HE: Q965, 0966. Q7 B ARG 10335
¥ & x = 5: 10916076

i o2 ) aE
[ 3 VAR '8

Efficacy evaluation of three transgenic Bt maize events to

target pests and the risk assessment to non-target silk worm

and predator ladybird

-y T B E

gk U L3265 4

FR(E)__RIVERGEADE
FiEEls_ R SEYRRZE

RAEHY _ —_F—=FH




UL
Y2663955

RXEHEEL: BE
RIPEITEA: 3% 48
WIFEA SR
ERBRLIH: wT . Wi *
‘ -
BRI A% WL KR A

ZR2: ARY R BS PRGBS GR¥ER

RH3: BEH #1789 T AERVEEMERE R

{ W54 .
éﬁi 4; E ?ﬁ'ﬂ:

Zns5: aftE HAR §S WITHRIVE bR
WHo: g

ZR6: HAFR R 8% T RERIVSEYERER
mo: 7N

Z#HB: 2013 #£6 A6 H




Efficacy evaluation of three transgenic Bt maize events to
target pests and the risk assessment to non-target silk worm

and predator ladybird

Author’s signature: Xue Chang

Supervisor’ s signature: Gongyin Ye
p g g

Examining Committee Chairperson:
Prof. Yufa Peng, The Chinese Academy of Agriculture Sciences
Examining Committee Members:
Prof. Shusheng Liu, Zhejiang University
Prof. Xiaoping Yu, China Jiliang University
Prof. Xuexin Chen, Zhejiang University
Prof. Zhicheng Shen, Zhejiang University
Prof. Zhongxian Lv, Zhejiang Academy of Agriculture Sciences
Prof. Gongyin Ye, Zhejiang University

Date of oral defence: June, 2013




WL K £ T A AL e SO 1 75 B

FAFEHRERMFA R RIS NEFINE P T HAT R A TERREHN
WARR . BT XPR A mUAMERNBOR BT 5, RPAEETREASZK
RBJRELMFARR, EFAEEARE_HIT X F RHMHEIOEAR
BT R 5R—F TAERRE SN0 AR M EM TR EERX
FE T BARREI BB R R

FNRXEEESL: S XFHM: 203 6 A6 H

AL SCRRAUAE F A

EERRXFEERETHR ML XE HREEHFEEFH M1
MER AR TR ENEFIRER, RSB RNEE. AN i X ¥
AT LR A AL RS 3R 7 B M RER T R AR, T LORA®
B, FENERAMERFIFRRE. LHRFALBL.

(RE R AW T EAEZR

FURXFELEL: FE BIMEL: HIR

Z7HR:. 2013 £ 6 B 6 H XZHH: 2013 £ 6 A 6 H



A RASR
AXEANSESAFFIRANEES

(% 5:31021003)

B Bh



LRI TS s

BW

MtEE, wEaREE, 82009 £ 9 ANEHAUR, CRGGEK, B
HHEZ%, ARFXE, FTAALEE. AAREAANRK, ERETHE
M, EANAENG—IMHB. BEAX-—BHRKREENFISE A4, LB
RIAZESA M. £, REGXEEERY, FIRURXCERNAE
ARBERBRBHWR!

Bk, RUAKPUZELT R ARABRABOHEORE, BN
R B it BSE I FF R B9 A BR 4T HOR B J 0T B0 Ao 5 A o U PR SR Y
¥RBURBHRE, GESROTESE, LEARFHBEZHEN—IMRH
THE# R 3R 6 R 5k PH2 W E JG AT TR Rofn 8 R w4l FM 4,
RHRRAREREEANRE, LATURELAWAE, BLTEMNF R
RAFAFBEAR —ANFERE, EXTEHREE, +E2F-EXR™EEX, ¥A
EXRWEFFFTE, ALTLHERERE, HHRARBHIELHNER,
RIRBEEBREDNIRN. IBHARRALTTROME, Ak, EhtH
Wi RN AR

REBFRMAFTASRAEBRGEWEEFNIRZRAMN, ERESIAA T
BREBHABR-ZE&R, ERBTERUREFRAYRPFRATERXF AR
REMIMNEREREAAXEHRTLTHESFRZN REERHE LR
ERMHRAAERCPER, AL LRARZEAFARRFE—MHL LE.
TBERENARE.

AXREMLEAH. EAE, BEE/HR. IMAL. R, &4, EF.
EX kT, REL TRE. FZEF, RLARER. AR, AFTRK, cELmE
TEREF. ARE. TH. BRE. KEF, HLFHE BA. TR, 2FL.
REE, I, R, DL, ANEFHNERROFLFFHLTFRLRXN
TR, Al—HEURLHHE.

REFARBENRE, EXWEHREE, WK -LESHanE
BOWEA, RENEE, ARHEN, MIHERRWEN % EWHNT.



B RF= L ’ Bis

R, BRRRFALRKUFE. 8. ZPHEW. XA, A¥FHK.
Flatmsmk Gt HRERERLWEAMER. HRBOUREHNHE!

¥E
03%5 ATRE&#A



BT K L2 RE

WE

HBIEEARAIAREBMER LRETRR WEEFRENZ—, B 19%
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RMBENLMLEREN, BABEANINEXENBY 2L 8h W RT X
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Abstract

Bt maize is one of the most popular genetically modified crops in the world, and it
has been planted in 17 countries since commercialized in the United States in 1996,
However, the controversy about theresistance of target insect pests to Bt maize for
itslong term and continual implementation, and the environmental risk to non-target
organisms is continuedsince it has been developed. So far, pyramided transgenic
maize with multiple dissimilar Bt insecticidal proteins offers a superior route for pests
control and pest resistant management compared with one single Bt maize.

In this study, three novel pyramided transgenic Bt maize events which contained a
fused gene crylAb/cry24j, crylAb/Nip3DA and crylAb/cryll, respectively, and their
non-Bt maize control Hind II were evaluated. There were 7 events of transgenic
crylAblcry24j mazie named NI10 to N70 in sequence, 1 event of transgenic
crylAb~ip3DA mazie named V3, and 1 event of transgenic crylA4b/cryll mazie
named J223.In the laboratory bioassay, their efficacy on protection against four target
insect pests was conducted. The mortalities of maize major pest Ostrinia furnacalis
were more than 69.20-99.30% when neonate larvae fed on the whorl leaves, tassels,
husks, silks, kemels of N30, V3, and J223 at 48 h, and the larvae could survive
no-longer than 168 h. There were no significant leaf, silk, and stalk damage on these
transgenic maize plants in the field under artificial infestation at middle whorl and
silking stages compared with severe leaf feeding, stalk born, and ear damage in
control. According to the Topsis analysis, N30 was the most efficacious in the seven
transgenic crylAb/cry24j mazie events.

More than 95.00% of CrylAb-resistant O. furnacalis larvae were killed when
feeding on silks and kernels of N30 and V3 within 96 h in the laboratory, and no
larvae could survive after 168 h. While the mortalities of neonate larvae were 12.50%
and 20.83% when they fed on J223 silks and kernels after 168 h, and the larval

weights were not significant difference with those reared in control maize silks and
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kernels. The result suggested that N30 and V3 could provide the potential for
overcoming Cry1Ab resistance in O. furnacalis.

The laboratory bioassay results showed that N30, V3 and J223 offerred a high level
of control for Helicoverpa armigera, the mortalities were around 90.00% after
neonate larvae infestation 96 h. As for Prodenia litura, the mortalities were just
around 10.00% at first 48 h, and rose up to 90.00% after 168 h. N30, V3 and J223
were not lethal to Spodoptera exigua, but could inhibit neonate larvae growth
dramatically and the weight inhibit rate was above 85.00% compared with control
larvae.

The result suggested that N30 and V3 could provide high efficacy to control target
insect pests and could be considered as candidates to overcome the resistance of O.
Surnacalis to Cryl Ab.

When the concentration of N30, V3 and J223 pollen on the leaves of mulberry,
Morus alba, was about 10000 grains/cmz, the neonate larvae of silk worm, Bombyx
mori, could not survive beyond 14 d and most of neonate could not molt into 2™ instar.
The concentration of pollen which was about 1000 grains/cm’ was not lethal to
neonate larvae, but inhibited their development. The molter weights of different instar
larvae were significantly decreased, and the development time were significantly
prolonged than control larvae. However, the concentration of 100 grains/cm” has no
significant effect on the life parameters of silk worm larvae compared with control
larvae.

Predator ladybird beetle, Harmonia axyridis, could be exposed to Bt protein
through prey S. exigua larvae reared on N30, V3 and J223 kernels or feeding maize
pollon directly. The survival rate of pre-imaginal were 45.95%, 29.73%, 40.54% and
41.89% when H. axyridis larvae fed S. exigua which reared on N30, V3, J223 and
control. The life parameters such as larval stage, pupal stage, pupal weight and adult
weight, pre-oviposition, and total fecundity were not effected by these Bt maize
events. While the concentration of Cryl Ab protein in H. axyridis was 8 to 13 times
lower than preys. The weights of female and male adults which fed on N30, V3 and
J223 pollens were not significantly different compared with adults which fed on

v



B Al SR 3 Abstract

non-Bt control pollen after 7 d and 30 d. Additionally, the survival, fecundity of
female adults and egg hatching rates were not impacted by N30, V3 and J223 polien.
In short, N30 and V3 provided a high level of control for maize pests O. furnacalis,
H. armigera, P. litura and S. exigua, and they had the potential to counter CrylAb
resistance in O. furnacalis. As for the environmental risk assessment, when the pollen
concentration on the leaves of mulberry was 1000 grains/cm?, the development and
growth of silk worm larvae could be effected. Howerver, this concentration was hard
to achieve in the real environment. Furthermore, they had no negative effects on
predator H. axyridis. Therefore, we recommended N30 and V3 to be used as breeding
sources for the development of transgenic maize.
Keywords: Bt maize, host plant resistance, target insect pests, non-target insects,

resistance management
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Damage rating scales and categories for evaluation of maize whorl stage

FAYUE B E AR

resistance to Asian corn borer

SR ER R A BE () HEXRA
Leaf damaged Rating scales  Stalk cavities Resistant type
HFHRRHAEAREAL AT, RO 2% 1 0-2 14R
Pinholes Rare or sporadic on few leaves
Mtk PEEE 2
Intermediate on few leaves \L
D¥rA. AR 3 R
Many on several leaves
RILKTAMD, MEHEEE ARPHE. B2 2% 4
F. 1.7+ Match-head size holes  Rare or sporadic on few leaves v v
SER. PEEE 5 3-5 MR
Intermediate on few leaves
WA . AR 6
Many on several leaves y
BLAFREZHA, kK& SHHE. B, 2K 7 S
FL#%&*t, - Holes bigger Rare or sporadic on few leaves
than match head size Harth., PEHE 8
Intermediate on several leaves v v
RBLTH. AR 9 >6 HS

Many on most leaves

IRA%. 2000, ERFEME R A& 5 R0k, PR LAF¥H 31: 439-443,
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Diagrammatic descriptions of scales used for measuring Asian corn borer injury

BREEFRA 4 RIFE

Ear damage rating Numerical class descriptions

0 BREE B F No damage

1 H ¥ F Silk damgae

2 H A F 1 cm Feeding to 1 cm beyond ear tip
3..n BUBERD Lom, BERFHF 1K

Injury class is increased by 1 unit for each additional cm depth of feeding

Widstrom, N. 1967. An evaluation of method for measuring corn earworm injury. J. Econ. Entomol.

60: 791-794,
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B 199 # %l Bt £EFEYH L AMAE LR, EAEERfEE T
A, E2012 %, Mt Bt £EYNERCLE 274, RETREL 2000 7
N R, ¥EAARMELBLEREH LTI RWARR EF E5M, BBt
MM RENA, BERAERWEFPAERIM, B4 H 1L, DHRERER
# B Helicoverpa armigera. 414 % Pectinophora gossypiella. # 5 % #
Helicoverpa zea, T X f&% #, Busseola fusca. ¥ 3% % IR Spodoptera frugiperda
fo T KRet ¥ Diabrotica virgifera virgifera 75 W B 57 E & 72 | jE] % Bt A %0 Bt
FRFEAY. FEIRARERAUTLHEREE: BiYRRE—MHRRE
g, ERFRESE—REERNENE, HEFARM. AN Bt EaRaH
BHRERE, ALERFRAANEF —ERENTE ), THKREAH BLEY
TRUFZRZBEFRESR, FEREFE; RPFPRFZFASEHHE, €8
RPFRAARZHARER, LASRRAEAFAARNEEZ—. AT,
HENFRERBAR —HERTURA I LA E, ABZREKEXHA, gAE4
Bt XA ERT AR EEE, BB M, BEEPHOHETH,
HEFRMFERREET T REARANRY, RA RS FEHN LRI
e,

FARMREZWREEUF T LES, W BHR T L& EFEREANA
B. B2008 £&, REZKNHHETHRBIARB, RYFETREANEY,
£ %) 2986 7 hm?. T E X 4E Ostrinia furnacalis B HHEEEXAFHEES
H, FETEK 600900 T EH k. Wi, FXEMHEXZERHEX
RE, WEXZBERPREAGRE, BREFEE K. KA CrylAb WEX T
RENGEINEXEAE, FEARER Crylab WIENERETUAL
MONSI0 Ceryldb) W L% &, Hik, BRFAFEREEIKRHHIMNEX
EHE BERETANF—FER, TEHAFRATEREK. HERR
Spodoptera exigua F1 4 5L W ¥k Prodenia litura & —f 5 &4 . REMES, Hut
BHEEXK, ZHHERENEN, EHLEARANT AT RHREE LY
) % &
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Bt EXWAAZRAM—ERANXENEA. LHE 1999 %, Losey ¥ £
(ERYRE LREY aryldb TRIEH EX B £ Danaus plexippus 1& k1 F
B, EAHREEANTIRXT Bt EXELALAMEITR. B, BBEKWAS
ZEUFTERRERRMEF &£, ﬁﬁﬁ%@@ﬁ;ﬁ#ﬁﬁ&%%ﬁ?"ﬁﬁﬁE%&
MBREARRNE AT E RPN ERRRAREF R RN AARARS 2
HANo RBENFREBONEERN EXWTEL 2 M PN HE case-by-case &
W, #BAEXNZERGRFAERFEYRTZ LM TN, HYETEEREH
TREEAMELIRH, K2, AIREE B EEIKNTHEANA, AXHERE
REEXAEFFEPHFEFFA AR LY WNTRERTAREN, KN,
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L1 ¥% Bt EXEHEHRREE

774 3F #AT W Bacillus thuringiensis Berliner (Bt) £ — HiIF M. 22K
S E, aTHEEXRFRAIBFENHFRERAEEE (Insecticidal Crystal
Protein, ICPs) *E A REHLBRHES, MAF. AUPAAHEDR
&7%F, ERBRAARNEBNER LA ERAWAY R RATR ZRAT
Br it R Ak ik E h f B ¥ B & (Beegle and Yamamoto 1992, Sanahuja et al. 2011),

MAELUBATHRASPER, BERMRAE Bt EES Y+ £,
LEY A RABEREY, HEER, X—PAE 1987 £ R AL, LAlB
¥R Vacck RABRIE—BES Cryl THW B EEENFHE S, HEH#
R EpI#EFA R Y (Vaeck etal. 1987). /B, R ¥R TE M Bt
EERBNTE Y, otk orylABE B EX. AT . BEFDRFE, # cry3d
L&E, # corylC % %(Jouaninetal. 1998), #1T# Bt X HEWEEE L%, £
ERHRERRED, SEFERARFUEHRR, SEEFERRHTAY
W, FERAREAARS XRFAERERE, ANFHEXA Bt iR #%
GAERRELEEY. 199 £, XEFUFH#E B HEF Bt EXBLAAHE, FE
EAANTHEFT AT LAAREBN, LG, FARE, #E. HE, BE.
BEPFRLIENBRALHEBLE, A, H. FRESZ B3AEX
F 4 # H Bt E K (Hellmich et al. 2008, Naranjo et al. 2008). 2012 4 & # Bt £ &
VAL AR 17 4, RENEREPE 274, HETHREL 2000 72
H. Bt #84 Bt EXRATHREBAATRAMEEREAN 2 AL H Y, £
PRt S RMAELBEERN 1%, Bt XS HAEXEAETRY 35%.
¥ E L 1997 £ IFEFMFE Bt AR, 20124, FENHF 20 FRFPMHHET 400 7
NELH Bt #8745, KA E N 80% (James, 2012),

EAAE, AMMMEZREE 200 54 ICP X5, #RBEXHF 5|0 EEEL
ARNEeyZEEAP2 £ ot XH, oy XEKZH Cryl. Cry2 # Cry9 £ H 7t
BREFBRIANFZEERYE, Cry3. Cry7 M Cry8 W WBEA R 2B FH, Cryd

3
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FCryll MRREAFEERYE. A LBt EOXAEHN S IMMEERRE
e, I Cryll ¥HRE B ERARRFY, CrylBXSEE, HAEAXA
H #88 & H 75 #(Wang et al, 2003a).

BERTHEN, AMIRBA—FFAEREZE Vip (Vegatative insecticidal
protein), & ICPs [, Vip & Bt EXHMAEKN BB 4w, CHTHRE
&, ERERFFIHHAMLE ICPs RAFEMERYE, B—RXHFHNR LTS,
REZARFFIGERYE, Vip 4o # Vipl, Vip2 Fo Vip3 =#, E+D Vip3 B
HEBRARN, VIpPAMBSFEZHRA EFXREE, RARBERATHERE
Y894 & # (Estruch et al. 1996, ¥ F8 % %. 2009, F ¥ %.2010).

Hol, # Bt YW EEETER ayl. cry2. cry3 Z K%K, oyl £F ¥
BALE ZHR cryld, cn2 XEFYEER cn24, cn3 EEFEER cry3B,
Ao, & vip3 WARILF T KT LA K £ M F £ 5 F(Yuetal. 2011),

12 #REEEEWRRRA

HAEEMEARNRCEE, AR EEEARANENH L BEEEW (gene
stacking) RAZEYEEIBEAXRN N EET M. EHEMERE 2 4
K2 MU LENEERNEE NS FE, SEFRE (gene pyramiding),
% X E# 4 (multigene transfer) FFWREF —HE., EAWEWERE R LSS
n & fmAsH (stacked traits), 48 S wEEMEY Y45 B4 X EEY (pyramided
transgenic plant),

HENEFENRL, SNMEANBIERETEN T AR AENES. o
AR ERHAAERBEETULAEY AR REERERR, X P E L0
FREEAEAZ MR EARKBERF AT AN X BREERSHOAS, REE
ERER AWEFAREM “©EAXMB” (Golden Rice). # FH & w7 LUSLH
REBREHL, wENEHERTOLEERBEMRAN 2K, EREA TR
EE, SRTRNHRE. k. RREANEEFRGRE L EEEE/K. 2012
#, Bt i+ R ERNE M RN EEFERHEERLE 4370 7 AH, S#
A M A E R 26%, 2011 £ AT 170 7 2 (James, 2013).
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B EEARAEPEEAIARRETRK  HANEERLRSNLESL
EEEY, AHLALCHENEAHGEARBENR R RERE Gk 1D,
TEwi, AMIZHTE Bt XEB N\ FE—Htk, ¥olkfiaiE, ¥k
R4 3%, 0Bt 4% 7 Bollgard® I(cryldc + cry24b) . WideStrike®(cryldc +eryl F),
Bt ¥ % Genuity® VT Double PRO® (cryl4.105 + cry245). Optimum® Intrasect™

CerylF + cryldb) . Agrisure®Viptera'™ 3220 (cryldb + crylF + vip34).
PowerCore® (cryld.105 + cry24b2 + crylF), B4, EL#MEAMNTBLF L
% H F K Genuity® SmartStax™, &7 6 # Bt # FHA 2 A B EHEH

(erylFa2 + crylA.105 + cry24b2 + cry3Bbl+ cry344bl+ cry354bl + cp4 epsps +
pat), £F crylFa2, cryld.105. cry24b2 = E W4 2R Helicoverpa zea

(Boddie). WK ¥l EK ¥ Ostrinia nubilalis (Hiibner). 3% ® ¥ Spodoptera
Sfrugiperda (Smith). /NE ¥R Diatraea saccharalis (Fabricius), /N # & Agrotis
ipsilon (Hiifnagel) %833 H £ &, cry3Bbl. cry344bl. cry354b1 TEHHBE X
®>t ¥ Diabrotica virgifera virgifera LeConte 4 3B E M TE &, cpd epsps £ 15
ERAWEYREY, pa ERERAREEREME.

