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WEEMTBRARNEEESEB/ERA
GdJHBP By = pE R FRIEHDIR
o mmE' ® A ERTTT #HEE’

(1. AEH R RF R R E BBt BEAER: 0100205 2. BhARIS AT 80 5 T /RS, BIAkIEEE 026000 )

W E [Bm] wkEWwAwH Galeruca daurica fRANMEL A HEAFER (Juvenile hormone binding
protein, JHBP ) cDNA 4K JF51, Sobr Hoor TH-E R k4t , it — a0 HAe v A st AR KRB E
WE P ERS e R, [AER] ST AR EALE VD 2w SR8 %, R RACE #AK, 5
e vh A w1 GAIJHBP J:[A ¢cDNA 4K J¥51; iz ORF Finder. SignalP, DNAMAN 1 TMHMM 254k {4
M HS THEE s B A MEGAG.0 #4h (4B 3555 ( Neighbor-joining, NJ) ME RS LK FM; Rz
i 2 7 PCR ( RT-qPCR ) H AR 4347 GAIHBP £ Vb 203 M A [R) & B I 0] . i HUR [RI 40 21 K e i e F 3R
I, (R kR TV A H R R 45 A H A3 GAIHBP ¢DNA £ K741 ( GenBank %
S5 MG460309) , cDNA 41 826 bp, FFILIIIEIE (ORF) 4 714 bp, %ifih 237 NEIER; K
T A>T 26.58 ku, SFHLEN 4.37; 3 1 5FESHC, TEBEIX, HAES 27-189 Az FEMRZ MIfE1E
— MR LA E A FK W THBP (5P E5 . P8 Hex /i 1, ANl B2 Bt THBP [8) 2 L /8 7 371 — Sk
Bk, YAMMH GAIHBP H###4 Rhynchophorus ferrugineus RfJHBP F1 5544 % Il di Leptinotarsa
decemlineata JHBP 3p2 12 5L )7 51— B PE s S A 30%. RGEKE/-HTRY], GAIHBP SAEM4 ik
L JHBP 34 R it . RT-qPCR Z5 51 /R, GAIHBP 7Evb 2 # RS [A) & 1 B Bt A ik, fe4hdui s
RS, CEOR RO 20k s AR R B IR EIE AT S B A AR WA B Rk FEAR
RELEY, LIBpyFRiAEBERTEBMMEE; &R (30-40 ) AIJ5S GAIHBP L&KL, 7F 35
BFFA AR, [4ie)] WA GAJHBP 8 Tk JHBP, 7EVbZHMHAK & & Fph
B E b pe R A AR
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Cloning and expression profiling of the Galeruca daurica juvenile
hormone binding protein gene, GdJHBP
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Abstract [Objectives] To clone the full cDNA sequence of the Galeruca daurica (Coleoptera: Chrysomellidae) juvenile
hormone binding protein gene, analyze its molecular characteristics and expression profiles, and provide information that will
help further clarify its function in the development and summer diapause of G daurica. [Methods] Based on the
transcriptome database of G. daurica, RACE technology was used to clone the full cDNA sequence of GAJHBP, the molecular
characteristics of which were analyzed by software, including ORF Finder, SignalP, DNAMAN and TMHMM. A neighbor-
joining (NJ) phylogenetic tree was constructed using MEGA 6.0 software. Real-time quantitative PCR (RT-qPCR) was used to

assay the expression profiles of GdJHBP in different developmental stages and adult tissues, and under high temperature.
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[Results] The full cDNA sequence of GAJHBP (GenBank accession No.: MG460309) obtained from G. daurica was 826 bp
in length with an open reading frame (ORF) 714 bp long, and encodes 237 amino acids with a predicted molecular weight of
26.58 ku and an isoelectric point of 4.37. The encoding protein is a single peptide without transmembrane structure, and
contains a conserved JHBP family domain between 27 and 189 residues. Sequence alignment indicates a low amino acid
sequence identity between the JHBPs of different insects; the highest identity, with Rhynchophorus ferrugineus RfJHBP and
Leptinotarsa decemlineata LAJHBP 3p2, was only 30%. Phylogenetic analysis indicates that GAJHBP is most closely related to
a hemolymph JHBP from R. ferrugineus. RT-qPCR indicates that GAJHBP was expressed in various developmental stages of G.
daurica with the highest expression in larvae and the lowest in eggs and pupae. Expression of GdJHBP was relatively low

