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Hz%ﬁ SESKESEBRERE HtheOBP3 W= [E
2 MABARRIEXSHT

Kedes EEGE AR MR HERT M
B E

(1. P E B A B2 BB RHICRIE T FIT , 16 8 Pl A DORME s 4 24 R 45 A PO P SR, 0 7
5715335 2. M REARIMI IR A R M M IR SR P R TR B SR, T 570228 5
3. HRTTB BB O RS B A I T, R 400042)

WE: 4 # R A 8 5 Helopeltis theivora 4.7k % 4% & 3 (odorant binding protein 3, OBP3) % 4t
B Jovit 5t B U], F) B PCR K 25 & cDNA R 3% B ik &7 3% (rapid amplification of cDNA ends,
RACE)# R &% cDNA &K 59, A A £ /A~ 24915 8 F 82t it 47 59 547, JF il ad S ab5¢
# 7€ % PCR (real-time quantitative PCR, qPCR) & K& 72 B2 R /A F % i & R B 2048 P 6 Rk
=, £R T, ER A F % HtheOBP3 3 B (GenBank 7‘%—575 QHI06949 ) 3% 14 i 4E 4 474 bp, %
1STARABRBER, FANEOSTFELHA1T15KD, F 85K 5.14, REFT KRB LR, RO R
KBRR5) F BA 6 /METF F AR R A AT B F 45K 58 A7k 4 4% 8 (pheromone bind-
ing protein-general odorant binding protein, PBP-GOBP) K 7 #J#% 7 4 #3%. HtheOBP3 & & A 6 A
o3 Ae 33 Ak b S A a- 3R AR R 1 AN A L, MR A F ¥ HtheOBP3 55 24t 20 #F - 38
B 7 & OBP #9 6 AN F F A AL 5 T /\—‘és’(,ﬂ%ﬁ‘%fﬁ B %cheOBm 0 2R BP9 5 B H A
B ¥ Pachypeltis micranthus PmicOBP4 #) & K82 /53] — B R &1, 4 55.56%. FE3THRE R £y
OBP & & ', R A & ¥ HtheOBP3 5 6 # ¥ 34 A t%ﬂz OBPRA—/N5 3, L+ 5 HHHHF %
PmicOBP4 # % % Z il . R A F ¥ R & 418 F HtheOBP3 ¥ A ik , P e fik i P ik & I}i
B, R AR, R YIRER A ¥ HtheOBP3 2 A1 ) Aok 25 678 &, 20 T Ak 3 B2 o A 3E 7R 50 2
FAEI A,
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Abstract: To identity the function and the olfactory mechanism of odorant binding protein (OBP) gene
HtheOBP3 of tea mosquito bug Helopeltis theivora, the full-length cDNA sequence of HtheOBP3 was
cloned by PCR combined with rapid amplification of cDNA ends (RACE) technology and analyzed by
multiple bioinformatics software. The expression profiles of HtheOBP3 in different tissues of H.
theivora adults were detected using real-time quantitative PCR (qPCR). The results showed that the
open reading frame (ORF) of HtheOBP3 gene (GenBank accession no. QHI06949) was 474 bp in
length, which encoded a polypeptide of 157 amino acids, with a predicted molecular weight of 17.15 kD
and an isoelectric point of 5.14. The amino acid sequence of HtheOBP3 had no signal peptide, no trans-
membrane structure, but had six conserved cysteine residues and a conserved domain belonging to odor-
ant binding protein PBP-GOBP superfamily. HtheOBP3 had six a-helices and three pairs of disulfide
bonds, of which five a-helices formed a binding pocket. The six conserved cysteine sites of HtheOBP3
were completely consistent with those of other 20 species of Hemiptera insects. The amino acid se-
quence of HtheOBP3 had a highest consistency of 55.56% with that of PmicOBP4 of Pachypeltis mi-
cranthus. Phylogenetic analysis showed that, among the OBP proteins of 37 different insects,
HtheOBP3 was clustered with the OBP proteins of other six Hemiptera insects, in which HtheOBP3 had
the closest genetic relationship with PmicOBP. The qPCR results revealed that HtheOBP3 was ex-
pressed in all tissues of H. theivora adults. The highest expression was detected in antenna, followed by
legs. These results indicated that HtheOBP3 is a typical OBP, which may have both olfactory and non-
olfactory functions.

Key words: Helopeltis theivora; odorant binding protein; gene cloning; sequence analysis; tissue ex-
pression profiling

B & W Helopeltis theivora, X245 H W% .
N N R S TSR] S = X TR AP N N 1
JLRIMESE 60 A FhHHE 22 BF 1Y), A R AN 352 4)
A AEENEE d NPLE Bk | EEEJE VE I S AR E K
G EENEENMEEE =/ R TR A
IR X (fRIFR 78 ) % ra B4 X (Roy et al., 2015 ; I
8E,2021) 0 ZH LI X T 2R A R TR TN
RN E RK O BB (Pandian et al.,2017) , 5|
WZEHLEBEARAR A, H B, 1% 25%~
50% (1) 4 3% 451 2 (Roy & Prasad,2018) . JERMAEH
IE A E S, CA IS ARG HL X ] 24E %
2 S B A A 2 SR R AN R, 22 A T i
Z WA 25 5, 1 RPT SEAE VPR AR A R Gy
P (045, 2019) . HET, R B B G 22K
A2 A2 2GR A R B Rk RKEED |
FHRPLGPE A SRR, R, iR
KA BTG R T AR R ) Lo 38 TR 3
W ZRAA B 45 BT R (Venthur & Zhou,2018) .

B F BRI R G A A I R
Y L ik kO ORI R B ™ B 3 9T 55 2 0474 (Guo et
al.,2021) , Hid ok Bk = g O S AR5 1Y ik
T ¥ Ak 45 4 8 A (odorant binding protein,

