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FEE : AN 4 Cry24a L B KAS T2A-1 3 AL 5 45 3K ¥ Cotesia chilonis %9 % &M, K A 4% ik
Aol IS i 15 AR A Cry24a B KAS T2A-1 38 AL H R W Yok, SR AW, F AR
Cry2Aa 3 B /K45 T2A-1 89 =ALHE Chilo suppressalis J& , —AL3E 5 4% R BER N kA 3 Cry2Aa % &,
IR P B A R K R R A A M L 55 2 20.00 A . 2.58 mm . 2.34 d #2310, 39 23 T AF
B, PR R I R R R A RN AR R M BN E A REFRRE T AMES
Cry2Aa’k § 0 Z LIS , R IP B4 & 049 % BAAe S A oh , AL S 4k M A A - R S A A ik A
i B AL 4 B (peroxidase, POD) | #8 A AL 4 3 4L B (superoxide dismutase, SOD) F= & k. H Ik iE JR Bl
(glutathione reductase, GR) & 7134 5 A B Z 8] £ 5 B 3% ; F A MIEH Cry2Aa & 8 ) =L )5
IR R E P A A AR HAR N POD.SOD A GR & A 5 M BZ M AR H £ 5%, &
B 4R ik P 3% Cry2A4a A& B RAG T2A-1 3 AL R B = A 9% 2 i F EA-FRE 51 R, W
I Cry2Aa & R & , B 3L Cry2da 3 B K4S T2A-1 3 AU IR B2 A
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Safety evaluation of Cry2Aa protein on Cofesia chilonis
using feeding and micro-injection methods

Dong Xinxin Li Mengyu Ma Weihua Cai Wanlun Hua Hongxia’
(College of Plant Science and Technology, Huazhong Agricultural University, Wuhan 430070, Hubei Province, China)

Abstract: To evaluate the safety of transgenic Cry24a rice T2A-1 on the parasitoid wasp Cotesia chilo-
nis, a comprehensive assessment was conducted using feeding and microinjection methods. The results
revealed that no detectable Cry2Aa protein was found in parasitoid wasps in the rice stem borers Chilo
suppressalis fed on transgenic Cry2A4a rice T2A-1. The number of cocoons, cocoon length, male adult
lifespan, and sex ratio of C. chilonis fed on T2A-1 rice were significantly lower than those of the con-
trol group,with values of 20.00, 2.58 mm, 2.34 d, and 3.10, respectively. However, the total developmen-
tal duration for eggs and larvae, the pupal period, female adult lifespan, cocoon weight, and adult
weight showed no significant differences from control group. In the case of microinjection of Cry2Aa
protein into the rice stem borers, there were significant differences in most life table parameters (except
the total developmental duration of egg and larva, and the pupal period), as well as the activities of per-
oxidase, superoxide dismutase, and glutathione reductase enzymes compared to the positive control.
However, there were no significant differences in all life table parameters and enzyme activities when

compared to the negative control. These results indicated that the observed effects in the feeding method

S H « AW ARTERAO APy E ME KL IR A8 2030(2023ZD04062)
* jl{7E# (Author for correspondence) , E-mail: huahongxia@mail.hzau.edu.cn
Wk HY1: 2023-02-22



414 N7/ I Tl O 114 514

were mediated by the host-induced effects rather than the Cry2Aa protein itself, suggesting the safety of

transgenic Cry24a rice T2A-1 on the parasitoid wasp C. chilonis.

Key words: transgenic Cry2A4a rice; host mediated effect; life-table parameter; Cotesia chilonis; Chilo

