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SRR RN IR 2PN R ARG . [ D778 146 BRI 42 21 T ADE 1 43 515 I Bt & [ Vip3Aal9,
CrylAb Fll Cryl Ah 8135 TR UF | I L) PBS & iR aE Na, CO, %I M BN IR, G I 25 14 ( casein, CS) A
X B AR INENBRZE (neem oil ) Jy FHEXT IR, HLHBEAHT Bt 8 (S5 45 A0 FEXT FORWF A2 R Z B A
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Effects of Bacillus thuringiensis Vip3Aai19, Cry1Ab
and Cry1Ah proteins on corn leaf aphid

SUN Dandan, CHEN Yu, WANG Yueqin, WANG Zhenying, HE Kanglai”
Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Betjing 100193, China

Abstract: [ Aim] Three Bacillus thuringiensis Berliner insecticidal proteins were assessed to explore their effects on non-target in-
sect corn leaf aphid ( CLA) , Rhopalosiphum maidis (Fitch) to provide scientific evidence on the environmental safety of Bt maize in
the agroecosystem. [ Method] Bioassays on the CLA were conducted using three insecticidal proteins, Vip3Aal9, CrylAb and
CrylAh, added to an artificial diet. Accordingly, phosphate buffered saline (PBS) and Na,CO, were used as buffer-base controls
(negative control ) , casein (CS) was used as a neutral control, and two levels concentrations of neem oil ( Neem-L and Neem-H)
were used as positive controls. Four life table parameters, i.e. survival rate, developmental duration, percentage of alatae, and num-
ber of offspring were recorded. [ Result] The ST,( media survival time) value (8.3-=9.6 d) of the CLA was not affected by the treat-
ments with either individual Bt protein or CS in comparison with the negative control. The development time of the nymphs was shor-
ter (1.0-2.9 d) and number of offspring was greater on the diet incorporated with CS, and individual Bt protein, respectively when
compared to the negative control. High percentage of alatae developed on the diet incorporated with Vip3Aal9, CrylAb and CS than
that on the negative control. with the positive controls had significant insecticidal activity against corn leaf aphid. STy, was 3.2-4
days after challenge at Neem-L. No nymphs could survival at day 4 at Neem-H. There were also no offspring produced in two positive
controls. [ Conclusion] Three Bt proteins, Vip3Aal9, CrylAb and CrylAh, did not show any significant effects on the CLA in terms
of survival/mortality, but they did show remarkable positive (nutritional) effects as same as CS on growth rate and reproduction of
the CLA comparing with their buffer-based control.
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1996 4FH Bk PR 5 KA 26 (R I 1A Ik AL FhA, Bl
J i B A A W A 4 sk ) AL Y R A 8, 5 B
BEPR K2 H R AR 7 TR e PR B B TR T sV
Z—o e By B R OKGH i 2RIk AN B HE
TEREANE B IR AT LOSHEAR 3 B AR B 8Ok, H
HIRT Mk A B B A, LA Cry AT Vip BT E A JE £
(ISAAA,2018) . ARERYHME— k& I ks T H oK
J& MON810, %3k CrylAb Bt 7% #1711 ( EFSA Panel
on Genetically Modified Organisms,2010), ¥% Bt F&
PRI KA AT DX I AR AT 7 L A 285 2 ( Dively
2018) , Ze Ul a5 B i, )Xo AR B AR 2R A, DR
L O RO AR AR B SRR TR R SR, T
PRBAE P 10 (2R EAE, 2011) . —o2 Be R AT
REELHEXS Bt 25 A SO oA 19 IR sl ) 5 e A
S UNAREF Aphis gossypii ( Glover) | F 5 1% 4K i
5 Thrips tabaci ( Lindeman ) 55 ( Kumar et al. ,2014;
Lu et al. ,2010; Zhang et al. ,2012) ; —J& 1] REFZ ]
HARAES RGNS DIRe, Xt A=Y Biia s 1%
W3 R FE- 9053 i S5 (X520 ( Zeilinger et al. ,2016) ,

