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Progressin insect gustatory research and the application
of related principlesto pest control
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Abstract Taste perception plays an important role in insect feeding and oviposition preferences. Gustatory receptors (GRS)
are expressed in the dendrites of insect gustatory sensory neurons. Many compounds induce the taste responses of insects,
which are expressed behaviorally as either preference or aversion. These gustatory responses may change under selection
pressure. This paper introduces new techniques and methods for studying the function of insect GRs, and reviews progress in
research on the functional analysis of sugar GRs and bitter GRs. It also discusses the potential application of feeding, or
oviposition, deterrents and stimulants in pest control. Better understanding of the taste sensing mechanisms of insects can not
only help develop new insect behavioral modulators and design new insecticides targeting GRs, but also has application for the
management of insect behavioral resistance, the rational planning of cropping systems and the development of insect-resistant
crops.
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AR ¥ 3 B R B Oy R T AR
(Liman et al., 2014 ), FHX}F & HUWEL 57 837 (A T
5%, B HURSEEAZ A S AR D AR, Bl
& e 38 LT R R BB AR EBOR M A, Bl
114 56 R A 0 e i AL B0HE H 25 50 4, XTBR A2
RDhRe IS FBH s £ 8 R, 7685 fyRa
7 THG A N TS ) BOoR R SE Y (Xu, 2020) o 43¢
W TR L AZ 1A B D REAFF 5% 2F A — 253k, FF A
FHEL AR o 8z IR B A 758 IR 1E R

1 EHMKRERS

11 BEHHIKEESE K ESE

B Z2 R R o 4 B ORI 2 AP R R Y
R fE R . BRIMEARWEINREN A EIRE, F%
A RS Al B R SR P 2% 45 ( Vosshall and
Stocker, 2007; Agnihotri et al., 2016 ), 7.
1 i 0 fih £ — P 01 BRI R B e B
FELEEM. flan, THHRAE, WEFR
Helicoverpa assulta WERAMHEZER, X7
KA E IR AR B RA R (F
MR, 1999), MR R SEMME Pieris brassicae
YIRS, RSB IR DR AE R BERE 01Ty
22 (Blom, 1978), 4XHHEL KK Manduca
sexta %)) AHRC IR GG IBAZ S8 H A THBR S, B
HOARFREAE TN A 3 597 F 4 ( De Boer and
Hanson, 1987 ), X4 VJBx/N3eik Plutella xylostella
) ik 7 VT A2 BT S, /NSRRI R 25 T XK EE

( Polygodial ) FIEHE il 37 Margosan-O 147 b
SRERIY (Qiuetal., 1998 ),

B R RGE 8 B LA Z RIS o R
b B e S DR ) T () A T R R, AR
AT R | R R R s T AR AR
R D Je e DU ] A T LA A 1 TR 1 R i
— /L ( Stocker, 1994 ), X H 4l Ui 75
H—X TS shsint LA 2 X HEEes, Hf s
TR X5 FR A TP A s, AL T MUY 1 x%F
PR Mt HE RS, FE4 I i B rh R E R
WAz DIRE (RS, 2003 ). Tk H R A
AR, BRI S DRI ARV ER S 3 ( Chapman,

2003 ). —imiT, WMAIRIRERGSNEEA 4
MR AIZ 0 ( Gustatory sensory neurons,
GSN) i 1 MU R Z2I0, 4 4> GSN 434
JAZ BEIS SRR BT . 050K S W B A Eh 2R
B KDL RARHR 2R T AR R,
AR T IR AZ AL B W BANTR], o3 bR . &
FEER . R, BRI BRIE . IRIEAUKSEARTE Y
GSN ( Schoonhoven and van Loon, 2002; Joseph
and Carlson, 2015 ),

12 BHEREBRZHAXHZE

MRGEAL G W) S R R S, RS
Y3 38 3 SR A i ) NFLEE ARAR I, Rl
GSN [y 58 Hh TR IR GRS AHOCHE 11, SEBXT
ANFERGEAE A PR S R . e —ad R,
FELIK D ZIK (Gustatory receptors, GR) %
EXEARIRGE (55 A2, BRILZ AL, A HoAh
FAY ) 32 AR TR B A R e Sz s A AR
fI35 B 7852 4K (lontropic receptors, IR ), PPK
A& ( Pickpocket, PPK ) Fll TRP /& ( Transient
receptor potential, TRP) %% ( Joseph and Carlson,
2015),

121 BREZRE EBEHEAEKEZK ( Gustatory
receptors, GRs) J&—2KEA 7 SIS H Y i
M, GR B 21~ GRs I MU I -4 11
FAEH (Robertson er al., 2003), EEHH GRs
AR R UR GG 40, FTHFES A, fphs
% 2= A2 ( Subesophageal ganglion,

SOG ) 455 = M bt b B, S5 2858 I R
GRSk SRR
ZRAT AN ( Scott, 2018 ).

Clyne 45 (12000 ) 7rEHE M Drosophila
melanogaster FIR & E—— R S22 T 19
AR, XSS R R R i H AU R L, B
ZLIAE X BB RE K N R B GRS, X J& GR 7
B AR E ks, BEECEERZ R R L GR T
GBI o Rl R AR, Bl e Sk AP HOAR
AR, B H R rp E R GR U S . A
FWE Danaus plexippus %6 EH 33 1 GR ( Zhan
et al., 2011), ZLwHlME Heliconius melpomene
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A5 73 /~( Briscoeet al., 2013 ), ZZ 4 Bombyx mori
A 761 (Guoetal, 2017 ), MHELRIK M. sexta
£ 45~ Kanost et al., 2016 ); #i4% . Helicoverpa
armigera 45 197 1 (Xuetal., 2016 ); FECR I
Spodoptera litura £ 237 > ( Cheng et al., 2017 ),
INFEIRAT 67 4 (Yang et al., 2020), BRI,
BRI E R GRAY kIS, NREERKY
GR 78I —EMEHAK (Clyneer al., 2000),
122 BFEZE BHRNETFRZA(onotropic
receptor, |R) ¥ H1 & NE SR 1Y B 1 R4 2 R
Z& (lonotropic glutamate receptor, iGIUR) H
SrE R, B8N, IR BIETHERE TR
Zt oo, Bz mpma oIt A«
i5 OR #il GR ( Benton et al., 2009), XJEH IR
FIFoE IR IE SR £, M5 IR S 5T
B AR Z AR v Bz T fig 451, SR SR 1R76b
FEIRAZ AR MR BE g P R HEEZAE A ( Zhang
etal., 2013); BAHE HLUE IR25a, IR76b L & IR56d
2 5%Z NG iR ( Ahn et al., 2017; Brown et al.,
2021 ); MEHEE IR7a 2 5% M (Rimal
et al., 2019); HJE i IR25a Fll IR76b 7E K
JBEAZ R B R R EAE R, AE SR R i 4
T A RIS o 3R AT 7 O B Y
( Chen and Amrein, 2017 ); SEjE 5% IR52c
1 IR52d 7 S SR i I PR A B a7 fE R (R B R
D7 KAEEFAEH (Koh et al., 2014), fEMHH
K, IR8a S 5 X ZF R 1)/8%3Z( Zhang et al.,
2019a), HIKME, IR fEXTERZS . g2k, ih%
FEWRAL A Y ESZ T RHE T EEER . B
K BIWFFR R, IR KL Aedes aegypti Y, K
HAAFE IR Al OR Ik TRl —M & T my i il
(Herreet al., 2022 ), X fiidi K AP C A MRL-5E & ~Z
5 T ELAG TR 1R AZ g T AR R IRz L
M4, FERBKRIEEZ 0, 2EAEIRY
GR MR pME L7 XAEAE— 5T .

