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B R AR OGRS A HOR 7 AR B FE 0 e o U5 P 100 18 R N N 8 3 T ) B B AT . AR ST
FH RT-PCR Fl RACE ¥ R 55 B 48 15 T WU % B ¥ Lygus pratensis P450 CYP6AI3 #: A ( GenBank % 3 %5,
MN782520) S4B FiliE LPVSSC # K cDNA 2K J¥51 (GenBank %55, MW821485) , M CYP6AI3 HEH &
12003 bp, JFHBHEAE 1 503 bp, Zufi% 500 KRR, B 14> F Bty 57.2 kDa, FZ AT 410 H M,
RSO 5,77, TR AE S, FAEMORESMRTFIMRX, LSRG APrRE, BEE BN
CYP6AI3 543252 0 R B HE 1 B i W) 25 11 8] g BE AR RN, 48 138 3E )7 51 LPVSSC JF IR R BEHE 6 072 bp,
i 2 024 NEIERR, TN AT 228.94 kDa, SEHE R 4.99, HfESHK, AL MERXIEL, 4 4R
G (1~1V), BAEEEAT 6 DESIEA B (S1~S6), fF1E MFM SEFy, JEH R IKIELUREW] . CYPoAIS T
PR H R SR TR T, RS & N A S A R4 BRI Ry, . Re i R 1Y CYPOAI3 Fik i 2
HURTH R0 18. 74 T 5.45 %5 CYP6AI3 FRikmfrlf, MM Z MW EZR,; AFLEFWEEFEEN. Y11
LR > 5 #4F5 B > 4 B > 3 B R > 2 T > 1 ET L T L A S ST AG IR DM S USSR AN
FIEIEFH) 114 ~ 1186 X3, RAIAFTEA] GEFBEELARPUIE R R AER R AL, 45 R R CYP6AI3 HF it RKIA T e
SECT PO E X S s S U R PRI, MIRARAT CYP6AL3 FERA BB E M L REAF 5T B2 AL
LR, W EY, MK PASO; HNES TEIE,; FikRE; FHIOT
HE SRS Q963; 965.9; $433 HERFRIRED . A NEHS: 1674 -0858 (2022) 05 -1252 -12

Cloning of CYP6AI3 and sodium channel gene LPVSSC and their
involvement in analysis on the resistance of lambda-cyhalothrin in Lygus

pratensis ( Hemiptera : Miridae )
MA Yi'*, ZHANG Wen-Bing'*, ZHANG Hong-Ling', MA Hong-Yue', HAN Hai-Bin*, PANG Bao-
Ping', TAN Yao'™"* (1. Research Center for Grassland Entomology, Inner Mongolia Agricultural
University, Hohhot 010020, China; 2. Institute of Grassland Research of Chinese Academy of
Agricultural Science, Hohhot 010010, China)
Abstract; The pyrethroid resistance of insects is mainly caused by the increased activity of detoxification

enzymes and the decreased sensitivity of sodium ion channels. The full-length sequences of P450
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( GenBank accession number: MWS821485 ) c¢DNAs were cloned by using RT-PCR and RACE
technology. The full length of CYP6AI3 gene was 2 003 bp, with an open reading frame of 1 503 bp,
encoding 500 amino acids. The predicted molecular weight of the protein was 57.2 kDa, the isoelectric
point (pl) was 5.77, and there was no transmembrane region and signal peptide. The protein was
predicted to be located in the endoplasmic reticulum with heme binding conserved functional regions.
Homologous comparison and phylogenetic analysis showed that CYP6AI3 was highly similar to the
homologous proteins of insects, which were relatively similar in taxonomy. The open reading frame of
sodium ion channel sequence LPVSSC was 6 072 bp, encoding 2 024 amino acids, and the predicted
molecular weight of the protein was 228. 94 kDa with the isoelectric point (pl) of 4.99. There were
multiple transmembrane regions without signal peptide, including four homologous domains (I ~1V),
each having six transmembrane segments (Sl ~S6), and the MFM motif exists. The gene expression
results showed that the expression level of CYP6A13 in the head was higher than that in the thorax and
abdomen; the expression of CYP6AI3 in the lambda-cyhalothrin resistant strain R14, R6 were 18. 74
and 5. 45 fold higher than that in the susceptible strain; there was no significant difference between male
and female adults on the expression level of CYP6AI3; the gene expression of CYP6AI3 in different
development stages ranked as: newly emerged adult > 5" instar nymph > 4" instar nymph > 3™ instar
nymph > 2" instar nymph > 1" instar nymph. Sequencing analysis results showed that no amino acid
mutations involved in the lambda-cyhalothrin resistance were found in the IS4 ~ [IS6 domain of the
sodium channel sequence between the resistant and susceptible strains. In conclusion, over-expression of
the P450 CYP6AI3 gene might confer lambda-cyhalothrin resistance in L. pratensis. Our study provided a
necessary basis for further studying the function of CYP6AI3 involving in pyrethroid resistance mechanism
of L. pratensis.
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WOR B Y Lygus pratensis J& -3 H Hemiptera §
IR Miridae, J& 3% [E 75 6 M X 32 22 e 3 A A
Gossypium spp . E 16 Medicago sativa Linn 5525 1E
YR EEES (Tan et al. , 2018; 2020), TEHNZ
AR RV A, B kAR (R,
2015) . FIHT, B E Al B i A4 BT 6 A1,
g F BRI PG, b m A SR TR L ik
Humt | EL AR B R R A5 A G o TR O Bl
FH (9KA5%, 2017; Tan et al. , 2021), FH5HK
e —ff 2 PSR B B2 PE (Feyereisen,
2011) . ACEARFSE 2B, AEFREACTT 7 AR HE
A B ] b A e A S R A T R
PR BT HA, AR ] AR X R FAG A A
ZHAME (Tan et al. , 2021)

