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B E [HH)] R4 EHFEKMEEE (Juvenile hormone epoxide hydrolase, JHEH ) J& B d1 {4 N 474l
# (Juvenile hormone, JH) [ FBFEMET, 43¢ H 701 JLF L Aspongopus chinensis Dallas 43 & I
FUKMREIEAIT Y] (ACHEH) (5B, MBRHENFRARKEFIRTWEM. [ FiE] DIVERBRR
cDNA AR, SR RT-PCR £ R FEREFRTT ACIHEH JEH T4, IR A Y15 B4 X Hgm il 28 (1 1 3
T . ZERERAE N RSB HEAT 00T SR qRT-PCR 5 AR I I 204 JUF Ha A ) i 30 A ) £ 41
ACIHEH fyMix Feiktt, [ &R ] M35 T ACHEH M58 TP B HE ORF J¥51, 2K ¥0 1363 bp,
gl 453 PR, WAFREN S1.74ku, A (pl) 2 7.66, 5+ FEMAT Coa4Hs683Ns510653514,
EH NI IEILT XWG, i =Bk | rIEF HGWP #il 2 MRERR, B THEKMIER K, Rt
Mo HT 2, ACJHEH 525##l#% Halyomorpha halys 1) JHEH %8 —32, 5 [E8 H 1Y 5 Cimex
lectulariu F14¢ 5 %% Apolygus lucorum f) JHEH 28—, %t & PCR 45 R /R, AcIJHEH L& AN
FE BB ML A RE, BEPhrREaEmEES THEHS (P<0.001); #H JLEFR SRR
isf R, HUCR 4-5 B i B 3w T HE R EREBL (P<0.001). [ 4518 ] JuF R JHEH J& T3 40K
TREFZR I, TE AR LI R IR E K . AKIE QPCR £5 D ACIHEH 3 i P28 JUA AU P9 AR 2l i R Tk
KA LA B 4-5 W L B F . AR R G B B 5
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Cloning, bioinformatics and expression of the juvenile hormone
epoxide hydrolase gene in Aspongopus chinensis Dallas

ZHOU Wen-Zhen' WU You-Fang GUO Jian-Jun'

(Institute of Entomology, Guizhou University, Guizhou Provincial Key Laboratory for Agricultural Pest Management of the

Mountainous Region, Guiyang 550025, China)

Abstract [Objectives] To sequence the Aspongopus chinensis juvenile hormone epoxide hydrolase and use bioinformatic
analysis to investigate its role in the development of A. chinensis. [Methods] The cDNA sequence of ACJHEH was amplified
and cloned from adult A. chinensis with RT-PCR. Its physiochemical properties and structural characteristics were described
and a phylogenetic tree of the deduced amino acids constructed using bioinformatics software. The expression of ACJHEH in
different tissues (ovary, testis, fat, muscle, body wall, midgut and head) and in different developmental stages (1st, 2nd, 3rd,
4th, Sth instar larvae, adult males and females, diapausing and reproductive adults) was measured using quantitative real-time
PCR. [Results] The entire ORF sequence of ACJHEH containing 1 363 bp was obtained. Both genes encoded a putative
protein of 453 amino acids with an estimated molecular weight of 51.74 ku. The isoelectric point (pI) was 7.66 and the

molecular protein formula was Cis14H3683Ns510653S1s. The amino acid encoded by JHEH contained the N-terminal
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transmembrane motif XWG, a catalytic triad, the conserved motif HGWP and two tyrosines, suggesting that it belongs to the
epoxide hydrolase family. The phylogenetic tree indicates that ACJHEH is most similar to Halyomorpha halys JHEH and that it
clusters with JHEH genes from the Hemipteran species Cimex lectulariu and Apolygus lucorum. Quantitative real-time PCR
revealed that ACJHEH is expressed in various tissues and developmental stages of A. chinensis. Expression in the fat body was
significantly higher than in other tissues (P<0.001). AcJHEH was most highly expressed in diapausing A. chinensis, followed
by 4-5 instar larvae, in which expression was significantly higher than in other instars (P<0.001). [Conclusion] The JHEH of
A. chinensis belongs to the epoxide hydrolase enzyme family and was identified as a juvenile hormone epoxide hydrolase.
qPCR results suggest it is involved in the molting and development of 4-5th instar larvae, the development of the adult

reproductive system and diapause.

