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B OE [B89] WHHRIIMk (27 °C) MRBLE Y Rhopalosiphum padi 7% B U F HAAR P it 22
B [ e SRATA Bk . G 00 R RS 28 8 i PCR 4300 e 2% SR A A0 . g il
AR ERE [ R ] PG RGBT 6 Bl i A BURrE s, Hode du kg AR 35 18
B (4.59 ), BRGHAIREE R E/R, EHFIE (CK) f#gifk (HA) SR P TH —# —Z% ( Diethyl
maleate, DEM ) X B& HUKICHA S IG20VE A, T iAMIE T l# ( Piperomyl butoxide, PBO ) XK HU P8 55 1
JHEZE, WAL S50 3.95 F122.41, {H#ER2 =7KR8E ( Triphenyl phosphate, TPP ) {XAEFAIIAk it 2 X b
HUPRIERAE 02, SR 4.82, fEEEGE 0N R, R4 A I I A R b Al i 3 P450( P450 )
Bpvh v TEEG R SRR, MEmEN CarE (2.1, P=0.037), GSTO (1.7, P=0.035).
CYP6CY7 (7.0, P=0.003) Fl CYP6CZI (1.9, P=0.013) FEHIEHAIML R P BE L8, W CYP6CsI
(0.40, P=0.026) FEMIIMLS R PR E T, [ i8] AUk 2 5 R A3 4 5 0o XoF 1t JoR 1 gt LA
K PBO FI TPP X WE HUSR A AAE I 5 P4k 2 e o R A 4 A WH R N i 25 18 P450 1%, H R E RS 5
AR R ) 22 7 H8
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The effects of heat acclimation on insecticide susceptibility and
detoxification enzyme of Rhopal osiphum padi

. *k . EEEY
LI Xing-Ye LI Yu-Ting
(College of Plant Protection, Shenyang Agricultural University, Shenyang 110866, China)

Abstract [Aim] To investigate the effects of heat acclimation (27 °C) on insecticide susceptibility and detoxification
enzyme activity of Rhopalosiphum padi. [Methods] The leaf-dipping method, enzyme activity assay and real-time
quantitative PCR (RT-qPCR) were used to measure insecticide susceptibility, detoxification enzymes activity, and gene
expression, respectively, in R. padi. [Results] Heat acclimation had a significant effect on the susceptibility of R. padi to six
insecticides, with acetamiprid having the highest index of relative toxicity (4.59). Synergist experiment showed that diethyl
maleate (DEM) had no significant synergistic effect on acetamiprid in either the control (CK) or heat acclimation (HA) strains.
Conversely, piperonyl buoxide (PBO) had a significant synergistic effect on acetamiprid in both CK and HA strain, with
synergism ratios of 3.95 and 22.41, respectively. Moreover, triphenyl phosphate (TPP) had a significant synergistic effect on
acetamiprid in the HA strain, with a synergism ratio of 4.82. The activity of cytochrome P450 (P450) in the HA strain was
significantly higher than CK strain. RT-qPCR revealed that the expression of CarE (2.1, P=0.037), GSTO (1.7, P=0.035),
CYP6CY7 (7.0, P=0.003) and CYP6CZI (1.9, P=0.013) was significantly upregulated in the HA strain, while CYP6CJI (0.40,

P=0.026) was significantly downregulated in the HA strain. [Conclusion] Heat acclimation significantly increased the
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sensitivity of R. padi to acetamiprid, and the synergism of piperonyl butoxide and triphenyl phosphate on acetamiprid. Heat

acclimation significantly increased the activity of detoxifying enzyme P450 and induced the differential expression of five

detoxification enzyme genes.

