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Li Guoping' Wu Kongming™
(1. Henan Key Laboratory of Crop Pest Control; Key Laboratory of Integrated Pest Management on Crops in Southern Part
of Northern China, Ministry of Agriculture and Rural Affairs; Institute of Plant Protection, Henan Academy of Agricultural
Sciences, Zhengzhou 450002, Henan Province, China 2. State Key Laboratory of Biology of Plant Diseases and Insect
Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: Corn is the world’s largest sown food crop, which is related to world food security. Lepidop-
tera and Coleoptera pests are important factors affecting maize yield and quality. Chemical pesticide
spraying has been adopted by most countries for a long time, but it has high cost and environmental
risk. As a new generation of pest control technology, transgenic insect-resistant corn was commercially
planted in the United States in 1996, and quickly spread to major corn producing countries such as Bra-
zil and other areas, becoming a core technology for the control of major pests such as fall armyworm

Spodoptera frugiperda and European corn borer Ostrinia nubilalis. In this paper, the commercial history
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of transgenic insect-resistant maize and its role in pest control in the world were reviewed, and the suc-
cessful experiences of the United States in the management of resistance to target pests such as corn bor-
er and fall armyworm were analyzed, as well as the causes and lessons of resistance of fall armyworm
to various transgenic insect-resistant maizes in Brazil and other South American countries. Based on the
research and development status of transgenic insect-resistant maize transformation events in China,
maize production patterns, regional occurrence characteristics and migratory biology of maize pests, it
was proposed to plant multi-gene stacked insect-resistant maize cultivars containing Vip34 at the source
for prevention and control of fall armyworm in mountainous and hilly maize areas of southern and
southwestern China. In the Huang-Huai-Hai summer maize region, multi-gene stacked resistant maize
containing Cry2A4 should be planted for the prevention and control of cotton bollworm Helicoverpa ar-
migera at the source; in the northern spring maize region, multi-gene stacked resistant maize containing
CrylA should be planted for the prevention and control of Asian corn borer O. furnacalis at the source,
and planting Cry3b- and Cry34/35A-resistant corn in the areas with serious occurrence of two-spotted
leaf beetle Monolepta hieroglyphica, was proposed. To implement the high dose/refuge resistance man-
agement strategy in China, it is necessary to register the target pest species based on whether the trans-
formation event meets the high dose criterion for pests. In terms of the refuge setting for current prod-
ucts, 10%—-20% structured refuge should be applied to the resistant corn for management of fall army-

worm S. frugiperda and the single Bt gene resistant corn, while 5% seed mixed refuge should be applied

to the multi-gene resistant corn for pest control, such as Asian corn borer O. furnacalis.
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FAE AR A TrhE = O EEYZ . 2020 4F,
rh ] T KRR AR T AR R 4.13% 107 hm?, B 2.6%
10° t(FE % 4011 5, https://data.stats.gov.cn/) . B H
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A 200 ZFl, REGS 1 U™ HIO™ 1A 10 28, B4
LA AR 7 B KB 5 1Y 109%0~20% (H E Al
Bl B R IS BT AT E A R 2523, 2014
S EAEAABINES , 2018) o A 21 22 ok, Bifi <
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SENNE A (71545, 2005 ; KA A 242 ,2009;
FEIREFELENS ,2019), el s ik F
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2020)
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20 22 90 4F X B DL ok | %% Bt (Bacillus
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T, 38 42 T BN 5 KW Ostrinia nubilalis 715 3y
DO S5 E ) & R E (Koziel et al., 1993 ; Ma-
son et al., 1996) , U5 1 143 B EH AT 4L Ak
%4 25 (Hutchison et al., 2010; Dively et al., 2018;
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REWEFE, CIEE T — i 3 KB & (U
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1 EEEEARBERNALLE
MEEHEE

I R DAL B S, K R T B s 4 E S
P HE B B H R SR T ok 32,
8512802 Cryl 28, 4% Cryldb  Cryldc  CrylA. 105
I Cryl F 55 5 55 2 2502 Cry2 28, A4 Cry24b il

Cry24e %5 5E 5 55 3 2802 Vip 28, 44 Vip3419
Vip3A420 4558 (Huang, 2021) . 1T Bidatise 0 3%
WMy K A Cry3Bl. Cry34/354b1. mCry34.
eCry3.14b . V-ATPase dsRNA Fl1 DvSnf7 dsRNA 55
(Frank et al.,2013; Head et al.,2017) ., [ 1996 4%
A BE T R R B R RS R B & 0 1734
M (1),

®1 BEEERBRERNERME

Table 1 Developmental stages of transgenic insect-resistant maize

BBt BEp A TEMHE G HEH AR R
Stage Genetic type Year registered Gene Target pest
5 1B A~ Cry 2N 1996 CrylAb #%## H Lepidoptera
(1996—20094F)  Single Cry gene 2003 Cry3B1 #4548 H Coleoptera
The first stage 2003 CrylF %48 H Lepidoptera
(1996—2009) 2005 Cry34/354b1 #43 H Coleoptera
2006 mCry34 85 H Coleoptera
F2MrE 2> Cry 2 ZE 2010 CrylA.105+Cry2A4b, CrylF+CrylA.105+Cry24b,  ## H Lepidoptera
(2010—20164F)  Multiple Cry genes CrylAb+CrylF
The second stage 2013 eCry3.14b+mCry3A, Cry3BbI1+Cry34/35Ab1, #5% H Coleoptera
(2010—2016) mCry34+Cry34/354b1
H3HB CryJEH Vip2EH  2017—2018  CrylA.105+Cry24b+Vip3A, CrylA.105+Cry24b2+ 158 H A3 H
(20174 &%) HIRNAI %270 Cryl F+DvSnf7+Cry3Bbi1+Cry34/354b1 Lepidoptera and
The third stage Cry gene, Vip gene Coleoptera
(2017—Now) and RNAI stacked

