W S0 T ORI B S ik &)y H Sy
PrEEHL, DL ddH,O A B X AR, il 2 Bt S2480-1

% 3 LTQ-Orbitrap MS X FFH BT S2480-1 B E[FHANEELER
Table 3 The predicted toxin proteins detected by LTQ-Orbitrap MS in total protein samples of Bt S2480-1

Protein ID Score Coverage Proteins Unique peptides Peptides PSMs  AAs MW/kDa Calc.pl
plasmidl_genel67 22.26 25.04 1 5 7 12 357 40.1 6.81
plasmidl_gene235 36.50 50.20 1 3 3 9 807 91.5 6.65
plasmidl_genel609 30.44 30.94 1 1 5 12 512 57.9 5.38
plasmid2_gene4 22.40 25.44 1 3 3 6 496 55.0 5.19
plasmid2_genel03 28.01 18.23 1 3 3 486 55.8 4.69
plasmid2_genel86 31.11 11.48 1 3 3 14 331 36.7 6.25
plasmid2_genel89 49.72 31.34 1 11 13 24 268 29.6 8.73
plasmid2_genel94 14.37 15.36 1 2 2 4 504 56.5 5.30
plasmid2_gene213 27.17 25.32 1 4 4 9 248 29.5 7.01
plasmid2_gene242 28.02 31.60 1 4 4 7 689 79.1 6.73
plasmid2_ gene262 24.86 24.48 1 3 3 7 736 80.0 4.88

P4 actamicro@im.ac.cn, & 010-64807516
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TR X S0 R R SR P ke 4y R R OV MR A2
TP E 45 R BN, Bt S2480-1 bk EE A Xt
B I ORI S 3 1k 2 o 2% O3k LCso 235110
27.636 ug/mL (95% FL: 12.559-61.707 pg/mL)FI

496.833 pg/mg (95% FL: 320.134-776.964 pg/mg)
(F 4), FW Bt S2480-1 I AR LR 11X B4 1 i
oy R B AR R 0 R BOE ML TR SRk
&y S TG AR A 55

&4 Bt S2480-1 2 E A X B R A4 AR S A M 4 R RO IR 1 E

Table 4 Bioassays the insecticidal activity of total protein of Bt S2480-1 against Culex quinguefasciatus

and Spodoptera exigua larvae

Target insects Regression equation LCs,

95% confidence interval Correlation coefficient

Culex quinquefasciatus Y=1.085X-1.564
Spodoptera exigua Y=2.523X-6.804

27.636 ng/mL
496.833 ng/mg

12.559—61.707 pg/mL 0.738
320.134—776.964 pg/mg 0.789

3 itk

B Bt W EXCEENFH T, X
g 5 . BEH B A B H R A R E R R
TPk, AT R E A% 5 E A A AR S
2463 Bt S2480-1 TR AR HAY 12 ST B £ 11 2k
[, HA plasmidl gene235 5 Cry70Bb & A9
Fe gl — 30tk s 98.8%, J& TRIVEIEE, 1Wif
& Cry70Bb #2114« B P B AT DL
B A% R TR AR XS 1 S0 I (Aedes
albopictus) . ¥ {14 B (Culex pipiens) i X] L F.
225t (Anopheles gambiae) 14 2. 74 11 & 1 5% Wi
PEM plasmidl genel67 5 App4Aa & [ F
G2t Hy 71.5%, J& T Bt BRI K R LN
03 ARG, BAAANE T EE N SRGE
B 28 LE T 91— B <45% B Sk 37 7
BEEE D), (AR B TR R E ) — I A
RIS R, HEE5#5CA Bacillus HBL,
—FPs IR BL 455, Am#HR, BWER=
G ZERAT R A R U o 22— BB RE D IRl i
Ml C fEan !, HAM 10 AH0EE
FJE TR B B 2 1 40 K55 0.

WRHE T3 2= 46 ZF AT 14 85 28 1 Ay 24 8T R AL 2
T A% B2 180 7 (BPPRC), Bt S2480-1 FHFRAY

12 AT A AL R e S A R PR ST T R
gEMECRAIE R, fFE Cry. Cyt. Mpp. App
DL Tpp 5 2R HEM, s & XL &
FATREA F & AR IR, BA RIS,

ABEFE Y, AL ORI S 1 i Ay A B
i, XF Bt S2480-1 ARIHEAT 1A% MG HEIAE

J& 2 S g h FRATT T T X SRR AR A A B
BAFEX R E . G H . 8 E 4 s
NS R HOE Y, I — e X e iR A
YA TR, AT BE T G b & H5 32 TR AR 1) A%
HPERE,

5 kB, AW L HE R Bti (Bacillus
thuringiensis subsp. israelensis) it & &1 4% W& Pk
FEER RN EH 1042 2HFENA, H
H:rh % Cry4Aa. Cry4Ba, CrylOAa, CryllAa,
CytlAa fil Cyt2Ba 6 ME&H 1 ZAIFAEREZH
MEAER, EATUMFERL (synergy effect)™ 4 A
WK, HAERA A RBCFRRIS A&
W5 Bt S2480-1 T kR FINFE & A A
Cry Fll Cyt B HE M, & A iX L5 & 2 [ A7
VMR AER, AR R A RE T M,
Jo 2 S AT IR AR ST X SR 2R 1 =2 (]
PIMFEVE R C R s J3dh, AT DI R bR iE AT
e RIBITHTESE, LIRIT Bt S2480-1 & #kiX
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