123 PPK 2 EHnY Pickpocket ( PPK )
J& T b S il iE ( DEG/ENaC ) &
H%E, M IIRER o LRI R £ . B
gAY PPK1L Fll PPK19 5 5 5 Sl 4y B GHIK

W BEFNER NP ER A RAZ (Liu et al., 2003 ), i
FENE R PPK 19 2 58z S ik B ER (Alves
etal., 2014 ); MAJE IR PPK28 2 5 X} /K (87
(Chen et al., 2010), 7E3R AP, PPK301
Z 5XK AR B R 8z (Matthews et al.,
2019), AIUL, PPK ZEIEPR7E R HURSZ ERFIK T
AR R T EEME.

124 TRP &k TRP KIFE—MEH KW
FER GG, © R AE 2L sl W iR aE T XA 0 8%
% (Story et al., 2003 )., TRP ZSILKAEYIFPIE]AY
PRSP E , Bdvdi TRP 283K 5L shd
) TRP RILHAETIRE LA BRI, 7EE
JiE R BRI T R B, TRPAL £ 582 1R Y
BT S YRR , {H I A2 55 IRz mhn e P 45 At v R
YR (Kimetal., 2010), It4h TRPAL A5 5K
ZAHE NS LK (Soldano et al., 2016 ), {EMHH
Kiggrh, TRPAL 252 B AR ( Afroz
etal., 2013 ), XULZERR TRP I HFE R H
MREIERAZ Th R T — @ AR, (HIR A RRRA
5%

125 HMERMREZME ITEk, R gm
R 2 1 A S R K5 S 5 R ARS8 EAZ
fian, RN A — KA (Opsins) JEH
2 57 PR SR X VA R D S R 1 IR i R A7
(Leungeral., 2020); FEJEH 0% Otopetrin J A
KK Otopetrin-like a ( OtopLa), FEBRYE Ik
FE T PR SR O R VR TR 1 IRk 32 KR B AT
(Mietal, 2021), B8R, XFE HMSEINEEZ
PLHIEIRFFE, ARRBR TR Z & GR, N i
IR ZR N At 2 Y K A RN SR Y R b 2 1A T e
PIFZ IR IR R

1.3 B HAbk 5 iE g

B H A R 57 38 % 3 LA 46 A A JE IR 2 P

D AR T2 RN AR B 28 R ) AE S

AbFR AR . ANRTITAR, AR R SRz

FEH GOSN KT AMEE 5 214 A SOG FlfE

O 119 VA e D 0 KN 2 I o e g =1
2O SR AR (Marella e al., 2006;



23 B BhAE BRGNS R SO SR A BB 4 - 489 -

Freeman and Dahanukar, 2015), L) SOG X 1t
KR B PSR GRS — R G, PTX)
RARIREAF Z TR RS ARG R =)
Hy# 28 X ( Freeman and Dahanukar, 2015 ).
PR PR — D RS KRSk G Y, &
ZAE AT R B A BN, DA 58 B A BR i 38
B o ANFFRFER GSN BN [ ZE Y 1 R v ) ot
AN, o3t rh AR R B O Y b B 5 | kS B
HAT M BV o

HR4f A fih 28 b B[R] 0SB A5 5 09 7
K, AR R IR i oo 2 Fh R AR
0k L (Labelled-line pattern) F1528 X £F 4
155 ( Across-fiber pattern ) . Fric 4k i =X 45
N — A B LR E LS I RS GSN #K
T, M55 R SR A bR R 4 B X5 5 ) B
AL PR A TIR, AR R U R
Bl 7 B O R ok $E OCEEAE F A R A B G T
i 28 AR AR A S — Le P X R e pf 22T Al
DRI Ab BE Z Ak s 2R I AF 5, G5
iR AT R o 28 A YA AR IR T R 0] LAAE A1 JE
JBAZ SR TN R AT S A TR A0 3G, Bl TP A
o A TER . ln, RME AR AR R 2 oT
AIRERIE T KA M RZ IR, AR RS2 R B
AAFE R BRI I, 2R PR A2 AR S
Al 2R3k, fi75 MR R0 A X Z2 R [R] 8 A 3 ik
YRRz OI6E, wJa e AR DROE SO ([
1) ( Freeman and Dahanukar, 2015) .

2 BHKEZEINGENTRLR
21 REBREZRATIEES I %

W5 B R SE AZ AR T RE I 5 i, R ]
O3 R AE ARSI G0 TN A Fe3R S P o FE ARSI 1Y)
JriE FE R CRISPR/Cas9 44 fhst i #itE
Jrik, MEREE GR MBS R, R RNAI
SRR E GR AYFRIA, P LA AR B 5 12
FIAT Ry ) 5 ARG [ s 32k DR B Gl 2 3 [ A1
Jei, TEHLAE BN AT R RN b kA AR

UTAESK , ) SR SR T Rk R G £
PR AR SESZ 4, ik B, flhn, g

B 1 RS8R YR 5 R S B

( 5] B Freeman and Dahanukar, 2015 )

Fig.1 Elementsof taste circuitsin the adult fly
(drafted from Freeman and Dahanukar, 2015)

PAZRAR H DR i 25 70 MR 5 8 1) 008 F #2275 ( SOG )

HIBT, DABN B B2 (TG) % SOG S

MB: B 4K ; AMMC: fill i HLAE SE iz 3 bty ; SOG: &
ERMAT; TG: Madhzy,

Schematic of taste circuits indicate projections of taste
neurons from the proboscis to the subesophageal ganglion
(SOG) and those from tarsi to the thoracic ganglia (TG)
and the SOG.

MB: Mushroom bodies; AMMC: Antennal
mechanosensory motor center; SOG : Subesophageal
ganglion; TG: Thoracic ganglia.

KR Pieris rapae W — 115K 321K PrapGr28 B
SRR A TE AR S LT RN N R TR A IR
Grba ) GSN H1, NI T 1 IR SRl L- Ak
SHBIE T (Sinigrin) AEUEAE, ATIER T
PrapGr28 J& =% #y MeJsk sz B ST 1 i3z & ( Yang
et al., 2021), FIFHAEMASEXTE R GR IIfE
HATHESE, PR R 0 B S BR AE FR AR
MR ST R B GR IIRERF A,

S RIRYE GR IR A ZFhik+E, bk
HEK 293 #fififi 2k 335 GR, HLUEA-#F ( Patch-
clamp PRAI GR T RE , % LAE P IVEE Xenopus
laevis DIELAAMIFRIE RGO KR GR, FHLINH
e B, 8 ( Two-electrode voltage clamp recording )
Kl GR 193hfE (Sato et al., 2011 ), H&AKTH 7,
HEK?293 i Jif] 2 3k R 48 5 TVl BFBE 40 if % ik
RGWIE GR, SRBEFEENIE, X 2 Rk R
SR ZMEIE GR e ir 7k (Yang et al.,
2021 ),
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ORI A HA SR, SRR 1%
5T, AHEEDUESS A ALy R e 9% 5 ZEXF 3 A
LNRE T 4518 , 256 i S 6 260k U5 ik Fi
BB AT S AR AL B o