551 B B (1996—2009 45 ) - Bl B A Cry JE [H
BT EAK(F 1), 1995—1996 4B 10 Y F K i A
PLFRIK Cryl Ab R &, 4G JE1E I | L AR SF A /)&
ICAY“176” . “MONS10” F1“Btl11” & % Ak F5 1, LARK
P K BE RN PG R K AT 5 8E Diatraea grandiosella
Sy R B AR E L, 3 AR S8 AU = KR A
Fio T EK Cry 1 Ab 55 K0 B 1 53 3 3k 1) 7 350
1R, A B b BTk 5 Ry A5 L (Graeber et al.,
1999; Lauer & Wedberg, 1999; Archer et al., 2000;
2001) . 2001 4F, 35 CrylF 1 “TC1507" 1 3 [& %
ICTFT 2003 - TR B AL FIAE , 3K Cry1F TR
D 5 2K LR R b, B 8 A A AR P B R,
Wl 5B R T 3R3A Cry IF EoK 1 F 24045
Eih, Rz Ah, ik CrylF E K P B ERAT &
WS /N pE AT 22 W Diatraea saccharalis F1 7N 3% 7§
Agrotis ipsilon %5 5538 H F WAL A B4F 1 B 585081
(Buntin, 2008 ; Siebert et al.,2008a) . 2003 4F, ik
Cry3Bbl1 A “MONS63” F1 “MON8801 7" #4 b F {1}l
726 BB IC RN EDI AR, T T B 43 5 B 3 dE
KYIARMH Diabrotica virgifera; 2005 4F42 35 Cry34/
35Ab ) “DAS-591227-7" F1 2006 4F- 2 i5 mCry3A fY
“MIR604” % Ak 5 {4 it vfe 1 Bl 45 EOR WIAR i

(Frank et al.,2013) ., %20104F, 26 [ fhAt A F ik 0
— Bt T HL R BR B K AA R 0.36 12 hm?,
1% E FOK SR T FRY 86% (James, 2010)

552 BrBE(2010—2016 4F ) - Fe HoA A TEIEH
T ZA Cry BHEPLHR T K, TP MRS
. Heliocoverpa zea 15 b 53 17 19 45 3 HURI L it 22
F R B PR IR BIOR WS 1Y 75 2L (Storer et al., 2012a) ,
20104, d LR FIWER (323K Cry 1 A.105+Cry2 Ab2
[ “MON89034 ™ i AL -4 3¢ E F & K Rl Ak A
fo CrylA.105 8 P& T B KX H M 57 52 Bk A/
M 2E R , Cry2Ab2 RE WS =5 25 B 15 58 DI 4%
A, HaX 2 R AR 22 (RN B S 138 AT (Niu et
al.,2016a,b) . 2013 4, 3R ik eCry3.1Ab+mCry3A .
Cry34/35Abl+mCry3A . Cry34/35Abl1+3Bbl & [ LA
B 4 B K DIAR - H 1 B £k 35 4 I s 3 oMl Ak A
(US EPA,2020) . M5, a5 0 & Fh ik, %
“MON89034”, “TC1507", “MON863”FI“MONS8017”
FEZNMPIRFBAFRE P KT HEER ERR
WS HE LR T AT & )% (Storer et al., 2012b;
Siebert et al.,2012b) .

5 3BT (2017 4 24 ) AR Cry $T HUIEIA
Vip Pt HL K K FT RAN 4 8 R (RNA interference,
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RNAD Z P45 2480 hR 3 PR Tk, TR
Hb 5T RN K B AR I FE X Cry 1 28 F1 Cry3 288541
LAY XT Cryl/Cry2 25 (477 4 T ik, 4
Y AR N & T AR F Cry 2845 H 7 X8 4
LU Vip3A4 3 B B R RNAL S . Vip 2 0F i Ak
TE WA B v ™= A i — B IR 128 BV 1 (vegetative
insecticidal protein, Vip) , 5 Cry 288 H Tosc Bhi i,
Xof A b 5 7 gk R S AR % TR R I R A A B HUROR
(Gilreath et al.,2021) . %Kik Vip3A EKLUBIEIR A
FPEICAY“MIR1627F e AL S AF o 32, M Erdb ek
% 3 1 Fh FE “MON89034” x “TC1507” x “MIR162” .
“Bt11”x“MIR162" 45 Z 3L R A TR F K Aok
B B % i E— e A 5P A E R
K YA B mCry34. Cry3Bbl F Cry34A4b1/
Cry354b1 ZEH #1721 (US EPA,2020)

RNAi £ W H #b i X 5% RNA (double-strand
RNA, dsRNA) Tt FLAZ A= P o 55 K 3k 1 —Fh
FE TR B AR, i S K B TR T B8O bR 3 AR
K& B M E5E IR ABET (Fire et al., 1998).
R T HE L% 3 [ FORYIHR I X Cry3 2R3 it
M AE P E AR R & RNATH AR Cry3 260
PRI S IR B 45 oK UAR it R, i B8y FH A 2 R
£ 4% vATPase-A dsRNA F1 Snf7 dsRNA % (Baum et
al., 2007 ; Fishilevich et al.,2019) . 2017 4F, 26 [E #f
BEOR I Rt 1 LR A W] I E 9 238 Cry3Bbl+
DvSnf7 ] “MONS74 117 Hip U F KRtk Fi . R4,
i LA RIS [C 25 R A W) S VESRAE 7KK Cry1A.105+
Cry2Ab + Cry1F + Cry3Bbl + Cry34Ab1/Cry35Abl +
DvSnf7 f*) SmartStax Pro®%% %t [K £ K 7= i (Head
etal.,2017) . RNAIFARIGI 7 HedOFbLE] S 1
Bt AR FORUIAR M H B R A . R, SR H
AL TF BER A R RO ARG LS 5 A
3 H 0 EOK, 55 BR RN SE R EPSPS-CP4
5 Par & NGB M1 200 ORI R R 1 52 AP
NS B Y Wk = sl o a3 S A I

D EEFEGBEXRFLALFIERE
S50

2.1 SHREEEAEXREFAFEER

1996 4F , € [® 1 Wt % Crylab FE IR oK
(“Bt176” . “MONS810” I “Bt11” ) @i b Ak FhAd , 7£
J5 ) 25 4F L S BE DR A A k3 Bl N AR 3 T s
FIFET RN . 20194F, &BRE A 29 4 AP E
TR FENAEY) , FIAE TR R 1996 41 1.7x10° hm* 34

JNEN 2019 419 1.904x 10° hm?, 48 = T 1124%, Hoe,
BRI DR KA AN 6.09% 107 hi?, (55 5L 1)
SRR ARG 329% (ISAAA,2019) o FEEATH RN
B 0 52 A PR Y KA A 5.59x107 hm', &
T BE TR K BRI IR FR A 91.2% , F A& AL SE W v 5
Y SR R AR YA KB IX Y 14 E S, Herp
FEFAE ALY 3.317x10” hm? ELPE 4 1.63% 107 hm?
BATARAE A 5.9 10° hm® JIEERT 1.6x10° hm*(ISAAA,
2019),

