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B E A CEURRE SO KA X R B R, EFRE KA E R AR £ BN 13 REl Sogatella
furcifera, # K&\ Nilaparvata lugens. JX Kl Laodelphax striatellus, F8 & EAS AN 12 4] je 38 W B0 0 i L
R Z Mok, WREKBEFE - EERIUL. BET, i CEX SR E AR B A TR
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FPELHAT HER N GER Rk . CAPIIESE, WSR2 AR C R /K R 04 2 o S S 35 vh Ak #5
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Review of research on the olfactory genes of rice planthoppers

YANG Gui-Qin"*" WANG Qin"? ZHANG Qiu-Liang"? LIU Kun'?
RANG Hui-Nu"? MA Yun-Feng"? DONG Shuang-Lin’ HE Peng'
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University, Guiyang 550025, China; 2. Chemical Engineering Institute, Guizhou University, Guiyang 550025, China;

3. College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China)

Abstract Rice planthoppers, the three dominant species of which are the white-backed planthopper, brown planthopper and
small brown planthopper, are major pests of rice crops in our country. These species cause massive crop losses by sucking
assimilates from phloem and transmitting multiple rice viruses. Because rice planthoppers have developed high resistance to
common chemical pesticides, developing alternative, green, pest management methods is essential to controlling these pests.
“Reverse chemical ecology”, which aims to find chemicals that can be used as lures to capture pest insects in the field, is one
of the most desirable, alternative, green pest-control solutions. Development of such lures first requires functional research on
the crucial olfactory system genes of rice planthoppers to understand their olfactory mechanism. Previous studies have
demonstrated that rice planthoppers have an elaborate olfactory system that allows them to locate rice plants by tracking rice
plant volatiles. This review comprehensively summarizes recent progress in research on the olfactory mechanism of rice
planthoppers, and thereby provides a foundation for the development of green pest management techniques to control these

pests.
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B BRI AE AR A h AR BT, HoAbs B
RER | B XCELEMAEH (Pelosietal., 2014),
PRI, AhIER 2 G [N I mT DA A bR ok I R
HEHIHAR . B R 85Z R G055 Wt sz
RGN GEIRAZ RS o WLE FIIR IR AZ 2R A
TER R R A2 Bz a5, G mslod Jak 25 TR o Je%
s MRS B A0 TRl . LS LR
B, B AR R A SR it 32 2 R IR N
REE LE 22T/ (Pelosi et al., 2018),
W KRB ZRIEA 2 (Leal, 2013 ), X2
A 1) s, FEAIRESE
1 ( Odorant binding proteins, OBP ), fk2#i&sz
# M ( Chemosensory protein, CSP); 2) &2k
FEH, FEASWEZIK (Odorant receptor, OR ),
B RIZ{K (Tonotropic receptor, IR ); 3) Bk
Fef# 2% ( Odorant degrading enzyme, ODE ) &
, WRBRIEEE ( Carboxylesterase, CCE/CXE ),
48 AL ( Aldehyde oxidase, AOX ) %5; 4) #f
BiER, &z LB E A ( Sensory
membrane neuron protein, SNMP ), XSEFEL[A [
FHE PME R R BB AR A7 . A3 A . B
TR R R B A — R A AR A TR 1) A

B M MR 2R S8 1% Ry BE R Sk AR R v
AT B A Lt Jegs rh ZRAR B AN [R] A ) B 1
JZ (8] B AH EAE R SEEE (5 /MESE, 2017 ),
PAE, 2 IARY B s BEAC T R 2 A AR LR
Jo 38 35k ML SR 2 1 LR B I LR, T 5 OBP
I CSP B “ 148" G EW N T,
B MR L A 4z 20 AL T IR 8 R B 28 0T

( Olfactory sensory neuron, OSN ) S IRZAIK
(OR) BB FZk (IR) L, AEZEBKZHA
SIS IE Rk (kR zik) —<
ILAZ{K ( Odorant co-receptor, Orco ) / ORx 1
IR #:5Z1A 1R8a/IR25a/IR93a/IR76b-1RX, 4H4E
SRANBEET, 2R ZRARFTIF &FliE, Bl
Bz, b2 e 5 S i E S mife 3 2 B i
KM, LU RAT RN s Bela, TR

HeA5 T ODE [, LAfREF OSN (YRR ( Leal
2013; Krber etal., 2018; Wicher, 2018 ), [Flif,
A — S H A FE I R A B OCHEVE ], SNMP
£ OR WHIBh &L, o] IR R M fF B R
&2 (Vogtetal., 2009), MLbEREAZAERE AL
TRABAE AR 28 L S G 3 rh R B AR, IR Ak
A DA MR B A DG R B 5 T T A U AN
ik, Higl 3 Fhfg CEl gL ARG LR 41 e
Yt (Maetal., 2021), H “mafbpds”
L 28 D I T 30 P s 75 700 %) PR i 12 ,
FEH RSN OR MITCAARSESS: , W) i 1E 244 4L
517 ( Choo et al., 2018 ), X Nik— 51k
LG8 o F-HLHI AR ST 4R A T AR 4F A %5 . Obata
55 (1981, 1983) KB, 3 FhfE KEL (18 KE

( White-backed planthopper, WBPH ). #5 & @l

( Brown planthopper, BPH ), K K& ( Small
brown planthopper, SBPH ) 18 & 5& (i /K FEE#K
B A A7) B AZ KRR MR E LK R, IR fi A
AYFE QBTG E A KRB AR o 1% 6 A AR 6 mUIRL o
TEE LA A 7 S CBE T . Rk, 5%
et QAWML S A2 3 F BT S A5 L B A SR
IR TR CEWR G AE JC I R i R i, DU
TR AT RREL B TG S BT R AR AR R o

1 BRYEREEXEENTRER

11 SK&ESEH

K255 % (Odorant binding protein,
OBP) W Bk, Rl hFEKME, BAIRE
PESR S FE A il f AR IR LR, SR T 5
BB P ) OBP 454, Hplus i 23t
2276 Y OR ( Zhou et al., 2008 ), 7EIEZSH
CLE Y, X EEARA TR SRS OBP 14
KRR, BT OBP X/ F HA k45
BHIREST, S B U ff BB SE IR SR I BE PR R TR
Sle MRIEAF ) OBP 1454, OBP ARZ W
2%, HrpaRE WA #7 OBP ( Classic OBP ),
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B 120-150 N ZIERR AL /K PEER
Hi %K% (Heetal., 2017; Chenetal., 2018 ),
HEA 6 MRSFIENERR , F R 6 4> a-IRBESS
FI, (C1-C6) #ESr T K& A, H 3 X —hi
HRGETENTMEH, k& OBP W & brifE
(Leal et al., 1999; Zhou et al., 2008; Leal,
2013; Heetal., 2019), B& T H#A OBP, X &M
HE 3 #26% OBP: (1) “Plus-C” OBP, fuif 2
AEINE SRS I R ; (2) “Minus-C”
OBP /b 2 ANRSF P iR (C2 A1 C5); (3)
JE 7 OBP ( Atypical OBP) & AH ME 6 1F
BIRZEMI, ( Lagarde et al., 2011; Silviaetal.,
2012 ), B Z M HGEUESE OBP £25 5 R s
AR, B —E R OBP A thE 5RE HUk
LB HPUrE R A A A B GE ( Pelosi
al., 2018),

