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Progressin research on insect olfactory receptors and
their mechanisms of signal transduction

. ok . R . . ok
LI Hui" %" HONG Xi-Wen' ZHANG Zhi-Yi' FAN Yi-Fei' WANG Zheng-Yan'
(1. College of Food Science and Technology, Henan University of Technology, Zhengzhou 450001, China;

2. Collaborative Innovation Center of Grain Storage Security in Henan Province, Zhengzhou 450001, China;

3. Collaborative Innovation Center of Henan Grain Crops, Zhengzhou 450001, China)

Abstract A highly sensitive olfactory system can help insects accurately identify different volatile compounds and play a
vital role in activities such as foraging, mating and oviposition. Insects use a huge number and variety of olfactory receptors on
sensory neuron membranes to recognize different odors and regulate their behavior. Three main families of insect olfactory
receptors have been identified: ionotropic receptors, odorant receptors, and gustatory receptors that respond to carbon dioxide
and pheromones. At present, the molecular structure of olfactory receptors and the signal transduction mechanisms mediated
by olfactory receptors have not been fully elucidated, also the identification of olfactory receptor ligands needs further
research. In this review, we summarize progress in research on the structure, evolution, and functional characterization of
insect olfactory receptors, as well as the mechanism of odorant receptor-mediated signal transduction, in order to provide some
theoretical references for studying insect olfactory coding and regulation, as well as the interaction between insects and plants.
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binding proteins , OBPs ), fb 2z &% H H
( Chemosensory proteins, CSPs ). < I 3Z 1K
( Odorant receptors, ORs ). EGEHZ oS H
( Sensory neuron membrane proteins, SNMPs ),

SR 7 B ( Odorant degrading enzymes, ODEs )

HZMEAFMSYS (Schmidt and Benton,

2020 )o H: 1434 T W58 P 28 5T( Olfactory sensory

neurons, OSNs) B I, $id B R HAEE

ZINLDEZ A, 78 B I RIRRM M5 51 il 2

ki AR . R Tl OBPs HiRiAME

JEA 2T AN LS B 5 IRGE A2 AR S A, IS

OSNs A SifERLAL B b5 S /% A AR,

e 35 25 MK, TR 5 | AR L A RRBE AT SR SR
(Pask and Ray, 2016 ), HATEZLHE T 2R

WIS AZ A, R4 R AZAR DI BE O 445 8] T

YE, Bl 55001 AME B RPN, FE

FREANL | IR IV A5 ( Fleischer et al., 2018;

Gomez-Diaz et al., 2018 ), A< LA £ % 2 HL IR

WAARI R WSz R A BRI RE | A5 L

b FCRBERE SR Sk | (55 5 LU AR T

BN A A TERR , DU vt 32 AR Y

DIREM 5T LA B W50 A2 A Ry A 7E 5 OB 45 07

JH A — 2 5 2

1 REZENEZHSSHE

1991 4F, AfiTE MK E Rattus norvegicus
Berkenhout H &L T AMKAZIRE K, Bazix ik
HAT 7 AL, J8T G Bz IR
J% ( Buck and Axel, 1991 ), #R1fi, HZ 1999 4E,
M3 B Drosophila melanogaster 4> 3t R 41 /5 41|
WISE J& , A Bt E A gt B R SOR 2 AR Y
FEHFE R (Clyne et al., 1999; Gao and
Chess, 1999; Vosshall et al., 1999), JfHZ&H
FERB A 60 M RAZ AL A/ D BUR LA,
g 62 ANMKZIKE I (Robertson et al.,
2003 ), B AERIRSIRZ RIS R |, X
ML B b 4 R A IR AZ {4 ( Montagné
et al., 2015), MJ5, Fesgdpz i TR R
SRAZ ARG 35 T A o R % Sk 28 T DA 7 B ot
PR B 8] Sl R e L 8P B O AZ AR, I 3

PEAFE S R IB I TRZ IR (R 1),

H A58 A 0 B H MR A2 A AT DL 4y oy =2
SMRZAK (Odorant receptors, ORs ), B FHlzZ
& (Tonotropic receptors, IRs ) IR — & ALk
PEF B R FMIRGEZIK ( Gustatory receptors,
GRs ), H:rf ORs 78 E ML AT Ry a5
A H EEE AR, R B AT R A R A A

( Fleischer et al., 2018 ),

1.1 S ( Odorant receptors, ORs)

ORs J {2 3 Aii T R L MLue 22 T 5 JiE 1
— B H1 400-450 M FERR AL 1L AL IR, 2016 ),
H5FLaiy G B ARKAZ AL, B3 ORs [
FEEAG SRR 7 A5 BREh A3, SR A B A
MR BN, BLH ORs 1) C Iy T4 e 4h,
N I T4 (& 1) (Benton, 2006 ). ORs
FEMFRZINAIRY R ER R S
TFNACHCE TR . WHE K ORs W] LU AT i
57224k ( Odorant receptor x, ORx ) FIS Bk
ZAARILAZ IR ( Odorant receptor co-receptor, Orco )
P2 (Fleischer etal., 2018 ),