Key words juvenile hormone epoxide hydrolase; Aspongopus chinensis; gene clone; bioinformatics analysis; expression

analysis

JUA H Aspongopus chinensis Dallas, 1851 &
KEZRSRMZEMAHRER (REZESE, 2019 ).
KETEHRY Insecta 3 H Hemiptera YHIER!
Dinidoridae (#J5 &%, 2011) . J IZAHifER
WA TER, FEREEZ A TR HIX

(Rolston etal., 1996 ) . JLEFHRAZ T LKA,
R (AN H ) 08 (R, 1979) . i
A BRI, LA L BAHERE L O pg Rt
i AT (ISR, 1995; s
T, 1996; X PKJ5 , 2002 #4245, 2013; Tan et al.,
2019a, 2019b) .

AR BA AR EIT N, E K
K 7-8 1A, BT —etERH (BE5E, 2015)
M4 % ( Juvenile hormone, JH ) ¥ [y
Tkt LA A B R AAE R KB A —ER
PR (RA5%, 2019) o PR TH AHF5T
R, mFEH) 2o TR AN 3 A G
T8 41 03 W i Tl R IR 4 B 2R I SROK i T

( Juvenile hormone epoxide hydrolase, JHEH ),
13418 Z Mg Hk ( Juvenile Hormone Esterase, JHE )
534 2R — EE A ( Juvenile hormone diol
kinase, JHDK ) ( Hammock and Sparks, 1977 ) .
TERR T B IARIN TH B i f b, JHEH %d%
THEEZEMAEM, W B EFE B Culex
quinquefasciatus 1 4 % K i Manduca sexta

( Lassiter et al., 1994; Halarnkar et al., 2016 ) .
JHEH FZAF7E T B dua i Bt , JHEH f% TH B
il R AT TG PR B PR %138 R . F%( Juvenile hormone
diol, JHd ), Ffift—LREMAYIEEIR (Juvenile

hormone acid, JHa), {2 B JGHE M AR 4%
Z % % ( Juvenile hormone acid diol, JHad ) ( Z&
PESE, 2004) o AN, HHFGE LB JHEH X) R H
MARKET . ERAEHES] T HEw HEEMEM,
EEHE T, JHEH R T35 JH R, i64F JTH
(R EE )65 LA R AT 530 3% T B 2R,
51 515 500 ARG W5 9 B 4 i A 5% ( Anand
etal., 2008; Konopova and Jindra, 2008; Chieka
etal., 2009 ),

PRGN R A FUK R TE R b 2 A K
5%, (B H B R ny bt o8 th G il o 1535
FE R T U i B S A R sk
DY, 38 3 X 8 5 B R LA dU Sk dd s
GO Ml KEGG .3 & %40 #r, R FE] JHDK
s WREE] 2 4% JHE B, HAMKZ MFRAT
ZS WRE 5 4 JHEH R, RIEEH4 N
TRINITY_DN48721_c0 g4 FikeZREHE (RFA
77, 2019) o 7E_ LIRS I, AR EGE
iF RT-PCR #iARTifH TRINITY _DN48721 c0 g4
R ACJHEH, Jf-i# i A= W) 2 3R AR S Xz B R 3R A 7
AT, BN TRARIEGY TH R Bl R 4
HEHE IS S

1 MRERE

1.1 SEIeH#

JUEHCR B St B i g gl BB K —
257 (105°11 E, 26°09' N ), 7E[HEA7 B R R 4L,
H FSCE BT N T A ESE ( RGL-P400A,, A
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SRR YRI A ED) WRFE, SRR
B (2841 )°C, FHXHZEE 85%+5%, e 16 L -
8 D, MM NE (BAMN, HIEEER
WA RAF) HFE.

12 FERA

RNAecasy ™ 1#H RNA i85 &5 Ok

( R A RAEYAF ). Goldenstar™ RT6
cDNA Synthesis Kit ( JLEERBNL AV AT ).

pClone007 Versatile Simple Vector Kit ( It 5t 2R}

Bl A9y 7 ). SanPrep Column DNA Gel

Extraction Kit ( A TAY) T /A W] ). DHSa
Competent Cells ( B E TAEY TRAF ) 45,

1.3 FEMHE

WEHEEE T (ND-2000, %[ Thermo
Scientific ), TIO0TMPCR {¥ ( T100™, %[
BIO-RAD ), Bt/ hif£1X ( GelDocXR Biorad, 3¢
E BIO-RAD ), HLJKY ( PowerPacTM, 3% [
BIO-RAD ), SERF %8G5 & PCR X ( CFX96TM,
%[ BIO-RAD ).