during the summer diapause of G. daurica adults and was higher both before, and after, diapause. GAJHBP was more highly

o B 3244 Chinese Journal of Applied Entomology 57 %

expressed in the thorax and abdomen than in the head during adult development. High temperatures (30 to 40

GdJHBP to be up-regulated with peak expression at 35

) induced

. [Conclusion] GdJHBP belongs to the hemolymph JHBP family

and may play an important role in the development and summer diapause of G. daurica.

Key words Galeruca daurica; juvenile hormone binding protein; molecular cloning; expression profiling; summer diapause;

high temperature

#4014 Z (Juvenile hormone, JH) EHE
HUEAMA ( Corpora allata, CA ) & MM —2&
EERREE, BT ke R4l R

2t & 1 (Juvenile hormone binding protein,

JHBP ) 1E B HUUR P & 45 00 ke 19 2R ) 24 VR T
(Jindra et al., 2013) . #4fs JHBP 7EE HUK N
B , AL S IR DR GER | A B
YR AL R GER 3 28 THBP il 7E I
W SIRYIR 45 B BURL, (RGN R 4E 45
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(Orthetal., 1999, 2003) . ZHffE)5& JHBP F14H
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( Shemshedini et al., 1990; Konopova and Jindra,
2007 ) . BEHEE & EE RN LTI,
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174 (de Kort, 1990) . REHEFHAF A9 JH
20k, 1M H5F)K Aulacophora nigripennis
( Watanabe and Tanaka, 2000 ) FlFg M % 4
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Drosophila melanogaster H' % ¥ ( Chang etal.,
1980 ) , HjXE TR K JHBP s EE4EF T
i H B &t ( Hidayat and Goodman, 1994 ;
Ritdachyeng et al., 2012; i1 5%, 2018) ,
17 56 TS H B THBP AR AT 5T R WAGE .
b A w7 H! Galeruca daurica ( Joannis ) &
I AT P A F P S R — R AL, 1
ERA AR, DUSCRAE E R, ISR A A ( R
%%, 2015; Zhou et al., 2016) . it Pk
a2y | G AR RS, IEHERT,
BANEBRPIWEMES) (Maetal., 2019) .
i B 28R U — B R IE AL,
[E) A= 1 & RN AE A A TR, DLk ik
WEANFI AN AR, SR, H R B B A B
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PLERARA T o PRI, XV 20t S R i &
PLERFF A5, AAT B T8 7R H & A U R
GEMLH, 1T ELAT BY T 5 41 4B R B U B AL
i ARSCES AT SR A 2 AR AL R
W], JHBP 7EVDZL g H g e 5 i B AN R B B 22
ik (Ma et al., 2019) . Fi, #E0 JH K
H JHBP 7E Vb 240785 i HY i e =2 B R4 ol B
YER . A5 so ke vb 24075 it H THBP B[, B A
FLIER B 7 A0 R R DL AR D 2 e vt R & B
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1.1 #hsl

111 KR H 2 A O E T
PRX-350C B BB AU N T/ MR (77 Vg BB ZE 4 5K
YAXES) ) AL, B R A IR (25+1)
RH 2 70%+5% . JEJMSN 141 : 10D, SEfky4)
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WL IE 2 d) KOSCR RS, WA TRE T
-80  PRfF, HITFRIFIL & B I kA

(2) BBCPESE 3. 7. 10, 15, 25, 40,
60. 80 1 100 d YA, FFHCT SLHF . MadsFiig
w0, B HHB ARG ET - 80 MYUKFE LA
7, TR E G B d S A 80 ek ki