HLXT ORx MY Z IR T4 T X 0 #T
KITEASTA] R BiE] ORx A [RIVRTEAR(K, 7E[RFh
EL ] ORx WHEA 4 H, XATHES ORx 25
B AR B SR W B R 5 C ( Fleischer
etal., 2018 ), Orco TEAN A4 i) | H A 4 5 Y
[FPEPE, H—FhE Ak s R & A —F Orco

(Yanetal., 2020 ), 5 ORx A[d], Orco A& 5
RPN, BT DIAE AR B 0 BH & 1
A, [} Orco AT LAHE R ORx Kzl Bk 4311
RE, Orco Ml ORx —fTE[F]—> OSNs H 3
ik, I PRSFR C RuIE L ORx-Orco H A 14,
FEAE R BC AR 145 B -l , SRS 5 R A i
S (Benton, 2006; Sato etal., 2008; Wicher
etal., 2008 ),

1.2 BRIEZMF ( Gustatory receptors, GRs)
Bl BFIE B, — LR g B R IR R
WAL AT RS 5 R &z . BT, fER
Hurp B4 RS2 R AT RS2 L IR AA
CO, ZWWHE B R IENZIREILRIE ., MR E
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Tablel Insect olfactory receptorsidentified in transcriptomes
5 AR Z AR i "
Rl R R a1 TURSZIAHLRL IFOTE gy
Insect orders Insect species Tissues Number of - Sequencing References
ORs method
3R H G2 H fili /i Antennae 1 [llumina  Wangetal., 2014
Coleoptera  Dastarcus helophoroides
e fifi Antennae 38 Hlumina ~ Wangetal., 2016
Ambrostoma quadriimpressum
BRI fili /s Antennae 53 [lumina  Sunetal., 2018
Anoplophora chinensis
B B RS filfi Antennae 37 [lumina ~ Huetal., 2018
Anoplophora glabripennis
=YV NEE fili /i Antennae; R flff Ak 9 llumina  Liuetal., 2018
Tomicus yunnanensis #B Heads ( without antennae );
Jfg#R Thorax; IE#F abdomens;
JEFI#H Legs and wings
FR4F Apriona germari fili /i Antennae 43 Hlumina  Qian etal., 2020
Jis# H PR R % Meteorus fili /i Antennae 99 Hlumina  Sheng et al., 2017
Hymenoptera pulchricornis
I 25 0 A fil AL Antennae and leg 158 [lumina  Liuetal., 2020
Cotesia vestalis
FAk#% Sirex noctilio fol /5 Antennae 41 [llumina  Guo et al., 2021
i H IINER AR B fili /i Antennae 56 Hlumina  Yangetal., 2019
Lepidoptera  Streltzoviellainsularis
W PTIE Heortia vitessoides  filifi Antennae 28 BGISEQ  Chengetal., 2019
KEdE Galleriamellonella  filiff Antennae 46 [lumina  Zhao etal., 2019
VPR 30 fii /i Antennae 63 llumina  Huetal., 2019
Eogystia hippophaecolus
25 E [ Hyphantria cunea fiifi Antennae 52 [lumina  Zhang et al., 2020
T PH AR 55 55F 1 filf1 Antennae 45 Mlumina  Yang etal., 2020
Histia rhodope
B MK Peridromasaucia  fillfd Antennae 63 [llumina  Sun etal., 2020c
RE# H DA I fill /5 Antennae 51 [llumina ~ Wangetal., 2017
Diptera Episyrphus balteatus
TR 05 b fil /i Antennae 42 Hlumina  Wangetal., 2017
Eupeodes corollae
RS RE AWk filfi Antennae 138 Mlumina  Sunetal., 2020a
Hemiptera Halyomor pha halys
(Y E| R ik fill /5 Antennae <30 [lumina  Missbach et al.,
Phasmatodea Phyllium siccifolium 2014
K H BEAK 1 Thermobia filff Antennae 3 [llumina  Missbach et al.,

Zygentoma

domestica

2014
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R SZ4K Gustatory receptors (GRs)
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GR21a GR63a

1 3FMIREZHEHENXE (17 Pask and Ray, 2016 4 )
Fig. 1 Structural diagram of three olfactory receptors ( Drawn after Pask and Ray, 2016 )

B, GRs W EAT 7 AN EEMELEH , HIIRe 2 a3k i
3 NECE Z W2 KW R4 . X D.
melanogaster . [X] HilF 424 Anopheles gambiae.

LA ¥ Tribolium castaneum. % 4% Bombyx
mori . %Ki Aedes aegypti . & K F & & Apis
mellifera 55 & 2L 58 32 R HE R 1) Al R B, R
RS2 B R e B oAk, R SRR UPE R AR, 7
8%-12%Z 1], FHIAN[A] B B o 57 (A 0] FCAA (1)
HHEAER K ZE RS (Robertson and Kent,

2009 ), CO, AZ AR —ZEAE WIS il 1 840 P 285
T RIB IR TESZ AR, BFFE R BLIX IS 32 A TE W If
I FHRAF FE R AR 2 OCEE AR AL
A DIARSE CO, ¥ FE 3 N sl e 25 3057, I
BT T ERBEFNEVE 55T (Majeed et al.,

2017 ). W2 CO, AZ AR A X NFSHUR I — L
BABRY A N, A aegypti i Gr3 7%
AT FLER /) S T 2% ( McMeniman et al., 2014 ),
BRT CO, 3ZARAN, A BN B R IMIREAZ A,
WA R TE RISz T R ¥R — e PEH .