YT, R ME AR FOKRFA SR 2 R
FEACSEM TR SEUNAT RS SEIN , 32 20 PR 3 HUZ O &
ORI R SR | S U B8 RN R DDA I 4
TEAED , g AE 20— FhA Bt ERIIEZ . 1998 4,
FAIEFF RN RE 2 1K Cry 1 Ab (9 “MONS10” £k, 3%
FHEBH 12 FoK 2L b A G BEAR R Chilo partel-
Ius VIR AR K Busseola fusca HUEEZETR K Sesa-
mia calamistis FNAE M H #E 22 W Eldana saccharina
(Gouse et al.,2005) . {H7E2007 4F-, W3 (1 4E 5 g%
“MONS10” H1 ik Cry 1 Ab 2 4 7= A4 T Hidk (van
Rensburg, 2007 ; Kruger et al.,2014) . A T fifsk IV 31
I Mk 1 Bt M Tn) A, 2010 4 T If PR 3 3k
CrylA. 105+Cry2Ab2 ) “MON89034” T K (Kruger
etal.,2014) ., FHBFTARIKA RIS, “MON89034” X}
JGE 2 T84 1 B 454 H (Botha et al., 2019) . JIF.
) R R B RB Rg © R I AL A A “MONS10™ £
K, FEHF B LN £ KR Ostrinia furnacalis
A F A H 2 1 (Afidchao et al.,2013) .

2.2 FEEEE R E R REARE AR EER

Jb & PN F A F 3K Cry 1 Ab [ “Bt176” , “Bt11” il
“MONBS10" 4 A A X R KIS R K AT
A UE G AR v 1) B 4 350 (Castro et al., 2004 ; Huang
et al.,2006) , HI[A] B #5850 58 15 51 99% LA I (Laver &
Wedberg, 1999 ; Graeber et al., 1999 ; Siegfried & Hell-
mich,2012) , T % 520 Wk Striacosta albicosta [
B ¥ 350K 82K (Catangui & Berg 2006 ; Eichenseer et
al.,2008) , 1k Cryl1 Ab T KX R BT A —E 1Y
BRI A KO S T AR A 9090, B e
KA 50%~80% (Buntin et al.,2001 ; Buntin, 2010) ;
35 Cry LAb F KNS MRS H i B 422805y 75%~
80% (Storer et al., 2001) . # ik CrylF {4 “TC1507”
FORXT IR FEARME PG R FORFFREE /N R A
B b R AT BRI B4R 3
99% L) | (Graeber et al., 1999; Siebert et al.,2008b) ,
X 5L 8 e R kAT 45 7K TPk (Eichenseer et al.,
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2008) . ik Vip3A [ “MIR162” FRXTHHL BTz Mk “MIR604” 5 A S5 4 X T KR UIAR i HY (1) B 5 R0 1k

FIZE U AR5 I B 25 80R Y97 99% L) | (Burkness  96.88%~98.86% (Hibbard et al., 2010a; 2011) , i #ik

et al,, 2010) . #F ik Cry3Bbl f) “MONS863” Al Cry34Abl/Cry35Ablf{“DAS-59122-7 56 AL Fif4- % T

“MONBSS01 7" AL F X FORVIAR I H B HR0R. R YRR H B 80% 4 95.96%~99.44% ( Storer et

1 89%~95% (Oyediran et al.,2007) , #¢35 mCry3A ) al.,2006; Binning et al.,2010; Hibbard et al.,2010b) .
R2 EIEEE DB E A ALEER (https://www.isaaa.org/gmapprovaldatabase/default.asp)

Table 2 An overview of commercializtion of transgenic insect-resistant maizes in the world

(https://www.isaaa.org/gmapprovaldatabase/default.asp)

LS e R R A AL FR P HU LA Tl AL AR ) EiLY A

Trade name Registered company Event name Insect-resistant gene  Approval time for commercialization Target pest
NaturGard Syngenta Bt176 (176) CrylAb 2 (1995) MK (1996) PR LE figei H
KnockOu™, (1998) \PHHEF (1998) #4354 (1999)  Lepidoptera
Maximizer™ USA (1995), Canada (1996), Argentina

(1998), Spain (1998), Portugal (1999)

Agrisure™ Syngenta Btl1 CrylAb FEEAMEFR(1996) FTARLE(2001) L @ H
CB/LL 75(2008) L (2012) AEHEEE(2010) . Lepidoptera

FE(2003) 247 (2004) JBEHE (2015)
USA and Canada (1996), Argentina
(2001), Brazil (2008), Paraguay (2012),
Philippines (2010), South Africa (2003),
Uruguay (2004), Vietnam (2015)

YieldGard™,  Monsanto MONS10 CrylAb K (1996) R AR AE(1997) (Fi] - @4 H
MaizeGard™ HIFE (1998) HLABH7 3T (2001) (FEHE T Lepidoptera
(2002) , 5732(2003) | FL PG FEFE LE
WE(2007) (47 (2012)

USA (1996), Canada and South Africa
(1997), Argentina (1998), Honduras
(2001), Philippines (2002), Uruguay
(2003), Brazil and Colombia (2007),

Paraguay (2012)
Herculex™ I, Dow AgroSciences/ TC1507 CrylFa2 32 [ (2001) | B 42 3£ (2005) | BV @E#E
ry
Herculex™ CB  DuPont (2008) . Jin & kK (2002) ., " 1& kL . Lepidoptera

(2007) . it #8 i H7 (2009) | & Hif £
(2011) L& 55 (2012) (B (2012)
JEHEE(2013) \#9E(2012)

USA (2001), Argentina (2005), Brazil
(2008), Canada (2002), Colombia (2007),
Honduras (2009), Uruguay (2011),
Panama (2012), Paraguay (2012),
Philippines (2013), South Africa (2012)

YieldGard™  Monsanto MONS63 Cry3Bbl M (2002) MK (2003) FH
Rootworm RW, USA (2002), Canada (2003) Coleoptera
MaxGard™

YieldGard VT Monsanto MON88017 Cry3Bbl 2% [ (2005) . il 5= K (2006) | B AR 4E  HE#0 E
RW (2010) 274 (2010) HEASH7 7 (2013)  Coleoptera

USA (2005), Canada (2006), Argentina
(2012), Brazil (2014), Honduras (2013)

Agrisure™ RW Syngenta MIR604 mCry34 FE[E(2007) FTFRZE(2012) (ELPE(2014) . ¥HHWH
K (2007) Coleoptera
USA (2007), Argentina (2012), Brazil
(2014), Canada (2007)

Agrisure™ Syngenta MIR162 Vip3A4a20 ELPE(2009) L nE R FIBTARAE i3 H
Viptera (2011) EFHE HO AT fi = (2014) | Lepidoptera
FEHTE(2018)

Brazil (2009), USA, Canada and
Argentina (2011), Colombia and
Paraguay (2014), Philippines (2018)
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£F3R 2 Continued