& 1.1 BRBHBtHf Bt T X%

Table 1.1 Cotton and maize varieties with Bacillus thuringiensisgenes for

resistance to targets pests

Crop | Btgenes® Trait target | Commercial trait® | Dveloper Trade name®
Cotton | cryldc Lepidoptera A Monsanto Bollgard™Cotton
A+B BXN™ Pjus
Bollgard™ Cotton
A JK Agri Genetics | JK 1
Ltd (India)
crylF Lepidoptera A Dow AgroSciences | -
LLC
cryldAc + crylF Lepidoptera A+B Dow AgroSciences | WideStrike™ Cotton
LLC
Monsanto+Dow WideStrike™
AgroSciences LLC | Roundup Ready™
Cotton,
Widestrike™
Roundup Ready
Flex™ Cotton
vip3A(a) Lepidoptera A Syngenta VIPCOT™ Cotton
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vip3A + crylAb Lepidoptera A Syngenta VIPCOT™ Cotton
A+B Syngenta+Monsanto | VIPCOT™ Roundup
Ready Flex™
Cotton
crylAb Lepidoptera A Syngenta, -
Bayer CropScience
crylAb/crylAc Lepidoptera A Nath Seeds/Global | -
Transgenes Ltd
(India)
Chinese Academy | -
of Agricultural
Sciences
cry2de Lepidoptera A+B Bayer CropScience | -
cryldc + cry24b2 Lepidoptera A Monsanto Bollgard II™ Cotton
A+B Roundup Ready™
Bollgard II™ Cotton
Bayer CropScience | Fibermax™ Liberty
Link™ Bollgard II™
crylAb + cry24de Lepidoptera A+B Bayer CropScience | TwinLink™ Cotton
Glytol™
xTwinlink™
erylC Lepidoptera A Metahelix Life | -
Sciences Pvt. Ltd
(India)
cryldc+ CpTI Lepidoptera A Chinese Academy | -
of Agricultural
Sciences
Maize | cryldb Lepidoptera A+B+C Syngenta -
A+B Bt10,  Agrisure™
CB/LL, Agrisure™
GT/CB/LL,
NaturGard
KnockQut™,
Maximizer™
Monsanto Roundup Ready™
YieldGard™ maize
A YieldGard™,
MaizeGard™
A+C Monsanto Mavera™
YieldGard™ Maize
mcry3A+ cryldb Lepidoptera, A+B+C Syngenta -
Coleoptera A+B Agrisure™
CB/LL/RW,

Agrisure™ 3000GT
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mcry34 Coleoptera A Syngenta Agrisure™ RW
A+C -
mcry3A+ crylFa2 Lepidoptera, A+B Syngenta -
Coleoptera DuPont Optimum™ TRIsect
ecry3.14b Lepidoptera, A Syngenta Agrisure®
Coleoptera Duracade™
ecry3.1Ab + mcry34 | Lepidoptera, A+B Syngenta Agrisure®
+ cryldb + crylFa2 | Coleoptera Duracade™ 5122
ecry3.14b + mcry34 | Lepidoptera, A+B Syngenta Agrisure®
+ cryldb + crylFa2 | Coleoptera Duracade™ 5222
+ vip34a20
cry344bl + cry354b1 | Coleoptera A+B Dow AgroSciences | Herculex™ RW
LLC and DuPont
cry344bl + cry354b1 | Coleoptera A+B Syngenta -
+ mery34
cry344bl + cry354b1 | Lepidoptera, A+B Syngenta -
+ mcry3A + crylFa2 | Coleoptera
cry344b1 + cry354b1 | Lepidoptera, A+B DuPont -
+ cryldb Coleoptera
cry344bl + cry354b1 | Coleoptera A+B Monsanto and Dow | -
+ cry3Bb AgroSciences LLC
cry344bi + cry354b1 | Lepidoptera, A+B Syngenta, Dow | -
+ crylFa2 Coleoptera AgroSciences
LLC+DuPont
cry344bl+ cry354b1 | Lepidoptera, A+B Syngenta -
+ mcry3A+ crylAb Coleoptera
cryiFa2 Lepidoptera A+B Dow AgroSciences | Herculex™ I
LLC+DuPont Herculex™ CB,
Herculex™ I RR
crylAb + crylFa2 Lepidoptera A+B Syngenta -
DuPont Optimum™ Intrasect
cry344bl+ cry354b1 | Lepidoptera, A+B Syngenta Agrisure® 3122
+ mcry34 + crylAb + | Coleoptera
crylFa2
cry344bl+ cry354bl1 | Lepidoptera, A+B Syngenta -
+crylAb + crylFa2 | Coleoptera
vip34a20 Lepidoptera A Syngenta Agrisure™ Viptera
cryldb + vip34a20 Lepidoptera A+B Syngenta Agrisure® Viptera™
2100, Agrisure®
Viptera™ 3110
vip34a20 + mcry34 Lepidoptera, A+B Syngenta -
Coleoptera
vip34a20 + crylFa2 | Lepidoptera A+B Syngenta -
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crylAb + vip34a20 + | Lepidoptera, A+B Syngenta Agrisure® Viptera™
mcry3A Coleoptera 3100,Agrisure®
Viptera™ 3111
crylAb + vip34a20 + | Lepidoptera, A+B Syngenta -
mcry34 + crylFa2 Coleoptera
crylAb + vip34a20 + | Lepidoptera A+B Syngenta Agrisure™  Viptera
crylFa2 3220
crylAb + mcry3A + | Lepidoptera A+B Syngenta -
crylFa2
cry9C Lepidoptera A+B Syngenta Starlink™ Maize
crylAc + pinil Lepidoptera A+B Monsanto Bt Xtra™ Maize
cry3Bbl Coleoptera A Monsanto YieldGard™
Rootworm RW,
MaxGard™
A+B YieldGard™ RW +
RR, YieldGard™
VT™ Rootworm™
RR2
cry3Bbi+ cryldb Lepidoptera, A+B Monsanto YieldGard™ VT
Coleoptera Triple, YieldGard™
Plus with RR
cry3Bbi+ cryiFa2 Lepidoptera, A+B Monsanto+Dow
Coleoptera AgroSciences LLC
crylA. 105 + cry24b2 | Lepidoptera A+B Monsanto Genuity® VT
Double Pro™
YieldGard™ VT
Pro™
crylA. 105 + cry2Ab2 | Lepidoptera, A+B+D Monsanto -
+ cry3Bbl Coleoptera A+B Genuity® VT Triple
Pro™
crylA.105 + cry24b2 | Lepidoptera A+B Monsanto Power Core™
+ crylFa2
crylA.105 + cry24b2 | Lepidoptera, A+B Monsanto -
+ cry344bi+ | Coleoptera
cry354b1
crylA.105 + cry24b2 | Lepidoptera, A+B Monsanto+Dow -
+ cry3Bbl+ | Coleoptera AgroSciences LLC
cry34A4Abl+ cry354b1
crylFa2 + crylA.105 | Lepidoptera, A+B Monsanto+Dupont | Genuity®
+ cry2A4b2 + | Coleoptera SmartStax™
cry3Bbi+ cry34A4bl+
cry354b1
crylFa2 + cryldb + | Lepidoptera, A+B Dupont Optimum™ Intrasect
mery34 + cry344bi+ | Coleoptera Xtreme
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cry354b1
crylFa2 + cry344b1+ | Lepidoptera, A+B Dow AgraSciences | Herculex XTRA™,
cry354b1 Coleoptera LLC+DuPont Herculex XTRA™
RR
crylFa2 + crylAb + | Lepidoptera, A+B Dupont Optimum™ Intrasect
cry34A4bl+ cry354b1 | Coleoptera XTRA
mocrylF Lepidoptera A+B Dow AgroSciences | -
LLC
Source: GM approval database, http://www.isaaa.org/gmapprovaldatabase/default.as

*A: Insect Resistance
B: Herbicide Tolerance
C: Modified Product Quality
D: Abiotic Stress Tolerance

Yo AKBEE L.

‘Gene Gene Source Target pest order
cryldb/crylAc  synthetic fusion gene derived fromeryl4band crylAc  Lepidoptera

CpTI trypsin inhibitor(Vigna unguiculata)

mery34 modified cry34 delta-endotoxin Coleoptera

ecry3.1Ab synthetic form of cry34 and cryldb Lepidoptera, oleoptera
crylFa2 synthetic form of crylF Lepidoptera

pinll protease inhibitor protein (Solanum tuberosum)

cryld.105 synthetic form ofcryl 46, crylF and cryldc Lepidoptera

mocrylF modified crylF

13 RARRCEEEWH %

EX N ERGEYEL, TEFUTURT &

X #A (Hybrid stacking), EEF £ FEWHEEHE&, REFAYA
FHFRARZLSERATRL, BHSTHICHBIES, RELEHLEE. B
RERTFENERMEEREYRTER. BXEFR, FEWEERLFF
—ANEEE, UEAAANEENES., Wi EFHEX Btll xMIRI62 x TC1507x




WL K5l 320k 3 R A

GA2l MR KA RALEEE X Agrisure™ Viptera™ 3220, # & H#iL
MONB88913 x MON15985 7% %| Roundup Ready™ Flex Bollgard™ II,

B84k —X%#1 (Linked genes or multigene cassette transformation), £ 3
¥2A AR 2 LEWEEeRE—RARTR —RE&EAEF, 2 %K#AR
TURBRRABNRSNYREENBERER RPN ARS WEFARRSE
ERApHEEEY. FEBeEH, REUNFANARFENULEENREX & EM
#, ETR-£RERT (BBEHT. BB FFRLLFE) £4ZT, BAK
AEE, REMERR -—(ZEAEL, FA-FRBFF, RNEHWEKERET
EEGHE. R—FEAEENE S, TRILFAMAHEEERS XL, TAR
ST REFHTFHKE, TURKEEARK/LE, i, ¥FA AEHET—ERE
THEHZT, WETHIRSEERTHERZNAL. T BT EREEHE
HERER -S4, CENERNARARELENEFTF, BT, £1bT
ERZIPBERELS, BANEREURGREROWHARERM. BEFEX
Herculex™ 1 (TC1507). Herculex™ RW (59122), Agrisure™ CB/LL (Btl11) Ef
EEBE-—RBARBHEEEHEK.

# %4 (Re-transformation), RESAh K ENMEEAB AW EEFA Y, B
MEENREEE, FEABTRENEELANN Y FT. EEER
Bollgard™ 11 & # cryldc # A\NWILE B XK cry24 B\ F—H#%.

&4 (Co-transformation), ZHY LT AEEAR LW SN M EHEE R
#IE . wEEEEX YieldGard™ (MON810, MON809, MON802),

AASFEDFFREAEERMAEETRETHFE-LRA, pRENE
E.EAMENEENRE . pARIERANEEGERERR A LAREATE
ERsk. 2N EFER - M EEENERTHHRIPREAF L —RREANF B
KMo REABEFRBREAARENRE, 2XREGERTEWER 07 %,
EhRFHEH, 2ALRAEANERAFE 23 RBAEE, FRE 341K
HEE 4-6 K, LEEKWKE. Bk, #2T4UFELLETREAEES,
ClERRENRFLR, RECENMNALARFERTREIRE, REFFTH
BB, #REAFEREENRESES,
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BT ASFHE L 2A0 X RRERE

LAXRGEFHERR RS

1.4.1 RAFF B = 4 b 3

HR#R LA 400 0 B F R b =AM, B 1996 4 Bt #f Bt
FABIAHEUK, RETRESEH P, F 2007 FRITBETREL 2 24
W, E2009 4, HEEX®K 224, METHE 4760 7 /A Bi(Tabashnik 2008).
AMESWRAEREA—#, ¥FEATRAEE Bt EEEHL5 A RHFEH
PR, BB Bt ER T REFI A, BEESRNEFRERSE. EX L,
2% 1985 £, McGaughey % # il €U A %% Plodia interpunctella (Hiibner) 3f Bt
HA ALK, BJEA RE/NER Plutella xylostella (L.) Fo ¥ £ B ¥, Trichoplusia
ni (Hibner) 4 F|#E A BB EFREF 5t Bt & & 4 Hi % (McGaughey 1985,
Tabashnik et al. 1990). B¥, EF S H#HER | #EYBEE LA HE Bt fF
M ERE (R 1.2), 25 £&: BN EXBEER Busseola fusca (Fuller) #t%k
5 CrylAb B4 % £ X (MON810) /= 4 $ 44 (Van Rensburg 2007); = [E# L&y
% & = Helicoverpa armigera (Hiibner) #t % i CrylAc ¥ Bt #% = & 14 (Liu et al.
2009); ¥ % B & B LR KR Spodoptera frugiperda (J.E. Smith) %{ % ik CrylF
# Bt £k (TC1507) 7= 4 #i ¥ (Storer et al. 2010); 3% [ Arkansas # Mississippi
14 LB K Helicoverpa zea (Boddie) #t % ik CrylAc B9 Bt 4% = 4 #1 4% (Tabashnik
etal. 2008); EV & Amreli 3 X #8414 & Pectinophora gossypiella (Saunders) 3¢ %
& CrylAc #7 Bt #8 7 £ 4 ¥ (Dhurua and Gujar 2011); % B Jowa # E ke
Diabrotica virgifera virgifera LeConte *f %k ik Cry3Bb B Bt E X = 4 H #
(Gassmann et al. 2011). ERILULSS, T AR TH CrylAb it T H F X ¥ Ostrinia
JSurnacalis (Guenée). B E KR Ostrinia nubilalis (Hiibner). /N ¥ Diatraea
saccharalis(Fabricius )% 75 7] #£ % crylAb &k L 77 7&(Xu et al. 2010, Wangila et al.
2012). A4, EXA 10K, 2R F A4 HEXCETNRTR Bt RS
Fb B (Tabashnik 1994),

11
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# 12 BEKRER Bt i = £ B EATE R

Table 1.2 Target insect pests which have evolved field resistance to Bt crops

Target pest Crop Bt protein Country Reported year

Busseola fusca Maize CrylAb South Africa 2007
(MONS810)

Helicoverpa zea Cotton CrylAc USA, Arkansas, 2008

Mississippi

Helicoverpa armigera Cotton CrylAc China, Hebei 2009

Spadoptera frugiperda Maize CrylF Puerto Rico 2010
(TC1507)

Pectinophora gossypiella Cotton CrylAc India, Amreli 2011

Diabrotica virgifera virgifera Maize Cry3Bb USA, Iowa 2011

1.4.2 5| 8/ e 4 B S e R )

HEZERERRENT £, AREEFFEUHTHESAA, BREXRYS
AAnEEES, BWARAKLE ZNE “SAE/R¥F X" (High
dose/Refuge strategy). EFER Bt ki EmHE (ZHTRAFTEWAE) B
KEREYE, BAR 99%U L HERAMEA 95% LR A & E R, HEIA
7 Bt e B E MM 4E Bt fF 4y, REGRNMESRAMENMERTRE, EEERA
bk, RAREREEENEY, ATEZAHNFA,

it ENEKEER, “GHE/RFHAES” AETTURREZRFR R
FEFE. Bt i Bt EXELEHLAME 15 F£F, ARHEXE, BFE
¥ #F ¥ Diatraea grandiosella (Dyar). ¥ R BF MU L 2 ST ERFF RMA
BERARTFHHERE, RETEEMMmEAN “BHE/RPHEE” AR
5 #i(Huang et al. 2011), W FHHE Bt X 5 £/5, HEWH ZE Sesamia
nonagrioides (Lefebvre) Fo B E K EHWH MR A M, ME A 8 ROB 2
¥ F0 M K AR 2t Cryl Ab By 4 bk B4 4 5134 ) 21 £ %0 10 45 (Farinds et al. 2003),
FARAFARARPHOEGTELEI RBETUNKZ Cry3Bb WEX 4R

12
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B, FERSEEEEAAEEMN, THRPHARGR 3 RENH R Bt
F KB 5 G 4 48 Fl(Meihs et al. 2008).

B “BRE/RFPHEL” WARBBE/LMTRES: HERKBERE,
NHFCEAARR, TEKRPAUM AKX, XEEGEGFINMEEE
EIRENATZEELRE. CARBENRENERNEKRE, THEXE, —4
/NRBA B AR AR SEL A Bt WHERAZ L EHHEHE (Huang et al.
1999; Sim et al. 1991; Sayyed et al. 2000); Bt & G T E E =R R HFF,
W CrylAb X K E X EF0 CrylAc X BFRRMN R B R LA SRER, Bt
REBURTTERLFANER; 4 Bt PAAMNY R T HHB Y LGERY
BNAFEAHK, AT ANREAZRERR AR EBARE; AAANFRL
RE, BIEMRLWA I BORAEKRTETRES, MARY 23 Bt i
HEFFHTRES R, FUAEHEEHNTERFARBHRAR. 54, 45
REFPHFERERERR, BEME— RO ERER Y, KM LHIR
EAURBEE R FAAEL, WEEFRERPE (Environmental Protection
Agency, EPA) EX RPN R L AR M LG E L S0%, B, H~E
PRHEEFENRAL. REREANERASRPFAETRZENFE, RBE
T “RIPFER” B #(Shelton et al. 2000). BN EXBEIR. BEELW
ERRBERXENEARTFEREFERYE, TEFAREARERP IS
& B & & & 89 Bt £ 4 BT E(Van Rensburg 2007, Gassmann et al. 2011, Huang et al.
2011).

BT “EHERFHES” EXFEAFRIGHEK, REMNFRMNITR
. EARH TR BT ERRAYLE,

14.3 %X & X H MR

EMETANAKNBRERSHERLE, $REBEERE YR E
B—AXREE, FREBURF, TR FRXENEAHZAXEESAR— 24K
EWELE R AL, TURERGHEHNRRIFS, §F AR R,

1996 4, % ik CrylAc ¥ Bt #% Bollgard® (Monsanto, St. Louis, MO) ¥ %4
EFER LA, ExEFEIR Heliothis virescens (F.) Flir 4 h A E%

13
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BBy R, B2 8 E KR Spodoptera exigua (Hibner). ¥R WA LK
BREEHWHARRELEE, BMEFEER/RBER A REF R LES,
2003 48, F #8842 % % Bollgard® % a8 4 \ — AN Bt £ cry24b, F
£ HRIAFHHRE R 2E G Bt # Bollgard®ll. F WK% %%, Bollgard®l F
BIUBRFHERLALERR, HXAR. EHAARPAIRALR
Pseudoplusiaincludes (Walker) (Adamczyk Jr et al. 2001, Stewart et al. 2001), H [8]
KB RHA, EFERFLFNERT, Bollgard® 5 ¥ F % - L4-LS #4945 L8R
SRR EAEN, ERAKESHAFOREKEFHETEEMN, T Bollgard®!l 4%
He L4-L5 ., REKEH A ENRAKEF KT Bollgard® 5% M. #E
& = F B ER T, Bollgard®ll t Bollgard®# % WM& KK, WE/LFHA
# =22 7] L% 7 (Chitkowski et al. 2003, Jackson et al. 2004), % —F &L CrylAc o
CrylF 9 Bt # WideStrike® X i ¥ A B A LR A XKWL AR LR T 2B RS
CrylAc # Bt #(Adamczyk Jr and Gore 2004, Adamczyk Jr et al. 2008), 5 4+, #!
At ARk ANEES BN ERSXE T XTUR
Bt t Rk TEE, o PowerCore® (eryld.105 + cry24b2 + aylF),
Genuity® SmartStax™ (crylFa2 + cryl4.105 + cry24b2 + cry3Bbl+ cry344bl+
cry35Abl), BAWER T ERAREZEHE.