TERE KA, HFAE 2009 4, Xu % (2009 )
TS R PR N BPH 263K RS RS 4 8
| 3 4 Classic OBP J¥41], TR A43#Hr T OBP %:[A
1) — AR (dE IR s i IRSF
8 S AR A ) LA R H R H ] 1) 22 5
BEESEZR . 2011 4F, He %5 (2011) #F— 70
T BPH HiX 3 /> OBP 3:[H mRNA 4%, i
T RSN A A R GEA T oA % 21 NlugOBP3
9 BPH &N KRG R SCHEIER ,  [RIBAf o T 2
GRS YRS BPH 1S RA 5
2014 4F, He % (2014a) i+ WBPH Hy%%~41,
DL BPH MRS & 8 1 Al , 8 [ IR &R
M WBPH H % 5EF T 12 4 OBP £, B,
T A K TR RS T IX 124 OBP (58 8 I ik b
BEMEFS1, WBPH # 12 > OBP &K AT LI A 3
H, 8 “Classic OBP”. 3 > “Plus-C OBP” U
K 14> “Atypical OBP”, FifiJ5#/H & & PCR 4%
REFFE T X 12 4> OBP JEREARRLHZL (filff .
Fes. 2. Bik) iRk zR . 458K e
HAARRIMERERE, el a8 RRBDI6E,
Hrp, SurOBP2 HI SurOBP11 78 [y Kl fil
SRR E I 2 4> OBP JE[H, ik, A1
— A 4k 5 M E AR AT T eI AR

v
A
=
H
et

A, BBEN 1 RBR AR S & — LK RER
R, FRREmE SRS T, HEWTX SR AE M 2555
T2 WBPH R KRR CEE AL 53, R
i ] LIAE &y WBPH 1750540 0 He and He, 2014 ),
[A4F, Zhou %% (2014 ) il id /41 BPH fil /i % 5%
20, #k—E% BPH 1) OBP it M 3 M2 F 10
N, FEAEI THR ELKREF KA
NIugOBP7/8/9/10 1t 4 4~ OBP J:PAI7E fish 1 i
ko 2018 4F, He %% (2018) FHX 3 AfE Kl
FEZH¥CE, 4y %7F BPH., WBPH. SBPH Hi/}
BITERETERET 12, 12 F1 16 4~ OBP 3:H ., fF &
A\ OBP %t 5 O A=Al 81 H B 1 OBP %=
SEAMFE, BiE 9 Acyrthosiphon pisum A 15 4>
(Zhou et al., 2010 ). ##%F Aphis gossypii A 10
. B4 H % Adelphocoris lineolatus A 14 />
(Gu et al., 2011), Z¢E% Apolygus lucorum
( Meyer-Diir) A 124 (Ji et al., 2013), {HZ
$iE B AR T A NG H 2R D. melanogaster
(51 OBPs ) ( Hekmat-Scafe et al., 2002 ). g
724 Anopheles sinensis ( 64 OBPs ) (He et al.,
2016 ) Ff# H % %4 Bombyx mori (44 OBPs)
( Gong et al., 2009 ), &+ ik Spodoptera litura
(36 OBPs) ( Cheng et al., 2017 ), fy#=# H
OBP #HL# 23 #r# (He etal., 2019 ): 3 Fifg
“REUE KHR S OBP HATRIEEE, Jf H 58l
OBP4, OBP5., OBP7. OBPI10 [fi. Hd, 73
K E — 4 [ OBP——SfurOBP10/LstrOBP1/
NlugOBP11 5 i OBP7 76— 4, BIFsE,
JUFpIEF B OBP7 V4 3 [ 5 55 ka2 iof B
HSHEZE/R-p-1EBK (Sun et al., 2012; Zhong
et al., 2012; Zhang et al., 2017 ), K/nFfE KEl
OBP 1 HES 5 ML I TREZ . I il
P AT & B — Fofr B 2 A 2 8 A A L ik £
B #% ik OBP i 5F 3 A #% ( SfurOBPI1
NlugOBPS8 ., LstrOBP2 ), #F it i S 2
RIEVCENL . AR BAUSE 5 53 F 0
RNA 345447 AL, #iEiX 3 4> OBP A
X TR KA R KR AT R A 3
YEHT, OBP B mifR ARG mUG /K RE AT AR (1) )2 i
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MARIRZE (He et al., 2019 ), i i X SOHFSE A 3,
— o fh R R IR Y OBP fEAE KEURSZ KRSk
AT 28 5 o7 K e 1) ik A e ) SR T, mT LA
YE R4 Ja et L T MR 5 PR 77 H T LI 8
FH, FECEGEA KA OBP AL 5 T ANFE i/ 5
FKik, KRBT LHEH B ELMAETIY6E,
o b — oY . WE AR, W RN
ESLE TR A OBP A7 i 25 MM A S ) i
A DME R CELH [R5 B2 A48

12 {EREEH

{27 8% 55 25 11 ( Chemosensory protein, CSP )
I TE R B A B S 5 KB, IF B2 R ERIE
A rE/NER (Lietal., 2012), 5 OBP #flt,
HiEERE, aFeBUh, #EHEA 100-120
MR FHEFR( Audrey et al., 2002 ; Campanacci et al.,
2003 ), CSP fERMAL P iz, BARKR
fb2FIRZ AN 2 ) A BRI fE (Leal, 2013 ).
LRI, CSP FEZIEHL 5 4> o BRHES I,
VI g AR, He 2 ST IE A PRSP AL Y 4
AR RIE I (He etal., 2017), {BAEARH R
RPN, H CSP ) a-lBiR B HA —E 25,
FEAFFERLARNE CSP HIIREA A AHH[F]

( EWEXEE, 2017 ). it ZHi5ERY], CSP
TE B A Tl 2 2k 3Rk, AU ) B T fi
f, TER R FEZEMEE 3, B, [FERRIAK.
BB R A = 2 43R AT ik (Zhou et al.,
2008; Sanchez-Gracia etal., 2009; Zhang et al.,
2009; Romanaetal., 2010; Liuetal., 2014 ),
KEZE CSP st R ARSI, Eflk
HZMEM, ey A AR LT .
g% MR CO, 45 1)1HE ( Rasmussen et al., 1998
A [I4E4 ) 2006; Chenetal., 2018; Waris et al.,
2018 ),

FERE CELT, 2009 4, Xu 4§ (2009 ) it
BPH £k P HIARZ S8 5] 9 4~ CSP 3 [H 5 ,2014
4F, Yang %% (2014) #F—Pi 2K OB
BPH iX 9 /> CSP KT, It e &
PCR M ENAA T EAMEMEIRE, i
NlugCSP5 == % 7F < 3 7Y i, At Fid v 32 35