OBP) . M 3Z & (olfactory receptor, OR) \fb 2% 7
5 M (chemosensory protein, CSP) JE&5& 1 £ JU IR 8
I (sensory neuron membrane protein, SNMP) < B
K3 f# i (odor degrading enzyme, ODE ) M &5 F-Hl 32K
(ionotropic receptor, IR ) 55 22 Fi IR 57 A 5 & FH (Song
etal.,2021; T2 %5 ,2021a) . M OBP fig 5358
L SR RN SR A 6 R T s i =k
53 2 0k SR A UK UL R 1)k ML i SR A7 o 28 T AR 5% R
b BT AR SRR T AT R SZ AR, PRI 3k DA Ay
OBP J2 & Ht Mo YU i 7% v 5 SR ) o 2B Bk &
55 1A H, WO SCHEAR 11 (Cai et al., 20205 Ai et
al.,2021). FAT, EEEHFR A B H EHEE |
NG H A5 5 a5 4 2 B SRS S8
(5K £4F,2019) , 645 & 15 &5 ¥ Adelphocoris lineola-
tus(Gu et al., 2011) £ 5 ¥ Apolygus lucorum (Ji et
al., 2013; Yuan et al., 2015) . H1 2  # Ad. suturalis
(Cui et al.,2017) % H 2555 & 5 Pachypeltis micran-
thus(Liu et al.,2017) .22 J5 28§ ¥ Cyrtorhinus lividi-
pennis(Wang et al.,2017)SEZ M HHFHE R . OBP
1E R AU R AR rh A ik , K24 OBP T filiffi vh
Fik, Ay OBP ek iy K | 2 A 2 4 2
%3k (Cai et al., 20215 2K J /745 ,2021) . OBP A L)
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5% EHEY MG R ENHEG B RS G, gk
H 5 1) AlucOBP22 fig 55 g- 8% £ i Al -1 47 M 25
5 65 28 75 K W) 45 4 (Liu et al., 2019) 5 32 L 2% i
Cydia pomonella i) CpoomPBP2 it S5PE(E B R 1-+
[ 2% 4 (Tian et al., 2020) ; /K 4% 45 & %% Rhopalo-
siphum padi () RpadOBP3 il RpadOBP7 fE 5 it %15
BE-p-1k e ks A (Fan et al.,2017) . tb7h, OBP
A HoAh A BT RE , W AR5 96 Apiscerana cerana
[ AcerOBP15 Z: 55 2R AR AL 45y FIAL 28 (1) W b H 531 ik
£ (Du et al.,2019) ; ¥ 48 WL Helicoverpa armigera 1)
HarmOBP6 Z: 5 15 €ATHE 1 (13 72 (Wang et al.,
2020) . BRI, AlaEaE B AR SR S 15 R Bl R >R
s B R R 4, R e B e R
FRAGEEAT R, e 2R B AP R 1 H Y o

HAl, CF R AT G0 oE R 2L D ERLR
FE 4 5 (Thube et al., 2020) . 27 3 Fh2 (Sivakumar &
Yeshwanth, 2019) | K & ff 2% (Babu, 2020; Deka et
al.,2021) 5, X THAFAY= 7 5 e g0,
I COIH:IH (Chandrashekara et al., 2015) . BUK 7
# 1 (Roy et al., 2019) | 5Z B} ¢ ) 5 & PCR (real-
time quantitative PCR, qPCR) N Z: %L [H (Wang et al.,
2019) SFAHSCHRIA , MG TR A B IR SS G 8
IR WA IE . AHH 5T FIFH PCR B AR ZE 4 cDNA
A S PR 3 P 3 (rapid amplification of ¢cDNA ends,
RACE) £ Rl we B IR M B AR 45 & R
HtheOBP3 &N, 73 Kt H e 51 &5 K e Ak, )
qPCR J7 ki A AR A B i AN Rl 20 2L 0 3R A 1
O, B TR RIRAG ST IZ SRS 6 2 1 1) D) BE M i
Ve JEAZ B B H A
1 Rl 5 A%
1.1

AR IR AR - IR A R R A E A AR
BB AR IORMITZE B Al T bel (18°73'69" N, 110°
19'17" E) , 4 ] 2465 % 5 T4 30 em 98 30 em 15
30 em FYJE JE 2P N, Tl (26£1) °C RH X I B2
(75+5)% JEFA 14 L:10 DA T A T B8
fief PO 2 G ) 5 ) 7 24 QU BB A it

LB (Luria-Bertani) 57 3% 3% : [ i 10 g FEHE
PR S g S ALEN 10 g BEAR# 18 g Z81R/K 1 L,
pH 7,

TR A : Trizol $EHGAF & A= DNA i [l
WeiatR & 5-RACE i & | 3"-RACE i3] & | 1% 1%
AR pMDI19-T . K FT B Escherichia coli [852 352

Jitl DHS e, A T A9 T 8% () B4 A6 BR 23 7 5 Re-
vertAid Premium Reverse Transcriptase JZ ¥4 5 i, 5]
%, 32 [ Thermo Fisher 2% A ; LA Tag.TB Green™
Premix Ex Tag™ II qPCR %644k}, H A TaKaRa 24
A) 5 HABAH A E)= 40 Fr 4l Biotek H1 2 GHAR
1%, 25 [ Biotek 2 7] ; EPS-200 £ JE A4 7 HL WKk AL, |
T K BEFF A FR 2N 7] 5 CEX96 52 1} 3¢ )6 52 B PCR
. T100™ B PCRAX , 35 [F Bio-Rad /A F] ; E-30B 4E
YI¥EFEA , 22 Percival 4 H]

1.2 Fi&

1.2.1  BER A B A Sl 5 B cDNAG R,

B/ N— S R I 4% 53,
To FAR I o3 8 Hofloffy Sk M R RN 6 4
21 B 6 AL ZURE Al B ST BRI A R & P s R
F-80°CI1 7o 4R Trizol i & 1A/ HIFRE 61~
ZHZURE A S RNA, RIS GREFRAURT 19 B e
JZ L KRG T T B B RINA P B 4 B R S vk
A ZURE S EU 1 pg RNA 42 18 RevertAid Premium
Reverse Transcriptase J’ % s i80 & Ul 55 iE —
% cDNA, #i B S A5 5 T-20 CLRA7R o
1.2.2  JER /i & ¥ HtheOBP33 B/ /-5 4 1%