(3) HBCPML)G 3 d AR, 78 RTRITEE &
(25,30, 35140 ) FACHE 1 h, P25
TR, HUR T AG AR A, TR
IS ENRE =Sy salll S

IR EEARE S AL BRI 3 N E A,
A EY)F T AR 30 (i) o 1 % (15
k) L2 g (7 3k) , 3 gL, TG,
LA (¥ 33%)
1.1.2 FEiRF TaKaRa RNA 2EGAH & .
cDNA & Wikl 4. 5-3' RACE it & . DNA
G & . pMDI19-T 284K ) Taq BE%F
H Ki% TaKaRa A H]; B2 5400 DHSo g H K
H( Tiangen YA F] ; SYBR Green gPCR Master Mix
Il H Promega /A Fl .
1.2 RNA B93RER % cDNA $—HRS K

PEBUAS AR EE i 40-100 mg, B TR KE
Je B AR S RV RIS, RN ) 32 5 TR K R
TaKaRa RNA 2 B0 & vt BT R A 1.2%
FI BB BEEE I FB vk A1 Nano Photometer™P-Class
B S OB T4 AR RNA T R B
Z R TaKaRa c¢DNA A& B & 36 B 45 &
cDNA % —#f

1.3 hEEMP GJdIHBP £ E F 31595/ 1% & I8 iF

R 4l A S 6 3 ) 4R U VD 28 7 i Yl e 7
SRR, AR REE RS B L T GAIHBP J
K3, Al Primer Premier 5.0 &¢4-1%11 GAJHBP
PG (£ 1) o AR PCRAKR: &
RAL 25 uL, Hi DNA #5471 ul (100 ng/pL ) ,
F/R 51414 1 uL( 0.2 pmol-L™" ), PCR Master Mix
12.5 uL, RNase-free Water 9.5 uL., PCR #"#4%%
. #izet 94 5min; 94 30s,56 30,
72 1min fE¥30¥K;72  FHEff 10 min,4
AT IR . PCR Y 3G )28 1% B REHEBE I HL
UKJG, FIFH TaKaRa DNA J& I & [l
2B IR WEEE I F VKR A A% J5 5 pMD19-T ik
A%, MIETEREZ S 40M DHSo il Ak 4
B AL S PRS2 S A B 200 uL i AT
& X-gal 2 F M PTG () LB [ k754 %

(FELHEFE 12-16 h) |, MEHAT I PSR,
Pl AR —w % 10 >, sl A 10 L
ddH,O, #5IEH 1 uL WM HITHW PCR, ¥
IR Z AN SAF R Eik RT-PCR., AR PCR 41
A R AR B — , K/ TR A5 A [R] R 6 D5 A
TR o TR EURS I 5 A% ) 3 1 BRI VRRE S JRI A G 9 uL
S B ddH,0 A 1.5 mL LB MRS 338 £ 1.5 uL
Amp FFEFFE 12-16 h JG5 bR S G KRA FI A

1.4 GdJHBP £ X cDNA 5'F13' RACE § ¥ &
2K EFEFFIRIIRE

DL FESGUE AR A3 GAIHBP Hhla] B 51
AR, 3G TaKaRa 5'-3' RACE i3 &5 1 43
g1t 5° GSP 51k TR 7% PCR Fil 3' NGSP
ST H PCR (£ 1) o 5SRACE F—4# )%

N 2R AR 94 30's), #EfHI( 72 3 min ),
TEIR 5 2A5PE(94 30s),1Bk(70  30s),

FEfR (72 3 min) fEFR 5 WK ARk (94
30s), Bk (68  30s), FEfH( 72
PEIR 25 ;5 IR RS 20 5 EE— 50 N P-4
Fd, HEAT UK PCR, KNiZM4: 28t (94

30s), Bk (68  30s), FEfH( 72
PEER 25 K, 3'RACE 5 ik S5 AR o 338 5 1)
PCR J=4) 22 [ANS R FE I , a5 dE BN A AR K

3 min )

3 min )