Gr68a ] BEAE WAH B 2 52 K 2B —Fh i
Drosophila it Bt A& 14 il & e HOR AT Y
HHE % (Kohletal., 2015 ); 1 T/ TR
GRs AJEZ 5 i e 5 /U B AE B R
DAA i F B v T8/ T A9 2556778 ( Holman,
2018 ),

A, GRs i85 5 1 B HUGRIHOR P o0 R ok
Y (A A S ) f9iR), B B R A e
BEOMENEY, HERASNEENTN

( Agnihotri et al., 2016 ), 4 D. melanogaster )
Grd43a i 2L Ik e b R R &, AR
HAFEFTH (Miyamoto et al., 2012 ), iKY
JoT D)3 2o 3R B R R E Y GRs, 15K R
HEFF A (Xuetal., 2016 ).

1.3 BFBIZE (lonotropic receptors, IRs)

MR, B AP AR 1) OSNs 1 SR
AZiKk ORs 1 GRs, {HEIX} RS KT =4
S, Benton 2§ (2009 ) YK M D. melanogaster
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IR B h A T — KB RN a2z ik, Jf
¥ HAm 2 B 24K (Tonotropic receptors,
IRs ), FJS7ESEM H | §58 55524~ H i R fi
A FRE & B T 12532k ( Gomez-Diaz et al.,
2018 ), FETERIAY IRs MY ILRR T A FI ik
R 25 5, T LB R e TRs 5510 3 N,
A3l IRs . ZMHUR! IRs, {57324 IR8a 5
IR25a ( Benton et al., 2009 ),

Bl X IRs ZKIGIIRERFR AR A, KB IRs
LU A PR | s . MRS o FIHH
A PRFG R IA IRs [ HE TR AR 1) OSNs [Tk
JEAZIE B RE B IRs (A EY) R TR R R R
W22 0] ( Wicher, 2018), IXAMifif IRs
MBS AT DA 22 i 77 A SO, T 3k % R A ) 25
B HAT B % % Y (Hussain et al., 2016 ), i %t
Drosophila IR76b 3 #r k8, HZ 57T

A B

A1EE Exterior

e

Interior

Anchor doamin

xterior

., SNEE
s

Drosophila XK Eh R85 fIZ FLER AR Y. ( Zhang
et al., 2013; Croset et al., 2016 ), ITAEIFRMIH
58 R W] IRs B T2 5 W tE AR ESL, 18
2577 B AR AN E Y. ( Knecht et al.,
2016; Nietal., 2016 ),

2 SHKEEHNGSHSHUE

21 SKRZEHEH

Hir, E o ORs i =4EE % A% RE LR |
XSk SR BV R B — M A 3 ROy ikt
13, X Drosophila “TWRAZAR RS54 3B &k
Fi, Drosophila ) ORs i N sy TR, C
SR TEANMIAR AN, R Benton ( 2006 ) HEI E H iy
ORs NJ& G &z IR i — 5, & —14
SRS A RS (& 22 A ). Hopf 45 (2015)

5 e
Lateral view
yiige
Top view
S S Lt

B 1 i

Lateral conduits

B2 SKZHALZEEGEOEBELEHE ({7 Butterwick et al., 2018; Luoand Carlson, 2018 2 )
Fig. 2 Architecture of the Orco tetramer ( Drawn after Butterwick et al., 2018; Luo and Carlson, 2018)

A. Orco HANIFEALSEL; B. Orco 25 &1 A0 T A8 R A M ISR AL ;- C. Orco BN M A AE BLIRES & 148
D. Orco MWL, £ 7HENR A TR 45 & M 2 s B, INONTET (7)) TS (A7) WS, Tl il B~ 0028 5 b
FLFEAR TIE (S820), Bl s FaiE nl ik AR tly, B OfLIEEARZIT (JBL ),
B BT DAL BE AL JC Y O 2R A E AP 28 0T (REZR ),

A. Schematic description of single subunit of Orco; B. Side view and lateral view of Orco structure; C. Ligand binding
pockets in the ectodomain of Orco; D. The anchoring domain formed by internal parts of each subunits; E. The side view (left)
and top view (right) of Orco channels. The transmembrane domain formed a central pore for ion passage (solid line), and the ion
could enter the neurons through the central pore (dashed line) or the four lateral conduits formed by the subunit (dashed line).
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XA ORs M IERRIT YT 0r, 58
THAE ORs WAk 2 v Bt 1 O <1 22 R R B ik
B AR, I H45 A ORs ) &b xt Z ik
BT R, ME T EH ORs [ =4EpiAy, Jf:
T AEAE I PR B RS 5 ORx-Orco &
B WA I 1] 4 B A RO FLIE I TR ;

Butterwick 55 (2018 ) FI ¥ VR L BEH AR f#HT 1
T 27 M/ NE Apocrypta bakeri f{) Orco HYZ5 1,
RIPHIE— DU SRARZE R, DA 7 Ik 2 i 2 24
MR B AR R (e ) e AE AR b, TR
—DEAA T FLE RN (B 2: B ).