B OGBS HL 4 1 2 3% HOR = AR BT 25 PR A AL
) R fifp 7 T e 49 9 R N e A AR L
HEBUEE B2 N B ( Zhen et al. , 2016; Khan et al. |
2020) , RRHURFEEE RS EEA MG R P4S0 K
PRl AT IR S-7e B Tl AR TR TG it HCvh 41 i
{4 P450 (cytochrome P450) HAfFFECIER,

LG (Feyercisen, 2011; BRI,
2014) . WF5EFRI, P450 LA A 308 B R EL
T BN L BR A R 28R B R BT 25 M (Zha
et al. , 2016 ; Hafeez et al. , 2020), HE H CYP4,
CYP6 F CYP9 FG AN 2 2 5 2% s ALifd 72
( Balabanidou et al. , 2016; Zhang et al. , 2020 ),
Komagata 5§ (2010) R il T 2 & B Culex
quinquefasciatus YELETT 1€ 20 X5 X 52 28 g Pk £%
ik 2 500 1%, HAUPES RN CYPOMIO SN )
AR 3R 38 12 BURGR R 1) 264 £ El-Latif 5%
(2014) 5% & AR HL Helicoverpa armigera B Wi
A HHH] i 2 6 TR SUAG TR 9 BTk 23 531 oy 2 850 A% Al
1842 45, H CYP6B7 SR TEX AN il & b i 35
Kik,

AR M 48 Tk 28 2% o 0] 3 AR A0 AR R L
ZOANMIEE BN RS Tl aE , 7R R b 50 Sl
I 988 i T 5 PR OB TR 1) o IO kdr K
( Yanola et al. , 2010; Dong et al. , 2014; Zhao
et al. , 2014) o 4T, BORBZ R 7 0E T AR
B oA A T B o X 2 5 R BUE ot
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SR S R R A B R PL I, Wang &
(2020) L5 KBRS H W Apolygus lucorum H
B Fh e AL 28 AF p5 (L1002F/M9O06T)  Xif JTUHE B £
S g 44 36 T 1) A R0 B 2 T AR Y S
Chen %% (2019) #fif, FfiE V10161, T15201 %
AT AR, {H R R AR (K T15201 + F1534C
Lt F1534C X 1 AU4DL5R s g s o HoA Btk

PO R X E ) R B R R,
HRATHF AU h T R A B A 47 2 iAW) 2
ek (EAR%E, 2020; Zhang et al. , 2020) , AHF
FELVBCRL R 06 o 4, i A 38 o X e R R A
RHTIE AU 2R A SR A 5 B A L 2o
ZH0 B —ATEBUPE 5 R P SRR R OK O
HB L T PR AN M {5 K P4S0 CYP6AI3 FEH | i
I PR A A% K I RE T RS T — SN T
TN, ASCE i RT-PCR A1 RACE $ AR T k15
T P450 CYP6AI3 FE[HFNEN S Fi8iE LPVSSC A
) cDNA 2K P31, 1T TAYEBF00r, e
T CYP6AI3 LN Fikils, ST 34T T i35
FRF AR DU B AURR ) A R I S T S A
1S4 ~ 11S6 X382 B AFAE DU A DGR A8 67 A, AR
TR 28 0] R BR AT R R s o) v 3 S R R 4
BRAVHTL 1 53 F ORI 298 i, IR M llE R 2 G
FHREY B 6 SR s B2 HEIR AR