+ 626 * R B H1 244 Chinese Journal of Applied Entomology 57 %

F1 DEEME GAHBP #5E S RT-qPCR il 51415 2
Table 1 Primers for cloning and RT-qPCR detection of GAJHBP in Galeruca daurica

5H14 K Primer name

514F%] Primer sequence

S Primer usage

GdJHBP-F
GdJHBP-R

5'-AAGCTAAAACACAATAATGTTCTTG-3'
5'-TTAAATTAATATCTTCCTGTTAACTCAT-3’

HhE] A B e e

Intermediate segment clone

GdJHBP 5'-GSP

5'-ACGAAGAGCCGCATCCTTATCAGTTCCT-3'

GdJHBP 5'-NGSP 5'-GAGCCGCATCCTTATCAGTTCCTCTAGC-3' RACE 7 &
GdJHBP 3'-GSP 5'-CCACAGAAGGTTTTGGACTTTTCGGAGG-3' RACE clone
GdJHBP 3'-NGSP 5'-GGACTTTTCGGAGGTGGAATTCAAGCTC-3'
GdJHBP g-F 5'-GGAAACATTGGCATTGCAGC-3'
GdJHBP g-R 5'-CTCGTTGAAAGTGGCGTCAA-3'
RT-qPCR
SDHA-F 5'-GGGAGACCACAATCTCCTCA-3'
SDHA-R 5'-AGCTGGTGCTCCTAAGTCCA-3'

¥ AT 5T 355 B , B Vector NTI
11.5 ¥ a) i B . SR 3" PR3k GAIHBP J&[H
SEHLIY cDNA JE51 .

1.5 PEEMEA GdJHBP HEMERS O

¥ GAIHBP 3£ 5 cDNA J741) ' F NCBI ORF
finder ( https://www.ncbi.nlm.nih.gov/orffinder/ )
o 2R EL R TR I R X S A B, R P S
oy F i 5155 KE A DNAMAN V6.0 {41
SignalIP5.0 ( http://www.cbs.dtu.dk/services/SignalP/ )
RO o 2 P 3 AR DU IR 2 5000 % TMHMM
( http://www.cbs.dtu.dk/services/ TMHMM/ ) Tl
FH MEGAG6.0 A i P A R R G LT -

1.6 LEFEMEB GJIHBP BFRiEiE T

NG E R PCR (gPCR ) AR /M
YA R E & B B L O RI 48U 7 K
EIR A T B GAIHBP KAy E kR,
SOHAE IS IEA (Tanetal., 2017) . qPCR
AR FR e RS ) B S R SYBR Green
qPCR Master Mix i FHULHI 45, KA 24T 43
Hr mRNA fAHXF ik 5 ( Livak and Schmittgen,
2001) .

17 WEFTESIHN

B A A SPSS 20.0 Fff, RN R
( ANOVA )11 Duncan [G¥E b 24 3¢ - H A [f]

A=l I A N A S =08 S
GdJHBP R IBE ATt 45 R LY
HEbrEIR TR, BE KPR E P<0.05,

2 HRE5OH

2.1 GAdIHBP MIRERLEMBEERFSH

DIAR PG S5 1 ) GAIHBP J: (K 751
AR, BTG R R B S, KA SR
N, PRI EMR BRI 755bp (B 1: A)
D A2 R e 9] 5 7 it 21 v e 3k IR B M A

A M 1 cC M 3

bp bp

750

1 WEEME GAIHBP RiE FE (A) . 5 RACE
B#RE (B) #13'RACE BRFE
(C) PCR ¥tk [E
Fig.1 Electrophoretogram for PCR amplification
products of the intermediate segment (A),
5’ RACE (B) and 3’ RACE (C) target fragments
of GdJHBP from Galeruca daurica

M: DL2000 marker; 1: GdJHBP H[a] 5 Ex;
2: 5RACE JBt; 3: 3'RACE F Bt
M: L2000 marker; 1: Intermediate segment of GAdJHBP;
2: 5" RACE segment; 3: 3'RACE segment.
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% 5" RACE PCR )W 3k45 139 bp I H I A B
(El1: B) o £ 3' RACE PCR I 3k75 281 bp
FHMRE (E 1: C) . MFRHEEREFHIZ T
X R, PR BN B R B, &R
BiPHE IS 135] GAIHBP J:[H 152 % cDNA 751,

VA AEHH GAIHBP MY cDNA 4K H
826 bp ( GenBank %5 : MG460309) , Hr
ORF £ 714 bp, %l 237 MEIEME, S'UTR K
41bp, 3'UTR K 71bp (K 2: A) .