[LEES e IR EEIA A 24T L H LA Tl AL AR ) PR R
Trade name Registered company Event name Insect-resistant gene  Approval time for commercialization Target pest
YieldGard™  Monsanto MONS89034  CrylA4.105+CryAb2  FEEFINE K (2008) FTHRLE(2010) . BEH H
VT Pro™ ELPE(2009) HEHESRIT(2012) 454 Lepidoptera

(2014) AEAET2(2009) \FEE(2010)
USA and Canada (2008), Argentina
(2010), Brazil (2009), Honduras (2012),
Portugal (2014), Philippines (2009),
South Africa (2010)

Herculex™ RW Dow AgroSciences/ DAS-59122-7 Cry34A4b1/Cry354b1 2 (2005) %A (2005) B H
DuPont USA (2005), Canada (2005) Coleoptera
Agrisure® Syngenta Bt11xMIR162 CrylAb+Vip34a20  FIRRZE(2014) . EP5(2015) i3 H
Viptera™ 2100 Argentina (2014), Brazil (2015) Lepidoptera
YieldGard Plus Monsanto MONS863%  Cry3BbI+Cryldb  FEAYEE(2004) iyl FL RN H
MONS810 Philippines (2004) Lepidoptera and
Coleoptera
Herculex Dow AgroSciences/ TC1507x CrylFa2+Cry344b1/ EVG(2013) JiiEEK(2006) it H A1 H
XTRA™ DuPont DAS-59122-7 Cry354b1 Brazil (2013), Canada (2006) Lepidoptera and
Coleoptera
Yieldgard® Dow AgroSciences/ TC1507x CrylFa2+CryldAb  PRRZE(2013) ELVE(2011) BHMELLY. B3 H
DuPont MONS10 (2011) .47 (2015) FEHEEE(2014) . Lepidoptera
mE(2014)
Argentina (2013), Brazil (2011),
Colombia (2011), Paraguay (2015),
Philippines (2014), South Africa (2014)
Agrisure” Syngenta Bt11xIR162x Cryldb+Vip34a20+ 5[ (2009) 275 (2019) i F AN H
Viptera™ 3100 MIR604 mCry34 USA (2009), Brazil (2019) Lepidoptera and
Coleoptera
Genuity® Monsanto/Mycogen/ MON89034x  CrylA.105+ JnEEI(2009) (ELPE(2016) it H i H
SmartStax™  Dow AgroScience  TC1507x Cry2Ab2+Cryl F+ Canada (2009), Brazil (2016) Lepidoptera and
MONB88017x Cry3BbI1+Cry344b1/ Coleoptera
DAS-59122-7 Cry354b1
SmartStax Pro Monsanto/Dow MONS89034x  CrylA.105+Cry24b2+ F[FE (2017) it H i H
AgroScience TC1507x% Cryl F+DvSnf7+ USA (2017) Lepidoptera and
MONS87411x  Cry3Bbl+Cry344b1/ Coleoptera
DAS-59122-7 354b1
1 56 I R B R B e K ) AR UMD 2004 ; Brookes, 2019)

Hb 5% 7 1k (Burtet et al., 2017 ; Signorini et al.,2018) .
FEYNARES HURINEEFF 5205 (Blanco et al., 2016 Gri-
mi et al.,2018) ; JEHLE HNER R 557 R Hb X Hi e oK
) B0 A 3 R S Y K BB T ROR AE 99% LA
(Afidchao et al., 2013; Liem, 2016) . 7Emg3F , FhE
FE3K Cryl1 Ab i “MONS10” X BE AR BLUE 73R IR
0 R 2 1 e R P 7 ZE M 1Y) ] o7 45 i 3 A
99% L) I (Gouse et al.,2005) . 2016 4F 1 H Hi i 7
W IR A AR AE 5 , 235 CrylA. 105+Cry2Ab2 1)
“MONB89034” = K Xef H5 My 57 3 M BT M3 1 99%
VL I (Botha et al.,2019) . WU (PG BE A 25 4 55
| RN I 22 35 Cry LA 19 “Bt176” 322 FH F Bl Rk
I K MR A 2R i 25 7% ik Sesamia nonagrioides , Bj
YRR T 99% (Shelton et al., 2002 ; Farinds et al.,

2.3 AEIEFRIEEFRE R R R E 2

T ARV E SO EAR F RE2R
5 TPU AR e R R 1M AP DLt A% S SE A
A4 480 IR [ 1% (Tabashnik, 1994 ; Tabashnik et al.,
2009) . e FEPIPT A TR AT FREEFP AR Y 322 R
AR E R APCERI R, UL, 2480 E R AR LR 5t
PRI F KRB AGES , SORPATHUEIG BRA i . $T
P 3 FEL ) B A 2 s R R T, A 3 A
— PR TR RIR E R R AR R A
PP P 5 DR B A R A AR A 7K =
SR AP K HEORIEEST B K R R4 ) 1Y
JiHLAE T [E] REREHLIR 5 22 (Gould, 1998)

e AR T A EOR A AR A I R U R
RACHOARE HFPEE T 100% B EUR LS TR (ss)
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F195% MY & 514 (sr) (Gould, 1998) o FEHT
PR AR AT, IZ A AR S PR F ISR R E . PRIk
L BRI RL 2 ) /N A AR R B v Tk
FEABURE A e 25 A8 ) 7R eV Ry mT A £ e ) o
Pt B FHAGIE 7 e M it i SRR AU A
TARDRV RS 25 A5 AT A= € , AR B IESE T35
311009 , MEA Ak 2 57 i 925K (US EPA, 1998)

JEEAP i 46 AT RELEREAR 3 HUE R AR KRB
EBTRAEY . e A 3 FIEE, — A e
It , BICE RO R F K L I RR AR AR R Aok
IR AT AR B, S5 A AP BT A Ll A1) — i e
109%~50% Z 0] ; —JeR R JEEA BT, RIBT L oK
P TESH B Ao O 208 — 7 LB RYAEST R R TR
ABIGLRF T, OB — BN 5%~10% ; =2 H IR JEE
T, 8 A T DA SR AR A 2 R AR
B5HE4) (US EPA,1998).,