HRAEAGYRELRURBENERFT &, BHELLFTTRRAR 2
f 3R 2 # DL # Bt & & 7 4 #i# (Roush 1998, Christou et al. 2006, Manyangarirwa
et al. 2006, Storer et al. 2012), ER KB, ik CrylAc 1 Cry2Ab B Bt 487 LU %
2EHEEX CrylAc FARUEAMLREAE, HRE oylde HFodE Bt L
B 7 5 £ 4 7 & 22.4%70 20.4% (Tabashnik et al. 2002). #i Cryl Ab /N % ¥ Diatraea
saccharalis (Fabricius) ¥ A7 MON810 (CrylAb) EZAHEKXF, EFEEAE
%1k Cry1A.105 fo Cry2Ab2 p9% £ F X | 7 7& (Huang et al. 2007, Ghimire et al.
2011, Wangila et al. 2012), #¥ XX & cryldcterylC HAH % G % H R B3 CrylAc
B CrylC Hutk #9/NE 8 Plutella xylostella(L.)(Zhao et al. 2003). [ B % & CrylAc
FiCrylle WH EXEWNE R RER R B ENHEFEEXHREF CrylAc i
HMAEREHRER, AREOARERERLEERER 2 EH(Lian et
al. 2008).
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REGEVHERRE =25l F 2 X FH 44 W B 41 % (Storer
etal. 2012) WRREEFHEYRENEH Bt REOBS R 5% U LHF R ER,
Je 3 B E BB 10%, T & P M M R b 2 B L 2 B 25-100
e Wi, BRREGEFREEEYTURKRY FORETR, Moy ks,
FrH ¥ Bt RFEH e, £EFRERSFERAE 20%3F Bt EX. 50%3E Bt 4%
RENRFH, ERRESA Bt RAKRREDN, RE 5%E Bt X 20%H
3 Bt B4 4 R4 B7. Bollgard®ll 7 DAfE A i Bt 0 AE . Tk, BE.
o S AV F BB B SEBORB RS BT, BT # Bt & 14 8 5 BT
EXH 10%, R4 EFEE K PowerCore® N T3 5%, WA LUBHERF
18 5%F 3 4 % B T K 4 4 SmartStax™# 47 7 .

144 R4 X H Yoy R A

ENFRESFA Bt RO X TN, ZERASRAXEEYFEES
W—ATERMN, ERAFRELE YN, TERRERANTE Bt EOWH
1%,

BRNAXY Bt EOREEFHEARURAEVHTE A RFES, #
R, EdxTE Bt REFAXEAMNERTE, w4 CrylAb B EH E %
B3t CrylAh 131 WX L4, 3 CrylAc & 36 R4k, #t Crylle £
EHMH (Xu et al. 2010). #i CrylAc WEH FEXERE R EZINX CrylAh A K&
KX i, & CrylAb AR AP B HitE, 3 Crylle T X ZH (5% £ £. 2009).
P CrylAb 8 ER M £ KIEX CrylAc # CrylAa 2B H BB WHME, EX CrylF
HPLME LK, % Cry9C & E i1 (Siqueira et al. 2004, Crespo et al. 2011). #i
CrylF Byl £ K3 CrylAc HEAFHX EHM, # CryC 1 CrylAb x4
703 B 4t (Pereira et al. 2007). 31 CrylAb B/N ¥ 5t CrylAa 7 CrylAc X & H,
HRBH Y, 5 CrylA105 A ERAFHRE, * Cry2Ab2 X EHiHE(Wu et al.
2009). F [ 7 8 # % FoF AL E LG W H AN ERRE 2R S 52 CrylAc 7 4 2971
540 253 fEE9 4, (3¢ Cry2Ab & 1.1 577 1.0 894 (Luo et al. 2007). H
CrylAc By B % Vip3A T X & Hi 4 (Jackson et al. 2007).
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ZIEEHR, WEHA Bt RaHhEE (CPs) WEANK: LERR
ABtEHJE, ICPs BAER 2P AREE A THE ABAR KT EHWHFEK
(toxic peptides), ERMR— BB =NEHBAR. AR 2R P, FHKEEE
REHBRINREHBINNRASILESER TR LA ERBE L WIEREARAS
— ML, BUFRERRLS FRAETEAHMREN, EREHNR] FHXY o
BN o -EERE PR ENAE, FERERAEAERETNL, R%E
BB THYUR., PHRHE. BRI (Gill et al. 1992, x| FE%. 2000, BFFEF
&.2001). i F B & o 7 b B 40 MR 3R 4 FE % 78 (Brush border membrane vesicles,
BBMV) LW ZHhZERAAKFY, NTRZALEETRAEN Bt ZE, BW
EEBEARBENE—H, TEAEONEREFEBLEONEF I THRLE
BRFEyt— M EERE.

MEFHHEE, ERNTEAN B EEFAEXEHYE, TERAIRHAR
EUZEEZRFHN BBMV LEAHENELAES, RAFAZSIRHNREHN
S k& & 1 F| (Pigott and Ellar 2007). X —HERBA S TRMIEL, RMEX
3t CrylAb #5 CrylAc Bl #FEREW X EHK, & CrylF ARENTIRNE,
FTERANNANEONEAZHMER, SEEEEaPEAKESRED, TH
44 412 3 (Drosophila S2 cells )% B CrylF 5454 & &5 £ £ (Crespo et al. 2011),
REFLELRBREACYINETHEXREFHBBMY LF 5 CrylAc K44 4
fr &, W Cryll 5 CrylAc RA R ML 6 A (Guo et al. 2011), CrylAa,
CrylAb # CrylAc R4/ PMXRAMBE 2P BBMV LREWESLR, T
Cry2Aa Ul 7 5 2 % 4 (Ballester et al. 1999, Karim et al. 2000), 5 4N £ Wi,
I'"P#FIEH Cry2Ab L 2F 5 RE+ W BBMV L EBERAHSE SN,
i B F#E#F % 5% (Heterologous-competition assay) % 853X — i & ¥ LA# Cry2A
REWEMAEZ A Cry2Aa. Cry2Ab. Cry2Ae 4%, ELXf#H CrylAc 4%
(Hernandez-Rodriguez et al. 2008). Gouffon % (2011) F| & I'* #FiC. Cry2Ae JE A
REL5 CrylAb, CrylAc. CrylFa. Vip3A. Cry2Ae 7 Cry2Ab EAR4 B, H3¥F
BRAALBE T BBMV FHEEE0HN, GEAUNER, B Cry2Ae
WESEEBTULE S Cry2Ab, EHAREL A Cryl 3# Vip3A(Gouffon et al.
2011),
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Vip3ARBtEFAKHW A —HERERNIZEE G, FREERS,
T LABF 6% Cry & & A R B /N0 # & Agrotis ipsilon (Hiifnagel), *#4 &,
HEBRR. PEBRFERABREE, HEF4 CrylAc FEWR TR FE
VBEBRERARFER BN, BHRRRAXEAHNARRAE. FEERE
RBERARRT L5 Vip3A 5 Cry BAFAXEHM, BH Vip3A ZEF5E
ERTF, 5 Cry AZ B RA FHEMY, & &% #4748 F(Estruch et al. 1996). Vip3A
RENETERPELN B P RAMMART, BERE Cry ZaHEM, W Cry
BEOREEKAE, #— PR R LN, Vip3A fr Cry R &% R £ % BBMV
LELHRERE AN EFLREER/NRE, Vip3A #1448 E X% Manduca
sexta(L.OBBMV L4 F &4 5% 80 kDa # 100 kDa ¥ & &1, T84 4 CrylAb
W& E (120 kDa £ KB N A7 250 kDa B9 %454 & &) (Lee et al. 2003).
KA TS E 4 RR KW, Vip3Aa 5 VipAf B4 HMEWE AL, BRE CrylF
% CrylA % 4 B — A% 4L % (Sena et al. 2009).

Hib, EFRHEREGEFEYH, FTEARRBEE 2N S E B EHEA,
MBI EE, AMIE¥ cryld 5 crylF, R5 cry24. vip3d $ XX EHMAH
AERBE—RALERAGEF Y, UHFBAAR ER A EFRaR RN
HERAEYK, FHYRANBTERRERE,

158 Bt EFEXRNALRLUFRER

AR Bt EEEXNAERE HA, AMIEXERFEREANH S,
SHFMESKAM, I BLERREF BN LM E B AR HEE, £ 22 E 1999
F, Losey % (ER) X LREE orylab EXEREXNE LY Danaus
plexippus (L) BRI EE, YA ELEREBAZILXT Bt EXAAZLM
WER, Bt EXNAZKLTERANBEFIER. SERIFLEWHE AR
EREYHENTNE. UTEEHN Bt EXNERFAYMERATLLERE
Je
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151 Bt EXHAEARLAFEI %

KEFHRPHE 2012 FRANREREEAEYE AT RLLBHATN
PR RN AR RS R T FE AR AT R R
A RAREME R T, RPEENERT Bt TREERFEHE LK T
T

EhRABEBAREUNFERFRENEAETEY, BHRIUTEE: REX
BiEEHR; RBETBEOW/LE;, RERHEENASM: EEWSHYE
By, EFPXAEFTHNE; EBEHAKMEREAERETHHAS
RRFER; EARVTENRAUM.

REEBAFGHTERFAYZE Bt AP RHELE, T, HE4EX,
BRITEALET Bt it B EBFEHHFHNER, ERFEFTIRRUA
EURRPFEUERFANEH _ERZRERF LR,

ERFEAEYRFERERERAAREAR, EEEA BIENERK 47 Bt
EOMATEARAREIRERREY, FERENER T RFEFAYEERE
BTHEATHEEMNE.

AREREEFRFEYHERKRTER, PRTR. XAFH. KE. B
B, $HEER, WENE, EEAE.

WwR Bt MR EFRBTENFERTEYT, N TR EX—FH
FRGRNAERNE, AEFKEGTRERZFEFA LY Bt BYHKFE
EAE, UREZHNETHRIFLYZENYH.

1.5.2 Bt X ERF LW EWH
1.5.2.1 ERARE R #H

Bt EXXMFELEFHRE RN HA KL HRY, 5 2—F X3 Rhopalosiphum
maidis (Fitch). % K % %F Sitobion avenae (Fabricius). K 4% € 8 Rhopalosiphum
padi (L) RAGA D BWERAFR, TERCEHTAXHAR, BtZETU
ERERPARRRE, ELRTHIHYEPART EERAT Bt BANA
/N0 4 H(Raps et al. 2001)s 3L #9 ELISA 7 % %A # M 2| B & Bt F k894 stk
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AER Cry B8, RALAREF 2R KRME CrylAb X T #ER B 4 LR #t
AT H SRR, EA REA EME Bt & B (Lawo et al. 2009, Romeis
and Meissle 2011). LR B A Bt X (CrylAb) 5HEXFANBEXWHF ENF
TR, RFEER, AASKKE, £ANAREEY. A APREREKSE, AR
BREPHRGHAR ZoPRBTBELYF LY, RARAFAELNEEL
# % 7 (Ramirez-Romero et al. 2008a), Bt E X B WA A LR E U EH TEL L
ExE, R RATEAEYN, AL FHEESABEXLEELER
(Lumbierres et al. 2004), BRAYK LR HFEME Cry BE, £ K LT AE Bt EX
REHR2EONEE, BRI BEESIREA XA R R - LR T L
SEMEF RNBRRT A, wERKFERETHRAE Bt X, HH Bt EXRHFEH
HEP—BEEK L E B FF 52 B (Faria et al. 2007),
A, B coryldb EANERARE R E KR T Chaetocnema pulicuria
(Melsheimer). H &Y Fi &% Popillia japonica (Newman) & 5 EX# &
Diabrotica undecimpunctata (Barber) i #F # M2 — £ E# CrylAb & &, 1€
& K R F & % £ (Harwood et al. 2005).

MU, REAREIANERRERFRNAK KT ERARLAEEN
WHER, IEEER 2 EIRERRZATL LSS RFREFT ML E L, EH
HEEFAREIXSARERELBRAEALERRNBAME, RS HFEF
BAWER, XTRIRELFRGFRELIZLETHHBARLELE, & Bt
RERTHEEANEF, FEREFLEH LA N ZEF fLuetal 2008).

1522 FEFAHK

HREXE:

MER-KFAMEMXEENRRE S, YR HAHLY, TER
RS, TURRE R 85 SRESERN, AR YBEZ R RERYAL,
W

U e EEME Bt R, AERANXERY, ANSsREXR
H# Bt FHERAMARA TR T, B4 Bt EXPUENRE, H5%
BRX Bt THBRREENZERFERENEHARNE, WEELBNAE
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Bt EX Bk HH. BREXA 0 3rH ¥ Tetranychus urticae (Koch) #%
W Cry3Bbl 4 & £ A B 56%, TR & & % 8L & Stethorus punctillum (Weise)
% Cry3Bbl W4 B 6204, Bt E A HRT AR, SHELEEE
BAE, R4 cry3Bb] EAFIRE M HN RS RSN LY R FRERELT
iR, REBFEERKELEEZ AL and Romeis 2010). CrylF %% crylF %
K. B AR F B R ¥ B B Coleomegilla maculata (DeGeer) ZRE R X &
PR E TS, H AP CrylF 8% 2.38-4.33ug/g FW, £ A WA N CrylF
48 96.9-211.8ng/g FW, B4y f7 2 CrylF 48 b ¥ 3 % BUK MK 3-10 4,
X% 20-32 ng/g FW, RIA N4 B2 BT, HELEFRM, AERATE
CrylF 8. A CrylF NEX R RBREAREREARHEN £, BA LA =
B G RE &M ¥ 4847 5 B A £ F(Tian et al. 2012). f & MON863(Cry3Bb1)
B AR AR, MR WA T AT E RN L E AR B
HagARF£2R, AR aEAXLNE Cry3Bbl & Z(Lundgren and
Wiedenmann 2005). B & MON810 #f 5% & ¥ & Harmonia axyridis (Pallas) %"
B3 ¥, CrylAb 7 MONS10 #/°+ jr + & & % 23-33ug/g DW, #E XM A H K
FHEEN 2.122pg/g, ERRENNEGEENRN 0.01-02pg/g, THZRHN
EF R EX AR MON8SIO frik# £ FHx BEXWEN R BREA R £ (Dutra
etal. 2012).

A TURERRENEEEME Bt &y, FRSRHE, daNEKE
SERL, PRalio, FH LA R4 & fo R hFHE W AH AL H (Lundgren
et al. 2004, Lundgren et al. 2005). SxBAL, &% TFRGFIH% cry3Bbl EX

(MONS63) # M A TR EHAER L NESERFRA RN, TERR
Cry3Bbl R Arsf iy R R b AR A A TH RN R X 7 A H
4. FERE. % E ¥ ir(Lundgren and Wiedenmann 2002). &4, MONS863 %
%+ /N\EX & Epilachna vigintioctopunctata (Fabricius) AKX HH&H
7~ F| 7 (Shirai 2006). % cryldb EX ¥ (MONS10) *REHM =X F/A#F
hERAR N MESERIABRREEAEIRERNR M EEAN 0-Z B E
BEEN, CREREEESEURSAERS-EBBFHSXBEARLRAE
FZROEAE et al. 2005). HEEH cryldh TXEBRWEL I 5 Propylea
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Jjaponica (Thunberg) WA BRBH W R T AP EFTE SR BB B4 R
RUMAZR, BHERRXARH. BHPREAGHTELER. HELH
CrylAh R a5 24 Ryl o- L REBRAENBREXRREE S
BAXMEIEOBTUHEEFRTHRASE Bt AERNAKNE. TR,
LANERREA CrylAh ZREENEXRERE, FARMESHATRHE
B®M5 Crylah X2 ZAMEEHR, T RELMERNTHEES.
2011a, b),

BEKXS, REHFSHALMEE B XA SN R RE, ki
CrylAc # Cry2Ab #74% & 1% BollGard®Il xt At £ 3 L 0 £ K R TR A BoH,
#oryldc BB SR 2R ERNETAEN¥HRIFLEETN, # coryldb AR
WM R R Y% ¥ B Nilaparvata lugens (Stal) MAKMRFE, REAHE
E /1% 0% A 8 ¥ %7 (Bai et al. 2005, Bai et al. 2006, Zhang et al. 2006, Zhu et al.
2006, Li et al. 2011).

XN BtEEXHAENL AR FE— 2SI, Hilbeck % (2009 A% Bt &
B4 R% - EM % Adalia bipunctata (L.) $h: %, RIAREABEELEY
CrylAb 70 Cry3Bb AR EM %, KAYHEWATEEFHTHR, X —HKiE
B Bt XMW RBARFELTAFE, €/ EEHA%E L MONSIO EEE
# #(Schmidt et al. 2009). Romeis X X [F] # 4 %{ Hilbeck #7355 % 77 i 4% HH /R &% 3
BT EELE, F5%E (Spidermites) fF4 Cry BEHE&, #FAF TR ELK
W10 fEH CrylAb o Cry3Bb B G EEHE —_ EN b4 aft bk, £E4 %
RTHR. RE, RHAHERKR, 2REFA_EN &2 CrylAb # Cry3Bb & &
TR, MEXZXHEHEZEHN Bt X (MON810, MONS8017) M A K%
B & 4 Y ¥ 7R A T F &% (Alvarez-Alfageme et al. 2011). Hilbeck (2012) #
% Alvarez-Alfageme % Jf| #) & Exposure/Recovery 5%, TR ERFEF4£T
T4 R By L% 45 R (Hilbeck et al. 2012). Romeis % | B #iA 4 — E M &2 Bt
g R, Bl 7 Bt 4 B % T worst-case exposure concentrations 10 4& # J T 17
ARZER NS T AYFRRLETH, BAEDELRFRELT = 2N kB
2| CrylAb sy &R, FEilk Bt EX = BB b #h %9 7 LU A % A it (Romeis et al.
2012).
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¥REF-RETHNHFRABRARH, Bt EXNERNRLUEARS A,
B # 1998 4 Hilbeck £## CrylAb Z G4t ¥ & £ ¥ Chrysoperla carnea
(Stephens) % &, HA4#H CrylAb WA LR RAN L BER S bR RAF
57% (Hilbeck et al. 1998b). [l 4, Hilbeck % & Bt % (CrylAb) ¥EA7E KM
FRERFERGERSIBARY R REBEL Y, LARRFRE LR
ERY T T RAT 6%, REHTHARRAFHRETEXBYH L EEL, T
ERRRMNEREPRA BB EREIR G A TR AREEEFLR, 7,
BAR Bt EXMWBRMEXREMRN Y BER Y NI TIHEEFRTRAERE
EERKNERMNEKEAROG ST RELS, EUNABBRYBYH TEEZIMER,
Hilbeck 3 2 B % % & ¥ ¥ 4 i 842 CrylAb & g A& Bt Tk B WK
MNEXKERE TRERY, & 1999 FH5ER F REA U4 b Hilbeck et al.
19984, Hilbeck et al. 1999). € 7 Hilbeck Z JEMLRLER A £ %9 Bt EX M ER&
EHRAETHEH. CrylAb BE TR RYE (% coryldb EEEX-KMEX
W RER) #NERARNFARETYE, EXNERNERKLATRFFTERS
FlRms, #t— PR R EHES ) BBMV L& H 5 CrylAb 2 CrylAc BB £
AHEE, MEERHA CrylAb EEEARAELPHALLHEEALR (No
histopathological effects) (Obrist et al. 2006a, Rodrigo-Simén et al. 2006)., & 18 ¥ #
B &4 CrylAb = Cry3Bbl ZEWERLR G, AAFEE. FIudl. £47.
FHRERRETESRAFLEEAIANRNELRFEFZR, EXR TR
BEAEBRBHMANLERE, b TERTEAFHRLRE, AGEIMERLES
FRECER R, BLELRGEERMIARIEN Bt &a, MHRA 39.5%H
CrylAb # 21.2%#87 Cry3Bb1 # % L% 4X (Li et al. 2008, 2010).

L4 ¥ Neoseiulus cucumeris (Oudemans) 1 & 7 B & % cryldb E X (Bt
1) et EEEXRN MG, RATE. REAMFETERYEH EEN
# 7|(Obrist et al. 2006b). £ =R EFIXB ¥ CrylAb B O EELHE R YHEY
HHFR, HEEAEXDPHERMS T Poecilus cupreus (L.) KK CrylAb & ¢
HERN 8%, xF TR ko4& K R FH T E I (Meissle et al. 2005), 7 #
crylAb K% 4 — 3ot $6-F& 38 b Athetacoriaria (Kraatz) £ 414& 78 K ey
ERER, REHREHR BtRAN S TH 24 h FHRARLINTE CrylAb
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kG, TEERYFRERAX Bt EXBHNELT, RARWFER, X7
B, Mk, ®EH (fecundity) Fr= 58 E (egg fertility) S BB RABF 2
#(Garcia et al. 2010).

FEEXRHK:

FEERPFESE, RASRAAFANEERY, RERREWLY . LE
REFLENARREH. FKERKRE Trichogramma ostriniae (Pang et Chen) £ E
MNEKREHABNFES, LR BRMEIAERN AR GREFLEH FRUEHA,
%3k CrylAb Z &84 Btll o MONSIO EXLM M EXEAREBERSE4, &
A . FRRAKPY LR R #(Wang et al. 2007, R %. 2008).

