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(LI E R, NSl ELEFIR 0150005 2.9 5 b [X ¢ (o f 7= 5l 28 A = 5 P s ffl s e &, N sl ELEZ /R
015000; 3. LG ERE = A=A 22 BE , NG ELEER 0150005 4. NS A KOl R 56 35 A 1) B 16 Ao 58
Rk, ST IR 010051)

BE. NEISRLYIEERE (JHE) 7635 R Apocheima cinerarius) H KR T MO E Y A A 5T
T ROMERE S A 500 | 38 ek [RTR Le X 0 3 1 4552 B 1 A JHE 32, & 80 AcinJHE , Z3EH ) CDS JF8& 41 755
bp , A% A 1 BTEL 7 590 AN HERR , T 2K 11 BT AH X 43 F- L 65 580, 5 HL N 5.70, F 8 1 451K 25 aa MIfR 5
MK, TCEs R, R PR TR O ~F 45 F 3R, 39~ 579 aa, REIMAILIWILE R K , AcinJHE 54 R JHE 5% 5% %
il , REF R, N EARM B B, AcinJ HE JE A X 235 & 38 T 85 (P<0.05) . A & I =3
B ARG 0 B B, B RUBE AcinJHE FEPR A X 3R ik i 10 25 IR (P<0. 05) o AcinJHE &P 76 1t L A 3k A (AR T 3R 35 &
o AcinHE BF W RAREAYLEMNIE . 4 CIRRALIE 3 h 5, FE 3 1841 1 AcinJHE H: R I AHXT 3R 35 1k 5
AR, YURAL R 72 b, 5 N 4 IR 4 R Acing HE SR AR XS 2k i 0 35 3 T B (P<0. 05) . ABFSEIRMT T AcinJHE
SRR PR A O A K R RN B 3 N7 P ) LR, B i o RO Y £ 3 B A T R R .

KR, AR, RYEREIEFE (JHE) s (REPE ; YUk E
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Bioinformatics and expression analysis of juvenile hormone esterase gene
AcinJHE from Apocheima cinerarius

ZHAO Jiaqing'>®, CHEN Long"**, SU Na*, CHEN Kaiyue®

(1. Department of Agronomy, Hetao College, Bayannur 015000, China; 2.Hetao Regional Laboratory for Safe Production and Early Warning & Control of
Green Agricultural Products, Bayannur 015000, China; 3.Hetao Modern Industry Institute of Green Agricultural and Livestock Products Production , Bayannur
015000, China; 4.Inner Mongolia Autonomous Region General Station of Forestry and Grassland Pest Control and Quarantine, Hohhot 010051, China)

Abstract:  To investigate the role of juvenile hormone esterase (JHE) in the growth, development, and environ-
mental adaptation of Apocheima cinerarius, this study screened and identified a JHE gene based on the transcriptomic data

of A. cinerarius via homologous alignment, and named it AcinJHE. The CDS sequence of this gene was 1 755 bp in length,

encoding a protein composed of 590 amino acids. The

75 B #5:2025-06-13

ESTE: ST [ AR % 00 H (2025LHMS03067 . 2021BS03- predicted relative molecular weight of the protein was
008 ) ;B4 2452 £7 3T 455 30 ( NMKJXM202201 ) ; [ 2 65 580, with an isoelectric point of 5.70. It contained a
VR TR R H (( NMKJXM202408) signal peptide of 25 aa in length, lacked transmembrane
VEBRA 8 (2004-) , 40, BRI 22 8¢5 A, AR RE, BB E structures, and its carboxylesterase conserved domain was
RAVES ST AW I, (E-mail) 2292345480@ qq. located at 39-579 aa. Phylogenetic analysis results showed
com that AcinJHE had the closest genetic relationship with the

BIVEE & T, (E-mail) 15774711140@ 163.com JHE of Operophtera brumata, clustering on the same
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branch. From the larval stage to the non-diapause pupal stage, the relative expression level of AcinJHE increased signifi-

cantly (P<0.05). From the diapause pupal stage to the diapause-terminated pupal stage, the relative expression level of

AcinJHE in A. cinerarius decreased significantly ( P<0. 05). The relative expression level of AcinJHE was the highest in the

heads of male adults. The AcinJHE gene responded to low-temperature and starvation stresses. After three hours of low-tem-

perature treatment at 4 °C , the relative expression level of the AcinJHE gene in the 3rd-instar larvae of A. cinerarius reached

the peak. After 72 hours of starvation treatment, the relative expression level of the AcinJHE gene in the 4th-instar larvae of

A. cinerarius was significantly higher than that in the control group (P<0.05). This study elucidates the molecular mecha-

nism of the AcinJHE gene in regulating the growth, development, and stress adaptation of A. cinerarius, thereby providing a

theoretical basis for its control.