P RIS R S ZOR AR i e FAh IR &
AP BT 6 BRAR AR F AP (Matten et al., 2012)
il B IR B K By s 3 H 5 B BRI AE 20% 94
FAJEEA T, T By 42 3 T AR 209 1 45 44 e
PP 10% HIFPF-IR-G AP B 5 2255 D] K Bl 4%
DI K M B SRFPAE 5% 14548 JEE 4P T 5% 5% )
TR AP T, AE) ey 5 73 0 A 5 A A % o 55 )
BT R DB AN [ P 2548 S 4P T ok . ARSI
A R X T R A A2 SR AP T AR BOE
el TAb R X 5 22 BE PR E B oK B 5 i H 5
HUEDRAIAE 5% R LA A BT al 5% Fh-FIR G AT
B ] R Z5 R JEE 4 BT — P R S0 L K A 1]
PR EE B /N T 0.8 km, 533 H 3 HuUR AP TR S hi
FARAHLRFAE , LADR B U dU S BT AT BEHL
22 B (https://www. epa. gov/regulation-biotechnology-
under-tsca-and-fifra/insect-resistance-management-bt-
plant-incorporated) . 7E [ 5% ¥ 14 Bl A 2 11 L Py 46 [
K, G BERICE 10% AT HAES BT (IRAC, 2017)
TEARHTE A [ 52, B PR BT R B K ORI 20% 1Y
SRS E 10% W Fh TR G i, Z TR &
KEERVE 5% [P FIR A S T (Prooeso, 2014
Alcantara et al.,2021) .

e ) /R AP BT B PR A B 2 7R A ko H]
120 24 B[R] [ 2 S R ROCRAF AR R 22001
e 5 Rk [ ARG A A P A AT R g, FEAR
F BT S T R v A )N A 7 7 2k
A3 MEE R, BEAR T R M T AL 4 B PR (Huang et al.,
2011) . FEARH R PIMK TR 4r 326 55 1 582
PR BUME , BH HTEMA  B i KT 50% , B

AR T U K (Y H R) B 8 2R (Tabashnik et
al.,2014) ; 55 2 JS 7= T R BT, 38 (R FP R
AR BUAR T R H (] By 45 A% 3 0T A W i IR
(Tabashnik & Carriére,2017) ; 5 3 25 & H [R] FPEETY
TR AT W i TR

I BRI o P i DRI R OK 7 A S p
PR E . 20034F, “TC1507 " JFHATED 2244 1
A AL FRAE , 15 2006 4F T[] 5 & 30 A7 50 Hh 57 7 ik hy
. Storer et al.(2010) M\ F [B] SR AEFEA T A= P00 72 Uk
S SR R Cry LF 2 177 42 KT 1000 45 8955
JKFHiME (Storer et al.,201052012a) . EL P T 2009 4F
THE T AL AP AT 2235 Cry I F £k, 2011 4R 5 b 5714
ik s %k = A= T it (Farias et al., 2014;2016) , B
JaXf CrylAb & F ™ A T SEBihi i (Omoto et al.,
2016) ;2018 4, B A3 4E i) 5 1l 53 15 ik % Cry 1F &2 1
7= 4 T PitE (Chandrasena et al., 2018) . )5, S5 H
R b 2 FLIA N AL A 2 Sl M B B b B3 A g Xof
CrylF #5724 T $it: (Huang et al.,2014; Li et al.,
2016) , 3% AT BE HR SEIN AGPTHEAMARTE A 6.

B 2021 4, A 12 FHEEARTE HOSHRIAR R4
B B FE L FORW = A T SC it EE A M AE
AV AR R 9 X “MONS10” & 2K (van Rensburg,
2007) , FA] AR 4E /)N i AT BUE X “TC15077 Fl 5% 15
CrylA. 105 & >k (Blanco et al., 2016; Grimi et al.,
2018) , 3¢ [H £ oK UJ AR - B X “MON63” | “DAS-
591227-7" “MIR604” F1“5307” £ K (Gassmann et al.,
2011;2014;2016; Andow et al., 2016) , 35 [E 3 P #f
£ U “Bt117 F11“M89034” Ti K (Storer et al., 2001 ;
Dively et al.,2016) , JIEE K G L G AR X “TC1507”
FK(Smith et al.,2017) , [ G A M “TC1507”
F K (Eichenseer et al., 2008 ; Ostrem et al.,2016) , X
K& R T K B %6 “TC 15077 2K (Smith et al.,
2019) ZE0F=A: TS bl Ak, FEE/INHEFFFE
Xf #23K CrylAb £ K (Huang et al.,2012) \JER IV
P E K B X 35 CrylAb & 2K (Alcantara et al.,
2011 ) F1 3 [ € P AR 25 U0 2235 Vip3A £ K (Yang
et al.,2019) HTHEC IR B P HE K- (R 3).,

XA o B = A ST S A A B e B, R
22U R R s A T ST E TR B R TE A
RTE S . B, — S L TR K o Ok
A IRFNEFIE, WA CrylAb A “MONS10” T K X}
AR FORBEZE R M, 235K Cry3Bbl1 (1) “MONS863” |
#23K Cry34/35Ab ) “DAS-591227-7" . 33K mCry3A
[ “MIR604” 115 eCry3. 1Ab (AL S 44} S5 [ Y
oK PIAR i B, %G8 CrylAb B9 “Btl1” fil % ik
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CrylA.105+Cry2Ab £ “M89034” i 3 [ £ 35 W Hi 25
1, 5K Cry 1 F Y “TC1507" X I R A5 R i) 7 20 2%
Mk, 223K Cry 1 F f“TC15077 % 26 [ | L PG AT AR 22
KR M 5k LA & 3R 3K CrylAb 1Y
“MONS10” X [ PG fi%) 55 Hb 5% 7% 1% %5 (Tabashnik &
Carriére,2017)¥JATE B =7 i (2 3) s Hik, R4
FUHLE T RIS T, (E A — S8 [ LXK, i 2
B VG BTHRAE S5 [ R R A A VISE AT

FEEY T IRLE o 7SR A £, BARPT R FORXS HE
b 1R M 5 A R B v R Y R (R T AR R T
BEIF RV 52, BT 20 4F J5 AT SR T A 77 A B I i 9t
P 3 — A 4 8 1 B M TR 3L ZE ] (Huang,

2021), TEPEZELA, BN AR RGN
JAAEG AP 3 PR FOK, FE B =2 e BT i L T
FpRE B 7= A2 T Bk (Storer et al., 2012a) . TE
PO, oK ARAE AR LA BeAEY) , JUHETE R —
i DX 3 2 AT ] — B 6 DR R K AR (DL % B AR, n
CrylAb £ 2K (CrylAc #§4£ . CrylAc K& . CrylF £
K | CrylAc+CrylF #ff 4€ . Vip3Aa20 % >k LI K&
Vip3Aal9 4L 5, Ed ik = J& S 80 R Pk 0 —
> 1 25U A (Santos-Amaya et al., 2017) . £ I &
K, R VISR A 20% 245 46 JEE 47 B L, B il T
FRAR B AN TSP RLAE , T B E K BE XS Cry LF 7= 4
T SE M (Smith et al.,2019) .