BTFEFELRAHREAREIRELTLENE, HERRUE ZFHLAE

GHELSBRRYATIANERERMLEN FAEATRNNFIRMLFE |

%, AHFLTHRAREAEANEIAT N EAR Y HARA IR T ABEK.
REREN AR TRE., pFLETHE Bt EXNHKBEY 2N EEEYE
Campoletis sonorensis, X REHELABRL T 15%-30%. F4£TLEX Bt &
K itk By P W B Ephestia kuehniella (Zeller) 4 : iy & R EH % % Venturia
canescens (Gravenhorst) X HH#iK, ExABRFLET Bt ARFTHFAS
A(Rahman et al. 2004). FARR T HEFFTANERARRNEBERER
Cotesia marginiventris (Cresson), XX ® A, REAANFEE A X B PE
(Ramirez-Romero et al. 2007).

¥ JB 4% % Campoletis sonorensis 3 B A% crylAb EX o 5 £ T KB RM
FAERY M FLEEBRRAZR, RERRZFRAE Cryl Ab & B(Sanders et
al. 2007),

1523 £ E &

& Bombyx mori (L) BFHHE, BAN, RREEEWEHEL, B
FENIEHAER L EARFELEE. AEREY Bt TEERANKES
B, BUEHTELT CrylAb B E#A AR, A+ HRESEML, #
AREN Bt EABR(EE44.2001, H¥HX 2004).Bt EX 3t X BEWH AR
FRD, AHEXKLEHEMONSIO BN A EEARMNATE . HE. 4 E,
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HEE, WBE FUEHFPESENFEARLS AP, BELAZWHEXK
BL, %t ¥E % Antheraea pernyi 817 75 B A0 K E 4 A B(F XK 4%.2002, Lietal.
2005). 1B Bt AR EH —F &, TEEERHE KMD3 (CrylAb) 8 x40
BREYHAZAKE, TINKENGCEARAR W, AT RAXEAESR
PEEEFABURWEARREFEREFZR(ERESE. 2001). HHFEFR
#RE* Bt A% Bl (CrylAb) ## KMDI1 (CrylAb) @ &&, #f TT9-3
(CrylAb/CrylAc) T8 &, T B 1 # 4 d b X Al #1 %4 Bt 260 B #L A (Yao et al.
2008).

METRMNERERTHEBNZENEATFAEX, B ETEHERN
B 7 F+ EA ubiquitin, actin I f# CaMV35S, XK= ¥ B FHRFHAF KRN
W, TUEAKTRE Bt BB, ERATEBHT, Bt TEWRZERETRAMN,
TT9-3 4 A B9 B 51 F & actin I, KMDI1 f2 Bl ¥ & 31 F & ubiquitin, KMDI1 71
FBtEEAERTTI-3 M 45 %, Bl L+ Bt ZEg 2B & TT9-3 & 3.4 f#(Yao
et al. 2008), E Xk Bt 176 % A W& LM & ® & A # B 31 F phosphoenol pyruvate
carboxylase promoters, Mon810 £ A ¥/ & 31 ¥ & CaMV35S, Ef¥ F CrylAb 8
%358 A H Bt 176 ¥ 1/40,

Bt BB EARXBRTHRRH-—ERNEL REMK, IXEFPHEEY
SHAREXENENE, RARELEHALR R, R b# i fE s #
RHFER MR, FUSFERIANREZORERK, XTI &
Bt tW A RXELHHHERE. Fik, B ERENRESLEHW, FERI—F
BE, ELRAXAKREFRERLRHEARBRRENTE. 2LI% (2003) BE
HMAREBEMA MR AFERNEE, 20 MREENAEERETR, B3
B HRE T ABER, RRETMEER 133-199.0 K/ om’, FHKE
#0929 H/em?, BARKIBHURELKLZTWEE. EXUAREAS, &R
EA (3000 THMK/EEKER), ERORE, RAABESFHE. B3
MAHEXEREET L EARERNRE, B Bt TXERDIAHHH
(4sclepias syriaca) L ERBENRAELERER, EHREXBENTHA A
L+ Bt EXEMTHH 170.6 B/ om®, & T L 1400 K/ cm®, R T KM
SHEERA,IREELERD, YIEE K 2m i, THE 142 K/ cm’(Pleasants
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etal. 2001), F—REELREH, EEB Bt EANALZ 0S5 mF 1.0m 5 F
# ot B b & TR YR E 2 BT 3 260 F8 170 K/ cm?(Zangerl et al. 2001),
PPREAE, BRUWIAIHE, TEETHR. RARANRE R HHSH
SREREH LAAREE. o, EXEXEH, ARLFGOHETRHE M.

LBd Bt EAWEE, FEXNEREHHAERLRET LHEREEZR
Bt EARBENRBWAKAAERYHNEIERNE, DUAERR L ERMHE
RBFEELNEER TR, BWRE CrylAb ZEXN KB WNRE, RF
Cryl #2& % & @ CrylF. CrylAc. CrylAh. Crylle, Cry2A #2 Vip3A (& &
NEBEWMETREKE, FRINENB EARBZRBANSHALRARELE
EEANRELR, REFFEERLI —4KXEXLE Bt BOWKRER, ¥
TEE B EEIAMEENAERNR T EFEERER, UET AT wg e 0
AE Bt FAXMEBRAEKATHYHAEERE, VXREAERBEELRR.

Bt EXM EEWNHFER LKL FTRA LFHF ¥ (Duan et al. 2008). E WA
& CrylAb 2 CrylF A EXERHAR 45 DR IS 2 5 EEANE
ERMW, EELHamBNATERRENTEFE FHanley et al. 2003). #
cryldb % MONS10 t R ¥R A EHE X (cryl4.105 + cry24b2 + cry3Bbl) 2
mg TR MAEARFERI H4%, AFERENBESFLELANREXR
£ # % R (Hendriksma et al. 2011). #—FHAT LA, KREW CrylAb &8

(Bugkg) HELWRRATAPREERAYW, KRELE 1000ugkg bt 2K
BRHERTH, LKEXE 5000ugkeg (AHLTF Bt 176 EAAR FHERIEAE)
B CrylAb B EAXN EERAHAER, EoRMESHRRITY, BTRW
2| % % 4y ¥ ] 8¢ /1 (Ramirez-Romero et al. 2005, Ramirez-Romero et al. 2008b).
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BTE =HE B £ E Tk WA AR b B A A

FIARREEZWRRGURIVEN, " ERR T L5 f & E 1AM
2008 £, AREAEREIARE, KRARERETREAEY, %3 2986 F
hm*(F F4. 2011). T E % ¥ Asian com borer, Ostrinia furnacalis (Guenée)
EWAREEXEFWEEET &, FETHER 600-900 Friy=EHk. Mok,
FAENAELZERBEIARE, DEALRAORBERNLE, BEFER
J(Wang et al. 2003b). 1% 2009 4, & B F K % hF X £ T H X 6353.6 5 hm® %,
BREXB K 43549 Foh, Kb EKIE 1976 F hm? k(FF%.2011), 4 hE
FAMF-—MHER, AERRAFABUXEIABYNIEEFRZ—, PEH
FRBRATRAEK, FREQANEREREBIFIXE(FRES. 2001). #
RBEBORABRRE-—HEAM. BAMED, TEFIHER, LAHEFX.
RS y(EFEE. 2006, KM%, 2008).

BBt EERHEXBELRREFHEY, TUAEMETHAERG %
TN FE KT A M4 = F(He et al. 2003a, Wang etal. 2012), E—REEFHEXH
BA—NZE2EOEE, @ cryldb. crylde. cry9C. crylFal. mery3A. cry3Bb
¥, BAASBERRHRAEE L, PRV ARARS WA oylab XEF X
MONB810 #u Bt11(Hellmich et al. 2001, Raybould et al. 2007, Nguyen and Jehle 2009).
R REEFEARAALARAL TEMFE, #RRARRNENEER A F
— k4, A% E A £ EE K (Zhao et al. 2003, Bates et al. 2005, Gould et al. 2006).
HUEREEEREX, $2EAFTRBEARNENE R, T AZKTEE, BAK
NERERRTRAMKE. B, CEEZEPREBRAMNRRALETER
oA AWM X 2 EH E E &K aylFtray34dbltey3sdbl
crylA.105+cry2Ab2+cry3Bbl ,  cryldbtmery34 ,  cry344bl+cry354b1
vip3Aa20+mery3A4-+crylAb , crylA.105+cry24b2
crylA.105+cry24b2+crylFa2+cry3Bbl+cry344b1+cry354b1 % (Meissle et al. 2011,
Yuetal 2011).2010 &, (%A EHELHNHEANAE RS EFHEX S R Genuity®VT
Triple Pro™ #7 Genuity®SmartStax™ 7 % F @i W L #b 48, B A ERE 4 5
(Wangila et al. 2012).
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ARBR-AHBLEAIANIAFTEFHTIMNTEAENEARRRE
B %R, REFKEEREL R Helicoverpa armigera (Hilbner), # ¥ &
Spodoptera exigua(Hitbner), £ £ & ¥ Prodenia litura Fab. W) £ ¥ # 47 7 ¥4,
DA FEZF AR B EITRRBEEEMN, FHEMNERENFELERRH
BRKIE.

21 AR5 %

211 REX

HRAEXEEXRER, £F 74 NIB £4FEH (N10. N20. N30, N40,
N50. N60. N70), 1 M V3 #EHhf 1 A3 BAEMN, REAELEARN
B Hindll Hf L A¥ B aRFERRFTASREBERFE HEFHFTANIB R5,
V3F 1223 BRAFENFES HENBEEE ayidblery24j, crylAbiip3DA,
crylAbleryll, B BENNAHEREH B S-HEXATHRFER3-BH A R85

(5-enolpyruvylshikmate-3-phosphate synthase, EPSPS) XH., £ & £FHEX & R
TR T, REEARE2011 F4 Afn7 A BT HILAFERBRGHN, 3L,
5-6 vHEAEE 41%E HBAR 300 R BR UL RFERLEFME. FraEkiER
EAFREE, BEMNEFTHRAEAREA.

212 B &

T W E * ¥ Ostrinia furnacalis (Guenée)(Lepidoptera: Crambidae) & & fo
CrylAb iR BaFERUNF¥REYRF I EREF LA RERHE. LR
Helicoverpa armigera (Hiibner), ## ¥ % ¥ Spodoptera exigua (Hiibner), #H &
¥ Prodenia litura Fab. W E P B E =XV HRAE (FIK, @) (Henan
Jiyuan Baiyun Industry Co., Ltd., East Section Qf Jishui Street, Jiyuan, Henan,
China). ®IFEF 28+2°C, HAEE 70+5%, X EH 16:8 h (light : dark) #
#HT, Bh24hZ AN EHEERA.
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QU3 ZEARRPER
2131 EBtEHEANTHNEXREGEBBHIT M IFE

MEEFEFROT, BH, Brt, LLPBEFTHRERLEE. TR0t
BABEERES, HK4om MEEANERE (65x20em) F, A EHF
PSR B 2 100 ppm FHAKUHEA A RERE, SEH 25 kB4R, 23
AEH—KRTH EMEEEL 10 R WY R HABRE, 45 MM A—4,
SRR lem® ZH/NE, WA 24 LEMEFKT, §LE— LB,
BEEH 7%, BEEL Sk, Brt AEHEBEEN RN R, KA 6 LAMIEH
B, SES KBS, XA 304k, SAEEEL 5 K. RFHEAR
WL, BRS cm AANERERAL (EZ6 om) ¥, LEHKERLEE,
BWE 25 KBS E, EL 12 K,

#H48h, 96hF 168h FILRYEFELH, MAT I BKREF<0.1 mg
W EMAT. MESHREBhA 6 hHRTERAHER (mm?25 %), £
% %% Chenetal. (2010). FrH X% % 28+2°C, MXIEE 70+5%, *J
#4 16:8 h (light : dark) %4 T#4T.

2132 % Bt XH F XA TN EXKE Cryl Ab MBI EHIE4E

HER S E T K N30, V3 F0 1223 L 4 Al MRS CrylAb it b s 7 4
MFWE, RAAFTHFARBRERENR AL EL 6 K, AR 120 L E 4 &,
BEEE SR, HK 120 kB4 .

REFERGRERENR, #ESH2T7dEHE, §ALEHK 2 L,

2133 # Bt EEE XML, HERRPALRRNA RN TH

WH A EE E K N10. N30. N40, V3 fu J223 Wort, b4 fg M T4
EHEE, Wt AERAREETR3em? AR, KA 6 LEHERK T, &
A3 A, BESINERG R, HEER. FUREUEY =, £9RHIR
30 k4, EEAK. HAHAFHANIem BREAN &, FILE S LBEH
BRFHRRRRARAA, EMELRR 30 L4h, 6 KEL. B R4
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KRB EAREREA 24 LBREFRR, REFERIRE, &1 X908
S, B4R, BFRRBRTMLERR 6 LML HRR, FIHS k0B
H, GHEMERARK 0 X4E, EEI4R 7d EREREREAR EFFHY K
E.

214 HEF LR

EEXREHREKEQT P YL LE, SRR TEER LR, FELH
EREFRAE 15 m BREBHBEETRMNDFRELE, F- AR EIFR
WA, EMEKRLE 80 kB4 h, EMEE 10 . WP HESR 2
AREEERTHRA, RA QTR (MK D, 1 EXFRTAHE, IEKXTA
LA EARIHARKENL, RESE. FEIRERRR G T B EFA
E, CRERFENS 2 FER. SAEPRERE, URMEEELL (M
2) &, AR IFNHRAE.

215CrylAb B aRE RN E

AHREFRFANTIREREMERLH, RER R 0, BE, Hot, TP
BHEFETOCCAEP, AATEIChEH20mg zA R, AGEEAY
BB (25 frequencies/s) #FE 1-2 min /5 UL 20:1 LB AREK (mg # &
ml PBST), 4% FRFEE4°C THLIOmn L EG XS ERERBAF,
BEOME YHFEFEHE CrylAb/CrylAc #77 & (Envirologix Inc., Portland,
ME, USA)#t A B H T B E, REMARKE4CHEAREZETEHF 2h,
CrylAb 4% & (Case Western Reserve University) f BBk E (5. 2.5, 1.25,
0.625.0.3125.0.15 ng/mg) 1 4 #7 & dh &, £ % 3 8 B8 457 L (Bio Tek Instruments,
Winooski, VT) TR &4 # &R,

2.1.6 kLG 544

FRANRHERMERAELRRE CrylAb a4 L RRKEF DPS R4 ¢
version 13.5 #4T ¥ Z 447 (one-way ANOVA, LSD), CrylAb fitt T E ki
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FEHREELERAA studentr AR, AL BHRT-EAEHTRERFFRE %
BB £ AT, AR Topsis k7t 74 NIB R 5% £ FH EXFHHTH
ERER B HTHFLR.

2R 544

221 ERERER
22.1.1 #% Bt £ FH F RN T E R EGRA BB kT4

IHEXERRELXATKEKRRLTBhEWRTRERRA(K 2L,
KPR N3O APt AT # KRB, X 96.40%, N50, N60, N70 #F - R %
70.00%LA £, N10 . N20 & 5% 1- F % 65.00% L+, N40 7T £ & %, R4 60.00%.,
WA hEAEKRRYEATEHET 99.00%, RA& NIO A 93.20%, A x
BS T HI 4 AL 48 h #9096 h YL T £ 471 % 2.80%77 6.40%. M EKE 4 &
BREKEZEMAS h /5, LT F X 90.48-98.81%, 96 h /54 Z) 100.00%. B4
N40 fu N60 £t 48 h )5, 4T R3iAZE 100.00%, HEKERTRY
97.33-99.33%, 96 h J5 i % 100.00%. A NI10 2 48 h /7, 4h RF T & % 85.83%,
BREEMRRRLANG T T REE 95.00%UE, 96 h EFRAKES HWHT
EHMZF) 100.00%. 4 RBHAN7OBEISh G TE K 67.50%, HHikEHF
TR % 86.67-98.33%, BRALLIh)G, HEEEKLAKEYHLTRT.
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Table 2.1 The mortality of Cryl Ab-susceptible Asian corn borer neonate larvae

infected different tissues of maize lines and their non-Bt control

R & % 3% 7- % Mortality (%)
Tissues Genotypes 48 h 9% h
ol N10 10 65.20% 5.99cd 93.20+ 3.58b
Whorl leaf N20 10 66.80+ 5.47cd 99.60+ 0.40a
N30 10 96.40+ 1.39a 100.00+ 0.00a
N40 10 60.00+ 3.68d 99.20£0.53a
N50 10 76.80+ 5.19bc 100.00+ 0.00a
N60 10 71.60+ 5.04cd 99.60+ 0.40a
N70 10 74.80+3.27¢ 100.00£ 0.00a
V3 10 86.40+2.81b 100.00+ 0.00a
J223 10 69.20+ 3.27cd 100.00+ 0.00a
Control 10 2.80= 1.04¢ 6.40+ 0.88¢
HE N10 7 90.48+ 3.37bc 97.62+2.38a
Tassel N20 7 97.02+ 1.75abc 100.00£ 0.00a
N30 7 91.07+ 3.07c 100.00+ 0.00a
N40 7 94.64+ 2.36abc 100.00+ 0.00a
N50 7 98.81+ 0.77a 100.00+ 0.00a
N60 7 97.62+ 2 38ab 100.00+ 0.00a
N70 7 97.02+ 1.97abc 100.00+£ 0.00a
V3 7 95.83+ 2.23abc 100.00+ 0.00a
1223 7 92.26+ 3.21abc 100.00+ 0.00a
Control 7 4,17+ 1.57d 6.55+ 1.54b
At N10 5 98.67+ 1.33ab 100.00+ 0.00a
Husk N20 5 97.33£1.23b 100.00+ 0.00a
N30 5 99.33x 0.67ab 100.00+ 0.00a
N40 5 100.00x 0.00a 100.00+ 0.00a
N50 5 98.67+ 1.33ab 100.00+ 0.00a
N60 5 100.00+ 0.00a 100.00+ 0.00a
N70 5 98.67+ 0.82ab 100.00x 0.00a
V3 5 98.67+ 1.33ab 100.00+ 0.00a
J223 5 99.33+ 0.67ab 100.00+ 0.00a
Control 5 2.00%1.33¢ 8.67+£2.49
bi:A N10 12 85.83+ 6.96¢ 93.89+ 3.25b
Silk N20 12 99.17+ 0.56a 100.00+ 0.00a
N30 12 96.67+ 1.28abc 100.00+ 0.00a
N40 12 98.75% 0.89a 100.00+ 0.00a
Ns0 12 99.58+ 0.42a 100.00+ 0.00a
N60 12 97.92+ 0.97ab 100.00+ 0.00a
N70 12 98.33+ 0.71ab 100.00+ 0.00a
V3 12 93.33+2.25bc 100.00+ 0.00a
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J223 12 97.92+ 1.14ab 100.00+ 0.00a
Control 12 2.50+1.15d 3.75¢ 1.52¢

R N10 5 86.67+4.25b 100.00+ 0.00a

Kernel N20 5 90.00+ 3.86b 100.00+ 0.00a
N30 5 88.33+3.33b 100.00+ 0.00a
N40 5 90.00+ 3.86b 100.00+ 0.00a
NS50 5 98.33+ 1.02a 100.00+ 0.00a
N60 5 93.33+ 3.39ab 100.00+ 0.00a
N70 5 67.50+ 2.76¢ 100.00+ 0.00a
V3 5 88.33+ 1.56b 100.00+ 0.00a
J223 5 88.33+ 4.45b 100.00+ 0.00a
Control 5 2.50+1.67d 3.33+ 1.56a

Note: Mean + SE, the different letters in the same column indicate significant difference
according to One-way ANOVA test (LSD, P< 0.05).
Bh 48 h FEMEARERLEFERER RN R TRRAHERY 1.3-13.1
mm?/25 3k, BFMETXME 119.5 mm*25 % (F=36.921, df=7, 79, P<0.001)
(H21), 96 h E&#EHEKRARRTERY 1.3-26.8 mm*25 %, 7T FK
F#t 263.0 mm?/25 £ (F=38299, df=7, 79, P<0.001), EALAEHKRA

EEZR.

i B mm?725 9

dacasmecia]

B Control
N0
E=N20
I N30
N40
NSO
R Noo
N70
E3v3
S 223

& 2.1 Cryl Ab-# R T 3 £ K ¥ % 48h Fu 96h J5 B & & . (mean + SE, »=10)
Fig. 2.1 The cumulative leaf feeding area (mean + SE, n = 10) of Cry1Ab-susceptible
neonates of the Asian corn borer, Ostrinia furnacalis at 48h and 96h after infestation.
Note: The different letters at the top of the bars in the same feeding time indicate significant
difference according to one-way ANOVA (LSD, P < 0.05).-
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22,12 # Bt £H E XX ZME KE Cryl Ab fu i M B 091 & 1745