Key words: Apocheima cinerarius; juvenile hormone esterase ( JHE) ; low temperature stress; starvation stress

H R (Apocheima cinerarius ) J& 538 H ROtk B
(Geometridae ) , /&#88 N5 L85 L 7 Hi X FiE
B N TARIX ) B e Y deok, Hife
I, ¥ 32 C AL GE BT 55 LA KA INRE AR R
TIRIRAY R R ZFPARA Y, KB 1 T X I ) g 3
Jl 5 R iU b K R E BT B B i i I R S
P, HOA R SIS UIARDC, 1~2 R4 duk
REWESS PN AE S22, AARBET R ik 60% ), LI
HEEARR, 3 WA R NIHT 4 7 Ba), Hidn
PESAAFRE ) W R T, R B B i ZE 14, mT it
ZRIZGRZE WS, =4 AT RUEE R 4 1%,
HEAZEW, Bk 4t H 4% B A AT 3K 440 mm?,
I HEA R GITILEREE S >4 o B, B R
FHEEH 3 BIEH A, AT IOt 2R 3
T I HERLE X TR A RO A S

TRYIEER (JH) J2 B HURE B FIA S OCHER
HEBY e sf A & 7 R R e 7 dirE
UL IHMHI AR R E ™ U8 s A G R i i B
LA A DL S 2 50 B 2R s RS
R BRMGE (JHE ) S REA# TH (%) JCHER IR TR , 18 1o [ i
JH DAZERFSh ST | JHE 691 R AE SR R R
1% ( Manduca sexta) "R LT vE ' | Bl ) 78 5
H B H SCHHE 3 E B A 5% R A b5 i
D] S E T REMAT T AE £ R B ( Coccinella
septempunctata) B R4 RACE HR 5o AT
F| JHE 3£[H ¢DNA 751, 412 317 bp, H4w i & 1
S5 5 IR R AR SF 3T, R oI R JHE'™ | #
B KA ( Psacothea hilaris) #l HUMLIMK T JHE 35 PETE
AU 0135 BN A | JHE 37 1 2K g S IR 3 I 0 2 52 3
FRIRIHAEIR ™ ARy T30 (e ks i) JHE 3% 1
AIPLAL R AR JH Ra S, RBEOL A T 50 FAE G
BEAS , e 2 B BV AE R TR RE S

AT AUIE T RO 2 S 20 45 8 H: JHE S5
IR Gt o 28 F2 ik 5 DA 7R i 5L R e I
RN ( ARy = BRI R i W B S
YRR R SLNTAN /N
1 MRSk
1.1 BHRERLE

2023 AEA TN G SRR AT AT 2 R
(40.77°N,108.76°E ) R 5 F N6 B 4 Wi | 76 52 56 %
HEATIR SR SR A IR BE (22£1) °C OGJE 18
h GHR/6 h PREE FHXRREES5% ~59% . 1714k
BCHUJE RN T PR AT AR B XG L, B BB, B
Ak s g By B AR
1.2 G 4bIE

SKAEGN 30 K, 1 140 30 3k, 2 @4 20 3,3
a5 sk 4 % 3 3k 5 4 3 sk i 3 2
AL 3 Sk BEA A 3 Sk i sk 30 A B HUI 5 A4S, AR
Hui 5 A4S BT s R R R AT S50 H
I HGAE 20 XF, 1~5 #4h R FI S 2 d REE, 1k
I 45 d J5 ,4~6 CALIEF I 60 d, [l 7 iR .

