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Abstract Juvenile hormone epoxide hydrolase (JHEH) is one of the most important enzymes in regulating juven-
ile hormone (JH) metabolism, which is of great significance in insect diapause regulation. In order to explore the
regulation of JHEH in diapause of Coccinella septempunctata L., the full-length ¢cDNA of the gene encoding
JHEH in C. septempunctata ( Csjheh) was cloned by using RT-PCR and RACE. The full-length sequence was
2 077 bp, which consisted of a 1 380 bp open reading frame (ORF) encoding 459 amino acid residues with a mo-
lecular mass of 51.39 kD and a theoretical isoelectric point of 8.79. The results of amino acid sequence alignment
showed that Csjheh was homologous to those of Dendroctonus ponderosae, Tribolium castaneum , Nasonia vitrip-
ennis and Zootermopsis nevadensis, with an amino acid identity of 64.24%. The expression profile of Csjheh was
detected by using real-time fluorescent quantitative PCR at different stages of diapause. The results showed that
the expression level of Csjheh gene was the highest in the initial emergence stage of the adult ladybug, and then it
decreased firstly but increased in the later time of diapause, at which stage the expression level was close to that at
the initial emergence stage. The results of this study have important implications for revealing the role of JHEH in
the regulation of JH, which plays an important role in the regulation of diapause.
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Table 1 Primers used in the test

5| ¥4 FK Primer

5|4 7% Primer sequence

5|¥ % Use of primer

jheh-f1 GTGCTAAACATACTTACGGTATTTCATC w ] B B 1
jheh-r1 CCAGCCGTGGATGAGCAA
jheh-f2 TGATTTTGGAGTCTGGGTATTTACA
jheh-r2 ATGACGTTATTGTACCAGTTACCCA
jheh-5' GATTACGCCAAGCTTCAAGTGTCTTCTAATTTCGGGATAGGTGGA RACE
jheh-3' GATTACGCCAAGCTTCACCTACCGCCCTGTTGGAGGATAA
qihehf CTTTCAAAATCGCCGTTCC Pt = PCR
qjhehr AAGTCCAGCACTGATTTCGTG
18Sf GGACCTCGATTCTATTTTGTTGG
18Sr TCGCTTCTGTCCGTCTTGC
Actinf GATTCGCCATCCAGGACATCTC
Actinr TCCTTGCTCAGCTTGTTGTAGTC

1.4.3 3'#2 5'RACE PCR

LL 3l 5'5f 4 cDNA A . 7 i SMAR Ter ™
RACE 5'/3'Kit Clontech it %] & 15t B 15 #4647 RACE
LKy, MR Z (50 pl) 15,5 pl. PCR-Grade
H,O, 25.0 pL. 2XSeqAmp Buffer,1. 0 L. SeqAmp
DNA Polymerase, 5] 5 MIA 2.5 pL i, 5. 0 pLl
10X UPM, 1. 0 pL jheh-5'/jheh-3", Sz WiFEF:94°C
30 s,72°C 3 min, 5 PMFEFH; 94°C 30 s,70°C 30 s,
72°C 3 min,5 ME#¥;94°C 30 s,68°C 305s,72°C 3
min, 25 MEF, K 3'/5'RACE PCR =4 [ul i, i%
E R L ARl 5 N
L4.4 ol ote 5 B R

W P37 R DNAMAN Fi1 EditSeq #£47 DNA
FESNG SRR L B jheh KK cDNA K7
%1, FIH ORF Finder (https; // www. nchi. nlm. gov/
orffinder/) £ R 5E#& BT O] BEHE T TN 2 LR 751
FIFI NCBI BLAST 31 7181 Lokt AR [R138 7 51144
K, MEGA 6. 0 17 R LR, FIH PredictPro-
tein Chttps: // www. predictprotein. org/) {E £% 43 ¥t
ExPASy Proteomics Server fF £k {4 ProtParam tool
(http: // www. expasy. ch/tools/protparam. html) . Prot
Scale 1E 2k %Kk 14 (http: // expasy. org/tools/ protscale.
htmlD) . SignalP 4. 0 Server 7EZ53# Chttp: // www.
cbs. dtu. dk/ services/SignalP/) . TMHMM Server v.
2. 0 Chttp: / www. cbs. dtu. dk/services/TM-
HMM /) 47 25 B 235 #4 19 0000 45 S 0 26 1 1) — 0 F
ZRAEH ORSF SRR SR K XA
1.5 jheh BERE R ERIEDH