GdJHBP Wil & 43 F 5 4 26.58 ku, 55
HI AR 437, B8 I B R ST A5 P I 45 R 3R W
GdJHBP #45 JHBP 8 5E K 05 (1) (R <F D REZE 4
By (K 2: B) ; GAJHBP Y N 35 —5% 18 M4
HW sk ( MFLFKVFTILSLALLARG ) {55
R HAS & B R 254

2.2 GAJHBP HIEFELE R AZRZ B KRR

M NCBI HH8 R H e BRItk el JHBP
YA JTHBP F40fif% JHBP MYESLIRIT IS
GAIHBP LLXf 434, JPo LEXT 2R R, AR R
Ht JHBP (A& 5502 791 — B8R, YA sfhnt
H GAJHBP &R 751 5 S5 2 H H Leptinotarsa
decemlineata JHBP 3p2 4t Rhynchophorus
ferrugineus JHBP 2 3&12 7 31— B e i Al
30%, HUCH S L JHBP S5p2 A ThE52 H iy

JHBP 5pl, 230751 —8: 535128 29%H1 28%.
i NCBI# R HE OB R RS R 4
HERAMNZERITY, S56 1A H GJJHBP
FEYME B RGO . & T2 SR A 4
JoT . LR ELFR AR A% SR I Y THBP 4351158 b — 3¢
(& 3) ., GAJHBP LH5#¥i#E% Rhynchophorus
ferrugineus Itk hTHBP RE—iE, K555
FREEH 3 SRR THBP [P R — 32,
VLA VDA 3 I GATHBP A 4 1MLk . hJHBP
MRS R LR H L 3 4R JNZ5 A ) THBP
i,
2.3 GAIHBP X BEM B fIE R RiERIE

RT-qPCR 43#1 M, GAIHBP 7 7b 2 -
ARIEBEHBEYARE, HEAREZES
(P<0.05) (El4) . Hrh, 76 1#F0 2 1845
TRk e, RO 3 B4, ZEIR A
FIREEAL; ERAY], GAIHBP £k RAEM &
mr P 3 d) &, AR (PMk74d) LA,
Feik it i T REIFAERAAE BRI K, SRk 40 d
VIRREE RRER , Rk R, i E
Br CRfb)E 100 d) 5, RirxERE LT, (Hig
R F4h il ik . GAIHBP 1E7b 4 #e M- F i
Hsk | BFIE A A 2Rk, (HAE R FIIE AR R 5
i T (#5)

A 1 ATGGGGAGTCTCCTCACGGTGTTCGAAGCTAAAACACAATAATGTTCTTGTTCAAAGTGTTCACAATTCTGTCACTAGCCTTIGTTGGCTA

M FLFKVFTTILSILALTLA
GAGGAACTGATAAGGATGCGGCTCTTCGTATAATGGAATGTGCTCGTAGAGCTATTGAAAATGGAGTTCCAGATTTAGGTATTCCGAGTC

17 R ¢ T D KD AALZRTIMNMETCARRATIETNGYPDLGTIPS
ATACACCAGTTTACATAAAAGAAMATTTCACTTGGGCAGGAAACATTGGCATTGCAGCGGCCAATCTAACGTTTCACGATTTAGTTTGGG