S -10 € -5 °C .0 °C 5 C .25 CAubB 3
WA 1 b SRIGE T 25 C FRE 30 min,
4 CALHEALE 3 #4H 0.5h 1.0 h.3.0 h,5.0 h,
7.0 h, 4 R4 HREATYUERALEE O h 6 h 12 h 24 h,
48 h.72 h, 43%IH-5 °C .0 C .5 °C .25 °C 30 C Ak
P4 WBHH 1 b, FrAEEBE 3 MY ER
1.3 RNA BIREVK KRR

fdi 1] RNA $2HUR 57 & TaKaRa MiniBEST Uni-
versal RNA Extraction Kit( TaKaRa 23 6] 7= 5 ) 428045
FEAC RN RNA, R H 52 5% 5538057 & PrimeSeript™ RT
reagent Kit ( Perfect Real Time) ( TaKaRa 23 &) F= i)
W RNA G 8 cDNA, B LE 1,
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Table 1 Primer information
EILZER S SIS (5 —3")
JHE-F ATTGCCACCGACTTTTTACG
JHE-R
Actin-F

CCACTGGAACAAATGACGTG
CGACATCCGTAAGGACCTGT

Actin-R TTCGAGATCCACATCTGCTG

14 E£YEERZRESH

FH NCBI ORF Finder ( https ://www. ncbi. nlm.
nih.gov/orffinder/ ) TN H:4w 4 X (CDS) , # F DNA-
MAN 6.0 #4722 77 51 e %), F| ] SignalP 5.0
(SignallP 5.0 http://www. cbs. dtu. dk/services/Sig-
nalP/) B N % {5 5 K, # F TMHMM 2.0 ( TM-
HMM ; http : //www.cbs. dtu.dk/services/ TMHMM/ ) Fiit
W 5 5 &5 44 3k, 1) ] ExPASy ProtParam T H ( Ex-
PASy-ProtParam http : //web. expasy. org/ protparam/ )
SrHT e BB E R, A WoLF PSORT X 8 4 5t
HEAT 20 10 5€ o2, F FH NetPhos 3.1 ( NetPhos 3.1
Server; https://services. healthtech. dtu. dk/services/
NetPhos-3.1/) Fl DictyOGlye 1.1( DictyOGlye 1.1 ht-
tps://services. healthtech. dtu. dk/service. php? Dic-
tyOGlyc-1.1) 7EER T H Y500 &% 11 Jo3 ol 12 £ P OB 3 £k
P, R MEGA 6.0 i+ 8 R gt it A
1.5 EERZEWE

FIFHSE 9 E B PCR R (RT-qPCR) Kzl %
JUBE R B R BRRE LN (Acing HE ) (36K LA Ac-
tin HNSIEH, VKRR TN FEF 2 GoTaq ®
qPCR Master Mix {7l & ( Promega 28 5l i) W AH S,
1.6 HiEAE

LR A Sk A 27 ik ks R
SPSS 27.0 #AFHEAT B ) 225387, A Tukey’ s
HSD & 3EAT 4 0] 2% 5 0 &4 7 . I GraphPad
Prism 9.5 JAHVEE], LIP<0.05 K25 3
2 RO
2.1 HRIE AcinJHE EEEWIEEE

W 1 fiR, & R AcinHE £ 1Y CDS 4K
1755 bp, HASE A BUELS 590 IR, 701308
C, 930 Hy 51N O S, FIXF 5311 65 580, 45 HL i Hy
5.7, JHE #EH N UGfFTE 1 553 25 MR B2 (MAER-
RLDMSDSVLVLLICVSSAFAF) {5 S ik, {ELA Foi) 3] 55

NREEFIER 39~ 579 (v 28 BEFR F, &5 FR R M 1 A Ik (R <1
ZERR IR RF .DQ .GxSxG . E , GxxHxxD, H GxSxG FH:FFH
GHSCG,, JHE &gl —11 (2R Asp+Glu
BECK 69 RPER IR Arg+Lys BECH 58) =W
30 h, 5TEECH 83. 46, VX 2E K RECH-0.177, A
TaE RN 53.80, )8 T AR E A, LT E] 40 4>
BERRAA A, A4S 18 D2 R A 8 DI ETR AL
14 NI EPRAL A AHR TR BP0 B0 A, AR e
PrAtEs R BN, JHE 85 FE20EA Tk,