NIugCSP1 SEPA = BLAE M i IR ik, /R
7 BPH 1) CSP WJREEZHEERY, et — Dt
SR ENEAS 54406, 2014 4F, Zhou
85 (2014) 8 fil % SR 507, F% BPH 9 CSP
i s E 114, B HE A NlugCSP10 KL 7E
fil f B F ik, 2015 4F, Zhou %5 (2015) it %%
Se4H % WBPH Fll SBPH (i) CSP 3E R E AT T 1 ¢,
4397 WBPH il SBPH % 5E5] 9 Fil 12 4~ CSP
S, Gl HARKIE KA A LstrCSP9 F
SurCSP5 7Efiili i my 3Rk 5 #EALRH AT R, 3 Fb
fE KEl CSP S HABE H CSP FRMAR D, HA
— N4 LstrCSP9. NlugCSP10, SfurCSP5 Al
HEB#HE CSP 43— KR4, XA~ KRddid
A LR i CSP JEH, B G ApisCSP1 ., Hilf
AgosCSP2 . #k %f MperCSP3 ; LstrCSP4 Al
NlugCSP10 5 Bk#F MperCSP2 7E— 4 .
LstrCSP2/6 . NlugCSP4/5 . SfurCSP7/9 Fil i i
DmPebll1 JEFFE— A2, DmPebl Il 3 R 7
AR E PR RE, BRXJLRE REL CSP
HHS 5 DIEE ( Lung et al., 2001 ; Zhou
et al., 2015), UiHARE CEl A DHE 53 0 7 il
farmaeik, WTRES S YIRE, 1K s CSP
FEH B TATEMA S RE, HERAS 5B
fit. 2018 4F, Chen % (2018 ) X WBPH 1 fiii ffy
IR SfurCSPs JERHEAT T RSN 1 K3k
alifl,, It 9O EEE A 5L K IIZ A R X KA
MRREA RS RCEN ). M5, Waris 5%
(2018 ) J Irfan 45 (2020 ) 4334 2018 12020
4, % 1L BPH ) NlugCSP8 il NlugCSP3 Fllfli5 |
FEEEE R R A A ES A 71, [FIRF RNA T
Pt NlugCSP8 J& & BiL, BPH 225 1 #0433t BE
15 2R AT SR A SO e 51 ) R B
LEEORAE, A RE CSP KA DEN RS
fHRHR 5> CSP TIfig i TRk LK
FELIE: , R BEAR I 2 2R A1 20, R AR ME T T fE
HAi Rk, X CEEAER S DIRER) CSP 54
SREUD, R, AR UM C &R 2
MRBEIERAZ ) CSP [, FIHEAN TR M IR
7w R 1N 7 O e I s 7 WS 2R L s
R R vk

22 b g,
MRt JR A7
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13 SKEHE

W25 574K ( Odorant receptor, OR) JET G
B 321K ( G protein-coupled receptor ) F % o
B~ OR I — MBI B 7 D ESBEIRES, R
REZBIRSF I THMIN, wevmds T 4o, 5
BHEZ WAL G B FUIRERSZ AR Y HR FNE BOxt
I (Lundin et al., 2007; Richard, 2009 ). #p5
B SRS 5 B B AU A ) OSNs Al
FI|, OSNs F A 2] ) fb 27415 1% 126 21 L5 %
o RZHE BN OSNs FTixA PR EKZIK

(OR), W¥ A3 2 25 AR RRZ 1A (OR)
FHE MRS R AZ AR ( Odorant receptor co-receptor,
Orco ) ( Larsson et al., 2004 ), OR J& [ B 7E4H
[] f 2 U 1)t SR B AR A (8 S AR AR
Orco MFFITER b s BEORSF, X487 T Orco
e B P Y ( Christine et al., 2014 ),
KREHE R #8FE % Orco fil—4> ORx %
U552 A Ak 1 ST I FIOC A B (553838 ( Sato
etal., 2008 ), fE4MTHZIA (OR) HATRE
HHA 1, BEAE SRZIK OR H—
ASERIT) OSN 255 31435, Horp OR fik A% OSN
FIR IR, I 5 AR FEEREE e R
YA EAEH (Hallem et al, 2004; Carey etal.,
2010 ), FEX N AW, Orco X+ OR EL
e FUIEHH A 1 R & 2 AT /DRy, X2
R R R AR I A ZE 254 ( Stengl and Funk,
2013 ), AR ERY, FEMET, Orco Milk/E A
ASCAE WD 2 2 Mo DI RE , e 2 0 787 D S ) MR o o
2K BWAE (Hua et al., 2017; Waring et al.,
2017 ), ELHUAY Orco kP Y R Bl 58 42 o L B
Orco & B HUM 5% fir b 75 19 ( Larsson et al., 2004
Benton, 2006 ).

TERE REHT, 2015 4F, He %% (2015a) HYE
1E WBPH Sk 5% S 4 42 %€ #1] 63 4~ OR ZE[H,
Hr 3% 141 Orco 2K, BJfS, He %% (2018,
2020 ) H= T 3 TR G mUR e R 2 RN e, i —
AR, oM AE BPH, WBPH A0
SBPH 455 5 142, 135 1 133 4~ OR J£[H, Jf:
H A CEER & —4> Orco JEH ., JFH 3 #f
e KA OR PRI A AE s [l PR PR, A,

i H OR HE R [RIAG g SEL R 4T 2R B,
WH OR AT LIS R 8 A4 (1-8), W4 7
NlugOR133/SfurOR 14/LstrOR83/LstrOR68  Fl ;&
11 ClecOR36 41 #|—/NW4, KX JLAFE Rl
OR Y ClecOR36 /&7 (1SR 2L (2-CL |
FrigE4E ) (Livetal., 2017), HAhW2H 575«
B[R] JE Y OR ARWA BT i D RE , Joik HUHI R
KE OR MUFCH: (He etal., 2020), #H4, 3 Fp
F&i KA Orco JF51) Hu Xt AR RLME B AE 95% LU
b, IF H A5 HARE B Orco BEN LRI 3B 221,
3 FhfE REl Orco #r 2 B WA H, JEHF£
Sy BFFEAGEEST 3 4 Orco HIARSERES, it
THEFB/NT I RNA SEF7 8T, R R i ik
T 3 AR KEUAY Orco R:H, - H& S M4
M E R, Bk 4y Orco JEMY 3 Fhfg K@K
KRR R 14 S5 o7 7 B W (AR 2%, JIESE Orco 17
KA FEM KR EP RS EE/EM (He
etal., 2018 ), LA EAHFFERI, Orco i T HAERH
CE AR SE, AT LRSS — N BiiA RS G EAY 8
MR, miH, 3 FhAE CEIA BT 100 4~ OR
S, fEC SRR R R EZ R, AR
i CEUY 75 3 XS B — A AR RE R
X 4% OR HH? H OR FMAE 5 ik — 4 1y 52
520/

14 BFZHE

B H B FRIZ 4K (Tonotropic receptor, IRs)
TE B HOGS RS 1 e 6 25 Wy Jox ) S sz vh & 4 el B
YERT (h4A MRk, 2020 ), B AL IR S S
T4 &R B+ 8 3Z 1K ( lonotropic glutamate
receptor, iGIuR ) ZFKj%, S5MHF.sh% iGIuR JF]JE
( Croset et al., 2010; Silbering et al., 2011 ), IRs
TAH—AN N S, BOARSE A IE A
DX F—A 5 M A s o B TE 9 2 2R (7l
85, 2020 ) BT SZAAAT I3 A AN AN [ B I -
(1) fihfaZe3A7% IR (Antennal IR ), TE&FHER
T R AR ORSE Y, AR S 5 IRz 5 (2)
K HEIAL IR ( Divergent IR ), i% IRs Wik R )
Pl S, A AR B AR IR ( Croset
etal., 2010 ), fEVFZERBP R T AFRFZEM
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IR J73 , (il in ik H g K ik Spodoptera
littoralis ( Olivier et al., 2015 ), 2 H & dt kS
i1 Colaphellus bowringi ( Li et al., 2015a), 2&
8l Orco, FEfilff#Al IR H1, % HA A ILZIA
IR8a il IR25a, Abuin %5 (2011 ) jf it SZ 5 iF B
S0 IR8a I IR25a SE K FI 5 HoA IRs A7k
ik, FIEEATEA R IR L2 A, 7E 005 K ik
Manduca sexta H g 2 Ff IR L3244, 1 siER
W5 F 0 3225 ( Zhang et al., 2019), IRs Fl
OR #Lt, e KSR, IRs AR N E N
B, HRONVIERE (BRI, 2019), IiiH
EATRBI AR F R A S22 AR, OR
i 1) JERASZ 45 R MBS, IR i )RSz 5
KA 22 1 2% /N5y 7 ((Andrea et al.,
2005; Getahunetal., 2012 ),