NI SR L Th AR AR ISR A 6 i Hithe OBP3 11
LR 5 | BE, L) Primer Premier 5.0 304531422 3%
519 B RS W) H T Hthe OBP3 RE[H ¥4 5' RACE
13" RACE# # (R 1), 51 & 5 MF ¥ Z 4
TAY) TR R B A R A R SE . L 3" adap-
tor 5| W) [ 554545 1 cDNA Jy b , #2 4 3'-RACE
R 7 & Ui WA 5 2T HiheOBP3 K2 [H 3'3i 8 3, PCR
P45 55 142 PCR W AR &R (25 pL) : 2xGC Buffer I
12.5 pL . 10 pumol/L HtheOBP3-F1 5| #) 0.5 uL .
10 umol/L 5.3" outer 5|47 0.5 pL.2.5 mmol/L dNTP
4 uL .ddH,0 6.3 uL .cDNA 4 1 uL .5 U/mL Taq fiff
0.2 puL; 55 2 %8 PCR Wi 1A & (50 pL) : 2xGC Buffer I
25 uL.10 umol/L HtheOBP3-F2 5|4 1 uL.10 pmol/L
5.3" inner 5[4 1 uL.2.5 mmol/L ANTP 8 pL.ddH,0
13.5 uL. cDNA #i#z 1 uL.5 U/mL Taq fif 0.5 pL.
PCR & i Z5 14+ 95°C T A8 #E 3 min; 94°C A4 30 s,
58°CiE & 30's,72°CHEAH 1 min, 35 PMIEH ; 72°C A AE
i1 7 min; W4 28 1% BEAEWEBE AT /Y PCR 4734 7).
i zlifbf5 5 pMD19-T # A% 42 , I AL B KA T
DH5a J8AZ 25 4 M, R FH 7 %% 5 %5 & (ampi-
cillin, AMP) HL 1 19 LB 35 35 3L 7 5 BH 4 7o e, BH A
TEFEL PCR % E G ik A T AW TR ( B ) B A
FR 2N 7 #4700 6 . L HtheOBP3-RT1/HtheOBP3-
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RT2 [ % k15 1) cDNA AR |, #% i 5-RACE 5l
UL FUEFT HtheOBP3 %5 X 535 515X PCR 9734 ;
55 15 PCR AR ZR (25 L) :2xGC Buffer 112.5 pL,
10 umol/L 5" adaptor 0.5 puL. 10 umol/L HtheOBP3-
R1 0.5 pL.2.5 mmol/L dNTP 4 uL.ddH,0 6.3 puL.
cDNA #i#z 1 uL.5 U/uL Taq i 0.2 pL; % 2 % PCR
F2 WA & (50 pl) : 2xGC Buffer I 25 pL. 10 pmol/L

5.3" outer 5|4 1 pL . 10 pmol/L HtheOBP3-R2 5| %)
1 pL.2.5 mmol/L dNTP 8 uL.ddH,0 13.5 pL .cDNA
IR 1 L. 5 U/uL Tag fi§ 0.5 pL. PCR J v 25 4
95°C 7% 1 3 min; 94°C 484 30 s, 68°CiE k 30 s,
72°CHEMH 1 min, 35 PMEFF ; 72°C L IEAH 7 min; 5'%
i B () 3 4) s B P i o TE S D AR
JAAE W HtheOBP3 SE YA K551

F1 KEETRAKSIY

Table 1 Primer sequences used in this study

P i FF411(5-3") A%
Primer name Sequence (5'-3") Purpose

3" adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTTTTTTTTTTTTTTTTTT 3/ cDNA 1
HitheOBP3-F1 ~ GACAAACCAAAACTAGCGAAGGCCAAAG 3'-cDNA end
5.3’ outer GCTGTCAACGATACGCTACGTAAC amplification
HitheOBP3-F2  TCGAAGAGTGTACAAAATCAGTCGAGCCA
5.3' inner GCTACGTAACGGCATGACAGTG

HtheOBP3-RT1 CCGCTATCTTTCAATTTTGAGTGT
HtheOBP3-RT2 ATCCGCCAAATTTCGCAGC

5'%iit cDNA 1
5'-cDNA end
amplification

5" adaptor GCTGTCAACGATACGCTACGTAACGGCATGACAGTGGGIIGGGIIGGGIIG

HitheOBP3-R1 ~ TGACAAATTCTTCTTTCTGTTCCTCCGTGA

5.3 outer GCTGTCAACGATACGCTACGTAAC

HtheOBP3-R2  GAAGCCCTTGGATTCTATATGGACAACGAG

HtheOBP3-F  CAGCGGAGTCGAAGATACCC SERT % AE i PCR
HtheOBP3-R ~ TGGCCTTCGCTAGTTTTGGT Real-time
RPLI3A-F ACACAAAATCGAAAGGGGAAA quantitative PCR
RPLI34-R CGACCAAGATGACAGTAGGCA

1.2.3 2R /i B % HtheOBP3 & B A 1% 8 5 oA

I 7E % 72 F¥ ORF Finder W0 1% IR /1 5 %
HtheOBP3 3£ K 1) JF Jilt [ 124 (open reading frame,
ORF) (https://www.ncbi.nlm.nih.gov/orffinder/) , il i
B A DNAMAN 9.0 #F 47 # 1 W2 )3 51 # 3% , F 1]
EXPASY $ {1l [E 2 1 5 ¥ HtheOBP3 25 11 194>
i A T R A A% AR A 1 (http://expasy. org/
protparam/) A1 i 7K ¥ (https://web. expasy. org/
protscale/) , f# Ff SignalP 5.0 (http://www.cbs. dtu. dk/
services/SignalP/, TMHMM 2.0 (http://www. cbs. dtu.
dk/servicess TMHMM ) #l1 NCBI (https://www. ncbi.
nlm. nih. gov/Structure/cdd/wrpsb. cgi) 43 7l F i HAF
K RS R S R DR ST A5 R 8 . 7E NCBI H X
S A1 H i HtheOBP3 £ [ 2R 7 41| 1 [R1 IR AR B
ZEAT BLAST HEXS 2047, R ] Clustalx 1.83 #E4T 2 5
H FEXT, R AR5 8 F MEGA X AR 4y 2t R 45 it
R, H 51000 Y. I TE £ 72 P I-TASSER
(https://zhanglab. ccmb. med. umich. edu/I-TASSER/)
T AT B R 0 2 T 8 1 4 A

1.2.4 JER A B AL P HtheOBP3X 09 R ik 1%

PA Primer Premier 5.0 %Kk {4 1% i1 & 5% /1 H %
HitheOBP3 # K & K J¥ % 51 ¥ HtheOBP3-F/
HtheOBP3-R. U HtheOBP3-F/HtheOBP3-R Jj |- 'F
WE5 140 LA RPL13A P95 3L (Wang et al.,2019) |
A3 VISR i i e i Sk R L2 64
L LURE B LY cDNA AR IES T HtheOBP3 3£ 1A
) qPCR ¥ ., 20 pL qPCR S i & £ : Nuclease-
free H,O 8 uL.2x7ag SYBR Green qPCR Mix 10 pL .
10 pmol/L I N5 #1145 0.5 uL . cDNA 4% 1 uL,
qPCR 4" #8257 + 94°C il 48 14 3 min; 94°C7AE 1 30 s,
60°CiEk 305,72 CHEM 1 min,35 MFER ; 72°C A IEAi
10 min, M 60~95CZ A TIE I Ze o3 br , B
PR EE A= EE 4 3 s 2 (Li-
vak & Schmittgen, 2001 ) 3155 ISR £ 5 U6 1l R 45 41
21 HiheOBP3 JE R 215 1, DANE SR A 6 0 i AR
Sk A NIRRT R A Rk
1.3 #iRaH

K SPSS 20.0 A4 X 1l 55 B 2 A7 B R R
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224534, VL] Duncan [T S M0 22 12 0047 26 5 W 254

