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Cloning and Expression Analysis of three Odorant Binding

Protein Genes in Agasicles hygrophila
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Abstract: Odorant binding protein(OBP) is an important protein in the process of insect olfactory communication. OBPs are
involved in the first step of insect odor recognition, and play an important role in insect activities such as foraging, aggregation,
courtship, and looking for spawning places. In order to determine the expression characteristics of OBP genes in Agasicles
hygrophila and to preliminarily understand its functions, in this study, three OBP genes were cloned and analyzed using
bioinformatics. The relative expression levels of OBPs in different tissues were analyzed by quantitative real-time PCR. The
results showed that the open reading frame of AhygOBP27, AhygOBP32, and AhygOBP44 were 351, 408, 423 bp,
respectively. The proteins encoded by the three OBPs were acidic soluble proteins with small molecular weight. AhygOBP27
was mainly expressed in the antennae, head, feet and wings of both sexes. AhygOBP32 was expressed in antennae, head, leg
and wings of the male and in antennae, feet and wings of the female. AhygOBP44 was expressed in the antennae, heads and feet
of both sexes. The expression levels of above three genes in the antennae of male and female were significantly higher than that of
other tissues. The expression level of AhygOBP27 and AhygOBP44 in female antennae were significantly higher than that in
male antennae, and the expression level of AhygOBP32 in the antennae of males was significantly higher than that of females.
The three genes might play an important role in the olfactory recognition of Agasicles hygrophila, AhypOBP27, and
AhygOBP44 might be related to the recognition of host plant volatiles and the search for spawning ground; AhygOBP32 might
be involved in the recognition of sex pheromone emitted by females.
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Tab.l1 Primer information of PCR
F [N 4 TR LHEEIY (5—3) FUEsI(5—3) PRI /bp i
Gene name Forward primer(5'-3") Reverse primer(5'-3") Product size Purpose
AhygOBP27 TTTATTCATTGTACCGCAGA ATTAGTCCTCACACTCGTCC 373 JE I v
AhygOBP32 TTCCTATTTTTGAAGTGATAAA TCTTTATATTTATTAAGGCTGC 453 JL I 5
AhygOBP44 AAATGGCATATCTACAATTCGC AACAACTTCTCCATGATCGTCT 446 S e
AhygOBP27 GTGCCTGTTCATCAACCTGG GCAGCCATATCCAAGCACTC 138 Pt it PCR
AhygOBP32 TGCAAGAGAAGGAATTACGGA ACGCCATCACTACTCATCCA 129 Pt E it PCR
AhygOBP44 ACATAAAAGCCATGGAAGAGGC GGCTACCCCAAATGAAGACA 164 It E it PCR
RP CGAGTAGTTGTGCCTGGA AAGCGTGTTTGGTGATTT 126 A |
1.3 #EHH L SIS -
LI OBPs 16 M s 7 1 4 35 b g 2 R0 200
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— LA AP R AR R A B 2 R kAT B
A HT (P<<0.05) o
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140 > 24 £ /R , & 5% 5 43 il -y ON260784.1,
ON260785.1 F1 0Q606235.1.,

M.DL2000 #5 #f 4> F & ; Jk 8 1,2. AhygOBP27 ;3K & 3, 4.
AhygOBP32;9kili 5,6.AhygOBP44
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Fig.1 Electrophoresis of PCR product of three odorant
binding protein genes of Agasicles hygrophila
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Tab.2 Physicochemical property of odorant binding protein of Agasicles hygrophila

il

B K /K
Hydrophobicity/
hydrophilicity

Acidic amino acid  Alkaline amino acid

HH A sy 73 T Bkt /ku
Protein name Molecular formula Molecular weight
ARygOBP27  CygpH Ny OrSss 11.07
AhygOBP32 Cla72H2138N4050 530562 13.68
AhygOBP44 C1205H2160N4250541 S50 13.29

