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I C3SAG (Lycopersicon esculentum Mill.) f&#i 88 B Z ML TAEY), I RZ 22 ME RPN &5,
R ERETR . BET, I LER A E R 2 0T R R, AR EAIA G AER
ARPE. HEREHRMAH, SLEZME R T, EFEEEE H AR d. R,
T 2 5 E T 247 1 M 00 A B RS T S 3 AR v ) OB I R A ST A T T N LA A
FE IR} 32 255 R A S A TR A, BEAT R A R S ot 248 PR It e A PR SRR By 24 T R R R & (PP 4D
MIHCAVEDE , 5 o T AT A X P b 2% R AL B S, A2 de %)) sk )9 48 i {5 25 P450 BB (P450s)
B H K S-H A BE(GSTs) I & B AKIE UL . AW 78 ] itk — 2D 4 /A 4% ER B2 1k (1 7= A HL B B4
PRRARSE, 5 )\ ] 17 2 a7 I P e e P Rp 2 R R s R S
EN MU S P

1. 2023 A 7 TN T2 A FH R A 45 R o, BRI 32 255 dO R e, HBARIE S A
AL B LAREIEHIZE 6 H 20 HA K 5 2 RGIEHIFE 7 F 24 HEA, BN TR,
AR 3 MR dUfG T BORRHI IR B ORISR, = I7E 7 A 24 Had s RRIUHF B
HE RO AN R SO MG N LA . HAT, AR A i e R SRk BRIl . 143 [ 14

A 143 [ 23 BRI L&A

2. L&A HARE R ESE RS IR, 143 [ 14 3EF0 143 [ 23 3% FIHE 4 HUG SR H 9 i
PR AKE GRS A5 13.70 1501 12.84 %) , o FRGIERT 45 B 2K R 2y (P4l
BN GUE AR (B E0 )2 149.66 £5 41 143.91 £%)

3. FE S IR F I R FR 4 36 A SRR £ to FE (BRI 5, 005 ) AR P9 240 €5 3% PAS0 T (P450s) Al
BMEH K S- B (GSTs) & & . SR BREAFRIKRE S B R BB 24 h f5, P450s 1 GSTs
P B2 25 A B 0 18 o T 398 K, B K7 320 mg/L AbERZH P P450s A1 GSTs 75 S35 i 5 75 20 mg/L
SR L i A RN B] J5 , P450s A1 GSTs & B B R K 8k, 2 72 h B, 96 h
I SR AR, FEAS RIS FR4E b AL T 24 h J5, P450s F-2& BB W IS N T o W] B384k, GSTs
& BRI E 80 mg/L AP B, S TASE: 7E 60 mg/L H4EE A F AR (8] 5, 5ok
AbER 0 h AHEL, P450s F1 GSTs W& EH5 R EFWIN, FHARE 72 h Bk S &

4. FE SO R RN P 4 A SRR % d )RR S, e 4 UK A P450s ZX5 AN GSTs I AH
FIEN M RIE R, 45 R ERRIKE 20 mg/L SR E L IGLEE 24 h 5, SR 0 h ML,
CYP4M6. CYP332A1. CYP6AE11. GSTe2. GSTsl [{RIAE T EH N, GSTA2 K7L & 3% P
IR E 20 mg/L S UK L Z AR EE 48 h J5, SR 0 h AHLL, CYP9AIL2 HIRIE & B ¥ #2m, GSTd2
R IR B R 2 PG IR 40 mg/L SRR Z AL PE 24 h 5, 535 AR 0 mg/L AHEE, CYP4MT.
GSTe2 fil GSTs1 Rk & B E W, HA 8 4> P450 3£ A (CYP4GS. CYP4L5. CYP4M6. CYPGAEL L



CYP9A3. CYPY9A12. CYP332A1. CYP337B1) H12 4> GST %[ (GSTd2. GSTel) HIFREE AR
ARERN . EAFREFRYESAE 240 J5, S AR 0mg/L AHE, & KFIE 120 mg/L A #E2
M, 9 P450 K (CYP4GS8. CYP4L5. CYP4M6. CYP4M7. CYP6AEIL. CYP9A3. CYP9AI2.
CYP332A1. CYP337B1) #13 4> GST %A (GSTd2. GSTel. GSTe2) [FEkE & (EIRIKE 60
mg/L H 4 h BN [FR (0] f5, 5 R4 0 h AL, CYP4M6. CYP4M7 fil CYP6AELL 7L 24 h B [1j#%
BB RE, 54 P450 F[F (CYP4GS. CYP9A3. CYP9AI2. CYP332A1. CYP337B1) #13 /> GST
F[H (GSTd2. GSTel. GSTe2) 7£ 72 h IR E R .
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Abstract