FERE KEH, 2015 47, He %% (2015b) B4
Wt s AT WBPH Sk 4% st g iy 286k 1, M
WBPH %5 P& 47 144 IR 31 & 305 HAb B Uy
IR FEPEHA AR, (EJEAE a8
&3 WBPH H SfurlR11 il SfurlR14 it & 157K F
BAK; N T X5 IR & T iGluRs K%, ¥
SurlR 5 HAb B 41 IR A1 DmeliGIurR #E4T
BLASTx ZM A FHEAL R (g [R)JEE EA TXT L, 2551
1EB] T DmeliGIuR I WBPH 4 IR B 4341 A B i
B2 5., He % (2018, 2020) it 3 Fifg K
HE R 2H RN % Sk s 4 A, 7E BPH. WBPH H
SBPH /- 5I%E 5] 25, 16, 23 4 IRFEH;
KHEL IR BRI HE (14 4 IR TE—DEEY,
HRE/NFHME R, AR KIS Locusta
migratoria manilensis (Meyen) ( 32 4~ IR ) ( Wang
et al., 2015). #4rfX ik Spodoptera litura
Fabricius (45 /> IR ) ( Zhu et al., 2018 ), f&[5
/N Blattella germanica ( 604 /4~ IR ) ( Harrison
etal., 2018 ), ML srHrRI, A CELEA IR
HAZ4K, an NluglR16, SfurlR3, LstrIR2 Fik:
R R IR HZ K IR8a 435 —4~ 4,
NluglR22. SurlR7, LstrIR3 WJF1A sh—A~dksz
& IR25a [Al YR, [AIEF, A& QELAYX L TR Hhaz ik
FU G B s —KfE , A 3 MESF IR B IR X 38 M1,
M2, M3) DI J—Se Ry iy s SRk 5L . Ui

FREEWN IR Az KL IASF (He et al.,
2018 ). 7EAE CEL, AHIL OR M, IR FEHY
FomAEw D, EARRAMATE 5 1) T Re A &
2, HATEAA A RERIE

15 BREWHZTEREAR

B A 8eni s 28 Jo AR 11 ( Sensory neuron
membrane protein, SNMP ) Jg&MRGE 1 28 TC R 58
JBE b e AU IR, R R H T
519-520 NZeAh . ARERTER SNMP A C il N
Ui P~ S REAS R B, I — G T N R
A EE AR — B s i /b #F ( Rasmussen et al.,
1998; Rogers et al., 2001 ), H5AHEsh) CD36
FIRFR, BA 2 BRI, e 32
W RN 5% 33 SR B PR SR 43 1 WA 25 A0 6 W Fn s i
2% (Vogt et al., 2009; Liu et al., 2017 ), 7F

K Ax Antheraea polyphemus H1 i Ik & 31w
P2 TR L B 9 Air 4 4 Apol SNMPL,
FEFAAAE T s, TReE R RPN E R
R R R A WL B R CRE S,
2021 ), FE/EAEMRE R E, Mauduca sexta H &k B
SNMP %5 2 MW KKK Hash
MsexSNMP2 ( Rogers et al., 2001 ), 7F )5 4kS25
MR EBE# H Lepidoptera ( Forstner et al.,
2008; Reisenman et al., 2016 ). #5## H Coleoptera

( Nichols and Vogt, 2008 ), Hi# H Orthoptera,
X# H Diptera ( Xin et al., 2008 ) FIfE#H H
Hymenoptera( Hu et al., 2013 )25 # & B SNMP
AR IE R . SNMP 56 PR 5805 — B AR B A B
A 2 A, B SNMPI il SNMP2., i A2
Fit—L WY, TRl B B dorp 3E it R
SNMP K5 3 5t SNMP3 (Xu et al.,

2020), TMiEHE#EE T, SNMP sk, Zhao
25 (2020) st BLAST, 7F 22 /M58 HE K4
S SR AL BAE R P S E B 107 ASFTHY SNMP Sk
K, BA-PF ) SNMP HR%E A 3 4% 16 4
AEE, B34 Onthophagus taurus 1 EL A 16
I~ SNMP £, H A4+ Popilliajaponica H?
HA 154, CEZMIEHIES:, SNMPL 25
A7 B G B K (Pregitzer etal., 2014; Liu
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et al., 2020; Zhang et al., 2020 ), {HHAb 2
) SNMP HF5eikse/, i FEiHEm A i &k
X, WTRES SHAM A PR, TG SLR
HESE

rERE KER, {UAXAE SBPH A i iiA . Li
45 (2020 ) L% SBPH (filfaft 2, BT
7 D ELE Lstr SNMP (197527, (0 G A~
HERgmEERKEAY, SHMAERX, 2
B SNMP, 435 A LstrSNMPla (K &4
468 aa) il LstSNMP2a (K JE K 532 aa), Hif
LstrSNMP1a, 1b, 1c, 1d 7eMfiffff ik,
M LstrSNMP2a, 2b, 2c MI7E 2 Rk EHE .
BEE A e BRI &, A8 RER) SNMP K
AW & B, (BT BE FIVE R B 5 ik — A
5%, ARAEET RS R EBH TG 7 i5( Li et al., 2020 ),

1.6 SIKPEfEER

[ H T 2 0 T I o i R R IR AR 4y
TAEF AR ERABZML (Vogt and Riddiford,
1981 ), BILSWRAFHIEL OR Jfoe i YIRE)S
o B A I, L P 28 T DR K 5 R
AT — AT T Bk o gl Xor e i s ke ) 3
P E B RN, FItA & ODE 1y
TR Z 5% B U TR S R R A 05 . SR
fif ( ODE ) KEn 43R WA FR i ( Carboxylesterase,
CXE/CCE/EST ), 4iffi{a3R P450 Z IR LG

( Cytochrome  P450
P450/CYP ). [ %A AL Aldehyde oxidase, AOX ).
T i S0 ( Alcohol dehydrogenase, ADH ), 2+
HRKER % #2l ( Glutathione-S-transferases, GST )
MOIR OO OWE R - WA OM R RO

( UDP-glycosyltransferase, UGT ) 7S K2 ( Vogt,
2005 ), Hrr, RERBREFAF LIz, RIEER
IS, KECAT LA DT JURPIE 2K i SR 3 £ T
fitg: (1) 7EME il fA e R 3RA, AT DARE o i
HHEE, #linZ£¥ KAt Antheraea polyphemus H
f) ApolPDE ( Ishida and Leal, 2005). #lH 4<Hi
4: g, Popillia japonica i) PjapPDE ( Ishida and
Leal, 2008 ), {HixX 2 />J KA il K S
FER W (2) MR S fd ff i 225k, A fi A

monooxygenase

Feak i UM HUET AN K . Spodoptera
littoralis i) SCXE7 ( Durand etal., 2011), #J
DL TR B A R VRS B R M L5 (3) 78
HFE A foh £ e 2 58 HL WA 3Rk B 2 () AT B J 22
S, I EH SR ik Spodoptera exigua ) SexiCXE4
(He et al., 2014a) 1 SexiCXE14 ( He et al.,
2014b ) DA K/ 32 ik Plutella xylostella )
PxylCXE16a Fil Pxyl CXE16c( Wang et al., 2021 ),
W e A I R R 2R VAR B R AR &), i F
FHER AR Y SexiCXEL0 (He etal., 2015b) Flifg
TP ik SCXEL0 ( Durand etal., 2010 ), fi
U R s AR P R, TR B R L TR
HIEfRAES; (4) 2 BHLULFLEREE, B
RERFARVE(E R 2R, WRERE AR HE &Y . (o1l
SR Y SexiCXEL3 AR ik Spodoptera
litura /Y SitCXE13 (He et al., 2014c), {HE
DI B AR S5 TR ST, I 51T
FHOCHR A A5 SR o 3o SEbf 53 HR 150 I <R e e Tl 7 S
HRGE 2 5 TR RRERE, O B R I R H i
WATH o (AR R BR TR 2= 0 5Y , AH
KERIAT R 2 AT R e =
FERS AL, T 1 A TR S AR 7S I
(KFEIRBN ) SReA-T, PRI o ke = SO e o Tl
TAARE , DUS Al BT RE S | EUA T L Y 7K
FEHE R, RS KRS SR R T A 5E

