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R i ENA I, 2018 454 YNI. URMQL. TC Fm QPQL1 DA 2019 4FHy YN2 Fu IMS A #f ik s x{ & s iR (40 (RR)
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Abstract: [Objective] Colorado potato beetle (CPB), Leptinotarsa decemlineata, is a significant agricultural pest in potato
worldwide. The objective of the study is to identify the main cytochrome P450 genes involved in metabolic regulation of
neonicotinoid insecticide thiamethoxam in L. decemlineata. [ Method ] In this study, the resistance level to thiamethoxam was assayed
using topical applications in 11 field populations of L. decemlineata from Qapgal (QPQL), Yining (YN), Tacheng (TC), Urumgqi
(URMQ), Jimusar (JMS) of Xinjiang in 2018 and 2019. The activities of three detoxifying enzymes including cytochrome P450
monooxygenase (P450), glutathione S-transferase (GST) and esterase (EST), exposed to LDsy of thiamethoxam for 72 h were
analyzed by in vitro enzyme activity assay. The differentially expressed genes (DEGs) of L. decemlineata adults susceptible and
resistant to thiamethoxam were detected by Illumina HiSeq™ 2500 sequencing platform. The expression verification of three P450
genes and the expression change of six P450 genes in different populations and the beetles exposed to LDs of thiamethoxam for 72 h
were performed by real-time quantitative PCR (QRT-PCR). [Result] Resistance monitoring results showed that the adults of YN1,
URMQI1, TC and QPQL1 populations in 2018 and YN2 and JMS in 2019 developed low to moderate level resistance to
thiamethoxam with resistance ratio (RR) ranging from 5.99 to 20.33 times. The P450 activities of adults from two sensitive
populations URMQ2 and URMQ3 and two resistant populations YN2 and JMS after treatment with thiamethoxam LDsq for 72 h
were significantly increased to 1.76, 2.75, 1.91 and 1.66 times as high as the control, respectively. In addition, the GST (CDNB and
DCNB as substrates) of URMQ3 population and the EST activities of URMQ2 and YN2 populations were obviously increased to
1.19,2.10 and 1.35, 1.91 times of the control, respectively. Based on Illumina RNA sequencing, the raw reads (56 872 051 and
62 249 136), clean reads (55 903 706 and 61 082 076), clean bases (8.39 and 9.16 G) and error of basic group (0.03%) were obtained
for the thiamethoxam-susceptible and -resistant samples of adult populations, respectively. Thirteen differentially expressed P450
genes were identified in the thiamethoxam-resistant sample, of which two genes were significantly up-regulated. The expression
levels of three P450 genes, namely CYP4CI, CYP9e2 and CYP305al by RNA sequencing were validated by qRT-PCR analysis.
Furthermore, CYP9Ya, CYP9Yc, CYP4Cl1, CYP305al and CYP9Z25 were up-regulated in the thiamethoxam-resistant adults, and the
expression of CYP9Ya, CYP9Yc increased significantly in the 4th instar larvae and adults under thiamethoxam treatment. It was
found by correlation analysis that there was a significant positive correlation between resistance level to thiamethoxam and CYP9Ya
expression of adults. [ Conclusion] CYP9Ya may be involved in the production of thiamethoxam resistance in L. decemlineata, and
the role of other genes cannot be ruled out.
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Table 1 Sampling information of L. decemlineata populations

KA E] Sampling time F# Population

KEEH S Sampling location

2018-06 224 £ /R QPQL1 22 2 IR ELALESF 21 5% % Zhakuginiulu Town, Qapqal County
2018-06 7 YN e B YA K % Yingtamu Town, Yining County

2018-06 Y TC EYETBT /R % Axier Town, Tacheng City

2018-07 5 EAR5% URMQL &R %7 241 Anningqu Town, Urumgi City

2019-06 24 1 /K QPQL2 22 IR ELALE S5 21 5% % Zhakuginiulu Town, Qapqal County
2019-06 7 YN2 e B YA K £ Yingtamu Town, Yining County

2019-06 7 YN3 i BH T £ Hudiyuzi Town, Yining County

2019-07 5 &A% URMQ2 B ERFF NI /RIEIR % Saerdaban Town, Urumgi City
2019-07 15 # k5% URMQ3 188 K517 3k i X Toutunhe District, Urumgi City

2019-07 5,8 K5F URMQ4 B ERFFTTAR 55 ¥4 % Banfanggou Town, Urumgqi City
2019-07 HAFER IMS HREE R B R P47 Quanzijie Town, Jimusar County

1.2 #RZF

97% Mt Bk R 25 (VLIRLKFHABRA D 5 95%
WE R IR 2y (RO RUATRA D .
1.3 FANE

SR FH R RO o A8 P AT I AR Dt 24 A e ol %
1.0.5.0.25.0.125.0.0625.0.03125.0.015625.0.007813
mg-mL" R AEREER L 25 . T Hamilton f &k
FERS AT 2550 (00, 24700 s Sy« s e I 0 02 1 2