Key words Rhopalosiphum padi; heat acclimation; toxicity assay; synergist; detoxification enzyme

A TR E AR HEOM ARG E R R, 5
HAEFREAW AL, B 1980 fFLKE, KRER
AP SR e U B R R AT B 43 P-4 1R 0.352
0.548 °C (Zhou et al., 2004 ), &FRSAZAERE S
AN UE 1Y KA BRAHSG, B A
FEHIMRE % 4 (Battisti and Naylor, 2009; Lin
etal., 2013; Rosenzweig et al., 2014; Sherwood,
2020 ). BRI S, il R R B R AR
KRB IR K1, ANl R 20 B iy AR
KKkE . FHdr. B8 M RE 1 55 1 15 e

(Neven, 2000 ). HFi4RM3F HBHIGAT Lk Bl
163, A BN A EE ) BAT i B ( Khan
and Akram, 2014; Jegede et al., 2017; Mao et al.,
2019 ). FHIEJIBE B THEs, — 7 TS Ml A% He5) 1)
PRALPE BT ANRS e T |« #5 R FIREAR S5, 5 — D7 IR
e [ ) A AR S Gt 2% ) g Wi AR A HE
k%5 ( Camp and Buchwalter, 2016; Liu et al.,
2016; Whiten and Peterson, 2016 ), N1, P
L A7 v i 38 T O A SR 8 R AT 24
AR B o F B, X TSR S5 U
PUrEIR B EA E A L

B AT DL o 6 28 AT 3 e 6 AN 3R
T 368 3 R R AR o A A A R A s B ALY
TR T 52 , o ) BT A% HOR) a2 1 5
PR H 5 ( Swain et al., 2009; Verheyen and
Stoks, 2019; Meng et al., 2022), =iRHE T
EAURNA R AR RIS 2, BRI R ANTE )
KA AE (Neven, 2000; Fh3g4, 2007 ;
El-shesheny et al., 2016 ), [ H{ARNfHREEE T)
F14) TR 732 T 5 il DAL 1) 3 2 5K T U 1 AR B g
IR, 2 B ORI BRI P AR U2 PR AL
#lz— (Lietal., 2007; Brasetal., 2022),
W, v i B T B AR PN SRR T R PR 2R 5
1Y A8 AR 52 e B O A% HUOR ) BUE A ( Guo
etal., 2018; Mao et al., 2019; Langmiiller et al.,
2020 ).

RAB4:45 % Rhopalosiphum padi J& T2 H
Hemiptera % £} Aphididae, f2&/N4Z [ A9 E 23 i
(3K)FMIBh kAR, 19835 Maetal., 2015), &
A48 B WA ORI NG E , b R 5 i
HEEHG, A AT AR RE R 2 B ( Barley
yellow dwarf virus, BYDV ), Z3tt5/NE A =ik
W E S (Savaris et al., 2013; DhHERS,
2014 ), RAG S W AEFRIE 25/ NAZ Pl IX 80
A, B R E A5 22 XA WF A E A ( Sun
etal., 2009; Ma et al., 2015 ), AR BRI LY
P E TS R RS RBORE 4 85 W 50 A AR K
MfEEMEMEZEKA (Sun e al., 2009; Ma
etal., 2015 ), SR, M2 8 S 300 IR T = %t
TR AT 4 5 MF 2 HRR AR 1955 v AN B A o A
UMM E 6 Fho BN R A 4 45 0F 5 W PP R
FNFRINACFPRE A FE ST, 5307 TR A 2 il 1
TR R R A 22 7, B7EWIHR AL X AR
A5 45 55 W N R R SRR KRR Y RE ), R 4 BR
AT e B R A G W B A R A B 24
PEAUEFE AR

1 #R5AFE

11 #HfREH

PR A %6 4 0 R PO LA MRBHE R 2= A )
PRIP 2 BEBR AR B, AN A2 S LT
TANTAR CTHILR ), Rxz-380B)
AR, BN K 2112, WFRAM
R sl EEC 241 JFI( 2741 )°C AHRHRBEE 70%+5%
JGE 16 L 2 10 Do ARIEARS 48 B B KL F
JE EIRFARERS ARSI i, a4k 27 CHE KN
itk i ( Easterling et al., 2000; Luis and
Xavier, 2001 ). Hr, fAFRIEE N 24 CHIBE
N ER (CK), IR 27 CHIBE AN
A1k % (Heat acclimation strain, HA ), P
T 3 N RRZR AR SR 100 1AL |
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1.2 #RiRA