W5 &P, Abakeri [t) Orco BN WIEEH 7
A5 IRIR LA (w45 S1-S7), Hiv S7 &gk
PURIRA L, BE—BER N 15 NEERT
B KICLER Gy RPN BRBESEHE , o3 I 44
S7a il S7b, HH S7a 4R E WAL, STb
M 5dfLBE AR (B 2: A); 1 S1-S6 1Y
JIANT AL T —A K 10A, % 20A B4,
I AT RE S — LW AT B A /N AR
Siaia (Bl 2: C); [RIEF S3-S4 12 1o R 43
A BH 1RS> F R ABCRZE A 10485 Orco 45
4, MM ORx-Orco & A 1K 5 LRSS & 14T
2 (Butterwick et al., 2018; Luo and Carlson,
2018 ), Orco BR7ESEIT ML A1 i — bt HLA B )
OFLIE , 75 20T — il A PO 2% PO XS FR 1)
HERDIEE , AT LLHS B B DA fLIE HE A 4 A
B, BPPIRZS T, A0 FLIE FEVT 4RSI 1
WA K SRR R LB ] , T2 B 0 B 4, 3
IO ERCE 28, KEBETZHIRE, 6k
Witz fliE (K 2: D, E) (Luo and Carlson,
2018 ),

Marmol 45 (2021 ) FI| ¥ ¥R LG AR BLY)
M T A H EL B Machilis hrabei 14432 14
MhORS5, %55%0H, MhORS EA 5 Abakeri 1
Orco AHLAYZERS, S HBCIA T & B 5 MhORS 24
A HF, MhORS [ S7b SR RN &N RS, SECEE
468 DRI (Vald68 ) KAl - liib s Hivh
OFLIE, 5 467 i 2 BENE ( Glnd67 ) Mk
HEA LI, Bt LB AN T A 19 45 45
BEATHF, i SO & AR 25 A8 Ak, SEI 20

WA K RIS T3 A HOFLIE S, 38 0 DY S [ 4
BhiEiE, A RAAI N, X5 Butterwick 45
(2018 ) AYHEM—2L ( Marmol et al., 2021 ),

22 SHZEREWL

PR A Bl A AR R R v, AR AR
S5 AR BT R A TR A s TR,
PRI I A 2 3 B AU A2 4002 B o Pl oK 2R 3BT A
A% 38 P R AR T ok R U ( Krang et al.,
2012 ), Missbach %% (2014 ) X A[FE A (A4
AUEHE, KA HM R E ) BB RGN RS
RIL, TEAWH P AETE ORs, fEA 1 H Uk
B Orco, MIAEATT A H ML T 58 2 m0 <k
ZARZ G 45 ORx Hl Orco, H ORx (XA #E
R0 S W o s o = o O e e D W7 WU
HARE PR RN, BT DLHAEIN ORx FIfig2R
HOMELBE R LX) AT R AE L 724 SR 11T Brand 55
(2018) MIBFFEENAE T X FIHED, A0 B 5
MITC#H) M. hrabei H sl 485 Y 5 Fh gt ORx
FYFE ; M ABEAK 1 Thermobia domestica i
He 42 Fpgmts ORx ML DL K —Fp 4t Orco
R S, B TREN . BUBYY . B
H Fni5mE 5 i JLAD R i py LR 4L, R E TR
. BN R4S ORs MY, TMife
Wz i H A RE H R R 4 R BT gt ORx il
Orco &, ILALA T A B AR 5 ORx FiI
Orco RG1ER MMMz isiCfAfE, 2R
HaX b BRI () 7 PR AL, TR R B AR
RGN RATHYIE N1, TFIA R RS2 AR ik
o R b B rh A R (1 3)
b5, Brand % (2018) XXf M. hrabei, T.
domestica, ¥t Ladona fulva, IFijf Ephemera
danicade 15 48 Caenagrion splendens 5 Fj L #t
CLTEREAY ORs BN ERGEKEW, otk
L TdomOrco 5 A A ME AT Orco BEHE—
B, R — o5, HEASIAAME R
) Orco FH[FIHFRAE, PR SLHEIN T BB 2 v A
W H Orco Y[Rl IE (& 4 ), #L4), M. hrabei
AFETESTS Orco FUZED, H 5 Fhgmtt Orx [y
KRG TE— R, e AR b i) ks B2 ik ST 1
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Tt 11T 1T ORs Orco
Mya 500 400 300 200 100 0
R &
Collembola v 0 0
XUEH
N Diplura 0 0
AR E §
g0
] Archaeognatha Em Machilis hrabei E 5 0
<
—_—
| KfH ki S 43 1
Zygentoma BEAR =
ORs Thermobia domestica R
iigt 3 .
/T Odonata g
Orco I%HE Ladona fulva :ge
Ep s H b a 46 1
Ephemeroptera : 3 §
W 8i¢ Ephemera danicade &
ﬁﬂ% Tl 10%>300 1
eoptera

3 ANEZMBNY ORs 1 Orco BB HE ({h Brandetal., 2018 42l )
Fig. 3 ORsand Orco population distribution of hexapods (Drawn after Brand et al., 2018)

Mya: B HEB. Mya: Million years ago.