T, A RHIETRT I 3. 40 miiaE: 40
4022 uLsk, BEH LT pL/ske s RIAAAR 1
VE SR, AN FI e 10 3k, 3L 3 AT, 435
BRI (HAR 9 em) , 76 N HFE L%
WRFE, 72 h JEk st dgl. SR T bRk
32 K S ORI A P2

1.4 fREEEENE

1.4.1 BER#E & E URMQ2. URMQ3. YN2 Al
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IMSS FRE il H 43 ) 22 B8 HHUE LD sURVEALHE 72 h 5
MIAEIE AN, 0T AR, AR RSB A
A, A 1.2 mL 0.1 mol-L™ BEMRZE M (pH 7.6,
H4 1 mmol-L!' EDTA, 1 mmol-L”" DTT, 1 mmol-L"
PTU, 1 mmol-L" PMSF) )3 1] T4 it 2% P450 #:
DA B PENNSE s N 1.2 mL 0.1 mol- L™ i FRZE M
(pH 7.6) S T4k Ik S-SR Bl s s n
A 1.2 mL 0.02 mol- L™ i FRZE W (pH 7.0) A1 T
PR ML 2 AT T 4°C, 13 000X g F 5.0 15 min
Je, ¥ LIRS BB 1.5 mL B0, B L —
U, B EE WA B . SN 6 NMEY)EES,
3IANEARMES.
1.4.2 P4507EMIME 71 96 FLEGHAR T I 100 pL
2 mmol- L™ XFAS3EA )y (PNA) F190 pL B, &
BAE 30°CHLE 3 min, ARSI 10 pL 9.6 mmol-L!
NADPH Ji 8 % % . F#]H SPECTRA max®340-PC 7!
Wit b A ( 35 [E Molecular Devices 2y 7 )ZE W K 405 nm
Mgk 15 min N IROGAE AR AL, B NI B R
30°C.
1.4.3 GST MM E  {F 96 FLEFFA H 23 AN 10
ul FRE 10 f4 MBI (CDNB A JER#D B8R 25 uL Mg
(DCNB MJEY) . 1.2 mmol-L" CDNB g DCNB 100
uL, PAK 6 mmol- L' %t H Ik (GSH) 100 pL. 73
340 nm N3 10 min P IWOGIEARAL,  BRAE W
WK 27°C,
1.4.4 EST &M E  {F 96 FLEFFAH 235N 20
ul ke 10 f5 898, 0.2 mol-L”' PBS (pH 6.0) 5[
i RR hAl a-ZFRZEME (a-NA) I LB (100
mmol-L™) A1 :2:0.01 HLfilffiE 4 205 uL, fEJK
K 450 nm N3 10 min PG AR L,  BRAE W
WREER 27°C,
1.4.5 ZB&EME KA Bradford % Gk
s A BRI B A A, LA BSA fbadE 21
1.5 SERANMFF

URMQ3 Fl IMS FffH e HH 15 s 4000 5 53 #r
FAFIRERE 3 NERE, FAES 3 Kidd.

O SR L B 2026 S 53T - RNA T4 HC . cDNA
SCHE (R ST R P AR B b v AR BCR R I 3 A PR
AF5ERL, M lumina HiSeq™2500 48 HEAT T .
fiTH HISAT2v2.0.5 WEZSFHENAM RS, IHEH
HISAT2 v2.0.5 KX K clean reads 52 LN 2
Ebxt, K StringTie #FHiiE AR T 41350,

FESR o 72 ORISR (W 0 3 < 1 S8 0 R A 1)

readcount FHATFRHEAL (normalization) , F=ZEJE X
FPRBEIREIE o RGBS GE T 2A AT AT 1A 56 Ak
# (P-value) [MIHE, BaidbAT 2 BRI AL IE
(BH) , #3%]FDR{H (BHRAEMHE) . LL P<0.05.
llogyfold change(FC)|=1 1A fiigbrrfE!, [log,FC|ithk
K, IR RIA 2 St S o 0 0kt A B A QU . 3R
FEHEE . ABC #a i r . MO IR 52 1455 5 4t
PEAHOC I 22 S R IB I A