1.4 HhFEHE RNA BJIREE cDNA BIE R

JUF HUE RNA BRI :5 I RNAeasy ™
Y RNA sl & (BLorEX) 1T,
FF R THREI,  - 80 CARAF# IS
cDNA & 7% % Goldenstar™MRT6 cDNA
Synthesis Kit U HB#E1T, - 20 CIREFHH.

15 HAFEH IHEH EE=EE

PIA R ILE R cDNA i, i i &k
Primer5 W 1 4F 5 % 51 ¥ : F-TTGAGATAT
GCGCTTCCGATCCA , R'-GACAACATAAGTT
TATTTTTTATTGTTAAGTGTCTTC, % RT-PCR
P HRBULE H JHEH 3£ [H 751, PCR [V 27
J9:95 °CHIZAZEME 3 min; 95 °CZ8PE 305, 56.2 °C
Bk 30s; 72 °CIEH 1 min, 34 MEH, 72 °C
FREEM 5 min, JOWAKFR K 25 pL. ¥ Y &
i RE M E I UK R, 2% SanPrep Column
DNA Gel Extraction Kit 1hd 8- U alifb )5 i% 3
# pClone007 A , ¥4k 1) DHSo B Z A4

URAT A Amp BUER) LB ARS8 5 37 °Cid
BIgR, UCHPRIERE , W PCR Sk
2 BT .

16 AEH IHEH EEAEBREIINEMER
EOHT

F /i DNAMAN #{F1 ORF finder Xf
ACJHEH R R 7 9 AT B IR A 21 2 S R )7
G, RS E LR T 9 NCBI B8l e b iy
BLSAT HEATLEXT, it DNAMAN $R{F%f 28
R 7 9 AT IR 2, I MEGA 5 #FHr )
L3 (Bootstrap 4 1 000 K )45 R G AL
iz H] OREF finder ( https:/www.ncbi.nlm.gov/orffinder )
o3 5 AR T T B B AE 5 iz T HMMER Al
InterProScan( https://www.ebi.ac.uk/Tools/hmmer )

( http://www.ebi.ac.uk/interpro ) TN HZ5A4 3] ;
iz /] ProtParam ( http://web.expasy.org/cgi-bin/
protparam ) T 43 A% 8 A BRAEME BT a2
KinasePhos ( http://kinasephos.mbc.nctu.edu.tw/ )
I % R F e R Ak AL s iz ] TMHMM

( http://www.cbs.dtu.dk/services/ TMHMM ) il
g i B O B B A5, iz o SignalP

( www.cbs.dtu.dk/services/SignalP ) Tl 53 H1i%
HEHIESIK; 2 (http://www.csbio.sjtu.edu.cn/
bioinf/Cell-PLoc-2 ) il iz H . 20 i %E 437 5
iz f] SOPMA ( http://npsa-pbil.ibcp.fr/cgi-bin/npsa_
automat.pl?page=npsa_sopma.html ) Tl & 4 i
B ek 2 SWIsS ( https:/swissmodel.
expasy.org/ ) FUMIZE 1 = A5 .

1.7 HAEH IHEH EFEFRESHT

DIILEFRAR LZ BT B (1-5 20 B
AR HL | R | R R AR B B ) TR
HORFZHE (OREE . MEE. B. WL, HARE
T ISk ) B RNA fitk, A Goldenstar™
RT6 cDNA Synthesis Kit 5] &5t 17 [ 4%
S B A —5E cDNA 1B R SERT 58 /1 PCR
A, VLU beta actin fE NS RN, %
1 ChamQ™ SYBR qPCR MASTER MIX i 5]
&, FHSEm 9t E = PCR (T E R, 1l
P 1, Hor 12 &4 A AR B 10 Sk e,
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3-4 4% 53k, SEWAAURAS 13k, 3 RER.

F1 KHE=PCRERMESY
Tablel Specific primersfor real-time fluorescent
guantitative PCR

5194 1WFS (5-3")
Primer names Primer sequences
JHEH-F tgtgtcccagtatccagattte
JHEH-R ggegagtctgtgagagcaa
Actin-F aaccgtctacaactccatc
Actin-R agcgatgatcttgatcttga

18 BEFEITESH

P (1) q-PCR Al X ik (27249
345, B g-PCR KU Excel 2007 4b3
il &, SPSS 19.0 4T % 7 22347, Duncan’s
PATHIR Z H L.