suppressalis

Sl LR BT A 5 0 o e B PR AR e e A

PR AE i B A dURe RO VR, e SRR it e
VEV A AR AR 5 BN 27 4k ORI 4l
FH AR AR 7 A IS PR 551 2000 R, PRt
HA W2 O3 IR FikE 223065 (Gould
etal.,2016). HAf, EAZMARREHENPTFA
VEY R A 2 vh (Malone et al., 2008 ; 2= & 7 11 5 L
BH,2022) , W75 = 4 2E MOAT 1 Bacillus thuringiensis
(Bt) &1k 1 7% B 1 (Knowles & Dow, 1993 ; =45
BEAF 20205 IRARZE5,2020) FE I BEID 5] (Hilder
etal., 1987) FHPIBEEE R CREAF, 1997; 1 4%,
2002) LA K A5 T Sl 4 1A P 0 7 3R R I (R 2045
1995) 45, Heorpie Bt SE 4T AR D) e i UL . Cry2Aa
J& Bt 7 A i — Bl Ak HUEE T, T2A-1 KA Al R ik
Cry2Aa 8 1, Xf 7K i 853 B 3 i A AR & iy $o ik
(Chen et al.,2005) . fEAEHA= R G0, T2A-1 K
et 235 1 Cry2 Aa £ 11 A 38 3 /K - —ALUE Chilo
suppressalis— — AL W5 35 9% 45 % Cotesia chilonis %)
HEAL b 20 2 A ME R T AR SR . DR, DA
Cry2Aa & FIX ZAQHE 9 s e i 22 e Ve HoA B3
AT, PEO Bt A BB X3 A 1 R e PR

i EEA B Y AL T VDR RE BE 1 (Tier-1 44
)27, EYEE SR BUEY -6 FR H-K
TRV HER B UK FA% 3 25 25 AR PR R EL, 4 Han
et al. (2015a) i i 5% Cry24a FE K K & - #5 K &l
Nilaparvata lugens—F1 R 2 /N Anagrus nilaparva-
tae — P EFEYEE LI, Cry2Aa 8 X AF LR/
WER A D A7 i R AR BE T G S TR
Tian et al.(2017) i@ i3 5% Cry24 F1 Cryl1 C F= K K fg -
&\ v BB OO B % Gonatopus flavifemur =20
FEEYEE R B, Cry2 A Fl Cry 1 C 25 1A %) 5 il Ui ¢
VR DI 7 Bt | 5 RS 36T B TR
7K JGE(2004) 3 13 5 Cry24b HE R K- AL iR~
PRI S8 e = OB SR B EE I, Cry2 Ab 2 X
ARG T A B D A R A AR R
e, HEY G Sk To R TS ke
Bt £ A9 & 1, AN BRERR P4l BeAEY X N 34
KELa) B2 4 1Rk % (Romeis et al.,

2008;Li et al., 2014 ) 245 v B2 Bt % HUE H EL% A
MG HE MR . & A Cry2Aa 25 WIS %K B
2 W B N L RS L A R B9 A A
RSHORZ 50 (Han et al., 2015b) ; & A # ik
J& Cry 1 Ac £ [ 1) 46 % 7K ) M AT A4 B 1% Macro-
centrus cingulum J5 , 375 4w J ™ BR 5t oK 52 3| 52 1)
(Wang et al.,2017) . {HIaEHERRIEAREH T N H
A R R e VRPN o DR, R B0 S
R VR B 1) Bt B (RS B A A R RN L A
A RETRANK 2 FPEA RN A o

Rt Be % B8R 1 A Az 1K R UM TR], SR AN AT Y
TR T IE IS RN A 2 PRV 25 R AT REAN R . 4
Liu et al.(2005) & ML A & Cry1 Ac 25 1) LR i
B #i 85 B Helicoverpa armigera J5 , WP 210 7] B 44
Microplitis mediator BALHE AN B PR, 4= Kk
NG (HH A B EE Cry 1 Ac 8 I B4 S8V TR L
e CilESe sFAR AL S O WER A BN il w1 fa o8 1S T
RYTCRREI , 77 ARk 2 ) R R A
I FRON, B AR 3 IR & A BUE I EY )G,
HAERKKEZRNZm, E IR0 5 m AR, 22
TAEPER R A K & B (Naranjo, 2005 ; Lovei et al.,
2009) . P, 7E5E BUVEYI AT aF AR P R U 2T
B b Wk G 7 A SRR PE 4 R B .
P& = % Bedr BUAE D 0 25 A A R S 4 DE e ) o
B, AS A5 [] kSR FH AR MR AR S 28 5 PN
W Cry2Aa FEPRIK RS T2A-1 X6 AR 35 45 0 i 1) 42
Ve, USRS Cry24a BERUK RS2 2P S 4t
s A [ SRy Ho At 27 A P R LAY &2 Ak PE 4
&%,
1 Rl 5 A%
1.1 R