Processing tomato (Lycopersicon esculentum Mill.) is an important economic crop in Xinjiang. In
recent years, it has been damaged by a variety of pests and caused serious economic losses. At present, the
prevention and control of processing tomato pests are mostly dependent on pesticides, but the unreasonable,
untimely, unsymptomatic, and even overdose use of pesticides has caused the resistance of many pests to
gradually increase, including Lepidoptera Noctuidae Helicoverpa armigera. Therefore, the monitoring and
management of pest resistance has become a key issue in the production of processing tomato in Xinjiang.
In this study, the occurrence dynamics of the main pests of Noctuidae in processing tomato fields in
Shihezi City was investigated, and the resistance of Helicoverpa armigera to chlorantraniliprole and
emamectin benzoate (emamectin benzoate) was determined. The changes of cytochrome P450 enzymes
(P450s) and glutathione S-transferases (GSTs) in Helicoverpa armigera larvae treated with these two
insecticides were detected at the molecular level. This study can lay a theoretical foundation for further
revealing the mechanism of cotton bollworm resistance, and provide technical support for the healthy and
sustainable development of processing tomato industry in Shihezi City.

The main results of this study are as follows:

One. The survey results of processing tomato fields in Shihezi City in 2023 showed that the main pest
of Noctuidae was Helicoverpa armigera. The overwintering generation was in late May, the peak period of
the first generation was around June 20, and the peak period of the second generation was around July 24.
Because the processing tomato harvest period was earlier, the third generation of Helicoverpa armigera was
not found. The secondary pest of Noctuidae is Spodoptera exigua, and the peak period is around July 24.
No Spodoptera litura, Helicoverpa assulta and Prodenia litura were found to harm processing tomato. At
present, the tomato leafminer has not been found to harm the processing tomatoes of Xinjiang Agricultural
Reclamation Scientific Experimental Station, 143 regiment 14 company and 143 regiment 23 company .

Two. The resistance results of H. armigera in processing tomato fields showed that the resistance
levels of H. armigera to chlorantraniliprole in 143 regiment 14 and 143 regiment 23 were moderate
(resistance ratios were 13.70 times and 12.84 times, respectively), and the resistance levels to emamectin
benzoate (emamectin benzoate) were high ( resistance ratios were 149.66 times and 143.91 times,
respectively ).

Three. The contents of cytochrome P450 enzymes (P450s) and glutathione S-transferases (GSTs) in
the larvae were determined after the field populations of H. armigera were treated with chlorantraniliprole
and emamectin benzoate. The results showed that after treatment with different concentrations of
chlorantraniliprole for 24 h, the content of P450s and GSTs increased with the increase of concentration,
and the content of P450s and GSTs in the maximum dose 320 mg/L treatment group was the highest. After
treatment with 20 mg/L chlorantraniliprole for different time, the contents of P450s and GSTs increased
with the prolongation of time, reached the highest at 72 h, and decreased significantly at 96 h. After 24 h

treatment with different concentrations of emamectin benzoate, the content of P450 s did not change



significantly with the increase of concentration, and the content of GSTs was the highest in the medium
concentration 80 mg/L treatment group, and then tended to be stable. After treated with 60 mg/L
emamectin benzoate for different time, the contents of P450s and GSTs increased significantly compared
with 0 h, and reached the highest at 72 h.

Four. After treated with chlorantraniliprole and emamectin benzoate in the field population of H.
armigera, the relative expression levels of P450s family and GSTs family related genes in the larvae were
determined. The results showed that the expression levels of CYP4M6, CYP332A1, CYP6AEI11, GSTe2
and GSTsl were significantly increased and the expression level of GSTd2 was significantly decreased
after treatment with low concentration of 20 mg/L chlorantraniliprole for 24 h compared with untreated 0 h.
After treatment with low concentration of 20 mg/L chlorantraniliprole for 48 h, the expression of
CYP9A12 was significantly increased and the expression of GSTd2 was significantly decreased compared
with untreated 0 h. After treatment with 40 mg/L chlorantraniliprole for 24 h, the expression levels of
CYP4M7, GSTe2 and GSTs1 were significantly increased compared with the blank control 0 mg/L, and the
expression levels of the other 8 P450 genes (CYP4GS8, CYP4L5, CYP4M6, CYP6AEIL1, CYP9A3,
CYP9A12, CYP332A1, CYP337B1) and 2 GST genes (GSTd2, GSTel) did not change significantly. After
24 h treatment with different concentrations of emamectin benzoate, compared with the blank control 0
mg/L, the expression levels of 9 P450 genes (CYP4GS8, CYP4L5, CYP4M6, CYP4M7, CYP6AEL],
CYP9A3, CYP9A12, CYP332A1, CYP337B1) and 3 GST genes (GSTd2, GSTel, GSTe2) were the
highest in the maximum dose of 120 mg/L treatment group. After treatment with low concentration of 60
mg/L. emamectin benzoate for different time, compared with untreated 0 h, the expression levels of
CYP4M6, CYP4AM7 and CYPOAE11 were the highest at 24 h, and the expression levels of five P450 genes
(CYP4GS8, CYP9A3, CYP9A12, CYP332A1, CYP337B1) and three GST genes (GSTd2, GSTel, GSTe2)
were the highest at 72 h.