22 BHOWESZENIIEHR

L HUBE 2 UK 1) D R 25 5 22 DL T 0 R R i
fIF5E . Dahanukar %5 (2001 ) 7S S
A Groa LG ah R, LKNE & BLIZ 5 20
Wl ( Trehalose ) Y HL AR BRANAT 4 I SE 4T 2%
I X ERE ( Sucrose ) (K2R VA 200, 3X —
SER LU AE R Groa S 5 R R Y
%, IS GXREREAZ . 5k, IR
ME R DmelGreda S 55 Xt R IE AN 22 2 — b
( Maltotriose) f/))E&~Z ( Dahanukar et al., 2007;
Jiao et al., 2007 ), Jiao %5 (2008) A& PL, Mg
% Dmel Gr64f 1] 5 Dmel Gr5a 4 & 3 7] 87 i
A, Dmel Groaf i4 1] 5 Dmel Gréda 285 4 I 7] 2%
ZRENE . XS5 RER T, PR R T A RS
YIRFEEZ GR MR LEDIRE . Fujii 5
(2015) KB, BRHE S0 USRI SR oA N
[A] 47 4 ( Gr5a. Gr6la. Grb4a. Gr64b . Gré4c,
Gré4d. Gréde Fil Gréaf ) 44355 . X EehlZ K
HEAREEMIIRE, ENIVARIMASIEA RS
TR SR AN [ 2R s v, S 2 Rl
HRZ . WFFEiE & B DmelGréda 78 B SR i s
Mrh IR BcA Kk, 1l DmelGréda 2878 I H i
BRSO BR BBk , AROR T DUERSZ I . Xk
W 7E 2B HE AL TP a8 A7 AE O R B E Y A7 1R
DmelGréda it 87 [ HH 03 [ . 78 728 KR 25
Apis mellifera W, 3335 AmelGrl fil AmelGr2
149 JTCHEE B0 248 60 XoF JRE W A7 S vz, T BRI Rk
AmelGrl 5% AmelGr2 X} EREAEA v ((Jung
et al., 2015), TEME B HRIRYE Trichogramma
chilonis W, 333k TchiGR64f1 F1 TchiGR64f2
AT | 177 BRI 25 TehiGR64f1 5 TchiGR64f2
WX FEARE AT RO (Liuer al., 2020a), FAEHY
Gr4 W] Bz JEbE A % 8% ( Glucose ) Mang et al.,
2022).

Miyamoto %5 2012 )& ML i 0k DmelGr43a
AR SR S, Gra3a 7r S S s bt A

Feik, AR R R B TR o S5 R
FERIL, IR AT/ Grd3a 5 Greda thFkik
FlRl—rp gt (1R R DL Grada iz 3t
B, L3538 Grd3a 5 Greda i 2 e B
N7 5 ST AN QB 2 ik Grd3a 1 287t ( Fuji
etal., 2015), F 54 BmorGr9 43l ik F U
YIREA0 AT HEK 293T 4, & BT 5]
A ML MEG 2 T B TR, LA S AR BRI ) B 7
HLI, DA SR 2 BmorGr9 M BLA ( Sato ef al.
2011 ), MbJE, B HOH A o AH AR AR TR
ZRME R Z A, AR R HarmGr4
(Jiang et al., 2015; Aietal., 2022 ), FSR K
Y9 SlitGr8( Liu et al., 2019b ), # K&\ Nilaparvata
lugens 1 NlugGr1l ( Chenet al., 2019 ), = KF)
N AmelGrl ( Takadaer al., 2018), /N3Eifk
) PxylGR43a-1 K PxylGR43a-2 (Liu et al.,
2020b ) 45, IXUEZRHRRERE SR I R (K
1)o EAFARAE TR AR B AT v & B, IR Y e
] TchiGR43a RE JH B 5Lt i ULEE ( Inositol )
(Liuetal., 2019a), RGEHHILFHIEI, BHE
A R GR RAE] — 73, R AU R p
SZARTE P H AT RE A H PSF o
1 R R B2 R 5 32 EAYHSY GR, i8]t

AT BRI K s R A MR N N, K
#1) BmorGr8 Fl1 BmorGr10 #BJ-~Z JLE ( Zhang
et al., 2011; Kikutaer al., 2016), &= RH|#E g
AmelGri10 J&z ZF & IR (Limeral., 2019 ),
BRI R R, B B2 AR5y 3 L 4) GR,
M RT X EB AR P AE W B A RN . N, R A
WEZR 3 32 ) BmGré il BmGr9, A{UX4E E ik
FEE R IREARE . AR L A RN, X R AL
AR 4% AR ( Chlorogenic acid ) FlSAfi Rz
( Isoquercitrin ) 7 4¢3 U [ v ( Endo et al.
2022) (£ 1),

23 BEHERZEHITIETR

F L R AZ 1R 9 T RE B4 it D PR SR
h . BIAnTE R R b I, A 5 RIER
I GR ( Gr47a. Gr32a. Gr33a. Gré6a. Gr22e)
2 5% 3 AR E s Strychnin ) JE52( Moon et al.
2009; Lee et al., 2010, 2015; Poudel et al., 2017 ),
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5 S 0% ) DmelGrl0a . DmelGr32a il
DmelGr33aix 3 >3 K gz Mk ( Nicotine ),
i L1 11 Dmel Gr8a. Dmel Gr66a A & Dmel Gr98b
&2 J1 5 4% 2 ( Canavanine )( Shim et al., 2015 );
M S S0 Y DmelGr33a. DmelGré6a UL M
DmelGr93a Z 5xtuiitE[H ( Caffeine) F1<iE {k
Mg ( Umbelliferone ) iY/&3Z ( Moon et al., 2006;
Leeef al., 2009; Poudel et al., 2015), PEHEHE
B ) DmelGr28b 2 5 iz . % ( Saponin ) ( Sang
et al., 2019 ), HE{KIM T, MENEIRMEA ML Z 1K

St A YT IAR Z R 56 R LR 4, B
— R SZAR AT LA R LR BT, —Fh 4 Bt mT AT
PNLFAZ AR X e RAL S sz, TR 2
Z> GR L[ LI .

g H R R b O 4w T REMWREZ K, H
Y R ZHOMTERZAR (Chenget al., 2017) .
W H B R AZAR DI REF R H 253 2 (R 1),
L RNAI 17 EXT MG R Papilio xuthus
PxutGrl i A T i, & A ARG JRUBRE BT Ao e Je%
XS F 2 (Synephrine ) 1Y HL AR B 1

*1 SHERERKEBRZHXZENEARR

Tablel Functional progress of gustatory-related receptorsin lepidopter an species

Z AL IS IWIRrS fic A Yyph EZ PN
Receptor name Method Ligand Species Reference
BmorGr9 JTCi: BB 20 i Xenopus HBE Fructose R A Bombyx mori Sato et al., 2011

oocytes, HEK293T #ifif]
HarmGr4 JUE R BRI Xenopus  FoWF Fructose fass Jiang et al., 2015;
oocytes, CRISPR/Cas9 Helicoverpa armigera Al et al., 2022
SlitGr8 mﬂigﬂﬁ?ﬂﬂﬂ@ Xenopus %)btg Fructose ﬁll—éi@zﬂﬂ( Liuet (ll., 2019b
oocytes Spodoptera litura
PxylGR43a-1, JTI: SN Xenopus S Fructose I Liu et al., 2020b
PxylGR43a-2 oocytes Plutella xylostella
BmorGr8 Skl JILEE Inositol R A Bombyx mori Zhang et al., 2011
BmorGr10 JTCi: BB 20 i Xenopus JLEE Inositol F A Bombyx mori Kikuta et al., 2016
oocytes, HEK?293T 4l fifs
PxutGril SO 4 fifd . JBi 48 S IR % Synephrine HHRE R Ozaki et al., 2011
RNA T3 RNAI Papilio xuthus
BmorGr53,  HEK293T 4R fifl MiER Caffeine, 7 H. % K& Bombyx mori Kasubuchi et al.,
BmorGr16 Coumarin 2018
BmorGr18 HEK293T g miHER Caffeine, BRZEFI FK & Bombyx mori Kasubuchi et al.,
Pilocarpine, #15.% Coumarin 2018
BmorGr66 CRISPR/Cas9 F A Bombyx mori Zhang et al., 2019b
IR8a CRISPR/Cas9 3-H L% R 3-Methyl- pentanoic 4 ¥ K ik Zhang et al., 2019a
acid, C.fiX Hexanoic acid Manduca sexta
PxylGr34 JTEEBR LA Xenopus i35 2 S Brassinolide, 24- /NEIk Plutella Yang et al., 2020
oocytes, FIMZEE R 24-Epi- xylostella
RNA T4 RNAI brassinolide
PrapGr28 JTEE R EE A Xenopus  PASFFH Sinigrin SN Pieris rapae  Yang et al., 2021
oocytes, FRJE MG Grba,
RNA T4t RNAI
BmMGr6, HEK293T 41ji, 4¢J5 2 Chlorogenic acid, Mt K 7& Bombyx mori Endo et al., 2022
BmGr9 CRISPR/Cas9 17 Isoquercitrin, FERE