2 ZRESH

21 AEH IHEH BERRESFISH

PRIBULA B RNA St i et it
K, HHeRE A 352 ng/ul, ODaeonso H A 2.01,
ATVHT T =458, PUJLEHR cDNA AT,
W14, RT-PCR §HEHI 1%BEBEWE e B
VKA, ACIHEH ¥ 34 =4 457 K/NEE 1 500
bp Z£47 (E 1), MFEHRE/R ACJHEH &K
1 548 bp, AcJHEH {17 1 363 bp ¢ A I ik b
2HE (ORF ), T ] 4w i & 1 7 453 M4
B (E2),

FI I DNAMAN # %} ACJHEH Z 4R 5]
ZHE L, RIZE NS5 e JHEH HA
I EE E 45 H I8 . ACHEH 545 1 JHEH &
IR —BE e, 23] 70.64%, HKS5HR
o A EEH L Leptinotarsa decemlineata A4
BB —EE 2 51 55.29%.51.76%F1 52.34%,

F|F InterProScan A1 Hmmer T E#EFTHIE
LRI HT A B A SEUK AR N-Rum&S A, 7
T4 51-62 ST AELR ; 3 IR EUK G T
B P54k = BXIA Asp . His Al Glu( QGGDWG ,
GGHF HI EL ); & 2-452 {3 22 22 ] ELA d Al fiy
AR 7K S T 110 25 3 B B/ fot il R P 45

M 1 2 3 4 5 6 7

B 1 AcJHEH ¥ iz R
Fig.1 Amplification results of AcJHEH

JkiE M AU Marker, ¥KiE 1-7 fUR 7 D EESLRER
Lane M represent Marker, lane 1-7 represent 7
independent experiments.

3R ) IS ACIHEH 2 ST 22 )5 HGWP
TERESSH, 2 MERRER GG I AR TP A E T
TS & 2R GY 1 RLY , N-3itg 19 5 i 7
XWG (Hr X oy dgskst) (K 3). M
KinasePhos T H., 73 #775 2 B2 {4 1 Serine( S )
A 3, Threonine (T) &y 2, Tyrosine (Y) & 3,

22 AFEHR IHEH ERRESZFHL ST

M NCBI 4 % H £ 28 Blast & 5 AcJHEH
FVRE A ESLRTS, R E . #3E .
JIESRR H AY 13 AR L IHEH & LR 51 5 ACJHEH
e G 1B FERR 751K i Bootstrap EHE = 1 000
WKHHERGEREM (F 4), 4558 ExR, ILER
5RMER R —3Z, it 5 R R ASGH %
RH—F.

23 hBHH IHEH EREMERZESR
231 AFEHR JHEH ERE 4 F=HIE LR
BRKIESY 4T ARYE ProtParam TR ZMHr4h 5 i

7~, ACIHEH 9wt 453 A FERR , mft & H AT
TN 51.74 ku, L (pl) N 7.66,
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1 TTGAGATATGCGCTTCCGATCCAAAGTTTATATTAGCTCTAATTAAATTTTATTGGACATATTTACGTG
70 AGGAAGGTGTTTAAGATACTTATTAAATAGATAACTACTAGTTCGTGAAGTTCAAAACCAAAGTATAGG
139 ATATTTTTAGAGATATTGTGGATCTAAAGTTGAGCAATGGGCTGTACCTTGAACATTTCTATCATAATT
1 M GCTLNTIO®STITITI