PEAK S Thermobia ica [ A4 Machilis hrabei M SR Caenagrion splendens

W BEAK AL Thermobia domestica M %47 Ephemera danicade

O
ree O #%4E Ladona fulva B Orco 4Nt Orco outgroups

SRR

Bootstrap support L]

@ >95%
O >70%

B4 SHKFGEERARRRGZATEEMELHRRMEBEHRMNARR (H Brandetal., 2018 &4 )
Fig. 4 Phylogeny of Odorant receptor gene family from representatives of apterygote and
paleopteran insect orders (Drawn after Brand et al., 2018)
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433 (18 4 )(Brand et al., 2018 ), 2% M. hrabei
Hifih Orco MY HE PRI i 2k 1) Jirt PRI R B AR 3 e A=
TR H BI85 — A S 7 A7 N
HA& A H R R fed B, i A —F Y
MTFPABZE, MXFEDR Orco 2T R
1 Orco AYFL[AIEEYR ( Brand et al., 2018 ),

Bl A Kt B VR A2 AR S ok, R
R AR A2 R S At R B 2R, S hT R
PRI AT 82 o o % A 1 B rh 4y B A2 22 R )
Fi, B ORs BRI ZMGEHAT T RMEY 3, DU
T8 N AT AEAE IR AR AL o ANAE A 23 R i
FhEEH, S T HATR KR ORs Xk (£F
300 A~ ), k) Al mSOAS () S5 9 AR A 7 e S
Hortr, RIMTHAYfmfAT ORs ByF BN
A7 RGN T HANSEZ A, XA RS T
o BB T A 2R i SR ) A — 35 ( Zhou et al.,
2015 ); T HAWARFE S PR R Y ORs KRR Kl
Al B RGPS, 4N T. castaneum & 259 Ff
SIRAZAREEDN, Sppd g Bl 5 B H i) Al i el
HIEIAWE B3 14 & ( Engsontia et al., 2008 ),

3 BRSKIZEREERRYE

31 H[EZMAIhEERIE

R AT B SR AZ AR D BE, HETC &t gt
T MRS SR F R R G, b TUE B RE 4
SR F IR R G0 2 b e R N )z i —
Fio 2001 4E AfTELY) 44 Drosophila 1) OR43a
ZARTEAEPTCHE R0 A b3k, TR E T ERY
4 FRECAR AU I OB AR RN R Wetzel
et al., 2001), X2 AMNTEREE R s
FRIY SRR DL SR T o B, AT
S8 0] FE R 7L 30 4 A0 R S i s S S T £
FiAF2E ORs MAIMER, W AZEHRAG 40
% 293 (HEK293 4fiffi % ). Drosophila Jififif & 2
SR (S2 HUMLFR ), X LLAH M R kA Yk
KK, K3l ORx A1 Orco 7E4HIIE R ik,
R 5 RIS B AG RIRSE e R 23 B 2 G i 2 iy
4 X AN R SR B B S ( Fleischer etal.,
2018 ). A T BN KHEE S 5] ORs B M7 2L,

AR R B LI TRk R A shik-F &
PR, SEEL T AR AZ AR AR Y e e
(Pasketal., 2011 ),

SR, AIREMEF ORs AUERSPERA R R
Fe SR RE RGP % (Wang etal., 2020 ), 3
Fit, AMTXIF A1t T Drosophila “ss #fi40”
ARG, &L Bk OR22a, {HEEER T ORs
M 37 SR 40 5 BT 5 R i, TR e e A
“IEMZIL” PRH GAL4/UAS EKRS, W
IR H AR 2T ORs XF AR 9 & Y Js2 i
( Pellegrino et al., 2010 ), {HJ& “SSHZIL” R
STz LI E SNMPL, it L AE 0t
FEAA IR ZAAR, AT T Drosophila T1
BB RSB RS, HTEEFEEREZKRME
T, Hizoh BB 2 7e e B3R W i ik vh i 2h 1%
# 7R (Kurtovic etal., 2007 ), 45425 g
JCH T1 RIXRGEWGE B B9 RZ AR BCA, B
AT EE LT B 2R T R BCIATE

X} Orco WIRERIEM ST, Bk Lk A AL, i
AT DA FH 356 DR ) A A R PR DT BREG A . nf)
Fe ¥ ) 4 R ¥ D. melanogaster ) OR83b
(Orco ) FEHNEERRSE, & BHIR B RY 5 6E
I BREAR, 29K OR83b 1y [m) I B A 5875
AN 5, D. melanogaster BV & 1F & AH 5
i (Jones etal., 2005 ); F|H RNAi £ ANGE[E
/N Blattella germanica 1) Orco JE[HUTER, B.
germanica X {5 5 2 MW 1) S [R1RE B I K
fik (He et al., 2021), T4 OrcodsRNA {4 %
T. castaneum i f5 , JLPIAL B H LR T X 3R 4
H5EZE MY (Engsontia et al., 2008 ),