VB RIE LR LR BRI AcinJHE | H &SR
H 55 H AR H B B b AT Hex), i 2 s, /R
E AcinJHE T (LR 915 H B RS S A 2
Th—EPE N 67.03%, AcinJHE % & IR F 5 5
JHEE Kk ( Manduca sexta) JHE 5 FH 2 L8R 751 — 2L
Pt , 15 54. 35% , HLR WHE#E (Antheraea pernyi) |
INHLZE FE (Agrotis ipsilon) \ZX 2% ( Bombyx mori) FE
15 7 19k ( Heliothis viriplaca ) JHE BRI,

WrE 3 B, RO A N Acing HE 3 H 5
RSB 4 R OburJHE AR Ky — 3, B XK
R, R R G R i, [N, )ROSR
JHE T H 5% B 3 [ #7428 B ( Helicoverpa armig-
era) /NI FE (Agrotis ipsilon) %ML ( Mythimna sep-
arata) | JHE 25 U B IRTE , 2 S5 H A ROR
B SRR A B VI RE KR,

2.2 AcinJHE EEHEZERERRZEHERMARE
HAPRIRIE

mE 4 B, B2 5 1% 4 dU B B, & R
AcinJHE JEPIAAXS 2k 8 AR, AR & 0 i &
U HRERCHL Acin HE & DRRR X 25 2 i . 25 w8 T oAb
KA G B MER HL(P<0. 05) .

Gk 5 Fiv 7R, Acin HE 56 DS e g R Sk v AR X
PR E T MUK (P<0.05) o R U
I SR Acin HE 5 PR 33K 1 44 JC i 3%
25 (P>0.05),

2.3 KR8 T&FREL R AcinJHE ERKRIE

W 6 7R, -10 °C =5 CHAMF, MR H 5
JRUBE 3 %32 18 AcinJHE B AR ik i B R T
ARENRALFE(P<0.05) o 0 CHMT, MR Ab 3 A R
3 AR Acin HE D] AR 2K 2 & T 1l
AbFE(P<0.05) ., 5 C 25 CHAFT, MRAL A R
3 W B Acing HE 5 PR A Rk 5 AN 1R AR BEC
BFEZER(P>0.05),
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31

