WEIR A 2025, 47 (5): 1440-1446 http: //hjkexb. alljournals. net 2%
Journal of Environmental Entomology doi:10.3969/]. issn. 1674 - 0858. 2025. 05. 9

Fewak, O, I, RALWL, BIA0E, KR . =i ST aak MR FP 0 BeEE R MBI AL RASUR BEIATIE [ ] BRA R d A,
2025, 47 (5): 1440-1446. KANG Qiang-Qiang, JIN Ming-Hui, YANG Xian-Ming, WU Kong-Ming, LI Yi-Ping, XIAO Yu-Tao. Monitoring research
on the resistance gene frequency of field populations of Spodoptera frugiperda to Bt toxin in Yunnan [ ] |. Journal of Environmental Entomology, 2025,
47 (5): 1440-1446.

= R E R B BB R R R
2 W 52

FEERER ', BrUIE, BAWS, RILWC, FERE", FEET
(L. WA RSB . HERVEE 500 A TR A2 A RST80T 92
Wi, BRI 7121005 2 MFEBLUKRIE SHRT R TR ERI L, RAAK IR OBRA T AR5 (R, 11
KRBT (I A IEHABFFER, YOI SI18120; 3. AL BB R BSOSO 0% W T 55605, 100193)

FEE: SR BUEY ATz B AL AR NCE BGE T HUE R R K, D T A 245 it
L, TEE BRI T MR A 25 8% B KA BT L A, Dy T I B = b DX R B Spodoptera
Sfrugiperda W [RIFIREXT BoEE R BIH:, ARBFSE LA 2 e S0 1 DX R b £ 7% i FH DR SR b oe vl 4, Jl i B, R4S &2 Wi
F0 i Y X Rl R P TR R R AT HOE M, R G VP T i X Rl B R BB R PR o A 2 R
IR, AR I3 FMER XS Cryl Ab B RAHHE (BUrE AL BRI 0.006) , 1% Vip3Aa A/ R 45 m LU . 4B
G W] 2 T Hl DX, B T M R R v R T T i X2 DX B BE RE W (8 T SR SR T R AR
i, JTa BRI AT W R P v R SR M A 9

KR FHARM; R oS A MITFE; CrylAb; Vip3Aa; HUERERISIR

FESES: Q968.1; Q963 XERFRIREG: A XEHS: 1674-0858 (2025) 05-1440-07

Monitoring research on the resistance gene frequency of field populations

of Spodoptera frugiperda to Bt toxin in Yunnan

KANG Qiang-Qiang'?, JIN Ming-Hui*, YANG Xian-Ming’, WU Kong-Ming’, LI Yi-Ping", XIAO Yu-Tao™
(1. Key Laboratory of Plant Protection Resources and Pest Management of Ministry of Education, Key
Laboratory of Integrated Pest Management on Crops in Northwestern Loess Plateau of Ministry of
Agriculture and Rural Affairs, College of Plant Protection, Northwest A&F University, Yangling 712100,
Shaanxi Province, China; 2. Shenzhen Branch, Guangdong Laboratory of Lingnan Modern Agriculture, Key
Laboratory of Gene Editing Technologies (Hainan), Ministry of Agriculture and Rural Affairs, Agricultural
Genomics Institute at Shenzhen, Chinese Academy of Agricultural Sciences, Shenzhen 518120, China;
3. State Key Laboratory of Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese
Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: The wide application and industrialization promotion of transgenic Bt crops not only effectively
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pesticides, but more importantly, alleviated the resulting problems of pesticide residues and environmental

pollution. In order to monitor the resistance of S. frugiperda to Bt toxin in Yunnan Province, this study

investigated the field populations of fall armyworm in Xundian County, Yunnan Province; diagnostic dose

test in the F, generation was performed. The research systematically assessed the level of resistance of fall

armyworm populations in this area to Bt toxins. Detection results showed that only three single female lines

had low-frequency resistance to CrylAb (resistance allele frequency of 0.006), but remained highly

sensitive to Vip3Aa. This study indicated that the fall armyworm population in Yunnan has not yet