CrylAb #ilE F KM A N30, V3 fn 1223 HLABRN AT RERRA (K
22). HEBRNOF V3L 48 h 5, BT ERLAH 65.83%F 77.50%, 96 h
58 95.00%, 168h E2MAT, MBR 223 LLHWHHATEAH 9.17%.
11.67%7%0 12.50%, SRR A EF M £ R (Fagn=46.463, df =3, 23, P<0.001;
Fogn=91.702, df=3, 23, P<0.001; Fie=205.786, df=3, 23, P<0.001),
A N30 f V3 48h.96h fu 168 h 4y L T FF R ¥ & T 1223 fndk b ¥
W xf B, {E 1223 Foxt R B &R B £ ¢ (Fig = 60.458, df =3, 19, P<0.001;
Fogn=169.975, df =3, 19, P<0.001; Fiesn= 339.606, df=3, 19, P<0.001),
TdEAMA 223 FFEHREHB—#, HEREIBRIRN, RELRAE
FHZER(EL: =1.6510,df =58, P=0.1041; #E 7% : 1 = 0.4378,df = 48, P = 0.6635)

(E22) N
%22 # Bt EFEXLLFBEN CrylAb U TN EXREN R EBER
Table 2. The mortality of Cryl Ab-resistant neonate larvae of the Asian corn borer,
Ostrinia furnacalisfeeding on silk and kernel of fused Bt maize N30, V3, J223 and

their non-Bt control

i . Mortality (%)
Tissues Lines
48 h 9 h 168 h
Silk J223 9.17 +3.96b 11.67 +4.01b 12.50 £3.82b
N30 65.83+5.07a 95.00 + 1.83a 100+ 0a
V3 77.50 £ 3.81a 95.00 +1.83a 100+ 0a
Control 5.83+2.71b 9.17+2.71b 10.00 +2.89b
Kernel J223 10.00 +3.63b 18.34 + 4.86b 20.83 +4.75b
N30 67.50+3.33a 99.17 +£0.83a 100 + 0a
V3 62.50 + 5.43a 99.17 +£0.83a 100 +0a
Control 3.33 £ 1.56b 10.84 £2.83b 11.67 £2.43¢

Note: mean + SE, for the same tissue, mean values in the same column followed by different

letters mean significant difference according to one-way ANOVA (LSD, P< 0.05).
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15 -
I Control
14223

12 4

Larval weight (mg / larva)

Silk Kernel

E22 B R 1223 LT TAdEH CrylAb I T HEXREWHKE
(mean + SE, n =25)
Fig. 2.2 The survived larval weight (mean + SE, n = 25) of CrylAb-resistant

neonate larvae of the Asian corn borer, Ostrinia furnacalis at 7 days after infestation.
2213 % Bt EFFEXN ML B, HERRFHAARRN T 2T

& R A4 £ R #EE K N10. N30. N40. V3 F0J223 »+ A 48 h fu
96 h 53 1- % 4 7| # 40.00-53.33%%7 82.50-90.00% (% 2.3), £ B EZ ARG B E
HER, EHEEGTEHEEINR (Fugn=29.700, df=5, 23, P<0.001; Fog
=97.299, df=5, 23, P<0.001), MRAHKEXEEK T HH4 % 168h FLHR
To RREEEFAKBLERL YRR T EHETHHE TR, 48 h Ei43
75.56-91.11%, N10 Z TR EFRTHME R, EHTHE (Fig,=108.003, df=
5, 35, P<0.001). 96 h G B R # £ FH L4 97.00% LA L BRIk 4 =561, 1B N10
HTEHII%, KTHEMEREL 223 Z2RTEE (Fog, = 102482, df=5,
35, P<0.001). A H AR T KMBEHRE R F K&, 48 h 34 F] 90.00%
UL, IBATEAR 2.09%, HEAEIXLSRARTRERTEE (Fig, =
33.699, df=5, 23, P<0.001).



B KFE L Z AT F_% =¥ Bt EEF KN IHEGE R R E)

HEFRIANHERBRN R ZRRT DI RESHL R, R EFNHEK
EHK (k24, H23) BREEEEXHH 8hF96h ERMXBTKY R T
R FE 5.00%F 10.00% 4%, SHREAEEEZR (Fug = 0830, df =5, 23,
P =0.5447; Fog, = 0.886,df=5,23,P =0.5105). 168 h 5 7. T F £ %| 26.67-40.83%,
AEFNIOATERRK, EN0OZRAEF, KFEMER, BEEFH T HE(Fesm
=16.161, df=5, 23, P<0.00), BAKEEHEKLL 48hf 96h G RFET
£ 45| 4 0.83-7.50%F 2.50-9.17%, SHBEREHEZFR (Fugn=0.807, df=5,
35, P = 0.5594; Foe = 0.743, df = 5, 35, P = 0.6012). 168 h BT %
44.17-68.34%, ZEHE TR, EF NIRRT REEFT TR 1223 sMv b R,
NIO BT R K, BEE MR REEFM 2R (Fem=7.683,df=5,23,P<0.001).,
BERAAEABBHHEEREMBhNShHRTENTE, SXRAEFE
F M2 R (Fign—=0.588,df = 5,23, P =0.7090; Foen = 0.989, df =5, 23, P = 0.4516),
168 h /& N30 #v N40 By 5o - £ 4 7|k 3| 57.50%%7 59.17%, RFETHMAE %,
V3ZTERRK, EREFHTHR (Fiegn=25625, df=5, 23, P<0.001).
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Table 2.3 Resistance evaluation of transgenic maize leaves, silks and young kernels to Helicoverpa armigeraneonate larvae

1% Mortality %

%3
Genotypes ot K Leaves . # Silks # % Kemels

48h 96h 168h 48h 96h 168h 48h 96h
N10 43.33 £ 3.60a 90.00 + 1.36a 100+ 0 75.56+ 2.53b 91.11+ 2.94 98.89+ 1.11 91.67 + 5.10a 100+ 0
N30 51.67+ 1.67a 88.33 +2.89a 100+ 0 90,56+ 1.81a 98.33+ 1,14 100+ 0 92,71 + 4.62a 1000
N40 53.33+2.36a 89.17 £ 1.59a 100+ 0 91.11+ 2.38a 98.33+0.74 100+ 0 96.88 + 1.99a 1000
v3 4750+ 6.72a 87.50 +2.84a 100+ 0 87.78+ 1.86a 99 .44+ 0.56 100+ 0 93.75+3.99a 100+ 0
J223 40.00 £+ 3.04a 82.50 &+ 3.70a 100+ 0 90.00+ 2.86a 97.22+1.02 99,44+ 0.56 90.63 £ 3.12a 100+ 0
Control 3.33+£2.36b 8.33+2.15b 15.00+2.15 3.33+ 1.22¢ 6.11+2.00 12.78+2.34 2.08 +1.20b 14.58+ 5.51

Note: Mean + SE, The different letters in the same column indicate significant difference according to One-way ANOVA test (LSD, P<0.05).
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Table 2.4 Resistance evaluation of transgenic maize leaves, silks and young cobs to Spodaptera exiguaneonate larvae

X3 T % Mortality %
&%
Genotype =+ K Leaves 16.£ Silks #H Kernels

48h 96h 168h 48h 96h 168h 48h 96h 168h
N10 3.33+2.36a 11.67+2.8%a 26,67+ 3.04b 4,17+ 2.50a 7.50+ 2.85a 4417+ 4.38b 0.83+0.83a  6.67+2.36a 34.17:4.17b
N30 7.50+£ 2.10a 10.83+ 1.59a 31.67+2.15ab 7.50+£3.70a 9.17+ 4.38a 68.33t441a 1.67+ 1.67a 11.67+347a 57.50+ 3.69a
N40 5.00+ 2.15a 7.50 +£2.85a 40.83+3.70a 0.83+0.83a 2.50+ 1.60a 45.00+ 6.45b 0.831:0.83a 5.00+ 2.15a 59.17+2.85a
V3 5.83+344a 6.67+ 3.04a 40,00+ 3.60a 5.83+2.85a 5.83+2.85a 44,17+ 4.38b 3.33+197a 9.17+ 3.70a 22.50£3.70c
J223 5.83+3.44a 9.17+£ 2.85a 38.33+2.89a 2.50+ 1.60a 3.33+ 1.36a 57.50+ 7.12ab 1.67+ 1.67a 9.17+2.85a 25.00+ 3.47bc
Control 10.00+ 2.36a 11.67+2.15a 11.67+2.15¢ 5.83+ 3.70a 8.33+£2.89a 26.67+ 3.04¢ 0.00£0.00a 5.00+2.15a 13.33+3.04d

Note: Mean = SE, the different letters in the LW column indicate significant difference according to One-way ANOVA test (LSD, P< 0.05).
LW=larvae weight (mg/$ larvae)
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BB Control
[IN10
N30
B N4o

. ZZavs
EZZ31223

25 4

[
o
1

-
(9}
1

Weight mg/5 larvae

10 +

Silk Kernel

B 23 #HEBRBREBEFREXR7d EHHKE
Fig. 2.3 The survived larval weight (mean + SE, n = 25) of Cry1 Ab-resistant neonate
larvae of the Spodoptera exiguaat 7 days after infestation.

BREEFEKRTF, RLABRNHXTRTdEAEEERTHR (k
2.5), hEFRES A 2.50-3.55 mg/5 k. 0.83-1.23 mg/5 L7 1.45-2.55 mg/5 %,
i % B4 5l % 26.58 mg/5 k. 9.90 mg/5 k%1 20.03 mg/5 3k, HEEEXAMEHE
BORH R E MR R H A 85.00-95.00%Z2 8. 7d EBAREFAEX S HEKE 1
BAR2¥, TXBASSHECKE 3B,
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Table 2.5 The survived larval weight of Cryl Ab-resistant neonate larvae of the

Spodoptera exiguaat 7 days after infestation.

% 4 ik & Larvae weight (mg/5 3%)

Genotype +h W £% bi%-2 WA £% i35 Wl &%

Leaves Weight Sitks Weight Kernels Weight
inhibit inhibit inhibit

N10 3.55+ 0.44b 86.64 0.83+0.13b 91.67 1.45 +0.17b 92.76

N30 2.50+ 0.26b 90.59 0.98 £0.12b 90.15 1.50 £ 0.18b 92.51

N40 2.75£ 0.52b 89.65 1.23+0.15b 87.63 223+0.21b 88.89

V3 2.65+ 0.46b 90.03 1.05 £ 0.16b 89.39 2.13+0.23b 89.39

J223 2.53+0.37b 90.50 0.98 +0.13b 90.15 2.55+0.25b 87.27

Control 26.58+ 1.64a 9.90+ 0.19a 20.03+ 1.59a

Note: Mean =+ SE, n = 25, the different letters in the same column indicate significant difference

according to One-way ANOVA test (LSD, P< 0.05).
HERIA . RLPBENRSABRRHRERRT—&K (K26). X
BRGYBBMAEEF TR A MR 48 h B, AT ELHA N 333-833%%
4.17-10.42%, 5 BEA B E R £ R (*F H: Fagn=0.534, df = 5, 23, P=0.7475;
W Fue=1471, df=5, 23, P=02478). 96 h 5, MEXEFFTATH Y
YT EH A 35.00%L £, J223 FF, K 51.67%, ENOEFRTEFE, 5H
HFERZREE (Foon=12.069, df =5, 23, P<0.001). HA%EEFKER
W4 EFETF 4 23.96-53.13%, £RRAERFEE, HEEFTHR (Fen =
26.133, df=5, 23, P<0.001). 168h /&, 90.00%LA b B & % & F T Kvt Ffo g
M4 ez, HPRANWO SRR TREF T T 1223 (Fieen = 48.357,
df=5, 23, P<0.001), B A& N40 RN AT FEF & T N30 V3 (Fiean
=83.374, df=5, 23, P<0.001), HMAREEAIKEZRL LN = 48h EH
- F H 45.00-57.78%, N40 & 1K, 1E.5 N10 Fo N30 £ 5 1 & #F (Fagy = 38.737,
df=5, 35, P<0.001), 96 h %7 168 h 5 4} &= 7. 1- £ 15 3| 76.00%77 90.00%LA £,
EEE TR (Fogn = 65548, df =5, 35, P<0.001; Fiesn = 56.386, df =5, 35,

P <0001
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Table 2.6 Resistance evaluation of transgenic maize leaves, silks and young cobs to Prodenia litura neonate larvae

i B #. % Mortality %

Genotyp * K Leaves 1.4 Silks M Kernels

¢ 48h 96h 168h 48h 96h 168h 48h 96h 168h

NI0 333+ 1.36a 35.83 +2.85b 95.84 £3.15ab 51.11 +£3.06ab 76.67 £ 1.22¢ 96.11 £ 1.59a 10.42+2.6%9a 53.13+2.62a 97.92 + 2.08ab

N30 6.67 £ 2.36a 35.00+2.15b 94,17 £1.60ab 54.44 £2.94ab 78.89 +1.65bc 93.33 +2.85a 5.21+1.99a 45.83+4.50a 95.83 + 1.70bc

N40 833 +3.19a 43.34 £5.27ab 97.50 + 1.60a 45.00 £ 2.82b 76.67 £ 3.75¢ 93.33+244a 9,38 +2.62a 45.83+1.70a 100.00 + 0.00a
. V3 5.00+2.15a 35.00+3.47b 95.00 £2.15ab 5778 +2.81a 88.34 £ 3.52a 96.67 £ 1.72a 5.21+1.99a 4792 +551a 91.67 £ 1.70c

J223 4,17 £ 3.15a 51.67 £ 5.69a 90.83 + 1.59b 57.22+3.15a 85.56 £2.81ab 97.23 +£0.56a 4.17 £2.95a 23.96+3.13a 96.88 + 1.99ab

Control  8.33+3.19a 11.67 £ 3.47¢c 16.67 £ 1.36¢ 7.78 £2.94c¢ 14.45 £2.22d 17.78 £ 1.11b 3.13+1.99a 5.21 £2.62b 7.29 +1.99d

Note: Mean + SE, the different letters in the same column indicate significant difference according to One-way ANOVA test (LSD, P<0.05).
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222 HE R ERER

EEXBEEELREETR (X2, NIOMFAEKTF EAHARRA, £
sFR R K 1.20, Rk R T R HE, RRAIH Y 1.00, T REKRES
HHRIANMNEA, FHESHEI N 390, ZREF (F=87716, df=7, 79, P<
0.001), #EEHFKAKRMBMEAHE, WHELAN 0, XRBERFLHEF
B, HERFLS30. WHHITFHELALA L XA A EKR LAF 2 ARFE
Wgh e foig, TBERFHERE 290 Lsh ki, 2.80 MLF, REKE
# 7.50 cm.

EIXAHRBEELREEEXRELR—F (K 2.7), N10, N40, N50 # N60
A AR ERIL, HEREEERAKRTARE, T BERASI A
Z, BAKIANETN, RPHEBN 500, ZFiEEEFAF (F=51.565, df=7,
79, P< 0.001), ¥HFLERETR, BEEEAE®REARAFES R, BB,
MBEKTHE/RKLH 510 k4 K, 230 M, FHBEKE N 14.15 cm.
REREEREDARAT, $EFIAL KR EBNEFHATEMERER
REFMEHZR,
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Table 2.7 Resistance evaluation of transgenic Bt maize lines under field conditions

FX 8 % £HER BEHFLRRN FESHE/EH BAK B # K E
Generation Genotypes Foliar b C k7 %) (A /%)  (cm)Tunnell
damage Ear damage Larvae/pupae Tunnels/stalk  ength
rating rating surviving/plant
AEX N10 120£0.13b  0+0 0£0 0+0 0£0
Spring N20 1.00£0.00b 0+0 0+0 00 0+£0
maize N30 1.00£0.00b 0=+0 0£0 0+£0 00
N40 1.00£0.00b 0=x0 00 00 00
NS50 1.00£0.00b 0+0 0+0 00 00
N60 1.00+£000b 00 0+£0 00 00
N70 1.00£0.00b 0£0 00 00 0£0
V3 1.00£000b 0=+0 00 00 00
J223 1.00+£0.00b 0x0 0+0 00 00
Control 390+028a 5.30+0.60 2.90 £ 043 2.80 £ 0.55 7.50 +1.63
XEx% N10 1.30£02Ibc 00 00 00 00
Summer N20 1.00+000c 0+0 00 00 00
maize N30 1.00+£0.00c 0+0 0+0 00 00
N40 1.10+£0.10bc 00 00 0+0 0+£0
N50 1.10+£0.10bc 0+0 00 0+£0 00
N60 1.50+0.22b 00 00 0+0 0+0
N70 1.00£000c 00 0+0 00 00
V3 100+0.00c 0+0 00 00 00
J223 1.00£0.00c 00 00 00 0+0
Control 5.00x042a 5.10+041 2.30+0.37 3.40+037 14.15+2.31

Note: The data is expressed as mean + SE (n = 10). * Foliar damage rating ranges from 1-9

where 1 is no damage and 9 is most leaves with long lesions and several leaves with broken mid

ribs according to Koziel et al. (1993) and He et al. (2000). ® Ear damage rating starts from 0 where

no ear damage according to Widstrom (1967).

223 CrylAb R E Rz 4 ENE

BRERIXEELATRAEE CrylAb/Cry2Aj Hk X BB W F CrylAb &

CERBE (A BEFEXKEHK RO F CrylAb Bk 5 B % 14.31- 38.47
ng/mg (DW), H# N30 %A E&K& 3847 ngmg, LFEHE T HMHKE, N6O F
N70 &1%, & 5| % 14.31 ng/mg #7 14.69 ng/mg (F=26.513, df =7, 79, P<0.001).

BT N3OW CrylAb 2 EFEEH T HEMAKR (F=11424, df=7, 63, P<
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0.001). %+ N30 # CrylAb Rz E &%, {E5 N10. N40. N60 &F L FH#
£5% (F=2804, df=7, 41, P=0.0247), 2 F Ak ZH CrylAb £ EZ R K
A NOHMRZREREH THMHKR, H5N60 ZR T EF, N4 XX & &K,
ES5N30ZRFEF (F=5537, df=7, 79, P<0.001), ¥+ CrylAb K&
B %5 B 4 75.00-41.84 ng/mg, N60 & &, N70 &K (F=2.867, df=7, 47,
P=0.0223),

[CINI10
804 [ETIN20 a
Bl N30 ab
DZAN40 T
70 N50 abcbc ab
B No6o a C
604 ESINT70 !
ESNV3 N .
=z 223 abe ﬁ <
o 50— 2 ! iNed
téb . abc \
A a ¥ -
£ol i I
% 30 Il Y
- T : .‘ B ;l \
§°7. gll & 4 A\
20 4 HINE ’;! N (| ’ \
i AN | BN
/ AN |
gl I
27 NN : \
mll 7 AN |
Whorl leaf Tassel Husk Silk Kernel

24 Bt EEFXFTRARF CrylAbZ a4 &
Fig. 2.4 Concentrations of Cry1Ab in different tissues of Bt maize lines at
different growing stages.
Note: The data in all samples are expressed as mean + SE (n = 10 for whorl leaf, 8 for tassel,
6 for husk, 10 for silk, 6 for kernel). For the same tissues, the different letters represent significant

difference (P< 0.05) according to one-way ANOVA. (DW = dry weight).
2.2.4 Topsis 4-#r

B NIB RAIREFEXRNINEREZAFEEANTEEER, FIA
Topsis %% 7 MM BEHRTEEHF (K 2.8), £E XK N30>N50>N20>
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N70>N60>N40>N10,
%28 %% cryldblory24j EE EA N EMERERHH B Hf5
Table 2.8 Resistance ranks of seven transgenic cryl4b/cry24j gene maize lines

against Asian corn borer

HAUFH

D’ Dy C; Rank

Event

N10 0.2130 0.8350 0.7968 9
N20 0.1560 0.9231 0.8554 5
N30 0.0540 0.9749 0.9475 1
N40 0.1941 0.8978 0.8223 8
NS50 0.1073 0.9500 0.8985 3
N60 0.1897 0.9009 0.8260 7
N70 0.1725 0.9049 0.8399 6

Note: D,”: distance of design from the ideal solution for the ith candidate line; D;: distance of
design from the negtive solution for the ith candidate line; C;: the relative closeness of the ith
candidate line to the ideal solutions.