Sucrose, #j%iH# Glucose, F-H#
Fructose
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I AT, 12 RV ROt A B 1 R 2 17 B A -0
A EAE (Ozakieral., 2011) . TEZR &, FIH
CRISPR/Cas9 £{ KX, %741 BmorGré6 i 17
BRIG KRB, AR T REMN T —HIRETT A
(Zhang et al., 2019b ) , L4k, 41 BmorGr53
1 BmorGra6 &z mif X Fil#y 2 % ( Coumarin ) ;
BmorGr18 = 5 gk &z o ik A . B 2R 2
( Pilocarpine )f1# & Z( Kasubuchi et al., 2018 ),
/N Gr3d B Az A W) R R R N R
( Brassinolide ) J HEBIY) 24-33h 3% R A Tk
( 24-Epi-brassinolide) (Yang et al., 2020) .
SR Gr28 Z I T FAERHE Y bR AR R B
MILTHRIZIR (Yang ef al., 2021) . Fpgd
Gri80 NIFEEAZ SR i G R . BIT 1A
08 ( Strychnine) W &% T4EH (Chenet al.,
2022) .

B H i BRAZ AR B PE K, XX A7 Y
DR FRAMRIRARRIAR 2, HoAth B A2 A5 5 R AR
WA, BRI SR E 2 GR A &
FEVEFEAFIR A ST o Bl BSOR R 22 45 IR SZ AR 11
DIRew e , o etk B A7 EE AL A
A RERE 7R

24 BREKREHTEVHHTIR

B B BR e E , AT S S0 AR PO R
4, SO R BT AR B A T DO o X AR Ak
SRR ZE R, AR T R O SR AL
BV ILRIE R Rk, GnETETIR,
AEMEE R R, XRE T EAYRE
PERIEY) , KRB 5 HARAR AT 3 B AR R 174
Pkt , XA 7R b, B RE R S8
FLR T AR Ay DR 1Y) s 1 5 78 kg B G 1 R o
Wada-Katsumata %5 ( 2013 ) 38 T 7 [ /)N e
Blattella germanica XA %05 4T APUHER A
PRHLH] . M 20 2 80 AR T Uy, 45 il 7 ]
N0 A% HOFR) PR S I T AR R b U )N
Wi SO 1) o A B AR, (HAEBUEZ R R,
T A ] /N g e R S AL S T 2 A RO AT N
XEEEARAE A DOE AL TR E NG, R
TXPEE T P, Hak R 8 A RO T

Al AL ( Wada-Katsumata et al., 2013) .
LR AT A S AR ARG PR, XA
Xof 4] 25 A EL A DR 52 I 114) W8 BB A/ ) b S B
AT T 5 R PR IERSE LT RN, (R
S JBRGE A 28 TU T A A A 0 R S R AR . 3 A,
T e 0 W 56 A W AR DOAT N, X SR
MR SR F BN =4 ( Wada-Katsumata et al. ,
2013) .

B MR S S8z AR ) 4 F LS =R A 47 [
LA ] /N WX 4 28 W 1 PR DA A i DR I
%, Wada-Katsumata %% (2013 ) #H 2 FhjgAH .
— R FRIR TR 2T R TR AR
HAL T PRI AR T s IR RAR KR ThE
FREE P 20 RS B RS 24K, Femi 2k
IR T BRI M 2 TTH o AT AR SR X MRLE 7 A i R
SR IE OIS TARRHERE | 56 F IRt 32 1A 1)
fiets b A7 9 & 3K ( Butterwick ez al., 2018; Del
Marmol et al., 2021), {Hj&, S5MR5EZ AL
RUR A B AZ K B 1) S AR 25 4 18 2K 1 ( Morinaga
et al., 2022), WRUEAZIRT)REE AL LGt Ak T
25 PR o MR AT 1A L ML 7 AR T BB A A 1 A
FEHART BB R WA T 455 ( Lee et al. , 2017; Yang
et al., 2017 ), HEMI AT REHE IR A2 AR 4 7 /4L
KR R R AR Je B T IS A A e 1Y e
] BB B 8 4 PR 5 B0 ) W RS2 R R R
(2RI AN M e A O, B A O ) Bt i 28 T 7
K RGBS B R A e, R GSN
A I Y 2 AR 2R T 2H BT 2 /B AR 2 GSN
FE R BT X 3 S R A5 5 16 TR B v Al 1 4
AEBURERER 7 X S n) 0K R RS 5T
UGB AR, XF 8 7R B B BE 38t 1 LAtk A
AlYATE R B

3 ETRAKMEZANA

B HORHAH S A AR S SR, — PR LA
Pt AR 2 FAT 2 o MRS B X — e Rt A i
PRIAT R R, LA BRI 3 T 2 0 R B
BCERIGR s AR 2R, I R R AT o, AT SE
XS H A B4 R RAE D 1 A
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31 ERARWR (5= ) EEENTR

[l N Ah 2 R ) Ok AR W o B R A L
TERC A RENIR, e LIk
Jornl DL ] B R R R AN, AR e
(Alkaloids) fbaHje ity T a2 e A 1<
fa gl ( Nicouline ) XJ#A 8 K4 Monochamus
alternatus EAT 125 107 B SR BE 1 FH A A O
T HAEH (ZKIE4%, 2005), v Filir2ib
A4 ( Glucosinolates) EEAFAET A AERHEY)
o, Hod BT AT R R i Mamestra
brassica . 545K Mamestra configurata. F¥y£L
Rk Trichoplusia ni 4 R AHCE ( Blom, 1978;
Shields and Mitchell, 1995) . Zh4k ] # ]
KA, Kk SRRk Lymantria dispar FIH
WPk A R ( 1shikawa, 19665 Ma, 1969; Blom,
1978; Shields et al., 2006) . # 5 & Al B HIK
) UL S AR A% Hugh d i) BCE: ( Kasubuchi et al.
2018; Chen et al., 2022) , thn]iEfil/NEik™
b9 ( Tabashnik, 1985) . JHI3E 3 N ER AT #0171y
S ik oy MR ECES S B R ( Yang er al., 2020 ),
7% F IR %% ( Denatonium benzoate ) 1] L i il 41
LR Heliothis virescens fr=5 ( Ramaswamy
etal., 1992) .