4.25 25 12 -0.502
4.77 19 11 -0.325
4.92 20 16 -0.366
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J7 8 E 45 5 R (B 2) , 34> OBP 1 28 3% iz
Gl B E A 6 IR AR S, H A 2.3k ik
R HZ A 3 HABZ IR 5 5.6 Tt &
Mg 5k i Z [ A7 8 A~ HoAth & 5 iR , B A7 Classical
OBPs W % % #5 1 W #LRLERAE . Hsp AhygOBP27
5 A 80 Galeruca daurica GdauOBP B & %
R Y 3 — Bk B 1 L35 66.7 %, S W I Pyrrhalta

aenescens PaenOBP18 [ 2 3 1R J¥ 5] — B kR Z
A 55.8% ; AhygOBP32 5 K = it B Colaphellus
bowringi CbowOBP17 1Y 2 Jk 2 J¥ 51 — 2 1 & ik
7465, H o & 5 i [H“ W' Pyrrhalta aenescens
PaenOBP15 J3 41l — #1415 68.6 % ; AhygOBP44 5
KIEMH Colaphellus bowringi CbowOBPS Fil 7k 11l
¥ Tribolium castaneum TcasOBP4 #) & % 1R 5
H)— Bk 433 2k 30.23 % 127.78% o
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AhygOBP27 . .MYKYFLFSV.NLVIFFVDIHOEEEVE .RMT DTGIRE ECLEDESVEEPDEESYLCWLE ITNLELTDENEKLODVEAT 84
GdauOBP__ AQY18968.1 MIQDYFLFSLLNIASVILDGNCHESDN VI RETGIE LORGKCMEDESIDELDEDC Y]w BIFTSLEKLIDDKEKLOVAKT 87
PaenOBP18_ APC94291.1 MNQNQFLIALVNLASFIFGGNCREFDNARVI KETGVEGEKRKEMEDESLEELDEDC HeIFITLKLIDDHENLDVIKT 87
PmacOBP18 APC94209.1 MNCONQFLIALVWLACFIFGGNCEEPLNARVT ETGVEG KKMEDESLEELDEDCY(S/LHSTE ITEKL IODKENLDVTRT 87
CbowOBP14 ALR72502.1  MSTTMELAVELENVESSVMEGYSEESDSST REVEIEEE NEFEKNFDDTFDEDI. "'.1 HsTLVTLGVVID{ERI ITERF a8
DponOBP16_ AGIO5186.1  ....... MGETIELLVGLVMMTIEYVENVRNK DDSEVE IEMYENLLANFEKQL IOVE AW HeTETEMGLL SENENVEVERF 81
Consensus a n d ii s v ! c g

BhygCBP27 EK....MESEENE 116
GdauOBP__AQY18968.1 LE....EEPDENE 119
PaenOBP18 APCH94251.1 LK....EEPDFDE 119
PmacOBP18__ APC94209.1 IE....EEPDFDE 119
CbowOBP14 ALR72502.1 TR....IEDKYDM 122
DponOBP16_ AGIOS5186.1 KSLEASEAPYIDL 1d:7
Consensus

B

BhygOBP32 2 =000 CLiihiedanand MHRLVAYLFAVVELVE T1E 74
CbowOBP17__ALR72505.1 ...cievannns MFSEGEVYVLACVALCQ 1SE 75
PmacOBP15_ APC94206.1 PGVSFIRLVCVSSHMYBLIYFAFTLLVSSY TTD 88
PaenOBP15 APC94288.1 RGVSFIKLVCVSSHMYELIYFAFTLLNSSY II0. 88
XquaOBP21_ BXOTE3595.1  .....evvvennns MLFGSIVVEGCLELVY ITE T4
GdauOBP__ AQY18968.1  ........evensn MYRLTCFLLTVV§{S5Y E. M C 74
Consensus g k _ym clm e kwm
AhygOBP32 55 134
CbowOBP17_ _ALR72505.1 NP 135
PmacOBP15__ APC94206.1 N5 148
PaenOBP15 APC94288.1 N5 148
XquaOBP21_AX0783599.1 TE 134
GdauOBP__ AQY18968.1 NEPEe2 134
Consensus g igyd 1 hp kd a