98.00%ME K IE 2y . 97.30%Htt MR ZY |
97.00% P 4 T 28 J5L 24 Wy [ {07 b e A= A AR 245 A
PR T 5 96.00%FESEI 2 | 95.00% i A
B JE25 1 97.25% K 2 R 245 A LI H AR AL
AR F L 96.00%)0 T 4 — 18 — £ ( Diethyl
maleate, DEM ), 98.00%f# /2 — &g ( Triphenyl
phosphate, TPP ). 95.00%#H#3& T fit ( Piperomyl
butoxide, PBO ) I [ Bl T a7 (_LifE ) A FR
NF CTERRBE RS ( Carboxylesterases, CarE )
AR H K S-5% 32 H Glutathione S-transferases,
GSTs ) 1 M 12580 &0 8 75 BHEs A= R
EHIR/ATEl; BCA ( Bicinchoninic acid ) 25 H EE
AR &0 [ B A T A AR A PR A
Iy BIEAE T AR A BR 2 W45 ;- Trizol
4 F Ambion ( 3£ ); Sef% %1857 & ( All-in-One
¢ DNA Synthesis Super Mix ), 2xSYBR Green
gqPCR Master Mix Il H Bimake /3 7] .

1.3 H£HalE

KA dUI2 - (Wang et al., 2018b) &
TRA 4 55 W XoF 2 MR A U o AT A R A L
A, B SRR BRI AR 10 /L R, &R
0.01%M1 Triton X-100 7KV U RS 5 AR IE
BB RE o B A AR A G 5 0 0SB LI 1) /N2 i e A
PR 10 s, FHRKAU 22 R I25H, X
B A IR IEAC 10 cm x 10 em O ERHE 3%
ML A SRR o AR PR 9 AR 25 40 85 15 4301 1 Tk
BE (24+1) A (27+1) °C, FHXHZE 70%+5% .
JEFI 16 L 2 10 D 45F T3 . BA~LHE 20-30
Sk, HE 3K, A 0.01%FF Triton X-100 7K
VIRAEXT IR 24 h JEAGAAET R, HBERilh
A, ANREIE SN BET, Bl Geit AR AL B
FEIEFIZET -5

1.4 S xR BBk H I E R

DATRNERAE A ML, 4 98.00%ME AL bk 5
5T 10 g/L WERE, H& A 0.01%09 Triton
X-100 /K R B 5 NHRBERRIE , iIn ABESL
#] (DEM. TPP F1 PBO) S5 A[a)He & 1 255)1R
H AU 100 mg/L ( Wang e al., 2018b ),

FHA R MR AT e, I 7 kTR 1.3 715
W4 % fE M Bradford 19 U7 % it A BE AL I

( Synergistic ratio, SR ), SR=FA—Z45I X} R4 4
Y LCso {EL/Z4 70 X B4 RGR) b P A AR A5 44 8 10F
i LCso fH

15 fREEEEHNE

TE A [R] H 5  AS 5] i 28 10 R 73 4 45 15 G
PR, RN 3 Sk, AR E A 4 1K
CarE Fl GSTs [ PRI E 53501 2 B ) S vl 4
AT, AR P450 fiff (P450) JEPEIIE S %
Hu 55 (2023 ), & H BB LLA- IS & oA bR
i, R BCA 5 &b T E .

16 MREmEEENRAIESN

WA TR) oS 1) AN TR) i 2R R 4 4 78 I G 3
B, MAER S KRR, BAEEESR 3R,
W3 Trizol ¥EFRBUE RNA, i FH S sl ) &
A8 cDNA S—4#, LA -actin IR ANZ, &
5 AR G 45 I B 24 P R S A 1 1 L TR O 8 4
A Primer 5 WitE&EGIY (% 1), RT-qPCR
AR Z N 20 pL, f445 10 pL 2xSYBR Green
gqPCR Master Mix, 0.8 pL b FE714, 2 pL
cDNA #H Il 6.4 uL RNase-free H,O., [ W #2 7
$1:95 °C 305,40 NG : 95 °C 55,60 °C
30s; dnkEfEMiZ, 95 °C 10s, 65 °C 5,

1.7 #HIESWH

A= 2 B0 S8 SPSS 26.0 X4 H Probit
WSk AT AT, THER T MIE R Bt
HVREE (LCso ). 95%EFIXIH] . RI7H L& P 1H.
it A BRE DR A AR B R 2740 Wi o

( Schmittgen and Livak, 2008 ), ff#gRH:G 1 FIAH
X FIR BRI 25 7 W E V] SPSS 26.0 i
OIS REAS ¢ Ka e AT, B EAKEh P<0.05.