EIR R & YA R A iR AR 25 2 — (1R
DU 55, 2017 ), RHLFE/N M . A4S HURIRLEL
ey i AE N 1) 2 B RV SR AU FE AR
IF H AT DU B By A KR I 7 gk
Spodoptera littoralis . . i 9T R MK Spodoptera
Srugiperda . MHZFRCIE L SARES HUERBE ™ AR 8008
HFEEVE (Mordueer al., 1998), 7Ei# H E
B BRE & B E AR ENROR 1,
W, KRS ) i e X BN R A iR 2
AR (Luo et al., 1995), {HJE, EL AU
SZENBRR 3 THLH , GG IR RS2 BN R (1952
I, EA5HARARRN . MeAh, BB B R BRI
S A R ) SR AZ 1Y 43 OL R RS 43
AR o XL IR A2 AR 1Y) e 2 B X T B Y B e
WAL TT R R HE R | SEBAR A
JEEAHEE L,

32 BHEE (H~0) RHENHR

PR R MY i EZRRIE Y T, B Xt
JURE BB o AN M | i 2 S R A
i e IR B R A 7 o A B IR 2R W A A R
oo B OROR R B R B0 ol v FRAE A

( Schoonhoven e al., 2005) ., {H&, kLt —
1) B HOXH 25 AR B O AE W o A e, OB T
R A EAEP S N o SRR e S B R
AR B A ) — B s LA O A ) AR
h 2 ERREYEREY (Token stimuli ) |, MIMSE
BN FF FAEY) B = RO o i RHE Y A 5%
A2 TT (Indioside D ) AJ I LA AT = AH 4 1)
I 0 AH R gk 4 i U (Del Campo et al.
2001) . I I Pl RY o T e f
TP R SR R/ NS i 1) 4 e IR )
(vanLoon et al.,, 2002; Yangetal., 2021) ,
LEEHERT T ( Glucobrassicin ) A Hl R
d=H0 (Stadler ef al., 1995) . A 10 FiEHIK
AW )5t (Vicenin-2., Narirutin, Hesperidin, Rutin,
Adenosine . 5-Hydroxy-New-methyltrytamine .
Bufotenine. (-)-Synephrine. (+)-Chiro-inositol D)
e (-)-Stachydrine )i iR & AT AR XU ™ B9
(Ohsugi et al., 1991) . /T (Rutin) A Hi#
FWHRES B Helicoverpa zea FIHZETR Mk ) 24)1 H
BUEr ( Guerra and Shaver, 1969; Schoonhoven,
1972) .

RN ARG RS | St i 45 D B AL oh ((Ozaki
etal., 2011; Yang et al., 2021) , 4 kK
BT Ak B R B R A A, SR L
G T 25 A L 0o FHLRIR SR AN 4 o Bifi A i
U B R SZ R T RE Y S, W S i — 2D IRt
B 5% YRR, SFHAR T AR
HURE A ORRIEER, VRN IPEHE & BUpiG T A&
VEM .

4 B&

B RORGE A2 1 0 T LA AT 98 R R A2 ik T
AT B R A 28BS RGTHY T A o B BT R
IR EA LRI IE AN &R, X B HURSE R ST
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()T ik HER 535 , N RS HBR 3 8%z J PR 7
F HUBy I AR P R AR B AR

H HI AR5 Hh A7 — 28 fn) 8, it SR A ]
JEZ R Z R T RE S, REHUS TRk
&, SRMBRMIMAI R GEZ IR (GR) 4b, HAhZE
HIIR G S AN IR FI TRP 28, 75 50 1 b o %
Z AR AR T EREIAERT, MRARAH; R,
R v 2 A S A A 2R ) R R A7 A O 7
K, o E—ATFRR I, A, SR KRR
WG S AL BN A, AR AT M S ML
AR RS TG . BRI A Hoph R =0 R
q, KB ZRIRE M R A, P2 E AR
b U E 3Z A B D BE XS B A A T o S Y
RAS o T B MRS SRR A 45 8 2R R B 2 E
e B W AN B A T R R VR . A L2
T, JE T B R SR A HRCET B B R 3 2 R BE
i R A E BB ih T AE &1 2 RIE A ik —
HHEE A JE R RS A ), X R
5, 0K S X el 22 R GRS 15 5 A Ab B
FEE A HLIAE A B AT B N2 o X T e AR
SR HL, oA SR 1) IR e 2 a2 B A 34 s U [
HLRRFFE i B A ZE & BIZE 5 ARG R
e, B HE WA ST AT ER—E
TR 1 B R R A, R AR A Y
FE DR AL AN SRR, 456 o R D REAS N 7 ik
FBAGHRAE R AR, 1643 T /KL i R 5 7 B 1
B s e A= B v BT kS 4 o A ek B SR
WRAEZ IR DIRE ST, o HOE S IR AZ AR T RE I 5T
W A Bh T8 R d v R R B A 3 R R e R L
il o X LEE A OK 3 B AT R AU TR B
FE BB , T ELIR T BESE 7% 37 A 4 o 2 LAY a8
12 o AHFRATTAE FAAG T Hh gl ol %) (BT, 92 X6 2% 1Y
FUIHCHS o 255 R B HOBR e B & 3 B
TIPS R ORI R, IR IR R AT
REIFEAR TN ¥, A PRV S A P AR BRI B ol
W, 7645 E B IR S Aa FOR M Y 7

S %30k (References)

Afroz A, Howlett N, Shukla A, Ahmad F, Batista E, Bedard K,
Payne S, Morton B, Mansfield JH, Glendinning JI, 2013.

Gustatory receptor neurons in Manduca sexta contain a
TrpAl-dependent signaling pathway that integrates taste and
temperature. Chemical Senses, 38(7): 605-617.

Agnihotri AR, Roy AA, Joshi RS, 2016. Gustatory receptors in
Lepidoptera: Chemosensation and beyond. Insect Molecular
Biology, 25(5): 519-529.

Ahn JE, Chen 'Y, Amrein H, 2017. Molecular basis of fatty acid taste
in Drosophila. eLife, 6. €30115.

Ai D, Dong CX, Yang B, Yu CH, Wang GR, 2022. A fructose
receptor gene influences development and feed intake in
Helicoverpa armigera. Insect Science, 29(4): 993-1005.

Alves G, Sdlé J, Chaudy S, Dupas S, Maniéere G, 2014. High-NaCl
perception in Drosophila melanogaster. Journal of Neuroscience,
34(33): 10884-10891.

Benton R, Vannice KS, Gomez-Diaz C, Vosshall LB, 2009. Variant
ionotropic glutamate receptors as chemosensory receptors in
Drosophila. Cell, 136(1): 149-162.

Blom F, 1978. Sensory activity and food intake: A study of
input-output relationships in two phytophagous insects. Netherlands
Journal of Zoology, 24(3): 277-340.

Briscoe AD, Macias-Mufioz A, Kozak K, Walters JR, Yuan F, Jamie
GA, Martin SH, Dasmahapatra KK, Ferguson LC, Mallet J,
Jacquin-Joly E, Jiggins CD, 2013. Female behaviour drives
expression and evolution of gustatory receptors in butterflies.
PloS Genetics, 9(7): €1003620.

Brown EB, Shah KD, Palermo J, Dey M, Dahanukar A, Keene AC,
2021. Ir56d-dependent fatty acid responses in Drosophila
uncover taste discrimination between different classes of fatty
acids. eLife, 10: e67878.

Butterwick JA, Del Marmol J, Kim KH, Kahlson MA, Rogow JA,
Walz T, Ruta V, 2018. Cryo-EM structure of the insect olfactory
receptor Orco. Nature, 560(7719): 447-452.

Chapman RF, 2003. Contact chemoreception in feeding by
phytophagous insects. Annual Review of Entomology, 48: 455—
484.

Chen WW, Kang K, Yang P, Zhang WQ, 2019. Identification of a
sugar gustatory receptor and its effect on fecundity of the brown
planthopper Nilaparvata lugens. Insect Science, 26(3): 441-452.