1 MBR5RE

1.1 #HKEHEREF

WHRTE T 2014 45 5 R A NS0 S Ry
TR AE 7R BVb IR0 £ rp [ AR B e 2 5 F 52
(40°60'N, 111°80'E) HTE RFMEHE M, Bk
K dt B A ZhongCao No. 3, FAE i 2L 20 000 m® LA
b, M XA fl AR ] R H R (Tan et al.
2021) , HMIHARBEE A, W, Al RN 52
gl R R U E BT N T ARE SR
LIHT i 5 Phaseolus vulgaris BEAT K B 4k 10 37
(ANEERERIR AT, DRSS R S, WFRAc
PEIREZ 25 +1°C, FIXHEEZ 60% ~70% , S5
16 L:8 D, WFIES IR (2018) AYHRIE,

(1) A[E) AL . J Sl WAe B SRR i 2R R
B (3 Hilg) k. M K JE AR K A [\ &R AL
FEAS . (2) ARG o W O B
RS RME . e AL (3 HIR) FERARFPERIFEA,
(3) ANREE W TS 7R R 1 d A
BRI, 2, 3, 4, 5 B R W)

PUL MRS A, EAARRI R E A, (4) &~
FHTE L. F 2015 45 5 H 76 AH A b s R 42 1 4k
FUE MG N S0 E W AR, KR4k 3 H R Y
K FH SRR A AR R IE LD, Y€ B Y 72 25 S U5
BEHEAT AL TR, 24 h J5AENG B IRSE AT kAR AR 5%
EE NS, RIURS R S, PR R,
R, (79I 6 18, 14 A H %, BUrEAs
BOrIR 7. 49 15 K 42. 56 1%) VERARIFHEREA
HARTH LRI S % Tan 25 (2021) HHLE .,

R 3 MEYEERE, BIER
20 kil A, IPME T A HEARE TR A TR, AT
T - 80°C VKAH I HI T &4 RNA $#2H,
1.2 HWEFY CYP6AI3 EEMEE

B g i e 3 3k, RFR B WHOE B 1%
A 20 mg, WRMER RO, f#H MiniBEST
Universal RNA Extraction Kit ( TaKaRa) &7 &
IS RNA, JF F OB B & 4> % Ot B 31 (Nano
Photometer P330, Implen, f&[E) 1. 5% g e
o= A N S\ VN 5 7 v 1 e S O
PrimeScript RT reagent Kit with gDNA Eraser
(TaKaRa) {5 & S U154 0L cDNA 25 1 %%,

FRAE % 5% A 808 v, TR RN I €2 K P450
CYP6A13 JEH Y Unigene J541, F|F Primer 5.0 %X
Rt R RSl (£ 1), PCR K &R
(25 uL): ¢DNA #i#z 1 L, FRHF5147(0.2 wmol/L)
1 pL, Premix Taq™ 12.5 pL, RNAse Free ddH,0
9.5 who FUWAF: 94°C T 3 ming 94°C A8k
30 s, 58°CiBA 1 min 15 s, 72°C 4§12 min, 30 >
PEFR; 72°C A 10 min, PCR P7HI%: 1% SR W EE
J2 He, Gk A I, fi ] MiniBEST Agarose Gel DNA
Extraction Kit Ver. 4.0 (TaKaRa) M P17 & %)
PCR 7F=#ii A7, I H 1% BEREAHEE IS Ha ok 64T
K, A )5 % B & pMDI9-T #{& ( TaKaRa),
FFiE N2 400 DHS o 5, BB 200 L 767
FORPUHEIIRA X-gal LK IPTG 1Y LB SEAGE % 5
% (12 ~16 h), SRIGHEATHE AR, PP —
FHPEFEREZ 10 Wl ddH,0 H, L1 pL MR dEfT
F PCR %5 (5 ik PCR A&AFHHTR) , XTI )
B UE IE B A PRRE B A NPT LB AR BE 57 3
37 CH R (12~16 h), FFEE AT
FRE . D45 540 ) DNAMAN 501 5 % St 4 50
HPE T YSE 1Y CYP6AL3 LA Fr Bob A7 e

AR AT 5 R B it 57 f 3/ fr k5
(1), %I SMARTer® RACE 5'/3' Kit &7 &
(TaKaRa) UiPA4S, RAFE?E PCR FIE PCR ¥
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Table 1 Primers used in the study