FoKWF Rhopalosiphum maidis ( Fitch) | {ZAFAE
TEMRBASRG T E I E KA ) E
HZ—, BT RIAE Y H L0, AL A
B , JE T 36t J30 S O 7™ R ) )2 A TR B R (An-
way et al.,2005) . TERMA SR, FORBFRE 2
T EPERE R A A P R H 2 A 7 i
SV X R 5 T — Jy T H A
A RRR AP R R R AR L —
M E W) ( Romeis & Meissle,2011) , 75— 5 1 ELHE
Y (CE R ) S — 2L B 3h ) 19 2R 1R R ( Zhang
et al.,2012) . HFNHE™ HPEE BN, K 20 0) 5 HAH
KRR BB s, e Rk AR S R G
(-, PRI, T oK R T B DR VR R B2 X
WA BB BRI AR ) (AR DB A5, 2018) , AR
gF e BRCET R R PR T R R K 5 R ) £ R v R R AR
RS A B R R He 22 82 T B 2 11 19 4 KU
ARSI RIE, B E5 I8 2 A B35 52 (X))
£4F,2012; Digilio et al.,2012; Duan et al.,2010;
Li et al.,2008; Lovei et al.,2009; Romeis et al.,
2014; Tian et al.,2014) . %5 EOKAEPRIEG 1A 4
DA 5 X6 Bf o i 52 e AN S — 3, AR5 R, Rk
CrylAb FE AR FEN E 2K (Btl1, MONSI0 Al Event
176) bt H: 3F F 5E PR Xof BT 25 J 52 P B JRR e oK 0F

(Bourguet et al.,2002; Dutton et al.,2002; Faria et
al., 2007; Lumbierres et al., 2004; Pons et al.,
2005) ; AWML, Kk Cryl Ab S5 EEH PR E
KXt & KA WE Sitobion avenae (Fabricius) 4K &
B HE G %A 5 W ( Ramirez-romero et al. ,2008) ,
IEAh, — 28 B A% HUER X s IR K7 1 3
( Porcar et al., 2009; Walters & English, 1995;
Walters et al. ,1994)

AT R RS I B 19 ] ) A 00 2, B
SURE P BE R BT dL oK R GAHY 3 Fh Bt R LA
Vip3Aal9 CrylAb I Cryl Ah XF K EFH 4L K L&
FAEE A AR A Ry, DU R A S R4
HE B R IR B PPN RS %

1 #RE5FE
1.1 ks s

FORBEREER A b [ RO B 27 B AH ) 37 T
FETER D RHIF R ok H L, N REAEANT
B4 (T 0% VTR RXZ-500D-LED) H i 32 80t 5
o WEFRR NI S50 TR (22+1) € I XHE
J¥ 60%+5% ,JEJE] 161« 8D, FoREF 1 H 45 1F
T8,

1.2 #HifE g RiAH

ARSI BT Y Vip3Aal9 , Cryl Ab 2 b5t
RACRAEWHARA R AR, Cryl A FHE b
B8 B Al IR A RS ) i 2R 1 (casein,
CS) , Wy T2 By bl ( 136 ) A FRA ] . PBS 4%
M (1xPBS Buffer) Ayt st B RHHCA R R 4=
f':,pH 7.2~7.4, Eﬂﬁ?(C35H44016, neem oil ) N
NS IB IR E YRR IR ) A7 & it 3.0%
Hofth & W50 B S oA 2, 38 S TR A A ik
(He et al. ,2005; Yang et al. ,2018) 43 SIBAHfH T 528
FH Vip3Aal9 & H 8 (4 $E bR 3 HUEE L Mythimna
separata ( Walker) . CrylAb F1 CrylAh % H 25 H X}
PR E B I B KSR Ostrinia furnacalis ( Guenée )
W35 7, SOAE B 1O, 20 %12 1.64.0.10,0.40
pe - g RUIHEIAY 3 B Be 2 X R R A4 A
AR B AR R A A O
1.3 EWigit

S ORAF IR A= D D7 v SR Al N T AR
125, BITE oK W g A 2 N Ak v 43 531 s ol i )
Bt H 1, BRSOy fe FET K 15
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O, ELRWF ROAET B R A BRI A, oK
U 1y 4 i N T ARDRE B AR S 56 ) 25, TADBHIE O 275
Kieckhefer & Derr (1967) , - i &4 23 Fp & 2,
SRR 21.575 mg + mL™' TR TR SC K AT S
~7 d SER, TRk 28 58 UG 73 %08 -20 CIRFE .