Key words: Processing tomatoes; cotton bollworm; chlorantraniliprole; methylamino abamectin benzoate;

drug resistance determination; cytochrome P450 enzyme, glutathione S-transferase
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%15 XLk BAFRFMEFMIL

1.1 Al & B iks

111 Fhsgmm T&EHn IR

# i (Solanum lycopersicum L.) , s&HiRbai g F iV J& 1) 2 A FAREY) (LK,
2013) o FAILIEAT SR 0] 0 R A A N T A (RSO Wi L&) 3£
W& GerrgrsE s, TR E AL, BAE HRE A2 FFEWED . BRIEZE KR /T
W5 R AP HARSRAE, P I aisE > . RARMAEE RS SRS, ol m i e
G S TR LE, EE PR L =AEE . FamiE N LA /=X, FEFRAMF
R L F e = — B AT R e . IRIERT RS AR S5, 1E 2020 4F, BT
SR TR AGMAE AR 40.49 T AW, F= &A% 483.58 Jild, 455758 N T3 hi il B 2
etz —.

1.1.2 I TEAMERMHAEIK

I BT BN LA AR AR AN TR, bR R 2 B & U e O .
IR 2 )y O B ) 5 T B LI Bk 1, 3 R AR IR RS S SR SR AR5 4218 1K
HNFEARIER RN, RFICA DL — DAY E, &R A FmAT, ™ EH
T BB K E R, W A (FEH, 20100 .

HAT, fHEMLENRFRAMRSH . fEikiE, E8EeFHm TE N F oa e
H (Helicoverpa armigera) « M B (Helicovepa assulta)  Z&hiv& i (Tuta absoluta)
TRk (Spodoptera exigua) « SRS (Spodoptera litura) 555E B GRAEIESE, 2004;
HIESE, 20200 o AN[EITH IR A R S RO AEMERANE] . AT HRSE AR A B i
FIBH BT 3RS A 2 R AP B R B SRR . TN FOREE AT S H 2 1% el
W BE L AR AR R AR B, RO JUMB 2 5 TR FOoRIE ., FiSepofk. H
BB i T RO ORI DR R A RISUBOEOR R (TS, 2016 S
KGR BL /R R FA AR 2o HUAT FE B 75 00 1 38 i v OZE 8 = A0 15 R i 4%t A I SIS T L A ik
AT 687+ 558+ 671 Sk CKEFFL/R, 2015) o £5 LWFFERM, faFn LA £
F AR PR H RO RE b, RIIIN TR A A 2 SR AR ROERL . 1 A kv i T
2017 FFAERTERF A B UORIL GREEZFSE, 2019) o« EARLK, A iaiod sl

1



818 Yk BAFRFMLFAIL T
G 1A Sl RN SR W s [0 9 | B3 TR 8

1.2 #8532 & H R BT R IR

12,1 #B8HNLESRE

M4 M Helicoverpa armigera, ¥ H REENE H, nAER M. M. fE4E. £XK
M B E 2 PRAEYD, B o0 An ) Fd B s SR AL, 25 A0 ™ B I & i ok (fE
PEAEEN, 20235 BUMEE, 2023; WAEE, 2022) o FEE O A ASIAET BOA BUOR )&
N, AT CAAS @ B AE YDA Y 25 R (R VR E o 41 0 F 37 5 e A A B A AR A DL 2 ARG
3R FFARAAE, KAl 2 ™ E (F32%, 2023) o T IS AT 8
R AR 7 A T % R XUl M 0 A A VS RN 20 B B T 2022 SRR AR Rk AR
N 3243 TInBUR, Biiay 43.81 JTABUR, &t 2012—2021 1K E SBHA TR,
SRS — 0 3 BlRMR ARG E, B =DM EOREF 5ot Abas e A28 7S e g =5 % A
JCSERHR A e 58 Ho A X S e R AE CT NN SS, 2023)