1.6 D ER RMEE P450 EERIXENHT

1.6.1 ERNARRERIEF W HREH 4y m
R R BS54 B Trizol IR W IEAT B RNA 42
B, T-80°CUKAI Ar#5 H, RFANMEEE 6 NS T4/
PrimeScript' " RT Reagent Kit with gDNA Eraser ( H A
TaKaRa A F]) sG55 /8 cDNA.
1.6.2 SH&KEE PCR Ml GenBank [Ty
Hi dt CYP9Ya. CYP9Yc, CYP9Z25, CYP4CI . CYPYe2,
CYP305al 11J75] (NCBI 35573748 XP_023027514+
XP_ 023018115, XP_ 023018114, XP_023021616. XP_
023023178.XP_023015477), F|FH| Beacon Designer 7.0
BAFWET 652 B PCR 514, ZHGrd 1l & A 7] &
J%, LA RPL4 R Eflo fE RN ZIERS, 51475 i3
2. KM ABI 7500 s£HF PCR &#% (FE[EH Applied
Biosystems 22 %)) , PL SYBR Green A4k}, H#ikE 5
£511) cDNA fEARUR, ME P450 BEDARIAHN & IA 7K
o MNWAKZE: SYBR Premix Ex Tag™ (2X) 10 pL,
cDNA Ff% 1.0 pL, b TS 0.8 uL, ROX
Reference Dye2 (50X) 0.4 pL, FICHZBEKANE S 20
uL. PCR FEF R PiLi%: 95°C 30s; 95T 5s; 60
‘C 345, 40 MEH, ARJ5 95T 15s: 60°C 60s;
95°C 15s HlTics)afihsk. 4RI ELE 3 K.
1.7 BUEES S

PET 2R IEAET 2 T 5 ] Abbott 245K, K

FMEZAE ATt S8 I Hh2e . LDso AHK REL
K 95% EfEM, PrhEREE (RR) =HFFIER LDsy/
CHIXE) BB IR LDsoo DL TR TS HE LT Frif:
BUK (RR<3.0) . BUBMEFEK (RR 3.1—5.00 . ik
ACFHIPE (RR 5.1—10.0) « FKFHLPE (RR 10.1—
40.0) « FACEHITE (RR 40.1—160.0) FIH K4
P (RR>160.0) "1, FIF 2724 J i PO A R ik
i, HdE A Excel 2003 475047, FIH SPSS 18.0 %k
- (One-way ANOVA) BEATHH 1 2 77 W o Hr
(Tukey fi75:, P<0.05) , LAIGHIMEAKSEFIREN SR
AT AR S A
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Table 2 The primers of L. decemlineata for qRT-PCR

#A Gene _L¥%519IF5 Forward primer sequence (5'-3") TUEIYIFFS Reverse primer sequence (5'-3")
CYP9Ya TGGACCAAAGAGTACCCGAAGGAA TCGACAATTCAGTCCGAGGTACGA
CYP9Yc ATTTGGAAGTGGACCACGCAATTG GCCAAATTCCTTCTCGTCCAGCAAG
CYP9Z25 ACTTGCACACCTTTGAGAGCATCC TTGTCAACTTTCTCATGCCCACCC
CYP4CI AGCCTGACATTCCACTTC CTGCTCCTCACTAACATCT

CYPYe?2 CATCATAGCACAAGCATTCT TTTCCTCCACATATTTCATCAG
CYP305al TTCCGAAGAATACGATGGT GCGAAGATGAAGAGTTACAA

RPL4 AAAGAAACGAGCATTGCCCTTCCG TTGTCGCTGACACTGTAGGGTTGA
Efla AAGGTTCCTTCAAGTATGCGTGGG GCACAATCAGCTTGCGATGTACCA

o 4tm TR A BB PR (RR 4 4.23 %) 5 2019 4EIUAF
=R FEH, URMQ2 FlBEXBEHUE ) LDs B (5.52 ng/
2.1 HELARE D EH RMEEXE BRI 30, BARAE AR U, URMQ3. URMQ4.
ST 4 igh 2018 FEMAMRET, SEUEAEE  IMS. QPQL2. YN3 Rl e e (R FF MU (RR
QPQL-S AfLt, YNI. TC F1 URMQI Ffrfifxf 1 gz 1) <3 %), A YN2 MREHUEIEREIC (RR 24 3.71 £5)
FHUBUE(RR 7354 1.88.2.14 1 2.42 %), 1fif QPQLI (F£3),

%3 HEAREDHRER RFEE 4 84 4 RA0 AL B ATE R IR A U

Table 3  Susceptibility to thiamethoxam of L. decemlineata 4th instar larvae and adults from Xinjiang

