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http //www. biols. susx. ac. uk/Home/Neil- - 10 ¢
Crickmore/Bt ICPs 50 mL - 3.4%
80 Bt 0.5% 1% 400 pg/mL
’ 400 pg/mL pH 7.0
Bt cry 200 r/min 30°C 4 h 10 mLL
6710 800 x g 15 min
PCR-RFLP cry 2mL  65C 15 min
Bt 0.1ml. 1B 30°C 48 h
-1 Bt
Bt Bt 1.3 Bt DNA
Bt Bt LB 230 r/min
cry : 30C 12 h Narva P
cry 1.4 SDS-PAGE
Bt LB 48 h
cry Laemmli SDS-PAGE 10
Bt cry 1.5 cry
PCR-RFLP
cryl Kuo
12 17 cry
1 1118
1.1 1.6
1.1.1 LB 1
Sambrook " TAIL-PCR cry 94°C
1.1.2 Taq TaKaRa 5min 94°C 30 s 56°C 50 s 72°C 2 min 2
Promega ~ MBI PCR 94°C 30 s 33°C 50 s 72°C 2 min 15 72C
Thermo 10 min PCR
BioRad DNAStar
1.2 GenBank
Bt
5~10 e¢m 2650
1 Tail-PCR
Table 1 The specific primers and degenerate primer sequences of the Tail-PCR
PN Sequence 5'—>3' AT/C Target strain and gene References
SP1 ATGGTAATGCGTCCACAACTCAAC 64 HS18-1 ¢ry30- like This research
Sp2 TCTCCTGGACCACGAATAAGACCTA 63 This research
SP3 GCTGATCCTGGACCAGGCATAGC 68 BtMC28  cry4/10-like This research
SP4 AACTTATCAAGCAGGTAGAA 63 This research
SP5 TACTTCCCACAAACCCTCTTACTC 63 BtMC28  ¢ry30-like This research
SP6 GTCAAACTGGAGTGCTGGGGTA 64 This research
Dp GGAGGNNNNNNNNWTG 39 This research

PN primer name DP degenerate primer AT annealing temperature.

1.7
Pieris rapae Linne Aedes aegypti Ibarra ’® 1Cy  SPSSI10.0



326 Jun Zhu et al./Acta Microbiologica Sinica 2009 49 3

19% ~ 23%
2
5%
2.1 7% 791
2650 5889 1-A B C
791 Bt D cry
13.4% Bt
2 Bt Bt
spore
|
2
&}
spore

.. D[]

Fig.1 Scanning electron microscopy observation of the spore and crystal mixtures produced by Bt isolates. 1 2 . big small bipyramidal crystal inclusions

3 4 . long short bipyramidal crystal inclusions 5. erose crystal inclusions 6. square crystal inclusions 7. round crystal inclusions.

2 Bt

Table 2 The isolation results of Bt from different areas in Sichuan

cry genes present in each ecosystem

Site  CV SN TBS IS IR/ %
cryl cry2 cry3 cry4/10 cry9 cry30 cry40

7G Forest 385 591 124 21 107 82 1 9 3 9 -
MD  Forest 285 410 78 19 68 28 2 3 2 3 -
BF Forest 320 479 110 23 72 47 1 - 3 - 3
MC  Forest 180 425 85 20 13 5 2 5 4 5 -
KD  Grassland 195 351 35 10 12 2 - 3 - -
CD  Farmland 280 616 80 12 65 45 1 - 7 - -
0oC Farmland 540 1114 156 14 102 61 4 6 - 6 -
LD Farmland 215 1401 98 7 75 47 2 - 3 - -
HL  Forest 250 501 25 5 8 3 5 10 3 10 -

Total 2650 5889 791 13.4" 522 312 20 33 28 33 3
% 66% * 39.5%*% 2.5%* 4.2%* 3.5%* 4.2%* <1%*

CV  characteristics of vegetation SN sample number TBS Total Bacillus strain B Number of Bt Isolations IR Isolation Rate of Bt isolations in total
Bacillus isolations from the same site ZG Zhou Gong Mountain MD  Meng Ding Mountain BF  Bi Feng Canyon HL Hai Luo Glacer LD Lu Ding Plateau
MC Mu Chuan Virgin Forest KD Kang Ding Plateau CD Cheng Du Plain  OC  Other Cities Hurst “ -" not amplified with any primer” * "  average rate
of Bt isolations in all Bacillus isolations” #” the rate of strain harbored the same cry gene in all Bt isolations.