47

HTPVYIZKEUNTFTWG6GGNTIGTIAAANLTTFHTDLYVYW

CTGGACTTCCAGACTGGAACGTTACTGGAACTCAACTTAATGATGACACTGATGATGACGCAGTTTTCGACTATGACATCTACTGGAGAA

77

A GLPDVWVNYTGTAQLUNDDTDDDAYFDYDTITYUWR

ATATGGTCATTAATGGAACAATTGACGCCACTTTCAACGAGCTAGGTTTGGAACAACACTTTACCGGAAAAATCAGTACCGTCTGGAGTG

107

NNXNVINGTTIDATTFUNELSGLEG QHTFTGEKTISTTVWS

AGTCTAATTGGAGGGGACATATAAATGTTACCAAACCAGGTCTCAACCTAACAGAAGAAGTAAATGAATTTAATGTCCGTTGGACAGTIG

137

ESNVWVRGHTINYTI KZPG GLUNLTETETYVUNETFNVEVWTITV

AAAAATTGACGACTACCACAGAAGGTTTTGGACTTTTCGGAGGTGGAATTCAAGCTCTCATAGATTTGGGACTACCTCCTGCCATTGAAA

167

EKXKLTTTTEGFGLTFG GGGIQALTIDLGTLUPPATIE

GTGATTCGTTCGCTTCCACGATGAGCAAATTTCTTCTGATCAGACTCAACACTGTTTIGG TGGAG TACTGGAALAATTTIGGGATCTTIGTTIG

197

S DSF ASTMNSKFLLMNRERLNTYVVW¥WW¥WSTGIKTIUWDLYV

ACTGGTGTAAAAATAGTACCGAAACATCTTGG TAAAATGAGTTAACAGGAAGATATTAATTTAATAAAATGTATAAAACATTAAAAAAAL

227 D W CKNSTETS SV *
B AAAARRAAAAARAAAA

Putative conserved domains have been detected, click on the image below for detailed results.

1 25 50 7s

Query seq.
Superfanilies

& 2

100

125 150 175 200 225 237

oottt e

JHEP superfamily

WEEME GAIHBP EEMZERKESHREIEKFT (A RFIIESHRTHES (B)

Fig. 2 Nucleotide and encoded deduced amino acid sequence (A) and the
conserved domains (B) of GAJHBP in Galeruca daurica



-+ 628 - R B H1 244 Chinese Journal of Applied Entomology 57 %

GdJHBP MFLFKVETILSLALI ARGTDKDAALRIMECARRATENGVPDLGIPSHTPVYIK . ENFTWGGNIGIAAANLTFHDLVWAGLPDWNVTIGTQLNDDTDDDAVFDYDI YWRNMVINGT IDATFNELGLEQHFT 128

RfJHBP .MKFGLI ILIAAFGLTNADSWDALQWFLGCCRKAMINGVPAVPVPVHDPLYV I DNFTYE YNSVLEDADIAT TNNVLHDLLNLSWPVLNITDFTDPARNLIHYGI YWPLINFTGDYEVDYKVPLLPAVKYS 128
D5 2] A 1
D 5 12 IGFASGTLNVTNMEWYGI PHWSLDVQQFSKDSDSNAVLQY TLWWPKFEFLSEYSIETNVALIPGKVA 67
LdJHBP_Sp 1 MVLLKLLTFVALVYTANAATDRELATKIAACLKKVIITGLPSVHIPP 47
Consensus

GdJHBP STGKIWDLVDWCKNSTETS 236
RfJHBP HPERTDAVFDYCLENE. . 233
LdJHBP_3p2 DKILEYCRNN. . . 106
LdJHBP_5p2 N 159
LdJHBP_5pl TSWSGEVN. « e v vvvws 146

Consensus

3 EEME GAJHBP S HTE R H JHBP £ F & EBLF 5 tbxt
Fig.3 Multiple amino acid sequence alignment of JHBP from Galeruca daurica and other insects
BAHR: 100%2EMR)T 5 —B % Black shadow indicates 100% identity in amino acid sequence; KR : 75%RHE
R ¥ 51| — 8 Grey shadow shows 75% identity in amino acid sequence; GAJHBP: ¥bZ - B Galeruca daurica JHBP
(MG460309 ); RfTHBP : £ 44 Rhynchophorus ferrugineus JHBP( AMK48565 ); LAJHBP 3p2: D445 {1 i Leptinotarsa
decemlineata JHBP 3p2( AEX93418 ); LdAJHBP_5p2: 445 {1 it L. decemlineata JHBP 5p2( AEX93420 ) ; LAJHBP_5pl:
T# B |, decemlineata JHBP 5p1 ( AEX93419) .