2 ERESH

2.1 ERATWEHheOBPIEERF TS
TE AN A B % HtheOBP3 JLH 4 K 751
(GenBank & 55 5 QHI06949) , H: ORF 4 474 bp,
G 1 157 A~ 4 KL R pk L, w B AR A H A
HtheOBP3 % E E]/‘J ﬁj\%ﬁjj C762H]233N1910233SH ’ 67\%
YN 17.15 kD, 48 1L S0l 5.14, 50T B K R 8L
H-0.120, A2 E R ECH 53.23, IG5 R ECH 85.03,
FIBIT I A 6 MR FR iR 5, HES) =X
j"j Cl'Xz7'C2'X3'C3'X41'C4'X|2'C5'X8'C6 ’ ﬁ % J/Eﬂi‘ iﬁ! /%‘A
G5 G & T A 1 6 MRS DR TR i 25 F B
B, S % HtheOBP3 2 11 HAT MEfE B £ 454
H -l AR 45 5 8 (pheromone binding
protein-general odorant binding protein, PBP-GOBP)
KGR PR S5 R 38, 7 T 31~146 137 2 Jk iz =2 7] (&
1), EfH01.65x107" %8 TG {5 -5 IR S BS54
ISR £ 5 i HtheOBP3 £ 111 % A7 5 i /K PR Xk, H:
HEE 10~27 {7 IR 5% S P iy IX 3l B W, 7T fig
SEBUK PSR F R AS G0
1 ATQGTTCTCATAGACGGGAAGTCAAGTGTACCTTGGCTCGTAGTGGCTCTCATTGGAGGT
1 M VLIDGEKSSVPWLVVALTIGSG®G
61 TTTCTCGTTGTCCATATAGAATCCAAGGGCTTCACGGAGGAACAGAAAGAAGAATTTGTC
20 FLVVHIESEKGZFTEE® QEKETETFV
121 AAAGTCATGAAAGAATGTGCAGCGGAGTCGAAGATACCCGAAGCCGAATTTGAAGCGATG
4] K VM K E CAAES KT PEAETFEAM
181 ACTTCCGAAAGAAAACCTCCAGTGTCGAAAGAAGGAGAGTGTTTCGTCAAATGTATCATG
61 T S ER KPPV SKEGETG CEFUVEKTCTIM
241 GAAAAAAATGATGTCATTGCGAATAACGAAGTGAATAAAGTGGGCGTAGCTGCGACTCTT
81 E K NDVIANNEVNEKVYGVAATTL
301 GAAGAAATGATTGAAGACAAACCAAAACTAGCGAAGGCCAAAGAAATTCTCGAAGAGTGT
101 E EM T EDK®PEKTLAEKAEKETLTLGEEFC
361 ACAAAATCAGTCGAGCCACTTGCTAAGGGAGACTCGTGCGAATTTGCTGCGAAATTTGGC
121 T K S VEP L AKGDSC CETFAAEKTFEG

421 GGATGCGTACACTCAAAATTGAAAGATAGCGGTATCATCGGGCCAAAGTTT
141 6 ¢ vHSKLZKDSGTITIGPKTF *

JrHE : BRI MLZL T TR (AT as
W 7R 642 E M . Boxes: start codon and

stop codon; underlined: conserved domain; red letters:

six cysteines.

E1 ERfAES HtheOBP3 W E 5 5 R R
BRI
Fig. 1 Nucleotide and amino acid sequences of HtheOBP3

from Helopeltis theivora

2.2 [ERfAEEHtheOBP3L TN

10 I 5 A1 5 i HtheOBP3 41 P, & & 8 & 1
%, HyOEE R HEi N ER  HZ R 558
GRS R TRS 45 1E B ey Y 22 R R Bk o3 3o

2241284~ MESLAf H % Hthe OBP3 Z5#4 LA 61~ 012
Bk, 45 9~50(al) (54~62(a2) \74~83(a3) .
93~103 (a4) . 107~123 (a5) . 134~149 (06) v Z FE iR
ZHI, AR SRR Y 66.9% , Hirh 54 a- B2 EIE ik,
145G H4E, al IRHEAL 456 H A TIER s 6 -2
e & iR Z Bl HE AL T 3 %) A, B Cys46~Cys78 .
Cys74~Cys133 FlCys120~Cys142, 53 5%4% ol Fla3 .
a3 Fl a6 a5 a6,
2.3 FERATEHtheOBP3F 5 7Y E R 14 L 3

B 5 % HtheOBP3 & L2 /7 51 52 H |
g 5 AGH H A H R A OBP Z LR )74 i AH
Rl 22 AR K, Horh 5300 H 25 350 F 1% PmicOBP4 24
1R 75 (GenBank % 5%5 24 ARO46433) — M i
1, M 55.56% , HR 5 B E 4% % ClivOBP2 24 3%
i I 1 (GenBank % 5% %5 24 ARJ35767) Fl 4% H &
AlucOBP6 2 % 2 J¥ 4 (GenBank % 3% 5 4
AEP95762) 1 — B 3 &, 43 il 2 38.46% FiI
37.50%, 5 HoAth B s OBP & 3£ R 2 51) i) — B0 Ay
25.85%~36.60% (3% 2) . BLAST JF%1 L %45 3 7R
AR £A 5 % HtheOBP3 5 20 FhH fth >4 H B b
(1) OBP —#U AN 1y , {H 6 A<y 1 21 B & R A 15 58
& —FH (K 2), #— 1 & HtheOBP3 J& T OBP
K o
2.4 ERATEHtheOBPIFIHNREZLX BN

J R £f 5 % HtheOBP3 5 HiAth 19 Fh 2 H |
5 R NG H A0 3 B H B AU OBP R —1 Ko
2,1 8 A H L Bt iy OBP S 3 S — 3, Ho il
A B % HtheOBP3 5 4 H 44 39 & 1% PmicOBP4 5¢
BN —F , ARMBE N9, ZHFS5BEHHE
ClivOBP2 . 4} 5 % AlucOBP6 ., AlucOBP27 ., 1 2 1
% AsutOBP6 . 15 H 5 AlinOBP6 3% 7 P2 # H H
i B U OBP R o — 3, R MR M H %
HtheOBP3 5 PmicOBP4 3% % X R fx if , 5
ClivOBP2 . AlucOBP6. AlucOBP27. AsutOBP6 Fl
AlinOBP6 JEZ e R B (K3) .
25 ERASHAEAELATHtheOBP3ERNKIZE

