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# E SSHARRARNERE, GRS, BEFLEHZEELME R, /N Plutella
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Abstract Lepidoptera is the second largest order of Insecta, including moths and butterflies. There are also many pests
harmful to agriculture and forestry, such as Plutella xylostella, Helicoverpa armigera, Hyphantria cunea, and etc. Because
they have developed high resistance to a variety of chemical pesticides, thus novel pest control measures are urgently needed.
In recent years, the technology based on the regulation of insect olfactory behavior has been regarded as a novel green and
sustainable pest control approach, which has attracted widespread attention. Insect olfaction plays a crucial role in seeking

hosts, courtship, finding suitable oviposition sites, and avoiding natural enemies. Further exploring the olfactory mechanism of

* ¥t H Supported projects: Bt/ KA B AT RIBE SR () 81522020 (036) 1; EZ A AR HEE (31860617,
31970456 ); BN AARFERES (RFHE-T[202011Y077 ); LR AAARLFASESE (2008085MC63)

*#2f —VE¥ First author, E-mail: 3045554716@qq.com

= 2 B30 IHAE#H Co-corresponding authors, E-mail: phel@gzu.edu.cn; ynzhang_insect@163.com

kS H ) Received: 2023-01-29; 137 H ] Accepted: 2023-02-26



-+ 642 - o B 3244 Chinese Journal of Applied Entomology 60 %

insects will provide a new idea and reference for the development of efficient olfactory behavior regulators. This paper mainly

reviews the research progress of the molecular mechanism of olfactory perception on peripheral level in Lepidoptera insects in

recent four years, including several important genes: odorant binding proteins (OBPs), chemosensory proteins (CSPs), sensory

neuron membrane proteins (SNMPs), odorant receptors (ORs), ionotropic receptors (IRs) and odorant degrading enzymes

(ODEs). Furthermore, the future research direction is prospected.

Key words Lepidoptera; olfactory peripheral neurons; odorant binding proteins; chemosensory proteins; sensory neuron

membrane proteins; odorant receptors; ionotropic receptors; odorant degrading enzymes

WELHE 55 ARSI X Bl A s ) 28 G 2L, R
B A T 2 B U R R G, RERS I
1y b 7 6 R A A A ASCRAF S, 5 Bl 58 1S A
EEWAT R, W8 FEFE . G SRS
AR P15 B 28 T B Pt il B4 %5 ( Cassau
and Krieger, 2021; Chen et al., 2021 ) ., fitffij&R
By RS AR, R A R AN R 262
AL IRz 2% (R ), ST AN [FRR IR
BR{55 (Limberger et al., 2021 ) . H/MIRAEIER S
A 1A WU 2 TC R SRR AR M, 38
Ik 22 L AR 1A IR DA B LR 6 A S A5 8 R
WK ) J5T I8 37 1) O T ARE S ( Cassau and
Krieger, 2021 ) o B85 12232 1Y B L Ah ]
ot 28 WL RS2 HIL A A UK o3 Tl o e A b R
JERAS R K AL AR IR R, S B eI
T OBP 455 5 SRJE RS T- 8 OBP iz fii 1 M5
DB AZ R4 T SR L 1) R AEAZ 4R ( Odorant
co-receptor ) Orco-FF RN ZIA ORx FIHEE
AL, BOE BT, B E S RO s
7, B RSS2 T B 2 % 326 2 ik
( Sato et al., 2008; Wicher et al., 2008; Wicher,
2018) ; fJa, APRFEM#EE ( Odorant degrading
enzyme, ODE ) KIESMAF, ML p 2 ok
U, ARSEAS I T ) UK 731 ( Leal, 2013 ),
fi 3 H 2 B A rh AR TR H 5 R

H (Caoetal., 2020) , HHHRZRIFER,
KEB 0 H g HUE g O gs, A2 B,
HF IR 0 = S B, HET, $XF
g HF A, b2 R BRA R TR, (A
T PR S Y IR | 8 2l 3 = A B 24 1
(Lietal., 2022a; Zhong etal., 2016 ) , Hitk2
TR ISR ARG Tk . X TBEAE, FEE
W2 L, H T R 1 S B 4 3 R AR
BE (MARD) 80K, 8 BeE N T4 g

G BRMEL, FARFEFRER, SAais, A
REVEASME L, )T — A & i RESCRAT A A
FH4H ( Laurent and Frérot, 2007 ; XI| J7 445, 2022;
TR, 2022) o DI, HE—20 TR i
B RAZ B, XTI R — AR AT AR A
R, FEE LS A IR AR R R 55
FAEY ] A E R R AL, TP B R T R R
%, FERB A R BAAE B R ) 3 o AL
ZERIE 4 PR H B RAMNEKF L T
ML bR (3R 1), HBIEE-0 R HUMELoE 7 T
ME— DR SRS R S 8 H 3 dUhy
B I6 B BT A L i

1 8533 E B i 5 E S E B a5
RitRE

1.1 SKEEEZEHE ( Odorant binding protein,
OBP)

ST i AU IR IR RS, OBP B 56
Z 5YUNFEE SR T, VR R EA <R 1
iz B 57 T (Vogtetal., 20155 P 2%,
2020; FRUEMISE, 2021) . #AYH OBP 2401
=N 12-20 kDa WATFEPEE I (Pelosi et al.,
2014 ), HSCHRARM G UG 23U B I
Huk A A3 10 mmol'L ™'y ZKEEL KA
120-150 N EHERR,, FRAENEA 6 A IRSFIE I
AR . 61 o-1RHE . 3 SNER BT 1S N i
55 KFF) (Zhou, 2010; Lagarde et al., 2011;
Li et al., 2022a) . {E8HHH, OBP MRyEIIHE
KI5 4 25 [FRFRSGHEMA (Pheromone
binding protein, PBP ). & i < Bk EEENA
( General odorant-binding proteins, GOBP ), fiii
f 454 % H x( Antennal binding protein x, ABPx )
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Tablel Functional correlates of olfactory genesin Lepidopterain recent 4 years (2020-2023)