®3 FRERFEEHREKEFTENERELIRE BRI L R

Table 3 Regulatory requirements for resistance management of transgenic insect-resistant maize in different countries

and resistance levels of main target pests

Wipgs AU gy STUIDICE RPN SRR ek 2m
Target pest CounFry o Insect-resistant Resistance xﬁl? High Refuge Reference
region . level Field dose
protein (transfor-
. efficancy
mation event)
M TR FKEPEZEAS CrylF SR 299% T 20% S5H A T Storer et al.,
Spodoptera Puerto Rico, (TC1507) Practical Near 20% structured refuge 2010; 2012a
Sfrugiperda USA resistance
=i} CrylF SELE 299% Pt 10%45F)EE BT Farias et al.,
Brazil (TC1507) Practical Near 10% structured refuge 2014; 2016
resistance
CrylAb ST AR & 10% S5F4 )4 BT Omoto et al.,
(MON810)  Practical Moderate No 10% structured refuge 2016
resistance reistance
B ARAE CrylF ST 299% T 10% SRR Blanco et al.,
Argentina (TC1507) Practical Near 10% structured refuge 2016; Chandra-
resistance sena et al., 2018
EKEBE R CrylF ST >99%  HEE 20% S5HEY T Huang et al,
BFAEREY (TC1507) Practical Near  20% structured refuge 2014; Lietal.,
ey IX resistance 2016
Florida and
North Caro-
lina, USA
¥} Vip3A BUBMER TR 299% & 10% 56 A i Leite et al.,
Brazil (MIR162) No decrease in Yes 10% structured refuge 2018
susceptibility
WA R CrylAb ST >99% 1% 20% S5F e BT van Rensburg,
Busseola fusca ~ South Africa  (MON810) Practical No 20% structured refuge 2007; Kruger
resistance etal. 2014
JINFEAT A BT AR A CrylF SR 299% 1 10% ff FRAJES BT Blanco et al,,
Diatraea Argentina (TC1507) Practical No 10% seed mixed refuge ~ 2016; Grimi
saccharalis resistance etal., 2018
g CrylAb AR 299% &K 20% S5 FA A BT Huang et al.,
USA (MONSI10, Early warning No 20% structured refuge 2012
Btl1) of resistance
FARUMRIH EHE Cry3Bbl SER BT hERTE & 20% S5 JEEP T Gassmann et
Diabrotica USA (MON&63, Practical Moderate No 20% structured refuge al.,2011; 2014
virgifera MONS88017) resistance reistance
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£E3R 3 Continued
JLLE AL A
. Ko X ) RGP HE B S ety . .
puprdh, IR gy HRTRACR MBS SRR prmomek 250w
Country or . Resistance HCF High
Target pest . Insect-resistant . Refuge Reference
region . level Field dose
protein (transfor-
. efficacy
mation event)
Cry34/35Ab S >99% & 5% SEREE T . 10% PP IR Ludwick et
(DAS-591227-7) Practical No BT 5% F-FIRATEF T al., 2017
resistance 5% structured refuge, 10%
seed mixed refuge and 5%
seed mixed refuge
mCry3A SRy A B 20% 5K T Andow et al.,
(MIR604) Practical Moderate No 20% structured refuge 2016
resistance reistance
eCry3.1Ab SR PEEE ® 20% Z5AEJEEY BT Gassmann et
(5307) Practical Moderate No 20% structured refuge al., 2016
resistance reistance
mCry3A+Cry34/ itk Atk & 5% FPFIR AR T Andow et al.,
35Ab1 MIR604% Practical Moderate No 5% seed mixed refuge 2016
DAS-591227-7) resistance reistance
VNS *H CrylAb SIFEHUE 75%-80% T 20% Z5FEA T Dively et al.,
Helicoverpa zea USA (Btl1, Practical No 20% structured refuge 2016
MONS&10) resistance
CrylA.105+  SEffiitt haEpE & 5% Fh TR R T Kaur et al.,
Cry2Ab Practical Moderate No 5% seed mixed refuge 2019
(M89034) resistance reistance
Vip3A RIBE R 299% KL 5% FhHIRE T HT Yang et al.,
(MIR162) Early warning Near 5% seed mixed refuge 2019
of resistance
i} Vip3A HUBHER TR 299% 50 10% 25K Br Leite et al.,
Brazil (MIR162) No decrease in Near  10% structured refuge 2018
susceptibility
FEe ST mER  CrylF SphE hAEE T 20% A Smith et al.,
Striacosta Canada (TC1507) Practical Moderate No 20% structured refuge 2017
albicosta resistance reistance
ES CrylF SERTLME AR A 20% 5K e T Eichenseer et
USA (TC1507) Practical Moderate No 20% structured refuge al., 2008; Ost-
resistance reistance rem et al., 2016
PRI o A M KA CrylAb HURMER R >99% & 20% S5 T Siegfried &
Ostrinia USA (MON&I10, No decrease in Yes 20% structured refuge Hellmich, 2012
nubilalis Btl1) susceptibility
S| CrylF HURMEA TR 299% J& 20% ZEH I It Siegfried et al.,
USA (TC1507) No decrease in Yes 20% structured refuge 2014
susceptibility
Jingk  CrylF S >99%  Ji 20% S5 F9 A T Smith et al.,
Canada (TC1507) Practical Yes 20% structured refuge 2019
resistance
PEPEF CrylAb PR TR >99% J& 20% L4 JiE4r i EFSA, 2015
Spain (MONZ&I10, No decrease in Yes 20% structured refuge
Bt11) susceptibility
NIAVI B/ JEHEE  CrylAb WA 299% & 20% 45K i Alcantara et al.,
Ostrinia Philippines (MONS810) Early warning No 20% structured refuge 2011
Sfurnacalis of resistance
AR i 250 AP CrylAb BURER FRE >99%  J2 20% S5R6 g T Camargo et al.,
Sesamia Spain (MONS810) No decrease in Yes 20% structured refuge 2018; Castanera
nonagrioides susceptibility etal., 2016
VIR KRR SEE CrylAb BUBMEARTRE 299%  ANF1 20% S5H4 4 e Huang et al.,
Diatraea USA (MONS10) No decrease in Unkn- 20% structured refuge 2007
grandiosella susceptibility own
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3 HEHEETBERNEZEIRER
R MR

T L D T R OR AR R A N
5§ 85 W R Agrotis segetum . . J5. 725 R WK Athetis
lepigone . #if 3¢ 7 W% Spodoptera exigua . 57 [K % H
Leucania loreyi . = 75 %l KU Mythimna separata . .M
EoKEE B 4% Conogethes punctiferalis Fi42 . He-
licoverpa armigera . XS it 3z - H Monolepta hi-
eroglyphica U FOHT AR EE K HU B b SR04 (IS
WS A 4R, 20185 =ALEH ,2020; Li et al., 2021) (&
4) o MRPRA LM 1 MBS SR B 4 A
M2, AR E KRR o 6T R OKIX