%% Bombyx mori nuclear JHBP(U05270.1)

63 Z 4 Bombyx mori JHBP an-0921 (AB196707) Y% THBP
7 2% Bombyx mori JHBP ce-0330 (AB196703) Nuclear JHBP
70 77 2% Bombyx mori JHBP wds3-0639 (AB196700)
BB ESL Culex quinquefasciatus nuclear JHBP(EDS29507.1)
38 Hil 45 KKt Glossina morsitans morsitans JHBP(EZ422510.1)
WU Galleria mellonella hTHBP(2RCK_A)
100 HHZERR W, Heliothis virescens JHBP(U22515.1) Ik E JHBP
5‘_1— %% Bombyx mori hJTHBP(AF098305.1) Hemolymph JHBP
7 [iﬁlﬁﬁﬂﬁi Manduca sexta hTHBP(AF226857.1)
100 " fHELR Mk Manduca sexta JTHBP(S56567.1)
100 JK K&\ Laoselphax striatellus cytosolic JHBP(JF728808.1) 2R J HBP
%% Bombyx mori cytosolicTHBP(AF098303.1) Gytosolic JHBP
FEHAR Bhynchophorus ferrugineus hTHBP(AMK48565.1) 1m#kE JHBP
37 A V> # % B Galeruca daurica JHBP (MG460309) Hemolymph JHBP
53 LLEABEH 1 Leptinotarsa decemlineata JHBP-5p1(AEX93419.1)
74 FLE!E@%EF’ Wi Leptinotarsa decemlineata JHBP-5p2(AEX93420.1)
100 = 4222 H t1 Leptinotarsa decemlineata THBP-3p2(AEX93418.1)
—_—
0.1

4 DEEHRSHERARYHRLESEQSERFIIGERRFHLK
Fig. 4 Phylogenetic tree based on amino acid sequence of JHBPs from Galeruca daurica and other insects
fdiF MEGAG6 #4711 Neighbor-Joining (NI ) i RGE AR, K] P BEES ( P-distance ) ,
HILIEH 1000 Ko VA FRGIMERZS G E AR = MAricd.
The tree was constructed by MEGA 6.0 using the Neighbor-joining (NJ) method, using P-distance, and one thousand
replications were performed. The juvenile hormone binding protein of Galeruca daurica was marked with filled triangle.

2.4 BEiR¥ GAIHBP Rzt M M (Jindraetal., 2013) . fEABIGE T, MRIEA
S A b 1 e SR AT R AR 2
GIHBP Fe3kht % 71 (P<0.0s) . Fpisy  ACE BRMIDERER ST AT THBP JEDA
SRR LA, 35 ms, R ONA LRI MR L b
TRHAT FHEELE R % (P<0.05) (K)o ARSI JHEP SEMBIMLIKE JHEP 7
LTI . P, HEIAR S SR 2

3 it B JHBP J& T I EL JTHBP, IR 51 LX)
JSRTEI, R FIR i JHBP [ R 1 — S

JHBP 7 JH ZM MR TR EEME B, WA THBP SE I



3 Wr o Jeds: YA RGN S5 S A2 GAIHBP 1 5 L2 Rk i £ 629 -

S;)
o
|

N
W
|

)
(=)
|

—
93
]