ORI R A W 43 0 AT 3 2HSC S, R4 ST
B 5 ANAbEE . (1) BRI, ) A2l T AR
AL Be 2 F1, 4000 PBS 28 #hBA i 1Y
Vip3Aal9 25 F I W (AR E 31.2 pg - mL7™') |
Na,CO, ¥ TRIAF# ) Cryl Ab 25 IV IR (&M E 15.8
pg - mL™") 3% Na,CO, iAWV f#1Y CrylAh &1
W (LM 15.7 wg - mL™) 5 (2) R ERTIREH 4390
41 PBS SZ R AR CS %l Na, CO, ¥ L iRt
[ CS I, CS e B 5 HXF B (1) Bt 25 14 52 060 Tk JiE
AL 5 (3) BAME XTI ZH , PBS 28 il 8 Na,CO, 3%
W5 (4) Ak B FH P X BR (Neem-L) , 3.0% ) Neem
FiBE 1000 35 VS ; (5) 18 1 2 BH PR X BB ( Neem-
H) ,3.0%7%) Neem T Bs 200 50 AW . K IEF A= I
SEE PR AN Vip3Aal9  CrylAb 1 CrylAh fY ¥k &
3RS AR HCEBOE IR L 19,166 .39 1,
BRI 6 A B A 30 Sk

If U6 454057 Mittler & Dadd (1964)
(1) = B ¥ IR 2 i VR AR, B 5 30 mm , ELA% 10
mm , P 3 0 BB A8, — i IS 85 AN D M & 1
I3 —uig HIAUZ E H B fEHRE (0.1 mL) iUkt &
E, ERNMEER 2N TR EE RS T, AL
KU 1 H AT 30 Sk, 5057 H 3 [R) O 25 08 78
NG 5 8 i 572 WA (35 5% 48 30 55 2% 14 [
1.1) 55 8 Rk 1 I, B RMETFHERAERKEF
FBET i HUER B 7= W EOR A R B 4
1.4 HESITHH

R 25 b B R A 3% WF SRR A R 4 T
RuF B 78S o I ARG R G Y S
B, FEEAAEIMSOR R S B A0, St
R PoloPlus 31, £5 F| 2 B AL A7 5 8] STy, 1]
HRE R HE S RET, SRR STy, Z (8]
Z S BRI B G X G HES AW, e
AL A BRI A A% HUAS FORWF 19 & 7 D 3 (A R
BCHU BEFEI ) AT A AR R R i e AR
SR A K )5 2243 HF (One-Way ANOVA) | fifi
GraphPad Prism 5 QiR N ma -

2 HR55H
21 3Bt EAAETEXFHNEER

Neem-L Fll Neem-H 4k 344l A T 158 8} 45 37 T
K AIFEBCE 1 A2 d B AT B 2
4 d BPBETREET 50% ,BUE 4 F1 7 d B &FFA6T,
HEA S5 T — a0 mRg s
Vip3Aal9  CrylAb CrylAh CS,PBS, Na,CO, A4
gl N TARDRH FoRIF  FEICE 5 d B IR AR 25 T —
RAEWF,6~7 d BF B E AT, B K AT AEE 14 d
PIE(E 1),

Neem-H A H R ZEHUE 4 d B30T, %A
SRS B S T A 1 AR B AR R 1R
A B IF ot A A7 IS TR) A G 32 0T il B A (3R
1), BUEAINT Vip3Aal9 CS PBS ()44l A T 44
B ER W, H 509 MMAAAERTH] 2 8.3~8.6 d, A
(] Acb 3R ] 25 S N b 3 5 A BB AR AR R A (TRT
FEOMERARE (K1), 52, Neem-L 4
B 509 AR AEIT AR 3.2 d, 5B 35 A% T fl b 3
HFPHEAE A (I RECR E/N) FREE