2 RE

TEERRE N, BHE SR REHR
W], SPECH IRPTLGTER N | F R IR
A ARSI R H A5 E, XA R L
FNBT IR BT iR A2 W PR FIT R P18 A o B 2 (0 24
7R B 24 R ER B e B30 D) B HUET R B R 7
ik, UnferkE e A AR EEREA IR, R RAR
— BU e AR O TARE R B EAT . 2T RR
WELEAT Ry R4 SR T S B (0 Bl 45 TR 2 —
e, AR A RS B ) 51550, s 23]
BT 1A RIS TRALH], TRA T
WL LN B AR B . AR, Rl I P4
ARHNG A= W)~ B R RT3 A JE 3% B e, fet
ot R — 25 T A B BH AR ) o P BIL AR R A
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g ASCER AT T U RTAE CEUAH S A A
FERLRE, it — R T R R R R G K
LRSS SR Bl iU, s 2%
U By i BEAE S A B FEA , LU TR
P B R G REE I B 70T BIL T RS
e SRR A B B R AT BRI 5], O S R K
i 3 HBR S — BT BG 5% , A 285%
PR MG

S & 3#k (References)

Abuin L, Bargeton B, Ulbrich MH, Isacoff EY, Kellenberger S,
Benton R, 2011. Functional architecture of olfactory ionotropic
glutamate receptors. Neuron, 69(1): 44—60.

Andrea YC, Rickard I, John JC, 2005. Chemosensory coding by
neurons in the coeloconic sensilla of the Drosophila antenna. The
Journal of Neuroscience, 25(37): 8359-8367.

Audrey L, Valérie C, Alain R, Anna MR, Alwyn JT, Mariella T,
Christian C, 2002. X-ray structure and ligand binding study of a
moth chemosensory protein. The Journal of Biological
Chemistry, 277(35): 32094-32098.

Benton R, 2006. On the origin of smell: Odorant receptors in insects.
Cellular and Molecular Life Sciences, 63(14): 1579-1585.

Campanacci V, Lartigue A, Héllberg BM, Jones TA, Giudici-
Orticoni M, Tegoni M, Cambillau C, 2003. Moth chemosensory
protein exhibits drastic conformational changes and cooperativity
on ligand binding. Proceedings of the National Academy of
Sciences of the United Sates of America, 100(9): 5069-5074.

Carey AF, Wang G, Su CY, Zwiebel LJ, Carlson JR, 2010. Odorant
reception in the malaria mosquito Anopheles gambiae. Nature,
464(7285): 66-71.

Chen G, Pan Y, Ma Y, Wang J, He M, He P, 2018. Binding affinity
characterization of an antennae-enriched chemosensory protein
from the white-backed planthopper, Sogatella furcifera (Horvath),
with host plant volatiles. Pesticide Biochemistry and Physiology,
152: 1-7.

Cheng T, Wu J, Wu Y, Chilukuri RV, Huang L, Yamamoto K, Feng L,
Li W, Chen Z, Guo H, Liu J, Li S, Wang X, Peng L, Liu D, Guo
Y, Fu B, Li Z, Liu C, Chen Y, Tomar A, Hilliou F, Montagné N,
Jacquin-Joly E, D'Alencon E, Seth RK, Bhatnagar RK, Jouraku
A, Shiotsuki T, Kadono-Okuda K, Promboon A, Smagghe G,
Arunkumar KP, Kishino H, Goldsmith MR, Feng Q, Xia Q, Mita
K, 2017. Genomic adaptation to polyphagy and insecticides in a
major East Asian noctuid pest. Nat. Ecol. Evol., 1(11): 1747—
1756.

Christine M, Km DH, Heiko V, Andreas V, Marcus CS, Bill SH,
Ewald G, 2014. Evolution of insect olfactory receptors. eLife, 3:
e02115.

Choo YM, Xu P, Hwang JK, Zeng F, Tan K, Bhagavathy G, Chauhan
KR, Leal WS, 2018. Reverse chemical ecology approach for the
identification of an oviposition attractant for Culex quinquefasciatus.
Proc. Natl. Acad. Sci. U SA, 115(4): 714-719.

Croset V, Rytz R, Cummins SF, Budd A, Brawand D, Kaessmann H,
Gibson TJ, Benton R, 2010. Ancient protostome origin of
chemosensory ionotropic glutamate receptors and the evolution
of insect taste and olfaction. PLOS Genetics, 6(8): e1001064.

Durand N, Carot-Sans G, Bozzolan F, Rosell G, Siaussat D, Debernard
S, Chertemps T, Maibéche-Coisne M, 2011. Degradation of
pheromone and plant volatile components by a same odorant-
degrading enzyme in the cotton leafworm, Spodoptera littoralis.
PLOSONE, 6(12): €29147.

Durand N, Carot-Sans G, Chertemps T, Bozzolan F, Party V, Renou
M, Debernard S, Rosell G, Maibeche-Coisne M, 2010.
Characterization of an antennal carboxylesterase from the pest
moth Spodoptera littoralis degrading a host plant odorant. PLoS
ONE, 5(11): e15026.

Forstner M, Gohl T, Gondesen I, Raming K, Breer H, Krieger J,
2008. Differential expression of SNMP-1 and SNMP-2 proteins
in pheromone-sensitive hairs of moths. Chem. Senses, 33(3):
291-299.

Getahun MN, Dieter W, Hansson BS, Olsson SB, 2012. Temporal
response dynamics of Drosophila olfactory sensory neurons
depends on receptor type and response polarity. Frontiers in
Cellular Neuroscience, 6: 54.

Gong DP, Zhang HJ, Zhao P, Xia QY, Xiang ZH, 2009. The odorant
binding protein gene family from the genome of silkworm,
Bombyx mori. BMC Genomics, 10: 332.

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

Guo JM, Dong SL, 2020. Research progress on insect ionotropic
receptors and their functions. Acta Entomologica Snica, 63(11):
1399-1410. [FK4:3F, FEXUMK, 2020. B RE 7 HIZ 5 HT)
AEMFITil e, R AR, 63(11): 1399-1410.]

Hallem EA, Ho MG, Carlson JR, 2004. The molecular basis of odor
coding in the Drosophila antenna. Cell, 117(7): 965-979.