14 P

Primer name

SIS (5 -3")

Primer sequences

HI R BeRE (bp)

Target fragment size

Hig

Purpose

CYP6AI13-F
CYP6A13-R

CYP6A13-5'GSP1
CYP6A13-5'GSP2

CYP6A13-3'GSP1
CYP6A13-3'GSP2

CYP6AI13-F
CYP6AI13-R

q-CYP6AI13-F
q-CYP6AI13-R

B-tubulin-F
B-tubulin-R
TAF-F
TAF-R
RPL32-F
RPL32-R

Nal-F
Nal-R
Na2-F
Na2-R
Na3-F
Na3-R
Na4-F
Na4-R
Na5-F
Na5-R
Na6-F
Na6-R
Na7-F
Na7-R
Na8-F
Na8-R
Na9-F
Na9-R

GTGGTTTCGGTGGCATCT
ACCCGTCTTGGCTCTTCA

ACGATGAAGCCGAGGAGCAGAGCCG
GCCATCTTTCTTTCTCAGGCTTACAG

GCGACAGGAAATACGCAAGAATGG
TGATGGAGACACTTCGCAAGCACCC

GAAAAAAAGATGTTGATTCTCCAAC
TACGAGTAAGCAAGTATAACCTAGT

AGAAAGATGGCTCGTCACGA
GGGTTCGGGATTGAGAGACA

GCCGAATCCAACATGAACGA
AATTGCAGACTTGGCGTTGT
TGTAGCGGGCTGACACTTTA
GCGCTTGGAGTTCACAGTAG
ACCACTCGTTTGCCATTGAC
CTGGAAACCACTAGTCCCCA

CCGCCACAACAGGGTCCCATAAT
CAGTGGACTCAATCGTGGGGGTG
GTTTTTCGGCGACGGACGCTATGTA
GTCCACGTTGCCCTTCTCTTGTCCG
ATGGGAATAGATCTCGGAAACCTAG
TTGAGCTGGTTCTATAAAAGGATTG
TTACAATACGAAACGGGAGATCG
TTCATCTGGTCCCAAATCATCCA
GCCACTCCTCGTACACCTCGCAC
GCCAACAAGGCGTCTTCCGTACC
TGCTGAGAGTTTTCAAATTGGCTAA
ATAATGTTTCTTTTGACCCAGGCAG
ACAGTAGTAATCGGCAACTTGGTCG
ACCTCTTGTAACAGTTGTCTGGGCA
AATCATACGGCAGTCACAAACAT
AAATCAGACAAACCAAGAGCACA
GGGCGGGTGGTATTCAGGCATTC
CGCAGGACTCGACCGACTTTGGC

954

383

170

1597

200

159

156

237

737

1169

1521

1577

1783

499

697

723

1015

P44 CYPoALS B R Bt
Amplification of CYP6AI3 gene fragment

5'RACE

3'RACE

ARSI Y

Full-length sequence amplification

q-PCR H 3£

Target gene amplification in real-time

quantitative PCR

q-PCR W& 3L H
Reference gene amplification in real-time

quantitative PCR

B i
HL P
Amplification of sodium channel

gene fragment
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HEIEPR A W o, PCR =95 48 fL UK R I IS %) H A 4%
WHEAT R alifh, % & B A T AR, R
DNAMAN v6. O 34X I 7y 25 58 5 v ] - Bk A7 5
B, WIS 244 55 ¥ CYP6AI3 FEH Y cDNA 4
KIPF, Bt & i s %60 15 20k 2 7 1 5|
YIE4T PCR 9B 501
1.3 HEEHNETFEEERE cDNA EEKNTE

RNA AYHEHCLL K cDNA A& R kIR 1.2, i
BT ZXRERIEDIY) (R 1) RS FEE T
SYELYHE, PCR P8R4tk . [ vkIe 1.2,
P45 48 FH DNAMAN v6. 0 #0F0E47 791 Bk
1.4 HEEE CYPAI3 RINE FEEERME
MIEEFESIT