BERIT CrylAb,CS,Na,CO, Hy4:4li A T.
TEPBHI KW, L 50% AN A A AERTE] 2 9.0~9.6 d,
AR HA] 22 5 B 3% . Cryl Ab & F A B A= 77
B] & 1 F Na,CO, AbBE, 1T CS 4bHE5 CrylAb &
F3% Na,CO, AbFRE 2Z F AR E (R 1), 5ZH
e, Neem-L AbH 509% A A AR 0] A 4.0 d, 25 R%
i, CrylAb CS .Na,CO, AbBRFhEEA A7 #H ([m11)H
ZH) MR AR (B EERKT Neem-L ZbF

BT CrylAh, CS Na,CO, 44l AT
TRPER Y E KIS L 50% MARA ARl 8.3 ~8.5 d,
ANFALEE ZE A (£ 1), SZHML, Neem-
L Ab ¥ 50% AR A A7 B[R 8 4.0 d, B35 FEAIC,
CrylAh CS Na,CO, ZbHFP A A ka3 (11 =80
]S AEE HEERKT Neem-L AbFH
22 3MBtEEALETEXRPFNEEHH

ANV AR BT | 3 DK 0 5 00 30 | B 300 R o i 3
FERE S (R 2), SHEEEM PBS ik
AL, BUE Vip3Aal9 5 CS 85 (iR 31 A 2500 &
B34 A e RO G R S )
K (Vip3Aal9 4bH) o 1M Vip3Aal9 5 CS # A4k}
b BRI A R A R 2 ) 2 RO B
BUEERIN Cryl Ab 1 CS 2 FUARRE 2 A Ab 28 ] 1 5
B DI ERIAI =S ¥ARE, 52
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AHEE BUEES I PBS 5 Na,CO, TAURME BRI EFE AR i 25 S YR B3 0 e
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BN Cryl Ah A1 CS 2 R 2 AL FR ] 240 8, muieh 3 0] 4 25 4
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Neem-L A, B and C were survival model of corn leaf aphid
40+ Neem-I1 fed on pure artificial diet containing Vip3Aal9,
20 Cry1Ab and CrylAh toxin respectively.
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IF} 6] Time/d
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Fig.1 Survival model of corn leaf aphids fed on pure artificial diet incorporated with each of 3 Bt proteins

F1 ERGEESFFHM3 #h Bt EAS4 A TRR £ E

Table 1 Survival time of corn leaf aphid fed on pure artificial diet incorporated with each of 3 Bt proteins

b B I O Sk MPEERS 3¢ STsp/d e S
Treatment No. of aphids tested Sloop (95% fiducial limits) Heterogeneity
Vip3Aal9 1680 -0.675+0.031b 8.6 (8.3,8.8) a 65.458 1.212
CS 1800 -0.727+0.032b 8.5(8.3,87) a 51.435 0.887
PBS 1650 -0.727+0.034b 8.3 (8.1,84) a 40.904 0.772
Neem-L 810 -1.167+0.083a 32(3.0,34) b 41.164 1.647
CrylAb 1980 -0.542+0.023b 9.6 (9.4,9.8) a 62.556 0.948
CS 1890 -0.503+0.023b 9.2 (8.9,9.5) ab 87.671 1.437
Na, CO,4 1980 -0.487+0.022b 9.0 (88,92) b 53.972 0.843
Neem-L 900 -1.099+0.072a 4.0 (3.8,4.1) ¢ 27.782 0.885
CrylAh 2040 -0.458+0.020b 8.3 (8.0,85) a 65.541 0.993
cs 2070 -0.445+0.020b 8.5(8.3,8.7) a 61.864 0.923
Na, CO,4 2100 -0.502+0.021b 8.3 (8.0, 8.6) a 117.09 1.722
Neem-L 900 -1.099+0.072a 4.0 (3.8,4.1) b 27.782 0.885

B LR PRSP ROR G R RN G TR FR 7 0.05 KT 125 B3,
Different lowercase letters in the same column of each group indicated significant difference at 0.05 level.