developed obvious resistance, providing an important scientific basis for the sustainable promotion of Bt

transgenic crops in this area and suggesting the need for long-term resistance monitoring and resistance

management strategies.
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¥ b 5T Wk Spodoptera frugiperda (Smith),
FRBRR H @ %38 H Lepidoptera &2 1# #} Noctuidae
DAL W J& Spodoptera, J&—F 5 F=F 3 M a5
LA ML X R AE D o, BAA B RE IR . A
TG AR R R AR, R
AREHMEY, HAF TG TR KREE N 2R
BAEY, X3 E AR A b B R, 4 5
ARKE —RREYR R EA L GRY M, 2022;
REELSE, 2025). Ge%§ (2021) 1E25°C. AHXHREE
75% FAF TR 1 H U B 5 7R MR A T % 2 5 SR R
MR K (BRI K10 h, FIRANTE 10% %K),
RIS AT IR B8 i e 35 81 163.58 km, FIT K
TP A B AT 3K 46.73 ho 2016 495k =ARY, Bl
Ji TE SOV LA RS B 44 4 R P & e L ik
2023 4F, HHITRIKC Y B2 2Kk 80 2 EK
(FAO). FTF20184F 12 A & R AR H =
B4 (Sunetal, 2021), T 5 H 570 0K 1) 55 K
I, SUHON A, FRE 25 N8 M blist & B
T DT BT (2R SCFAE, 2020) . mEETEN
B M AR IR A U R M, A RIS 4 BT R
TR K R PR RS AR X B2
K BB 04V B 2 XU T 9 AR B 22 AUAE L
S, 3-9 F 0 (8] XU RN B S 240 R 1 R 5%
PR AT TG 3l , S B P4 R 1) AR b S A
P (RIS, 2019; Wueral., 2020), T H
Hh SRR AE TR B MR AL A o L 2 310 2R IH, i
JE) A g X AE A G 45 28° LR BT (R M B
2021; FLEHE, 2021), HHTARIKICEAEI T
M4, S7E9-11 A& BN 5 i Ml 44 X
717 YEL T b DX 32 LA g W IS AT, WG b T
M BRI 11 A R X

T4 A B Bacillus thuringiensis, Bt, P
— s DAY A 22 [CBHPE R PR, Bk RS E 242 100
ZA, ZEENHERTZERS, BARR
ROREF . BT Z 550 . BURERS 7 A 2 Fh 3k 1R
T, Hoig B R R RIRE A (Insecticidal
ICP) FE % W R/ EH H
(Vegetative insecticidal proteins, Vip). Cry 2 /&
BB Z AR E N, EEEEVR R, B
Cry 8 FIRERS R B IG5 L, (EER 7> B RO %
HUU /N H = 58 Agrotis ypsilon 55 %] H 56 R AS UK,
SEPTRBCR KA, B R Vip EE AT, A
RMMENBAT R A, &R R
X} Cry 8 AU, (XS Vip3Aa 2 B AT R 57 1Y
UM, Gn/NHb R . ISR Spodoptera exigua
FEH,

Xof FH ] b A 1A A B e T 00 R 470 1 6 PR A
Iy =8 H A 7E T B A R AR B2 O 2% ) Y Bk
LR RN A 7 B D AR AR AR, R B PR
189 728 A DA AR MRCT 1 o) R 1) RS 0 5 PP A BT
PR B B 0 A R AL S b v A 5 | A S R
VG P IS 454 (Brent, 1986; Caprioet al.,
2007). BUERR iz R AR i e AR R,
A7 Bt H TR) A0 9 AR A B A9 72 5 3 4 1 ]
PrrEm AR, A6 HUB A 2% WO il 1T RIS
(IR BESRNE (Tabashnik et al., 2013). PriEiE bR
I g O A R A UM R T B, T
PO A I T B b AT RE % 7 B AR N B X Fh AR Ak
IF W ER LA R R B . BTt A T Bk W £
R, ISR RE—RNEIEE . KR aEY
Mk FOARTRE D . F, Q0 BE 7L F1 DNA 43 F K
Mk