32 BHSHKZEMEESRMYE

MREPRZHE & ORs FARYIBIFA
Je—— RS, T8 — P2 R AT LU 2 Rl A
i, [FRE—RECOR L nT LS Z k2 ik . (2
WA EF NS P A RY B %t ORs
AR C AT 1) 26 T8 A AR R ML, AT I T 2
SR Y BT, A R ECR 2
i, TR R T S ORGSR
WL RE A, SRR SEIRIE TR Z AR A EE AR
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S R HURSE AR RO S 1055 5 SHLRI ot - 803 -

] BEAFTE AR 2 28 ( Andersson et al., 2015 ),
TR E AR BRI T, D. melanogaster #l
A. gambiae R AZ A 11522 58 TR B X
R TR AR SZ AR, B RZ k
ARS8 AP K (Andersson et al., 2015 ),
KZH ORs A LA ZFP RIS , X2 ORs
PEFRA FEIIE 2R, 38 28 AR, — )
S5 . rr OSSR E . (HARAETE L
JERE SR ARAZ AR, (U —Fh LR RE 1S
DRI, PRk R RE 2 A, SR R, 22 TR
ZARTT DR 5 A A O B AR, IS LTI
PRl K5 B g b iXfLi# ( Andersson
etal., 2015), MEK(FHERZ AN Z—FKMAY
ZEVPIEZAR, AN 2 Spodoptera frugiperda
SfruOR13 X HAF B R FE I 29-+ DUk Af i
Tt T2 6 v BB BBURR, X R o AN BBURR ( Guo
et al., 2020 ), ZEPIEZARUNE B R Z LTINS
SEAME B m B R B R, AT LA Bl
AR AER AR 2 RIFPOEE A, ST AR, EATE
£, XFP R 2 B A E
EAF RIS, I E Orco NEHIESSIHY
4 A, s S ORx WA RS 5R
HAIESE A (Sato et al., 2008 ), Aty
Orco ZRAFRE AN MK Orco FEHPTER, B H XS
R T BURFR B 0 2 R, XTHES Orco &
£j ORx 7E OSN JBE F i€ i A7 % (Jones et al.,
2005; Benton, 2006 ).

A

4 ORsHr&EESHSHIERIE
41 ORsHrEEBSHKESHS

Sato ¢ (2008 ) K Wicher % (2008 ) [A]ms}
KM, #EH ORx-Orco B S E—F3Z
SRS FI0E R ARIE BRI 145 B E s, Tl A
Ca’", Na'fl K'i#id, Sato %% (2008 ) ANk
53 ¥ AT LIRS 58 A5 AR IR 7 (cAMP )
B 5T, BI% Orco-ORx B A, $TIFE
T, B EERLAL; Wicher 55 (2008 ) NITA
R, MRS BARES, Bl G A
527524 cAMP, BfJS cAMP #15 Orco, fEH#ERH
BTN, JEREIERAL: RS FIRER S
N I E R e 11BN R ST N e (=
5, WAMIFE AL, Orco HIBIG MK THEH
g C (PKC) FIF5IHER (CaM) K925 (&1 5.
A ) (Mukunda et al., 2016 ),

42 ORSHrEEEREESES

Benton %5 (2007 ) ¥, [ B RESESH
AFFECEMZ T 1 (SNMPL) 1925,
¥ SNMP1 K:H %748, Drosophila B TG B (=
B 4% SNMP1 9 1E # 3£ H % A Drosophila
AR, WA MBS X Fh b, RUITFE A SR A1
T, MR AR A B R R A A SNMP
25, FIHEN 258 Mg dl b ik, K3
SNMP1 il # 7 EIRIRAR 1) OSNs H 558 EZ

E5 SKZENSESHES ({7 Fleischer etal., 2018)
Fig.5 Odorant receptor mediated signal transduction ( Drawn after Fleischer et al., 2018)

A. 3

HRZ WA FE T RILE; B, HEEE B RZ N 5 55 LS.

A. Common ORs-mediated signal transduction mechanism; B. The mechanism of
pheromone receptor-mediated signal transduction in moths.
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& ( Pheromone receptor, PR)-Orco & & &I [F 3£
ik, 4 PBPs iz #if5 8 =41 OSNs 45,
SNMP1 JH 2% 53R pH {H, 535 8RS
&% (Pheromone binding proteins, PBPs) #4
R A A e H %S PBPs KAAEIfd PBPs
M k74, {24 PBPs RIS E, KRG
SNMP1 $if5 B R L FIfHE % PR-Orco & A4
4b, IFEIE PR-Orco B AU, (R FHES TN,
AL IME 5 1 1Li8 ( Cassau and Krieger,
2021 ),

HIFHE LD ORs A SRS B E 1k
SR G EAG TR . 7E(5 8RR
T, b A 2] LR =B LEE (1IP3)
Mk, A di. FEEERIMT G HA
R, JEMEGE p BYBEAREE (PLC) /%
B, B M PLC 5 FHEARMENLEE Bk
(PIP2) ¥4k >}y TIP3 A1 —EtH W ( DAG), IP3
HETINFELE T OSNs 5 i BH 2§ Fm i, 7= AR AR
T Ca¥" fWHLI (Stengl, 2010); DAG & &y
JE PKC, SEIMEGE T OSNs 8 i FH S+
WA Orco AEREFRMEPHE THEE, T REFLEM
PNFEBEE I ( Stengl and Funk, 2013 ); il i X Fh 2k
BRI, 42 1 RS A A5 B 2R A R
B, PRIE B 7R R S B R S AR S
T, AR SR AT ARSI I 0 B, DA
YR A P A B 62 (18] 5: B )( Fleischer
etal., 2018),