61

91

121

151

181

211

241

271

301

331

361

421

451

481

511

541

ATGGCCGAGCGGCGCTTAGACATGTCTGATTCGGTGTTAGTGCTTCTGATTTGCGTATCATCCGCGTTTGCGTTCCGTAGCCTGTCGCCT
M AERRLVDMSDSVLVLLTICVSSAFAFURSTLSP
GAAGAGTGCGAGGTGCGCTTGCGAACGGACGCCGGTGTGGCGTGCGGTCGCTGTGCGCATCGCCGAGCGCACGTACAAGTACGCCAGCTTC
EECEVRLRTDAGV ACGRVRIAERTYZKYASTF
CAGGGATTGCCGTACGGGAAACCACCCGTGGGCTCGAGGCGGTTTGCGGAGCTGGAACCAGTGGATCCATGGGGTTACCTTTTAGACGCG
Q GLPYGEKPPV GSRREAELEPVDPWGYTULTLTDA
ACGGAAGAAGGCCCAGCGTGCCCTCAGAAGGACCTGATCTACGGGCGAATGACGTGGCAGCCGCGCGGGCAGAGCGAGGACTGCATCTAC
T EEGPACPQKDLTIYOGRMTWAQPRGAQSETDTCTIY
CTGAACCTCCACGTACCTTATTCACACTTCCCTACGACTAAGCCTGTCGGCAACGAGACACAAGTTCTGCCTATCGTGGTGATGATCCAT
LNLHVPYSHFPTTZE KPVGGNETAQQVLPIVVMIH
GGAGGCGGGTTTCAAGCCGGATCCGGCCTGACGGACGTGCACGGACCGGACTACCTCATGACCACCGAGGCCGTGATTGTTATCACCCTT
G GG6GFQAGSGLTDVHGPDYLMTTEA AV IV ITL
AACTTCCGAATCAATGTATTCGGCTTCCTATCCTTGGGCACAGCAAAGATCCCCGGTAACCAGGGGCTTCGCGACGTCCTCCGCGGACTG
NFRINVFGFLSLGTAKTI®PGNI QGLT RIDVLZR RGTL
CGCTGGGTGAAGCAAAACGCGCGCGCCTTCGGCGGTGACCCCGACAACGTCACCCTCATAGGGCACAGTTGCGGCGC TAGCATGGTGCAC
RWVKAQNARAFGGDPDNVTLTIGHSZ CSGASMYVH
CTGCTGTCACTTTCCAAAGCTTCCAAAGGATTATTTCATAGGATATTCATGATGAGCGGCCATGCAATACCCATCTTCTTCACAACTAAC
LLSLSKASKGLT FHRTIFMMSGHATIT®PTIFFTTN
CCTGAATTCGCGAAGCAAATTGCCACCGACTTTTTACGTCATCTGGGCATCAACTCCACCGATCTAGACTACATTCATGAAACCCTTACC
PEFAKQIATDF FLRHLGINSTDLDYTIHETTLT
AAGCTGCCACTGGAGAACATCATGGAAGCCAACAATATAATCCAATACGACTATGGGCTCACGTCATTTGTTCCAGTGGAGGAAGGGGTC
KLPLENTIMEANNTITITQYDYGLTST FVPVEES®GYV
TACTCCGGAGTCGAGACGGTTTTGAATGCCAACCCATTGCACCTCATGGCAAAAGGAAGAGGGGCGCAATTTCCAATGCTCTTTGGGTAC
Yy S6GVETVLNANPLHLMAKTGRGAQF?PMLTEFGY
ACAGACAACGAGGTAGAATTCTTCAAATGGCTGGCCTACGTCTCACAGATTACGCAACGTCTAGAGAAGGATCCAAAACTAATCTTGCCG
T D NEVEFFIKWLAYVSQITQQRTILJEKDPIKTLTITL?®P
ATGCGGATCGTTTATCAATATCCCAATGAGATCGAAGCCTTGGCGAATAGAACAGTCGAACGTTGTTTCCGAGGAGACTACAGCATGGAC
MRIVYQYPNETIZEALANRTVERTCFRSGDYSMD
AACTTTGTCAACTGTTACTCTTATCTGTTCTTCAAATATCCGATATTAAAGATTGCCGAGTGGAGAGGACTGGGCGGAGCCCCGGCTTAC
NFVNCYSYLFFKYPTITLI KTIAEWRGLTGS®GAPAY
TTATACAGGTACTCGTATGAGAGCAAGCGTAGTATCATCAAAGAAGCCCTGTCGATAACGTACAGAGGCGCAGCGCATTTGGAGGACCTT
LY RYSYESKRSTTIIKEALSTITYRIGAAHNHTLTEDL
ACTTTTATCTTTCGCACCAACTCAATGATGGGGGACTACGTCTCTTTTCCTCCGAAGGGCGACGACGATCTCATGAAGCAGTGGTGGGTG
T F 1 FRTNSMMGDYVSFPPIKGDTDDTLMKZGQWWYV
AAGATCGTGACCAATTTTGTGAAATGCGATAACCCTACATGCAAAAAAGACGAGGCGGAATGGCCTCCAGTAAACGGAGACAAGTTGCAG
K I vVvTNZFVKCDNPTCIKZ KTDEAEWPPVNGDIKTLAQ
TACCAGGATATATCCAAGCCGATGGAATTCAGCATGAAGGGAGTAGACGCAGATGAAAACGACTGGCTACGGTACTACGAAGGGGTGGAC
Yy QbIlISKPMETFSMKOGVDADENDWLIRYYEGVD

GAGGAAGTCAGAAATGTCGCTGCTGAGCTGAAAAAACATTTATAG
K K H L

571 EEVRNVAAEL

TR AR5 9 2 I T 2 M P~ 2 A

E1 BFERERDHEHEBEEAcinJHE)HEFIIREHFBHNEARSERFT]

Fig.1 The sequence of juvenile hormone esterase gene (AcinJHE) and the amino acid sequence of its encoded protein in Apocheima ciner-

arius

WE 7 iR 4 CEAEF B/ RIE 3 #8401 Acin-
JHE SEPR A AH X0 2 55 ok B 1 8 Ak JEELERF [1) ) A28 K A4
BETHE AR A3 4 CC AP 3 h 75 R 3 3 4)
M AcinJHE PR ) AT 223k B8 8 e KAE, B35 =
T HA AN 3 §2hH AcinJ HE FER R ik
17 (P<0.05)

