N B H 2R Chinese Journal of Applied Entomology

2020, 57(5): 1056-1063.

R HE R Z 5%

A= kg o ffey

(1. VI KA BT B, B 3300455 2. HEHGET RO RL A B8 SHEY R Fr, %10 571101)

g

B E R FRR A AR E Y, AT e A SR MR T IR AR DT T A
B BRAUSERMMIEEZL, nIRfE B4 I E R, A RIE A S AR i IR H 24T I8
TRl HUR AT S BAL 2 (5 BRI 2R, RSB A S5 B A TH07 IR T I, ARSCHE 41
TRAIUFERIAEN . Zondla . WREREY S IREZAENE, JFN A T R MRS CHE A 2Rk
PHLHE o

X@H R FER; DR mUEARER; [FER

The diversity and specificity of insect pheromones
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Abstract Insect pheromones are a vital medium for communication and play an important role in behavior, social interactions,
mating and development. There are numerous insect pheromones which transmit all kinds of information accurately, thereby
enhancing the survival and reproduction of individual insects and colonies. However, how can millions of insect species
produce such a diversity of pheromones? How can they communicate accurately and avoid interference from the pheromones
of other species? This paper reviews the diversity of pheromone chemical structures, pheromone combinations, their biological

functions and biosynthesis pathways. The diversity of odor-related proteins and the mechanism of pheromone recognition are
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also discussed.
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AL 100 7P, REZZR T XZH, %W
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2005 ) o fb2fm B R — 2 R HUIRAAR A A3
1 2A 07 T BRI SR I R AL T
REGFELMEEENENZ —, e KR
SHUE R RE . WE . G, 4 TRE
Ty R YRR EEAEH (FKLS, 1988) o AM
TEA Mk Bombyx mori HiE T H—MEER, IS
B4 70 &4 (Butenandt et al., 1959; Stokl and

Steiger, 2017; Engl and Kaltenpoth, 2018 ) . 7E
B R, (5 BRI R BT A2
S B ) 4 ( Fleischer and Krieger, 2018 ) .
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E R A A7 5 BAT I AR 2L, AL A A s A
IERRMAS, DMEEARIME L (Fleischer
and Krieger, 2018) . —MfEAL T, R HMEM =
IR LI — KGR S RS B,
HRRMA AL I 23X BEB5H 25 S 1 4%
RN BTA] AN R A, TS R S Y B IR
WA S o BRI R E PR B R U i
T AR B AU, TR AE B R o S A R i A0 2% 5
HBREFBOLAE PG AR RS | G %8 e i 1
R 9-%I0-2-3MGR (9-ODA ) 5 HENE fil £
WLBE S FH ORI Z[A] H A g B i DT e & — Pk
( Wanner et al., 2007) . 55—, ZM{EEETT
HATHG, DMEBARMEL ., flan, Z28ER
G RREARAAGHELR, ML —-FAR
( Cooperators, 1975; ¥h5 45, 1988) . % —,
3 I B R BRI PRI s AT R, LA
IR B 5 H AR R n) By BN, Hie s e
Agrotis segetum WITEAF B R VRBIR B A SO K
Plusia ni W42 —, MRy k122 2 T
(FEZ4, 1988) o SHUt[EEE, By o & 1A
WA, Te—MEmss A E B E s, el
DI — s 2 R Z R E B R, B A
SR B R SR AR U B R AL b 0 R R
TR, UL, AASCDRR A AR R G R R
THFSE S SR A, B R Hu b2 A5 B R e 2R
H S T T 25 .

1 BERERESHEERHEINGE

11 EERAESHESHEM

EhrERRMEERZ, HIC &K%
MR A5 B E L 3000 Ff ( Borrero-Echeverry
etal., 2018 ) o AL Ao T2 0 A e ik A B
Bellg . WL B R RBRFEEIREREY (X
#UE, 1994) o AFEERER], 78R RIEEAZ
oA R R B 25 5, T SEBRR )45 S A% 8 Y
Lo —PERERCM: . BN, MG R R N
S RAVEERACE YRR EY), W4 iRz
(10E,12Z)-16:0H ( Butenandt, 1963 ) , ZKHif
(XS, 2018) 5 BEEFHRMMEFER TR
B WA HLIRZAE A4, 40 9-ODA( Barbier and

Lederer, 1960 ) ; TMitH4% H Helicoverpa armigera
VAR B R FE s ARG, @Z)-1-1
FSHRIERN(Z)-9- 7547 (Nesbitt et al., 1979) .
XM EREERANERER RGEEEZHEEDN
FEIEALZ—,