JL[H Gene Y)Fh Species Al Family £ 7% CHk Reference
PBP & [# 9 1 Hyphantria cunea JTIkAEl Erebidae Zhang et al., 2021
PBP RLTLEHIK Phauda flammans BEikFl Phaudidae Chen et al., 2023
PBP Z=/NE L H Grapholita funebrana LAl Tortricidae Lietal., 2023
PBP £ 2 I Tryporyza intacta IR %A} Crambidae Hu et al., 2020
PBP % 7% Bombyx mori #IRAL Bombycidae Shiota and Sakurai, 2020
PBP /NI Plutella xylostella SRR Plutellidae Liu et al., 2021
PBP Wi £ K Ostrinia nubilalis IR Crambidae Al-Danoon et al., 2021
GOBP Bk 85 Conogethes punctiferalis WAL Crambidae Jing et al., 2020
GOBP FHE gk Spodoptera litura P} Noctuidae Han et al., 2022
GOBP FHE0K ik Spodoptera litura WAl Noctuidae Sun et al., 2021
GOBP BHI7R ik Spodoptera litura %A} Noctuidae Ma et al., 2022
ABP T EZETR Mk Athetis lepigone R IEEL Noctuidae Lietal., 2022a
OBP, ABP, GOBP Heid: % Conogethes punctiferalis IE %Al Crambidae Tian et al., 2022
OBP O 757 Mk Spodoptera frugiperda AL Noctuidae Han et al., 2023
oBP $E 7 % Peridroma saucia W IRFL Noctuidae M £ 45, 2020
OBP Ml #5 Conogethes punctiferalis HE %Al Crambidae ERUENISE, 2021
OBP MG XU Papilio xuthus KRR Papilionidae Yin et al., 2022b
csP B AZAYETIR Dioryctria abietella IRl Crambidae KA, 2022
csP #HA kA5 1 Conopomorpha sinensis 4% A} Gracilariidae Yao et al., 2023
IR Hi% B Helicoverpa armigera SERE VB Noctuidae Zhang et al., 2022
IR % JE Agrotis segetum PRl Noctuidae Hou et al., 2022
PR FHar i Spodoptera litura WIKFEL Noctuidae Koutroumpa €t al., 2022
PR O 75 7 Mk Spodoptera frugiperda AL Noctuidae Guo et al., 2022
PR HZF 1 ik Heliothis virescens AR Noctuidae Cao et al., 2020
PR Z4/vE 0 R Grapholita molesta /NEWGER}L Tortricidae Shang et al., 2022
OR 4/ R Grapholita molesta INEIRV R Tortricidae Chen et al., 2020
OR K75 . Helicoverpa assulta WAl Noctuidae Lietal. 2020
PR KK KU Ostrinia nubilalis 1% FL Crambidae Wanner et al., 2020
Orco Z4/NEe R Grapholita molesta INEIRV AL Tortricidae Chen et al., 2021
Orco i Hh B 7% 5% Spodoptera frugiperda & #FF Noctuidae Sun et al., 2023
Orco Hi44 dt Helicoverpa armigera SR MR Noctuidae Fan et al., 2022
SNMP A Bombyx mori # % #l Bombycidae Zhang et al., 2020b
SNMP #4451 Helicoverpa armigera SRR Noctuidae Liu et al., 2020a
AOX &% Galleria mellonella BT AL Pyralidae Godoy et al., 2022
AOX /NI Plutella xylostella SRIEFlL Plutellidae Wang et al., 2021a
CXE ZL/NE 0>t Grapholita molesta INEIR VR Tortricidae Wei et al., 2021
CCE /N Plutella xylostella AL Plutellidae Wang et al., 2021b
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( Zhou et al., 2009 ) FIH:At OBP.

i 44F F BRI R 2 4R S T CRISPR-
Cas9 LR JiiBHAR, mFRBEHH OBP £, Jf
SEEAT HAAERRSY, KR OBP MM
TREAAER S TIRE . [FEE, B OBP —4E4hHy
fiff BT FN = FE TR 25 A A s oy B itk — B e m T
OBP Wizl ML A /Ny T WL, PBP 245
It LR S B E 45 (Livetal, 2021) ,
FLAE fal ffy b R 22 o P 5 5 B R 35 ( Zhou
etal., 2009; Zhu et al., 2016b, 2019a; Wang et al.,
2020 ) ; WY FEKWE Ostrinia furnacalis OfurPBP2
n ARG F HE— 255G UF T LART LS, , FERR T 45
SICER 74 o887, ¥/ NV NEE & R4S
et ik (Dahal et al., 2022) . [FE, &
ITEAS IR 137 SR 45 45 ik Epiphyas postvittana
T T —A~ PBP J&[H EposPBP3 [ =445 H,
HESE AT AZE A H: 2 A~ FEEMEAF B 450 Hamiaux
etal.,2020) . MR R %A 31 PBP £ [,
TEYIRE M MEAE B R Z M E 2 b — e 2=
S, [ 4% Hyphantria cunea 3 > PBP

( HcunPBP1 ., HcunPBP2 fil HcunPBP3 ) 5k
HRRERAS LA RE B & THREY A,
Hrpr, H4 HeunPBP1 fii[n] 7454 2 Ff Type I
RV G B EA I 9, I 12-F /\ Bk Kl
(29, Z12-18: Ald) AUl 9, Jii 12, M 15-+/\
IR (29, 712, Z15-18: Ald) , Tii%f Type
I HEEERRATEUTHESGEMI;
HeunPBP2 Xf H.if 1 # Type I {5 B 1,/ 3,
i 6-9S, 10R-F4-—+—fi =4 (1, Z3, Z6-9S,
10R-epoxy-21Hy ) Atk &ML GJ1, KU 3 Fh
PBP 7E{RSNEA Type I Fl 11 A4 A 225 ( Zhang
etal., 2021a ). 7L H ST M Spodoptera frugiperda
) 3 4~ PBP H, SfruPBP1 XJE(5 E. 2 F4H 40
9-+DUBRIG ZFREE (Z9-14: Ac) F5SEPEREAE 4
SfruPBP2 Z5G5 154, BRXPE(G BRI EH 7
T 7-+ Zhd B LR R (Z7-12: Ac) JMRiIAZ
Ot ZRIGEECTREE (12: Ac) | e 7-+ K
% IR (E7-12: Ac) £l Z10-14: Ac 545841,
NS B2 44 Z29-14: Ac B A4 20 43 I -9-
+ TR RREE (Z29-12: Ac) Fl 11-12:Ac B

AAESEGRE S CPRHESE, 2022) KRB
1% Phauda flammans 9 2 />~ PBP ( PflaPBP1 #i
PflaPBP2) , H:r PflaPBP1 X MEME(S B Z 9-
FNHRIEEE (Z29-16: Ald) AU 9, Jii 12, M 15-
+ =R ( (2, Z, Z) -9, 12,15-18: Ald)
Y EA GRS A 15 i PAlaPBP2 X (Z, Z,
Z) -9,12,15-18: Ald HA ML S /1 (Chen

etal., 2023 ) ., Z=/ME.0 1 Grapholita funebrana
H4 GfunPBP2 HEHXHI 8-+ —BkMsEE £ R ik
(Z8-12: Ac) HI 8-+ MM (28-12: OH )

BIEARES G AT, H, GfunPBPL.1 454
NI 8-+ PURRME B L BRER (Z8-14: Ac) MIRESIHE
5%, MM GfunPBP1.2 Xf ¢ 8- kM £ B TR
(E8-12: Ac) MZ5G kM ER (Li et al,
2023) . fEfE#H 3 4~ PBP ", PBP1 7r/fEH fit
F IR AR A, HLE A R Ak ek
SFIBRE, BOANTE 34 PBP i H %L,
R 2 A Bombyx mori ) BmMPBPL J5 , HEEXT 2
PR B R A ( REFEMEERE ) i AT
R IR N R% ( Shiota and Sakurai, 2020 ) . £ 4k
I Chilo suppressalis (Walker)" | CRISPR/
Cas9 RS ik PBP A, J PBP-sgRNA( Single
guide RNA ) /Cas9 {5 fifi RNA B #2273 5 2157 0
ik i B PBP1 5 PBP3 RAZARE H,