23 3WMBtEALETERUNERERERFHME BF HWEES TIHN Na,Co, b, MRER

FORIFEE AN Vip3Aal9 5 CS EFALHELE] il CrylAb 1 PBS AbHA A iy 2 0] 0 g 3 25 55 1
FHLG, AR K = p i A o E k22 5 B B EMRTEI CS ErAs, BEE CrylAb,
W THRCEA N PBS ALFE (£ 3), VMM CS HEMA K Na,CO, AbFREIAT L, A #Wf R 2 F R
Vip3Aal9 Fl CS Lt PBS Fl T E KBF %5, HUEW 2L Na,CO, LB i i i EAR T HT 34 .
Jin CrylAb 5 CS & P ALBRE A b, FL ™ 0F 5 2% 5o
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Table 2 Developmental time of corn leaf aphid fed on pure artificial diet incorporated with each of 3 Bt proteins

AbFR Treatment AUF W] Nymph period/d

ZH ] Reproductive period/d

JEFY] Adult duration/d

Vip3Aal9 3.8+0.2b 5.3+0.2a 9.240.3a

cs 4.2:0.2b 4.5+0.3ab 9.3+0.2a

PBS 5.240.2a 3.5:0.5b 8.220.3h
Fy,5=17.33; P<0.001 Fy,5=6.15; P=0.011 Fy 15=5.12; P=0.020

CrylAb 3.8+0.2b 6.3+0.2a 9.8+0.2a

cs 4.2:0.2b 6.720.2a 9.840.2a

Na,CO,4 6.7+0.6a 3.5:0.6b 6.720.8h
Fy,5=19.62; P<0.001 F, 15=22.40; P<0.001 Fy,5=15.83; P<0.001

CrylAh 4.3%0.2ah 7.5+0.4a 9.8+0.2ab

cs 4.2:0.2b 7.420.3a 9.840.2a

Na,CO,4 5.240.4a 6.320.4a 8.8+0.4h

Fy15=3.69; P=0.0497

Fy,5=1.62; P=0.231

Fy15=3.69; P=0.0497

A LI T RSB S AN NG FREE R IRTE 0.05 K B2,

Different lowercase letters in the same column of each group indicated significant difference at 0.05 level.

*3 EARGEESHHRMIFH Bt EE
24 NTRMNERER TS
Table 3 Percentage of alatae and reproduction of corn leaf aphid

fed on pure artificial diet incorporated with each of 3 Bt proteins

Tnﬁfint HMHR Alatae rate/ % FEiF /4 No. of offspring
Vip3Aal9 10.0x1.2a 44.0+3.4a

cs 9.4x+1.3a 37.8+2.6a

PBS 3.9+1.0b 17.0x1.4b

F, 15=7.91; P=0.005 F, 15=29.3; P<0.001

CrylAb 8.9+3.4b 20.7+3.5a

cs 17.2+1.6a 28.2+5.7a

Na, CO; 1.7+1.7b 6.50+1.1b

F, 15=10.72; P=0.001 F, 15=17.82; P=0.005

CrylAh 4.4+1.6a 20.7+2.7a

cs 5.6x1.4a 22.3+2.3a

Na, CO;4 2.2+0.7a 10.2+1.2b

Fy,5=1.67; P=0.222
2 T P RSV R R F/ NG PR RORTE 0.05 KF 12

Different lowercase letters in the same column of each group indica-

F,15=9.16; P=0.003

ted significant difference at 0.05 level.

3 itig

PRSI e —Hy o (A A HOR) B 2
85 ) X B HUC HIZ RECRYSE M 8% 12 K ] ( Romeis et
al.,2008) , AT A I 1 o0 I 30k R (22 K
B S AAFLE B D7 G, PRI o MR B 0T
PER 5 %) BRI R gk BT ) o (2 Be 25 1)
VAT B 2% v i Ry B X BE (Li et al. ,2008; Porcar et
al. ,2009; Walters & English,1995) , 56 0EAE K & e
i GRS I H A B ] LAY S 2 e, A
WEFTFR ], AN m] Ve B Ab 35 | FEC oF o 8 T 548 8] £71E
FH2ES . VLT — A K 2R B8 L S A ) H A ]