E: DT FINFHHRERRTRNEE; D £ iMNINHRERLFENER; C:
FiMIOMNRERAFRGBHEE,

23 it

EHEXRE—RSACHAPRAFMREEEL, O BVES 4L
ARFOOH AR, MENERM; MU EXETEHFH L BBTESR
£.2000). AFFRIMRAT HEAF KO, SR, HL, Aob. BRETKES
EHER AN, HERETARND ARSI LHAL 96 h FRT, £
ERTERRATZLRTFR LIS R AR A LR L RETEEEE
AR EEARERINERENE, EHTRARABHPFFNY £,
A RBK KL MON8I0 ## Btll — %, ¥ #% cryldb/cry24j. crylAbiip3DA %o
cryldb/eryll F X 64 & 3818 o+ B A B T F K 4R 5 F (He et al. 2003b, 47
BER % 2005),

HEANREAF R EORIBEREN R AR R EXEE, ARk E—
BEER KRS, LHEE KR, BABMA EEHHF T%, Bt176 K
RERFEHEFE ZKKMEKE (Archer et al. 2001, KA E%. 2001, FAHF%.

a4



AN e A 'S BoEZF st AR TN TUAERE AR ETH

2004). REELISA &R, XRXBZMH Bt EXK 9O NMEAFAT CrylAb EHEN
o, T . Bt BRTRE R, N60 f1 N70 *t A % CrylAb & B4
ERIK, % 14.31 ng/mg (DW) Fv 14.69 ng/mg (DW), N40 % £ ¥ %k 4 B &K,
# 20.93 ng/mg (DW),9 A3 % 4 B 18 3 By R 2 4 41.83-75.00 ng/mg(DW),
P E B M B A B T KX Cryl Ab & & ML % 4 % 0.10-0.81 ng/mg(Diet)
(He et al. 2005), Bt ¥ F CryAb W& ERE 10 L, RURBHRNEX
i,

B crylAblery24j. crylAbMip3DA % crylAb/oryll XXM 4 b RIFHY
HHREE. MRRERRBtEX 9 h EHATRE W%ES, 168 h ELHR
T, XEREMHRLEREMMU, B4 23 CrylAc # CrylAb EEMEFHR. ¥
3% (2006) ## MONSIO (CrylAb) .2, AvtfiyMuRAxmeg 2R
HAREHWRAREN, A MONSIO Ly MR RHRL ENBH RS XEs
MAT (¥ FH¥E. 2006).

ARBF M Bt MAEREXNHERRUB Y AR, ERT
BHMK, BHA 168 h AT RA 22.5%-60.0%, EHERRHEKR T LW
#l, REMHEN 86.6%92.7%. AT HATERHN Bt TXKEHNRF, XA
HA-FHRHEXBRRECHTRERZTH LR, ARAFRLEREA, &K
CrylAb & G755 MON810 2 Btll W AR AR H X R KBS R AR F RE
, MEQrt, e, FRARETREY BT, RALLWS 2UERY
1.0%%0 2.1%, ERETM(TRE 2. 2005). HH%E (2002) RERE Bt R EHK
REEAEL, HXERS X THHERTHEKI7d, A5 B WA TR,
BRABARK, HRNEEERLEETHRERE. 2002, E4ULARE
R, ARRAANB EATUE—ZBE LEMBXBTRNF.

ERE, FHEEXN CrylAb Za T EFEFHE, 24048 GKI2, # 15
BEMAPARHT 45, FHET 41 HREEMHATHE, EEBRLNEHRAER
FTHEBt AR (P8 AR%.2003, & A H%.2004, # KM% 2006). FARKKF,
HEBERE-HEBEEE K 168h EHATEHE 90.0% UL, HEKRE
% RFAEE, o AR 48 h BT R A 10.0%% %, 168 h E A Bl 90.0%
blt, BAETLLHY =k 48 h AT 50.0%EH, THADT Bt FHFRHM
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MHALEBRAF EERATE, 0Bt AU BB SRR BEET
B #EAL 2003).

RAENOF VI ELFBERE CrylAbRB THAEXEARENRTE, T

J223 M H AR N30 22 ¥ CrylAb B9k ik B % 25.82 ng/mg(DW), 3.87 ng/mg

(fresh weight, FW), f&F CryAb #iit E X ¥ LCs 5.97 ng/mg (FW), #E#R#
Cry2A St RM EKEARFOREHR, & FIEMNEKREA KM EKEA Bt &
B R A AL AR L, BTUA R N30 F 8 A H Cry2Aj 41 CrylAb Hitt
F K b & 5| X 4 1F Al (Huang and McGaughey 1999, He et al. 2007, Tan et al. 2011,
Storer et al. 2012). Vip3 M EKEWN R 2B RFERARAMRWARLR,
Estruch & (1996) ## Vip3A ¥ KM EXEHA R kM, Paima & (2012)
#E Vip3C M KM EXEKF, 12 Fang & (2007) #3# N %%k B Vip3Acl, C
W% B Vip3Aal #9# 4% & (chimeric protein) Vip3AcAa, X B E X EH 2 &
& M (Fang et al. 2007), [ 8t %3k Vip3A #1 CrylAb s £ E E X LR R X HE P
—RRREONEXREERNG A ASREF S, AP A ERNEXEDES
¥ X & Diatraea grandiosella (Dyar) (Dively 2005). #&i&% &% *f Vip3DA & &
MNEMERENRAFRRTERNE, BTEREARY, FLERBEEE
AKE®RFPHRVNRZEEE. ERAKXRRKEIELR CrylAb, TR Vip3DA, X &
FREFNA RS ERERR AR, BAMUERZH V3 AN EHEY
BB R M T MON810, B & MONSIO 28 CrylAb R EXETUREE
o, MEBR V3L MAFs EXES 7 X4 BA T Kuetal. 2010). Cryl
HNEMEKERREES, EEXESEHEREEZRMKT CrylAb # CrylAc,
¥ LCso b CrylAb %7 CrylAc #I LCso & 10 (B % %. 2009), H ik, #AE %
Br—REELE®X Cryll # 1223 BAFXERRGEE, EREAGEER
FH -SRI,

MR % EEKGN, EHRREFFENE —HKRANTE Bt REEELR
By, BHRE, SHEFEFETERRA B EAEAAXEIRYE, HIHFE
KIE CrylAb it BB X CrylAh K 131 X B4k, # CrylAc H 36 £ H
#(Xu et al. 2010). i CrylAb B T K Ao /N EIE 5t CrylAc 2 CrylAa 7 F
1R % ¥4 471 ¢4 (Siqueira et al. 2004, Wu et al. 2009, Crespo et al. 2011). Cry2A Z 8%

46



BHT K ¥R 26003 FE_E =R st BAERTRX MREGEE LS SR

HEFRARFHRRES, R2BREF, ki Cry2A WEEEAMR. X
& Cry2Ab #7 CrylAc W%t ¥ B — M fk 35 CrylA.105 2 Cry2Ab2 W B A &
HEXMARFHR BFoE b M 76 % R (Jackson et al. 2004, Chen et al. 2005,
Ghimire et al. 2011). &4k Cry2A & CrylA # R4t @EW F 2 E H, BT
7= B % % f BBMVs (Brush Border Membrane Vesicles) EB % &L 5 A H, R &
FRELLRBRRPAMEORNTHFEI L M, E4FREFKA Cry2Adb A 240
R M AR L R34 CrylAc 4 420 £ 89X B 3 ¥ (Hernandez-Rodriguez et al.
2008, Tabashnik et al. 2009, Gouffon et al. 2011).

BETREREHRARRTLX Vip3A 5 Cry BAFAXRERYE, BH
Vip3A BB R BERT, & Cry RE R A FE%, & 8% H 118 F (Estruch
et al. 1996)., Vip3A X ZNEBZERAZAMBE R HAEBHASL, ERE Cry
BZamM, EnCry BOEEEKMNRE. #—FWAEXRH, VipBAF Cry &
BEBERFHW BBMV LEANERBEOL AP T EREE XD FRE, Vip3A &
% & W ¥ X ¥ Manduca sexta (L.) BBMV L4 F &4 5% 80 kDa Fv 100 kDa #
BEE, THE4S CrylAb 924K G (120 kDa #7E /A ¥ N #7250 kDa £ 45
HEE) (Lee et al. 2003), KA K4 Z 4K KA, Vip3Aa 5 Vip3Af R4 H
WELfE, EXE CrylF #2 CrylA % % Bl — A% 411 &(Sena et al. 2009),

FEHR, HBRAXEEANIO N VIS ARECH EXETEEF L TH
FARERKREEIME . FUBABPHENRNE, ANINERXREHR RS
BEHRAWHA#ES, TUFAREREEEIRTHNELEMHE.
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WL KEE 240 F=F —HE B EREREREENZLERN

F=X ZHEBEEIRERAKBEHRLLTH

K% Bombyx mori LEREEEWEFRE, SHNTELBAER ST
KEFERFRERE HEEREERNHUMARET LN EEER TR
W, RAMNFEFEXEHFE. HELXH, Bt ABEHTHRARETRZERAY
AWML, MAAEES T Bt ABNEENHHARE, B31TFR ubiquitin B9 Bt
ABURARENEKRFEETH LY, ERUAZERSE, SR EA, TH
MABt EXMNRBRRWMERERHA, EXEMRZE 15 K/om? i 57T LB B 1K
REYROEE, £ 75 R/om’ B, SHBAEL, RESREERME 0% L,
MA B =TT, BhAHRE Bt TX MONSIO MR EMAFEMEK L TRA
FEEFAE M. Bt EXHBREZTEF. YHAEMRELGNET, XEL
EXZ Bt EXRNBBRERABHTFRRT LOFEHX, FhEEHTER
FEABtEEIXMRBEN W, ARBHRERGCERREMLRESR,

3.1 B 5%

3.1 SR EX

PR EKRA N30, V3 223 RAFHERAE Hindll, BAHAEERSE
TELL SFKEKEWEN, FHREMS LB AWERKR 20%40cm), &
Bkt KEZNNEREAETRERIR, RELHPLERT. LEFH
UM REE-TSCHREEHA .

312 $ERE

K& Bombyx mori L. M{THILEEMNE, FRHRAEMRXEL, NEBL
JFAEAIREFRB PR, AFE G4 28+2°C, RH 75+5%, % A # 16h: 8h(L : D).

313 RBEXFEIXER S RELYELW

MR E 3 MKE 40mg/ml. 4 mgml. 04 mg/ml. ¥ERETFLEAP,
MAE-20 EA I (02%), LEFERAEEY L, KRBT, FAK
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HLE B 3 I 4 55 E 4Kk 10000, 1000, 10 % /cm*(Wraight et al. 2000). bA
SEFHEFEEXEHN (CKnb) AR HEN (CKnp) AR, AREE
BE, GRAENR20%, EMEEL 4K FEFZRUKE, EMER
10 k4485, FH LM 4 28+0.5C, RH75+5%, XAERA 16: 8h (L:D).
GANBECRRENGFERERNRATY, AL R AKBERENEE, 4
BHEEANBHEE, LEE, SHH. B8, EXE. ULE,

FERMEE —AERERE, KB (AXEF) 4hEREFTEAER
PR, WHELBRE24h T E.

314 Bt EXFHEXERF Bt EELENTE

HpRAFEAARAEREEABERELAERTRE, HER20 mg 2%
F2ml BRE P, FFHRHER LB (25 fequency/min, Imin), A 1 ml
BB, 4 &F, %k EXE 10min, BFREEBAERKEF ), 12, 000 rpm,
4CH 10min, RY LHFERFA.

CrylAb & &: # FE# % 100 /5, #|A ELISA %% (QualiPlate™ Kit for
CrylAb/CrylAc, Envirologix™) MXBE & FEEE_F215F,,

Cry2A & &: N30 %4 # 8 /5/m \ 1 ml Extraction/Dilution Buffer & # & &,
HAFEEL, FEREENE Cry2A EE4E (QualiPlate™ Kit for Cry2A,
Envirologix™). G# K P AMRAMNESATETHE 30 min GHBHA LR
S BRFBRLR.

B 2.5 mg AT 1000 pl B &4 (Basic fuchsin) F, B4 JEE] S pl &
RS BEHEMETRET LS, EL£ 12K, ERW 80 FHA 1.0 mg 1
BEAWEREHE, BT ELEREBEEIRERNEGLE.

3.5 REXNERHHAER

AHETEARBREEN LR OHABRE, AR TEW S BREE 10X, L
W2hEZHEE, RS 4mgml LRE R, KELEH T ZETRALL K.
Byl S EARE OSM BERERY, HAELEA L, h—FRARE

(lactophenol cotton blue) x40 i e, B RO BRERihe, U
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FEREAL] A & W B H AR SL(L et al. 2010),

RBRBECHEE, OB BRUTEAEL: (A) 2F 90-100%K &
Y1, EEAREFHEDEBR, BHZERR; (B) AEHAF 50-90%, THR
FR: (C) AEHRAL 10-50%, LMK K%E: (D) AEHE AR 0-10%, LB K
IS LT ETTY

3.1.6 FEAHH

ARBIAHEUBREALEEFZ44 (ANOVA) 5 LSD #%, BLHZ
REZFAREREHTHEIN, FAEKEEA DPS &tk #4447 (version
13.5),

32 SR 5404

321 4 EFEEE

N30.V3 fu J223 #7358 B 40 mg/ml, £9 10000 ¥i/cm® B9 % & ¥k 7 &t LB,
FBE 14 dELBRT, TEANSRELERXFNT - MEKM B L&
ot bR KRR E A 0.4 mg/ml # 4 mg/ml B X KB RFERA LAY
W (E 3.1). EZRBEEER V3 £ 4 mgml B4 RN FEERNY 86.25%, Hit
HEFRF KRR LER Y R FEEHEN 90.00%A L. 4-5 #89 K R BRI B A
ML, 2HTRAEHKXE, LERUNFERLE 97.50-100.00%, %%
HEXLRRELZ B 40mg/ml B, UBLHEFEKKZT, KR 1223 LW
$212d FAHET, RANIOF VIERNS R 13-14d FLHRLT. FHE

50



L RSB 2AR X B=F =FH Bt ZEFRER N TR LS TN

AEXEMNEXEYRNFEERETAE R, LKREN 40 mgml B, $ =48
RER LENSH EFFEL BN 91.25%F 97.50%.
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Fig. 3.1 Survival curves for silkworm larvae administered different doses of Bt or
non-Bt maize pollens

Note: CKnp: without maize pollen; CKnb: control maize pollen

322 £ RIEE, XFEXE

A 0.4 mg/ml. 4 mg/ml 0 40 mg/ml HEEH EX LMW | RIREGELF
KIFREAFELETENBIELFTMLEERLBNREE (F4=23.278, df=4, 59, P<
0.0001; Fy=15.227, df =4, 59, P <0.0001; F,= 135.189, df =4, 59, P <0.0001),
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RAREHEXRNER NN EHAREFHFER (H 3.2). 40 mg/ml HHEF F XK
ERRBHRBHERALKAEKE 2 ®, REANRNZT, FUEEELITH
# 0.4 mg/ml f7 4 mg/ml LR KE WA E, ELRKE N 0.4 mg/ml B, N30 Fu
V3 M A EN 2 RIRBEREBER TR 1223 (2#: F=20376, df =4,
99,P<0.0001),3 BWILEHEEEXER N X BRBAENH EAHE T,
EF#ERANBEEXABRRAENREERADEZ R, MAR LS RTHRE
HEMAENREGRESR, EMARLEEEAT G #: F=5119, df=4, 99,
P=0.0009; 44#: F=2056, df=4, 99, P=0.0927), #%&EFHEXEHKEE
4 mg/ml WA BEEREWHEAHE, B N30 LM 2 REEREZEFRT
1223, E5 V3 R EEER QQ#: F=169.539, df=4, 99, P<0.0001), &
REMBEEEATRURNIRMIRBRBERELEEZ R, EHYRTFERHERSE
K Fe LA AR (3 8 F=34.131, df =4, 99, P<0.0001; 4 ¥ : F=20.136,
df=4, 99, P<0.0001),

40 mg/ml 4 mg/ml 0.4 mg/ml 0.4 mgml 4 m ‘ml

/)

17 days

HREHEFRERER AR HRECERRELI (H3.2), 04 mgml.
4 mg/ml 7 40 mg/ml LMK EX | RIRBAKELEW (Fie=0.909, df=347, P
= 0.4443), A HARHREEREZ WAL . TR 40 mg/ml L8 IKE #Y 2-4 #HR
ZHREZERET 04 mgml #7 4 mg/ml REALRAE, HANEFEZEEELRE
BRERANEERELE —ZWEEA. 4 mgml TR AER 24 BBEEREY
BETAERAE, RHAEERRLSHMER. 04 mg/ml L4 LB TR L HE
HWARHREREZRAEE, BB RRERKNEE (Fona=3.122, df=3,
79, P=0.0308; Fiq=3.492, df=3, 79, P=0.0196; Fu,=6.019, df=3, 79,
P=0001;). EXURFPELRA BN EEMETELEFZR (Foocom = 2.557,
df=3, 79, P=0.0614; Feocoonshen=23.578, df=3, 79, P=0.0177).
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Fig. 3.2 Body and cocoon weight of silkworm fed with different densities of Bt maize
pollens, non-Bt maize pollen and no pollen (mean + SE)

Note: mean + SE, A-D: 1%-4™ instar larva weight (mg); E: cocoon weight (g); F: cocoon shell

weight (mg)
323 # Bt EEEXER N RERE HH B

FERAR 0.4 mg/ml (#4100 Ai/cm?) KEREFEEXERE, | Ry W%
FHHEKA050d, EFKTELEFRNBERER LN LE (Fie=6.812,
df=4, 19, P=0.0025) (&); 2 W4 A KR AR B EETERENFH (Foa=
1.401, df=4, 19, P=0.2811); A N3O W I R4 LA T AHEEK TR
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BREERLE, BV3 R ENBRAEEER (Fa=289, df=4, 19,
P =00584); 4 4= RFAMLELEF LR LALLM REK 0.60-0.80 d
(Fun=10.801, df=4, 19, P=0.0003); S ¥4 =R 223 XERNEEFETE
fRAES, AL EALEEFLER, NEEEIRLRA TR AT
¥ (Fsu=1.382, df=4, 19, P=02871); R EHEFT TRk EH A B4 E 4
KEREEEH, ZREXERNRFTHHRA ZH (Foupae = 0.950, df =4, 19,
P=0.4625).,

A 4 mg/ml (£ 1000 ¥/em®) #EFEEAERWRER T AL EEER
FXPRAURABEFREK, EZHRERIRNPHEELTHE. BT
HREFRIAALERXNE, | REELAIHEEREK 1dES, LFN3OF
V3 BEKT 1223 (Fig=77.766, df=4, 19, P=0.0000); J223 fr V3 3 2 &K
BRI AT N30, * 3 RAMPMAT N30 (Fong = 22,715, df =4, 19,
P=0.0000; F3q=12953, df=4, 19, P=0.0001); V3 {4 B R ERHEA,
EN302REF (Fun=83.103, df=4, 19, P=0.0000); SHEEZTHERE
KERBERN, B 1234, BA V3B N SHAXBESH S HYELT
FHMREEEZR, ERFKT RN A E(Fon=17920,df=4,19,P =0.0012).
RE4mgml $EEEXRERWRERHEEREK 1dEE Fupe= 7314, df
=4, 19, P=0.0018).