1.2.2 #2883 E AR EFAI A I

R, SRR R ER SRR B DA . R TSR S E T N . 7
1983 ARG 55 — I W U B 42 B POL B B 3 s 2= AR ik, B IS 72 AN [ [ SR AR 44
MRS Rt H A TS EFEE P (Gunning,R, Vet al.,1984) . 5lEAEE dihiid =
A E R HIR A2 0758 . 2R A SR P s 0 R AER AR B B IR
iz “LREPHETRI N FRIREE, 5 ECH AR R R R S, SR
MRS P21 H 2 s o

2R AR B E R, . HRTE. S5 s s m &R RN EZ. {Ei
I T KR R B R %, A TR A A U R I . AR R &t FH 2R R 5 S0
B ORI ORI AE T HitE . 2400, AR BT ORI T IR SR . —, AN
YEBTERATAL . N LA EEY AT RS R EE, BERR T ERIA B . X, @il A
AL A FH % HRR B B AR LR ORI nT R AR AR R 2P . BRI, 4L . &
R R R M 2R R HRR A 8 AT T AT

AHOR B R T /e T 2R R R, BA1E, ma, BRE#E. il
FEFRORK ST (RESSE, 2021) o FEIERT4E R 22K PR —Mmsk. K&, K
FREA IR IR AR R BT HMRR A E A D7 20, B33 B 55 4 dR i AR 4
B, HATH4EER RO IRE T2 ARG s R AR (BT T,



£153 Hkegik BNFAEREFARY
2018) o WHFLRW, ToilFdd SOREIE 118 AN B H MR, 25 R U5 iR
HOn R AE RS P2 AR BURYE O SRR A TR S U AN U SR R AR AU (TG,
2016) . FRIFURILE FRI, FRIE A M B R BRIP4 T A FREE B2tk . 5Kk
NS5 R, AU XAR RS HUPPRE XS B P R 2R 25750 R 4 2h b T USRS, otk
FEE 1.0~4.85 %o WU Fide 248 24 77) S UK I B e b T & R 55K, Pt 4oy il
5.5~72; XTHUBR HAGEE R 2 A M E R B R AL T =PRI (PUPERR 3 113~342) (5K
INEE, 2020) o FAMFSEE ARG SIRERT AT 2015 4E3) 2018 455K HHER 75 75 1
SRANNG B T A 5 AN HL T R A% BBtk 45 SRR I X S U A R gt frg 2 I R U 22 Hh A
X RGeS RIUABURPUNE, PUEEMFEUE 10 5 L0 (CEAMSE, 20200

1.3t~ E A aIHIE

FFRHLEGTEA W b iE BGE B RS SN . S FUIRIE DT TENLE] B K i B
BEz (RRAE R P450 B, RIBGMH AL S-Feiohy. RIBRIRNER) 1QHIRE /71898
FEAR AL GURE FRARAI R f e 5 BRI, B AT, AR AR, AR HURIAE Q1 fif
i A E 770 52 B HORH S HGT AR PUVE M R BRI 22— o P DAASSC R R i as i &
SR RPN R R

1.3.1 Rt P450 B8N SHIITZAM

FEARZ AR, M ER P450 B2 ¥ LR . 1558 P450 fvd e nT Dod g
W B I BB XIRRARE 5] S () SN B S B X IR 5 | 11 T 445 A4 A Ty
REAS AL BRH 3 S5 B M AR AN T BT X AR (b #1852 21 % HURIE 38 R D 5 22 Fol
GO IS AR NSy T2 5 B L P450 %, P4ASO VEVERIINE 5 T B P 1 oG B
FLHI (Min Y,et al.,2022) o H7 A 0 0E B B 40 B €0 38 P450 JE (Rt & 300 2 B A kA
SPGB ORI E LS. BEE R ERRAWIR R, BHRY, buik s &5
HARNAEEZ AN R PASO B ERIA . FRFATF 7L AR ES EEUR A6 T =P &
YGF JEfiik 58 B 7 =340 6 K P450 4= KFE R CYP9A12.CYP9AI4 F1 CYPI7v2,
SANERBETE S R YGF it 8RiE, RH—DEZ AR P450 K 2H 1k
R B R IE T e BB O U B R R AR I o (BRAR, 2005) o 4RI
PO E B AT MAH R Btk P4S0 B[, WoR HUIE AR M e CYP6B7. CYP33241 Al
CYP9AI2 FFAER/K IS ERIE, BT TERIE R 2 RS 54 R (R
Fi, 2017) o FHESE AN RNA THERVTER 7 HUHS B b 3 Fha 75 1) L
GEHRLRH, YUt R P450 R (CYP6B7. CYP6B7 5 CPR. Cyt-b5) HIUiER, i#t—