PR FE : % Cry24a H K 7K T2A-1(Chen et
al.,2005) FIZ 1A 7K A B YK 63 (Minghui 63, MH63) 1)
F A ARl R 2 A A Bl 2 R S B MR 42 4
B R ) 48 rh Al R A7 i 2 R 9 B b (30°
28'14" N, 114°2120" E) R AE %5, 4B 4 20 em
B2 15 em, ff HAE K 25 BE I

HE R 22021 4 BG4 WA v KRS AR
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AR T AVIE S AT BRI T ARE S 2R A P AL R T
ZF IR ENH A TR (Han et al., 2012) 44845
I, B4k A Ut 5 TN AR A Ak AR
I, JU12 b AP ARl R A, e L R 8 T
(26+1) °C AHXTRSE (70+£5) % HGE A 16 L:8 D
(GBS

KA FLES : 54k Cry2Aa FE A, AL R+ TR
HA R A TAEERESE R (Galanthus nivalis agglu-
tinin, GNA) , 5% [ Sigma-Aldrich 23 7] ; JC 2 [ i 4
17545 I (bull serum albumin, BSA) , KiEECHWY)
HARA R ] 5 Cry2 Aa 8 AN 05 &, 521 Envi-
roLogix 2\ Al ; i S8 AL W i (peroxidase, POD) | 8 %A,
1k 157 Ak 1 (superoxide dismutase, SOD) #1145 Bt H
AR 34 JEi i ( glutathione reductase, GR) I 779 7 i 71|
&L Y TR s AR 24 o [
Frati, SZX10 BT B 5%, H A% Olympus A 1l 5
FA2204B 1, 773 #1 K F , 1 kG 3 B U3 AT R
YN
1.2 FHik
1.2.1 KAGPCry2Aak & 42 e E

W53 BEWNHE Cry24a FEDR KR8 T2A-1 M4, B
3 em K AYMBE, FHBERREE 2% Pk (phosphate buffered
saline, PBS) PEVA& R M 5 W T /K 730 JFFREE, B 0.1 g #F
i, A 1 mL Cry2Aa £ A I 0 0 7 B2 gz o
W B, T 12 000 r/min 50> 2 min, B F 3
Cry2Aa 8 KGR & 0 € Cry2Aa & 6, L
S MH63 I AR R Xt B, R A HRR 34 A
1.2.2 WECry2Aa’ & 3 B EREES

B AR 498 4 YU B 12 h, B T B AR
2 cm. 5 25 em B EE T, IR ACE K 10 om 1Y #;
Cry2Aa FERIKRE T2A-1 MH#E LR, 3 d JR IR
H, T UK E B R A0 I B bk L, DA
T MH63 M-85 1) —ARIE Ry X B, g Sial d T 3RAG 1Y
IR EL A PR 2 S B Il bk o 1A AR
H3ANELE , BAEZE2 pL ke, FH Cry2Aa &
PRGN 3270 6 ) 4 BB BB R B 22 100 L, 7
Fe AR G U AL Cry2Aa 25 1 5 6, K IUAS:
(R Ak I 1 94k B o Cry2Aa 28 1R AR SR H (R]
Cry2Aa £ X AR S A0 A0 S PR 22 B it
123 4FRiEE R ACry2Aak g &2 M2

BULSKDUBR 12 h i) — AR 4 2 2 BRI 1 XS 12 h
PN 3Pk B A I A K R e hfE e i o [ 4 A B
FAR2 em. 5 25 em B BEESE T, DA Ok — A0 2
Yy LSS BOIT A AR . R K 10 em AR AR AT

B IR AL S 1.3 .6 F19 K Cry24a
SR KRG T2A-1 -8 4 iR, S 4% i 1] F /K Ff MH63
RN ARIPRE 12 d i i) AR aE Ll e WicsE — fpiE
B O 2 A B 20 mg, A SR PP 75 43 B B
JEH & 2 100 uL, H Cry2Aa £ RG] & 2
HCry2AafEA 5 m, 340 EHE,
1.2.4 5A"RiEJG AU H R A R R A &