FIHH ORF Finder 48 2 PR 1) ¥ 0 B 524, A
JH DNMAN v6. 0 Bk 00 &5 v o5, 4y F i A
SR SignalP 4. 1 Server #E 7 B (hip: //
www. chs. dtu. dk/services/SignalP/) ; 5 & [X 7t ]
A H TMHMM ( http: //www. cbs. dtu. dk/services/
TMHMM/ ) ; & H i 45 # 5% 0 ff ] NCBI
Conserved Domains . (https: //www. ncbi. nlm.
nih. gov/Structure/cdd/wrpsb. cgi) . [A] ¥ kb % >k H
NCBI ™ 5 B % BLAST T H ( hups: //
blast. ncbi. nlm. nih. gov/Blast. cgi ) Hl DNAMAN
v6. 0 B/ R LR E (A MEGA 7.0 /{4
T eRiEek, EAEIZ1T 1000 K,
1.5 CYP6AI3 EERIEE qRT-PCR 4347

i Primer 3. 0 #X {4 #E 26 1% 112 62 5 PCR
S (1), NSEESETKE (2019) #H
i, SRH qRT-PCR Ml AW & F ., ASFEFRAL
S[R3 LA K AS TR i 2R OB B i CYP6AT3 FE TR
mRNA )£k 7K F, RNA (32 HLL & cDNA 4
WS IR 1.2, 20 wL qRT-PCR 2 I B4k
. cDNA M 2 L, b, TG94 0.4 pl,
Go Taq® qPCR Master Mix ( Promega) 10 plL,
Nuclease-Free Water 7.2 wL, PCR JZ i 54 95°C
FAEME 10 min; 95°C 242 15 s, 60°CiR K 1 min,
40 MEFR; 94°C 30 s, 60°C 90 s F194°C 10 s,
FACHIE S 3 41, A3 WEARER .,
1.6 HESH

SR 2 -8R TR B i CYP6AT3 1 AH
Xf3eih 5 (Livak et al. , 2001), AS[a] 4k BT AH %
Tk 25 B EE IR AR Z 5T (One-way

ANOVA, Duncan %), W, HEA]AE0E 22 5 B &1
FEBCR ¢ K5, 43 B W SPSS 20. 0 #K 4 F
MAGE 7. 0 A A7 e it o0 My A & R 4 & & o
R

2 ZRE5HMH

2.1 HWETE CYPA ERWRESFEIIHH

HRAE 305 U e i A B AR AR A0 il e R
P450 CYP6AI3 3L MFFE R, #4759 E F By
P, #5307 954 bp 19 PCR =¥y, i 3K
] B it 37 F0 5" 51 AT Wi 1G4 o0 3RS
T 3% 732 bp F15'%% 1 071 bp (9 PCR B, BHE
Ja ik 13 T CYP6AI3 JE Al ( GenBank % 5% 5.
MN782520) [ ¢cDNA J¥41, 42K 2 003 bp, ik
BEliZHE (ORF) A 1 503 bp, %ifit & HEm2 500 4
(El1), 3" % B A polyA 45th, X F=H
57.20 kDa, ZEe 5 (pl) N 5.77., JCSJEIX
TAES K, %N BA P450 & H R ZF R ERE P
G, LT ZELE A HIF FXXGXXXCXG (X REITE
L), K HE (ExxRxxP), C g (WxxxR),
VI PERF Z5F43R 85 11 J52 IV 240 b 4o Fon il 3% 2
ST AN BT, XHZ & T T a5 i
%%%‘%Eﬁ, o-MEiE (alpha helix) 166 . 85 ANk
fd15%  ( extended strand ) A1 249 /> JC KL 0| % il
(random coil ), 4% 15 33.2% . 17.0% F149. 8% .
2.2 HWEFI CYP6A13 EiELL X B & &
S

PR I CYP6AL3 DR 2 5 1 & JE R 1y 471
L5 NCBI ¥ e v 48 22 i HoAth B 19 P450 28 (1 adk
TR IR T 5 X, FF R H A8 #: 7%  (neighbor-
joining, NJ) #gt KRG AR (B 2), & 2 fFr
e HHEEH B CYP6AL3 5 U B ML Cimex
lectularius ( GenBank % 5% 5. XP_014257089.1)
) CYP6AL3 R4, &KW N E, HAKER T
G —Fkik 52. 17% ; 5[Ah CYP6 ZKR R 4% H Ik
Apolygus lucorum CYP6X2 SRR P A FEATX) H , —
FHME R 30.31%, 5 IE K2 H APk Myzus
persicae . %8 5. 8F Acyrthosiphon pisum F1AH BF Aphis
gossypii [ PA50 Ry —32, i b, RAEGREWN,
WHEHE CYPOAI3 B 50 E Xk R LR R
R0 %) [T 05 1 ) A 6 v R AL
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B WS CYPOALS IR H RTS8 B HAE G 1 SR P51
Fig. 1 Nucleotide and deduced amino acid sequences of CYP6AI3 in Lygus pratensis
TE: RIS MZ LS N RILhr i, O S A MLLR S A BT FaGoxCxG (X AURIEREMIE) 177
HERRH, BTRZARTERE CIRIE (WxxxR), BUTFRIZy PERF 45948k, KURHE (ExxRxxP) i FHBIRLARE . Note: Start
condon and termination codon were underlined, the heme binding Motif was boxed, with an oval labeled and a shaded C Helix

(WxxxR) , the PERF domain was double underlined. K Helix (ExxRxxP) were indicated by wavy line.