IAE G3 IRPAFLl G F 288 Ak, Dt 5 AE AR B
XFEPEVERE B R Al A AL (Electroantennogram,
EAG) SN . 25530, 2 Fh PBP 825K 1Y
EAG JW 34 5 R, H PBPL 28 AR A i B AP 2
JE T PBP3 278 A, KW PBPL A 4% T W %
FYER (Dong etal., 2017 ) o 5 Ze ik Athetis
lepigone AlepPBP1 ) Phe36. Trp37. Val52
Phell /2 XSG B R S5 G075 ( Zhang et al.,
2020a ) , FERHER I Spodoptera litura H, i
CRISPR/Cas9 FARS5wR 3 4> PBP KK, #B
BEARK T RS T 3 ApdEAE B Z s 9, 2 11-
+ DU 2 BRTE (29, El1-14: Ac) . il 9, %
12-+ DUtk 2 BRHEE (29, E12-14: Ac) FU 9-+
VUM ZTRHE (Z9-14: Ac) JRUHLAEFE . Ef7RE
FVL AR, H L PBPL 4520 55/ Zhu et al .,
2016a, 2019a) . FAMEB, /N3 Plutedla
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xylostella 1) PxPBP3 Fl KX Pl £ K I Ostrinia
nubilalis Y} OnubPBP3 514:(5 B X HAKERY
£ 177 Al-Danoon et al., 2021; Liu et al., 2021 ),
AN, —seitd HE AR 4-5 4> PBP £
( Yasukochi et al., 2018 ) , Hu %% (2020) & ¥
21 2 5 Tryporyza intacta TintPBP4 7E Hft i H 2
R, MR RASU -SRI
(E11-16: Ald )R 11-+7SBIGIE Z11-16: Ald)
HA RS GEE S . LibiFs £, PBP —i
XIAFVEAR B R A0 A —E EEE T, TETEAS
BERBZIE P RFEERZ/EM(Zhu et al., 2016a,
2019a; Zhang et al., 2020a; Si et al., 2022; Zhong
etal., 2022 ) , {HA[H PBP (IhfE/ b Bkl ]
S AETE HARAN R — 200 5%
W H B B 2 4> GOBP K:[K, 7] & BE
TRSF Bl & A B2 R ) UK 1) IR SR 25 2%
ik, BB 76 25 B3R W A B PR T
YEFH (Vogtetal., 1991) . PRIMNECIRSE AiK56 %
B, & JEME Maruca vitrata MvitGOBP1 #i
MvitGOBP2 5 TR T FR45 17 i Y45 LSk
SRR — 4G )1 (Zhouetal,, 2015)
RIp Ik SlitGOBP2 58 16 BURE 5 S RAE & W)
ZEARE I (Livetal., 2015b) o [EIEf, Zf
%2 H GOBP F:5IlJ& GOBP2 X5 E X4/
BIRGEMLEGRES, LT REth S 5 THFEEE
MYIRAZ, BIINAEST A% Spodoptera exigu 7
SexiGOBP1 {5 3 Fi:A% B2 misr2 9 55
(454, SexiGOBP2 B T 45 &AW AMAL, iE
GEOVEEEE (Livetal, 2015a) ; M7ERSR
% F, SIitGOBP1 . SIlitGOBP2 #f fE i 45 &
C14-Cl16 {5 EZZEMY), B SlitGOBP2 X K £ 4L
BTN 25 BB B RIS 25 & Tt i
SlitGOBP1 WIARE ; Xf FHEH IRk, SIitGOBP1
I AR 2 B ECAR S A, HA A E
7, T SltGOBP2 ZE&iEmizs, il 2 4
SlitGOBP 7£ S MR B T e _FA77E /K Liv et al..,
2015b ) , Han 45 (2022 ) & MR LA ke SGOBP2
LA Bz i SR A B R OB T RE, 1fij B
WS 54 B B R NERZ, i SGOBP2
I dk Ko 2l X 29, E11-14: Ac BIAT R I 2 38

fil =45 g 25 N %o [RIRE, mBRpki: I Conogethes
punctiferalis ) CpunGOBP1 Fil CpunGOBP2 £ [
Ji, HAEHEURIAT N 2A SR IR e CpunGOBPL
1 CpunGOBP2 [ Bk iR e 2 iRz MR B R
A & WWHE 71, H CpunGOBP2 75 L
YR RSz Th T B2 (Jing et al., 2021 ) ;
Ma 5§ (2022 ) &2 HRIL A SGOBP2 2 54))
HOPEE B R ERAZ o bR TIRSEDIRELISL, X
BB 58 % W], SIGOBP2 5 4 %5 %) T % Jie
( Butachlor ) HAmZAHES), Uik SGOBP2
BEAR T 4 HOXF BEAERE A TR 2 1, R % HGRITPEIL
il S ik BRAF ST AL TR U ( Sun et al, 2021 ),
XFFH AL OBP WyBFFAHX & D, Li %
(2022a) %8 M Z Kk ABP ( AlepOBP6 ) 11
ML TIRE, RN G LSS R, AlepOBP6
AL 2 ARG ER M 10 M EKIER WSS,
HHEM SR AR T pH. 53 4% BLHA OBP
WS H5HMGEERENEZ.: ARk fr
SitOBP7 B r N5 , X HE(F B R Iz B %
(Ma et al.,, 2022) ; 734, R 5 HL 577 ik
SruOBP27, MY H R, SCHR NI, 5L
gEIRRH, SruOBP27 2 54 dU L B s fitid 2
(Han et al., 2023) . EHKIER K Peridroma
saucia PsauOBP7 5 [ -2- OV I F 45 4 fiE 1
5% MEAh, PsauOBP7 HAWARYIHE K WA B
(L5 A RE ST, Ui B AR SRk 48 2 R
R FEEEAEH (PMIE225E, 2020) o MBkiEE
H TE R4S OBP £ K CpunOBP3 il CpunOBPA4,
AT TE LA LR &L, CpunOBP3 H A&
H e SRR 7 MR K A&, oS
- EE A AR ) ik, (HORRR S 2 Fhbk
BEWE (S AR /NEE (16: Ald) FIE-10-1 756K
Il (Z10-16: Ald) 4545 1M CpunOBP4 HA K
FBERT LS 2 FiE(E R R (16: Ald I
710-16: Ald ) Z54, XTI SR 8 Fiit 444
YA REES, RESTROMRMEAEET I
5, N CpunOBP3 = ZAE AR IE 27 32 2 07 5 7
TR R EEHEEAE, 1M CpunOBP4 7EHk
I E PR AR B R M R LY R &
FERCEAE (SRS, 2021) .
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Tian %5 (2022 ) XAHkMEEE 3 25 4 /> OBP
A ( CpunOBP8, CpunOBP9, CpunABP .
CpunGOBP2 ) #17HHM5E, &I CpunOBPS
H1 CpunABP AN M HU (5 B 38 A 3 R 1 45
BRI, XA ERY WY A B
M 454 3£ F 715 CpunOBP8 S 10-+ 75 Bk