BEFHGRNETE ABI 7500 S 551 f X F
5 Csjheh FEPR b, WEAR L E B W1

b E 10 A E 20 A 30 duHiF A 60 dUIEH
KA E RRRAD 1L R B L R L SRR
RNA, #R## PrimeScript™ RT reagent Kit with
gDNA Eraser (Perfect Real Time) i3] &Vt B &
B cDNAL LL cDNA SR T jheh FEPR ] 33K
I3Hr. RO Z (20 u1) : SYBR Premix Ex Tag [l
(Tli RNaseH Plus) (2 X)10 pL, FF#519%&
0.8 pL, ROX Reference Dye [[ (50X) 0.4 pl,cD-
NA 2 uL, 84Kk 6 pl, JHIRA . BL. T RT-
qPCR R, SR 4&H: 95°C 30 53 95°C 5 s, 60°C
34 5,40 AS1E I 45 i il 26 45 12 95°C 15 5. 60°C
1 min, 95°C 15 s, IR 3 MEWEER 4 14
AREL . FEEWA R R RA 27229,
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2.1 EEUHRARYBEREKBHEERATESHF

S5 R

3T AL N A A S A B D R L A B
cDNA VERBIM , 5wk ) -L 2 B jheh FEH, 1y
44 Csjheh (GenBank %555 MH932586), 4]
SyMT 2, Csjheh ¥ cDNA 4K 2 077 bp, FFjik i
BHECORF) 1 380 bp, 4ifi 459 SR IR, 5 4 i
[X 105 bp.3' L5 1X 592 bp(& 1), FEE (114
T8 51,39 kD, PSS SN 8. 79, A4 — 5
FEEZERE 7 T2 7—29 DRI Z W (K 2), J8 T
BT 1, fEIRER IS 53— 163 N SLR 2 (M A7 1E
EHN 348 7K fiff B8 S A5 0 35, B 30 S8 K A I 11
A ZE R REAE . DA AR &I 3 R BF 4K A B (SMTL
ID: 4qla. 1. A) N HEERITI Csjheh 1) 3D 544 S [F]
U8 JHEH F¥ 51, FF 5 AR BLEE 24958 49. 65 % (& 3) .
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1 ATGGGTAATGGTACAGTAATTATTTCTTTGCTAGTATTAACAGTGGGTGTTCCTCTCGGT
1 M 6 N ¢ T Vv I I 8 L L VvV L T V G V P L G
61 TTGGTGAAAATTTCTGGTATATTCAACATTCCACCTATCCCGAAATTAGAAGACACTTGG
21 .. Vv X T 8 ¢ T ¥ N T P P T P K T. E D T W
121 TGGGGCCCAGGGGGCAAAGGTGTAGACGATGTCACGATAAGACCTTTCAAAATCGCCGTT
41 W 6 P G G K G VvV D D VvV T I R P F K I A V
181 CCUIGATCAGGLCAL'ICIAGATCICAAAACCAGGC IGAAAAACACCAGAACACCGALI'CCA
61 P b ¢ VvV I L D L K T R L K N T R T P I P
241 CCTTTGGAAGGTGCTAAACATACTTACGGTATTTCATCAACCGTCACGAAATCAGTGCTG
81 P L B G A K H T Y G L S S T V T K S V L
301 CACTTTTGGCTGAACAAGTACCATTGGAACAAGAGCCAGCAATTCCTCAACCAATACCCA
101 D F W L N K Y D W K K R E @ F L N Q Y P
361 CAGTTCAAGACCAAGATACAAGGCCTTGACATCCATTTCCTGCACGTGAAACCGAAGAAG
121 Q F K T K I ¢ G L D I H F L H V K P K K
421 ATTGAGGGACTCAGAGTTTTTCCGCTATTGCTCATCCACGGCTGGCCCGGCTCGGTCAGG
141 I E 6 L R VvV F P L L L I H G W P G S V R
481 GAATTTTATGAAATCATCCCCCTTCTGACAACACCTCARAAGGATCGTCAATTCGTCTAT
161 E F Y E I I P L L T T P @ K D R Q F V Y
541 GAAGTTATCGTCCCTTCATTACCAGGTTATGGTTTTTCCGAGGCAGCAGTACGCCCAGGC
181 E VvV I Vv P S L P G Y G F S E A A V R P G