BTV 12 h () AL 4 {8 4 HURT L XS 12 h
PRSP I18) A RE 38 2% A e M e i A R B A B AR
2 cm #5525 cm AR TP, DUBAAR AR S A8 e A
ACHL 274 . AR 10 em K A9 /K R -4 A gk —
fll gy dy, LA 12 d, L A AR5 1.3 .6 FT9 R
F# Cry2Aa JE PR /KR8 T2A-1 M55 | 4% A i)
MH63 M- 7RI M 5 %t BEZH 12 d ¥ MH63 -4 1R
H LS AR 5k G5 A e mt 5 A 00, JF e sk —
Al R 455 20 e B R 40 HE R B 3 A e B R
G At N B A N S AN W Q51 A2 i
FMERE L EAE A R S AL IR0 KA B S A
AU F 0 B e ™ D) 28 A S R A e S S G
FRY R RAR, B A0 B 50 S —ARIE ; it . Ak A 4
B 5 AL 2P B R B, B b EE 100 3k
TAGME SN O s A A AR 1 Sk AR R Y g
() AR 3 2% O 25 BT R b B OB, R
AbFH 40 S “ABIE s B F B A H b AR
BRUPR 2 H0r S f B AR R, R AR B 40 A B
B S50 VAEE A KRR X 50 4>
O R, A 4 AT MR TR Ak
WL 95 29 e I i SRR ZE AT T Y R R, A B
40 3 5 i T iy« AR 9 R e e I i P b 2
FET R BREL, AU 3 40 3k ; 1 B T4 - 5014973
AR HCA LA, T A3 R FR X 50 4~ ME AR
AR R BT, RN AN B 4T MEAE L 10 S o
S VAL, P RS H ki e A R LA, B A
H3INEHE
1.2.5  BEMREE —MEAR N Cry2 Aaik & o9 5 ffik &

AR 2y i 9K T P A RTHR B Cry2Aa BRI
Je T BE B 2 T A A, AR T 4% R Tier-1 MR R 1 2L
K, AR B o A ) TS A I R iR A R R T
1015 LA I Cry2Aa 85 11 SE PR 2 88 w5, IRt
7 B W B Cry2Aa 2 (A AR I 4l B AR N
Cry2Aa 8 1 FEAR %

FHZE 7K ¥ 15 Ak Cry2 Aa SEAL AR 11T i vk i
J 3.2 ng/mL VTR, B2 000 nL 73 5 51 — s 4 %
Ly d iR e R B T E AR 2 em 5525 em P3RS
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Brp, BRI 10 em AY MH63 /K R -8 4R | [] i
FEN 1 X 12 h N 2P AR B Ak B 45 2 A e A o
A, BRI AF A AR B DR A AR I 38 G0 A 0 S Xof
W BIRBE AF AR A B . FESTIS 1~5 d 43 B 2 > A 3
() —ACIE L HUE T UK -, By m A |, FH B 40 I
bk, 4 2 S iy ik 2o 1B A, R b B
T3, FAEEE2 uL ke, i Cry2Aa B A
o W3t A H O P RCKs AR B 22 100 pL, #% BRI
F UL A E Cry2Aa B A& .
1.2.6 iE4HEE R ACry2Aak g &2 M2

B2 000 nL ¥ 4 3.2 ng/nL (1) Cry2Aa 25 1%
T W LT S 3] AR 4 % 4 H ) LR R
FHAA2 em . 525 cm B BEIE RS R
12 h PN 2PIAR A Ak 5 0 A A i R, R A G
10 cm ) MH63 FHEF R, 4RI 12 d 5 i) — AkisE 4l
L IS 20 mg Ak IR 9 o8 A i A R
Cry2Aa £ PRI ) 6 B HE b 78 40 T 5
PR A 100 pL , ¥ A S i B A I Cry2Aa 85
i, B3 WE R o B AR R R A e G
ZJa 1 d i 20 mg PARCPIfE)E 1 d R 20 mg,
43 58 FH Cry2 Aa 28 R 38 7] & v B2 HOCZ% vh i 72
A3 R B O BE 22 100 L, 4 I8 30 & 156 W 45 46
Cry2Aa & &, B E R 31K
1.2.7  BOESHE)E AR A A - R ARy