( Z10-hexadecene ). 16: Ald 24564 5m, M
CpunABP 5l 10-+ 758k ( Z10-hexadecene ),
PG 3- I as A, MHEZ T, CpunOBP9
Ml CpunGOBP2 HEE S5 & FMYAKRE A,
CpunOBP9 5 3-HI - 1-T B | LR ERE45 G5
3, 1 CpunGOBP2 HyZh &t Te, LIS 3-
B, CIRINERSZR ARG G 45 REW, X
4 4~ CpunOBP HA % A ARRIMZS &i; »—J7
Ifi, [ —RCR Nl BE5 24> CpunOBP 454 . %3 4h,
FHRBFFEIESE — 5 &K ik ABP ( AlepOBP6) 1]
DN GRS B R AR LY, [RIfESCHD . B
BRI T R R CHE/EH ( Zhang et al.,
2017; Lietal. 2022a) .

FHECIE R A, X TS OBP W 5T AH XS
b, Yin 45 (2022b) FERET MR XU Papilio
Xuthus 49 > OBP K&K, I & B B R 410
-2 MY R W) B-55 % = AR HUR B A0 L
PxutGOBP1 A #EMJ7; [FEF, PxutGOBPI
AR 2 i 5, His66Ala Fl Thr73Ala Ji7, i %
IR T SHEFEMZE S J1, 8 T 2 AP PxutGOBP
FERTINTE 45 R PR ORI A 2, IR
TEARSS G i R SCHEERIE . S4B A XU
3 /> OBP A ( PxutOBP2, PxutOBP3 il
PxutOBP9 ) 7EHij /& i 17 3Rk F & 5 2N
FAZA TR, X 3 > OBP K& DR 78 i 2 M 3 %
AT ILE L, BRIX 3 4 OBP HYEHY)
k2= o J o v & % B ZE/E A ( Ugajin and Ozaki,
2021) . Li % (2020a) Zr#r32 i Pieris rapae
RESEROE, MET 140 OBP 3N, REAT
ST, X4 OBPs 7E A [A]AY43 32, PrapOBPI
Ml PrapOBP2 A, “GOBP” #{b A, i
PrapOBP3 Hll PrapOBP4 J& T “PBP” #k{bil, 14
AFEEPAE 10 SEA il R RS s K,
PrapOBP1 ,PrapOBP2,PrapOBP4 Fi PrapOBP13

TEHEVE il TP R 0k, 1T PrapOBP7 Al PrapOBP10
DU A oy v R 35
25 LR, 853 H OBP EEZ 5X K2,
st B HABThAE, e mE R F . Al
FGPE B S FBTETE B o RIS, BR T 1R A IRSE
1R Mo FHbRSN, T OBP 2 Fi/hh,
AkyEEsR, FIT OBP i AT LAHIAE B 72k AL Jk
#%: Bonazza %% (2021) KR &EFE R AEN
( BmorPBPL ) [ 5 7E U b R4S 138 JF 48 Ak
AR L, A% T —FAE TR T EY
fRIkeR . TE/EBE pH T, fJER DL R AP E )
R SR R (G B R . BRI R A,
OBP AL B X SRR & fURK , ARk m LA
FHENZ5%) | 35 & B KE D) S5 SO A DRk G I >4
( Pelosi et al., 2018b; Cali and Persaud, 2020 ) .

1.2 H#ERZEB ( Chemosensory protein,
CSP)

CSP JE A J2 5 5 76 JR I SR % Drosophila
melanogaster fili ffi th & ILZEHE S5 UIRg ) B R T
OBP M7 h—Fhl st A, PP AL
T BURAZ A (McKenna etal., 1994 ) , CSP L
SETEAL AR I R AR T, BA R
T OBP (Wifig, FEEAb L3RI & AR,
ARy Fb [a] AR 553k 40%-50% ( Wanner et al.,
2004 ) . CSP Hi 100-120 NEILFR IR I N, —
A 10-15 kDa ALV PR, HA 44
LR AR IR, B 2 A TR LR CSP
=425 EEE ( Tomaselli et al., 2006 ) . LA,
CSP FEAL2 B 25 B AR AL ARG 28 B h 39
ik, XK CSP [RAEAA MGE A H A A BRI
fie ( Yang et al., 2020a; FfHoma, 2021) . —
U6 CSP TEfilff bR R SRIA, AT LA SR K&
YRR B R 454 (Duanetal., 2019 ) ; H
il CSP m B TR AR E, . M. 7.
S FIME RPERR , X R EATA RES 5 H A A B
T2 (Pelosietal. 2018a)

4 AR FE M —PUE T CSP 2 52
FR R AR AR YRR Y, RIEET LSS AR
M, ZH5HGEE RN ARERPTEIE . fil
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FikH) CSP HEHBON A S HINWIEZ, Zhang
25 (2014 ) ZFLKIE Sesamia inferens fili ffl = 2%
iK1 SinfCSP19 H A FIXT 6 FAEYI#E AP Fl 3
PR B R A RS BABREE S T, R
SnfCSP19 AJ fig [Alif 2 5 eV B 3 I AF 4
RIS . HAh, Li%E (2015) LIRS H
Helicoverpa armigera HarmCSP6 XJ7£{Z H 24
SPRM B LSS J1, R Y] HarmCSP6 Al i
SRR HBEPEAE B R AIRZ

CSP W] g S H R HO 28 B e
P SO FPTIEIE . A AT (2022) KILRAZ
Y BEEE Dioryctria abietella CSP8 AE4E 4 A% Hi7 ;
Xuan 5§ (2015) KK AL CSP EH HFRIL
% B R HUF B 2 TR 2R AL B ek ) 3 LR 2%
oL25 FL7E 75 A 3% Bt Conopomorpha sinensis
L, & AR EHBEALILS , CsCSP 13Rib
S 7 A A TP 34 A7 B ) B A B PRI R
(Yaoetal.,2023) . Uil HHLL CSP A
AIRES 5 R AR RO . A FTPETE i

i LT, WM E CSP HAMSEEZ ML
FhHAAE PRI BE (Pelosi et al., 2018a; Zhuetal.,
2019b; Yangetal., 2020a) , {0 HFIFCHT .
R s MR (S B2 (Jacquin-Joly
etal., 2001 ) . HEFRYFEiZ% (Livetal, 2014;
Zhuetal., 2016b) . CSP [ ZUjREt M H &
BB iR BT Y 4T AR