Harrison MC, Jongepier E, Robertson HM, Arning N, Bitard-Feildel
T, Chao H, Childers CP, Dinh H, Doddapaneni H, Dugan S,
Gowin J, Greiner C, Han Y, Hu H, Hughes DST, Huylmans A,



41 ot AE: R KRR SEAH OCHE (R B T RE AT 5T it i - 791 -

Kemena C, Kremer LPM, Lee S, Lopez-Ezquerra A, Mallet L,
Monroy-Kuhn JM, Moser A, Murali SC, Muzny DM, Otani S,
Piulachs M, Poelchau M, Qu J, Schaub F, Wada-Katsumata A,
Worley KC, Xie Q, Ylla G, Poulsen M, Gibbs RA, Schal C,
Richards S, Belles X, Korb J, Bornberg-Bauer E, 2018.
Hemimetabolous genomes reveal molecular basis of termite
eusociality. Nature Ecology & Evolution, 2(3): 557-566.

He M, He P, 2014. Molecular characterization, expression profiling,
and binding properties of odorant binding protein genes in the
whitebacked planthopper, Sogatella furcifera. Comparative
Biochemistry and Physiology Part B: Biochemistry and Molecular
Biology, 174: 1-8.

He M, Zhang Y, He P, 2015b. Molecular characterization and
differential expression of an olfactory receptor gene family in the
white-backed planthopper Sogatella furcifera based on
transcriptome analysis. PLOSONE, 10(11): e140605.

He P, Chen GL, Li S, Wang J, Ma YF, Pan YF, He M, 2019. Evolution
and functional analysis of odorant-binding proteins in three rice
planthoppers: Nilaparvata lugens, Sogatella furcifera, and
Laodelphax striatellus. Pest Management Science, 75(6): 1606—
1620.

He P, Engsontia P, Chen GL, Yin Q, Wang J, Lu X, Zhang YN, Li
ZQ, He M, 2018. Molecular characterization and evolution of a
chemosensory receptor gene family in three notorious rice
planthoppers, Nilaparvata lugens, Sogatella furcifera and
Laodelphax striatellus, based on genome and transcriptome
analyses. Pest Management Science, 74(9): 2156-2167.

He P, Li ZQ, Liu CC, Liu SJ, Dong SL, 2014a. Two esterases from
the genus Spodoptera degrade sex pheromones and plant volatiles.
Genome, 57(4): 201-208.

He P, Li ZQ, Zhang YF, Chen L, Wang J, Xu L, Zhang YN, He M,
2017. Identification of odorant-binding and chemosensory protein
genes and the ligand affinity of two of the encoded proteins
suggest a complex olfactory perception system in Periplaneta
americana. Insect Mol. Biol., 26(6): 687-701.

He P, Wang MM, Wang H, Ma YF, Yang S, Li SB, Li XG, Li S,
Zhang F, Wang Q, Ran HN, Yang GQ, Dewer Y, He M, 2020.
Genome-wide identification of chemosensory receptor genes in
the small brown planthopper, Laodelphax striatellus. Genomics,
112(2): 2034-2040.

He P, Zhang J, Li ZQ, Zhang YN, Yang K, Dong SL, He P, 2014b.
Functional characterization of an antennal esterase from the
noctuid moth, Spodoptera exigua. Arch. Insect Biochem. Physial.,
86(2): 85-99.

He P, Zhang J, Liu NY, Zhang YN, Yang K, Dong SL, 2011. Distinct

expression profiles and different functions of odorant binding
proteins in Nilaparvata lugens Stal. PLoOSONE, 6(12): €28921.

He P, Zhang YN, Li ZQ, Yang K, Zhu JY, Liu SJ, Dong SL, 2014c.
An antennae-enriched carboxylesterase from Spodoptera exigua
displays degradation activity in both plant volatiles and female
sex pheromones. Insect Mol. Bial., 23(4): 475-486.

He P, Zhang YN, Yang K, Li ZQ, Dong SL, 2015a. An antenna-
biased carboxylesterase is specifically active to plant volatiles in
Spodoptera exigua. Pestic. Biochem. Physial., 123: 93-100.

He X, He ZB, Zhang YJ, Zhou Y, Xian PJ, Qiao L, Chen B, 2016.
Genome-wide identification and characterization of odorant-
binding protein (OBP) genes in the malaria vector Anopheles
sinensis (Diptera: Culicidae). Insect Sci., 23(3): 366-376.

Hekmat-Scafe DS, Scafe CR, McKinney AJ, Tanouye MA, 2002.
Genome-wide analysis of the odorant-binding protein gene family
in Drosophila melanogaster. Genome Res., 12(9): 1357-1369.

Hu YY, Xu SF, Wubie AJ, Li W, Huang JX, Guo ZB, Zhou T, 2013.
Molecular characterization and tissue localization of sensory
neuron membrane protein from Chinese honey bee, Apis cerana
cerana (Hymenoptera: Apidae). Applied Entomology & Zoology,
48(4): 533-545.

Irfan WM, Aneela Y, Asif A, Fatima R, Man-Qun W, 2020. Expression
profiles and biochemical analysis of chemosensory protein 3
from Nilaparvata lugens (Hemiptera: Delphacidae). Journal of
Chemical Ecology, 46(4): 363-377.

Ishida Y, Leal WS, 2005. Rapid inactivation of a moth pheromone.
Proc. Natl. Acad. Sci. USA, 102(39): 14075-14079.

Ishida Y, Leal WS, 2008. Chiral discrimination of the Japanese beetle
sex pheromone and a behavioral antagonist by a pheromone-
degrading enzyme. Proc. Natl. Acad. Sci. USA, 105(26): 9076—
9080.

JiP,Gu S, Liu J, Zhu X, Guo Y, Zhou J, Zhang Y, 2013. Identification
and expression profile analysis of odorant-binding protein genes
in Apolygus lucorum (Hemiptera: Miridae). Applied Entomology
and Zoology, 48(3): 301-311.

Krber T, Koussis K, Bourquin M, Tsitoura P, Konstantopoulou M,
Awolola TS, Dani FR, Qiao H, Pelosi P, Iatrou K, 2018. Odorant-
binding protein-based identification of natural spatial repellents
for the African malaria mosquito Anopheles gambiae. Insect
Biochemistry and Molecular Biology, 96: 36-50.

Lagarde A, Spinelli S, Tegoni M, He X, Field L, Zhou J, Cambillau
C, 2011. The crystal structure of odorant binding protein 7 from
Anopheles gambiae exhibits an outstanding adaptability of its
binding site. Journal of Molecular Biology, 414(3): 401-412.

Larsson MC, Domingos Al, Jones WD, Chiappe ME, Amrein H,



- 792 - R B H1 244 Chinese Journal of Applied Entomology 58 &

Vosshall LB, 2004. Or83b encodes a broadly expressed odorant
receptor essential for Drosophila Olfaction. Neuron, 43(5):
703-714.

Leal WS, 2013. Odorant reception in insects: Roles of receptors,
binding proteins, and degrading enzymes. Annu. Rev. Entomoal.,
58:373-391.

Leal WS, Nikonova L, Peng G, 1999. Disulfide structure of the
pheromone binding protein from the silkworm moth, Bombyx
mori. FEBS Letters, 464(1/2): 85-90.

Li S, Wang S, Wang X, Li X, Zi J, Ge S, Cheng Z, Zhou T, Ji Y,
Deng J, Wong SM, Zhou Y, 2015a. Rice stripe virus affects the
viability of its vector offspring by changing developmental gene
expression in embryos. Sci. Rep., 5: 7883.

Li WH, Tu HT, Miao XX, Guo XR, 2006. Research progress of
insect olfactory-related proteins. Chinese Bulletin of Entomology,
43(6): 757-762. [ZFIDAE, Wik, BEE, ¥Rkl 2006. B
USSR GRS . R HUAIK, 43(6): 757-762.]