4.3 ORsHEE S HEHH

X} D. melanogaster MRESEHLE BAF 58 & R, ]
FAAR T 19 v B i) e AR il 1 3R 15 OR22a 1Y
OSNs, OR22a iHEIFTCHEsR, (HAEJLAMEH ) F
FH IRV B A FEAR - OSNs, OR22a i
HIBH B 3458 ( Getahun et al., 2013 ); [RIFELES IR
IR 2 G5 b A A T 18 T 32 178 T A o 5 )i
7235 ORs ) HEK293 4if)5, 4 N ES B ik
EH R TR, AT R ( Mukunda
etal., 2016 ), HEILHENI7E OSN WAETE(S 5 R4
JYE ORs GBI N, IFHENIZIE S R
cAMP. PKC #1 CaM ( Getahun et al., 2013;
Mukunda et al., 2016 ), #F—HW5RkM, MK

WS R ORx-Orco B A1K, HIANR LI HIEE
WA ERALET, OSNs PIRISEAE B cAMP, T
WG Orco, BUfl Ca> i, OSNs N Ca™ W ETH
55, 3% PKC Ml CaM, PKC fii Orco W1k,
E—2L 398 Orco 11, f2 3 FHES 1 N ; T CaM
5 Orco 454, WAl LIESE Ca™ By, s 4n
WSS A3, ORs R U Bz AP 1 o 2118 B A
J&, SRS Bl B S BN AR Te gk A ) g R B
SRR, (E 6) (Wicher, 2018),

HBTRZE

OR ground state

i A
ISR No ionotropic response
Weak odor plume < P SRR

cAMP production

Ca?/CaM
N4

AR Z A

OR sensitized state

(CEERUS :
Weak odor plume 1 %%5‘ B
onotropic response

B 6 ORsHBHLER ( 5 Wicher, 2018 &4l )
Fig. 6 Sensitization pattern diagram of Ors
(Drawn after Wicher, 2018)

M7 24 B H Ak T B i) s v e A<k 4 Jot o)
PR IE, OSNs SBFEARXT S RY) R I BURIE, X
ATLAHS B ORs 7553k A9 s ) me o SR AR, i
AN Z BRI R0 ( Gorur-Shandilya
et al., 2017 ), WFFERW, SOFPIENAT AT
Orco Fiki My T MBS LB, gt mik
Ji 2 FE AN F S (9 D. melanogaster , Hofil £ 4H 21
Orco MUFRINHLTRE, MR OB RBUE T
et AT ik v X v W B A0 IR A0 o P53 )3 o i
71 (Riveron etal., 2013 ), Bt4h, FKHFE] AR
P, R Orco 25 FIRY S 289 3 22 2 FR( Ser289 )
s kA LIS, 30 ORs XA
PR B B AR, DT i v SR o AR 1 D
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HE N RE S (Guo et al., 2017), H—LHFRE
BT, SRS 3 A B[] SO SR T B R A <
Ry SRR 7 2052 PKCOSE 4, 7EIE %
R (KBS ZEEE ) T PKCISE LML
ZILPIEE FiA, Ser289 KAWLk, ORs %X
WA ELAT B AU, 24 ORs Ab T E Y
SRS S T I, PKCISE Féik i T I, Ser289
W& A iR ik, S3 ORs SR A AUk
REAG, E I i SR PR B A N BE ) ( Poudel
etal., 2021),

5 BERSKRZERIAIRK

51 ORsEEHPFFEFHRA

BB AR 32 AR I LA R S A 305 A%
S04 FHLENA R FIF & B 28V AR
SRR A, SRR T RRZ IR SS &
AT X L H B S RN A A 7R 7 A R RS
Shy e 0 B s BT 1) B U SR o AR AR o g
ORs WIBEMIHISE , AAITTE A0k ) 22 Fh | 54 i
HIFaREY) B, 40 A gambiae ) AgOR2 fEfS4:
SEPEIUINEINE, AgOrR8 AT LIRS 1-3704-
3 [, AgOR6S X 2-Z ARy I M oA, X4es|
VY B AT T IS A 5 PR k) o B R
WE FAR BRI , th L A (ARSI 50 i e UE S 7T LA
Ml A, gambiaede 1Y ORs, T #kE] VUAAL
BEMEAE R T ORx-Orco B A, {dil de 32254y
WELERE ST, TPk 8 FaF (A LS 2020 ),

B A= W15 SRR, F AR AR HU
ORs StiRMIZE A0S E L pHIN, 41 Xing
Z5 (2021 ) T X AZ RS BERE Dioryctria abietella
(R 5 2R S2 R = e 4 Mg R AT AL, 30 v T
TEMNSEERMNEAMS; Yuvara) & (2021)
I = A2\ 15/ Ve 1ps typographus 4 51t
FifE EZ 521K ItypOR46 FI ItypOR49, FHiEs:
BT HIRHE B R Bt /NG BE (Ipsenol ) il
Wi/haE —HslE (Ipsdienol ) F=AERME N, Bl
Jei At A7 38 2 ) VR AR N A3 ko 2 B R T T
ItypOR46 5 Ui /NEEIG BN S5 A 0, FRil i X
TR AT AR, TF S S AR (AR A U /N3