Bk i R 3.2 ng/nL B9 Cry2Aa 25 1A .GNA
VRV (BHAEXT R F BSA A (BT X #E) 4% 2 000 nL
G3 ISR B AHE 4 88 4 bk e o, B AR PR 44
BE L, BNER 20k0H . R A B AR L) d gy
BT HAR2 em . 55 25 em BB T [R5 A
LX) 12 h PN PR A A M 9 0 A e o A i P, B3R
FHH 10 em i MH63 I )i, e 12 d. R4k
RN e S, S IIE 53 AL A o A e Y
Koy SR T A A | A e R AR R
FF v B H S M LA A R SR, T vk TR
12.4,

BEAI, FEARIIRE AR 12 T H AL BE 4y gk A 7 A 1)
W AR AR IR £ S A e 22 A L RS AR 3 20 mg
FE A R I A PR K e IR S AR AR L 129 1R ST, il
BURE S AT, VK EWHBS 5 T4 °C .2 500 r/min 5%
R B0 10 min, A AEFREL 100 pL B, 4% 8
POD ., SOD F1 GR i 77 1 751) 65 v B 5 2 3% 7
1.3 BIESHH

fifi FH SPSS 26.0 B X 30 s A T 58 110 Bt o
TR M A PR (AR RS ECR ] UKL 7 25 57

REVEREI , A5 A AR PR A 19 AR S AN e
W Cry2Aa # FI S i Z [RR H e R ik b AT 2253 o
PERS I, A4 R FH Duncan [OB & % 220517 22 5
BETERR

2 BERE5HM

2.1 BHEAEWHERCry2AaEANSE
7K % MH63 it 85 P oK 4 1} Cry2Aa & 11, %
Cry24a B KRS T2A-1 45 Cry2Aa B & & H
992.50 ng/g. FAMLH Cry24a 3K K 8 T2A-1 -4
f) AR B I 76K B PN Cry2Aa 2 5 54 250.21 ng/g,
58 Cry24a 52K RE T2A-1 5 N Cry2Aa 8 11 &
25 0¥ (F=181.3,P<0.001) , ] —ALIE#%45 Hik
RN ARKEE] Cry2Aa & H -
2.2 HEICry2AaE BX NS RRES
T K RS MH63 M8 3 d e, Ll 4 3% 4h du il
PR PRSI 2 Cry2Aa 25 (1, 11 1R M5 Cry24a
RIZK RS T2A-1 085 3 d J5 , AU 4 0% 4 o i gk 22 v
Cry2Aa i (& & 4 250.21 ng/g, 3 I H 1A] — AL ik 7%
oY v e A A o R i Cry2Aa B KR,
250.21 ng/g A /F > HI ] Cry2Aa 75 14 X AR IR 4% 45
HTE R S PR R R A
23 AREEZHIESAEENEGRSE
AR MRS Cry24a 5 R KRG T2A-1 ) —ALIE
J& , AR R S W 1 B OB 20.00 4, B
k1 2.58 mm, BN AR 2.34 d, BEREEE R 310,34
3R TR (P<0.05 85 P<0.01) 5 18I Cry24a %E
KA T2A-1 I, AR S5 45 8 0 (1% O B2 2 AL
FI301 4 11.90 d, 3014 7.20 d, R F ok 2.50 d,
TN 5.13 mg, BT R 3.25 mg, X IR ZE R
AREGERD,
2.4 WESHER IR N Cry2AaZE B I PEARIRE
S Cry2Aa B (R 1~5 d e, B AL IR 3845
B AT A AR AR A AR e A AR 1 iRl
MHKEF Cry2Aa A S E¥ZER AR E(E 1),
W 3 S5 st [ EE | o 2 A R A A A ) AR R 4y i
MR EL R Cry2 Aa B & AW NI TSRS 4K,
Mk T Cry2Aa 85 H & B AR FFTE 2 502.1 ng/g
(L0 praEag i) LA I (RIS E 58 5 K, ik e
Cry2Aa &ML T 2 502.1 ng/g(F 1), WL,
SARIE ARG 1 T AR 2 0 B e 4 R A
# T T 10 5 5L PR 2 88 i 1) Cry2Aa 55 H HR B
AR &y T R 4 d A FEVE ST 1R Cry2Aa B %
T, T B R S A [R5 1 OIS
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2.5 RUEEHEE ZHIESSEERNCry2AaEB S =
GRS Cry2Aa S5 ) —ALIEf5 , —ALiE 4
GG B SRS AR P B Cry2Aa 85 5 &