Li X, Zhu X, Wang Z, Wang Y, He P, Chen G, Sun L, Deng D, Zhang
Y, 2015b. Candidate chemosensory genes identified in Colaphellus
bowringi by antennal transcriptome analysis. BMC Genomics,
16(1): 1028.

Li Y, Hu J, Xiang Y, Zhang Y, Chen D, Liu F, 2020. Identification
and comparative expression profiles of chemosensory genes in
major chemoreception organs of a notorious pests, Laodel phax
striatellus. Comp. Biochem. Physiol. Part D Genomics Proteomics,
33:100646.

Li Y, Qin Y, Gao Z, Dang Z, Pan W, Xu G, 2012. Cloning, expression
and characterisation of a novel gene encoding a chemosensory
protein from Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae).
African Journal of Biotechnology, 11(4): 758-770.

Liu H, Xu Y, Wang Y, Zhong S, Wang M, Lin P, Li H, Liu Z, 2017.
Cd36 is a candidate lipid sensor involved in the sensory detection
of fatty acid in zebrafish. Physiology & Behavior, 182: 34-39.

Liu S, Chang H, Liu W, Cui W, Liu Y, Wang Y, Ren B, Wang G, 2020.
Essential role for SNMP1 in detection of sex pheromones in
Helicoverpa armigera. Insect Biochem. Mol. Biol., 127: 103485.

Liu YL, Guo H, Huang LQ, Pelosi P, Wang CZ, 2014. Unique function
of a chemosensory protein in the proboscis of two Helicoverpa
species. Journal of Experimental Biology, 217(Pt10): 1821-
1826.

Lundin C, Kéll L, Kreher SA, Kapp K, Sonnhammer EL, Carlson
JR, Heijne GV, Nilsson IM, 2007. Membrane topology of the
Drosophila OR83b odorant receptor. FEBS Letters, 581(29):
5601-5604.

Lung O, Kuo L, Wolfner MF, 2001. Drosophila males transfer

antibacterial proteins from their accessory gland and ejaculatory
duct to their mates. J. Insect Physial., 47(6): 617-622.

Ma W, Xu L, Hua H, Chen M, Guo M, He K, Zhao J, Li F, 2021.
Chromosomal-level genomes of three rice planthoppers provide
new insights into sex chromosome evolution. Mol. Ecol. Resour.,
21(1): 226-237.

Mo JC, Wang CP, Wei JQ, 2019. Research progress of insect peripheral
olfactory system. Journal of Jiangxi Agricultural University,
41(1): 50-57. [BEEpn, FRily, Rz, 2019. B ARG
REWSERERE. LA R4k, 41(1): 50-57.]

Nichols Z, Vogt RG, 2008. The SNMP/CD36 gene family in Diptera,
Hymenoptera and Coleoptera: Drosophila melanogaster, D.
pseudoobscura, Anopheles gambiae, Aedes aegypti, Apis mellifera,
and Tribolium castaneum. Insect Biochemistry & Molecular
Biology, 38(4): 398-415.

Obata T, Koh HS, Kim M, Fukami H, 1981. Planthopper atractants
in rice plant. Japanese Journal of Applied Entomology and
Zoology, 25(1): 47-51.

Obata T, Koh HS, Kim M, Fukami H, 1983. Constituents of
planthopper attractant in rice plant. Applied Entomology &
Zoology, 18(2): 161-169.

Olivier V, Monsempes C, Franois MC, Poivet E, Jacquin-Joly E, 2015.
Candidate chemosensory ionotropic receptors in a Lepidoptera.
Insect Molecular Biology, 20(2): 189-199.

Pelosi P, Tovinella I, Felicioli A, Dani FR, 2014. Soluble proteins of
chemical communication: An overview across arthropods.
Frontiersin Physiology, 5: 320.

Pelosi P, Tovinella I, Zhu J, Wang G, Dani FR, 2018. Beyond
chemoreception: Diverse tasks of soluble olfactory proteins in
insects. Biol. Rev. Camb. Philos. Soc., 93(1): 184-200.

Pregitzer P, Greschista M, Breer H, Krieger J, 2014. The sensory
neurone membrane protein SNMP1 contributes to the sensitivity
of a pheromone detection system. Insect Molecular Biology,
23(6): 733-742.

Rasmussen JT, Berglund L, Rasmussen MS, Petersen TE, 1998.
Assignment of disulfide bridges in bovine CD36. Eur. J.
Biochem,, 257(2): 488—-494.

Reisenman CE, Lei H, Guerenstein PG, 2016. Neuroethology of
olfactory-guided behavior and its potential application in the
control of harmful insects. Frontiersin Physiology, 7(53): 271.

Richard B, 2009. Molecular basis of odor detection in insects.
Annals of the New York Academy of Sciences, 1170(1): 478-481.

Rogers ME, Steinbrecht RA, Vogt RG, 2001. Expression of SNMP-1
in olfactory neurons and sensilla of male and female antennae of

the silkmoth Antheraea polyphemus. Cell Tissue Res., 303(3):



41 ot AE: R KRR SEAH OCHE (R B T RE AT 5T it i - 793 -

433-446.

Romana DF, Immacolata I, Antonio F, Alberto N, Antonietta CM,
Giovanna CM, Huili Q, Giuseppe P, Stefano T, Gloriano M,
Paolo P, 2010. Mapping the expression of soluble olfactory
proteins in the honeybee. Journal of Proteome Research, 9(4):
1822-1833.

Sanchez-Gracia A, Vieira FG, Rozas J, 2009. Molecular evolution of
the major chemosensory gene families in insects. Heredity, 103(3):
208-216.

Sato K, Pellegrino M, Nakagawa T, Nakagawa T, Vosshall LB,
Touhara K, 2008. Insect olfactory receptors are heteromeric
ligand-gated ion channels. Nature, 452(7190): 1002—1006.

Silbering AF, Rytz R, Grosjean Y, Abuin L, Ramdya P, Jefferis G,
Benton R, 2011. Complementary function and integrated wiring
of the evolutionarily distinct Drosophila olfactory subsystems.
Journal of Neuroscience, 31(38): 13357-13375.

Silvia S, Amandine L, Immacolata I, Pierre L, Mariella T, Paolo P,
Christian C, 2012. Crystal structure of Apis mellifera OBP14, a
C-minus odorant-binding protein, and its complexes with odorant
molecules. Insect Biochemistry and Molecular Biology, 42(1):
41-50.

Song ZY, Chen SC, Bai XJ, Dong JF, Song YQ, 2021. Identification
of membrane protein coding genes in sensory neurons of
Srodoptera exigua. Sichuan Journal of Zoology, 40(2): 121-129.
[REE, R, F/NE, S8, KA, 2021, WZRHR
JERE P 2 TU IR B 1 i B PR S S SR URIATE AT, )13
#),40(2): 121-129.]

Stengl M, Funk NW, 2013. The role of the coreceptor orco in insect
olfactory transduction. Journal of Comparative Physiology A,
199(11): 897-909.

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

Vogt RG, 2005. Molecular basis of pheromone detection in insects.
Comprehensive Molecular Insect Science, 3: 753-803.

Vogt RG, Miller NE, Litvack R, Fandino RA, Sparks J, Staples J,
Friedman R, Dickens JC, 2009. The insect SNMP gene family.
Insect Biochemistry and Molecular Biology, 39(7): 448-456.

Vogt RG, Riddiford LM, 1981. Pheromone binding and inactivation
by moth antennae. Nature, 293(5828): 161-163.