L::¥:3 FE4 TR #H3 Slope BOEFE (95%ERFR) HUEER
Stage Year Population (b+SE) LDs (95% FL) (ng/larva) Resistant ratio (RR)
4 i 4l e 2018 QPQL-S 3.456+0.419 6.64 (5.12-8.61) 1.00
4th instar larva YNI 2.588+0.090 12.40 (10.01-15.43) 1.88
TC 3.236+0.211 14.08 (11.53-17.20) 2.14
URMQI 3.438+0.255 16.04 (13.08-19.67) 2.42
QPQL1 1.255+0.086 27.94 (17.02-45.81) 4.23
2019 URMQ2 10.911+2.538 5.52(5.21-5.84) 1.00
URMQ3 2.829+0.270 5.85 (4.69-7.29) 1.05
IMS 11.508+3.571 5.93 (5.60-6.28) 1.07
QPQL2 2.514+0.240 9.64 (7.49-12.42) 1.75
URMQ4 2.483+0.205 12.97 (9.62-17.49) 2.36
YN3 2.095+0.293 14.99 (11.38-19.76) 2.73
YN2 2.607+0.105 20.41 (14.76-28.22) 3.71
[P 2018 QPQL-S 1.648+0.098 9.42 (6.73-13.39) 1.00
Adult YNI 2.665+0.075 56.33 (45.14-70.22) 5.99
URMQI 5.934+0.321 82.76 (74.50-91.94) 8.81
TC 6.857+0.460 102.11 (94.00-110.92) 10.86
QPQL1 1.719+0.085 191.11 (139.32-262.28) 20.33
2019 URMQ2 11.203+1.607 24.69 (22.81-26.72) 1.00
URMQ3 3.707+0.551 37.65 (30.57-46.38) 1.53
URMQ4 3.023+0.406 58.31 (46.96-72.41) 2.36
QPQL2 1.636+0.091 85.25 (61.06-119.00) 3.45
YN3 2.802+0.102 111.19 (89.43-138.25) 4.50
YN2 1.809+0.212 291.97 (161.07-529.24) 11.82

IMS 1.384+0.138 347.01 (204.51-588.80) 14.05
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ERCR, 5 QPQL-S AHEL, 2018 AEMRA Rl
X R = A T, HodR YNT ORI URMQI AR A MK
SEPUE, 1 TC A QPQLI i Cik b & Kok,
RR 73914 5.99. 8.81. 10.86 Al 20.33 f%; 2019 4EfT
AR, URMQ2 FiBEXHERRY LDs feff, N
24.69 ng/>k, HZ AL, URMQ3 F1 URMQ4 Fiifexof1gg
R ERUR (RR<<3 %) , QPQL2. YN3 Rl At
JEPERRAK, RR 20504 3.45 A1 4.50 £, YN2 F1 IMS
FRRENA B R KCSFPLbE, RR 435004 11.82 F1 14.05 fi%
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WE HOR T 5 D 3 i 2 i T I R AR R . JE
HP450 vEPETE 4 AR URMQ2. URMQ3.
YN2. JMS Ab B4 3G P34 2 B v, o S o ox
) 1.76+ 2.75. 1.91 F1 1.66 f5; URMQ3 Fl ¢4k 7
4119 GST #i57E (CDNB #1 DCNB &Y Gk &
FTEE, AR k0 R 1,19 1 2,10 4%, 1y JL At Al
M) GST G162 % &k ; URMQ2 Al YN2 Fi it
AEFRALM EST &M W E 0, 435 %) 1.35
191 fis, HABPPEER BEST 357 55 % A L 2% 57
AR (E D .

1000 - GST/CDNB

900 | a
800 a

700 |
600 |
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Data in the figure are mean+SE. Different letters on the bars indicate significant difference at P<<0. 05 level. The same as below

1 MEAREE LD AME 72 h DS E R AN HRSEEENT L

Fig. 1 Changes of detoxification enzyme activities of L. decemlineata adults exposed to LDs, of thiamethoxam for 72 h

2.3 DHERAHHFRMEMBENEZEIFR
oo iE

2.3.1 SERABIEHEE  GHEEDRIEHURAEE UMRQ3

PR RE IMS B BEAT S 0 M, 0 3RS

56 872 051 F162 249 136 N slfi 7515k LL K 55 903 706
F1 61 082 076 it vk Ja )P A5 s U85 141K
FE43 5 4 8.39 F19.16 G BT 2% 124 0.03%; Phred
A >20 (08 BB E A (Q20) 43l
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97.77%H1 97.75%; Phred %U{H >30 MRS 7 S FE (1)
HrEe (Q30) 4351k 93.28%A1 93.25%; G IE I+
BEWE (guanine cytosine, GC) FE 774 38.95%K
38.68%, R SLHNTFREE S (K4

2.3.2 MAMMAWERKEREE MM

HIEAT 7328, S0 3 22 5 RIS 1K) P450 JEM 13 4,
BEH K S-H R BESE N 1A, BREEIEN 7 4, JRAF
R - L B SE D 9 Ay, R E AN 6
A, ABC HiaEEEN 12 A, MiE 2 B H 52
PRIEDR 114 (R 5) &

R4 BB DR ER RME R R RANFER

Table 4 Sequencing results of susceptible and resistant adults of L. decemlineata from Xinjiang

Fe FHPFIA g RERFSIN S TEREREIRE BREL IR R Q20 (%) Q30 (%) GC&EGC

Sample Number of raw Number of filtered Clean bases Error of basic group content (%)
sequence sequence (%)