crystal proteins,
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= T B B R IR S
A, WA T 2l B A i e 4 b SR A
DX, 2l 7 R AR () B A RN AT B, S T
N 6] 2 it DX b 5 3 Ik P ] 0 JFE X B 22 3 11
PO FIPU I S O FE PR 32, A5 DA 1] R 4 e
Hi T i BAMEZR LA Cryl1 Ab Fl Vip3Aa 3 £ 73 BT
BN TR, R SRR F AL I 45 512 i
AT R b 5 R g T[RRI, DA
k2 T 1 DX b T 1 Mk B B R A AR

1 MR 57HE

1.1 Ehh B A B R A SR EFNRA TR

202448 H FH]-10 HhalfE =8 R =
fa) [l 8% 1% A iR B A IR 2l ORE (102°417~103°
33'E, 25°20'~26°01'N), AbFm AR, %
X 3K REOIR =22 5 1R K H R A B b 0 0k Y
Yok, FROE RSk i S0 Dy 55 b 5T M %) 3 TR
PG B R B T RIFB 444 FIH 1000 W
WAL 4R m s AR KT (B S RE) LLRAEH[E]
FEBE 30 m A HCHEIE R, SR FE & R ORFE R
10~15 cm 4717 B b 57 10 B A

V8 175 J 1) A e B R A T B — R 1 3
SRR, I AER 10% 15K Bk Ek, By k9L
o m g HCR A, RO mE R, e
R o SRR B S AR U iy e AR RS 22 HA R BN
(FZE1~2 d, BUEikF]300~5008) & & HEAOE
VER—AHAMER T F AT - T A I, 25 00A
SRR T AN GERANE T FL A A I A B 2 0] %
7, MARER—HMER ., TR 26°C~27°C, HHXT
TP 60%~80%, JEJEIMI 14 L+ 10 D 544 PR,
1.2 RHEH

WG Y Cry 1 Ab Fl Vip3Aa 25 £ 243K T
RO B BEA Y PR T IS T

il HRDBHE B2 , AKHE © 438 Cryl Ab TP i
R LZ-RIWAAIEWE (Jinet al., 2023), A T4kl
(R KR MARHEL 7 LA/ INAZ IR ZE M EZE 45 ) 500 ¢
A5 mL CrylAb (1 mg/mL) #FZ, B il ok B
910 pg/g BIEEGERE (Jinet al., 2021); #KHEE IR
i Vip3Aa Hi 1k i 2 DH-R BIE IR W E (Jin et al.,
2023), [AHE, 500 ¢ A T4 AR A 1.25 mL
Vip3Aa (4 mg/mL) %, BLHIBURE N 10 pe/e
Tkt

P BC A BuE R EIA S0°CE A I RE R, T
SRR AT . B ) DR X UG R
(20194F 1 R AT E 2 A, 1E55 = 5E
24 WHRIR LA 2% B al Bt &2 ) AR
TR IFAN LN A TR, DAORIE R R 24
1.3 iR A%

Andow il Alstad (1998, 1999) #2 Hifdi i F, 4%
R R A7 ) W, 25 kR ) R LT
J5 3 ) SR 4 0 3 E S ) M oL, 3 o ) 5 A S
OB EAEH A Sk FRMER ; 2) H BUEYIEL
T BUEE R AR F A4 H s 3) SRARDEHE
WA AR E , 8 2 B i 48 FLAR o AR
INGIEMFER, B FLE I/ NEEEA 1S PI
i, A 96k B, O byIAN, 3T,
MR AL, Bithdkie, AR 7 dJe WA K
O, IR E] 2 AR, KH>0.8 mg, WA NAF
i, EWARIET,