208 CTATTAATTTCAGTATTAATAGGATATTTCGTATACAATATTACGCAACCACCACCATTACCAAAGATT
12 LLISVLTIGYTFVYNTITA QPPPLZPEIKI

277 AGTTTAAGATATTGGGGACCGGGAAAAGAAAAACCAGATGATAAAAGCATTAAACCATTTAAAATTAGC
35 SLRYWGPOGKETZ KT®PDDI K STIZKZPTFTI KTIS

346 TTTCCTGAATCTGATTTAAAGGATCTCAAAGAAAAACTACATAATACCAGAAAGTTAGCTCCTCCATTG
58 FPESDLI KTDLI KETZ KT LUHNTRI KTLAPTPL

415 GAAGATGTCGGTTTCACATATGGAGTTAATACAGTTTATCTCAATAAATTTGTTGAATTCTGGAAAACG
81 EDVGFTYGVNTVYLNTEKTFVETFWKT

484 AACTATAACTGGACAGAAAGGGAAGCTTATTTAAACAAATATCCCCAATTTATTACTGAAATTGGAGGT
104 NYNWTEREAYLNIKYPQFTITETIGS®G

553 CTAAACATACATTTCATTCATGTGAAACCAGATTCAGCTAAAGCAAAAGGGAAACAAGTCCTACCTTTA
127 LNIHFTIHVKPDSAKAIKG GE KU QVLTPL

622 TTGATGATTCATGGCTGGCCAGGCTCTGTTATAGAATTTTTTAAAATAATACCATTGTTGACTACACCG
150 LMIHHGWPGSYVIEFFEKTITIPLTLTTFP

691 AAGCAGGATGCAAATTTTGTTTTTGAAATAATTGTACCGTCACTCCCAGGCTATGGATTTTCACAGGCT
173 KQDANFVFETITIVPSLPGYGFSQA

760 TCTTCGAAACAAGGTCTTCATGCAGCCCACATGGGATTGATATTTAATGAACTTATGGCAAGACTGGGT
196 S SKQ GLHAAHMGLTITFNETLMMARILSGE

829 TTTGAAAAGTATTATATCCAAGGAGGTGATTGGGGGTCACTTATTGGATTGACACAATCTATTTTACTG
219 FEKYYIQGGDWSGSLTIGLTA QSTITLIL

898 CCAGATCGAGTACTTGGGTACCATTCCAATTTTTGTGCAGCACTGACTAAAAGGGCACAACTATATATG
242 PDRVLGYHSNFCAALTI KR RAQLYM

967 TTACTGTTTTACTTTTTTCCCAAGGTATTTGTTGAAGAATCAATGCAAGAAACTTATGTGTCCCAGTAT
265 LLFYFPFPIKVFVEE-SMQETYVS QY

1036 CCAGATTTCATTTTCGAATCTGGATACAACCATTTACAATCTACAAAACCAGATACCATTGGTGTTGCT
288 PDFIFESGYNHLAG QSTZ KPDTTIGVA

1105 CTCACAGACTCGCCAGTTGGGTTGGCTGCATATATTCTTGAAAAATTTTCAACATGGACAAACCCTAAT
311 L TDSPVGLAAYTITLETZ KT FSTWTNPN

1174 TGGAGATTTTTGTCAGATGGTGGACTAGAAACATTAGAAAAAGTAGAACTCATTGATAATATTATGATT
334 WRPFLSDGOGGLETILETZ KVELTITDNTIMI

1243 TATTGGTTAACAAAAAGCATTACAACCTCTATGAGATTATATCGTGAAGTCTTTGGTTCAATGGATTTC
357 YwL T KO STITTS SMRLYUREVTFSGSMDTF

1312 TTTGAACTAGGAATTTTGTATAATCCATCAAAAGTACCAACAGCTTGTGCTGTGTTTAATTATGAGCTG
380 FELGIULYNPSIKVPTACAVF FNYTETL

1381 CTGGTAATGCCACGTCGCATTTTGGAAGAAGCCTACACTAATTTAGTTTCAGTGACATCCATGCCAAAG
403 LVMPRRTITLEEAYTNLVSVTSMPHK

1450 GGTGGTCACTTTGCAGCTTTAGAACAACCAAAACTTCTTTCAGAAGATATTTGGAATTTTTTGAAGACA
426 G GHFAALEQPIKTLTLT SETDTIWNTFLTEKT

1519 CTTAACAATAAAAAATAAACTTATGTTGTC

449 L NNZKK *

B2 AcJHEH WEFMSERS T
Fig. 2 Nucleotide and deduced amino acid sequences of AcJHEH

IR T ATG FIZ 2T TAA ST RIZhs it o
The initiation codon ATG and the termination codon TAA are shown by double underline.