UMRQ3 56872051 55903706 839G 0.03 97.77 93.28 38.95

IMS 62249136 61082076 9.16 G 0.03 97.75 93.25 38.68

R5 MUEMBIENBBRMENERREER

Table 5 DEGs between the resistant population and relatively sensitive population

ZERFIBER R FiEZR LR THER B FEER BETHER

DEG classification Whole Up-regulated Down-regulated Significantly Significantly

transcriptome gene gene up-regulated gene down-regulated gene

i3 P450 Cytochrome P450 13 3 10 2 3

2t H K S-##1§ Glutathione S-transferase 1 0 1 0 0

FigH Esterase 7 3 4 0 0

PRAF W R - 2 Hi 3L 4 #  UDP-glucuronosyltransferase 9 4 5 1 3

K [ 8 [ Cuticular protein 6 3 3 0 0

ABC #4327 4 ABC transporter 12 4 8 3 0

JHAH T 2.1 IBA% 52 44 Nicotinic acetylcholine receptor 11 1 3 0 0

log,FC>1 A JIWER i fARHE, P<<0.05 AR . R

Up-regulated transcripts were classified using a logo;FC>1 and significant difference at P<<0.05 level. The same as below

PUPERIEE IMS I & FIRFSER L 6, o,
WE M P4so FERA 2 A (111509985 .
111511395) « ABC iz E MK 3 A~ (7 2 MR
SFTIRI IR, NCBI & WAHSCP 4, Hh e 41l
P RFEGR S« R W - A B R A SE Y 1
A, B PSR AR R
2.3.3 HUMEFoB R FAE PASO £ ki A H I
DEG WP 3RS R W, HitkmifE IMS 1) CYP4CI
Hl CYPYe2 SN KA 2 ] (P<0.05) , 435Ik
AIRHBUR RN RER 13.45 A1 4.44 1%, CYP305al #E3ilE
T P s B A AR N BRI R 1) 3.60 %, H 25 AN
W% . qRT-PCR 45 R Worix 3 4> P450 JEA
CYP4CI, CYP9e2 Fll CYP305al (£ IMS Pt ({1 ik
A B (P<0.05), 730 AR BUR R URMQ3

1 5.03. 5.32 F18.01 f5 (& 2) . qRT-PCR il £
5 DEG 7 SCPE i 7 1) 45 R AR — 3
2.4 FHEARE D ER HMAEE P450 EFE Ay Fik KT
2018 4= 4 @ 4hdid, 5 QPQL-S MLk, CYP9Ya
M CYP9Ye 7F QPQL1 #1 YN1 FiRE. CYP9Z25 {f TC
PR RIS S8 BN, FIAE S8 QPQL-S (1)
1.90. 1.58. 1.53. 1.44 il 1.61 1% (& 3-A) ; 2019
E 4wl ST UM URMQ2 AL, YN3
FHRE CYP4CL, CYP9Z25 WIRIE S, W
Jy URMQ2 f#) 6.74 F1 4.15 {%; IMS I CYPYe2,
CYP305al VL% QPQL2 [¥) CYP9Ya . CYP9Yc WKL G
FEFTA PR e, B R, RIKE S E URMQ2
) 5.35. 21.95. 3.51 A1 3.11 £, deah, HABFRER) H
LR RIS T B 2k (K 3-B)
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F6 intMEEPREE DANER
Table 6 Up-regulated genes in the resistant population

FFE 4 FR Gene symbol #HEE Gene ID log,FC P{ Pvalue
CYP4C1 K% H P450 4C1-like 111509985 3.75 9.82E-17
CYP9e2 23 P450 9e2-like 111511395 2.15 0.001
T fig A CYP305al 23%EK Probable P450 305al 111504977 1.85 0.449
Bl E4 2RIEIA Esterase E4-like 111513709 2.41 0.051
S B1 25 [A%2C # A2 f X1 111502042 1.18 0.190
Esterase B1-like%2C transcript variant X1

FRTRTERE 6 ZXIEIA Carboxylesterase-6-like 111514530 1.07 0.553
2% LT, 1-p - FURRIL e AL L K] 111516632 1.69 0.444
2-hydroxyacylsphingosine 1-beta-galactosyltransferase-like

2-38 LRI 1B 2 FURIRR R L R L R 111512327 1.90 0.457
2-hydroxyacylsphingosine 1-beta-galactosyltransferase-like

%58 () LOC111503457 Uncharacterized LOC111503457 111503457 1.52 0.543
JRE B - ERE R 2B30 KA H 111513316 2.52 0.023
UDP-glucuronosyltransferase 2B30-like

Ui 7 BE (1 36 JSHEN Pupal cuticle protein 36-like 111501889 3.28 0.073
IR B A A2B 28E[A Larval cuticle protein A2B-like 111503150 1.16 0.173
PN 2 SRR HE 1] SgAbd-8 ZEBEH 111517484 3.91 0.173
Endocuticle structural glycoprotein SgAbd-8-like