1.4 GEit A kfngiEab 2

¥ B8 Andow Al Alstad A 28 B 7 2, i F
Bayesian 23 2055 H (8] 5 HURD R BT 24 5 R332 E
(@), JTZVarlg), HHHEAKXWT:

s+1
ED=30

Var(q) = Elg) 20

KA, E () RPUEHFMIEAMER, Var ()25
WIEB UM SR B RS R A S T 22, n R A o
RSB, s ST UM IR B B 2R KL

fifi FH Excel F A 24T 806 0 sk S8, i 4G
T HT A 1BM SPSS27 HEATELHE 0 M, FIr A s
B FPEE bR e R R o (A ST REAR K 56 43
Mk s, BEMAKTE NP <0.05, Wi
KR P <0.01,

2 RS9

2.1 F,REEDEN
2.1.1 ${ Cryl Ab& Vip3Aa H [a] Ff i 35 PR 4 %

AW SETE 2 P ) b DE 2 KT 65 (S
BEFMAME G0, RS 223 S BFERL
b TR ME R L A R, AR 160 4 IR
MER CRIIE71.7%) , HF F A4 2 e i 5%
(E2), BAHLRBEIIER 9 L4, E&F
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CrylAbEERE BN T Ak AT 7 d R sg . 2
R, Hrp 3 A PMERTE S CrylAb # & 101 8}
HATEA T UAETE BT T S AR
0.006; i {E &% A Vip3Aa 7% % 9 A T4k | 15 3%

75, BT R SR A I BN AEE AR, T
SEAL, TR W 2 B b X M T 7k FH ) e X
Vip3Aa M A FRK T 0.001 (1),

Fz1 1601 HE#E F, KNSR
Table 1 Test results of I, generation in 160 field populations

AbERT d A DL

REREA PHMEREH (1) AF AR MR () A F AR A SO SR . ‘
Survival after 7 days
Toxin protein ~ Number of P isopemale lines Number of I, larvae produced F, Screened
<0.8 mg >0.8 mg
CrylAb 223 160 157 3
Vip3Aa 223 160 160 0

R A — X M R Y R AR A IS AR E 0.8 mg, TAHAEIE . Note: ” represented offspring from each pair of isofemale lines

were considered as survived if all surviving individuals had a body weight > 0.8 mg.

P ' < ﬁ ()
+ \l’ T
. fA - #A
50% (543 5004 +-
e z& \
(HHX+HH)  (FHHEXHD) (FH-XHH) (H-XHD)

/ Jl /L J N\

Fy  100% (9 50%C 50%6 50%50% 4925%64 50% 9 [ 25060 _|
PR ORIk S s

Fig. 1 Schematic diagram of F, generation detection principle
TE: PAUEKR M RAEAT Y SE B 5 F, AU B &R F, AU
HURSE R 5 AR A AR BE N 5 AR P A 0 5
o Note: P represented the genotypes carried by the parental
populations in the field; F, represented the genotype of the
isofemale line F, generation adults; + represented the wild—type

allele; — represented the resistance allele.

2.1.2 HH[EHTHE & 2 R R0 R0

R T VEA H R] 05 8 % A5 09 B A A AR T
CrylAb BT K, 78 F AR B b 7735 19 i &
w0 “HEHR (Field) 7 AR H HEHLEURE
Jrik, HEE R (Field) LSRG FR (SS)
WATHAR . I A PSS R AERITARE 10 pe/g Cry1Ab 11

B BIEESRSR T d e R, LIRS R T
EAENE , Field i R BERIN AT 3B B, bl
ML B P — A% 5 (Field-3) AYSh &R, XA
TEWE R AR L SR AT R . 25 R R,
7 d ZJEAEE AN R E 5 5] 6.49 mg (+ 0.4298,

df=9, n=10, P <0.01), fFifZHiAH 6042%, X
B — 25Uk B (R AR AR UM, Bl T
(B W (&5 S, kA, dE I Field & & 76 & 3 &
CrylAb 38 N (£ 1 adaﬁfm"}{‘TﬁE£i¥igéﬁhﬂ*
FEPUENLE], B FedE— 2. X — kMR T
mE%L,#ﬁﬁﬁ%ﬁﬁ%m*%y%l%m
Femg, LIE o o BAT Z R0 E HPLE) BuEE R
TR iE (E12).