A3 91h 115.38.27.67 #19.01 ng/g, =F Z A 2= 5 &
#(P<0.05,1512).

F1 FEART2A-IKBH _HIER _UIESHRENEGRSY
Table 1 Life-table parameters of Cotesia chilonis parasitizing Chilo suppressalis fed on T2A-1

Life-table parameter

TR Cry24a 5K FE T2A-1
Fed on transgenic Cry24a rice T2A-1

T AZ (A 7K Ff MH63
Fed on MH63 rice (CK)

B Kz 41 B T Egg-larval developmental duration/d
4] Pupal period/d

TR H #F iy Longevity of male adult/d

e L 74y Longevity of female adult/d

FEnr AT Cocoon number per piece

## Cocoon length/mm

i Jfii Cocoon mass/mg

AT Adult mass/mg

L Sex ratio of female to male

11.90+0.45 ns 11.85+0.59
7.20+0.61 ns 7.26+0.62
2.3440.20" 2.85+0.30
2.50+0.20 ns 2.76+0.17
20.00+2.79™ 25.2043.65
2.5840.18" 2.85+0.17
5.13+0.13 ns 5.27+0.08
3.2540.10 ns 3.31+0.10
3.10+0.79" 3.59+1.07

FPFAE N T BB R ER . *, e Ron A IR 48 UG SRR 5022 5 535 (P<0.05 3K P<0.01) 5 ns FEmAb 35 %) fif
Z I #S A3 . Data in the table are mean+SE. * or ** indicates significant difference between treatment and CK by U-test (P<

0.05 or P<0.01); ns indicates no significant difference between treatment and CK.

W R AR R A A
Not parasitized by
Cotesia chilonis

o 8000-

£ [0 s

) ¢ s
i % 6 000 ns arasitized by C. chilonis
pig- ns
e ; 4000 1 ns
s 2 ns ns
i
2 5 20001

<

o

5 o

1 2 3 4 5
VES B RE Days after injection/d

1 #UES Cry2Aa BRI Mk B
Cry2AaZEANEE
Fig. 1 Contents of Cry2Aa protein in the hemolymph of
Chilo suppressalis after microinjection
of Cry2Aa protein
PRt P B R br s . ns SR [R]I 1E] R 2 4> ab
Z A% K R 22 2R B3 . Data are mean+SE. ns indi-
cates no significant difference between two treatments at the

same time based on a ¢ test.

2.6 WHEEHERZHESGEENEGRSH
FFAE R B GNA (BHM X RR ) i) Ak 5, — A4k
UL S O O M N R Ay T SR A B T R
Jo B SR P T B AN 5 Cry2Aa 8 HES WAL BE
BT (P<0.05) . AFAEITES Cry2Aa A 1 —
PSR J  BROE S 4 s S D AR A1 , — AR 54

o AR iy RS ECR{A P POD , SOD H1 GR i 7]
55 BHPE XS B 2 ) 24 24 53 3% (P<0.05) 5 1] AL IR 4%
Y T A A RSB R N POD , SOD 1 GR i
TI 5N IR Z [ ) T 5 22 53 (3R 2) , R % &
TR P R Y Cry2Aa 2R X AR IR 95 40 i e 45
A FSHM POD . SOD I GR i 1 JC . 54 0

o 1501
E .

W F
2 100+

L

M .