601 CTAGGAGCTGCACAAATGGCCGTTATATTCAAGAACTTGATGAACAGACTGAACATACAG
201 I G A A Q M A v T F K N I M N R I. N T Q
661 AAATACTACGTTCAAGGGGEGGATTGEGGGTCGATGATTGTGAACTATATGGCTGTTTTA
221 K Y Y V. Q G G D W G S M I VvV N Y M A V L
721 TACCCTCAACAAGTCATCGGAATGCACTCGAACTTATGCTTCAGCGATATGCCCATAACG
241 Yy P ¢ ¢ V I ¢ M I 8§ N L ¢ F S D M P I T
781 AATCTGAAGAAGATCGTTTACGGTTTGAAGCCGTCACTGATCGTGGACAAAAAGTATGAA
261 N L K K 1 A\ Y G 1. K 12 S 1L 1 Vv D K K b4 I-H
841 CACCTTCTATATCCCATCTCCAGCGTGCTCGCCAATTTGATTTTGCAGTCTCGGTATTTA
281 H L v Y P M 5 § vV L A N L I L E S G Y L
901 CATCTACAGGCTACCAAACCAGATACTGTAGGTACAGCCTTAAACGACTCCCCAGTAGGT
301 H L ¢ A T K P D T V G T A L N D S P V G
961 CTGGCTGCTTATATTCTGGANANGTTTATANCTTGGACAANTCCCAGTTTTANNAGANCGC
321 L A A Y I L E K F I T W T N P S F K E R
1021 GAGGACGGGGGTTTGACTGAAAAATATAAAATGGAGGATCTTCTGGATAATGTAATGATA
341 E D ¢ G L T E K Y K M E D L L D N V M I
1081 TATTGGGTAACTGGTACAATAACGTCATCCATGAGGTTATACTCAGAATCTTTCAATAGT
361 ¥y w v T ¢ T I T $8$ S M R L Y S E S F N S
1141 GCCCACTACAGTTTGCAGCTCTCTAAAATACCTGTGTCAGTACCATCTGGATGTTCGAGA
381 A H Y S L ¢ L S K I P V S Vv P S G C S R
1201 TTTGCACACGACATAGTGTACGCACCTACCGCCCTGTTGGAGGATAAATTTCCCAATTTA
401 F A H D I VvV Y A P T A L L E D K F P N L
1261 TTACACGTGACTGATCACGACGCAGGGCATTTCGCAGCTTTCGAAGTACCAGAAGTACTA
421 L 1 v T D I D A G II ¥ A A F E V P E V L
1321 GCCAAGGATATTTACGATTTCACTGAAAAAGTTCTAACAGCAGCATCGCCGAAAAAATAA
441 A K D 1 Y D ¥ T E K V L T A A S PP K K *
B 1 Csjheh BER 4B XF 5 K3 SEERF )
Fig. 1 OREF region of Csjheh and the deduced amino acid residue sequence
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Fig. 2 Analysis of the position of possible transmembrane

helices of Csjheh in Coccinella septempunctata

2.2 Csjheh ZEEHIRREMES T K F et R HIE
B Csjheh FE I FERR P8 1E NCBL H BLAST
RS I Csjheh JERTEA R o i [ P 1

B AHTEIR 4 BN R R JHEH 23617 3 LEMA Csjheh BANTN = $LEHE
AT IR PR B 45 5 B A LA 3 64. 24 %, Fig. 3 Predicted three-dimensional structure of Csjheh
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XP 021936872.1 QC TVDEAHVDEMMSLGKHYAHL LE] 298
CSJHEH N IVMDKKYEHLV] SSVLANLIL 298
Consensus P pl yp egqg

XP 019766997.1 MABANSKSYRSPLDKLIEIN 395
EFA00568.1 TENKNQTKWGVAKIRTT! 397
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XP 021936872.1 SESKAQF' LDSIESIT 398
CSJHEH SEMSRYSHSENSAHY SOLSKTIEVSVIES! 398
Consensus dggl it s rly e 1 P P c