BRI TR DX PY R L4 o e TR X R 5
Bz e oK DX PG I Al T R X 8 g JE K X (457
., 1992) , £ 1L IX 3 HUR A MU AFTEBOR 25 5+

67545 T oK DX A5, R B ] 1
EAE e WP T ORIFFIZRE U DXHT B TR A 32208
S H AR L IS, S H R HOOURER # a A E
LT TR DO B, s K X
—AEPIRAGH , RS L FOKIE BRIEAR | S 2 A
BEHURIZ DR A FORE HL PR L3 b TR DX
P77 b FOR DO P EBK 4 TR Z MR,
AT AR A 5 530y 2 3 o DU AL PN G oK
DXLA KM 32 2 (R IRE R EBES,2019) .

R4 WEFREETARERERERNMEAR  EYFH SN HX

Table 4 Species composition, biological characteristics and distribution areas of transgenic insect-resistant maize target pests in China

A FEH T O Ly
Pest species Host plant Regional distribution Cold hardiness 1grat.10ry
behaviour
/N R B SNV 2o iV 2 B KX AH 4 55 (ol & 45 ILEEESIT &
Agrotis ipsilon  Maize, soybean, peanut, Distributed in all maize regions Weak (no diapause)  Long-distance
cotton, etc. migration
WL TR FAR KR A WAL TR EKIX 55 (i B R ILEEESIE &
Agrotis segetum Maize, soybean, peanut, North spring corn region Weak (no diapause)  Long-distance
cotton, etc. migration
TR FOR KE A MRS HEEE ORIX ThAE (i E A hEERIE
Athetis lepigone Maize, soybean, peanut, Huang-Huai-Hai summer corn region ~ Medium (overwinter- Medium-distance
cotton, etc. ing as larval diapause) migration
BRI B P NIE Vi R OKIX 55 (& 1) ILEERSIT &
Spodoptera Maize, sugarbeet, cotton, etc. ~ Huang-Huai-Hai summer corn region =~ Weak (no diapause)  Long-distance
exigua migration
RITHIR Tk NE KR B TFE FRBTSEAN A (AR IX  ERET) S OeiaHet) IEERSIT &
Mythimna Maize, wheat, rice, All provinces (autonomous regions, Weak (no diapause)  Long-distance
separata millet, etc municipalities) except Xinjiang migration
55 IR FAK NEE A KA HRESE BRI ORI PR LU Ee e KX 355 (Tl & ) ILEEESIE &
Leucania loreyi  Maize, wheat, barley, rice, Huang-Huai-Hai summer corn region,  Weak (no diapause) = Long-distance
sugar cane, etc. Southwest hilly corn region migration
T B MK EKAE Frop i HOR R MO (A 55 G &) IEEESIT &
Spodoptera Maize, etc. TRIX | EHFRET) Weak (no diapause)  Long-distance
frugiperda All provinces (autonomous regions, migration
municipalities) except Xinjiang, Gansu,
Heilongjiang and Jilin
DIAES S ! ER R AT R UM (AR X BT SR (MIRAE A ) REERIT ¢
Ostrinia Maize, sorghum, millet, etc. All provinces (autonomous regions, mu- Strong (overwintering Short-distance
Sfurnacalis nicipalities) except Qinghai and Tibet  as larval diapause) migration
Bl 15 EK R I H2E Bk RS BN R OK X PR L b K SR (A ) AR
Conogethes Maize, sorghum, sunflower, X T Frbg KX Strong (overwintering Short-distance
punctiferalis peach, chestnut, etc. Huang-Huai-Hai summer corn region, as larval diapause) migration
Southwest hilly corn region, South hilly
corn region
s FRAE A K AR KRR BRI R FORIXAIPYAE R FORIX a5 i i) rPiiEiT |
Helicoverpa Cotton, wheat, maize,peanuts, Huang-Huai-Hai summer corn region =~ Medium (overwinter- Medium-distance
armigera soybean, etc. and Northwest inland corn region ing as pupal diapause) migration
XURERC B oK R MRS L5 AL X SR (IR B A ) FELEE RSk
Monolepta Maize, soybean, cotton, etc. North and northwest corn region Strong (overwintering Short-distance
hieroglyphica as egg diapause) dispersal
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IR FOKE B AR R AT R
AT R R BIE CPT HRaE  IAEEAR A fR
BEEFP I ST R 2T R R RS . AR RIPY RS
Hiu DX, ] R P B 2 A B AR AL L 2 R i
UHERS  FE I T 24, BEVE TR B S 2R3 2 25 1
B F2s [a] B AR, i b ok FE XM R
TP T F T AT R I YR (] HER A EARE
2020) 7P T K IR AR e A PR B I
i KB B — /N T 200 km, A 008 BT FERE
1, W EOK I E LA B 4 AEE T R FOKRIX A5
45 i My e At A B IR RE LA B 4l HU7E FE VTR
B E K X 44 (A Bt ISR, 20045 5K 3L NI 4
2010; JEHESE,2020) o HRAS HURI — S g2 B
BT RMEE R W AERA XA X Z ()T K, 2
KB 12 DT K. 200~500 km 3 AL 7 JE#A
X (JEl 4, 2020) o MRS HUADBR AL AR 1 18
AR 15 CARR A AE AT, HAEARAL 48 K 24k
o DORNBERRAS , — M AE R T, 1 ACAR S U L
b rp I AR AL HLIX , 6 A JE—7 A vy, b
i D18 2 AR A% H i HR R B S 4 S T A AR L
X, 8 R LAE , AU X 477 1 5 AR Rl 2 4E b i
X (S FLBIFNEETIC,2007 ; Feng et al.,2009) .