3 FHEAX CoaiaHs683N5510653814, T EEH O HL T O R IR AR L (Arg + Lys) A 44 1~
7345, Gt EEEERFIIH, Leu (AR ) N-Ui LR E AR M (Met ), HEI4E R
5 RE A 11.9%, Tle( 55828 ) Rl 7.5%,  EEWIH 30 ho AREMRECHK 36.76, ST
Cys (MR ) & E&HMN 0.7%, Pyl (IS FKRECY - 0.023, Bl RE91.36,

WA ) 5 Sec (WML ) T8N 0%, & H4E ProtScale iz H Kyte & DOO little 7%
A A A R R AT (Asp + Glu ) 43 4, (K-D i% ) Xtk #r, AcJHEH ZifdH N
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ng%%%?fgzﬁ;ﬁ"iﬁi MIVGLHHSVSHCVGWSREFLGNDSSGEQE ﬁ
Cimex lectulariy === === === s

KRB Apolygus lucorum = - et a e 11

THER B L Leplinotarsa decemlineata = - - =~~~ xnraneneneennn 11

ﬂ§$ Aspongopus chinensis ITELISVLIGYFVYNITQ 50

% Halyomorpha halys VLLVSLVIGYFVYEHSL 79

R Cimex lectulariu  TLVSAVLLELGWHWLITY 51

LXEE Apolygus lucorum  SNGSAIGIGVLWHCEISY 51

LA H I Leptinotarsa decemlineata L IFSVERFYLGKTFEQY 50

jL?_EE Aspongopus chinensis 90

% Halyomorpha halys 118

R Cimex lectulariu 90

B % Apolygus lucorum 91

LB H ) Leptinotarsa decemlineata 90
JUFE I Aspongopus chinensis

Sl ;Ialfar’;mrpha halys gg

S Cimex lectulariu 130

BE % Apolygus lucorum 131

LABEH t Leptinotarsa decemlineata 131

JuFE W Aspongopus chinensis 170

253 Halyomorpha halys 198

BIE Cimex lectulariu 170

5% Apolygus lucorum 170

TABLH )t Leptinotarsa decemlineata 168

U7 W Aspongopus chinensis TERQUENEVERIIV G EL=naBMELTE 210

ZX$4¥%: Halyomorpha halys TERPLADEVERVI €ELnHGHIGLIE 238

SR Cimex lectulariy TERPEHDEVERVVE G €L GPVHMALLE 210

SREU Apolygus lucorum GQEEMPDVAIRLY G EMGCPRQIGNIFE 210

LB il Leptinotarsa decemlineata ETEQRGRDINERVIV G EINAZHMETIM 208

T, Aspongopus chinensis N ARIEFERYY 250

% Halyomorpha halys N CRUEFRCYY 278

R Cimex lectulariu  NDMREVRIe HQRYY 250

BE U Apolygus lucorum TEREXRIeDREE 250

LABEH . Leptinotarsa decemlineata & CRI[eFCRYY 248

T Aspongopus chinensis S PBLIXRA sgY 287

X% Halyomorpha halys e L ETSKAE SQF 315

Rt Cimex lectulariu S EVNSRLAE NTE 287

LRE U Apolygus lucorum e FCCGR IAY .GQF 287

TABEH I Leptinotarsa decemlineata SVVNTALS -SHIIBE<LQ—JLVYPMTE RW 288

L7 WL Aspongopus chinensis = s 327

p-Sul g gIalfoﬁwrpha halys > s 355

S Cimex lectulariu EE G s 327

LB Apolygus lucorum > s 327

LA ) Leptinotarsa decemlineata 2 T 328

*

JLF W, Aspongopus chinensis R 366

ZfiE Halyomorpha halys R 394

B it Cimex lectulariu R 366

LRE U Apolygus lucorum R 366

I3 i Leptinotarsa decemlineata X 368

JLE I, Aspongopus chinensis 3 J§GSMODFFELGILYNESK NYRPLLVMP 406

%53¥ Halyomorpha halys 5 . ADCIFREGLERGLTT] RNIIAIYE 433

5l Cimex lectulariu 5282 . BXNYQALRMOEIEML KMILVESS 405

BE I Apolygus lucorum 2 . SSKYRAYXKLDDIEVT CHaVAESP 405

Dl Leptinotarsa decemlineata 3543 - SKETMSLQIDNIETK WYRBLAEQE 407

v

NG W Aspongopus chinensis RRIBMEERYT s L 446

