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Screening and identification of cry genes from Bacillus thuringiensis isolates
highly toxic to the larvae of Holotrichia oblita
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Abstract: In order to obtain Bacillus thuringiensis (Bt) isolates with higher insecticidal activity for the
larvae of Holotrichia oblita, 500 Bt isolates in the laboratory were investigated; the diversity analysis
method was developed, and the crystal shapes were observed in Bt isolates. Furthermore, the
histopathological changes were observed in the midgut of H. oblita larvae infected by a mixture of crystals
and spores produced by tested isolates by using histopathological slice. The results showed that 42 isolates
were found toxic to larvae of this pest, and these isolates were classified into 14 different types, of which
ten isolates had a corrected mortality of over 60% , and the isolate 261-1 had the highest toxicity reaching
100% in seven days after infection. One isolate was selected from each type of isolates to identify cry

genes. The results indicated that four isolates, P65-1, 1126-1, FCD114 and 78-2, contained five novel
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cry8 genes, i.e. cry8Ma, cry8Ca, cry8Ab, cry8Ga and cry8Ea, and the other ten isolates, including the

isolate 261-1, did not contain cry genes toxic to H.

oblita larvae, such as cry3, cry8, cryl8, cry23,

cry37 and cry43. Three isolates, 78-3, 127-2 and 1198-1, contained double pyramid-shaped crystals,
and spherical crystals were observed in six isolates, 261-1, FCD114, P65-1, FTL84, 78-2 and 1126-1.
Isolates 261-1, 1198-1, FCD114, 1126-1 and QDLAO-2 could cause obvious histopathological changes in

larval midgut. The midgut cells became loose arrangement and appeared with obvious vacuolization, and

were seriously damaged and even deviated from the membrane. The Bt isolates screened in this study may

have applications in biological control of H. oblita larvae.
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k. LB ( Luria-Bertani ) BRI a% BEEA
W .0.5% B+ #y 1% NaCl, 1.3% 35, pH 7.0,
121°C KA 20 min,

A LA R [ 36 B Amresco A F ; Tag Mix
RA B A E BioMed 23 7 ; PCR 724 [ i3 71
& ok HEBGR B B Al Ak I O S A 95
Axygen 2\ A 5 B Pk 8 U0 B | % #2300 & A DNA
Marker W B H 7K TaKaRa 2\ & A1 1 2 K Fermentas
N FE 1 Marker 11 H 36 [E] Bio-Rad /A 7 ; PCR 5|
Yrda A A TR (i) IR A BRA 75 il

XA . S4800 FAHi L+ 1 BE, H A Hitachi 2
Al ;CX21 BUEE, H A Olympus 23 ] ; Thermocycler
PCR 1, 7% & Biometra 23 F]; 87 JY300C #% iz HL ik
A, A6 B AR T LUK I A5 A PR w5 Mini Protein
T2 1 HL 3K A, 26 [ Bio-Rad A 7 ; GelDoc-1t® #E i
AR RS, K (T ED B A R A SPX
REY N TAURAE , TR A
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1.2.1 Bt B4R E A& RF M2

KR4 e H 4y 1 28 A TR R o 2 R
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fif 4 f0 TP &l AV Sl B4 3 20 Sk HEAT 3 IR i
BN A AR, 7R T AR P R, IR E
26°C MIXHRIEE 70% SGRIH 12 L:12 D, 43757 d
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ZW ARG . KIESET R = (MBAET- % -
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AHTEYER Bt B BRIE LA N BBk 2 REE B
bR, 1 B O WA 2k R 2R A e oD g Y Bt I Bk
HBF18 Bt185 .BiSU4 \HBF1 X 8 Bt #£[X 20 DNA
(I4REZE % Shu et al. (2013) A7 H: . Bt EEETE LB
AR 72 56 P 30°C 5595 15 h, AR 1A 2 100 mg
F 1.5 mL B.LE P IA 100 wL 1R 17 56 B 10 22
¥ (1 mmol/L EDTA .10 mmol/L Tris-HC1 .1 mol/L

ﬁﬂ%,pH 7.0) ,1%),37°CHFH 30 min, fIITA 41124
(1 mol/L Tris-HCI, pH 8.0) F1 Tris 1 F1 3 42 4% 1R
51,65C HE & 1 h, F M A 300 pL 5 77, 4,
12 000 v/min > 10 min, BE3E , A SEAFE) 54
@%ﬁ, —20°C ##H 20 min, 12 000 r/min &> 10 min, UL
TEH 70% CBESM 2 IR, Ja T 200 pl TRk,