Wang MM, Long GJ, Guo H, Liu XZ, Wang H, Dewer Y, Li ZQ, Liu
K, Zhang QL, Ma YF, He P, He M, 2021. Two carboxylesterase

genes in Plutella xylostella associated with sex pheromones and

plant volatiles degradation. Pest Manag. Sci., 77(6): 2737-2746.

Wang XS, Tang LD, Wu JH, 2017. Research progress of insect
olfactory-related proteins. Acta Tropical Crops, 38(6): 1171—
1179 [EHEXL, fRLAE, REHE, 2017 BHMUEHICE AT
It . A VEY2AH, 38(6): 1171-1179.]

Wang Z, Yang P, Chen D, Jiang F, Li Y, Wang X, Kang L, 2015.
Identification and functional analysis of olfactory receptor family
reveal unusual characteristics of the olfactory system in the
migratory locust. Cell Mol. Life Sci., 72(22): 4429-4443.

Waring T, Leonora O, K MS, Jonathan S, Ni-Chen C, Benjamin JM,
Peter RO, Daniel JCK, 2017. Orco mutagenesis causes loss of
antennal lobe glomeruli and impaired social behavior in ants.
Cell, 170(4): 727-735.

Waris MI, Younas A, Ul Qamar MT, Hao L, Ameen A, Ali S,
Abdelnabby HE, Zeng F, Wang M, 2018. Silencing of
chemosensory protein gene NIugCSP8 by RNAi induces
declining behavioral responses of Nilaparvata lugens. Frontiers
in Physiology, 9: 379.

Weng XQ, Zheng RP, Huang CY, 2017. Insect olfactory chemosensory
protein and its related model of action. Agricultural Technology
and Equipment, (5): 15-16. [$i/M, XRahith, ¥R, 2017.
E SRS AL 22 B BOHAR DGR IR, RO S 3 %,
(5): 15-16.]

Wicher D, 2018. Tuning insect odorant receptors. Front. Cell.
Neurosci., 12: 94.

Xin J, Ha TS, Smith DP, 2008. SNMP is a signaling component
required for pheromone sensitivity in Drosophila. Proceedings of
the National Academy of Sciences of the United Sates of
America, 105(31): 10996-11001.

Xu W, Zhang H, Liao Y, Papanicolaou A, 2020. Characterization of
sensory neuron membrane proteins (SNMPs) in cotton bollworm
Helicoverpa armigera (Lepidoptera: Noctuidae). Insect Science,
28(3): 769-779.

Xu YL, He P, Zhang L, Fang SQ, Dong SL, Zhang YJ, Li F, 2009.
Large-scale identification of odorant-binding proteins and
chemosensory proteins from expressed sequence tags in insects.
BMC Genomics, 10: 632.

Yang K, He P, Dong SL, 2014. Different expression profiles suggest
functional differentiation among chemosensory proteins in
Nilaparvata lugens (Hemiptera: Delphacidae). J. Insect i, 14:
270.

Yang XZ, Ni XQ, Huang WT, Chen JR, 2020. Research progress on
insect olfactory ionotropic receptors. Schuan Agricultural Science
and Technology, 10: 52-54. [#7/Mi, (T 5y, HEiils, M,
2020. BLHUBRSE RS TR Z R AR TCHERE. DU)Ifl AL, 10



- 794 - R B H1 244 Chinese Journal of Applied Entomology 58 &

52-54.]

Yan H, Opachaloemphan C, Mancini G, Yang H, Gallitto M,
Mlejnek J, Leibholz A, Haight K, Ghaninia M, Huo L, Perry M,
Slone J, Zhou X, Traficante M, Penick CA, Dolezal K, Gokhale
K, Stevens K, Fetter-Pruneda I, Bonasio R, Zwiebel LJ, Berger
SL, Liebig J, Reinberg D, Desplan C, 2017. An engineered orco
mutation produces aberrant social behavior and defective neural
development in ants. Cell, 170(4): 736-747.

Zhang HJ, Xu W, Chen QM, Sun LN, Papanicolaou A, 2020. A
phylogenomics approach to characterizing sensory neuron
membrane proteins (SNMPs) in Lepidoptera. Insect Biochemistry
and Molecular Biology, 118: 103313.

Zhang J, Bisch-Knaden S, Fandino RA, Yan S, Obiero GF, Grosse-
Wilde E, Hansson BS, Knaden M, 2019. The olfactory coreceptor
IR8a governs larval feces-mediated competition avoidance in a
hawkmoth. Proceedings of the National Academy of Sciences of
the United Sates of America, 116(43): 21828-21833.

Zhang R, Wang B, Grossi G, Falabella P, Liu Y, Yan S, Lu J, Xi J,
Wang G, 2017. Molecular basis of alarm pheromone detection in
aphids. Curr. Bial., 27(1): 55-61.

Zhang S, Zhang Y, Su H, Gao X, Guo Y, 2009. Identification and
expression pattern of putative odorant-binding proteins and
chemosensory proteins in antennae of the Microplitis mediator
(Hymenoptera: Braconidae). Chemical Senses, 34(6): 503-512.

Zhao YJ, Li GC, Zhu JY, Liu NY, 2020. Genome-based analysis
reveals a novel SNMP group of the Coleoptera and chemosensory
receptors in Rhaphuma horsfieldi. Genomics, 112(4): 2713-2728.

Zhong T, Yin J, Deng S, Li K, Cao Y, 2012. Fluorescence
competition assay for the assessment of green leaf volatiles and

trans- 3 -farnesene bound to three odorant-binding proteins in the

wheat aphid Stobion avenae (Fabricius). J. Insect Physial.,
58(6): 771-781.

Zhou G, Xu D, Xu D, Zhang M, 2013. Southern rice black-streaked
dwarf virus: A white-backed planthopper-transmitted fijivirus
threatening rice production in Asia. Front Microbiol., 4: 270.

Zhou JJ, He XL, Pickett JA, Field LM, 2008. Identification of
odorant-binding proteins of the yellow fever mosquito Aedes
aegypti: Genome annotation and comparative analyses. Insect
Mol. Biol., 17(2): 147-163.

Zhou JJ, Vieira FG, He XL, Smadja C, Liu R, Rozas J, Field LM,
2010. Genome annotation and comparative analyses of the
odorant-binding proteins and chemosensory proteins in the pea
aphid Acyrthosiphon pisum. Insect Mol. Biol., 19(Suppl. 2):
113-122.

Zhou S, Sun Z, Ma W, Chen W, Wang M, 2014. De novo analysis of
the Nilaparvata lugens (Stal) antenna transcriptome and expression
patterns of olfactory genes. Comparative Biochemistry and
Physiology Part D: Genomics and Proteomics, 9: 31-39.

Zhou SH, Zhang J, Zhang SG, Zhang L, 2008. Expression of
chemosensory proteins in hairs on wings of Locusta migratoria
(Orthoptera: Acrididae). Journal of Applied Entomology, 132(6):
439-450.

Zhou W, Yuan X, Qian P, Cheng J, Zhang C, Gurr G, Zhu Z, 2015.
Identification and expression profiling of putative chemosensory
protein genes in two rice planthoppers, Laodelphax striatellus
(Fallén) and Sogatella furcifera (Horvath). Journal of Asia-
Pacific Entomology, 18(4): 771-778.

Zhu JY, Xu ZW, Zhang XM, Liu NY, 2018. Genome-based
identification and analysis of ionotropic receptors in Spodoptera

litura. Naturwissenschaften, 105(5/6): 38.