TENE S A s R4S 28U HiheOBP3 FE A Y
A AGR, Hop e A A R A R, b 273.27 1,
R T HAB L (P<0.05) , HU A 2 b B A Xt
PR R, K 30.96 F%, W e Sk M IR A
TR AR ek B (P<0.05) , 763k M | 5 I rp Ar ot
FER AL, H 42 AR ik i 2 1] 22 5
A (E4),
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%2 FERAEM HtheOBP3 S EERF 5| BLAST SR
Table 2 Results of BLAST analysis of amino acid sequence of HtheOBP3 in Helopeltis theivora
HH Yyfh B B 184y B — 3t
Protein Species Family Accession no. Score Identity/%
PmicOBP4 H 2 500 HI%F Miridae ARO46433 166.0 3107 55.56
Pachypeltis micranthus
ClivOBP2 MRS E H %R Miridae ARJ35767 107.0 4x107 38.46
Cyrtorhinus lividipennis
AsutOBP6 HhRHIG H %R Miridae AHJ81241 106.0 7x10™ 36.60
Adelphocoris suturalis
AlucOBP6 LEE W Apolygus lucorum H %R Miridae AEP95762 106.0 9x107 37.50
AlinOBP6 15 5% Ad. lineolatus H %R Miridae ACZ58032 102.0 210 36.11
AlucOBP27 4t H U Ap. lucorum %R Miridae AMQ76480 101.0 6x10 33.56
ObruOBP2 EINLITHS RU%FRF Geometridae ~ KOB75615 70.1 2x10™" 32.26
Operophtera brumata
AdisOBP W Wk Athetis dissimilis R Noctuidae QCF41949 67.4 2x107° 32.26
PmicOBP5 HoH 3 HE Y Pa. micranthus  F %P} Miridae ARO46434 62.4 5%x107° 27.89
SinsOBPS IINER SR R KEZEMEFl Cossidae QLI62011 62.4 1x10° 30.65
Streltzoviella insularis
CmedOBP9  FH#\FntiE WA} Pyralidae ALT31639 62.4 2x107 29.45
Cnaphalocrocis medinalis
NlugOBP2 ¥y KE\ Nilaparvata lugens “KHEFE} Delphacidae ACI30680 59.7 6x10™ 26.52
ClecGOBP19d i#HF R it Cimex lectularius BBl Cimicidae XP_014239601 59.7 8x107 27.52
NlugGOBP19a #g Kl N. lugens “REEl Delphacidae XP_ 039293531 59.3 9x10™ 26.52
CsupOBP3 ZALE Chilo suppressalis IR} Pyralidae AGK24579 60.5 1x107 29.03
YsigOBP14 HEEEYE Yemma signatus Bi% Rl Berytidae AYNO07355 58.9 1x107 30.56
YsigOBP21 BRGNS Y signatus 6% R Berytidae AYN61082 57.4 4x107 30.83
SfurOBP2 M K\ Sogatella furcifera KB} Delphacidae ~ AHB59653 57.0 7x107 28.07
YsigOBP17  EMHES Y. signatus 2%l Berytidae AYN07358 56.6 9x107 29.93
SfurOBP6 M5 K So. furcifera KHEF Delphacidae ~ AGZ04906 56.2 1x10° 28.07
SyanOBP9 A Subpsaltria yangi iR} Cicadidae AXY87868 56.2 2x107 27.52
HparOBP15a W5 RN 4R gt ALP75946 56.2 2x107 25.85
Holotrichia parallela Melolonthidae
PakaOBP6 AR ERANG FEICR QGWS50670 55.5 2x10° 31.13
Propsilocerus akamusi Chironomidae
SyanOBP6 A Su. yangi 1B} Cicadidae AXY87865 55.6 2x107 27.52
DpunOBP37  LEMER Aty Rt ARO70196 57.0 2x107 27.64
Dendrolimus punctatus Lasiocampidae
LstrOBPS WA Laodelphax striatellus ~ KEF} Delphacidae  AGZ04924 55.5 3x10°° 26.62
PrapOBP7 SEKYWE Pieris rapae HHER] Pieridae QNS26347 56.2 3%10°° 28.57
BodoOBP45 iR ARE i AR e} AWC08456 54.7 4x10° 29.08
Bradysia odoriphaga Sciaridae
PxylOBP18 /I Plutella xylostella FIRA] Plutellidae AMR99730 55.5 5%107 30.43
LecupGOBP28a %R Lucilia cuprina Hi#ER} Calliphoridae  XP_023303589 54.7 610 31.51
BodoOBP3 AESEIRER B B. odoriphaga BRI} Sciaridae AWC08414 53.5 1x10° 28.37
OtauGOBP19d E244: 18 Onthophagus taurus 46, FF XP_ 022909577 52.4 3%107° 26.98
Scarabaeidae
NvirOBP25  Fi4iih Nezara viridula #F} Pentatomidae QCZ25082 52.0 6x107 27.48
BodoOBP39  HERRIRE WL B. odoriphaga  NREBIF} Sciaridae AWC08450 51.2 9x107 27.48
CmedOBPS FEMEMIE Cn. medinalis IR i Bl Pyralidae ALT31638 52.4 1x10™ 26.72
HoblOBP11  KAREHAE H. oblita 54 Rk AZK90215 50.4 2x107 27.78

Melolonthidae
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SR A B s Helopeliis theivora HtheOBP3 (QHI06949) :
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v BBE i Adelphocoris suturalis AsutOBP6 (AHJ81241) :
LXE U Apolygus lucorum AlucOBP6 (AEP95762) :
BT E Ad. lineolatus AlinOBP6 (ACZ58032) :

LRE W Ap. lucorum AlucOBP27 (AMQ76480) :

SR GE W Cyriorhinus lividipennis ClivOBP2 (ARJ35767) :
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A CHE N, fugens NlugGOBP19a (XP-039293531) :

& K\ Sogarella furcifera SfurOBP2 (AHB59653) :

& KT So. fiurcifera SfurOBP6 (AGZ04906) :

KK, Laodelphax striatellus LstrOBP5 (AGZ04924) :
PHATERE Pachypeltis micranthus PmicOBP3 (ACZ58032) :
R Cimex lectularius ClecGOBP19d (XP 014239601) :
YR Yemma signatus YsigOBP14 (AYNO7355)
BEMEBRIE Y. signatus YsigOBP21 (AYN61082) :

SRR V. signatus YsigOBP17 (AYN07358) :

FEERYE Nezara viridula NvirOBP25 (QCZ25082) :

JERME W Helopeltis theivora HtheOBP3 (QHI06949) :
PHZBE W Pachypeltis micranthus PmicOBP4 (ARO46433) :
vh BE i Adelphocoris suturalis AsutOBP6 (AHJ81241) :
LE U Apolygus lucorum AlucOBP6 (AEP95762) :

B TEEYE Ad lineolatus AlinOBP6 (ACZ58032) :