TRKEFBERIAAURARELT HHEHPHEAD, KR 40 mg/ml 3
HERERERLAEN 1 RYEWKEIAN 2.85d, MRKTHAEKRE Tt
AE, EREZEEKT (Fig=5440, df=3, 15, P=0.0135), ZAERKER
BRIARAEN 2R 3R LR RETHHRA %1t L E R (Fong = 0480,
df=3, 15, P=0.7024; F3a=0926, df=3, 15, P=0.4579; Fpue=0.757, df
=3, 15, P=0.5393), AR A EWIRD LTI ERK, 5 4 mgml LK
BERAENZREE, E-ANMERKENZRIEF (Fipu=2386, df=3, 15, P
=0.1202). 40 mg/ml # 4 mg/ml t 0.4 mg/ml LR K E L BH S BEL T HHE
K08d, ZREEFAT, LALBRAEEK 04d, ZRTEF (Fun=2.604,
df=3, 15, P=1002). ALERAAFLEREAXUN AR BEK L THA R
W, RRKEABLEK | BY2AFHY, MERKRE (4 mgmD WARE
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EKREESR, BEERFIH.
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Table 3.1 The impact of Bt and non-Bt maize pollen on silkworm developmental

duration
Density Stadium (d + SE)
Pollen

(mg/ml) 1* star 2™ instar 3™ instar 4" instar 5™ instar Pupal stage
N30 2.90+0.06a  2.94+0.08a  4.24+0.12a  4.80+£0.09a 9.07+0.21ab 13.68+0.21a
V3 3.01£0.12a  2.85+0.12a 4.05+0.12ab  4.74+0.11a  8.99+0.14ab 14.09+0.23a
04 J223 2.85+0.11a  2.94+0.12a  3.99+0.09ab 4.90+0.11a  8.89+0.21b  14.02+0.08a
CKnp  2.53£0.03b  3.20+0.10a  3.83+£0.16b 4.10+0.19b  9.45+0.16a 14.22+0.32a
CKnb  2.49+0.090  3.10£0.16a 3.74+£0.07b 4.09+0.08b 9.10+0.18ab 13.75+0.27a
N30 4.00+0.16a  3.59+£0.16b  4.80+0.06a  5.79£0.13b 10.22+0.12ab 15.26+0.07a
V3 3.84+0.02a  3.94+0.05a  4.37£0.08b  6.26+0.09a 10.19+0.11ab 14.81+0.09a
4 1223 3.55+0.04b  4.19+0.03a  4.4040.12b 5.9040.11ab 10.60+0.07a 14.9440.13a
CKnp  2.53#0.03¢  3.20+0.10c  3.83+0.16c  4.10+0.19¢  9.45+0.17c¢  14.22 +0.32b
CKnb  2.58+0.07¢  3.03+0.12c  4.01 £0.06c 3.5540.13d 9.84 +0.24bc 14.130.17b

Note: The data in all samples are expressed as mean + SE. For the same density, the different

letters in the same column represent significant difference (P< 0.05) according to one-way

ANOVA.

324 # Bt EEEREMANKBELHE, AP HR

BEATAEENRECERMPLEREEH (£3.2), —HEEXFEX
BRABHRELNFEELE 0500%LL L, FURE 92.50%U L, mHES544#
EEFAUBRFPIRRAZNFNERTEEER (F,=0.674, df=4, 49, P

=0.6136; F,=1.255, df=4, 49, P=0.3016).

FHEEFIXERE 04 myml REMHZNEEEFRKT 4 mgml K E, £
HwAEEFFELEEFZR (F=1.729, df=3, 39, P=0.1785),
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Table 3.2 The impact of Bt and non-Bt maize pollens on silkworm pupation rate,

emergence rate and fertility.

Density (mg/ml) Pollen Pupation rate (%) Emergence rate (%) Fertility (Num. of eggs)

N30 100.00 100.00 519.30 £26.36a

V3 97.50 97.50 558.30 £29.92a

0.4 J223 97.50 95.00 559.10 = 16.01a
CKnp 97.50 95.00 577.00 =+ 13.62a

CKnb 97.50 97.50 554.00 + 35.34a

N30 95.00 95.00 609.00 + 22.67a

V3 95.00 92.50 588.90 = 16.84a

4 J223 95.00 95.00 574.70 £22.53a
CKnp 97.50 95.00 577.00+ 13.62a

CKnb 97.50 95.00 621.00 £ 12.02a

Note: The data in the fertility are expressed as mean + SE. For the same density, the different
letters in the same column represent significant difference (P< 0.05) according to one-way
ANOVA.

3.2.5 # Bt £F E KR CrylAb R4 R R EXEXN LR S HLRR

tnk 3.3 TR, N30 %1 V3 58 F CrylAb & & & &4 7 £ 21.36 ng/mg fo
28.03 ngmg (DW), B F & T 1223 8 ¥ CrylAb Wi kL& 2.67 ng/mg (F =
13.872, df=2, 8, P=0.0056). N30 #t.# @A 57 5t — & B Cry2Aj %
k& F % 0.13ng/mg, t CrylAb Z WA EK 164 £, #I Cry2Aj .
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Table 3.3 Bt proteins concentration in pollon of these Bt maize events

Event n Bt (mean + SE) ng/mg DW

CrylAb CV (%) Cry2A CV (%)
N30 3 21.36 + 0.45a 3.62 0.13 £0.003 4.58
V3 3 28.03 £6.10a 3770
J223 3 2.67+0.33b 21.73

Note: CV, a coefficient of variation and is calculated as follows: SD/meanx100%.

Means within the same column followed by different letter are significant different (P < 0.05,
LSD) according to one-way ANOVA.

8 o BT A T R 3k 34 4 5566 Ki/mg, i+ H 4% N30 S 4464 F Cryl Ab
Z B4 E 4 0.0038 ng/mg, V3 FR AR F CrylAb & &4 & # 0.0050 ng/mg, 1223
FEHH F CrylAb EE A E X 0.0005 ng/mg. S BEXEXE FH 96%HWILR A
TEHA, ERARBFELDEHR, 12%WEBRKE, WEWH 50-90%,
2.4% WRBKEASHRAL 10-50%, RE 04%H LM AEWEIL 0-10%, Hh
BEEREIHR. Hik, wR S BRERA N30 B 100 KK, &&TULE
fi 2| ¥ CrylAb & &4 & 4 0.012 ng/mg.

B335 REXBELEANLY

Figure 3.3 5" instar silk worm larve feces
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# Bt £ T K N30.V3 v J223 9t 1 R Rl R R 40 R R0 A2 B TR,
SAEER SR EERERERE, RRBTRUEN BN RIS, T
TEPRENHERAL, SREBYERAEA, EAERRE, EAHLIL
MR R AT B LR, TSRS Bt RaED, AEHRE, HEH
/N

FHREFIAERARBLRKRATHAYH, YHEHKE L 10000 H/cm
B, REKERK, | BYERTHHBEL, K5%hEEL (2008) Hiit#E R
Fl, AEREABREFSLAARERARRBERIARXENRTEA®, #
SHETHER TEEBRTRTRBEFWABRMTE,

Bt FXHNXBHHFHRER D, REFXAFHE MONBIO LM RE
ARHAT TR, BE. XE. BEE. HEE, WURBFHFELLEPFER
EEAEH, EXAEHRNBRE, H#E Antheraea pernyi ¥ % i5 £ fofh & 4,
RAHH(EXKE. 2002, Liet al. 2005). € Bt KB X EH —ZFrH, FL%E
%M ¥ KMD3 (CrylAb) RN BREH RAEAHKE, THRENKRER
BARN, AP B HRERESBAFREFAABURNARKEFEREF
EZR(ELE%. 2001). HREFL|EKEXN Bt A Bl (CrylAb) f# KMDI
(CrylAb) B &R, 2 TT9-3 (CrylAb/CrylAc) 4R, TH 1 ¥4 %tk
H A # %4 Bt L% X #U&(Yao et al. 2008).

UEFAEWERERTREEANEFNBEHFAX, BB EREHERN
RBHFEEH ubiquitin, actin I F1 CaMV35S, X=X B FHEFELMZM
B, TUESKTRL Bt BES. BEARAEHT, Bt BUMRRELTRM,
TT9-3 AW J8 31 F & actin 1, KMD1 % Bl # & 51 & ubiquitin, KMD1 %
PBtEOLER TI9-3 454, BlLER T BtEREO4ER TT9-3 47 3.4 #(Yao
etal. 2008). MON810 # / CaMV35S B# ¥, % F CrylAb ZE&ERM, R
# 0.09ug/g (FW) (AGBIOS), thatH (9.35pg/mg) ¥+ CrylAb ¢4 &K 100
&, F K Bt 176 4 F 9 £ 464 F % & 25 89 /B 31 F phosphoenol pyruvate carboxylase
promoters, £ 7# F CrylAb B R A& 2 Mon810 #7 40, H{M #5840 &
AEFAMER, % Bt176 EERARE T, ARR M Bt EHEKEAMW
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J& 30 F #1 % ubiquitin, 3 F N30 f2 V3 7E4 ¥ CrylAb W& & 4 % % 21.36 ng/mg
%0 28.03 ng/mg, T# T J223 F# 2.67 ng/mg, N30 PRAE W E— A& G Cry2Aj
ERR F A ERIK, R4 0.13 ng/mg, I CrylAb 1% 164 5, # A & &1 F Cry2Aj
BREWEK. F5, RIRBAKIKBE Bt X+ Vip3DA # Crylle &L E, &
ThIGE G, FAEH—FFE Cry2Aj. Vip3DA f Crylle ZHEHEF A
FEERKLATERTHEMA.

Bt ZEFEARBEYHRRE—IAEAREER, AREFHIEE T
SHAREREWEMN, HARBLEH AL E, REES Y koS #
RBBERAEMEY, FUAZKREMAGFEEORERMK, b ThE-&
Bt #W A XELHHMWERE. E, Bt HREXNRXEZAE W, FERI X
FE, BEERAXITRFRARINEARRRENTE. 2E£T% (2003) BHE
PNARRBREABEABERNEE, 20 MERFENAELRETR, #—
BB T ABES, RREELEEN 13.3-199.0 B/ cm’, FHEE
X 92.9 h/em’, EAREHUMRXELKRTNEE. EAARHEKS, #8
A (3000 THBI/EERBR), BEENEE, RAEXBEREEL. B
MARERER MR EERRENRE, € Bt EXLEREEAH A
(4sclepias syriaca) L ERPEHRELRET, R EXRENTAS R
LBt EXERTHH 170.6 4/ cm?, KETA 1400 K/ om?®, HFIE FEKMY
GHWEBHRA, TREFERERMK, YEFY 2m i, THH 142 8/
cm’(Pleasants et al. 2001). F— B HELF AW, EEF Bt EXHBL 05 m F
1.0 m 89 B Aot i £ & & FH M K E 2 517 3% 260 #7170 41/ cm’(Zanger] et al.
2001). £ REAE, ERLDAGE, TEETHH. RAFANRXE RS
REOHBLREET LHERTE. i, RZEXEMH . BB E. FER .
RERHRNETENYH.

R Bt EEWEE, REALREAHAEIR R Ll FER R
EBt EXREMRBEWNAKATERP N EIERR, BUAER N ERMAE
RBAEHERMEREE K.
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FURELEBEFAEXRNFRFERREXRL- RN EHRE TE

MERE-RKYNTEMHXFENIRE L, P RIANAHRMY, TER
RS, TURRS =, 8D SWEYH R, £EAYEZ HEREEHELR,
Witl. MAETUBLEHPLR FAEREHEEME Bt B8, £LRRHM
P, AMLREXAL Bt EEEANNERAAREH, BoHAN Bt &A
MMEAZ AR FE TEY—EELF 448, RABRETRHEIR
BEHIE. RLR =M H R EKIZA CrylAb/Cry2Aj. CrylAb/Vip3DA #o
CrylAb/Crylle A ZEH Bt EXM R M B A KR TFRREEAAKEH, K
BZEXRNAREL L URFEZRKE.

4.1 HBEH %

4.1.1 #REEX

FIREK A N30, V3 9223 R AR EFE K Hindll. 2012 44 A 27 H
RETHIAFLRERY, FLLEANMNERPOYEERS —F 21, LH
HWEKEEFZF31, #EALLE (THA6 HADL) BMTHRBMEEFE4CK
BErPHEEBA.

412 #EE R

# ¥ B ¥k Spodoptera exigua (Hiibner) 2 € ¥ = Harmonia axyridis (Pallas)
SHMEFHREETREARLE, HXTRBUERUEXSBER, RE
MR BAMERRYE 1D, ZRERARA | K2 RATHEX
WA K G4d). HAFRFMHA2722C, RHT0£5%, KEH 16:8 (L:D).

413 Bt XFEXEIH X TR REN R EWEEH

N30, V3, J223 foxd R E K BB & lom® NEEHN 24 AEMIEHK, &
MNEFBRER 6 M, ELBACHRABEEXRZBM 2 h WH XX RWB 4
d 40k, ZEEMNNBAN—LREeHEMES R, EARETFHAMNEAFKIE
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M, HFARKEHEBNMNEAR, UB L FhR, SRIhRENIHNHRE
R, #BERPHETR. BE KRB AN 2 @Y EBHEL3Sem, &
25 cmWAEEREF, AANMEHEXBRERERE 12 hWHEXTRWEY
240k, FHREEAEN20%, FRIRENEHRAEANF B . F#t
REBB S 2EFREETRBREFARIAE, HHEIN30, V3 J223 8
BERK 240, Z2RMEARREHMKRI T, 4RSI HRRH.

ENLEPR 74 LM H, ERIOCXA LS RFEXEK, URH L. FUA,
B PR, FERE, REPh1d EHRE. HRALEREBBERX B
ETERE#D (A2 85cm, H15cm) #, FAHAN—RE L (KxK:
50 cmx2.5 cm) A, BHRERES, CRBHFFHE>IFE 10 d #9759
B, SMBHNRSOBFHBAE, EX 4K FELRE2542°C, HAEBE
70+5%, X AH 16:8h (L:D) £# T#47.

414BtEEETK-HREBTR-FEN A HEFRRD

MR 2 H E K N30,V3 $9J223 s 18, SR MM 24 h iy 2 R 0 8t X B,
BAMERR 2 hEHREAHE 3B 2 PRITHRE, RIFFH CrylAb &
e B B L RBAREERFE-TSCHRA T, FRK 02 B, 3 LM ERK,
EAReMEY Rk E, 10 BRENEERE, AREEHAENFES, in
A& & PBST, ELISA HixE % %,

HERBRA S, REFRRA PBST %k 3 %k, UhETaibRm
CrylAb Z 5. EMBEL 4 K.

4.15 % Bt EEERBM XN REW R R B F 4R LA W Bw

RERRPUERE, BAMAKEBRERL (4 85cm, & 1.5 cm)
P, RI0mg £EERERE - APEL3S cm WENEFHHHAELH, %7
BNE 20%E HAKBMRRE, A—KENH (KxFE: 5.0omx<2.5ecm) &
FWRA. BREFIA, TH2EMKE LS ERMFHELY, ER2dEH—XK
h . B N30, V3, J223 P R A, FiR— TR, SLAEN
K25 Mk, RERAMEF 7dRB0INEE, LRAEEXFENZH
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I, EMLENR SORIABAR, ELZ4K. BALKRH#TI0d, il
BT KA AN ST AE s, b o BT T U4 0k B o AR L 2B £ 4 2542 °C,
A E 70+5%, X EH# 16:8h (L:D).

4.1.6 Zita#r

A A Wilcoxon # &R FEN R AR XX R EXLR N EERL, &
MERAFERLESH B RRA M EEERAEF K. FA DPS K4
AENRATH. RE. FHAHAENEEREEE S Z24 (One-way
ANOVA, LSD). B4 ¥#HEX R ER P ARBEEEHRTH ENH, BEX T
HBERREREE, AFENPFRA TN RN~V EEL AL,

42 ER G447

421 HEF IR BN BHH XA FEN LN EH ¥ TR

BREARIFAEABENF NN EFHEWE 4.1, TALEEFEX S
RAENRELEIIAREN RGN WA FERLTE, #EEEX N30, V3
A13223 GXREKEEFT KA BN F I HZENFEH B FERDFH 45.95%.
29.73%. 40.54%77 41.89%, EFIM/6 B 7 7E F 4 Fl 4 31.08%. 20.27%. 28.38%
#135.14% 0 NG it 29 #7 45 R &, N30 #3223 53¢ R #9277 B % (N30: o = 0.025,
df=1, P=0.8753; J223: ¥*=1.439, df=1, P=02304), V3 5B R g%

(¥ =6.056, df=1, P=0.0139).

62



LA e B e A SR =M Bt AR AN R EAH-F AR AR

100 4

Survival (%)

Days
K41 BABt EXAFRWHRERRKY 2R A Y H- AW HFER
Fig 4.1 Survival of H. axyridispre-imaginal fed preys which reared on different
Bt maize lines and non-Bt control
DRAEEFNEXRN, V3R HHEIRRARFEN:, HLT A
ERAFHEEEXARHNHAREN R AR LT AMBERELER (R4,
HENEIARENREHN AN | BEHA | RERRNZTRHIFA N
13.14-13.50 d #v 17.04-17.36 d, FHEFHABOLFHHRE, 2518 1275 d
F0 1646 d, HRAEFHIW LW ER (Favacpupee= 1.583, df =3, 108, P =10.1979;
Flavacaduis= 1496, df =3, 86, P=02217). A& HHE, | BRreHRLEF
#12.162.30d, £ EERA B F 2R (Fie=1.739, df =3, 259, P=0.15%4).
223 A BN 2 RAMAREAHRE, FH K4 2.19d, N30, V3 fuxt f#>2.504d,
ZREF (Foa=6.766, df =3, 215, P=0.0002)., V3R EHX IV reit L
FH#A288d, SNR23dHFERFEER, EENOMNRNBHWERILE
(F34=2.009, df=3, 167, P=0.1147). £ & E 8 4 B4 2 X T HH 4 4.46-4.93
d, 223 A Bk KB ERK, EALAEEALEEERF (Fun=1.132, df=3,
110, P=03396), BAM BN R R 2 TER KK, X 1.14d, N30, V3 f
DRV FFEA L E IR F A 1.03d.1.05d 2 1.07 d, Z7F B F Fprepupae = 1.008,
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df =3, 108, P =0.3925). WWAH HHAHELE T X N30, V3, J223 foxf
HREREXRELER, FHH 3.73-3.88 d(Fpyee = 0.316,df = 3,86, P = 0.8134),

HEREANRENEZRERFARY M (K 4.1), N30, V3 F1J223 &%
BHEE 4 21492184 mg, FHEFEHBABWEEMNS, %2 2261 mg, EXR
BEEEZRE (Fppe=0.639, df=3, 100, P=0.5918), #fig i hE R
EHREEAEME, 2752101 mgA 2079 mg, BEFFEXRABNRBLHE
2% % 19.91-20.85 mg #7 19.11-19.69 mg, R FEF (Frmae=0.505, df=3,
40, P=0.6810; Fpg.=1.038, df=3, 42, P=0.3863).