%345 Halyomorpha halys RQVEEQTYT szfsTwgan 473

R Cimex lectulariu  BSMETHELER Az v 445

SREW Apolygus lucorum TVSMRHRET T I 444

TR I Leptinotarsa decemlineata EnIREMEQ rX T 446

T, Aspongopus chinensis BTLNNEER. . . 453

Ak Halyomorpha halys BLLMEER. . . 480

Rt Cimex lectulariu’  RTVRLRESZV 455

LXE 4 Apolygus lucorum BRTIVLSREREEK 454

T4ABEH i Leptinotarsa decemlineata DRVERL. . . . 452

B 3 AcJHEH SEEBFIISELE
Fig. 3 Homologous comparisons of AcCJHEH

A FIURBBEIT (XWG), LLOMIUHEFRERELH (HGWP), *FaRMA%ERR (Y-296 Fl Y-370), VFEmRfElL
=R (D-228, E-401, H-428 ), ANEFHIH [FF1A 75 5 6 2 B0 HA AL S5t F D fg H%ﬁ@ﬂ{%ﬁ?ﬁﬂ%}
A represents “XWG”, red rectangle represents “HWGP”, % represents two tyrosine residues (Y-296 and Y-370), ¥
represents the catalytic triad (D-228, E-401, H-428). The background chromatic amino acids in different sequences have
similar structure and function, and the darker the color, the higher the conservatism.
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A 53 H Hymenoptera

n #53¥ H Coleoptera
* 249 F Hemiptera /| L AV Temnothorax curvispinosus (XP_024878788.1)

74 A BV Y Eufriesea mexicana (OAD56030.1)
100 A EYLEAYE Polistes dominula (XP_015187740.1)
A ¥ Diachasma alloeum (XP_015125675.1)
— 96 AWAN# Neodiprion lecontei (XP_015523707.1)

oo A% MY Trachymyrmex cornetzi (XP_018368748.1)

» %K Bt Photinus pyralis (XP_031346452.1)
98 n B Tribolium castaneum (NP_001161927.1)
97 » DHABH 0 Leptinotarsa decemlineata (AKF11871.1)

100 * JLF W Aspongopus chinensis

99

* 2538¥% Halyomorpha halys (XP_024216872.1)

96 * ELilt Cimex lectulariu (XP_014261620.1)

0.1

* 45X B 1% Apolygus lucorum (ARJ54611.1)

4 BT AJHEH AEZEASERRAFHMENRELER
Fig. 4 Phylogenetic tree based on amino acid of AcJHEH homologous protein

i SE B AT — AU K X, Z97E 1-30 13
QIR Z (7]

232 AEH JHEH E[H BRI 6 F
S8 TMHMM T B0 47 85 B 4047

2R R ACIHEH #ifith 1)) 28-453 i 2d FLFR v
T YRR 1 , 5-27 (v EIEFR 2 [B)TE Al — 1~ B 7Y
PERRIRGEX (& 5), Sz sk X Iy
Braf A —H,

233 AEHR JHEH ERESH. THEEENL
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Fig. 7  Tertiary stnucture prediction of ACJHEH
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Fig. 8 Ralative expression of JHEH in different tissues
of Aspongopus chinensis
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Fig. 9 Ralative expression of JHEH in different
development stages of Aspongopus chinensis
1: VIS 20 2084, 3. 34y,
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1: 1st instar larva; 2: 2nd instar larva; 3: 3rd instar larva;

4: 4th instar larva; 5: 5th instar larva; F: Female adult;
M: Male adult; D: Diapause adult; R: Reproduction adult.
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3 itig