Chen Y, Amrein H, 2017. lonotropic receptors mediate Drosophila
oviposition preference through sour gustatory receptor neurons.
Current Biology, 27(18): 2741-2750.

Chen Y, Wang PC, Zhang SS, Yang J, Li GC, Huang LQ, Wang CZ,
2022. Functiona analysis of a bitter gustatory receptor highly
expressed in the larval maxillary galea of Helicoverpa armigera.

PloS Genetics, 18(10): €1010455.



23 B BhAE BRGNS R SO SR A BB 4 - 495 -

Chen ZJ, Wang QX, Wang ZR, 2010. The amiloride-sensitive
epithelial Na" channel PPK28 is essential for Drosophila gustatory
water reception. Journal of Neuroscience, 30(18): 6247-6252.

Cheng TC, Wu JQ, Wu Y Q, Chilukuri RV, Huang LH, Yamamoto K,
Feng L, Li WS, Chen ZW, Guo HZ, Liu JQ, Li SL, Wang XX,
Peng L, Liu DL, Guo YB, Fu BH, Li ZQ, Liu CC, Chen YH,
Tomar A, Hilliou F, Montagne 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. Nature Ecology & Evolution, 1(11): 1747-1756.

Clyne PJ, Warr CG, Carlson JR, 2000. Candidate taste receptors in
Drosophila. Science, 287(5459): 1830-1834.

Dahanukar A, Foster K, van Naters W, Carlson JR, 2001. A Gr
receptor is required for response to the sugar trehalose in taste
neurons of Drosophila. Nature Neuroscience, 4(12): 1182—-1186.

Dahanukar A, Lel YT, Kwon JY, Carlson JR, 2007. Two Gr genes
underlie sugar reception in Drosophila. Neuron, 56(3): 503-516.

De Boer G Hanson FE, 1987. Differentiation of roles of
chemosensory organs in food discrimination among host and
non-host plants by larvae of the tobacco hornworm, Manduca
sexta. Physiological Entomology, 12(4): 387-398.

Del Campo ML, Miles Cl, Schroeder FC, Mueller C, Booker R,
Renwick JA, 2001. Host recognition by the tobacco hornworm is
mediated by a host plant compound. Nature, 411(10): 186-1809.

Del Marmol J, Yedlin MA, Ruta V, 2021. The structura basis of
odorant recognition in insect olfactory receptors. Nature,
597(7874): 126-131.

Endo H, Tsuneto K, Yamagishi T, Mang D, Ito K, Nagata S, Sato R,
2022. Two gustatory receptors involved in host plant recognition
of silkworm larvae. bioRxiv, 10.1101/2022.1109.1112.507514.

Freeman EG, Dahanukar A, 2015. Molecular neurobiology of
Drosophila taste. Current Opinion in Neurobiology, 34: 140—
148.

Fujii S, Yavuz A, Slone J, Jagge C, Song X, Amrein H, 2015.
Drosophila sugar receptors in sweet taste perception, olfaction,
and internal nutrient sensing. Current Biology, 25(5): 621-627.

Guerra AA, Shaver TN, 1969. Feeding stimulants from plants for
larvae of the tobacco budworm and bollworm. Journal of
Economic Entomology, 62(1): 98-100.

Guo HZ, Cheng TC, Chen ZW, Jiang L, Guo YB, Liu JQ, Li SL,
Taniai K, Asaoka K, Kadono-Okuda K, Arunkumar KP, Wu JQ,
Kishino H, Zhang HJ, Seth RK, Gopinathan KP, Montagné N,
Jacquin-Joly E, Goldsmith MR, Xia QY, Mita K, 2017.

Expression map of a complete set of gustatory receptor genesin
chemosensory organs of Bombyx mori. Insect Biochemistry and
Molecular Biology, 82: 74-82.

Herre M, Goldman OV, Lu TC, Cabalero-Vida G, Qi Y, Gilbert ZN,
Gong Z, Morita T, Rahiel S, GhaniniaM, Ignell R, Matthews BJ,
Li HJ, Vosshall LB, Younger MA, 2022. Non-canonical odor
coding in the mosquito. Cell, 185(17): 3104-3123.

Ishikewa S, 1966. Electrical response and function of a bitter
substance receptor associated with the maxillary sensilla of the
larva of the silkworm, Bombyx mori L. Journal of Cellular
Physiology, 67(1): 1-11.

Jiang XJ, Ning C, Guo H, Jia YY, Huang LQ, Qu MJ, Wang CZ,
2015. A gustatory receptor tuned to D-fructose in antennal
sensilla chaetica of Helicovera armigera. Insect Biochemistry
and Molecular Biology, 60: 39-46.

Jao YC, Moon SJ, Montell C, 2007. A Drosophila gustatory
receptor required for the responses to sucrose, glucose, and
maltose identified by mRNA tagging. Proceedings of the National
Academy of Sciences of the United States of America, 104(35):
14110-14115.

Jiao YC, Moon SJ, Wang XY, Ren QT, Montell C, 2008. Gré4f is
required in combination with other gustatory receptors for sugar
detection in Drosophila. Current Biology, 18(22): 1797-1801.

Joseph RM, Carlson JR, 2015. Drosophila chemoreceptors. A
molecular interface between the chemical world and the brain.
Trends in Genetics, 31(12): 683-695.

Jung JW, Park KW, Ahn YJ, Kwon HW, 2015. Functiona
characterization of sugar receptors in the western honeybee, 4pis
mellifera. Journal of Asia-Pacific Entomology, 18(1): 19-26.

Kanost MR, Arrese EL, Cao XL, Chen YR, Chellapilla S, Goldsmith
MR, Grosse-Wilde E, Heckel DG, Herndon N, Jiang HB,
Papanicolaou A, Qu JX, Soulages J., Vogel H, Walters J,
Waterhouse RM, Ahn SJ, Almeida FC, An CJ, Agrawi P,
Bretschneider A, Bryant WB, Bucks S, Chao H, Chevignon G,
Christen JM, Clarke DF, Dittmer NT, Ferguson LC, Garavelou S,
Gordon KH, Gunaratna RT, Han Y, Hauser F, He Y,
Heidel-Fischer H, Hirsh A, Hu Y, Jiang H, Kalra D, Klinner C,
Konig C, Kovar C, Kroll AR, Kuwar SS, Lee SL, Lehman R, Li
K, Li ZF, Liang HQ, Lovelace S, Lu ZQ, Mansfield JH,
McCulloch KJ, Mathew T, Morton B, Muzny DM, Neunemann
D, Ongeri F, Pauchet Y, Pu LL, Pyrousis |, Rao XJ, Redding A,
Roesel C, Sanchez-Gracia A, Schaack S, Shukla A, Tetreau G,
Wang Y, Xiong GH, Traut W, Walsh TK, Worley KC, Wu D, Wu
W, Wu YQ, Zhang X, Zou Z, Zucker H, Briscoe AD, Burmester
T, Clem RJ, Feyereisen R, Grimmelikhuijzen CJ, Hamodrakas SJ,



- 496 - R B 244k Chinese Journal of Applied Entomology 60 %

Hansson BS, Huguet E, Jermiin LS, Lan Q, Lehman HK,
Lorenzen M, Merzendorfer H, Michalopoulos I, Morton DB,
Muthukrishnan S, Oakeshott JG, Palmer W, Park Y, Passarelli AL,
Rozas J, Schwartz LM, Smith W, Southgate A, Vilcinskas A,
Vogt R, Wang P, Werren J, Yu XQ, Zhou JJ, Brown SJ, Scherer
SE, Richards S, Blissard GW, 2016. Multifaceted biological
insights from a draft genome sequence of the tobacco hornworm
moth, Manduca sexta. Insect Biochemistry and Molecular
Biology, 76: 118-147.