Zh R R ST R /N PR RIS I A N L
B AR, UIERE 155, — S 34D R R
1 500 km (134 223 & AR g IV [ SR [ R )
LR , JE MR A i BT R rE R, B e
] 2 2 kb R A 1 IR 3 4 A WKL R
(AR A% DX SR A VT BT, 55 2 IO 5.6 H 4k
bl AR X (JEHESE,2020) o /NI PRI
AL A5 R AL, B S T AV ik ) ARk
X T 6, Bk AR AL b X 0] B 5 A X AT 5 (Liu
etal.,2015) . i1 57 13 Ml 4 2= = B AE AT | pi I A4
T HLIX A B AR K, B Z A R BRI
A HFE KX R FE (RS, 2020) o 3% 5L 2K E Xt
S[R3 B RS % A e B b U ARG 28]
FFAT X R B R DR T K A DX 3 A S o

4 EFHERKIEMpENERIER
[ERIRIAOE

20194F AT RAKRA DAL BRI Cryl14b
55 epsps BN BT LT BR 557 £ K “DBN9936” FItT
M T 4= A= W BB A R A\l Cryldb/Cry24) 5
G 10evo-epsps & BT HUMR B F2 75 K “Hi 3= 1257 #
ARG TAEAC T B TR IX A 7 iy 1 22 4k
45 (http://www.moa.gov.cn/ztzl/zjyqwgz/spxx/201912/

t20191230_6334015.htm) . 2020 4, “DBN9936” 3k
3 Ve EORIX 87 e KX PR L
T b B oK DAY A6 P Bl 30K DA 7 7 T A 22 4
P WA, RACK A F5G T 895 Vip3Aal9 M par
PR T R0 2K “DBNOSO1 " 3545 T7EIL B
K XA 7= g 9 22 4 E 5 (http://www.moa. gov.cn/
7tz)/zjyqwgz/spxx/202101/t20210111_6359740.htm) ;
2021 4F, “HigF 12574/ 1 1E BT 2 E K XA
A6 N Il K XA 7 R Y 22 42 TE A (hitp://www.
moa. gov. cn/ztzl/zjyqwgz/spxx/202104/t20210407 _
6365331.htm) ., CrylF . Vip3A Fll Cry24b %5 KR &
AN A S U 8 iU A R, 3k U7 L A
PUHF K I T R AR R ALHT 5 (He et al.,
2021;Liang et al.,2021) . M B A% 3L R BT L &
KRB FNEEAR T BT IR BEAY 2 50 A2,
R KR X T2 B3 Uk AR Y DX 2 32
I QY AR A e R IBC p XAT Ry, PR A A
PR R DR ER T AL SR S A5 ) 155 ) s 79
/AP AT BUETR B R
4.1 HEHEFETAEXNXEBLER

Xf T KT M T HUR B4R TAR B A R SR
M2 DX e ) 9 S5 R 0 A e e oK (R
FLB1, 2020 JH 755 ,2020) . HE P g L e B ARG
T3 FEBR R A KX, 2 ] A e i 5 3 280 e 25 3 ol
{18 4F BB DA ST AR RE R B P RV L, 2
BT K DML )7 7 K XA 2 5
WM, PR32 DX Al R v 204 97 47 e b B 1A M A R
LI 3 T R 1 LARE Vip3A4  Cryl F 2355 H R &
(224 Bt LR K SR, DU K 21 R AR U Sk b X
b TR RN TR AR RSO, R A 4 e Y
PR AR AT o BT B R OK M DR A 2%
Hu B R R 2RO T A DX, M LA
Cry2A . Vip3A 59 T4 22 FE P BT Al Rl B 428 A 4% 1
MR AN i 2 PRI, T I X 3 o LA 25 X
¥l Sl P e R R A H bR . 7EZRAE
B EORIX, MY E ORI X 2 p il H 3 i, B
HLLAR CrylA  Cry24 R 25K B bt L oK ]
SR IX S B4 ) H AR T PG b P i K XA
e ieg I R IX, T FOR R AR #0AR T dUk
AR T T SR R R AR R A, R B
K FERUBE A B g P Y 2 A 77 o %) 3l DR AR
¥ Cry3B . Cry34/354 % Z 3RS TR FK
4.2 HPEREETTHEROIEEIER R

ST 20 472 5 [ 7 WO TR ML | 3, 57 13 K
XF Bt 477 B R KA [ 7EAR B8 HUF BEAR AL RIS



28 iR/ AN S 49 %

PR R AL, 30 e A e e T SR W 2 P e
Il B PRI A PR 0 FH A RS it (W, 20075
Huang et al.,2011; Wan et al.,2017; Tabashnik & Car-
riére,2017) . HUHEIATSRENE A PE P2 84T L]
FEARVFIZR A T KOF 3 A AR W2 > PR RN 2
KRR, L RN AP IR R 5k
FFRUE S X TARAT— DAL G Rl Ak, BB 2
ST B 2 5 2 e ) AR bR AR IR
BPEXT G o T T B 4 A1 T e 0 g 5 e, D) 22
TN B T AR o TR0 b X6 T B — e R (Y
B B IR K — R A R PR JEE 4P T 5 X T4 kg
55 P AR B UM ER e S BT AR T B R K
X TR B RAPRL AR B — N BRI R IR
BIREAPT X T3 FAE YA 2 B R AR 3 AT LU
HBASRIE . BE L TR Z AT AR AR
(LAt - ST P XU PR | AU e 1 e i
BES IR BAA, 3 H 2T a7 HAt SRk
FLR$E ) (Roush, 1994) . BT 75, 454 e 47 fT X
UG B A RO & TR IR A R B, mAh iR
BT R ] 4B AR (2 35 O T 25 A i 3 o
TEH E 280 X, /NR AR PR AT AR = A XA
MELIHE S5 JEEB T . (BAERA R I b, XL
P T KRS T AT ) B 7 7 Mk 5K FH b1
IRA T IR ARME S A ZZ i A . PRI, wit
H AT AT A7 ST 5 B 45 5 5T 3 R e L oK
AL DT H R R DR I 109%0~20% S50 PR i
JIT AT HUE TR R, 7 428 S Y R R A5 o ) Z2 3L P
Ul F KR BER ] 5% Fh IR G Irit A i tis
B Bl b b O Mk 22 I R S R AR
1 BB AT A B R BORR TR A JEE 5 T A T B M v
B, X T —FK— /AR, WAL B SRR
R BN 388 U R Sl AR A Rk A A BE A
U K T RS RS BT

POk W R E TG BRAY B Al . 4T
X e AR 7 R N ) Bt BRI LR
T AN ) A 2 DI AR s ) B B AP
RIS, ST YIS nl AT e i -l . 24w, o
B HT T AU B JOK X RV S T K X A IF
P EKIE A A FPREXT CrylAb CrylAc Al Cry IF 8 H
YRR FE L AN ) G Pe I L A% (He et al., 2005 ; Li
etal.,2020) . [AIMF, N7 T 26 d M4 L 7Y
PR gk Bk LR 5 ZE AR ST Cry 1 Ab 45 8 (1 1A
JEIELE NPT IE IR, S TAE MR oK
b AR FIAR I A e B AL T R v iR
Ho BRI FOK— B R AL , 5028 S e s ) e

PRSI . e AR IBTIERT B, il
BESRACTIE I Il A S S B B 1 bRk
S R LS BT o
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