2.2 cry 791 cry 2
2.2.1 PCR-RFLP PCR-RFLP eryl ery2 ery3 cry9 cryd/10 ery4d0 7
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eryl 66 % 21 cryl 3 crylAc
cry2 cry3 cry4/10 ery9 cry30  cry40 15.33%  cylAa 13.22% crylAa + crylAb +
80 cry crylAc 10.54% 5.17-
cry 8.62%  crylAb crylAa + crylAc crylda + crylAc +
2.2.2 oyl crylla crylAa + crylAb + erylla  crylAa + cryl Ab
K5un2/K3un2 K5un3/K3un3  S5uni/S3uni crylAa + crylla cryl
522 cryl Pst T+ Xba 1 EcoR 1 crylAa + crylAb + crylCa crylAa + crylAb +
+Pst 1 Bspll9 I+ Ban 1 crylAc + crylla crylAa + crylAc + cry1Ch
6 cryl crylAa + crylEa  crylAa + cryl Fa
cylA erylB crylC cerylE cryl F cryll 0.38%
3 cryl
Table 3 The Distribution of cryl-type gene profiles in different ecology areas of Sichuan Basin
cryl-type gene profiles 7G MD BF HL LD MC KD 0C CD N Fl%
crylAe 30 8 7 - 3 10 4 6 12 80 15.33
crylAa 15 11 13 2 10 - - 11 69 13.22
crylAa + eryl Ab + cryl Ac 8 9 7 2 8 9 2 4 [§ 55 10.54
cryl Ab 12 9 7 - 4 3 3 7 - 45 8.62
crylAa + crylAc 9 7 6 1 2 4 3 5 5 42 8.05
crylAa + erylAc + erylla [§ 9 2 2 1 6 4 6 - 36 6.90
crylAa + eryl Ab + crylla - 4 8 1 7 6 - 3 2 31 5.94
crylAa + cryl Ab 8 - 3 - - 4 - 12 - 27 5.17
crylAa + crylla 1 - . - - - 3 6 2 27 5.17
crylAa + crylAb + cryl Ca 6 - - 1 6 4 3 4 - 24 4.60
crylAa + cryl Ab + crylAc + crylla 5 2 4 - 1 1 2 3 1 19 3.64
cryl Ab + crylAc 5 1 - - - - 3 3 1 13 2.49
crylAa + cryl Ca + crylla 1 - 1 - 2 4 2 2 - 12 2.30
crylAc + cryl Ca - 2 - 1 1 2 1 3 - 10 1.91
crylAa + cryl Ca 2 1 1 - 2 - 1 1 1 9 1.72
crylAa + crylAc + cryl Cb 2 3 1 - 2 - - - - 8 1.53
crylAa + cryl Ba + cryAb - - 2 - - 2 - 1 - 5 0.96
crylAa + cryl Ab + cryl Ba 1 - 1 - 1 - - - - 3 0.57
cryl Ba 1 - 2 - - - - - - 3 0.57
crylAa + cryl Ea - - - - - 2 - - - 2 0.38
crylAa + cryl Fa - - - - - 2 - - - 2 0.38

Note ZG Zhou Gong Mountain MD  Meng Ding Mountain BF  Bi Feng Canyon HL Hai Luo Glacer LD Lu Ding Plateau MC Mu Chuan Virgin Forest

KD Kang Ding Plateau CD Cheng Du Plain OC  Other Cities Hurst “ -

cryl-type gene conbination in all Bt isolations contain cryl gene.

2.2.3 SSund/
S3und  S5un30/S3un30

BtMC28  ¢ry4/10 BstE
I+ Dra 1 4 HS70-8 MD7-
5 HS18-1 HS15-3  ZG108-36
BstEIl + Dral 2-A cry4Aal cry4dBal

cry1l0Aal
cry30 Msp 1
2-B cry304al ery30Bal cry30Cal
http //www.