LRE W Ap. lucorum AlucOBP27 (AMQ76480) :

RS E W Cyrtorhinus lividipennis ClivOBP2 (ARJ35767) :
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FEGUE Nezara viridula NvirOBP25 (QCZ25082) :
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Fig. 2 Alignment of amino acid sequence of HtheOBP3 from Helopeltis theivora with OBPs from other Hemiptera insects
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Fig. 3 Phylogenetic tree of HtheOBP3 from Helopeltis theivora and OBPs from other insects based on

amino acid sequences using neighbor joining method



78 LR/

¥ i 504

N N (O8]

[N =2 (=

(=] (=] (=]
1 1 J

RX RIS R
Relative expression level

c c c c
ff kW B R il
Antenna Head Thorax Abdomen Leg  Wing
ZH 43 Tissue
E4 BERATENRREREATR HtheOBP3 AR RILE

Fig. 4 Relative expression levels of HtheOBP3 at different

tissues of Helopeltis theivora adults
P v B b - S bR 22 . AN TR/NE PR R R £
Duncan [C#7 & ) 25 15 K 56 22 5 W % (P<0.05) . Data are
mean+SD. Different lowercase letters indicate significant dif-

ference by Duncan’s new multiple range test (P<0.05).
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OBP & — /Ny TRt & A, |27
FET R B AR L ARG 43—k 15~20 kD,
7E N Ui il 5 A — B 5 5 K, 20 N2 3L R 22 47 (Paula
etal.,2016;Wang et al.,2022) ,0OBP & 6 1~ 1= L4
SERYP DR R GR AL iX 6 PN ERELIE A 3 A, iX
3N TOEERE 6 1 a IR HE 31X 6 1> a MR BESS ) 4EHy
B A4S KA 5E (Pelosi et al., 2014 3PFi45,2021)
ISR £ 5 % HtheOBP3 £ 5 2 HL OBP A BLARUFRAE
T HMEER £ % HtheOBP3 LA 55 Ik, R R 2
AR, X5 MR H ¥ Lygus lineolaris B9 LIi-
nOBP7. LIinOBP18. LIinOBP20 (Hull et al., 2014) .
4% H W W AlucOBP2, AlucOBP11., AlucOBP28
(Yuan et al.,2015) ./NE 0k Plutella xylostella ¥) Pxy-
I0BP13 (B VLA 45, 2016) Fl Ak 45 A 75 #8 W i Co-
rythucha ciliata 1) CcilOBP1,CcilOBP10 ,CcilOBP12
(Pt 145, 2018) %5 OBP 2 [1 N ¥ th 15 5 Ik A
1, T 4% 5. % Callosobruchus chinensis B Cchi-
OBP1~CchiOBP6 ( F 7% IR 45 , 2021b) | ik Ji 5% i
Yemma signatus 1) YsigOBP1~YsigOBP10 (Song et
al.,2021)55 OBP i H N i {55 ik, R W 55 Jikfr
TeA B USRS & R T R S RIRHIE

2 2 OBP 7EF0 ] I N 51 B 73k, OBP Z [H] 1
FEHARRIE 22 AR K . R I A H 1% HtheOBP3
5578 H % 20U H % PmicOBP4 1 [R5 M B 5, (H &
FAUE AL N 55.56% , 7% W] HtheOBP3 th HAT B HLX,

KRGS G SRR PR RRIE . SR T HY%EA
AR A= 35 J SOR2F 206 R R BT OBP AELE
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i 5C 22t 1T 68 38 B AE b 2415 8 R I I8 i i o
(Yuan et al.,2015) , P i 3 26 [m] Y5 45 (1 ml GE 2 AT {4
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VIR DG, 38 5 TA ) 32 27 fil ff v #3519 OBP, H 32
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iy R R AR LA R A SRk OBP I g2 5
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fasciaticollis 11 7% " 15 B 26 35 i AfasOBP11, H A I
S 5% FHMY AR R R AR S & FER
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ML U h R $5 4E F AR HAORAE R Th i R aA
o AR T3, 3 P AR R A i R R e A= B ) e
rhT e EAT EHEER

WG e bAoA T AR A B W HtheOBP3 Ji&
IR HAEA R U RIBTE AT TR, R
TNz AR AL S R S A T o R R B8
SE T B . SR, ASBIESE AR HtheOBP3 A g H4
M DRESAT T HEN AT L DO ETe R4 A R
SRl F AR SR AR DB RN (AKX LT g —
I

& #*¥ 3 Bk (References)

Ai H, Liu YY, Long GY, Yuan Y, Huang SP, Chen Y. 2021. Functional
characteristics of a novel odorant binding protein in the legume
pod borer, Maruca vitrata. Scientific Reports, 11: 14027

Babu A. 2020. Role of microorganisms in sustainable tea cultivation in

north east India: recent advances and current scenario. Applied



134 SRS IR B R URGS & S L HiheOBP3 1 SERE ML BVRIE T 79

Microbiology: Open Access, 6(2): 1-5

Cai L, Cheng X, Qin J, Xu W, You M. 2020. Expression, purification
and characterization of three odorant binding proteins from the
diamondback moth, Plutella xylostella. Insect Molecular Biol-
ogy, 29(6): 531-544

Cai LJ, Zheng LS, Huang YP, Xu W, You MS. 2021. Identification and
characterization of odorant binding proteins in the diamondback
moth, Plutella xylostella. Insect Science, 28(4): 987-1004

Chandrashekara KN, Kumar RR, Kumar V, Banerjee D, Kundu S,
Ghosh B, Tyagi K. 2015. DNA barcoding reveals host associated
genetic diversity of ‘tea mosquito bug’ Helopeltis theivora (Mi-
ridae: Heteroptera) from India. Journal of Asia-Pacific Entomol-
ogy, 18(3): 541-545

Cui HH, Gu SH, Zhu XQ, Wei Y, Liu HW, Khalid HD, Guo Y'Y, Zhang
YJ. 2017. Odorant-binding and chemosensory proteins identified
in the antennal transcriptome of Adelphocoris suturalis Jakovlev.
Comparative Biochemistry and Physiology Part D: Genomics
and Proteomics, 24: 139-145

Deka B, Babu A, Peter AJ, Pandey AK, Kumhar KC, Sarkar S, Raj-
bongshi H, Dey P, Amalraj ELD, Talluri VR. 2021. Beauveria
bassiana: as a potential microbial biocontrol agent for tea mos-
quito bug, Helopeltis theivora Waterhouse (Hemiptera: Miridae)
in Dooars and Darjeeling, India. Egyptian Journal of Biological
Pest Control, 31(1): 134