HRAE I A HUBE R P 3], 3 e 2R AT, X B
BEE PR —ERREN (BA 3 DA R
SRR ) HP R SF Y Blockl FT Blocks , #e3HAT LY
WAL G5 0 38 FH 51, ot BN IS
Feon_1f: 5'-CTCGTAGACTGCGTACCATATGCWCAAGC-
WGCCAATYTWCATYT-3"F1 T i 7 I 51 9 Feon_5r:
3'-GACGATGAGTCCTGAGGRATAAATTCAATTYKRT
CWA-3', JfFIH FastPCR 14 (hitp: //primerdigi-
tal. com/fastper. html) FEAT L4414 K X 51 ) 1 4
HRCRIATIEAS

30 pL PCR JZ BifK % .2 x PCR Mixture 15 pL,
0.1 pmol/L EFU#5144% 1 L DNA B4 1 pl 8
47K 12 pl, PCR JZ N 45 . 94°C TS 4 5 min;
94°C7Z M 1 min,38°C A8 2 min,72°C #Ef# 2 min,30
AMEFF72°C ZEAH 10 min, PCR P2¥)4 Hinf 1 1]
Je AT 19 SRR BEEERS B UK 43T
1.2.3 Bt Ak AR I

HRAE 1. 2.2 RSB 45 1 OF 45 G R X R
PR 4 0 H 4y P ) R TR PR B AR R R SR Y B
PR R BUR HOE P e TP E S AR SR T Rk i A T ilE— 2P
Y, KR B AR BRI M R S TR TR
PR b BT E AR BR A LT Y G £ 30 s, VK
Yk, BT 100 F5 M BE R TSR . L Al T 5 YR
TR LR, T OB S0 h KiE 8y 6
IR R R B A ) ORI S AR AR AR AT S
TSR E 4, -2 AT A A Al B SR R R T R
1.2.4 Bt BA R SR E G oM

VR R Bt AR MR R B BIRE AR
SDS-PAGE 43472 B % i A 65 5 47 2E K (2002 ) (1)
kAT, 120 V B IKZY 10 min, BUE FUAE A 40
LA 10 WL 5 x IFESE i, TR ST, FR 3 A
DUVE PIRA RS FE, 2500 5 min, 12 000 t/min 5.0 5
min, § 10 wL ¥ SRR, 80 Vi HE L Tk 4% i e
A 5 AR, 150V H R H UK FE AR AR TR B 5 2 1k e
R
1.2.5 Bt A R Ea ARG LR

AL cry8 28 51 Y3 R Y cry8 2K
TR AT EE, ery8 KB H IS Yu et al.
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(2006) B 77 LA B ery3 L ery23 Leryl8 . ery37
cry43 ZEFEDR g FH 5 1 AR A A 2 A A i BRI

S BRI BT S (E 1) o

F1 AHRHPERSIWHIZITS PCR FIBHRERK/N

Table 1 The general primers designed and the sizes of PCR amplification fragments in this study

FE[HAEAY el kgl PCR )R/
Gene type Primer sequence PCR product size (bp)
cry3 3F:GGGAGGAAGAAAAATGAATCC 1 530
3R:GTCTACACTTCTATGTGTCCAAGT
cry8 Sn3un8 ; GTCCAAATAATCAAAATGAATATG 2 100
Sn5un8 : CGTTTTGCCTCTTTCACTGCATC
cryl8 18F;CTCCAATAGATAACAAT 1750
18R AAATTTTGAA CCATTGTCT
cry23 23F: ATGGGAATTATTAATATCCAAG 810
23R :GTTATTGGTG TCGAGCGACC
cry37 37F: ATGACAGTATATAACGCAAC 390
37R: TTATGCTGGA GTCAAGG
cry43 43F;CCGCAACGTATGCAAATCATTG 1 800

43R ; TTGCATCGATCAAATTCACCGC

1.2.6 XK Z64 % TR P¥HREHE IR
WEEEUY 38 B AR R BRI T LB AR, 7E
30°C TELRE TR Th 15 3% 2 b 4™ A AR TR B B
TR A Y BT 10 mL K @ ddH,0 v, 58 5t
Bradford T RE HEE, 7F 6 fLAP , HFAfL
FINA 2.5 g KIEJF I 1. 5% FERSIE B0k &% Bt Jifg
PIRA Y, LU N 10 we/g Bl , B X BE 26 43 31)
RANE Bt AT AR 248 bk HD73 - AL 3, FH
Pt REZH by i A 6 BRTE vk HBF18 Jfd S VR & 4 i Ak
L, BEAALFE 10 SRS A 2 |4l L, A Ab
3 REE , B FRSAS 2 FAIE 4 TR SR 4 1,
FH Gl 7 ff 30 B2 T ) iR O R g, 1R A