K2 PR S HAR R B PAS0 45 1 A E IR S A ) R e AL
Fig. 2 Phylogenetic tree of cytochrome P450 from Lygus pratensis and other insects
. i MEGA 7.0 BRI SR HaL A R G AW, RATBA p B8 (p-distance) , HEAUH 73 SCHY A5 BEAS U A A
Bootstrap AT 1 000 KIHE, D EIEEFR R EIEE . Note: The tree was generated by MEGA 7. O using the Neighbor-Joning
(NJ) method, using model p-distance. The topology was tested using bootstrap analyses (1 000 replicates). Numbers at nodes

were bootstrap values.



1258 W5 R R 2R Journal of Environmental Entomology 44 3%

2.3 HEEEE CYP6AI3 EEMRIZILESHT REEFEE, AT RIEREERTH, &
K HI qRT-PCR XHHH W CYP6AI3 TEAA] & W (P<0.01) (K 3-B), FEA[RIVEDHCEE %A
BB, HBUERA, PR SR P AT TR R, CYPoAI3 SEIH IR AR ME . MK G
REPNE, SRRV, ERHAF LT, T2 (K 3-C), S s & RS G R AS R P &
CYP6AI3 SN ik, B L%, I HFER FORNAURR i 2R iz 3 R ) ek KO AT, 4
FEES (P<0.05), HifEm Pl ik ks RERWADPUER REXIEH B E S THERMS R,
W, TR A AR R AR B m TR A 75 Re. Ry R ERIA &5 R BUS S R 1Y 5. 45
HO(FE3-A), TERHEARFEAHLTEAL, %R R M18.74 1%, 2R WE (P<0.05) (K 3-D),

10 1.2
i £ i 5
K) @» IRt
%Jé 6 408
Rz gy
L) [ 0.6
e Eg o
<2 4 <z
é = Z =04
= st
E E =
-
Z.
z 2 Zo 2
E T
=]
0 0.0 ) A
1L 2L 3L 4L 5L Newly 3k Head B4 Thorax & Abdomen
emerged adult ot e a .
A % & W] Different development period AL Different tissue
1.2 25
210 : 20
i £ i £
X% 0.8 H 7
g KL
Z <06 z ¢
e L
-7 <z 10
<04 %
RERE =
E & E =
Z. Z 5
~= 0.2 ~
= g
0.0 0
M Female 1t Male S ke a4
— O . .
RIFE R Different sexes ATE] & Different strains

K3 HRIEE CYPOAL3 BEFEEARAL LT Rk
Fig. 3 Expressions levels of P450 CYP6A13 in different treatments of Lygus pratensis
@ 1L, 1#; 2L, 2% 3L, 3#; 4L, 4#%; 5L, 5#; S, MURMAR; Re, HilEE 6 f{; R4, IiHEE 4 R, LA
[ R RR 25 BETE (Duncan [WKHR, P<0.05), ns RonMfE, MERLHUETC i ME 2 (¢ K055, P<0.05), Note: 1L,
1" instar nymph; 2L, 2" instar nymph; 3L, 3" instar nymph; 4L, 4" instar nymph; 5L, 5" instar nymph; S, Susceptible strain;
R6, The 6" resistant strain; R14, The 14" resistant strain. Different letters above bars indicated significant difference by Duncan’s

multiple comparison (P <0.05), while ns indicated no significant difference between females and males (¢-test, P >0.05).