ABC #12HABEX ABC transporter transmembrane region novel.1120 7.53 6.85E-06
TUMAHFRED 1 KER 111516459 7.98 7.63E-06
Multidrug resistance-associated protein 1-like

ABC #1281 ABC transporter novel.1273 7.35 0.003
ATP-4i & G WARWGEHEIER 1%2C HFAAZF! X1 111510979 1.79 0.553
ATP-binding cassette sub-family G member 1-like%2C transcript variant X1

JHRTY L BEBARSZ A4 o3 W a3 111512651 1.00 0.683

Tm URMQ3 M IMS a
8 -
- a
i E 6
Hg s
R E
g 4
—E.g 3
5
T 2 b b
1
0 1 1
CYP4CI CYPYe2 CYP305al
LK Gene

2 qRT-PCR #ARIGIE 3 4 P450 EE By FRiE
Fig. 2 The relative level of three up-regulated P450 genes by
qRT-PCR validation

2018 4ERE I, CYP9Ya. CYP9Ye F1 CYP9Z25
3 HIAE QPQL1. URMQI AR g2 L, FikEsy

528 QPQL-S [ 1.53. 1.50 F12.22 £i%, 1fi CYP9Ya Al
CYP9Yc 1t TC Ml f 1A 51 W 2 PRAIK, Rk a2
QPQL-S 1] 49.45%H1 52.55% (& 4-A) ; 2019 FER
o, SRR URMQ2 A L, YN2 Bl CYP4CI
CYP9Yc [MERIA e H R &N, REEHH N
URMQ2 (1] 5.56. 4.03 5, CYP305al [13iLEAE IMS
i, BT URMQ2 (6.6 1%) , HLvk/E QPQL2,
oAt 4 ANPPIRERRILEEAR; CYP9Z25 7F YN3 [
kA, B L, FRIAEZ URMQ2 [ 7.49 i,
& URMQ4 FYN2 i, IMS.QPQL2 1 URMQ3
R 2R IE R CYP9e2 [IZRIEBAE SR L 2
FAM (K 4-B) .
2.5 EHAKRMIETSRERH P450 EFE R FRIED
H 2019 45 L T HUM D BUR R E URMQ2 11 4
W 4 BRI R e 8 8 B LD A6 72 h, FJJH qRT-PCR
W5E 3L P450 HE A ik qh,, S5 R 5 . 4 6
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25¢
T A [ QPQL-S [JQPQLI [l URMQ! M YNI HTC
)
— a
g 20F _]5
2 a
a:; a
5 15t
g b b ab
32 b b
g“:-3 10} be t
i
:& C
w® 0.5F
'
=

0 . .

CYPYYa CYPYYe CYP9725
_ 307 B DURMQ2 O URMQ3 E URMQ4 M YN2 M YN3 [ QPQL2 [ JMS
o
b} a
Z 25
£
520
5
o
Z 15
g
)
4
i
X
g a a a
. bAL ab . ababihab
= bbbl b bby bMED
= L Pl 5 . A0 >
CYP4CI CYP9e2 CYP305al CYP9Ya CYP9Yc CYP9725

AHX}# i HiE Relative expression level

HXF 1L B Relative expression level

A Gene

3 DHEFRDMEEMEE 404 H P40 EEHEITRIZE (A: 2018; B: 2019)
Fig. 3 Relative expression of P450 genes in the field populations of L. decemlineata 4th instar larvae from Xinjiang in 2018 (A)
and 2019 (B)

30

N W R N9 X O

=T

A OQPQL-S O QPQLI @ URMQI M YNI HTC

ab
a
b
bc b bc
C
d
C
CYP9Ya CYP9Yc CYP9Z25
[ B O URMQ2 O URMQ3 ME URMQ4 W YN2 W YN3 [0 QPQL2 O JMS
a
a
ab
ab ab
a ab
abl
a ab bb
abe B tzf & pb b bb
Raalli] . i
CYP4Cl1 CYP9e2 CYP305al CYP9Ya CYP9Yc CYP9Z25
JE K Gene

El4 DiSEFRHEEFEER B P40 EERFEMRIEZE (A: 2018; B: 2019)

Fig. 4 Relative expression of P450 genes in field populations of L. decemlineata adults from Xinjiang in 2018 (A) and 2019 (B)
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~

