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B E A CEURRE ST KA X R B R, R E KA E R AR £ BN 13 El Sogatella
furcifera, # K&\ Nilaparvata lugens. JX Kl Laodelphax striatellus, F8 & EAS AN 12 4] je 38 W B0 0 i L
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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&ES5EH

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 BREWHZTERER

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 SIKPEfEEE

[ 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
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