2.4 HEFIRIE cDNA EEMEESFTISH PSSR BE ST~ S6, B HU P REAT I A -l 1A 1 —

W R B SN ES TS LPVSSC 3 3 I ) S AE JRILF MFM (1551 ~1553) 2ERASFRY (K 4), 1E
6 072 bp, #i%2 024 NI, WMEASTHE  BAFEEE 4 NMESRIX 4 BEA 4 ~7 D0k
N 228.94 kDa, g =t (pl) 4.99, HE2NE TR e e (arginine orlysine, R K, ik
IR, JofE Sk, @ mPIHS TixEA PP PEREEEIR 0 JT . MFM =B (N Bk &
i 4 DRIVESEHIE T ~ IV 40, FEEmEa 6 4 FEFR) AFAE T[RRI I AN IV 22 8] () 40 Jfd % 422 b
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P4 WO RN 0 I T R P 4 R S 1 R P 4 3 BT
Fig. 4 Nucleotide and deduced amino acid sequences of sodium channel gene in Lygus pratensis
T AR ER N FRSE MR (1~1V) P 6 MBS (S ~S6); S = S IR TG HEHT A 56 A 248 07 45,
R AR B E R N SRR ; MFM FRIZAR T . Note: The rectangle marks six transmembrane regions (S1
~S6) in the homologous domain (I ~1V); It was assumed that mutations associated with lambda-cypermethrin resistance

were marked with circles; the yellow highlights were alkaline bases.
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PR K S8R, 5 L 3 R TEM S A AR X
DEKA AN 388 17 75 T84 R IR 85 5 6 Z[H]
FEZEHEERAL . FIH NCBI 82 HoAh Bt B 4 2 13
BREERITI, HE ARG (85), 4
BB, HEE, BEHE, BUHHE AR —

%, WEHESFEOYEE AR FEHRN— X,
A R RSO RBIE, RUIHCRH S T
T IE 5 O AR B H W) A [ U5 A AL
B

F5  HO H R N T I SR P 41 5 A Bt A 8 e S BRI T 7 ) R e A
Fig. 5 Phylogenetic tree based on amino acid sequence of sodium channel from Lygus pratensis and other insects
T ] MEGA 7.0 8 PFh AR BB R G TR, SRAMBEAL p BEES (p-distance) , HEACH 73 52 B0 BEAGI A1
Bootstrap #£47 1 000 WITE, % FREERREREE, BOTEBIE FEiEE S H=ME, Note: The phylogenetic

tree was constructed using MEGA 7. 0 based on amino acid sequences of insect sodium channel with the neighbor-joining (NJ)

method. GenBank accession numbers of sodium channel were in brackets. One thousand replications were performed, and the

numerals at nodes were bootstrap P-values. The sodium channel of L. pratensis was marked with filled triangle.

2.5 BUSEREHERYE. FRUEEBENNE
T 18 B AR X 5 b 3 0 A

MBS T 8 cDNA JF 5111514 Na6-F |
Na6-R §" 34 461 1184 ~ 1186 [X I8 2 75 4775 7] fiE Y

AR, LUPTPE R, MU S i R W cDNA fE N
BARGIEAT PCR 978, ¥ J5 b H g 7 3 3 B
JEE 1184 ~ 1186 Bk, BRAAFED IR Z 815N, It
KERBIMRERBNE (F6),

Bo Hubk. MU R 1S4 ~ 16 DXkl 25 24 X
Fig. 6  Comparison of IS4 ~ I S6 region sequencing results of resistant and sensitive strains

.S, BURSAR; R, BitEM AR, SEIEARE R N ZEAE 45 MO18 Il LIO14F, Note: S, Susceptible strain; R, Resistant strain.

The mutation sites M918 and L1014F were labeled with rectangle.
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3 &SIt

AAF5E K ] RT-PCR Fl RACE #i AR FepE RS T
WO W AN (0 2 PASO CYP6AIL3 1) cDNA 4K 5t
HIF, g% 500 2 iR, W RS KT MIE
HEAT R A0 R 2 AT, B O3S o R I Y
P450 CYP6AI3 :[H . BRI SEHEN PASO H &
W2 3, SR A 5T PAS0 Z5H B8, fU4F C St i
PIIMLT R E H 45 E X (FxxGxRxCxG) . PERF 4%
F3 (PxRF) Fl K-BR i€ 45 #4 ( ExxR) ( Lopez
et al. , 2013), ETLR motif 7E T CYP6 Z ik i it
R A RSFIE, FRIE E IR L AR R ST i
(Berge et al. , 1998) , HEHH AL H1 49 CYP6AL3
RAILRTFH) 5 H W CYP6AL3 & FEMR ¥ 51 it
FTHERE o34, R AR EL A X SE R sp Y 25 i B, 3
J& PERF S 7 EA RPN CYP6AL3 FEDH v i 81
AFRRER AR, RUILIIREARAE LS, ©©
STRELT P4SO i RIIRER AR, R H M
CYP6A13 2115 43 252 ¢ M 3 1 W) 15 2 11 A 40X
JEEE, REER BRI E % CYP6AL3 Hif
R R R YA — BRIk 52.17% 5 S5 TH K
CYP6 ZJi 1) 4% 5 i CYP6X2 24 3t IR % 4 k47 It
X, —EHR 30.31%