biols. susx. ac. uk/Home/Neil-Crickmore/Bt DNAStar

not containning this type gene N number of strains F  strain harbored this

SSun4/S3un4

Cryl0Aal 39%
SS5un30/53un30

Cry30Aal 2% T2%

T4% T4% 12%  68%

Tail-PCR 3
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4% 4% Cry
GenBank EU339367 EU751609
EU882064 Bt
cry54Aal ery30Fal  ery306Gal
2.3
BIMC28 Gy
6.02 pg/mL Rpp02 LGy,
7.32 pg/mlL BtMC28 YWC(C5-4 A4 Bts
HS15-3 HS18-1 HS70-8
MD7-5  ZG108-36 Rpp02
'Z Rpp39 4
cry4/10 cry30 PCR 2.4
RFLP
' cry Bt
Fig.2 PCR-RFLP pattern of cry4/10-type and cry30-type genes.
A PCR-RFLP pattern of cry4/10-type genes digested with BstE 11+ Dra SDS-PAGE 80
I Lanel-6 BIMC28 ZG108-36 MD7-5 HSI8-1 HSIS5-3 HS70-8 40 ~ 130 kDa
M 100 bp Marker. B PCR-RFLP pattern of cry30-type genes digested 3
with Msp I Lanel-6 BtMC28 ZG108-36 MD7-5 HSI18-1 HSI5-3
HS70-8 M 100 bp DNA Marker.
38% S5un30/S3un30 cry
BtMC28  HSI8-1 Cry30Aal
4
Table 4  Dose-response insecticidal activities against A . aegypti and pieris rapae Linne
. A . aegypti pieris rapae Linne
Strains cry gene types ; ;
LCso/ pg/ml. 95%CI" LCso/ pg/ml. 95% C1”
BtMC28 cry4/10 cry30 6.02 4.2-7.8 15.45 12.34-19.64
HS15-3 cry4/10 ¢cry30 14.96 11.8-17.2 >100*
HS18-1 cry4/10 ¢ry30 14.33 10.6-17.1 >100*
MD7-5 cry4/10 ¢ry30 20.56 19 -24.31 >100*
HS70-8 cry4/10 ¢ry30 90.1 76.4-120.4 >100*
7G108-36 cry4/10 ¢ry30 30.68 23.6-51.4 >100*
YWC5-4 cryl ery2 cry9 23.42 19.86 - 25.53 13.24 11.02-16.48
A4 eyl ery2 ery9 45.34 31.43-63.59 14.07 10.11-18.32
Bts eyl ery2 ery9 17.65 12.64 -22.47 13.37 12.09-17.95
Rpp02 cryl cry2 > 100* 7.32 6.03-8.23
Rpp39 cryl > 100# 19.15 13.2-27.5

Note CI* confidence interval® #” At this concentration no mortality was obtained.

3 Bt 5% 1%
Bt 18
Bt Bt cryl ery2 cry3 cry9
13.4% 101 eryd/10 ery30  eryd0 7
Bt cry 10 cryl
Bt 66 %
Bt 610 12 17-18 cry2 2


Absent Image
File: 0


cry

cry Vi 2009 49 3 329

1l
200 —

116 — —
07 — - -

ol — -

44—

Fig.3 The SDS-PAGE of spore-crystal suspensions of selected strains.
Lanel-6 A1 CW3 MD7-2 ZG157-4 JF19-8 YWC9-4 M protein

marker.
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Characterization of insecticidal crystal Protein cry gene of Bacillus thuringiensis

from soil of Sichuan Basin and cloning of novel holotype cry gene
Jun Zhu' 3* Furong Tan’*  Xiumei Yu'? Peng Guan' ®  Jie Tang1 3 Shiquan \Wang1 3 Aiping Zheng1 3%
Ping Li' **

"Rice Research Institute Sichuan Agricultural University Wenjiang 611130 China

% Biotechnology Research Institute Shanghai Academy of Agriculture Sciences Shanghai 201106 China

3 Key laboratory of Southwest Crop Gene Resource & Genetic Improvement of Ministry of Education Sichuan Agricultural
University Ya' an 625014  China

Abstract Objective In order to systematically investigate the cry gene resources from Bacillus thuringiensis Bt in different
ecological regions in Sichuan Basin and further clone novel cry genes. Methods We used the methods of microscopic and
scanning electron microscopic observation PCR-restriction fragment length polymorphism PCR-RFLP analysis sodium dodecyl
sulfate-polyacrylamide gel electrophoresis SDS-PAGE  and test of insecticidal activities to research Bt strains collected in this
basin. Results We screened 791 Bt isolates from 2650 soil samples and found cryl cry2 ery3  cry4/10 ery9  ery30

and cry40-type genes in this basin. Strains containing cryl genes were the most abundant in our collection 66%  and 21
different cryl-type gene combinations were found. Furthermore several novel holotype cry genes were found and the full-length
sequences of 3 novel cry genes were designated as cry54Aal cry30Fal and cry30Gal by B. thuringiensis Pesticidal Crystal
Protein Nomenclature Committee. The results of insecticidal activities showed that Sichuan Basin harbored Bt isolates with
insecticidal activities. SDS-PAGE assay of 80 strains without PCR products indicated that these strains may harbor potentially
novel cry proteins gene. Conclusion The diversity and particularity of cry gene resources in Sichuan Basin have important
meanings in theories and practices.

Keywords Bacillus thuringiensis cry gene PCR-RFLP SDS-PAGE novel holotype genes insecticidal activities
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