3



£153 Hkegik BAFAETMERMRT
WEBH T CYP6B7 5 CPR Al Cyt-bS TERREE HUM 2 B 2R 25551 Pi itk e 5 B A (V55
2013) o EIRESIRIRWT, AS[EIAREL HURREE AR N 4t 2R P450 B[R IA SR AN T,
YA (3R P4S0 25 B BT A 2, RIS IX A R AE HoAh 35 e b
A I E 5N 2015 ERE RO H B IZ I8 5 5 3 Fh P450 LR A 41 i (3R P450
W R B R HO852049 F [ mRNA (1) _F R IE M3 5 7 8 S RO &) B o 17 P450s Bgvs
P (E2%%, 2015) o f85%5 AR RT-qPCR 2} #F CYP9Z25. CYP9Ya 1 CYP9Yc 25
2> P4A50 J: DR EA [RI P S g HU e A 3 /S R IA IS 0L, BRI HLU 0T TR 2% BRIt
PEAHOCHT P45S0 FERIRIE CHEE, 2021) o ARZIAKEH, P450 MARE AU PiIEA &
HEEH.

132 BHABHK S-HEBEN ST

BIEH IR S-54#2 B (GSTs) &l EHARCHI AR 5052 7% HL 71 2 58 51 kS 1 A0
BN, AE 2 BFIPE T R A5 BEVE R (Haoli Get al.,2021) o« GSTs i —Fh ) 2 7E4F
FAD A REEE. GSTs BE/EMER/MNENA Y P RIEEE/EA, 7T DMK dF Kk
AR i 2 N B3 JEE B A T TR R AR AR G B SRR B ), AT R AR K I A S A
HHEHAERSN . BTBAMESE N RIN GSTI19+ GST121 F:IA| [ Sty fit 28 ik M 38988 T
AR BN 3 B AR 25 40251 (Jin Met al.,2023) . &7 525 AR RNA TTER
FARTHE GST HK ML, 4R R GST iE M FRAG 4 M 44 doxt B 4 L Uk
PEM EER (IR E5%, 2014) o kD EHF MR HUl B S HCR R B 5, &
PUIEFEEIE N, GSTs ¥+ AchE Bf. CarE By V2R L%, KM Rtk
W50 5 GSTs B+ AchE B, CarE Bgf % (Gk/DAE, 2013) o EHAENRHRHEN
TR BN E BB YE, 45 B8 MFO . CarE B AT GSTs i PE 53 THa M
T 5 T R AL OBl g AR S B (CE R RS, 2017)

1.3.3 RERERAEE T SR

RIRIEEE (CarB) CYEFTA MY, MR, JBT 2 RK I K
Glg, 254, BN SZ AN B R E IR BUE B R AR R HUE R R R R A
FAEMEME, JFHS R AR B P R IS (Zhang Y, et al.,2016) o 5l
FE P24 PR3 5 1) (R 35 2 — SR FR TR TG I (1) AR 1T R 77 38 s RU6] 2% R I 45 & Re 4 T (2%
FREE, 2021; BETEE, 2017; 5B, 2023) o ZEGHES NE S 1AME dsHaCarE Xt
MRSt 2 WA A BB FEIER, 5 dRAETIRN 64.57%, AKX B AH sk b 7
23.29%, RIAIRIGN HaCarE SEFXARE HAEKE B R REMHER, JHERITMHEGE
R (RS, 2023) o FRENE SRR BENG £ R A S i Bt 7 T8 B RN U T 2 T 1 g
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%15 XLk AAFAFHEFMILL
s MR R AR A G AT TR B AR AT SR AR T i 2R R BRI e s 1 R 2 B,
IR b AR I 2.20 15T 2.05 £, R IWIORAT 4 10 B FR IR ik -5 e T JBRD SR U5
FEPiMEAE ¢ (ERE, 2019) o Stdid 56 ir IR 44 HU PR IR T g J 0 S BE PR 6 RO RAR,
CAIE B oot 3% BRI ARG T, SRS A i HA vl e o P 1 156 i 59 A2 T X 2 T 28 8%
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