2 GBR59H

21 ARFRALAEWRAI 6 TR RAH SR

SR BRI BIIE T 6 M HURI X
REGEIFRITE S, SR BN, BT AR
2 AR GE W R TE SRR, LCso fH23 510
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0.25 11 0.38 mg/L, T KZEXT 2 IS RA 4 & 1F
i BT S8R, LCso fHAM124 110.86 Fl 100.40
mg/L, S KINRINE G, R4 4i 4 0 % e il
JOK bt R v 255 S A T ) SR T B, AR X

&1 EMRHAEEE PCRS|H
Tablel Primersdesigned for quantitative real-time PCR

FEIFEBOI BN 4.59 . 1.58 1 1.52, Hirpg ik
BURHE N2, Mixt4Epg £ | LM a KL
AR SRR T 5, AT EE 4R 0 512 0.76.,0.63
091 (£2),

R (%)

519 Feol (5-3") e 2% 75 BIE/E S
Primer Sequence (5'-3") Amphﬁcanon Reference sequence Primer source
efficiency (%)

Actin-qF GCCCAATCCAAAAGAGGTAT 100.336 KJ612090.1 Balakrishnan et al., 2018
Actin-qR TCAAAGGTGCTTCCGTTAGT
GSTO-qF CCAAAGGTGCTAGGCTCATT 99.157 MG709032 Balakrishnan ez al., 2018
GSTO-qR CTGTTCGTCGAGGAAGTCTG
GST1-qF TGGAAGCGACCAAAGCAATA 101.200 KP192850 AR
GSTI1-qR CAACGTCAAAACTCCAAC Design for this study
CYP6Y7-gF GGTGGAGAACGATGCGA 100.454 MK534503.1  FJE, 2019
CYP6Y7-qk  CTTTTTTGCCGAACTTGC
CYP6CZ1-gF GCGGTTCGGTGGCATTTA 104.696 MK534505.1 EHE, 2019
CYP6CZ1-qR TGTTGAGTGGGTTCGTGTG
CYP4CJ1-qF TGGTTGAACAAAGGGCTA 118.752 MK534508.1 FHE, 2019
CYP4CJ1-qR GACTAACGAACGGGAATG
CE-qF TGAAAATCACAGAGTCGCAGCC 109.127 MHS561903.1  Wangetal., 2018a
CE-qR CAGAAAACCATTGTCGTCCTTG

R2 ARBVLGEGFERMAYMLRRST 6 TR HF RN

Table2 Sensitivity of control and heat acclimation strains of Rhopal osiphum padi to six insecticides

oy O ( 953?5 {ffg/L y o FFCAEED ﬂ:iiﬂfffe

Insecticide Strain Slope+SE 7@ .

LCs, (mg/L) toxicity
AEERUIN CK 0.87+0.14 2.38(1.71-5.02) 1.65(3) 0.649 1.00
Imidacloprid HA 1.06+0.13 3.76(2.21-6.36) 6.47(3) 0.091 1.58
g i Jpk CK 1.3740.18 0.83(0.42-1.38) 14.31(3) 0.003 1.00