[OL4CK OL4TMX EACK B ATMX

a
6_

FH-

a

i

FX} %35 i Relative expression level
W
T

fa Al f

a
a

i. il sl i

CYP4cl CYPYe2

CYP305al

CYP9Ya CYP9Yc CYP9Z25

P Gene

L4: 4 %)) 1 4th instar larva; A: BHU Adult; TMX: BEH{EE Thiamethoxam

5 FEXTEURFNRYE 4 84 AR R ZIE HIRAMIE R P450 EFRIMEX Rk E

Fig. 5 Relative expression of P450 genes in 4th instar larvae and adults of relatively sensitive population of L. decemlineata

exposed to thiamethoxam

glydur, DU A B[] 8 163 B o ) SR, Ab B
CYP9e2. CYP305al. CYP9Ya., CYP9Yc [{J3ikiE i
FETE, R X IR 5.08. 4.25. 2.38 F12.79 fi%;

MR AL ER CYP9Ya, CYP9Ye B3 Bl FikiEy
SRR 1.80 AT 1.68 £i5, CYP9e2, CYP305al &3
N ATLAE Y, ZBEHGE LDs AR T 4 634)
B H CYP9Ya,CYPIYc Rk B E 1N, CYPYe2,
CYP305al {1t 4 W& %)) LM R R ) Ak AR AR B,

CYP4CI. CYP9Z25 [FRIEEITC W E A8
2.6 FEDHNERHIERBERIMEKTES P450 £
E &2 HERMED T

FIF] SPSS 43#T 2018 41 2019 4= 8 4% 2 i il
ANFIRETE R P 5 Rk P450 JEDFRIA &
ZIRA I, iR 7 iR, THER S R e okt
HEHUEK T CYP9Ya Fik w2 MRS (R)
h0.810 (P=0.027) , Ik B IEAE.

*7 FBESYLERANERBRRNMEKTS P450 £ FE RILXEHEXES

Table 7 Correlation analysis between expression of P450 genes and resistance level to thiamethoxam of L. decemlineata from

Xinjiang

SREERT IR EH R {E R value P {& P value

Sampling time Gene 4 {84 3L 4th instar larva JR Adult 4 {44 3 4th instar larva JLH Adult

2018 CYP9Ya 0.549 0.548 0.338 0.339
CYP9Yc 0.790 0.487 0.112 0.406
CYP9Z25 0.049 0.309 0.938 0.613

2019 CYP9Ya -0.096 0.810* 0.838 0.027
CYP9Yc -0.101 0.646 0.829 0.117
CYP9Z25 0.270 0.189 0.558 0.685
CYP4ClI 0.667 0.679 0.102 0.094
CYPYe2 -0.198 0.426 0.670 0.340
CYP305al 0.144 0.179 0.758 0.702
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LhES S UM R IR G = At Aok
()57 B, FEAEAE AT ] 2—4 E 7 A2 W] B e 2
WE IR A 0 M DX v S R S R BRI —,
BEAG A A R, LpitE R RN . 2009+
2010 4 1) 1 2 A B 96 T 44 S FE L 4 158 4y H o I g
WU, A 2010 FHRF T (TKS) R /=2E 8.03
FEIRACT-HORENY [ Eh 4% 2 R sl iy o )
IR 2009 B (CI FETEE g HAT 5.22 £511)
RAKFEHLE, 2010 4F CJ. QPQL. TC #1 URMQI Ff
TR 8 s e 2 e T AR B p A5 KPPk (7.48, 598,
10.15 A1 10.39 %) Pl AwFsrett iz 2018 4
YN1.URMQI. TC #il QPQL1 L. 2019 4 YN2. JMS
P T p A HORT WE HR =2 T 5.99—20.33 f5 1% 22
HACTHLE . i 2019 4 YN2 Fle st e sz (1 Bk
ACFLE 2018 4 YNT FOEEREIN T 1 % Xf i RAEH:
PSSR A KRB, SAmt/R BHrXan 3 428
it FH B SR | Wb RS 2 ), R LT 10 ARRRSE
BT AR (12.6% M8 HUEE-9.4% U S i 2 e Bl
B R R, LK S 25 S ECY R R
X FT B A BRI BB B S R B, a4, akmT LA
R IRARSC [ W 45 R Y, P i
45 B R AT A, R s ooy 168 gk (1) SO PR BRI,
11740 U RURR M e e, LI A B 1) 5 Jie FH ] e e vk
ACEA T ETb. BARB 9 DA B T donf e gk (1 Bk
WAL TARZ KT, (IR EARZAM, HEEH
S A AN R E I B 2550), RS0 G 7 e 8 B
FAH 2, R I R (B ik B A e AL
GO R IR P R

MM ZE PASO FL NN A T 4% S T ARt
WA B R . ZHAO 2550 R B, WAL T kA
AL PN By 4% T H g SR 4y e rpont bt bk
BEAVER]; MOTA-SANCHEZ 2572 17E Ho A R it 1)
BT AR SRAF IR 45 0 AEARWT I, e e
LDso Ab3# 72 h # 0] 5 [ BUSAI BT T 4% 5 T e 4 >
TR P450 MR A, 594 URMQ2 Fi YN2 Rl
1) EST J¢ URMQ3 FiE) GST itk th i & 3G, ixX
KW PASO R AEAE 4% 5 Y OO R F i 3 Al o
EFELAERH . BRI BEUR I KBl (Nilaparvata
lugens) WEHURHTPEFIE 41 M (L 32 P45O v Ml I8 5%
T EANBUEMN R (213 %) P,