22 50

i b

&} ::‘i C
2 0+
© ZREIH Lo AR

Mature larvae  Pupa Adult
W Stage
2 FEMES Cry2Aa BRI —HIEF IR B g
KR Cry2Aa ZEANSE

Fig. 2 Contents of Cry2Aa protein in Cotesia chilonis
parasitizing Chilo suppressalis microinjected with
Cry2Aa protein

Bt - bR . A BRI/ ING FRERIRZ
Duncan [ & B 22 16 46 B 22 5 i 3 (P<0.05) . Data in the
figure are mean+SE. Different lowercase letters on the bars in-
dicate significant difference by Duncan’s new multiple range
test (P<0.05).



418 iR/ B A= S 1 514

®2 FEMES Cry2Aa EAM LR R IR E S EIE Y & o RS EBANERTE /1

Table 2 Life-table parameters and enzyme activities of Cotesia chilonis parasitizing Chilo suppressalis

microinjection with Cry2Aa protein

K BH ES Cry2Aa®i . GRS BSACKHMERTRR) ST GNA (FHAEXT D
. hee= Microinjection with Microinjection with BSA  Microinjection with GNA
Life-table parameter . . ..
Cry2Aa protein (negative control) (positive control)
B K 4y L A 7 30 12.00+0.06 a 11.9240.26 a 12.02+0.15 a
Egg-larval developmental duration/d
1] Pupal period/d 7.11£0.10 a 7.16+0.09 a 7.21£0.17 a
T Y M iy Longevity of male adult/d 2.38+0.10 a 2.65+0.10 a 1.37+0.12 b
I i M i Longevity of female adult/d 2.81£0.05 a 2.76+0.17 a 1.21£0.08 b
H{fi Cocoon mass/mg 5.43+0.14 a 5.27+0.08 a 4.06+0.13 b
¥ L B Adult mass/mg 3.26+0.36 a 3.41+£0.26 a 2.49+0.20 b
EHE L Sex ratio of female to male 3.02£0.16 b 3.23£0.31b 3.75£0.25 a
T ALY TG 1 POD activity/(U/mg) 1.274£0.03 b 1.28+0.03 b 2.77+0.05 a
TR AL T 77 SOD activity/(U/mg) 127.78+5.69 b 132.48+5.17 b 183.38+8.47 a
2B H IR IR S 77 GR activity/(U/mg) 15.25+0.75 b 14.71+1.52 b 21.90+1.21 a

BSA: 4 IIEH I ; GNA: HIEMRER . R B P8 priiiR . [T A RING 5385 2 Duncan [CHT & il 2515
K0 22 5 5 3% (P<0.05) . BSA: Bull serum albumin; GNA: Galanthus nivalis agglutinin. Data are mean+SE. Different lowercase

letters in the same row indicate significant difference by Duncan’s new multiple range test (P<0.05).

3 1Wig

ARG R DR, BB Cry24a 2 R IK T
T2A-1 Ji7 AU &)y H L bk B N o] K 2 Cry2Aa 25
1, 2% IIFE H ) 2 A AR IR 1) — A0 B 2 2% A e A7 7E
JEFE T Cry2Aa IR . BRI, PPAS Cry2Aa 2R
PR AR S e 1 e R R B 2R . AT
52 AT L UG Cry24a 3E R KRE T2A-1 9 — 4k
A0 L, AR A AR A e 1 O R AR A A
RO A b A 0 IR S 2 R, KR A
(2004) BIFFEEERFRW]  FEMCE RS Cry14b 3 PUKAR T
TARMEL) AP FF A, AR R AR ) T AR
B R A ) N TR A R AR B R K R Ak
I 4) 41 ; Baur & Boethl(2003) & BLAEHUCE 5% CrylAc
FEPRIAR AL 19 K 5 8RS0 K Chrrysodeixis includens %))
WA, ZIRBk /N Copidosoma floridanum 1)
KB DT AR RN Y A A B A A S R A
ALY R GRSk 3% T 1% Walker et al. (2007 ) BF
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AR Y B LT I B2 8 T Cry S IO, . AWTFE4S
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MR EL TR 2 Cry2Aa 5 . % EXF Cry FEH
AR BURR A AT BOHE 19 B 8 5 o i A, 2 T 5 ) 27
HEMEREERET , A Z A R e 4
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