20 - 100
m A Weight
—— {Fi%% Survival rate - 80
- 15 = @
> 460
B ~
~ - X
5 10 S
= 440 o
g 3
= 51 )
-1 20 §
o
*
0 1 1
SS Field -3

P2 T ] ity 25 45 R 2R R EE AT R LA
Fig. 2 Comparison of weight and survival rate between field
strains and susceptible strains
T #fUFR SS i R R H AIEIE S JZ 0. Note: * represented

that the weight and survival rate of SS strains were both zero.
\A A \A
Fie5itie

AW SRS 23 g - il DX A 5 3 g T 1) o
Xt BUREZR AR HE IR BEAT I, (] P, AU
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N3 Xof SR A 1) B SR R AT R o, AR AR ) 5 2R
R, 2 Hb X (AR X Vip3 Aa 3T 55 R 3 46
/NTF0.001, T F, AR A5 04 45 S T AR uE
%ﬂﬂﬁﬁﬁ@ﬁﬁﬁ%ﬁh@mf%m,f
160 M RMER T, ABFFECR ] TR FE Tk, L
i%%&ﬂ%ﬁﬁﬁ%ﬂﬁ%(ﬂﬁﬂ%ﬁﬂﬁ
580 Wit RAE L, WE 10 ng/g 1
Cry L Ab #F sty vie FE 7047 FH (8] B, 0 6, A 30 o A it v
B E N, A5 SR K B 3 A UME R R B
Cryl Ab JUPERRAE  (HUPEFE R IR 4 0.006) .
R, HRFEER 2B TE XS Cry 228 K
PP R, JE3E R T AR B A B AR oK
-, 2 R R AT B At R X T e DRI SR
K Z I BN, LAY Br oK B AR
] R AR DR 2 i . ABURR S R R BT
%T%iﬁﬁﬂfﬁﬁﬁm%ﬁiﬁﬁﬁmﬁ%
Z5 (P<0.01), X—HEH—PUESE T CrylAb
hiﬁﬁ%%ﬁf?aﬂ [Fi] B T 7R 5 B 7Y
B iR s T S TR A . AR T, NJF AR Z AN
FIANY BUEE R DI aR B P L, WA i )4
P W TAE AR E

H 1996 4 [ 4T b K AR A 5% BeAEY), B
SRBEA BB VA B T A I kA, (PR B B[]
HRERS , Ml 53 706 AN [R] 19 B B B 2277 4E
Ptk 2006-2010 4F W], Y 22 B4 114 FH [i] B b 57
T B B X Cry 1F A9 BT HE X 2] T 1 000~2 600 £
(Storer et al., 2010, 2012). [FE 2008 4-TF 45 Fhid
Bt &K, B 5 JLAF EL P 5 M 5% 77 dk Ah TE o Xt
CrylAb. CrylA.105. CrylF. Cry2Ab %% Bt 8 %
T AR AR B B 2014; Omoto
et al.; 2016) FH1F 2023 4F, M 57 A ik % 3 E Y
Bt % & (CrylAa, CrylAb, CrylAc, CrylF,
Cry2Ab2. Vip3A. CrylA.105) 44 0 Pk %
BlRiE GRAERE, 2023). Yang EFIH F, ARk 7%
XoF 8 5 5% H7 P LRI 86 B B0 2 B0 ) 1) b, £ 78 gk
Ti) Ao B 4 A1) 0 308 1 T % Vip3A 1% K A 395 1% Al
632 F5 LA BTt ah &, B HH B] 7L b 5 1 AP A
BAX Vip3A BA —E Pttt X (Yang et al.,
2018) . Z=[EF4E (2019) #F5E T ARIKE = B
WM$ﬂﬁﬁﬁﬁﬁﬁ&ﬂ%\&w%Jhw\
Cry2Ab F1 Vip3A 1 HUBPEAE O, & BLHE L 57 7% ik
X b 5 A Beak FA AL T8 BURPRAS . SR,
BB 5 4F J5 & B0 H ) 24 3 Ak 1 & X Cry LAD BB