C

BhygOBP44 MAYLQFASVLLLVCISKVLSADCLPEESKENIVRNIEGYNILETTEI. . .TEECIF. .KIPPSNSROVM. . .| PLCEKKKSINS 79
CbowOBP8__ ALR72496.1 MNFVLEISCFFILILAVDISPANAVGEFPDGREPYPDGFE[LESSHNAKLEEVLN. .KFRANISEEVY. ... LSERVGEIDQ 80
TcasOBP4_ EFA05T742.1 . .MCRLFVVLSLFVASCALODVEKIRNELMADKNFVELRNKWLDKLEL . . .KEEDLROLEFOGDVSEDLM. . .[@ ICQEEDGLLDS 79
CforOBP__ QF046770.1 MIRLTQLEVLLAVIVYGIVGDDHGPLFLEFRDRMSKDEWVERAETAG STVTCMNEH .LEKNHQRSSEVQ. . PIMETTGIIGS g2
RAgerOBP4_ USH46135.1 . .MSERNVILESLVTLTYTKLQLE. .SELQEYADELHNIMIRRTEI. . .TEDDHL. AYDIANNPHDEKL C LMLEANCMNEK 73
PsolOBP _ALS531065.1 . .MERLTSLILLFCVSTHVFADDIF. .EELKEMIEKNLEN VGETEV. .. SEARIR, .DANNGRFNGEESLESNMARLMA SVGIIDD 78
Consensus c c kc

AhygOBP44 TVNIEAMEEAIKDMCEKDAGIAAKLTENVEKWLTGVEVEE . [» 140
CbowOBP8__ ALR72496.1 . .NVHIDRMDVTQIFQGAVEEVPDELKSRLGGVNEVE 134
TcasOBP4__EFA0S5T42.1 NLNEEKLEKRIETMPFLSRVSDODTENNIMEWLEEIGEIET] 136
CforOBP__ QF046770.1 . .KIDVAKAKDDAPKFLTAEEV. DELVKSLEGIDKIT 135
AgerOBP4 USH46€135.1 VIQYDWIEENIHPDIKDVVITALR..... KNTDEGANLS 136
PsolOBP__ ALS31065.1 VFDGEAFVDLLPNSMESHGEKLVE..... KP..EGSNAM 135

Consensus g C

A. Ahyg()BPZ? B.AhygOBP32;C.AhygOBP44 . 2k bR D9 fR <3 o il b A4 DR ZUR 5 2 1 A VR Fh 40 R « A W P A 3ot 5 RO 1 5 oh K
L FA /N B s WK 2 pR R A s W R I B R LR S G BRI R E A i

The horizontal line was labeled as the cysteine in the conservative site; and the protein source species was as follows: The horizontal lines indicated

the conserved sites with cysteines: Pyrrhalta aenescens(PaenOBP15; PaenOBP18); Pyrrhalta maculicollistPmacOBP15; PmacOBP18); Colaphellus

bowringi(CbowOBP8; CbowOBP14; CbowOBP17); Dendroctonus ponderosae(DponOBP16); Xylotrechus quadripes(XquaOBP21); Galeruca dau-

rica(GdauOBP); Tribolium castaneum(TcasOBP4); Cylas formicarius(ClorOBP); Apriona germarii(AgerOBP4); Phenacoccus solenopsis(PsolOBP)