Du YL, Xu K, Ma WH, Su WT, Tai MM, Zhao HT, Jiang YS, Li XC.
2019. Contact chemosensory genes identified in leg transcrip-
tome of Apis cerana cerana (Hymenoptera: Apidae). Journal of
Economic Entomology, 112(5): 2015-2029

Du YL, Xu K, Zhao HT, Liu YL, Niu QS, Jiang YS. 2020. Research
progress in odorant binding proteins of insects. Acta Entomo-
logica Sinica, 63(3): 365-380 (in Chinese) [#13V.1, #:8l, #X 2
i, XN EFS, 4R R, 22 A 2020, B HUSORES & 8 IO ST
HERE . B H2ER, 63(3): 365-380]

Fan J, Xue WX, Duan HX, Jiang X, Zhang Y, Yu WI, Jiang SS, Sun
JR, Chen JL. 2017. Identification of an intraspecific alarm phero-
mone and two conserved odorant-binding proteins associated
with (E)-f-farnesene perception in aphid Rhopalosiphum padi.
Journal of Insect Physiology, 101: 151-160

Gu SH, Wang SP, Zhang XY, Wu KM, Guo YY, Zhou JJ, Zhang YJ.
2011. Identification and tissue distribution of odorant binding
protein genes in the lucerne plant bug Adelphocoris lineolatus
(Goeze). Insect Biochemistry and Molecular Biology, 41(4):
254-263

Guo B, Hao EH, Qiao HL, Wang JZ, Wu WW, Zhou JJ, Lu PF. 2021.
Antennal transcriptome analysis of olfactory genes and charac-
terizations of odorant binding proteins in two woodwasps, Sirex
noctilio and Sirex nitobei (Hymenoptera: Siricidae). BMC Ge-
nomics, 22(1): 172

Guo L, Xie SA, Yang P, Gong XF, Chen D, Lii SJ. 2021. Molecular
docking of AzanOBP3 in jewel beetle Agrilus zanthoxylumi with
its host volatiles. Journal of Plant Protection, 48(2): 376-387 (in
Chinese) [Z841, WH%, #F, W5, Frill, B . 2021. 48

WS T RSE B 5 (1 AzanOBP3 527 T35 K W 0431t
2 AR 2E 4R, 48(2): 376-387]

Hull JJ, Perera OP, Snodgrass GL. 2014. Cloning and expression profil-
ing of odorant-binding proteins in the tarnished plant bug, Lygus
lineolaris. Insect Molecular Biology, 23(1): 78-97

Jeong YT, Shim J, Oh SR, Yoon HI, Kim CH, Moon SJ, Montell C.
2013. An odorant-binding protein required for suppression of
sweet taste by bitter chemicals. Neuron, 79(4): 725-737

Ji P, Gu SH, Liu JT, Zhu XQ, Guo YY, Zhou JJ, Zhang YJ. 2013. Iden-
tification and expression profile analysis of odorant-binding pro-
tein genes in Apolygus lucorum (Hemiptera: Miridae). Applied
Entomology and Zoology, 48(3): 301-311

Li ZB, Wei Y, Sun L, An XK, Dhiloo KH, Wang Q, Xiao Y, Khashaveh
A, Gu SH, Zhang YJ. 2019. Mouthparts enriched odorant bind-
ing protein AfasOBP11 plays a role in the gustatory perception
of Adelphocoris fasciaticollis. Journal of Insect Physiology, 117:
103915

Liu HW, Duan HX, Wang Q, Xiao Y, Wang Q, Xiao Q, Sun L, Zhang
YJ. 2019. Key amino residues determining binding activities of
the odorant binding protein AlucOBP22 to two host plant terpe-
noids of Apolygus lucorum. Journal of Agricultural and Food
Chemistry, 67(21): 5949-5956

Liu NY, Zhu JY, Ji M, Yang B, Ze SZ. 2017. Chemosensory genes
from Pachypeltis micranthus, a natural enemy of the climbing
hemp vine. Journal of Asia-Pacific Entomology, 20(2): 655-664

Livak KJ, Schmittgen TD. 2001. Analysis of relative gene expression

AACT method.

data using real-time quantitative PCR and the 2~
Methods, 25(4): 402-408

Pandian P, Balakrishnan R, Kodakkadal Kotian S, Bastian Suresh K.
2017. Efficacy of certain common ferns against red spider mite
Oligonychus coffeae and tea mosquito bug Helopeltis theivora
infesting tea. Plant Protection Science, 53(4): 232-242

Paula DP, Togawa RC, Costa MMC, Grynberg P, Martins NF, Andow
DA. 2016. Identification and expression profile of odorant-
binding proteins in Halyomorpha halys (Hemiptera: Pentatomi-
dae). Insect Molecular Biology, 25(5): 580-594

Pelosi P, Mastrogiacomo R, Iovinella I, Tuccori E, Persaud KC. 2014.
Structure and biotechnological applications of odorant-binding
proteins. Applied Microbiology and Biotechnology, 98(1): 61-70

Qin JM, Cheng XJ, Wei H, Cai LJ, You MS. 2016. Cloning and se-
quence analysis of an odorant binding protein gene PxylOBP13
in the diamondback moth, Plutella xylostella (Lepidoptera:
Plutellidae). Fujian Journal of Agricultural Sciences, 31(4): 377-
383 (in Chinese) [ % VT4, B /NUR, BRE, 250 4, LR AE .
2016. /NRMES RS A 5 1 PxylOBP13 JE K 72 [ 5 51430 .
rRAAR A, 31(4): 377-383]

Roy S, Muraleedharan N, Mukhapadhyay A, Handique G. 2015. The
tea mosquito bug, Helopeltis theivora Waterhouse (Heteroptera:
Miridae): its status, biology, ecology and management in tea
plantations. International Journal of Pest Management, 61(3):
179-197

Roy S, Prasad AK, Roy S. 2019. First report on heat shock protein ex-



80 o R

¥ i 504

pression in Helopeltis theivora Waterhouse (Hemiptera: Miri-
dae) in response to different hosts. Journal of the Kansas Ento-
mological Society, 91(3): 238

Roy S, Prasad AK. 2018. Sex-based variation in insecticide susceptibil-
ity and tolerance related biochemical parameters in tea mosquito
bug Helopeltis theivora. Phytoparasitica, 46(3): 405-410

Sivakumar T, Yeshwanth HM. 2019. New hosts of tea mosquito bug,
Helopeltis theivora Waterhouse on eggplant (Solanum melon-
gena L.) and amaranth (4dmaranthus sp. L.) from India. Phyto-
parasitica, 47(4): 499-503