FHEANBABHR M E~FHTHH 13.25d, N30 % 12.14d, V3
o223 B R R FHAME, H1000d79.17d, ELRERZRR
B# (Fproovi=1.754, df=3, 19, P=0.1964), V3 R BHWH 2Kk 2 ¥ FERE,
10d F35 758 235.33 41, HAR N EEXRE, 209.50 &, N30 Fr J223 KK,
4% % 18820 ¥4 180.50 K, EARBEEAREFL ¥ LZER (Froumary = 0.863,
df=3, 17, P=04832), #EFHEKN30. V3R J223 A EHIFB LR 544
EENREATEZFLR, FHEBAELHE 88%LL L (Fraching=0.554, df =3, 15,
P =0.6555).
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Table 4.1 Tri-trophic effects on the table parameters of Harmonia axyridis when fed

larvae that were reared on different transgenic Bt maize lines and non-Bt isoline

control kernels

Parameters N30 V3 J223 Control
Development time (d)

1 instar 230+£0.06(63)a 2.17+0.05(58)a 2.16+£0.04(70)a  2.26 + 0.05(69) a
2" instar 253+0.08(59)a 2.63%0.10(41)a  2.19£0.05(54)b  2.60 + 0.08(62) a
3 instar 2.82+0.11(49)ab 2.88x0.11(34)a  2.60+0.13(40)ab 253 0.13(45)b
4" instar 474+0.1934)a 457+0.16(21)a 493+021(28)a 4.46+0.16(28)a
Pre-pupal stage 103+0.03(33)a 1.05£0.0520)a 1.07+00528)a  1.14+0.07(28)a
Pupal stage 3.87+0.11(23)a 379+0.11(14)a 3.88+0.1524)a 3.73%0.12(26)a

Larvae-pupae
Larvae-adults

Pupa weight (mg)

Male fresh weight (mg)
Female fresh weight (mg)

Pre-oviposition period (d)

Total fecundity

Egg hatching rate (%)

13.42+024(33) a
17.04 £ 0.25(23) a
21.49 + 0.58(29) a
19.11 £ 0.68(12) a
20.85+0.56(11) a
1214+ 1.28(7) 2

188.20:18.46(5) a

92.50 + 3.59(4) a

13.50 + 0.24(20) a
17.36 £ 0.29(14) a
21.650.88(18) a
19.40 £ 1.02(6)
19.91  1.08(8) a
10.00 £ 1.52(3) a
235.33+49.67(3) a

90.50 £2.63(4) a

13.14 £ 0.34(28) a
17.04 +0.35(24) a
21.84 £0.53(27) a
19.69£0.72(11) a
19.91 +0.85(10) a
9.17 £ 1.11(6) a

180.50+22.23(6) a

90.50 £2.75(4) a

12.75 £ 0.21(28) a
16.46 + 0.27(26) a
22.61 £0.64(27) a
20.79 £0.77(14) a
21.01 £0.85(12) a
13.25 £ 1.80(4) a

209.50+11.41(4) a

$8.00 £2.16(4) a

Note: Mean (+ SE) followed by same letters in the same row have no significant difference

(One-way ANOVA, P > 0.05)

422CrylAb B ER X E I X- M XA R-R AN E PR

CrylAb Z B # Bt TX-HH-HREFRWETWRIETHES, N30, V3
Fo J223 M4 CrylAb RiAE 7 40ngmg DW BAL, BR 24 h EH EBREN
CrylAb % 3.16-4.98ng/mgDW, THT 10-19 4, 3 #E 4 kK CryAb 94 &
EBY T 8-13fF, REFFFRALME CrylAb & &,
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#42CrylAb BEHE Bt T X-BY-H e HF LW PTG
Table 4.2 Cry1 Ab protein levels in transgenic Bt maize lines, prey and predator

Maize kernel Prey (ng/mg DW) Harmonia axyridis (ng/mg DW)
Variety n
(ng/mg DW) Spodoptera exigua 3" instar Adult Eggs
N30 3 59.36 £9.10a 3.16 £ 0.56b 0.24 £ 0.05¢
V3 3 64.84 + 4.88a 4.98+0.37b 0.59 = 0.08¢
J223 3 44,87+ 4.56a 461 +0.17b 0.35+ 0.03¢
Control 3 - - -

Note: Mean + SE within an row followed by different letters are significantly different (One-way

ANOVA, P<0.05)

A2IREFIAERN FERER BN EHF YN

HEREEAN30.V3 A 0223 R RMH AR R0 WEERSHBER
AR (£43). RENOERWH = EFTRERAH 72.0%, £2RFEF (F
=0.124, df=1, P=0.7248), BA& V3 LR M R FERHK, # 64.0%, Ef
FHREFNMGEZRTEF (F=0343, df=1, P=05582), B & J223 HEH ik
HBEEEAT6.0%, GXBRERETEE (£=0.152, df=1, P=0.6967), RBRA
REXEUEFEERMK, KN 48.0%, ES5EREAEABREXLRRA LiT¥
t#£32 (#=3816, df=1, P=0.0508).,

BAERERFXMELEETXER WM EZ a4 A 14.13-1526 d (%
43), BREFBAREZFR (Fpeoi=0.194, df=3, 73, P=0.9004), X E &
BEAMBEARETN, RALRRIEESR. REVIEHHBEFH&=NE
B®, % 108.06 ki, N30 11223 2 5% 80.88 A0 88.79 %, 5 BLBEREE

(Freungiy= 0.614, df =3, 68, P =0.6085), H &% EHFE % N30. V3 Fr J223
A BB = P LR 45 4 90.50%, 90.50%7F0 93.00%, 55 3¢ H 90.50%% 5 F &
F (Fraching= 0219, df=3, 15, P=0.8811) .
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Table 4.3 Impact of pollen consumption from transgenic Bt maize lines or the

non-transformed control on survival and reproduction of adult Harmonia axyridis

Pre-oviposition period Total fecundity Eggs hatching rate
Treatment  Survival (%) *

(days + SE) (+ SE) (% + SE)
N30 72.0a 1526+1.17(20)a  80.88+11.33(16)a  90.50+3.86 (4)a
V3 64.0a 14.13£1.19(17)a  108.06£1587(16)a  90.50 +2.50 (4) a
1223 76.0a 1500+1.06 (19)a  88.79+11.33(19)a  93.00+2.52(4)a
Control 72.0a 1453+ 1.14(18)a 9044+ 1641(18)a 90.50+2.22(4)a

Honey 48.0a - - -

FH¥% +SE, HANGE—FHXATLEELE (One-way ANOVA, LSD, P>0.05)

"H-NMAEGHEEE (Wilcoxontest, P>0.05)

- FREBREAHRECH B LRZH =5

Note: Means (+ SE) within a column followed by same letters are not significantly different
(One-way ANOVA, LSD, P> 0.05). ® Means of the Bt maize lines and honey treatments are
compared to the control using Wilcoxon test (@ = 0.05). - No eggs for the female adults which only

fed on honey.

WBREBRWELZRFABE T, 30d B ABHEMNEE (H42), TRF%
B, S MBI R R R R E 4 AE 26.26-27.65 mg Fu 23.32-24.44 mg X
B, 2 RBE XA LEZE R Fremme=0.553,df =4, 124, P = 0.6973; Fpnae=0.722,
df=4, 124, P=05786), 7d /5, RERRFEFAM#E = FHEKE % 30.34 mg,
F#HR w273 mg, BhFHKEH 2580mg, FHHEW 216 mg, BMEXLEHE
KA B R E M1k B 36.45-37.76 mg, FHH/w 9.37-10.11 mg, #RKkEL
3] 29.59-30.23 mg, T 5.77-6.57 mg. B Ak E F xR E KL A &R
R E 1 R ATH 26.26 mg v 2] 34.99 mg, F 43 fv 8.72 mg, 18 R 1K F & 23.32 mg
Hiw%| 2842 mg, FHHMS 11 mg, AAEEEFZSNE AR E AL
Mgk s hEEFRTRALR B AR R EE, REHEHERELD
R EREXUREBEAERAEEEZR, SR ELRAREZ R Fromale
=4.531, df=4, 104, P=0.0021; Fpa.=3.682, df=4, 95, P=0.0080). 5%
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FNE =## Bt ZE TR FRIFHE KRB AN KRB PG

TdAAl, FAHMEAEREASHE NI TR, RRLEEANERTHKE
1 BEF R TR B &, (BB R V3 FoJ223 L0 B e kT 4K E 4 5] 4 39.83
mg #140.74mg, EEFHTRRAFLEEF KM 2K E 3597 mg, HA N30 %
Bl o IR E K 38.99mg, SHBERTEE (Fromae = 8.429, df=4, 80,
P =10.0000), REREEAKNBE RS 30d FHEEN 2545 mg, LBRRAFEEE
E xR EXKIEM A V3, 1223 LM B8 1K 4.11-5.13 mg, ZREF, LEA N30
R EK3.15mg, ZRTEF (Fpae=3.767, df=4, 52, P=0.0096),

45

404

Female adult weight (mg)

104

30

254

Male adult weight (mg)

154

20

154

I Honey A
[ Control a

N30 I
. V3
. 223

Start 7 days 30 days

HA2 % EFHEXNRENERBAKE (£SE) WH

A MAREE (mg) B. #FHE (mg)

Fig. 4.2 Impact of feeding transgenic Bt maize and non-Bt maize pollens on adult

weight (+ SE) of Harmonia axyridis. A. Female adult (mg) B. Male adult (mg)
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REMRTURAIREYHERRAPEIALR N ERNEENEMIIRERT
AXREWBLEE, TABEALELE R WBNRG L ERMK, TELARE
—H.CrylF £# crplF T X, EN AR E A R R Coleomegilla maculata

(DeGeer) ZRE X A ¥ FETH##,»t A ¥ CrylF 28 4 2.38-4.33ug/g FW,
¥R A RBARA CrylF 484 96.9-211.8ng/g FW, MM a4 2 P74 CrylF £ Bt
E AR 3-10 15, XA 20-32ng/gFW, RAA 4 B9 =L BRE, HES
51K, & EBPFE CrylF & & (Tian et al. 2012).

HBIEEERNOF R BRI BYHERAREN LW FFRLAAHY
W, R VIARNHERRYHEEELEERTRA L LA HARAN
#, ERMAYFEF LR T AP RELSHBERRFEELR, WHE3 #
PR TR ERNBE. BR N AENEYHARNEE, L2 R ®
WARRELSREL, EEARAIHMARELELR. SEHERMNEMAL,
ZH Bt EXNHENFRERKASLREARN AT H. BEXE, &—
FRERSEAX TR EARE B A CrylF WER T RRARFAREERE
RERE, BERAMERERALYFETEX RA £ F(Tianet al. 2012). &
3 CrylAc % Cry2Ab Hy % % FH 4% BollGard®ll #f A A S Bk A K K F R A &
W, % cryldc R ANAERERNET AN FRFLEER W, # ayldb X
98 7% it 14 X 48 4148 7« & Nilaparvata lugens (Stal) &S A LFEE. ZFH
B %5l /1% 0. % F B ¥ ¥ 7H(Bai et al. 2005, Bai et al. 2006, Zhang et al. 2006,
Zhu et al. 2006, Li et al. 2011)

HETUBHRELNEREME Bt R E, TASREE, BANEKE
RERE, R, @3 RAR b g ok 2 ¥ A4 A & 4L % (Lundgren
et al. 2004, Lundgren et al. 2005). FHik, ®#ll Bt TXEM AR E R LB TNY
HEEEE. BAZH Bt EXWH AR WFER, FwE. “HEFFRE
AEERAEB EXB R GEEFZR, B J223 FER LA REZN, N30
FVIHEEERH TR, BRARAEEANR AN FERS LA BRE
FRELR, BRA A8%MNEEHFE, WEREST, HHARZM Bt TxXH
BABEEAERRELNENER, TESREEAXARAEHH. B4, A=
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Bt ERERE RN R R EER G L SEB EX AR ABNBE LR
AEEFUMER, REAESHHATEMETHE, AN RE LY Bt X%
BEAXRYRE. XTF Bt fUAB MU EH, AREFELEHENE
R AREMRATIHFRERAE W, TESHBHARCHETEXRER
HREMIEKAN o- ZHREBBIE, ZHERBEREHEURSLHK-S-2H
BEESNRABLEAAEFERKAES. 2005), Gx{RAEN, 2HTAL
Fl#%% cry3BbI Tk (MON863) M By A TA7H x4 R 31 A 8% B ok 403 & B 3647
RAEFH, WHARR Cry3Bbl LR M AR AFH A AR AT
ARG R T HHE. FERE. 4§ E ¥ v(Lundgren and Wiedenmann 2002).
Fl#, MONS863 4 (Cry3Bb) xt# —-/\ £ ¥ & Epilachna vigintioctopunctata
(Fabricius) 874 K & % #. & & 7~ F| § 0 (Shirai 2006). % cryldb EXHEH
(MONS810)x¢ B % cryldh KA 094 508 & Propylea japonica( Thunberg)
HERMY LW A TP EERERRANBUEN NS AL HEER, B4k
REFHH., B RnE5a REEER, RWREE CrylAh R WA &
4 RYRWBY o CREMBER RN HRLLRBR RO LBELTABE
MEFRTHAE Bt EXERMNEHME. TR, 440 EHLLH
CrylAh X2 ZAWEXRARE, AARMESHFTHEE®ES CylAh 5%
EOHIEM, THEIRELBESNTMEES 2011a,b).
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EBtEARREXREWER LREERE S WHEEFENZ —, B 1996
EHUAES UK, BH ITABERAELEBLEATX, £2012%, RABtH
EHREEKRGHEARBIT 6 THAM, &EXEHHEE RN 35%. ATEMSF
Fhon Bt EXFARE—ARBF Bt EXWTHEF A, WEB EXM4E
SRAMBRAMIKENEE, BE, ¥EARREERAR—HERA T KR
REEEERNEE, AELRKERA, RASMEEANEXTERT A
FoawE, HERAAN, NEREFRAMFARASRE TR ERANRES .

1 # Bt 2 [ Tk % 0 A AR B ok 9470 sk M3

KB RPR A ZF 82 cryldblery24j. crylAb/ivip3DA Fo crylAb/eryll T X &
BERBF O AR TN EREANE, TAERRA O, BE LA
o, BMELEXEFEHENTHARMRE. FEREMETLERETH Bt
EEFEXT A PREEARARTINEXRENE, EFPRARAELFESN
Y, %K E 5 MONSIO F Btil 481, € MONSI10 ## ¥ CrylAb £ B/
A KT T, R+ CrylAb 4 2 £ 8 1/30, 2% 0.31 ng/mg(FW)(AGBIOS).
ARBETA Bt T LA F CrylAb 4 & # 2093 ng/mg (DW) BLE, #
7] B A 2 LM K ¥E 2 Cryl Ab & & By & R & ¥ 0.10-0.81 ng/mg(Diet),
Bt EX% CryAb WA BERZE 10U L, RUREHKBHTKE.

F# CrylAb WEX N A ERwRL R A RFNHHER, B
%t CrylAb T A SR B X R A J L HRA T R R R E(FREE. 2003, £
E & 2005, % EHE. 2006, ¥ F%.2007). AREHA Bt AL RH
UEBERENGHERE, BR Bt XA PBENRA AR EF
E, BERAMHERRZAEARHBMER, ETUNHMREBYERKRT, &
—EEELERANE.

Pl B W cryldb/ery24j. crylAbNip3DA #1 cryldb/eryll TR BT
DEHEATEFRTIMNEAEAE, LR LERATE ML 2, HARRSD
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RIABEKAE, AREGTHEE.
2 BB AFEERAEFRARBESARRA

REZRYREZEFRRMFAEPRMBENAR T %, BAERLER
TRERN 2HX 2HULHBEE £hilt. ABWEAFTEIRREHA,
RESNMBIRHEEONE XN EYBERREEN AT —HBEAF£BERNY
F o WRIL CrylAc # Cry2Ab B Bt # 7] UL 2 £ B4 2% CrylAc AR %
HIRAR RN E, ZEE orylde t80dE Bt 48 LI H3ER 5 5 R 22.4%F 20.4%
(Tabashnik et al. 2002).

AR F ¥ cryldblery24j # crylAbivip3DA F ki 7% 4 fo b # 3T CrylAb %
HEHEXEARGAREKR, T ovldberyl] EXNA K TR, #
crylAblery24j E AL % kLB CryAb F 2 UL R T A A B CryAb il K,
MERE Cry2A MEHEXEARFORRRE, TWNERERRNELEA
Bt T O RAE AR MAEAYN, AU cryldblery24j XA H Cry2Aj
4 Cryl Ab i ts T % 8 P &£ 2| X 4k F (Huang and McGaughey 1999, He et al.
2007, Tan et al. 2011, Storer et al. 2012). %F Vip3 ¥KMEKENF AR EFHE
AMBEREROFRLER, Estruch & (1996) #HE Vip3A x B E KR4 3
#= A, Palma % (2012) ## Vip3C KM E X E K%, {2 Fang & (2007)
W®HE N K E Vip3Acl, C %%k & Vip3Aal Wi 4 & ¥ (chimeric protein)
Vip3AcAa, # R F XK ¥EH X 275 H (Fang et al. 2007), AR % %A 1 Vip3DA &
A ENEXENF R ERRTERANE, T ZREARRY, FALEHELE
FREHRFARTNRZEE. BRKRBRBIELE CrylAb, i £ Vip3DA, X
RERA R ERERR RER, H4E4RRE VI BB HREERE
HB7 I8 B R T MONS10, A MONBI0 £ CrylAb itk F K E T LA
EhH, MRE V3 ELABRAREEIRES 7 R2HAT(Xu et al. 2010).
Cryl HEMEKEAF i, EEXREFENERUEETHKT CrylAb Fo
CrylAc, # LCs bt CrylAb % CrylAc B9 LCso B 10 £ (33 % %. 2009), H ik,
BRIUFEREE—RAZE LT E Cryll £ 1223 REFX R EWER, EEHE
HREHEAFH—FRIE.
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3 B EEERNEFERREHLZLETH

FERREEEWELHES, SEHNZESL Bt EERATXENRELRE
BEE. REHEEETANHLARNBREE 2 RBEERTAR T, BEANEY
KAWFAM. FREH, Bt ABERTHAMRETREMAWRER L, WAL
Fl B 5 F ¥ Bt ABER X R BHRHAE, B3 T £ ubiquitin #7 Bt ARG LR X
FENEKLATHRAETHRH. EAABERST, RREA, BRAARE Bt
EKMONBIOMREWAFFEKZTREEMTAY W, £EE H T MON8IO
B F CrylAbZ B4 ZEHMK, RA 0.09 ng/g (FW) (AGBIOS).

AR P crylAblery24j. crylAbNip3DA F cryldbleryll EX LR EER
ot b B A5 100 K/em® B, MR BEMAK R TR ARA 0, E 1000 Aem’
i, WEEWAKREHWHER, £ 10000 f/em’ W, HREHAREEA. T
EBt EXAMATARPRESH W HEELH, WEX Bt LR ILRER, &
TERCENFHERAL, SRYEZBAWMRLEX, BAEHERS, EAHLHL
WA REATEES LS, TES BRELEPLAAETENLENE,
WHAREL RS, REd il AW s RIS EAHBLER, BT
MEFEMINFEEORERK, XATHAMKEN Bt AR RKELYH
HRE

BRARR Bt LR AN RBEKZRTFATAEH, EEFESTFEFR
BKIEARRBRENEE 1000 ¥r/cm?, EEXMENDRILH A LBt XL
BTFHH170. 6 B/ cm®, MEEFT KB UEWEFREA, LREEDFER,
WUIEE h 2mBF, THE 14.2 K/ cm’(Pleasantsetal. 2001). HF— B EELER %
B, £EE Bt EXMBEZ 0S5m A 1.0m D RH>T L RETHLRKRE S5
[ 3K 260 #7 170 %/ cm®(Zangerl et al. 2001), £+ XTHE, ERLEAHE,
B R, RARANRERTHEHAGHLERET LOEBTE. A Bt
FAMUBRETEM. RERE, YHRBERHELGND, BRXZAH
Bt £H EXA KEF & B HNILERA.
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4 BBt XEEFAMBAUREMEHEZLH T

MR- K AMEAXEENREE R, YR ABAHERN, BREX
HEGF AL LU TNNEREFEAREY HERUR, TURRT R . H T,
BRABY R, ERAYWEZHERRAEYAR, Wi RETUEIH Y
TP R EEEME Bt ZH, ACARMXERY, AN, REKAHL Bt £
EEAMMERE TR, BEHAN Bt ZENR RN LLMRHRE, T
BY—REL™4£%#, NAHRELEREE X#H B OB A (Hilbeck et al. 2012,
Romeis et al. 2012).

W3 case-by-case AN, KSELRFE% cryldblery24j. crylAbivip3DA Fo
cryldbleryl]l XXM RERRERKRTRB L KB A WYH, AREANKEL
ARFHERUERELH, BENBE R R AR TSRS B By, E1
FE.AKRT. REFEEASEYFERATEH, TE Bt EAkEN
hAEE. REREBEREARRBLEXRERTUER >0, £HH5KL 3 Bt
EXRERBR R ER, ERRREEAMNMERE AL, 319 Bt Tx
UREABREEEEREBERAENE R, TENAEEE AT AT H. X —
SR 51K L R % (Zhu et al. 2006, Li and Romeis 2010, Tian et al. 2012).

S LR, % cryldblory24j % crylAblvip3DA EX A EFE R THE K,
Wik, HEAR. SARBERENTEY, BEAEH CrylAb HHETHE
AENR, TEEFRELARBERRERENARTAE N, Bt
crylAb/ery24j 7 crylAb/vip3DA EREAF R AR B X T E XN & EAE.

RH R

® BRAEMHMFINTZMRA2H Bt RANHERNEIAMNZEENERAKE
BATE R R, HALR S,

® HFHATX =4 Bt £AE KA CrylAb ik TH E KA R E, #
WEEFTKENRUEELHRARY;

® HHTE=A Bt EXREMARS LRE - FER SN ERFEFRERE
BEERREARNEERKRTERTA D, ERRES TR LRER
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X —FE;

® HHTHAMAZRECN LT UEIBYR AR EMEZ =M Bt TXKHL
MELERD, BEREFREKLT. REAWRKERERNRAEER S, T
EBtEGESAYEBHNTANETHRY, RAEAKGCARENEL.

® Hul, UEANFREERAF —MHEF RN EEEFT YL, XdX
FHTHNREERAEFWEFHRATF LN Bt TR R A AEEE
FRFUFEARNBE LWRA, FTFET ENERFEYHRALE, A&
EEARFHREEEMB, FARTEBRAREEBREETNEL IH,

ARWHRH |

A EXLSTHIFEN T Zf 4 cryldblery24j.crylAbiip3DA . crylAb/eryll
EAMEIFERN T Y, RAERFERREPRENTH, EXZBHHEN
R#&l, &AM Cry2Aj B . Vip3DAEH. Cryll EEd ERF 5 EIRE 28
B, RES CrylAb BEWZERBRBEAER. FARTENFRREPN
2ERETBEOGHAE FWEL, AREUETEL Bt EAR RS TEY
FiE, VLR ZABRSEXENREANENPTH.
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