B2 EEHMRFSEMRRSKESEERERFIILY

Fig.2 Alignment of the amino acid sequence of the odor-binding proteins in Agasicles hygrophila and other insects
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daurica J M B Pyrrhalia aenescens 2 J8 7 W #i
MW Pyrrhalta maculicollis () OBP it f# B 85 53k 5
AhygOBP32 5 ZF K4 Apriona germarii AgerOBP4
WAL I B B T ; AhygOBP44 5 5 kK g it H
Colaphellus bowringi CbowOBPS it 1% f B ¢ it .
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5 AhygOBP44 3 Ny [a] — K 3, il AhygOBP32 H1
NSz . PRI , AhygOBP32 7] fig 5 AhygOBP27
Ml AhygOBP44 17l i DI RE A A .
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Protein source species are as follows: Galeruca daurical(GdauOBP); Pyrrhalta aenescens(PaenOBP18); Pyrrhalta maculicollis(Pma-
cOBP18); Colaphellus bowringi(CbowOBP8; CbowOBP14); Dastarcus helophoroides(DhelOBP12); Cylas formicarius(CforOBP);
Callosobruchus chinensis(CchiOBP); Monochamus saltuariusMsalOBP51); Anoplophora chinensis(AchiOBP); Apriona germarii
(AgerOBP4); Dendroctonus ponderosae(DponOBP15; DponOBP16); Dendroctonus adjunctus(DadjOBP16); Tribolium castaneum
(TcasOBP14); Apis mellifera(AmelOBP13); Apis laboriosa(AlabOBP56d); Apis cerana(AcerOBP6d; AcerOBP56d); Apis florea
(AfloOBP56d); Apis dorsata(AdorOBP56d); Megachile rotundata(MrotOBP56); Megachile saussureiMsauOBP21; MsauOBP3);
Colletes gigas(CgigOBP56h); Osmia bicornis(ObicOBP56d2); Osmia cornuta(OcorOBP3); Phenacoccus solenopsis(PsolOBP)

B3 EXEHEMBPSHMERSHESEANRGHLH
Fig.3 Phylogenetic tree of odorant binding proteins in A. hygrophila and other insects

(P<<0.01), 24 Ay I He fh f7 19 1.65 6% &
AhygOBP32 3% 5 1 Wil b i B0 sk 1 2

AhygOBP27 1 W 1 i 2L A 2% 21 21 b B A 3%
ik, D BRI Sy fish £ 2 Sk e R (TR 4-
A) o Hrf AhygOBP27 15t B filh £y th i A X 38 34
Hor RSk M e R Y 6.63 4% L 105.49 £% |
66.35 1 . 2.86 i F1 13.66 4% , 7 HE H fih £t (14 AH XS
Ik E o HE L M e Y 13.354% .202.89 4%
795.32 % . 8.23 5 Al 26.80 1% . LAk, AhygOBP27
7 M S Sl i R G 2 3 R A I 3 v T A A A

DL K e dU iy Sk v 3R Gk A A 2 h L7 A ik (A
4-B) . TEMEH H, AhygOBP32 i F XT3 15 8
FIMIARY Jfal oy Sk 2 8 I AR, H AhygOBP32
TE folt fA 00 A X Gk B T H A 4 4L (p<
0.05), 43 il &3k 2 F3# A 231.41 4% .3 752.6 1 i il
4384.724% . TEMEHH, AhygOBP32 BIAH X F A5 M
e B R Ry i Ay 2 Sk B ANIE L AhygOBP32
.93.
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FE filh Ff v B R X 3R GR BB B R S TR ML (P
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A. The relative expression level of AhygOBP27 in different tissue of Agasicles hygrophila; B. The relative expression level of AhygOBP32 in differ-
ent tissue of Agasicles hygrophila; C. The relative expression level of AhygOBP44 in different tissue of Agasicles hygrophila. The significant differ-
ence of relative expression levels of each gene in the same tissue between male and female was indicated by asterisk(*. P<<0.05, ** P<C0.01). Differ-
ent capital letters indicated that the relative expression of each gene was significantly different in different tissues of female(P<Z0.05); Different lower-
case letters indicated that the relative expression of each gene was significantly different in different tissues of male(P<<0.05)
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Fig.4 The relative expression levels of odorant binding proteins genes of Agasicles hygrophila in different tissuesa dults
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