2.5% pH 7.4 W 2w, EiREE 2 ~ 4
h, EEIUA HE YR A IR R T80 R i A,
IFT 62 AR T AT B2 R

2 R4

2.1 WARBESRPLHHREFERN Bt FHk

MRAE 500 A Bt BEBEA HOIE PRI 25 5, 32 14
d Ji , I 2] 42 R B RRF K BEAE 4x fa, B 4 SRR I
FET-R =30% , H AP K IEFET- 3R A E] 100% B B ik
A 1 Bk, M 261-1 BRR AESET- #2353 60% LA
PITERRAT 10 PR, AR R PR I IESE T 3 4E 30% ~
60% Z 8] (% 2)

R2 Bt AN ARESRRHRRRFENFERRITER

Table 2 Results of insecticidal activity of Bt isolates against Holotrichia oblita larvae %
[ELS FIEBET % Corrected mortality [ELZS FEIESET=3R Corrected mortality
Isolate 7d 14 d Isolate 7d 14 d
261-1 100. 00 100. 00 B8D6 23.33 40. 00
1126-1 60. 00 86. 67 78-2 11.90 38.09
P65-1 60. 00 83.33 QDILA40-2 30. 00 36. 67
397-1 50. 00 73.33 D2 10. 00 36. 67
78-3 30. 00 73.33 c9 10. 00 36. 67
S12B4 30. 00 70. 00 QCo6 36. 67 36. 67
S4F12 20. 00 66. 67 QCl11 20. 00 36. 67
S10C6 43.33 60. 00 PS8D1 23.33 36. 67
S3BI11 36.67 60. 00 B8E2 26. 67 36. 67
S6D4 46. 67 60. 00 B8C9 13.33 36. 67
FCD32 36. 67 56. 67 QDIA7-1 11.90 33.33
FBN112 20. 00 56. 67 1198-1 16. 67 33.33
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£F3R 2 Continued

[ESL S FEIEAET- 2R Corrected mortality Btk FEIESETZ 3R Corrected mortality

Isolate 7d 14 d Isolate 7d 14 d
S10F10 23.33 53.33 S10A2 13.33 33.33
FCD114 40. 00 53.33 C2 20. 00 33.33
FTL84 30. 00 50. 00 C8 16. 67 33.33
BSE12 10. 00 46. 67 BSE11 13.33 33.33
1126-3 16. 67 43.33 QDD15-3 23.33 30. 00
PS8B10 36. 67 43.33 FSD14-1 23.33 30. 00
127-2 13.33 43.33 405-3 10. 00 30. 00
B8EF2 13.33 43.33 D5 10. 00 30. 00
FCDI118 23.33 40. 00 E2 30. 00 30. 00

2.2 Bt EHRAMISHES

SIYIEL Y SE 45 R B, 7 HF 51 IS Feon _1f
1 Feon_Sr BEWEY 1Y cryl .cry3 .cryd .cry7 cry8 .cry9 .
cryl7 ceryl9 . cry20 | cry21 | cry24 | cry25  cry27  cry28
cry29 (cry30  cry32 | cry38 | cryd0 | cry41 | cry42 | cry43 |
cryd4 (cry47 . cryd8 | cry50 | cry52 | cry53 | ery54 | cry57 .
cry59 .ery61 (cry67 I 33 MNRE R, Lz, 0]
Tk A L 2RO AS I, B — 2P IR
12 BRI B & F eryl L cry3  cryd ery8 . cry9 . erylO .
eryl 1 .cry30 ,cry40 cry50 55 FE PR A B R X% 31 51
Pyt AT Ik, 45 2R s 24 ] UAG I 2 B 9 48 25
(1), RIBZG X al T B @k a e

M1 2 3 4 5 67 89

10 11 12
bp

2000

1 000
750
500
250
100

E 1 5|4 Feon_1f/Feon_Sr Fyf 1845 R
Fig. 1 Amplification results of the degenerate
primers Fcon_1{/Fcon_Sr
M: DNA 73 AR DL2000; 1~ 12 5331 b i bk
HD73 \HD12 . T10A001 ,HD224 HD516 , HBF-1 ,TO3B001 ,
T22001.,Y41 .FB HD11 I Bti, M: DNA marker DI1.2000;
1 - 12 amplification of HD73, HD12, T10A001, HD224,
HD516, HBF-1, TO3B001, T22001, Y41, FB, HDII,

and Bti, respectively.