Acetamiprid HA 2.06+0.33 3.81(2.16-5.63) 19.22(3) 0.000 4.59*
Bk S S 2 s CK 1.22+0.15 0.25(0.15-0.38) 1.31(3) 0.726 1.00
p-Cypermethrin HA 4.57+0.88 0.38(0.25-0.48) 1.64(3) 0.651 1.52
[DE iR CK 1.26+0.16 0.66(0.43-0.94) 9.23(3) 0.026 1.00
Abamectin HA 2.23£0.32 0.50(0.36-0.64) 1.80(3) 0.624 0.76
A CK 3.62+0.54 1.53(1.16-1.94) 1.06(3) 0.787 1.00
Chlorpyrifos HA 4.84+1.60 0.96 (0.82-1.38) 3.92(3) 0.270 0.63
&SN CK 0.48+0.10 110.86(20.50-50 277.26) 3.35(3) 0.341 1.00
Methomyl HA 0.94+0.23 100.40(45.32-932.05) 2.76(3) 0.430 0.91

CK: Hiih&; HA: #IIbi R, £ 3. K4 FE 1R, FL: B{FXE]; FAXEHEE=HA 1) LCs{d / CK 1 LCs
{BH. *%&/R CKFI HA St R LCso 5% B IXIAFEE S, 2RBE; K3,
CK: Control strain. HA: Heat acclimation strain. The same for Table 3, Table 4 and Fig. 1. FL: Fiducial intervals. Index of
relative toxicity =LCsq value of HA / LCs, value of CK. Asterisk indicates significant difference which the 95% confidence

intervals of LCsy between CK and HA strains do not overlap. The same for Table 3.
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2.2 HERFRIxIE BBk RGN ER

HRAE 6 FhR AN R G445 W T ), 8
WE PRI T RGNS . A I H K -S-7% B8 il
il DEM 7E CK /i & (SR=1.08) il HA /i &
(SR=1.31) HIEEAERA R diifitaz P450
fiti 7% PBO 7£ CK /& (SR=3.95) il HA
Z (SR=22.41) W44 W EWAAEH ; RIRERG
P57 TPP 7F CK 5 & (SR=1.01 ) JLHIUEH ,
{H7E HA dh & (SR=4.82) "R I i E 4 AE
M (F&3),

23 BEEHmEEHSW

X2 ASTRAT G 45 BF ot ZR AT g BRI 7 0
E, BPRE], HA fRTPRIRERNE . A DEH K
S-5E RS TG PAS0 (A B 53 702 CK 5 & 117 1.06
( P=0.798 ).1.27( P=0.240 )F1 1.41 f5( P=0.002 ),
Horr P450 G S50t IR R (£ 4 ),

24 BEHEEEMNRIESHT

XA G BE 6 A FRERGEE N 2T T AR
FIBEIIT, 4PREY, 5 AR ( CarE

% 3 3FEF DEM, PBO #1 TPP ERBEHEW EIRFIAIIK & & X IE HAREIEER
Table3 Synergistic effect of three synergists DEM, PBO, and TPP on thetoxicity of acetamiprid in control and
heat acclimation strains of Rhopalosiphum padi

R s SRR et ‘fi I UL il
Strain Treatment Slope+SE 7 (df) yners
LCso (mg/L) ratio
CK IE UK Acetamiprid 1.37+0.18 0.83(0.42-1.38) 14.31(3) 1.00
TR iR 28 1.02+0.12 0.77(0.404-1.33) 9.04(3) 1.08
Diethyl maleate, DEM
IR T Bk Piperomyl 1.15+£0.13 0.21(0.13-0.32) 9.34(3) 3.95%
butoxide, PBO
+WERR = KE Triphenyl 1.80 £ 0.30 0.82(0.52-1.14) 5.52(3) 1.01
phosphate, TPP
HA bk Acetamiprid 2.06£0.33 3.81(2.16-5.63) 19.22(3) 1.00
HRT W~ M 20 1.52+£0.28 2.90(1.36-4.80) 10.62(3) 131
Diethyl maleate, DEM
TR T B Piperomyl 1.39+0.19 0.17(0.11-0.25) 7.43(3) 22.41%
butoxide, PBO
IR = % Triphenyl 1.21+0.17 0.79(0.03-1.53) 8.17(3) 4.82%
phosphate, TPP
R4 REGEUEEMAYLREBSETH

Table4 Detoxification enzyme activities of control and heat acclimation strains of Rhopal osiphum padi

b3 77 (nmol-min '-pg ')

f# 7B Detoxification enzyme Activity (nmol-min"'-pg ") IL{ [:;fl;