1.3 Sk ( Odorant receptor, OR)

OR A LURE SR SRS, I ad e+

PE B 38 1B SR T 5 5 e o ik
HES, BOANREE S @A R EENEN
(Chen et al., 2021) . OR i FMAEEAZ ML I0
( Olfactory sensory neuron, OSN ), i 400-450 >
FIETRALAN,, W HA 7 AR, 25
A1 T B H AR il T S A, At 2 2 fe
AR (FEE, 2021; AR, 2022) 0 B
HOR M&5H Rl 43k 2 28 —ZEAEARR R A
[i) /55 BE R SF B2 2B AR AL AZ 4K ((Odorant
receptor co-receptor, Orco ); 73— R4 FIE
ORx, XK ZIARTE [F]— W s A [R] Py [A] AR fRL
K HBE A Z, Orco A1 ORx Ay 2 K18 H 1EAHH]

() OSN, 5P C RumhEE I i E &1k
ORx-Orco, #4 B HBCAAR]#% 5 ¥ i ( Benton,
2006; Sato et al., 2008; Wicher et al., 2008;
Fleischer et al., 2018; #FFLfi%, 2020; 2%,
2021) . 7E@EFHE P, OR MRIEINEERI /> M IEE
B ZEZK ( Pheromone receptor, PR ) %18 < bk
OR, W& FZEHGIMGERE R4, FHERE
WHERY (AMAesE, 2022) .

T4 4F, BB T — AR AURERE OR (1)
raiRZER), [RBTFEE Alpha-Fold2 ROFF %, BH
) OR —ZEZ5 A mT LIBEALRURI N H o 5340, SEF
CRISPR-Cas9 A, # OR 5/NpF XTI O &R
PLRAT I DI Re B Wi i AT ok . AW Machilis
hrabei MhraORS [ fhiARZE 14 /R TE R S5 65 AR
f) MhraORS —#E&5gh, 254G fLEEMHR, |
T 5T Fly sk b 48 & st , 454L9
ik, TR TRIE; R 2 Fhar A
B B4, 47F MhraORS ) — [ D48 H
Wi OR X MRArT B9 45 & WA 45 b ik
P BXHER T 200 OR 5/ N T EZ R
OR 55 MArF 1 —MReE a6, mizisn
A RE S — KRR TG 1Y, B3 2 Al FH AN )
1) AR AN F 73T (Del etal., 2021)

Orco 7EAN[RIE B & BEARSF, IF H—Fp
B RN A — Orco 3K (Robertson,
2019) . Orco (1) EniRZERE i AT DU B U 2R
&, H—Anfl, 4 4T FR HHES 7E H e
fLJHH ( Butterwick et al., 2018 ) . 7EZFhii#
HE W, % Orco J&nl SE R Mg 4k Fm
B ifiE ( Yang et al., 2016; Liuetal., 2017; Chen
etal., 2021; Fanetal.,2022; Sunetal., 2023) .
il CRISPR/Cas9 [N ZmiH R Ty 1
IR ) Orco 2R 44 TR (Orco ™)
KIRAE G AR T XS B R W Z11-16:
Ald, Z9-16: Ald, i 9-F Pafliis ( 29-14: Ald)
FUW 11-+75BekaEE (z11-16: OH) MiF£ %+
RSB BB N 5 2R S, Orco ™
SRAR A g PR 5 B R R B s 5 [RlR
Orco ™'~ Mk 27 ALY (F5HL) M7= Ik &
Orco™' " 4 X F A Rt 26 5 ZBFFE R0,
OR 41 MLSE XA AL A MEAS B R lAE . 77 o
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VEREFN L 3 F R kaME (Fanetal., 2022) o 7£
B BT A 2SR, W CRISPR/Cas9
NGB ARMET Orco 4iH RAZMA
(Orco™ '), HUABREER o, 278 i o
(Z9-14: Ac) F1Z7-12: Ac) 2 Fi:(E B EMR
NI, HOANRE 5 MR DS L, 77 B R 452
05 1 IF 51 2 70 A M i X 2 AR A R OK 1 R S
ARG, 4l B A B R 4 B R] s BH 2 FRAIKC Sun
etal., 2023 ) . RNAi mifikEL/ a0 L Grapholita
molesta Orco FikiJm, Wk TARMLER . I
PR BRI 8- Ak e L PR R ( Z8-12:
OAc) H1 Z8-12: OH. HfE#x} &g it-44 K PEN-3- 2
%2 s ( Z-3-hexenyl acetate ) Hi,Af B fsz [ 47 B
A% (Chen et al., 2021 ),
PR HAFSHPUIEE R RIIGE (HEE
g, 02022) B, fFREFREURM OSN HEA
— e YERY) PR ( Fleischer and Krieger, 2018 )
I rh Y PR BFSEHGER Z , U Type 1 BUPEAH
BERM PR M H P IE & — A7 1 5 2
( Yuvaraj etal., 2017 ) , —Fii# 5 B U 3
BHZA PR IEEH, A4 PR PR BIER AR5,
— B U 12 AMEE B R A A RN FERRH &
KR, 2 4 PR JE A OnubORS3 il OnubOR6 1
BEA T 2Z R OnubOR3 X 11-+ DUk EEZ
fRTE (E11-14: OAc) MU 11-F BRI EE L FR g
(E11-16: OAc) A ER N, 1fii OnubOR6 NJXt
L 11-+ DU M B £ R BR ( Z11-14: OAc ) i
-5 M BE TR (Z11-16: OAc) A1 BRIy
SV ( Wanner et al., 2020 ) o 38 i %% 56 R SR iy
FFIRFRIL T HH SR LAS PRI KL A
SruOR6 , SruOR11, SfruOR13, SruOR16 ,
STUORS6 il SruOR62, F KA B R F12k
e T EAR RN Hrf, %55 SruOR13
(SR XT EZEMEAE B R Z9-14: Ac fimEIR
N HXF 79, E12-14: Ac WABGRAYNY, WixF
Z9-12:Ac WY W B 55 5 F 1K SfruOR56 Al
STruOR62 (14 SR B T LA [7] Fy it B R 222 A0 8 X6 Yk
B B RS R 7- 1 TR B 2R g
(Z7-12: Ac) P AH R N Ak, ik
SITUORG F{ SRR 29, E12-14: Ac 7= AE Hi A B
RN, ik SruORL6 BB U] XTI 9~ P 47 it

(Z9-14: OH) 1 Z9-14: Ald AN, Wik
SruOR11 1% S m ot i A7 MK A P AR B R o0k
AN (Guo etal., 2022) .