JHEH J& T EUK ISR, Ko R
FH (Arand et al., 2005) . JHEH {E0 R Ak
JH FZREfZ —, HIEFED cDNA JFFE
e K R R TP R (M, 20185 T AR ARAE,
2020 ). HHA A XWG 71 IHEH FF{RSFAETE,
XEEF RS JHEH Ao 40 i s 25 & Thie 47 %
(Gilbert et al., 2000 ), 7EiFEF:RAE JHEH KT
RikIE, KRG E AT LS A&
(Zhouetal., 2014 ) ., HGWP J& JHEH #ifid&
HEsFEEF (Li et al., 2015) . FFEA AL
SIARAE AT B AR T EE A FHE ( Beetham et al.,
1995) . [FlE} JHEH BA 2 MASF 4 AR IE N
RN N W 7 N L= W e U A 1]
( Yamada et al., 2000) . i %f JL7A HL 300 A9
ACIHEH Z LR IT 4| 5 4cug . R | SR E %
Lh eSS A SRR AR HL X, LA TR PR Y
RGBS . KIT 3 NIEK IR GhR %,
BIFE 54k =Bk{A Asp. His A1 Glu ( D-228,
E-401, H-428 ), fAfEfad fE 4k HWGP il 2
AR E R Y-296 F1 Y-370 ), Ui JLH H1 %) JHEH
SR A& T ALK il R A K, HEAT
o K 7 R S A K A BTG R P 25 R . S8 N
Ui AETE XWG, EIRE JLE A JHEH LR T 6E
S EMA . I TMHMM T HiE 75
T A3, 25 SR 88 ACIHEH 2R =4 N ¥
A — B R EEE X, P ACJHEH n fig & —
NS T8 A8 LA BRSZ AR o RIS i &
P BP0 AT iz AR A B R, SRR MR
2, IRBERL, JB TieatEr . oMy g
M A B, ATLL S B B s | Rl
SR E R —2, il JHEH 7E M H p A
TEXTBERE Gryllus assimilis i) JHEH FKik 0T
FEHR I, vz R D5 A 9 DR R A SR AL K i
R 15 f i ( Anand et al., 2008 ) . fF KJ&A
11 Colaphellus bowringi &P JHEH 7ERE 14
AR R, IR SRR i 2k AR A
P, 2018 ) o X JLA AR ZHZH ACIHEH AHX
FEIR BRI AL R I ACIHEH 76 LF B iy

BRI th ik i e, R Em THEHZL, Hik
OPE KSR, XU U RIRGE IR
SR AR K A7 T T BEE A [R] (14 41 20 35 [ R 4
WERMEN, B EZAAE TR AR i 2] 2 24E
M. A5EMGE, JH F95FRREERNIKNYS
H.AZ R E 1 Methoprene-tolerant ( Met ) 455 I+
Y& T H R Krippel-homolog 1 ( Kr-h1) %% 5%
W, dEmmisgm AR . Op R B AR AE
(Wangetal., 2017) . B, #Ed AcJHEH 7£
Jig D 4 v s 2R A AT B2 R R TH (55 K fEAE T
REWiAR, IR 25 T BRI 04 A

AN FR 43 B HU T B 40 1) DR 400 08 3R o i
SRR, BHEARN TH A TR K, Wi
AT dsRNA T HE ORI IR Wi B IR AT LR
PRAE R W I R AR E , s E
Nilaparvata lugens, #E#;i Lymantria dispar
AR 4 (e, 2014; Lietal., 2015;
KA, 2019) o [RIREFE LT A B ], HAR
W ACJHEH Eikf& 8% I, #EW &Lk
ACIHEH 2P gt AR N TH IFORFHIK P 1Y
JH B, 0 7 JHF5H, SRHAEMARS
REBZM, NI E0E . AR RG22
Pyrrhocoris apterus 1, T H 4-5 #45 H JH
ZREE 1T Met 2 2R 2105 ME LU K2 i 26T, 1
REEM TH Z AR Uit THA ZbBES , W 4 #5457
Hudid jz J5 B AR 2 5 iR

(Smykal et al., 2014) . MAEAMFTE AL,
FEIUF L 4-5 #547 UAR Y ACJHEH Rk i,
e 2 TR B AU R R R R ) Uk
WITE 4-5 W5 .

TR& PR A FUK 5 LA AR N R4
FET BB, RSN etk
AR TH, MRS LA s i R J .
HAETH RS R B VS B S AR5 R 3
H B AU IR S 2R 5 A 56 DR A 5 S AL SR Al
[F] Fsf A b SR TR A G LA DR SR (5 5 B i
AR T BRI AR
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B3 BEER Evarchaalbaria (L. Koch)

k2T B 1] Arthropoda R JE 4% Arachnida 1%k H Araneae)F (iE FK .

ORI R Hesif ) A

IEFREH (TSI TR B4 Insecta ) 452G R, [RIRH DN SCAf 5 e Wik 25 A S AlF
TR ARE . A AR Ao FBEBkER Evarcha albaria (L. Koch) ( Bk#kFE} Salticidae, ZEHX 58 %5
Wkp 2R, sKIEESAEEE ) L 2020 4F 9 H 26 HAAET RAHLE R . AREBRER 12 2046 b et

REE. Wb, Mg, AR, HAk L7

L5, LR Wi, Wik,

WS, Wi, i, TR, ©

m . BRPY . BTSRRI 7-8 mm, %B@%{ST‘%@, HWIHHPRE, RXEPITIE, Biase,

AR, O, AEARL
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