F &84 Feon_1f Fl Feon_Sr Xf 42 #fXt
KRR ) R S AR AT 1S R IA
33 A REPRSAF I /N 1S 25407, AR TE R T I
PIGAHT . XFIX 33 ST 4 X BR B AR 3R A5 13
/IR G 25— WD) LUK AT R BRO
HRTAIAR Y 4 SSEBUS0  FRI 33 SRR SR 14 A

KR 2) s Horp KK 397-1 F1 S10C6 55 4} TR B #k
HBF18 7 8 AH [\ ; B Ak €9 Fl QC10 5 X MR B Ak
Bt185 4 BUAHA] ; A & B 5 TRk BtSU4 Fl HBF1 47
RURH [R] 16 B 0K A1 5 AN 28B40 & 24 TR AR5 T B
QDIA7-1, 261-1, 783, 1198-1, SI0A2, BSEI2,
QDIA0-2 .FCD114 BSEL1 R4 AT 1 ¥k, 454 %t
KB4 AR TG L 7E 14 R RIS o 4 5]
1 BRACFEMEH R 1126-1 . P65-1 ,QDIAT-1 261-1 .
FTL84  78-2, 1272, 78-3, 1198-1  S10A2 . BSE12,
QDIA0-2 .FCD114 BSE11 #EfTiE— M % 5E
2.3 BtAMHWFIHEARGEES

XTIERERY 14 BRACR AR B Je i AT 82
o B W %%, QDIA7-1, QDIAO-2 . B8E11 . BSEI2 i
S10A2 FLA-FEFRBEA ML B bR 7E 1 = 9 4
WRARA LR SR RAEAE . HIX 9 AN TRREE L AT
i L S AR LK, 78-3 (1272 il 1198-1 TR KR AE P
A RUE AR S 44, 261-1 . FCD114 P65-1 FTL84 .78-2
F11126-1 TERRE ™A BR0E ik (E 3)
2.4 Bt B FHBEEBR SDS-PAGE 47

14 FRACE VRS IA T (1) SDS-PAGE 44l i
B8, P65-1,1126-1 ,127-2 . 78-3 261-1 FCD114 ,1198-
1 1782 B RR B F A LAY A 24 130 kD B9 Bt Cry &
F1,QDLA7-1 F1 B8E11 MR IA T 2997 kD [WEE A,
HAHMRFEIL T 60 kD (IIEH (K 4)
2.5 Bt EMFFRRBEEAEENETE

FIH ery3 cry8 .cryl8 .cry23 .cry37 .cry43 HILREST
SIIXT 14 BRACF TR BR 0 280 45 2R WK, DA P65-1 |
1126-1 . FCD114 1 78-2 W #kEH nl AP 3 E] 2.1 kb
) ery8 ZEIE R H 1Y R B BT A PR R b 2 e
cry3 .eryl8 .cry23 ery37 ery43 B H B By Ok
it —2 PCR-RFLP 53 /R (# 5) ,P65-1,1126-1 |
FCD114 78-2 SE R PRAGYIA AL S O RIERANF . 43
ST IRy e Be B | P 91 Lo X A3 A 45 2R
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B2 37 4 Bt Ei#k PCR F=#1% Hinf 1 ;5459 PCR-RFLP [E i
Fig.2 Analysis of PCR-RFLP products of the 37 Bt isolates digested with Hinf [

M: DNA marker DI2000; 1 ~37. HBFI18,397-1,S10C6,Bt185,C9,QC10, HBF1  BtSU4  1126-1,1126-3 ,B8C9 , P65-1 |
B8F2 .QC6 ,B8E2 , QOD1A7-1,261-1,C2,C8,FCD118,E2 FTL84 D5, QC11,78-2 D2 127-2 ,405-3 FSD14-1,C13B11,78-3,
1198-1 S10A2 \B8E12 ,QD140-2 \FCD114 F1 B8E12; 1 ~3. 2KAI1; 4 ~6, KAV 7. KA, 8, KAV, 9 ~ 11, KRV,
12 ~15; 258 VI; 16, 2880 VII; 17, 2580 VIII; 18 ~22. ZKEM IX; 23 ~26. ZEHI X; 27 ~30. 2RI XI; 31, 2B XII; 32, 2%
A XIIL; 33, 25851 XIV; 34, 280 XV, 35 288 XVI; 36 2% XVII; 37, 5% XVIII, M: DNA marker DL2000; 1 - 37
HBF18, 397-1, S10C6, Bt185, C9, QC10, HBF1, BtSU4, 1126-1, 1126-3, B8C9, P65-1, B8F2, QC6, BSE2, (QDILA7-1,
261-1, C2, C8, FCD118, E2, FTL84, D5, QC11, 78-2, D2, 127-2, 405-3, FSD14-1, C13B11, 78-3, 1198-1, S10A2, B8E12,
QDIA0-2, FCD114, and B8EI2, respectively; 1 —3: type I; 4 — 6 type II; 7: type IlI; 8: type IV; 9 —11: type V; 12 - 15;
type VI; 16 type VII; 17 type VIII; 18 =22 type 1X; 23 =26 type X; 27 —30: type XI; 31: type XII; 32. type XIII; 33,
type XIV; 34 type XV; 35: type XVI; 36 type XVII; 37 type XVIII.