(Farias et al.,

FE, TP A i R AR T, T L R o
T © A T [ 72 B I A2 I 7 B0 0 i X ] AR 95 0E
(E#, 2020), b5 W 5 57 300 A2 1
PP R Hp 2 B 12 SRS A il 1 7™ IR Bl o

F ] (5 BE A oK L IEERR AP HEE . 201948
el R A X 2 A K 3K CrylAb/epsps F1 CrylAb/
Cry2Aj+G10evo—epsps W % KL PR £ KWL T 4 43Ik
5. 20204F “DBN9936” 13 T 24~ E AR E X
AR AR . e, RIE&R B F R
Vip3A19 F pat HeRT HUM B 557 oK “DBN9501”
HAG T ACTT F KR XA A % Ak . 2021
A “H R 1257 R4S TR B ERE E FOR KRG LA
Fili K XA 7 1 19 22 A iE 45 (hitpe//www. moa.
gov. en/ztzl/zjyqwgz/spxx/202104/120210407_6365331.
htm) . CrylF. Vip3A 1 Cry2Ab %5 3L R & i) 24~
AR O B 58 T A i B, X BB BE D Bt il
EAR AT R AR AT (He et al.,
2021; Liang et al., 2021). 20214, R4 F &
FATT A AR OC T o oy il KLy e
B (ESRE VLA ) ), T8 1 % Bk PRt o i 7 ) 2
(O3 IE . 2023 4F, 37 AN HE PR K i Fi o ik [ K
KA A ER RS E, NENEHSEL
INBVHFEIN TR, ARl SR N R A e b
PRI, 00 R b, 5 13 M BT B R AR T8 A 2 — TR A
HEEMNTAE, Ay 5053 5T 3 kb e B 48
PERL AR, I R S E AR R, BLR
Aok BuE KA FEIR HE RIS TE

WF%%%%E%%ﬁﬁﬂﬁﬁﬁm#T#
o, 8 M RS RE DY, b B M 5 1 Y AT RE
(Wu, 2005; Wu, 2007; Jinet al., 2015). fE&L
Bt H AR 0y Aol A X P i ) ] o — T AR A A e
BREY (5%, 20%), VASRAEE S50 i BURA
A ss '3—%%.145%Bﬂlﬂﬁ(ﬁ?ﬂ%’ﬁ&"‘%ﬂ’]hTEE
i G T o AT, AR A E T s AN BE
m%ﬁ%mﬁlﬁ%iﬁ@,Mﬁﬁ%Tﬁﬁ?
PEVEHE, i3 BURPRE P o 25 L BE PR ME H 7
RARAKF (RIS, 2010) . JFR BTN 72 1) 75
RWE-MAYOTE, ARAPEAREZEE N
SRR AR ANTAOR (GREERESE, 1995),
Wi 16 i 5 0 FIEE 7 A TR AR AR sy T RO B R
25 R ARAR BIL ] A 285 T ﬂlgTi_ii P, A
U DR 55 72 A8 2 19 T 45 4 LA 30 R 7 4 1
P CrylAc Z5H3K T 19 o5 LAY H168R 2878 LL K 1Y
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S5 L F 19 Toop3 1Y 598 728 A B 4 11 1 3 ) 1
5o 735h CrydB LA T (19 R204 R AE 0 A J 75
M ABCE B T 34%; CrylAb (¥ loop8 #ll
loop2 [ %) 2& 2% fifi X B 75 WK Lymantria dispar 1) 7
Ji¥EaR T 324% (ARSEEAE, 2001).

FObR 5 HON 56 5L P T B E D 7 AR Bt & — A
WAIRIERE, PUia B H AR S GE 22 Hi vk v ik
HERR . X HET T2 R A Bubt IR B NS, #E
P AL B Ak HERH B ) AL, AR % T
PLIE i 54k Cry1Ac SR 5014 Ok 07X JEE 47 Fir 54 gt
(Wu, 2014; Jinetal., 2015), K, fE3hEdH:
BB NS R b, W SR FTAE ST Bepi ik Y HL R &
RN, 7R RGBT v Y Bl b S 3 15 78
e AR B T A A T B M T PR AR A
i (R4, 2023).
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