Kasubuchi M, Shii F, Tsuneto K, Yamagishi T, Adegawa S, Endo H,
Sato R, 2018. Insect taste receptors relevant to host identification
by recognition of secondary metabolite patterns of non-host
plants. Biochemical and Biophysical Research Communications,
499(4): 901-906.

Kikuta S, Endo H, Tomita N, Takada T, Morita C, Asaoka K, Sato R,
2016. Characterization of aligand-gated cation channel based on
an inositol receptor in the silkworm, Bombyx mori. Insect
Biochemistry and Molecular Biology, 74: 12—20.

Kim SH, Lee Y, Akitake B, Woodward OM, Guggino WB, Montell
C, 2010. Drosophila TRPA1 channel mediates chemical
avoidance in gustatory receptor neurons. Proceedings of the
National Academy of Sciences of the United States of America,
107(18): 8440-8445.

Koh TW, He Z, Gorur-Shandilya S, Menuz K, Larter NK, Stewart S,
Carlson JR, 2014. The Drosophila IR20a clade of ionotropic
receptors are candidate taste and pheromone receptors. Neuron,
83(4): 850-865.

Lee H, Macpherson LJ, Parada CA, Zuker CS, Ryba NJP, 2017.
Rewiring the taste system. Nature, 548(7667): 330-333.

Lee Y, Kim SH, Montell C, 2010. Avoiding DEET through insect
gustatory receptors. Neuron, 67(4): 555-561.

Lee Y, Moon SJ, Montell C, 2009. Multiple gustatory receptors
required for the caffeine response in Drosophila. Proceedings of
the National Academy of Sciences of the United States of
America, 106(11): 4495-4500.

Lee Y, Moon SJ, Wang Y, Montell C, 2015. A Drosophila gustatory
receptor required for strychnine sensation. Chemical Senses,
40(7): 525-533.

Leung NY, Thakur DP, Gurav AS, Kim SH, Di Pizio A, Niv MY,
Montell C, 2020. Functions of opsins in Drosophila taste.
Current Biology, 30(8): 1367—-1379.

Li SQ, Sun JH, Zhang ZN, 2005. Effects of rotenone on oviposition
and feeding of Monochamus alternatus Hope (Coleoptera:
Cerambycida€). Acta Entomologica Sinica, 48(5): 687—-691. [2
K3, FMTAE, SKEPT, 2005, foBERARTHA SR A F= U AU

TR, R AR, 48(5): 687691,

Lim S, Jung J, Yunusbaev U, llyasov R, Kwon HW, 2019.
Characterization and its implication of a novel taste receptor
detecting nutrients in the honey bee, Apis mellifera. Scientific
Reports, 9(1): 11620.

Liman ER, Zhang YV, Montell C, 2014. Peripheral coding of taste.
Neuron, 81(5): 984-1000.

Liu JB, Wu H, Yi JQ, Jiang DX, Zhang GR, 2019a. |dentification
and functional characterization of D-fructose receptor in an egg
parasitoid, Trichogramma chilonis. PLoS ONE, 14(6): €0217493.

LiuJB, Wu H, Yi JQ, Zhang GR, 2020a. Two gustatory receptors are
necessary for sensing sucrose in an egg parasitoid, 7richogramma
chilonis. Chemoecology, 30(3): 103-115.

Liu L, Leonard AS, Motto DG, Feller MA, Price MP, Johnson WA,
Welsh MJ, 2003. Contribution of Drosophila DEG/ENaC genes
to salt taste. Neuron, 39(1): 133-146.

Liu XL, Sun SJ, Hou W, Zhang J, Yan Q, Dong SL, 2020b.
Functional characterization of two spliced variants of fructose
gustatory receptor in the diamondback moth, Plutella xylostella.
Pesticide Biochemistry and Physiology, 164: 7-13.

Liu XL, Yan Q, Yang YL, Hou W, Miao CL, Peng YC, Dong SL,
2019b. A gustatory receptor Gr8 tunes specifically to D-fructose
in the common cutworm Spodoptera litura. Insects, 10(9): 272.

Luo LE, van Loon JJA, Schoonhoven M, 1995. Behavioural and
Sensory responses to some neem compounds by Pieris brassicae
larvae. Physiological Entomology, 20(2): 134-140.

Ma WC, 1969. Some properties of gustation in the larva of Pieris
brassicae. Entomologia Experimentalis et Applicata, 12(5):
584-590.

Mang D, Mayu K, Toyama T, Yamagishi T, Sato R, 2022. BmGr4
responds to sucrose and glucose and expresses in tachykinin-
related peptide-secreting enteroendocrine cells. Insect Biochemistry
and Molecular Biology, 150: 103858.

Marella S, Fischler W, Kong P, Asgarian S, Rueckert E, Scott K,
2006. Imaging taste responses in the fly brain reveds a
functional map of taste category and behavior. Neuron, 49(2):
285-295.

Matthews BJ, Younger MA, Vosshall LB, 2019. The ion channel
ppk301 controls freshwater egg-laying in the mosquito Aedes
aegypti. eLife, 8: e43963.

Mi T, Mack JO, Lee CM, Zhang YV, 2021. Molecular and cellular
basis of acid taste sensation in Drosophila. Nature Communications,
12(1): 3730.

Miyamoto T, Slone J, Song X, Amrein H, 2012. A fructose receptor

functions as a nutrient sensor in the Drosophila brain. Cell,



23 B BhAE BRGNS R SO SR A BB 4 - 497 -

151(5); 1113-1125.

Moon SJ, Kottgen M, Jiao Y, Xu H, Montell C, 2006. A taste
receptor required for the caffeine response in vivo. Current
Biology, 16(18): 1812-1817.

Moon SJ, Lee Y, Jiao Y, Montell C, 2009. A Drosophila gustatory
receptor essential for aversive taste and inhibiting male-to-male
courtship. Current Biology, 19(19): 1623-1627.

Mordue AJ, Simmonds MSJ, Ley SV, Blaney WM, Mordue W,
Nasiruddin M, Nisbet AJ, 1998. Actions of azadirachtin, a plant
dlelochemical, against insects. Journal of Pesticide Science,
54(3): 277-284.

Morinaga S, Nagata K, lhara S, Yumita T, Niimura Y, Sato K,
Touhara K, 2022. Structura model for ligand binding and
channel opening of an insect gustatory receptor. Journal of
Biological Chemistry, 298(11): 102573.

Ohsugi T, Nishida R, Fukami H, 1991. Multi-component system of
oviposition stimulants for a rutaceae-feeding swallowtail butterfly,
Papilio xuthus (Lepidoptera:Papilionidag). Applied Entomology
and Zoology, 26(1): 29-40.

Ozaki K, Ryuda M, Yamada A, Utoguchi A, Ishimoto H, Calas D,
Marion-Poll F, Tanimura T, Yoshikawa H, 2011. A gustatory
receptor involved in host plant recognition for oviposition of a
swallowtail butterfly. Nature Communications, 2: 542.

Poudel S, Kim Y, Gwak JS, Jeong S, Lee Y, 2017. Gustatory
receptor 22e is essentia for sensing chloroquine and strychnine
in Drosophila melanogaster. Insect Biochemistry and Molecular
Biology, 88: 30-36.

Poudel S, Kim Y, Kim YT, Lee Y, 2015. Gustatory receptors
required for sensing umbelliferone in Drosophila melanogaster.
Insect Biochemistry and Molecular Biology, 66: 110-118.