=)
W
|

HIXTFE 5 Relative expression level
5
|

o
|

e
E L1 L2 L3 Pp P A3 A7 Al0 Al5 A25 A40 A60 A80 A100
KB HrBt Developmental stages
5 GAHBP EWEAMBREAXEMBRIRIEE
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Fig. 6 Expression levels of GAJHBP in different tissues of Galeruca daurica
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(Jindra et al., 2013 ) , ifif JHBP 7E R Hifk iz
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striatellus 5 #¥#5 (R ) g ERk i E LT
4 ¥ (BFEESE, 2012) o HJEREHF JH
TEEAEARIGG R (5 H) BB R sk
H E AN R AW, ASE AR R R
3IAE A A HL ( Dubrovsky, 2005; Bernardo and
Dubrovsky, 2012; Belles and Santos, 2014 ) .
[Flf, GAIHBP 7 #ifi ] iy ik i 2K T4 1
W fEHE R R bW TAERREER, itk
Omphisa fuscidentalis ( Ritdachyeng et al., 2012)
F1Z 4z Bombyx mori ( fiff1 5455, 2018 ) , GAIJHBP
TEIR P AU ek, H R PR AT RE 2 O I A AR 85
N, RHREER T RED, AL JHBP Kk
A% (Lietal., 2015)

H TN R R AR i s = 2 S 80 AT
B B9 FE R ( Denlinger, 2003 ) . 7658 H A
U, PUEE R SR AR TH R
“UT R, BPSETRRE, SEAEE AR AR
KV, TS R B R AL, TH S 2
BTG, e B R A YGE F (de Kort,
1990 ) . 8 i 5 vb 240 1 ok A& AR
W, XA AR L AT Be AT —E AR UM
WG, Vb2 R GAIHBP 195 = 3k
IR ER (PMEE 3 d) , HiHEAWERE
Fik i NIRRT — MK, B E 5 3R
KB ET, WESRE GRS 100 d) K
S EE RIACE . B, REEERE L= T hE
e R VD 2 e R AR R Y R R
YR SR BT, WE AR LR (YA
HTH TR TS GAIHBP ik b AH—
H, AR TP

AR B JHBP BRIk FRA AL AR o VD4
S GAIHBP 7R 240 - FY R e iy i 950 i
R BRI, TELTPIRERIE . A Bmtol FEH &
PR A B. mori 5 4 R SkER . R A
Rk R R, MERDIAR. T, 2. 3K
A IR E R O SR AE LA 2 2 b Rk Rk ek G
Fik (fa%45, 2017) o fH Saito % (2006 )
R RN, JHBP EZAERE 4 ¥4 R AR i
RN, P, 2RSS TP A DR R,
e RH % Apis mellifera H, H7ELEBFIE
FRRIE] T JHBP RyRIA, FEH A HIEA Kk

P (Hagaietal., 2007 ) . ¥EZ® Antheraea pernyi
M AfLBT COHBP 7E 5 [RAE s 2R3k, 7Rk
REMGIR . 22l 3REz . KEHL. BREL . BATAILIA
WA ANFFREFRFEL (Li et al., 2015) , i
O. fuscidentalis (1) OfJHBP 7E 5 #&4) Hig i A
EERIA, MITEM . AUMORR . RE2 . IHiE A2
{35 (Ritdachyeng et al., 2012) . 2%
SRR AT B 5 R A2 L R AR B A IR
BAK, WATRES JTHBP MZRAE .

FERAEAS JHBP LMKk (Li e al.,
2015) . ABfgEh, 525 XFHEAHLEE, 30-40
EIEACTE 1 h BRE S GAIHBP Lk, B1E
40  SKMHTHMERAEEERT 30 M35 .
AT RE R S R R AR T R AR Y T il A
N JH % R % ( Rohrkasten and Ferenz, 1986 ) ,
JHBP KA AN TR

AW ST L) v b T Vb 2 s v R A R A
HEHZEER GAIHBP, LS4k e JTHBP 3%
G K R Il . GAIJHBP eV 2 R R & B
Bk, Hoh g Uk s d s, SRR
O RIR ; TERU R B IHRMAKERIL, HE#
FERFRANE ERRIL ; i ol Rk & B, IR
YR G Z A g e R B A O R R
) FE RN 22—
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