IR, (RPSCEHIESE PR 5045 H KK
3% . fdi ] CRISPR/Cas9 7 A filf b5 4 2 7tk
Heliothis virescens —-~ PR 3&[X HvirOR14; #f 5%
50K, HVirOR14 7R (RAN S I 3 it % ok FL
AP, HASFLFFLEAT [ IE K (Cao et al.,
2020) . J34b, WE 7RO BILAS PR YR
Wi . GmolOR2 Xf T E(5 B &4 i 8-+ —
T FRTE (Z8- 12: OAc) FI 8-+ kM
Fit 2. BRTiR( E8-12: OAc YA S ; ik GmolOR2
FREJE, AR T M A B R
78-12: OAc F1 E8-12: OAc f4Hi 24k 3 /57 )i/ ( Shang
et al., 2022) . [AIFETEHE A M Spodoptera
littoralis ' , Koutroumpa 5§ (2022) #] H
CRISPR/Cas9 riff—4~ PR %4 ( SitOR5) J&,
T et S %o S EE BRI 9, S 11-1 DUk
WSBEZIREE (79, E11-14: OAc) FUHLAE R .

XFFAE PR A HARE S OR £, HTA
RPN Z , RMERR BB, R LA oY diaE to A
XD o, G RN R RN, AU D5
SRA BRI, M 55— L8 AT L% 22 s
AR N . Liu %6 (2020b) REBR/NESKAY 2
I~ OR %:[A PxylOR35 Fil PxylOR49, ‘T HUfi i 1%
e TR FAE R P R SR S R T AR 4
FAJTAR IR ( S SRR BRI M &R ) I ) 7R A
FEOREYE . 2020 4, XFARUINEL U — AN
S OR %K GmolOR9 HEFTIHAEMFSY, KA
B kS Gmol ORO X g e 1Y 47 Al i U4y Jo
-2, R -3-CL IR 5 8 P AR B s g ;. Hoag
& GMOIORY 4] M HL X it - £, 12 -3- 5 M i 1) f =
PRI N b REA s 340, BYINVELG B GmolOR12
XTS5 PR SN R (B BRI . SR TRER
ZEE )y XULZERREN], RUME.O R GmolOR12
e AZ R o R EEAE A (Chen et al.,
2020) . [HAF, 475 H Helicoverpa assulta —4>
FEURERE FEIA M OR LK HassOR31 X 12 Fll
VIR OV, HeA X 3- O M T R i S
N (Lietal., 2020b)

FEMCRE Hud, OR R HH U EMR, 6
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K WAL AERYIRIE . Nieberding 25 (2022 ) F]
PG SRA . SRS PCR S8 T i i i R
¢ Bicyclus anynana —2£& OR., OBP Jt[HI-A/F5¢
TEMMERRE, RTS8 R REN
OR. OBP [, 54h, Yin % (2022a) i 2
G | B RS Bk, B
MARGKE s TGRS 60 4~ EL & W
OR [, JfFAI OR K& fEfmrhik, H
AL 31 4 OR LA,

1.4 BEFZK (lonotropicreceptor, IR)

e T 7E SR FLiE Drosophila melanogaster Xif
SRBURA il OSN kI —K 5 FRIA 2
TR ZAK (Tonotropic glutamate receptor, iGluR )
RS2 R IE A, fr 448 IR, HFI OR ANTE[R]—
OSN ' (Benton et al., 2009 ) , J&—Fh EA Hu4h
N ¥ . HARECAAREE S8 (B 38 0 S0 Y P
AN RIS C w1, H IR fgs 1
BRI AR ZRAE T IVRE R R G & B % LAFAE
#5¢ (Jiang et al., 2021) . IR f & ALIRLE A3

( Ligand binding domain, LBD ), —/{~fd# N 3
DA B A i A v A 5 3 G AHBR T 2 A
S4FS1FN S2; SR1MAE LBD Y S1 4543k /1,
KK IR HAT FHX# J ) N A 3 X 38 Fleischer
etal, 2018) . IR EHUFLS 5EKRNT (KL
P RN R AT YU A Bl B A B ) )8 3Z( Chen
and Amrein, 2017; Zhang et al., 2019; #/Mii5E,
2020; Yinetal., 2021) . IR FE4508 2 MK
. #5 IR ( Divergent IR ) Flfififf IR ( Antennal
IR), 5 IR W RGAE Ay i) [ IR AR
FKIHPIFPRE S, il IR WREAFAE T ATA
R, IR WiGAERGH B FEH H RS A
YRS AW RARNGY, ES#E | XGH
A E SR A IR ek, Hp
IR8a. IR25a. IR76b F IR93a #ilE L3tz ik

(Crosetetal., 2010; FFAEFH DMK, 2020) .
IR DIRefE RN Rig i £, IR8a Pk IE
S5RIRZ M IEZIR (Pitts et al., 2017) o 5
Ah, IR64a XM (L) B% (Ai
etal., 2010) ; IR64a 5—JL3Z{k IRBa —iL 3k

ik, JIEFEPE U RIAE S FHEiE (Al
etal., 2013) , IR75a .25 B i AL s 7R R DS 2
A RIR S ( Prieto-Godino et al., 2016 ) o Ak,
B TR 2 SR AZ K IR25a FiT | R76b i i i 1
WSO T T ANV R TR, 5 T L 199 7= B9 g -2
( Chen and Amrein, 2017 ) , 1 Ir7a 7ER M2
SRS, Wi IR7a &2 AR, 1
AR e AT R ) HZAE ] (Rimal
etal.,2019) .
VEAESK, FIF CRISPR/Cas9 Jt[H 44t A,

e H rp A IR TIREMIAFSE i, Zhang %5
(2019 ) FEERAHEL R 9% Manduca sexta IR 2£37 {4
IR8a, FHUME Ik H X 2 S RA% L) 3-H B R
ORI AR TS, A IR8a 7r M ik G
Fofr i) 5 4 1) 3k 25 77 R AT R R AR AT D, S
Ah, KRS RO AT DURSZ B BER IR ( LR L IR
TR 2- /% EARR ) , Zhang % (2022) H& T
¥ i HarmlR8a JE A e & B, i 28 78 {4 Xof iR it
BRE IR BN RR, %45 R 1] HarmiR8a /- -4
B BRI SRR AN IR W 14T M o Bk, 1B
HHL P Agrotis segetum 1, RSN FIEFE AR
AseglR75p.1 Fil AseglR75q.1 X} C6-C10 Hr 445 iy
Fi i = A BH S i AR BN, R IR AN TR
43 AseglR75p.1 Hi AseglR75q.1 fit 3= 2 fip 4
(Houetal.,2022) . i Lk, B HY IR 1Y
DI ss AR TR BB, HADEU M IR
Urfewk %, oAbl Sk IR EH TG
FRfFAE