Qin JD, 2003. Host-plant selection mechanisms of phytophagous
insects. Bulletin of Biology, 38: 1-3. 521, 2003. & FH
PER HUREREE SR ORI, A9, 38: 1-3]

Qiu YT, van Loon JJA, Roessingh P, 1998. Chemoreception of
oviposition inhibiting terpenoids in the diamondback moth
Plutella xylostella. Entomologia Experimentalis et Applicata,
87(2): 143-155.

Ramaswamy SB, Cohen NE, Hanson FE, 1992. Deterrence of
feeding and oviposition responses of adult Heliothis virescens by
some compounds bitter-tasting to humans. Entomologia Experimentalis
et Applicata, 65(1): 81-93.

Rima S, Sang J, Poudel S, Thakur D, Montell C, Lee Y, 2019.
Mechanism of acetic acid gustatory repulsion in Drosophila. Cell
Reports, 26(6): 1432-1442..

Robertson HM, Warr CG, Carlson JR, 2003. Molecular evolution of

the insect chemoreceptor gene superfamily in Drosophila
melanogaster. Proceedings of the National Academy of Sciences
of the United States of America, 100 (Suppl. 2): 14537-14542.

Sang J, Rimal S, Lee Y, 2019. Gustatory receptor 28b is necessary
for avoiding saponin in Drosophila melanogaster. EMBO
Reports, 20(2): e47328.

Sato K, Tanaka K, Touhara K, 2011. Sugar-regulated cation channel
formed by an insect gustatory receptor. Proceedings of the
National Academy of Sciences of the United States of America,
108(28): 11680—-11685.

Schoonhoven L, van Loon JJA, 2002. An inventory of taste in
caterpillars; Each speciesits own key. Acta Zoologica Academiae
Scientiarum Hungaricae, 48(Suppl.1): 215-263.

Schoonhoven LM, 1972. Secondary plant substances and insects.
Recent Advances in Phytochemistry, 5(Suppl. 1): 197-224.

Schoonhoven LM, van Loon JJA, Dicke M, 2005. Insect-Plant
Biology. Oxford: Oxford University Press. 174-181.

Scott K, 2018. Gustatory processing in Drosophila melanogaster.
Annual Review of Entomology, 63: 15-30.

Shields VDC, Mitchell BK, 1995. Responses of maxillary styloconic
receptors to stimulation by sinigrin, sucrose and inositol in two
crucifer-feeding, polyphagous lepidopterous species. Philosophical
Transactions of the Royal Society of London. Series B: Biological
Sciences, 347: 447-457.

Shields VD, Rodgers EJ, Arnold NS, Williams D, 2006. Feeding
responses to selected akaloids by gypsy moth larvae, Lymantria
dispar (L.). Naturwissenschaften, 93(3): 127-130.

Shim J, Lee Y, Jeong YT, Kim Y, Lee MG, Montell C, Moon SJ,
2015. The full repertoire of Drosophila gustatory receptors for
detecting an aversive compound. Nature communications, 6:
8867.

Soldano A, Alpizar YA, Boonen B, Franco L, Lopez-Reguena A, Liu
G, MoraN, Yaksi E, Voets T, Vennekens R, Hassan BA, Talavera
K, 2016. Gustatory-mediated avoidance of bacteria
lipopolysaccharides via TRPA1 activation in Drosophila. eLife, 5:
€13133.

Stédler E, Renwick JAA, Radke CD, Sachdev-Gupta K, 1995. Tarsal
contact chemoreceptor response to glucosinolates and cardenolides
mediating oviposition in Pieris rape. Physiological Entomology,
20(2): 175-187.

Stocker RF, 1994. The organization of the chemosensory system in
Drosophila melanogaster: A review. Cell and Tissue Research,
275(1): 3-26.

Story GM, Peier AM, Reeve AJ, Eid SR, Mosbacher J, Hricik TR,
Earley TJ, Hergarden AC, Andersson DA, Hwang SW, Mclntyre



- 498 - R B 244k Chinese Journal of Applied Entomology 60 %

P, Jegla T, Bevan S, Patapoutian A, 2003. ANKTM1, a TRP-like
channel expressed in nociceptive neurons, is activated by cold
temperatures. Cell, 112(6): 819-829.

Tabashnik BE, 1985. Deterrence of diamondback moth (Lepidoptera,
Plutellidae) oviposition by plant-compounds. Environmental
Entomology, 14(5): 575-578.

Takada T, Sasaki T, Sato R, Kikuta S, Inoue MN, 2018. Differential
expression of a fructose receptor gene in honey bee workers
according to age and behaviora role. Archives of Insect
Biochemistry and Physiology, 97(2): €21437.

Tang DL, 1999. Host selection of phytophagous insects:
Comparétive studies on two Helicoverpa species. Doctor
dissertation. Beijing: Chinese Academy of Sciences. [AfEK,
1999. A PER Hxh Ay R ERE: SRR IR Y LA
WF9E. W2EAnesc. deat: EREARL]

van Loon JJA, Wang CZ, Nielsen JK, Gols R, Qiu YT, 2002.
Flavonoids from cabbage are feeding stimulants for diamondback
moth larvae additional to glucosinolates: Chemoreception and
behaviour. Entomologia Experimentalis et Applicata, 104(1):
27-34.

Vosshall LB, Stocker RF, 2007. Molecular architecture of smell and
taste in Drosophila. Annual Review of Neuroscience, 30:
505-533.

Wada-Katsumata A, Silverman J, Schal C, 2013. Changes in taste
neurons support the emergence of an adaptive behavior in
cockroaches. Science, 340(6135): 972-975.

Xu HH, La D, Zhang ZX, 2017. Research and application of
botanical pesticide azadirachtin. Journal of South China Agricultural
University, 38(4): 1-11. [#IUIT, #iZ, skEE, 2017, MY
PALENBE R W WE 5T 50 . AR A0l K222 4k, 38(4):
1-11]

Xu W, 2020. How do moth and butterfly taste?-Molecular basis of

gustatory receptors in Lepidoptera. Insect Science, 27(6): 1148—
1157.

Xu W, Papanicolaou A, Zhang HJ, Anderson A, 2016. Expansion of
a hitter taste receptor family in a polyphagous insect herbivore.
Scientific Reports, 6: 23666.

Yang J, Guo H, Jiang NJ, Tang R, Li GC, Huang LQ, van Loon JJA,
Wang CZ, 2021. Identification of a gustatory receptor tuned to
sinigrin in the cabbage butterfly Pieris rapae. PLoS Genetics,
17(7): €1009527.

Yang K, Gong XL, Li GC, Huang LQ, Ning C, Wang CZ, 2020. A
gustatory receptor tuned to the steroid plant hormone brassinolide
in Plutella xylostella (Lepidoptera: Plutellidag). eLife, 9: e64114.

Yang K, Huang LQ, Ning C, Wang CZ, 2017. Two single-point
mutations shift the ligand selectivity of a pheromone receptor
between two closely related moth species. eLife, 6: €29100.

Zhan S, Merlin C, Boore JL, Reppert SM, 2011. The monarch
butterfly genome vyields insights into long-distance migration.
Cell, 147(5): 1171-1185.

Zhang HJ, Anderson AR, Trowell SC, Luo AR, Xiang ZH, Xia QY,
2011. Topological and functional characterization of an insect
gustatory receptor. PLoS ONE, 6(8): €24111.

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

Zhang YV, Ni J, Montell C, 2013. The molecular basis for attractive
salt-taste coding in Drosophila. Science, 340(6138): 1334-1338.

Zhang ZJ, Zhang SS, Niu BL, Ji DF, Liu XJ, Li MW, Bai H, Pali
SR, Wang CZ, Tan AJ, 2019b. A determining factor for insect
feeding preference in the silkworm, Bombyx mori. PLoS Biology,
17(2): €3000162.