VAR A o TR SRS B o e,

A K B O RR B Ak de BT (R A e A R 43 B
WIS T — R ANBEREIOB, T 7 A i A% S
X IEE HEHTVE AR DGR AR B DN, ARHF 90t SR T
HugE s R T IR B AT e s A A AT, S5 R
5 PUPE AT DG IR 0 2 22 e AR IR b U i I R D
P450 DR 2 ANy JRAT BRI A B R A LA 1
AN ABC ¥ B R 3 A4S, (HAR DA W35 22 3Rk
(BRI A2 BEH Ik S4B Bg LN . CLEMENTS 452
H4 bt EEURBR Ak 3 S 1 G % R 50 RREEE AT e s 41
J¥, MR EENLRIEAT 7328, I kT 75 5 4
P450 FEDRL 1 ANJRTE A R - 250 B L e RS I [ DL
Jo 1V ASRIREERE RN B o n] WASRL TS Sei b LA
ML DN (1 3R SR AN ] AR SCRI ] qRT-PCR 56 4iE
sk BdE T 3 A BRI P450 JEIK CYP4CT . CYPYe2
M CYP305al fEHUIEMEIIZRIA R, 45585 DEG #ds
FEA B, A ZHU 25U S K g4
Hunbk SOk AR b R IR R AR TR CYP9Z25
CYP9Ya F1 CYP9Yc, AW5Tit—A% Bk 6 4~ P450
DRI s G % T P ERAS () FH (R Pfie P R AT T L
BOrH, S5, 4 WAk, SofgE R gUR T
%I QPQLI FhitEr CYP9Ya. CYP9Yce ik 2%
sy b, e UK KSE TR URMQI R
i CYP9Z25 =31k, CYP9Ya F1 CYP9Yc. CYP4CI i
CYP9Yc VL % CYP305al 53 #I1E QPQL1.YN2 UL & JMS
R 2 B, IR LR A B PR
zi b, W LU CYP9Ya 1 CYP9Ye AERBIENE AR %)
HORGTME R I R R B S, B CYPYe2 L)
HFA 5 AN ERAEHTPE Rt 2 i, X e
T e 2 5 7 e T 4% S P U6 e vk i) 7= 2
NE Hembfont B2 HR 450 SE PRI HAT 5 S AEH] . ZHU
2GS ot LT 30 fE TR 98 K %
B R AEER AT 21 A P450 JE A R gt Ak S E i
K MLk F I R G 6 /> P450 FEIN 1)K IA
BN, KEW (Chrysopa pallens) 4 Zentt ik
753 4 h LR P450 JE A EIE T I, 16 h J54%
SR Ik S, BHJS B8N . ARSC qRT-PCR
GERLRIY, ZRWEHE LDso ALFE 72 h, URMQ2 Fiff 4
Wl R LK) CYP9Ya Al CYP9Ye ¥ 2% EiRFRIA .
ZHANG “SE0F70 R IR K B 13 AN ) Btk dpkiss 1)
P450 JEPRITEDUE R i 30 2 Sk, 1l CYP4FB2.,
CYP439B1 Fl CYP6BDI2 ANGERLME UM T, (HAEDT
PERIRE P RIA BIRCY, X R AT 2 S IR R
PUPEAC IS BB IR 2 — 8. DIk, 256
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WF7E A 75 50 S AN R )RR P450 BEPAI ik 7y
Pras A, AEWEHIEHTIE RN o 2 b [R) iny S fep me
HEE SHFER Rl CYP9Ya FI CYP9Yc. 5 A M
AT SR O HE R BT PE Y CYP9Ya RIBE R
FHIEMK. MREIES S D% H dooBE dusgivE g L

FR 5 PRI 5 — A5 O S BB
4 ZEig

JER PN AL 2018 4 YN1. URMQI. TC
1 QPQL1 LAz 2019 4F YN2 1 JMS Firff e o xof e ey
WEPEAE TR PP . e s Ab 3 n] o | A b
T P450 JEVEMThmy, WA B8 5 o) Igg g
POk~ A pn] e B BB o PUME AU R 1)
ALY HT A B qRT-PCR 45 R BoRfHE CYP9Ya H
CYP9Yc 1) 5 /> P450 JEPFEHTHERIEh 22 B, W)
i W IR SR 5 3 K AN JE R AE 4 W8 4 HURT A U 1
Fik. SiEMRMEDHHEN CYPIYa 55 5545 2 1 doxy
E HOR R HTIETE 02 VIR O, AHANHERR Al P450 K&
DRI L R HCAth i 25 g DRI (R R T
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