WE 8 Fiw, 5 ] 4 {40 By AcinJHE FE IR 78
25 C &M AN k| i |, £ -5 C Al 5 C 5
AT Ik A
2.4 YUBBMETERE 4 %4 H AcinJHE EE
Rix

e 9 fiR, ’JL’?W}E 72 h %Rﬂ’% 4
AcinJHE % R 18 #3 %} 3 &

i %y
T X R (P<

0.05) , HAIL ik 4k #E A 0] F RO 4§ 4)) B Acin-
JHE F& R (%) A1 X 3% 35 & '?XT,.‘JT:'J:]'/_’%L%# (P>
0.05),

3 iS4

A 5T S8 B 1 A T ROME (R 418 5= T it
(JHE) WHR AcinJHE , J¥ 515345 /R W %7
Fl a1 75508, i 590 N E IR, H IR
JHE B VRZEL R 7 5 54 REEN) JHE 8 12 3R
FEITEREA A bR E TRl — 73 3, RS LRI,
JHE & LRI Z5 M 5645 RF . DQ , GxSxG \E | Gxx-
HxxD, GxSxG %£ 5 N GQSAG' ">*%! | AcinJHE 7
H. RF .DQ . GxSxG E , GxxHxxD 4 4>45 4 4af, H Gx-
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AperJHE  ....... VARSFATTFALT TTVINVNATFKESEC = BccEYYID 3
MsexJHE ...... MECARRLVCYYVIALTCVSELSARTESTE 4
BmorJHE ...MCTKFAVIIYYVIVGIVRAYSSFAASFESSC 87
AypsJHE = --...... MTTYWTIATAFVIHACTATASE . FECCS 79
HvirJHE  ........ MTTYVFAT AFTTHACTAT AWFGAASCS 80
AcinJHE = MSARSKLGAGVAVVAAAI AAACVVALFERYTHAC EV@EWHHLLD 90
AperJHE 163
MsexJHE 155
BmorJHE 157
AypsJHE 163
HvirJHE 166
AcinJHE 178
AperJHE RG.. 251
MsexJHE ADG.. 243
BmorJHE ATEG.. 245
AypsJHE 253
HvirJHE TEG.. 254
AcinJHE G.. 266
AperJHE AYSCFITKLFLSIVLTTS NVILILCC TIIE 340
MsexJHE EVEACYTINKTLFVTNVGTT, RFITECF TTID 332
BmorJHE JETFSCSTNKITFSTTGVNS RTTTCC TTID 334
AypsJHE JEAFACEVSKCILTITGITS ETITILCN TILID 342
HvirJHE JEAFAAYVSKCTTTVIGTT. AFTTFEC TTTD 343
AcinJHE LFACCISTMELTILIGI RINVINC RVLD 356
AperJHE T T[€F TNX@F TIHRRSV EVNTTFSNTFCVVEETSKRTTCRMFNGTINTEKYT NT @€ 430
MsexJHE TTEFTL F TR 5T SVI FSSAFCTVAETTKAVHEKNMFKNSVEMEGY TET 422
BmorJHE TTeF TNIA@HMIC ESNITYSSTIETTATVSNCTSCRMSNGSVETEGET 924
AypsJHE T T€YAT ETIR PKITFTTFFKFLICTAKKICROMHNGT INILNCFVKT@S 432
HvirJHE T T€F TSHX@F TR ETTTTIEFKVIFVTFFELTVET SKTTCRKMYNGTTSTENEFT KS@S 433
AcinJHE ETIC EVIR SV SVIEANITFTTI FEFL TCIAKKVECKMYNGTATTCEE TE 446
Aper]JHE i CNSVEKKVCCIKE 520
MsexJHE eaT CYSVFRCVNHINE c 512
BmorJHE /KIS . YSVFKCAFHI HE 0 510
AypsJHE K CSNITKEVMEILY NT Ev2)
HvirJHE 2C CNSVIKAVTGINY \FCAVAES N ] 523
AcinJHE Al CYSVIKCALSICYKE SV GVHNSFFEKE. C | 536
AperJHE K VCSENSSWEAVNENK . TGYCHUCTIENVYCYTET TKEFEVSVK SFCKENYVNGVK 581
MsexJHE KYBNEVT.CAKTWFEVRACN. IRYCDMCTIRCVYCNVKEHSECREMT STYNWNGTSYCT 572
BmorJHE R EVCCETTAWFFVTERE . TCYCTMTTIENT CHCTST TKECT EVK KTHNGGESRIK. 570
AypsTHE ACRKETCEL . . FYSTWEANNGNCVEDHI STV ICSKET SFRCREVV BSTASRKGIT. . . 579
HvirJHE &l 2 TCECNNST ETWFANCGVCYRETIVARTVVRSVEFSSRCCET T SLTSRSCL. ... 581
AcinJHE ¢ VCCCRSSWEEVCERH . LCI CTCHISAVYRHRCI TKKERC IV SIRCK....... 590