XP 019766997.1 IRBSNELLHMSSEVLEREQHPNLIHLSD. AE:! IIEFVGRVRTLPPKTNSKEL......... 460
EFA00568.1 ARSYDLAMSPTAVLKEKYKNIVYESD. YDA L LYKGMERIEQFHKNNERLS.......... 461
NP 001128399.1 ANBPHELAMRSETILKERFTNLVQOFTHPPR L WSEVHKLEQRLSDEKRQKQEAKKEKAKK 389
XP 021936872.1 AMBRPNELAMOPKCLVOEKYRKEVRYTDMPRG L EAVKIMER. ..DYKQQOKNAA....... 463
CSJHEH S| HDI PTALLEDKFPNLLHVTD . HDA[E] v; LYDETERVLTAASPKK............. 459
Consensus £ y ghfaa e p la d

XP_019766997.1: HBK LIAA K /NGE; EFA00568.1: 744 ¥s; NP_001128399.1: i MRlfi&: 4 /M, XP_021936872.1: A4k 1 [l
XP_019766997.1: Dendroctonus ponderosae; EFA00568.1: Tribolium castaneum NP_001128399.1: Nasonia vitripennis; XP_021936872.1:
Zootermopsis nevadensis

4 £EFMH Csjheh K H At E REEF5IH % FF 5 bt

Fig. 4 Multiple alignment of Csjheh in Coccinella septempunctata and its homologues from other insects

100 Cryptotermes secundus (XP 023724762.1)
492'£ Zootermopsis nevadensis (XP_021936872.1)
74 Ctenocephalides felis (XP_026476717.1)

Frankliniella occidentalis (XP_026277831.1)
Apolygus lucorum (ARJ54611.1)

100 Nasonia vitripennis (NP_001128399.1)
16 { Trichogramma pretiosum (XP_014233585.1)
100 68 Bombus terrestris (XP_012167590.1)
4‘—: Linepithema humile (XP_012218175.1)
98 93 Polistes dominula (XP_015187740.1)
Neodiprion lecontei (XP_015523705.1)
34 Tribolium castaneum (EFA00568.1)
A‘E Anoplophora glabripennis (XP_018570501.1)
44 Epicauta chinensis (ARE68677.1)
46 4,— Mylabris cichorii (AMR44689.1)
60 Aethina tumida (XP_019870196.1)
32 Leptinotarsa decemlineata (AKF11871.1)

— Dendroctonus ponderosae (XP_019766997.1)
sal— Coccinella septempunctata (MH932586)
Onthophagus taurus (XP_022920508.1)
48— Agrilus planipennis (XP_025832013.1)

48

B5 t£EIZH Csjheh REMERBREFIIN RS HILB

Fig. 5 Phylogenetic tree of Csjheh in Coccinella septempunctata and its homologues from other insects

2.3 Csjheh EEMBR = RIESH Csjheh JENAE-L R IURH 7 54 B BaA #3501

RSO E B PCR 197714, LL18S rRNA R IHPIFR i T 10 d IS 35 A1 Bt i 7 et
actin NS MG 2702 %XF Csjheh ZENAERT AN FEB R BHHIN L #5760 d iRk ik .
AF B By ik BEFEAT R, A5 2RI 6 Pras.  IEWKEMIE RGO REER.
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B i ECPYSEREE RN RS FBRRE Tukey sBEILRFE
BABEANOVA, P<0.05). 0d: ¥IF4k; 10 d: #FHER10d;20d: #F
H5$20 d; 30 dEFFHER30 d; 60 d: WHIEF60 d; ND: EWREH;
PD: ¥ E R

The same lowercase letters above the bars (means+SE) indicate no significant
difference at P<0.05 (ANOVA), 0 d: Newly emerged; 10 d: Diapause
induction for 10 days; 20 d: Diapause induction for 20 days; 30 d: Diapause
induction for 30 days; 60 d: Diapause induction for 60 days; ND: Normal
development; PD: Post diapause

B 6 AELEEZMT Csjheh ZE mRNA )
Xt RIEKF
Fig. 6 Expression levels of Csjheh under different
treatments based on qPCR
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WFFEHRE , UEW] LR 201 303R B S0 e il 1 R 45 4y o
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Il A B i — R HAY A AR W) B S K A T 1) 7Y
SEARFAE X IR Rb AT [R5 LU 45, A s A R O3
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