HR &R CK strain 4k 5 & HA strain
ZBEAREREF Carboxylesterases, CarE 0.23+0.04 a 0.24+0.02a 1.06
AIHE K S-55 72 Glutathione S-transferases, GSTs 37.77+4.13a 48.13+3.97a 1.27
4 it {4 % P450 Cytochrome P450, P450 68.14+0.15a 96.16 £ 0.44 b 1.41

T PEUE R P EARER, FR—f78IRERE AR/ FZRR B E2ES (P<0.05, TR ),
Data in the table are mean + SE, and followed by the different letters within the same row indicate significant difference
(P<0.05, T-test).
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GSTO. GSTI. CYP6CY7 F CYP6CZI ) ¥J1E HA
Pt R I, 28X IRAY 2.1 (P=0.037 ),
1.7 (P=0.035). 3.6 (P=0.087). 7.0 ( P=0.003)
1.9 £%(P=0.013 ), H CarE. GSTO. CYP6CY7
Ml CYP6CZI KirmEMMATERDE, 11
fE AR CYP6CTI (0.40, P=0.026) 7E HA
AT RBEDETH (E 1),

3 itig

B AR SR S , e iR e 5 e A FAR
WAL (Basterling et al., 2000; Camp and

—
(=]

B —CK
= HA

oo
T

(o)}
T

N
T

N

FHX} A& Relative expression level

(=}

Buchwalter, 2016 ), £ERAMEATBE 5T, H
(1) A% By e AR A, T 9L %of B M R Ak H 5 3 0 1Y
AN ZM (Easterling et al., 2000; Deutsch
et al., 2018), EAMITIABL, MBI
AR 38 o kR B RIS | AT A R AR R AR A
857 T4 B BRI B T 32 ( Swain ez al., 20085
Zhang et al., 2015; Oliver and Brooke, 2017 ),
WA RRY], KR B AR 4
AF Xof Wt JpK %) U NG GR]) ( PBO 1 TPP ) %)
WE SEUPK A I RCVE L T HLRAIN Ak S 25 v i 2 il
P450 il 1% ) A5 e ML A 1Y 22 e 0k

ﬁwi ﬁi F‘Ti F’TI rﬁ. [

CarE GST0 GSTI

CYP6CY7 CYP6CZI CYP6CJI

f#FE RN Detoxification enzyme genes

1 RAGEGEENAINURZBSHEEEANREE
Fig. 1 Relative expression levels of detoxification enzyme genesin control and heat acclimation
strains of Rhopal osiphum padi
I R AR EDS A E RS FRR2E R WE (FP<0.05; **P<0.01, FHA KR,
Data in the figure are mean + SE. Asterisks above bars indicate significantly different. (*P < 0.05; **P < 0.01,
independent samples z-test).

AT, B A BURR A S A H
A4k, s R OO R HUR A U . nEy s AR A
(2011) JE TIREXT 2 KAE YT Sitobion avenae
ARHGRIEESISEIR , 453Kk, mak R iR R
BRASFILI0) 7 78 R A, W HPRCA AN BRI I R B R
B, RO E AR T A SR, T
Tl . BEAEMR . KR, T s A JECRInE HU bk
FEIh B 0 TE L R BN . Ma FF (2012)
W5 T 8 B A U AR AR R X 4t F i
Apolygus lucorum W1, Z5REw, BEEEF
T . TR E A ML HORRORTRE PR R )
BER, K2R R A e N S R S U S R