) oAb B R I 22 5

AW ARIE , B Bt Macrosiphum euphorbiae
(Thomas ) X} Cry2 .Cry3A il Cry4 fy/ PR B 77 W RURR,
T A H 7 WA 8RR ( Walters &  English, 1995;
Walters et al.,1994) , X 7] 68 5 bR 19 HE 5¢ 275 i
RV 00 B X6 TS AT VS O A ot A 1Y 8 A R
(Walters & English, 1995) . Porcar et al. (2009) #ff
R IE T Wi S WF Acyrthosiphon pisum ( Harris ) X
Cry3A .Cry4Aa Cryl1Aa il Cytl Aa A3 /K- Y UK
PR, HAZUR DLV X 28 B 8 A9 2% i ok X R
PEAT AL, ABFSE SRR, 5 B X IR AR L, 5]
Bz 3 A Be 8 VA R KRB R A KR
BMEGE, AN, S0 A D K 4 2\ TR
B HE IR &, KK Bt EE A E N
J5T, B 2% IR UG PR Z A 38 I 5 T8 R LA
JEME, T b S I BB R R SR R, R,
ARSI AN T AR CS XTI, A s A
T ARk A3 S0 3 A Bt 8 (AL B Y oK I A7
FRFMAEAFIN TB] o 00F 300 BT 00 Ff0 i 0 300 L2 B 7 g
S CS HALIREA WE 2= R, 5 B X
WA LG 22 5 0 35 U W] oK 42 2l N T ARk v 4
WG 3 Fh Bt B A B CS A, ES T A E K1
LB TARREE SRR, TR R R Ik
(%) Bt 25 TR B BB 2H 20 b RS DU AS 38 B s
fi(Dutton et al.,2002; Raps et al.,2001) , SZPFRrAH:
FEPFEIL R FOKFRIR B Bt 8 AN B A SRR
MR EE BRI R A 2 T R BF A KR H R
RAELBRIE A —E R, BAFIRIE, 6 1
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FRIK Bt CrylAb 'L £ K 5 A L HF X IR
Tk KR FPRERCR IS N, B 5 B KA L
AT R B A R R 5% 3k & S A K (Faria et al.
2007) ,fHANRESE 2 HERR 2 th b AP ] 22 57 5 11k
ARG W H DU 21 AR ) B e
PR LT, 5 ISR AT R B A A 22
SRR, P, AR AR A B0 Rl A6 i AT R
Kieckhefer & Derr (1967) ¥ 48 Hi , i& B4 HL A7 15 I
BFE Y Al T A B B 10% ~30%
IS N 20% ., B IR Porcar et al. (2009) #RiE T
Cry3A .Cry4Aa Cryl1Aa fl Cytl Aa %5 Bt & [} i
I AR ST (0 75 0, SR i e FH e R T
L TE 125 ~500 pg - mL7 ¥R BE R A BE LI £ K
SERREIR , SC B AR UEE T 2% R AE S B X R
A Z bR IR, RIS, AR I 5 2 IR 2 s
Bt 2B (2 44l N\ T ARk, RIS 3% s 43 — =& 1 34
PR, KEIG N — Br 25 A9 & 3 | 2 A 2 k)
B IRIE B A W HUUE I Ak 7 AR N RS e A R R
M, ARBFFTH LN CS 8 PR R v X i
e S Porcar et al. (2009 ) MR JE 1Y 3% ~25%,
TR A AR T 0.7% ~ 1.4% , TCi & Bt & 11
S CS EAHAA AT E R4 K & B 5,
RIS R 4 [, Al fi ek Bt 25 A CS BR 1 — @ 12
FE 4R T A sl N TR Rk 8 SR B H A e AT R
AR Tk PR

S 30k

XVE, ek, AwiiE, FIRE, 2012, 5 aylAb FEH F oK
XTEAR KBRS R, A &A%, 21(2) .
130-134.

TEME, IR, mEAE, R, AR, R BReRT,
2018. T HL i 505 e i PR KR ) S AR B L T R 5 R
AT A AP, 2R R F 4R, 55(3) : 368-373.

MRS, BRVE, HRE, 2Tk, 2011, % B JERSTRAEY)
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