15 BZWMEZTEZEAD ( Sensory neuron
membrane protein, SNMP )

SNMP Z i pI7EEH H £ K7 Antheraea
polyphemus 14 {5 B 2 BUE) OSN & BLAY fir
R RIA A EZ A TTEE A (Vogt et al.,
1988 ) . ZEHATIMNIZRAA, EHL SNMPs J& TH#E
Y CD36 X% ( Nichols and Vogt, 2008 ) .
o4, FEAEBHMET LRI TS 3 WAHW
SNMP L[, TFSLi# H — i BAa 3 4
SNMP JE[H . 3% KA SNMP1 F A XU [E 5
H, fAERFEBM, B 519-525 MR H
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PEHT R 59 kDa MYZRK, BHREJEEMmHN T
69 kD fIZ K, 1E C-Uifl N-Imss A7 — ™ 5 3]
(Rogers et al., 1997,2001 ) . Xu % (2021) f
R IARES H HarmSNMPL 78 B fil £ s
PR, HarmSNMP2 |32 A T L2448, fy
5 B Ay BRE L 40 U R 2 HarmSNMP3
FEL) H b PR SRR 5 [FIRS, HarmSNMP2
Al HarmSNMP3 #2535 7K - R 4 s B B A 40
FhETIA & 25, RWENTRS S THEY0
AT IWNTHRERIR R, bR T AR
SNMP1 ( HarmSNMP1) Jf:fif 615 5] SNMP17 4
HRAZR . WIRFT NI ERH, HarmSNMPL”
e A RE B AEAS B R 11-+STREEE (Z11-16:
Ald) UL 11-+ 75k ZJEIE (Z9-16: Ald) W51,
WASHEAT A EL R I, SNMPL 5875 i i 1T A
UM I 2 T 30 S RAATG s WIEN P A B SRR
HarmSNMPL™" ¢ 45 14 I 8 6 1 (5 B K Z11-16:
Ald #1 Z9-16:A1d iRy g 3 F R, (FJZ XTI 9-
- PURRIGEE (Z29-14: Ald) RS EAEYIIE L YIE
RN R, 25500, SNMPL H & 5z
Kawst (Cl6) MEER, A5kt (Cl4)
() A B 2R Sl A P R 13z (Liv et al.,
2020a) . A4, fHH RNA THEAR, MK E
SNMP1 )5, FKAEMZCHLAT N2 B0 B
T2, I SNMPL 7 R M5 B R IRz il
KAV (Zhang et al., 2020b) . SNMP1 fEE
B AR, HATSEE HE) SNMPL H
PR R ek, HEARBEE RN
itE, BUREET SNMPL 1383k, £ min
SUERER, EfE BRI R CHEE-. R,
TEHAB R it & B8 SNMPL 75PE {5 B2 Uk
Zouibs, WESHEEEREZ (Jin et al,
2008; Pregitzer et al., 2014 ) . SNMP2 FE1E
OSN HHCI SR 315, SNMP3 I7ES) H
i #35 ( Zhang et al., 2020b) , HIJfE
e — A% .

1.6 SRkBEMREE ( Odorant degrading enzyme,
ODE)

ODE J&Z PP BEMs [ it R il B PR, 2L

H 5 R TREEEE ( Carboxylesterase, CXE ). 40k
Tk SR ( Glutathione S-transferase, GST ).
Yl 6. 2% P450( Cytochrome P450 monooxygenase,
CYP), WRIF —WEMR-HE AL R 5L ) ( UDP-
glycosyltransferase, UGT ) Il A AL ( Aldehyde
oxidase, AOX )% ( He et al., 2014a, 2014b, 2014c,
2015; Chertemps et al., 2015; Wei et al., 2021;
Godoy et al., 2022 ) .

HTHii, ODE W5 Z Y 2NamE2E, J& T
RIRMAEE ( Carboxylesterase, CXE/CCE ), Mg
RN e S R R R R
F—KU% (Andoetal., 2004 ) , KL, BRI
SrHIE SRR R 2 T, S—1> ODE 1E£
BRI, FEMEE A R RIE (Vogt
and Riddiford, 1981) , J5%:%k ¥ ApolPDE j&—
PR PR IR BEAE A, DRl A28y — i (s B R R AR
fif} ( Pheromone degrading enzyme, PDE ), H7& fih
Fr bk EL IR P AR E 29 0.5 m mol- L', RSN ZH
F3KH) ApolPDE BEAS T AR (R B 2T 6, /2
-7tk M5 (26, E11-16: Ald) ( Vogt et al.,
1985; Ishida and Leal, 2005 ) . iT&E3E, 7S
H B CXE XYY R A B 25 5%, BF
GERI, P — PR AT L[R]3 A B TR 2R R AR B
RS AR Y5 K, 8 RS A
WFHERA (AR K ), X R EERR A = 1
fitf S N (Vi) (He et al., 2014a, 2014c;
Wang et al., 2021b) . [FEF, — PP dfFre
£~ ODE %K : He 55 (2017 ) %5 T /NSRRI
2 ANMfE R il i 22359 CCE JE X ( PxylCCEl6a
il PxylCCEl6c) , JRZLiRSMGTR L], &
407 11 PxylICCEO16¢ H1 PxylCCE16a Y4 AE fi% [ fitt
2 PhORBRE M G B R A 5 T 11-- 7S h s B
LIRTR (Z11-16: Ac) F1Z9-14: Ac L) J—2Efig
KWK, AR B R AT R SE
R T AL 5L AR TV A0 1) T I 7 ) e R i B
K (Wang et al., 2021a) . Wei % (2021 ) it
RNAi FREL/ N0 B 4 A fish Ff 755 4308 TR il 32 P
GMOICXE1 . GMOICXE5 . GmoICXEl4 Al
GmoICXE21 Kikttm, KA/ N HOXHEE
Pl R (28-12: Ac MR 8-+ WM £ FR Tig
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(E8-12: Ac )l ay FAHMIH K WIHAT ] R 2845
B MR REH, CXE & 5ERISWRK R,
AT LI Ry AT A il sn) v e o1

WA ALl ( Aldehyde oxidase, AOX ) J&—
2 BE M fb B 25 A0 B AE R R 1Y AR b

( Garattini et al., 2008 ) , &5 & EH kil 5
fifi ( Xanthine oxidoreductase, XOR ) ZH )% T 4H-
75 Z i ( Molybdo-flavoenzyme, MFE ) K],
R ERA L FE SRR B 2 M s R B
A AR R B, BSR4 F RN
140-150 kDa, 4% 3 DMRSFIGDIBEL IR 1)
20 kD ) N-K I [X38; 2 ) 40 kDa A8 2 IR 1205
¥ (Flavine adeninedinucleotide, FAD )
541X, AOX 1Y FAD 454 XSl %A ity A it
Bz i 12E 04 — 8% R ( Nicotinamideadenine
dinucleotide, NAD ) Z5& 0 S PRSEIFF, TiiiX
& XOR WYHAIREE; 3) 85 kDa I C-AK Uik
gHEX, BEAE 1 MMESTHAR RN T

( Molybdenum cofactor, MoCo )25 &1 Garattini
etal., 2008 ), 1989 4, H—1 AOX ( MsexAOX )
TEMA R M e 2 e ik, 408 295 kDa,
P T A ORI 1 A %) Rk o LM
filfEIE 60%, PHUICHEHEINE PDE, RIS
{5 B % (Rybezynski et al., 1989 ) . s
Amyelois transitella fit) AtraAOX2 J& 55— D fiE
YEM AOX JEH, T4 AtraAOX2 RN LIRE
fift 1 BB BRI 1L, I 13-+ 7Bk e