T LB CYP6AI3 Hs [F 75 4 5 H Ik 1 A [A] &
BB A R, HEBBH T &,
HARE TS E, T5 858 N AL A R E N
IANEA T T, PASO RENTERm R IBMAERKET
B B P BE S 8 X R U AR AN IR T A A B A
% B R T S0 0 R Sk 5 R G T R R
XS54k (2013) , sRHPEE (2018) MIAFTRLS
FHEL, X RBIER AT R, S5 1
R B R R F], BRI Z A, ZEE 2w id
HAHAMAY Y68, At Tit—205, fHh
A ORI E R i AN B &, TEARCRH U6 R RN
R, PUtEsh & CYP6AI3 Feih i & THE, TR
AIREYS AL 25, Zhen %5 (2018) HRiE T7ELEH
U B AR E S BRI P R T, 3 A4 CYPe K
BRI S CYP395HI )ik B E . Rk, 4
W CYP6AL3 S 3RIK VT REN T T PR H 16 X = 80 A
FEHBE P, T — IR AT CYP6AL3
W PR T RERIFSE .

ARG AT T R H I AN 2 e LPYVSSC

H W cDNA 4 K J¥ % ( GenBank % 5 7.
MW821485) , H JF it b B2 HE 6 072 bp, i %
2 024 NEIEIR, AT 4 ADRIVEGEE (1~1V)),
BAGEIEA 6 NI B (S1~S6) , HHT ABF
SEIRGE, GNES T EIE 1184 ~ 1186 KU &iE L 55
Fig2e R A BIHTPE  (knockdown , kdr-type) A&
(998 7% {37 5 ( Haddi et al. , 2012; Chen et al. |
2017; Zardkoohi et al. , 2019; Maestre-Serrano
et al. , 2020 ), {4 W, M9I8T ( skdr-). T9291
(skdr-) . L1014F (kdr-), TEVFZXH3GERZEAR dL 5
FEA R PUE Y B R YRR R A I B, X g 5 By
HH S AR AN pit, S B P A3 23R %) A6 000 e A DAy H
R 7 o S D 717 - < S ) W
Maestre-Serrano 4% (2020) i T L1014F kdr-%
AR ECT FHAC H A B B Culex quinguefasciatus
XFLBR UG BE R R = AR PU 251 ; Zhen 55 (2016)
AT AE Sk i i 20U R A8 TR B v T ) A
o, SR INEN S T e 1S4 ~ 11S6 [X 4 L1015F fY
RAFIRIRE 50% , A A Pk 0y | ) AP b
PR R #5848 K 4, Chen 5 (2017) A BN
PR T RS U3 T e ot A AR 5 D () R
[T REZE SN B T8 1184 ~ 1186 [XIH,, 7742 T M918L
M7 HE T 83.3% W MA R G T, ABF5E
o X R A BRI | RO R AR
T-HIA 1S4 ~ 11S6 15 B DXt A T 5 text oA, wh
RIS eSS STE Y/ B WA A 1P S TS 22
10 bp ZEATBFEASREMERA I 1L, A BB 3 A7 76 )
(E(ERTE2 S 2R iU~ 8 Y | P eh N ad Xl i 1
PATEIX Bt 9 12 38 & A Bt 28 A8 A7 1 e 2 11 X0
S P B B PE R I A A I B 98 A A S AF E
XA RGBT 8, £ T kg ik — 20 %)
P[RR 2R AT AG I, B B ()2 15 L 7= A Bk
AL R A AR R R

AR RS T HH 1 1Y P450 CYP6AL3
N ES T3 i LPVSSC ¢DNA K IEN, ¥EAT T
FAYHT . CYP6AI3 PR B 2 1535 I 52 B 5 i
T 1184 ~ 11S6 (55 JBE IX 48 58 A8 o s K DU, S W)
CYP6A13 F[H TG 5 38 TE ¥ I 0 I X = 4L
A A EE 25 P F ML A BIF 5T 25 5 T AL,
K= HWAT R A E PASO 1A Y T R
SRR I P (B0 i A 1) B 1k 28 A8 R A 5 0 A e 2
SE TR, RO RERE . AL AR
BRI AR AL TSR
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