Song YQ, Song ZY, Dong JF, Chen QX, Sun HZ. 2021. Prokaryotic ex-
pression, antibody preparation and expression profiling of the
odorant binding protein AdisOBP6 in Athetis dissimilis (Lepidop-
tera: Noctuidae). Acta Entomologica Sinica, 64(2): 149-157 (in
Chinese) [ H fr, KB, BRI, BRIKE, 4. 2021, XL
ZERI IR A B FE 11 AdisOBP6 [ A% 335 B 2 Je 31k
WEAYHT . FLIEH, 64(2): 149-157]

Song YQ, Song ZY, Gu HZ, Sun HZ, Zhao JY. 2021. Identification and
expression analysis of odorant-binding proteins and chemosen-
sory proteins in the antennal transcriptome of Yemma signatus
(Hsiao, 1974). Phytoparasitica, 49(5): 917-933

Sun L, Wang Q, Wang Q, Dong K, Xiao Y, Zhang YJ. 2017. Identifica-
tion and characterization of odorant binding proteins in the fore-
legs of Adelphocoris lineolatus (Goeze). Frontiers in Physiology,
8:735

Sun YF, De Biasio F, Qiao HL, Tovinella I, Yang SX, Ling Y, Riviello
L, Battaglia D, Falabella P, Yang XL, et al. 2012. Two odorant-
binding proteins mediate the behavioural response of aphids to
the alarm pheromone (E)-f-farnesene and structural analogues.
PLoS ONE, 7(3): €32759

Sun YL, Huang LQ, Pelosi P, Wang CZ. 2012. Expression in antennae
and reproductive organs suggests a dual role of an odorant-
binding protein in two sibling Helicoverpa species. PLoS ONE, 7
(1): €30040

Thube SH, Mahapatro GK, Mohan C, Pandian RTP, Apshara E, Jose
CT. 2020. Biology, feeding and oviposition preference of Helo-
peltis theivora, with notes on the differential distribution of spe-
cies of the tea mosquito bug species complex across elevations.
Animal Biology, 70(1): 67-79

Tian Z, Li Y, Zhou T, Ye X, Li RC, Liu JY. 2020. Structure dynamics
reveal key residues essential for the sense of 1-dodecanol by
Cydia pomonella pheromone binding protein 2 (CpomPBP,).
Pest Management Science, 76(11): 3667-3675

Venthur H, Zhou JJ. 2018. Odorant receptors and odorant-binding pro-
teins as insect pest control targets: a comparative analysis. Fron-
tiers in Physiology, 9: 1163

Wang GY, Zhu MF, Jiang YD, Zhou WW, Liu S, Heong KL, Cheng JA,
Zhu ZR. 2017. Identification of candidate odorant-binding pro-
tein and chemosensory protein genes in Cyrtorhinus lividipennis
(Hemiptera: Miridae), a key predator of the rice planthoppers in
Asia. Environmental Entomology, 46(3): 654-662

Wang HM, Dong T, Zheng HX, Bai PH, Liu BS, Zhang XH. 2021a.

Analysis of olfaction-related genes in pear lace bug Stephanitis
nashi. Journal of Plant Protection, 48(2): 367-375 (in Chinese)
[ERR, B, B, AR, X524, sRANZE. 2021a. LK
U ik A PLBE AR DI AT AR B4R, 48(2): 367-375]

Wang HM, Zhang J, Zhang C, Zhuang GD, Zheng HX, Zhang XH.
2021b. Cloning and expression profiling of odorant binding pro-
tein genes in Callosobruchus chinensis (Coleoptera: Bruchidae).
Acta Entomologica Sinica, 64(8): 920-928 (in Chinese) [ %
B, ok, gkah, FEESh, AR, TRANZL. 2021b. ¢ LR IRES
B S B TTRE K IR T . B HL2E R, 64(8): 920-928]

Wang Q, Li YJ, Wang Q, Sun L, Zhang YJ. 2022. The Adelphocoris
lineolatus OBP4: support for evolutionary and functional diver-
gence of a mirid pheromone-binding protein from that found in
lepidopteran moths. Insect Science, 29(1): 151-161

Wang S, Minter M, Homem RA, Michaelson LV, Venthur H, Lim KS,
Withers A, Xi JH, Jones CM, Zhou JJ. 2020. Odorant binding
proteins promote flight activity in the migratory insect, Helicov-
erpa armigera. Molecular Ecology, 29(19): 3795-3808

Wang Z, Meng QQ, Sun SW, Li FP, Liu AQ, Gao SF, Gou YF. 2021.
Behavioral responses of Helopeltis theivora Waterhouse to co-
coa fruits and volatiles derived from different germplasm re-
sources. Chinese Journal of Tropical Crops, 42(2): 512-518 (in
Chinese) [£B, difffe, FMILAE, 250008, X2 8, & 22X, AL
W8 . 2021 2% 11 T AN ] T ] ol B AR 5 M R R M AT S
N SRAAEY) 2R, 42(2): 512-518]

Wang Z, Meng QQ, Zhu X, Sun SW, Gao SF, Gou YF, Liu AQ. 2019.
Evaluation and validation of reference genes for quantitative
real-time PCR in Helopeltis theivora Waterhouse (Hemiptera:
Miridae). Scientific Reports, 9: 13291

Wang Z, Zhu X, Meng QQ, Sun SW, Gao SF, Liu AQ. 2019. Stability
evaluation of reference genes in tea mosquito bug Helopeltis
theivora under temperature and pesticide stress. Journal of Plant
Protection, 46(3): 530-541 (in Chinese) [ I, AUk, & A i, 7
AR, w26 X, X2 ). 2019, TREERIZG R R 2SI B BN 2
FERFE T . R A2 E4, 46(3): 530-541]

Yang HB, Hu ZJ, Li DX, Zhu PH, Dong JF. 2018. Identification of
odorant binding protein genes in antennae of Corythucha ciliata
(Hemiptera: Tingidae). Acta Entomologica Sinica, 61(10): 1121~
1131 (in Chinese) [} [}, BHUAR, 2500, SRAMLL, 5 .
2018. A% AT 8 ) 5 fih £ ROR S 5 HE R DN M8 . R
2, 61(10): 1121-1131]

Yuan HB, Ding YX, Gu SH, Sun L, Zhu XQ, Liu HW, Dhiloo KH,
Zhang YJ, Guo YY. 2015. Molecular characterization and ex-
pression profiling of odorant-binding proteins in Apolygus luco-
rum. PLoS ONE, 10(10): e0140562

Zhang Y, Yang B, Wang GR. 2019. Research progress of soluble pro-
teins on chemosensationin insects. Journal of Environmental En-
tomology, 41(2): 229-240 (in Chinese) [3K £, #k, FH: 5 .
2019. [ HRMLEAH SC ]I R ORI SE R . PRI B AR,
41(2): 229-240]

(FTAERHE  RIR )