W Y BE ) 0 35 AR o R IR 2 A 0 B MUk
OR MYZ5), HEMIAHIEFH BAT A T4 R
T, ATRE LA ASK B BUA 245 TF A ) E 2 5[]
A AR 3 €5 B 455 1) B S U )

FATE AT LK ORs PR #EAT R FR EITAR
R s i RS (= S N i (1A /B N2 il g
g, KRB EPERH AR A0 PR B
Odontotermes formosanus I  Reticulitermes
chinensis 1Y Orco F:HFVLERG, HWUBFNEL T
BRMWAEN BE TR, RNz WA R,
HAFSATCHN th 2z 3, ™ H 520w Y 68
6 31( Gao et al., 2020 ); 4525451 Anopheles
coluzzi [#) Orco B RRIG , AR BH S IR
/DO AR 2 NP B = s N S R s
AT R A T P E A (Sunetal., 2020b), Ut
A TR R B Orco 2 [ HAT 8= 1 IRl T
HAX PR AR B P A7, PR X B L Oreo
TFRMZGH], Al REX HAB AR EAR A A 7= A 1
F, R FREAR R TIEA HUR

52 ORsE&EMERBIFTHINA

i ORs MR %L, HARI> ORs XAFIY
SR B W HA B i U E P PR S
UL AT A ORs/H T dE AR AE AR JkAs , SEBIXT
BLL R E YT A ( Khadka et al., 2019;
Bohbot and Vernick, 2020 ), {1 Khadka %5 (2019 )
% Drosophila S ¥k 5Z & OR10a,OR22a 1 OR71a
BEBNTRRFAT, JFEEESER L, FIH
F, A 2 BEL A 12 55 B AR 40 T 1Y) e 2R A o
PEREI ;KA ORY [ 2 FE Rk 9N K A -3 s
A VAR B | 1] SBR[ e T 3- FH S ng | e fr) e
SEVERT DN, AT T IR S T KoK B A

( Bohbot and Vernick, 2020 ), Z¥ ORx-Orco
AN A G B RN T, ARG IR
By R 2 KRR S, Murugathas 55 (2020 ) DA
ORx-Orco & & REAL ORx AE A4 o, vl LA
VL W A TR PR G I () 3R I — B i 2

AR, DL ORs YEMKG ST & A V1%
SRS TE B v F R Ty T B A T R 0
HI o MOREET 283 UL IR A7 2, HaE
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MARHAT R FE, FamcrEr, WaEdERsR R, ™
R E MO A 772 4 o BRTE R E
R AR X e B A i s, e R A )
SA Tz AL HEZEAL . PEALRL K
Jii] B 5 A R S5 R I i 3 R A O, (L
SRR AR EAE R KR E AT ), B
A N R EARSRM L GE (R, 2020), &
SRIXFN T B B — o WASCR , (B2 25 W 3
IEHATHIG I, F U S O 2 — e E N AR
T HERR . RE. P R A X
SERSRMEE R, PEATRIAE , W LUA R
F, IR E LML A T BAFHEEE L 4 Antony
452021 ) KB A£4: Rhynchophorus ferrugineus
fl) RferOR1 BE % 55 57 M 17 51 H A5 B & (4RS,
5RS)-4-HI BTt -5- (BREBIR ) Fl 4(RS)-HI AL
T-Joe-5- B (BR B, A v # ] RferOR1 A4
YIHE RS R. ferrugineus 1Y & AE 15 1L

6 Hit5RE

Zeydi 20 AFRIHTSY, ZRPE SRR
R LR 3] T %%, Hi ORs 2EA 7 M5
LSRR B 1 BT K 0%, Orco Fl ORx W44 i &2
HBWAERT S FEEN ES S, RIEFE
YL D BE . — S8 SRZ IR (R 25 B R 2K )
BB E 2N, (HRCIARYEE TAEE RS,
FeEE BT TR ARRSZAR BTG BRI R R,
WHELE T HT ORs WIAEYMEIRAS BT LSRR
[FIEFFRATTXS ORs MYLEHE T iR AIETR A, ORs
W SRS G, BRASH, Bl ERETIT
o FALEIE A T AT — 2L B

Bl S IR A RGN A Sk BRI
L R A RIS O T RE, AROR KRR
SRAZRBCACRE BT BE Ok, RS B 2 I1E N
YR IRER R TR ORs &9, E—4
P RTHET ORs MAEYMERGSETG LGN, &
e AT L G ) 5 T A I T o

Orco TEA[R R B fE7Eim Rl M:, %
T Orco FEHRIUTER B E R 2 X6 B A A A i 3l 2E
RPN, AT BETE A A 23 LR )3 % B
— AT VE AR . R VR AR I TR A B T A

TR T f# Orco IZ5H) . 4560 S FEH
72, AT ARMAZ AR R R 2, SR
e g S LN T E A
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