(Z11, Z13-16: Ald ), 0] LABEFREESA Y45 K
FERYIVL S SRR A 2 5 TEA AtraAOX2 AT
I RS, 6 R B AR P IR S SR AT
EEYE; AN, AtraAOX2 T LIS B H A I
RGN T R, 4G AT R R A I
b 32 A 28 T ] BB I R R 2 ( Choo
etal, 2013) . TE/NEMkH L& R 45
Wang 55 (2021a) K3/ ik £ i 22 38 O B8
AL (PxylAOX3 ) A LUSAALEE MR B R X
KA . WA IE R LA S B A 2y, H
FALRCR A R KIE IS Galleria mellonella
il FF1 B2 U XS - — A AR A BRI, K2R
XFHRLH 4 f%, N Gmel AOX 1EA IS kM5

SEERENEM (Godoy etal., 2022)

P450 2 E RN i R —,
o> BB AE Sl A TP R R R EATTHER
WRAF 5 [ G A BR vh &R 2R ( Tijet et al.,
2001; Younus et al., 2017) . #Rilii, P450 &
JL ST, B E FE DR I L, X RS R R
Uk 4y 2F 40 JE A fE B R ROUR A
( Chertemps and Maibéche, 2021 ) ., HiltHEHT,
T SR XF IR B SRR 1) W AT R S (R 1, 5
XoFFE A 20 P AR O 5 ) A e T R B A2 AR
Y K A AR ) TE 8 T . filf P4SO TR PERFST
1E %8 Musca domestica H i Ui, AR HL
gl 2, e s fih F AR PR B R B m Ak
WEPE, IF B PERT B P4SO SR FIA0E], A fi
fah A BTG PERY P450 ( Ahmad et al., 1987 ) ., Fifi
J&, Maibéche-Coisne ZF (2004) R, 05
KT 4xth Phyllopertha diversa fil /i I /1] P450 4%
S A 500 LR AR B S 2 S EoE (R B R iU
BFHTER , XA I IR GE T2 2% AT BE 2 Hh T30
T P450 BYFRIA, FEUF R R Z MM BRI
TERK IL#A K /e Dendroctonus ponderosae H' &
P P450 B CYP345E2 1] UL 247 K M Bl
FAR, A EE o-TRN | B-URM AT A5 ( Keeling
etal., 2013 ) . 7E85H H b (A —f6 P450 2 51
W JAZ I RIE , TERFSUR M RNAT FK— i
AR F2IR Y P450 JE[H cypdl4d & , e xR B
R 9, K 11-1 DUk — Il LR ks ( Z9, E11-14:
OAc M 9, S 11-1DUfik — Il L iR fg ( 29,
E12-14: OAc LA B i BH b [ A1, S 7R 1% P450
MEAEPE G B R B2 A EZE/EN (Feng et al.,
2017) .

HoA DS R R R BT 7 AT D . Li 5§
(2018 ) AL/ IVEO B fis 71 5 s 2 rp 2 31—
A e fi ff 5 2R GST 2K ( GmolGSTD1 ) ,
FEHFEILM GmolGSTDI (rGmolGSTD1 ) 4
XHPEAE B R AL 8- —ikMEE (Z8 - 12: OH )
NP ERE P A O R T TR 2 B0 v R A TGk o

PG B Z A & YR e R
B EMEH, EFEEFEA T8 R A R e 0 38 B %t
ST MY, HILiFZ ODE MU LIFEA# S
Wk, b FE &8 T EERAERN ( Chertemps and
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Maibéche, 2021 ) .

2 RE

il H 2 B S e BRI H AR P R 2R
B, HAERTAE] 16 HFDA L. HiadaE, BT
AEAE T HEF N Al ROl 35 e,
HE S Y 70%L4 | (Mitter et al., 2017 ) ., H.f#
W H E YA A E g AR R S BT,
PRI 07 T A e (Bl 458 0 1 o AR e T
TABRMEFEER . SIS0 5 im
TEAT SRR IR 2 B I AN W A B Y ARG
5 B e R HUAT Ry T SR A AR
o FERTR BN AR, BEE PR R
PRI S AR 1Y) e e, sl ) R ML BRIy 31) A
IREREESE , 2 B T WLE AT MR i s (L 4507
BT PR it T BRI AR

21 ETAIEHRMRBBEBHOIRALEESSE

AR, BfiE AN T8 AE AlphaFold 2 XT&EH
SR B PO B A B A KRR TE ( Tunyasuvunakool
etal, 2021) , DIRKEME HAPRIEAZ A O
% E (Vogtetal.,2021) , Jlafbgb s
T4 , 3 g R R B T b i PR R
R M SRR B AR A EE T 1) 5 4
Bt Orco FIFRSME OR H S IARZE A Iy LS f BT

( Butterwick et al., 2018; Del et al., 2021 ) I
LT AlphaFold 2 H 3K B UL 32 1A 254 5 1)
fE 70U 1 K PE & iORbase B9/ JF (Li et al.,
2022b) ( https://www.iorbase.com ), “APRi fifi 1
L OB T SRR A TR o S 1) Al A A
RO 0 1 PR SR B T TR B AE 2 RN R R kAR
B, BN BB R o, T AU R
& 2 4~ OR ( SlitOR24 Al SIitOR26 ) ()7 P bk
SRR SRR, HERR AR5 5K F) 93%H 67%:;
[FFE, Liu 4§ (2022) FIHARVNE.OHA PBP2
EAELEH, I T — AR B RGN . %
R, TR AR ) B UM E A BE 43 T B AN
WEL B AF O 1) FE (] B YA 98 S0, 3L B
B T 0 328 i Al B 0k B Ry — AN AT S Y
FEBL.

22 PYUBEERABIRA CRISPR-Cas9 EH
IRFHE HBGE

FLHIR S ( Gene drive ) &—Fh ] i/ 1T
£, BEHSTE DAL K E b B B 3 0 &
( Sinkins and Gould, 2006 ; Champer €t al., 2016 ).
55 L P BR 3l AH ¢ B R ARt S AL 8% IF HL AT LI
T A WA A R A T B R A A
FIPLPE ) (Alphey, 2014; Esvelt et al., 2014) .
H H 2 R 3K 3l 2 7E — 22 306H H Fig e 5 B frh
SCEE, AN ARG SR ME ( Gantz and Bier, 2015 )
IX] LI 4% 45 Anophel es gambiae ( Hammond et al.,
2016) . /NI (Xuetal., 2022) o AJEHF5EnT
DL X E 2 0 A R R o bR, A
CRISPR-Cas9 B[R 3K it 7 , #1fi  HoApofe ey
MLBE DR, IAEEGIFE R E R, B2, JERIK
sl e S FEUF 2 A YL 2 E 8 ( Taning
etal., 2017) . P, BEECER SRS Z 2 H E]
AT, T ZLR AT N A A RIVEH
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