BESTURES 0 X RS BE D R e AN AR
Khan Fil Akram (2014) Wl5E T 7 Fh AGIHEAR
[FIVR N X M8 Musca domestica WIT: 7)1, 44
R, FEARM . POUREE . H I A A TR R RN SRR
i )5 ) B T i s, SAESENR . A
P R 22 A% T 2R (1975 ) BB TS I 0383 » Mao 45
(2019 ) MxE 1 A HGRAAE A [R) I BE T X 4 Kl
Nilaparvata lugens (W5 11, SR Bn, BEREF
T A ORI R AEURUE | M g U | — R s IE
FEMR)EE IR . LAh, BRI TR, B4k
W Z X PUAEH] S Frankliniella occidentalis W T 7]
Waog (Lietal., 2014 ), WEHBRXTERSE Isonychia
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bicolor )% J1 T ( Camp and Buchwalter,
2016 ), ASBFFRAR IR, FI4ERZ | 5L
K2 WX RA 4 W 27 CRFRY Ry 3gsm, M
WE DK Atk R ROR R R R A IR R D R R, R
AP %5 A () S 28 235 H ) P S i) 7 e ] 25 57
FFT RS U 0T 2% ORI R S e, 7 A R ) B
LB F REE AR A2 1 h B Ay %2
B

it 25 WA QTS 0 3 o 2 B A A B
WEFHNZ —, A2 E B r) L pe
i 1 T X IR R AR A ) i 10 2 5 i) B AR B 0 R
AR B UEYE (Liu et al., 20165  Guo et al.,
2018 ), oy il 5 Mo B SR PN i RE S ), — LAt
52 W Ul B R i BE G 7 TEAHOG, 40 Li 55 2014)
22 W e U 2 B A VU AR R IR GST TR 7,
Perrin 5 (2022 ) &I K F B B = AL 3L
B E SR Cydia pomonella RN CarE |
P450 I GST 1% J15 {HA—LERT5E sl B2 Al
fif BRI ) SO OCERANA DG, x5 (2015)
R A % 5 R N A EEBE[GST . CarE FiI
ZI1ae A L ( Multifunction oxidases, MFO ) ]
71, Mao % (2019 ) W57 3 B = i 2 T il #
KA fEERE PASO A GST ¥ J), 1 CarE I
NEREXES ., AHRGRER, HA HFRT
CarE. GST 1% /] 5XHIC & 25 5, 1 P450 fiff
W RERS, U LRSS SRR, HEEns )
XYk B P e 7 5 Ak 3 B | A B ] DL K B
FRFREY), A5 HA Fi &R T CarE il GST
W BEAFEEARE, vHe SR A
A K HRGARg 2o B AR B T A T T
H. ( Gonzalez-Morales and Romero, 2019 ), ZAHF
FEP RO SRR, PBO £ CK Hl HA i
PR WE H KRR R 3, 107 TPP {XAE HA i
R BB, SERREE (2014) TEAR
WF Aphis gossypii L B4R —3 . Ninsin I
Tanaka (2005 ) i@ HIRGRIASRET P450 FIRK
BEAE /NI Plutella xylostella X} WE HUPK RGBT H
REZER ., Wi, ARFRssRERRILE
P450 Fl CarE 7E A4 4 15 50 0 WE DK A0 fife w4 Qi
A EEAEH

Tk JU 38 AN 5 | A e o ARG 0 s, i L
I T B MR Y A% B R I A R G5 ( Lopez-
martinez et al., 2008 ), Huang %5 (2017 ) K&
Vatanparast Fll Park ( 2022 ) #F57 2 B &R AL PR
Jri e CEUFI B HL ST 8k Spodoptera frugiperda W
Kim P450 KN 22 73Rk, Guo 5% (2018) 5T
KEL 31 A1 35 CRiRAbBLG Q BUAHHY Bl Bemisa
tabacci PR 51~ P450 Fll 1 4~ GST HE[H 22 73Kk
AR, AT R BRI S BOR A 4045 I (AR TN
fRTEM LA ( CarE . GSTO. CYP6CY7 . CYP6CZI
I CYP6CII ) W22 73R8, RIIAIIMEAT TR
4 8 I i FE L R Y ek o ARHIFSY 2 BRI IfE
G| ff RE G PASO 7E LR 3R 5 AIHEE ) b i
FOAE, M CarE Ml GST {UAEIL R ik E2 R
3, Perrin 4% (2022 ) [FIFEHGE T3 R ALK H
i T R DR 0k s RS ) 45 R B R — 3K, nTRE
55 ) R WA GG R T, T35 Y
RFEPAFEH L5 RA X (Perrin et al., 2022),
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