2 um 2 um

S

, )
‘7 2 um \ 2 um 2 pm

2 pm 2 um

El 3 Bt AHFAMBAESHNABBRENRER
Fig.3 Observation of Bt isolates under scanning electron microscope
S: ZEffl; C. S A ~1. 43308 78-1 .1198-1 FT1.84 .78-3 261-1 .FCD114 . P65-1 . 1126-1 % 127-2 Fkk, S: Spores; C:
crystal; A -1; 78-1, 1198-1, FTL84, 78-3, 261-1, FCD114, P65-1, 1126-1, and 127-2 isolates, respectively.

7N, PO5-1 BEREY HE 1 AN, 5 Cry8Mal MIRIME e, EIEFR T8 — UM 94% ;78-2 BEREY $8 ! 2
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kb Mm 1 2 3 4 5 6 7
200 -

110 :S"“"":;::

97 - T i
o = I N
45 “ ;3"

9 10 M 11 12 13 14 15 16 17

EEE 1

4 Bt RRBEHRHREEBERIER SDS-PAGE 4R
Fig.4 SDS-PAGE analysis of crystal proteins from Bt representative isolates
M. BEARSFRARME; 1 ~17. 20915 H##k HBF18 . P65-1 ,1126-1,127-2,78-3 .261-1 ,QD147 .S10A2 | BSE12  Bt185 .
SU4 FCD11,78-21198-1 FTL84 QDIAO B8E11 [ it fAZH 1, M: Protein marker; 1 —17: expressed crystal proteins of HBF18,
P65-1, 1126-1, 1272, 78-3, 261-1, QD147, S10A2, B8E12, Btl85, SU4, FCD11, 78-2, 1198-1, FTL84, QDIAO and BSEI]

isolates, respectively.
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Fig.5 PCR-RFLP patterns of cry8-type genes
from Bt isolates

M: DNA 53 FHbRifE DI2000; 1 ~7 . 43 53 7R bk
HBF18 .SU4  BT185,78-2 ,FCD114 ,P65-1 ,1126-1 fij PCR
FeM 28 Hinf 1 B V) J5 B9 #LIK T3, M: DNA marker
DIL2000; 1 =7 the products of HBF18, SU4, BT185, 78-
2, FCD114, P65-1, and 1126-1 digested with Hinf 1.
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XD St A B9 LA R J6 8 4 fa Y 3 250G Bt
AR R 00 18 F AR, DASES0 28 73 B Y 500 #k Bt I
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B P IESET- R (14 d) 7E 60% LA E A 10 Bk
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TR RO HUHE PR AN B AHE TR R O R Y
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X HAT I I (B A« HUBE PR A 98 0 1A 7 AR
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1202015 4F 12 A A ECHGER) Br A Sk E
HFER Bk 816 /> ( Crickmore et al. ,2015) (http://
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Bt) . ME A 1Y A« R R 5 B 43 A1 R &, Bt BE IR
b sl 22 AN B . [56] TR AR e AR P ¢ 9050t i
fr5edr, P, Br BHESE FrAUA% Ot 2 2 i Bt BE
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Fig. 6 Histopathological changes in the midgut of Holotrichia oblita larvae after infected by Bt isolates
A ~B; 435194 B8 ddH,0 4bF2 4 d; C~D; HBFI8 4bFH2 4 d; E~F; HD73 “4bFE2 4 d; G ~K: A A& HEkE 261 .
1198-1,1126-1 ,FCD114 ,QD1A0-2 463 2 d; L ~ P 43 £ #k 261 \1198-1 1126-1 \FCD114 QDLA0-2 #b¥H 4 d, A -B: 2,
4 d with ddH,0; C-D: 2, 4 d with HBF18 isolate; E - F: 2, 4 d with HD73 " ; G - K: 2 d with 261, 1198-1, 1126-1, FCD114,
and QDIAO-2 isolates, respectively; L —P: 4 d with 261, 1198-1, 1126-1, FCD114 and QDIAO-2 isolates, respectively.
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