AcinJHE . B R ( Apocheima cinerarius) JHE 5 H R 3£ TR 1T 51 ( PV747194 ) 5 AperJHE : ¥ %8 ( Antheraea pernyi) JHE & H & 3R 7 51
(UTQ10528.1) ; MsexJHE ; M8 5 K ¥k ( Manduca sexta) JHE B HRIEFR )T F) ( XP_030033511.1) ; BmorJHE : X4 ( Bombyx mori) JHE 8 H &3
RT3 ( AAR37335.1) ; AypsIHE . /b 2 (Agrotis ypsilon) JHE B[R IT 5 ( XFF06359.1) ; HvitJHE : £ 45 % 8k ( Heliothis viriplaca ) JHE

EAHEIEMRFI(AGBI3TI12.1)

2 BRI AcinJHE EHREBF T SHME R JHE E0 S ERF 5L Xt

Fig.2 Amino acid sequence alignment of AcinJHE protein from Apocheima cinerarius with JHE proteins from other insect species

SxG HEFP ol GHSCG, 5 2 4 f kR A IR AL . 1E
JNAZE W 3 1 ( Sitodiplosis mosellana ) '™ KA FL ( Be-
misia tabaci) "*) JHE B S5 GxSxG 4 2 17 4
B KN TR, RUIRE YT JHE S REAFAE 2%
g6

(ERAN ESTRUR UL NSl E EREF T ZRY
Mgl RS ARG R, 1A RN 2 5 #44)

BB, AcinJHE FE DR (AR 3235 1 B8, R i
W B RUME B 2 4y B N i AR e O PR AR
(JH) & i, TE{EW & 00 A0 & W6 B B, Acin HE
K AR N 2 35 1 I 2 T 9, AcinJ HE 53R %) BUBY B
TRNFRERIY JH, i & 0 SR B B, 47 )L AcinJHE
SEDR AR ek i i RRAR . AREARGEY RH1E
s 7 Y B A A R O B B, A UM (R 4 R
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64 AperJHE[FEZ (4ntheraea pernyi), UTQ10528.1]
99 # MsexJHE[H = Kk (Manduca sexta), XP_030033511.1]
59 BmorJHE[ XK % (Bombyx mori), AAR37335.1]
100 OburJHE[ 4 J\I# (Operophtera brumata), KOB74302.1]
98 A AcinJHE[# R (dpocheima cinerarius), PV747194]
84 AipsJHE[/NHE R (4grotis ipsilon), XFF06359.1]
100 MsepJHE[%h . (Mythimna separata), AJR27471.1]
T E— HvirJHE[ & & ik (Heliothis viriplaca), AGB93712.1]

100 [HarmJ HE[#74% HL (Helicoverpa armigera), XP_021191902.3]
HarmJHE[#74% . (Helicoverpa armigera), AEB77712.1]
PrapJHE[ AU (Pieris rapae), XP_022130392.2]
1007 PmacJHE[E: 8 (Papilio machaon), KPJ17063.1]
L pxugy HE[# 1% K (Papilio xuthus), KP192141.1]
ﬁ‘ HarmJHE[#344 t (Helicoverpa armigera), XP_021191901.30]
MsexJHE[MHE K ik (Manduca sexta), XP_030033498.1]
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Fig.3 Phylogenetic tree based on amino acid sequences of AcinJHE protein from Apocheima cinerarius and JHE proteins from other insects
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