nAh, BAMRIERAMGEEE, ol
T (A L Bt S A 8 3mSR SR R 47 IX.
I SERELK Cydia pomonella MEVESS BR F 5
B RS 2 AN KUY 12 B ELBERE ( Yang et al.
2016) , /N Plutella xylostella WEPETEAS B,
R BB 1 AN 16 Bk EAERE ( 5RFFO
%, 2016 ) o IXFPAE A ol 0 AU Y
ERBIINGE B RN EE . gL H
HRR G HEAFHRRAE . MR . W T
TR A AN H Ly R A 55 10 Ay, XEBfFEER
FERREE A BE AR REMT L3RR, (0 AR U4 i
i AN, IWTE A FRE B, S
AR AY)3HE (Conte et al., 1990) . H4h,
Bt 3 ) A i B S A8 A0 B0 T I SR 45 1) ok
BnfE R ZHME. MM Lasilderma
serricorne YE(G B R —M EE M4 2,6- 2 Fk-
3,5- A3 4- AN, B —Fh R E
1 4,6-— H 7B I 3T 1 A4 ( Levinson
etal., 1981 ), X ANIHEARE 1] UK AL Lepidoptera:
Geometridae ), 7 FH( Lepidoptera: Lymantridae )
KT A} ( Lepidoptera: Arctiidae ) 15 B & B4
A A W ) Sy P RO SR G A DA A
BRZHEN: ., JRIE Hemerophila atrilineata
HARKENF K Ascotis selenaria cretacea 515 &
- S0 0 o Ly T 7 = W VAN 79 B N1 B2 = R I 74
152K (Tanetal, 1996; Andoetal., 1997) ; £
H ik Hyphantria cunea WVE(S B R 2 & H A
SERIIY Z3,26,ep09-21:H( FEEMKAEP T, 2014 ).,

AEERFEERT, A& —EREA,
A E A EA 2 ek 2 UL EERER] . XA 2 H AR
WA, WATSEHUE R RN, JIFHER R
HR R DL AN, BT 4 B 32 U
R E & 9-ODA | Ji-9-2K:-2-54 472 (9-HDA ),
J-9-F2FE-2-Z4 1R (9-HDA ), X 32 FE78 H g H
fii (HOB ). 4-f24k-3-H A AL O/ (HVA) 1
JEEHA 2 ME2 DNULEEREHIRI LGP ( Slessor
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etal., 1988) .

PR, BRI b3 JLA D ) i S HA,
—SERRATAEL T Y T OB 2 IR BT R AN [F)
A5 BRI S5, LR Z RE B AC i &
—PE.

1.2 ExEEEHE6584L

R —FERA D RELIGE LR E —
P E ARG BN, RACRHZIE S R4
G SLHUE R — AL T BISR A 2 Fha 2 A
HEE R —E WHIE ARG ER RS, DX
SHA B A5 S 2R o B AR B A 5 A R
R R B, AT AN R F A T D A
WGk Archips argyrospilu {5 82 %A K-
L1 PUfb B SRR « S xC-11-1 DUcbs e L PR
P L T -9~ DU itk s Pt L T i R T ik I £ TR
F L, HL BN 60 : 40 4 2 200, ik Archips
mortuanus [FIFEEATH] 3 MYEE LR, HHE
FEflsh 90 = 10 = 1 (FEZ 4, 1988) , MIM=LE
TR R RS 2 R BN B OKIE
Ostrinia nubilalis 4 PAFMESRAS FME A0 )12 19
[k (5 B KA, 4359k E-strain Ml F-strain,
E-strain 7= (E)-11-+ PUBR S FR 6 A1 (2)-11-+
VUGBS ERER 1A EL A 97 = 3, 1M F-strain B4 FL Al
1 : 99 ( Cooperators, 1975 ), L3V HYE R
oA EMERER R, A T LY Fh
[ AR, B AGE S AR S s DS
WG Ak R A AR R RIBRAS VWS
AR REVE . KK Helicoverpa zea . fHNZEK
Ik Helicoverpa virescens FISEMFRER L Helicoverpa
subflexa FRIL[FHIAT (2)-11-+ 7SI N A
BRA5r, T BERETHE, FoRAME . L
R . MR 2R 2 o o 7 (2)-9- 1 S K
B (2)-9-TRIREM(Z)-11-T 75 M- 1-BE . 7=k
(2)-9-TMutisiE, DgEs AEERIBESYMN
W 5| f ek Fhds 2 ( Vetter and Baker, 1983,
1984; Vickers, 2002 ),

1.3 B—EEREVMRNSHEYE

B {5 B R EORMH AR IR+ B2,
XL R SR 0 2 [ AT BE G I SR A A Y 2

MEH, A RENR - FEREGFEERY
HREAEYIIRE——XI N, Hitt, BHRMR—(F
BEAERBZAY IR . XE SR
W e R, o AN, B A A W 1) 55 R
7 BR, “F DI o0 Z BRI PRAE AR BB i Al
W A B 15 | HA e M B Ao 5 [FIEE, 2
RARMTEE VLT | S 2 B Z BRIRAE A
TR, L T[] A 400 o) A 2 e 1) 35 D7 ( Vallet
etal. , 1991 ), % 11 T 38 1 43 A9 (E)-B-Ocimene
ATDUH T PR TIs i ON Sk F |, difeig TR i
FEP ME— A= 72 1918 ( Maisonnasse et al., 2009 );
SR, 2 W40y A [ RE A 73 WA (B)-B-Ocimene £ R
VR EBYINGES .. BT L9RGEER 9-ODA 7£
ETHE PR R X T R A T A B, AR T Y D R
B, MEZS Al PE(E B R W5 k% ( Slessor
etal., 1988; Wanner et al., 2007 ), + Bk —J
% ((Z,Z)-dodeca-3,6-dien-1-0l ) TEHE EEHAE (I
FLEME 0.1 pg/om ) BYE AT X T3 T 1 42 7
Termitidae macrotermitinae W T WGEFRICIE BEE
s FERVEREE (1-10 pg/em ) B, X HERGEIE B
EH, MIAERER S (4 1ng) B, EHERTIE
A (Robert et al., 2004 ), XM TR 4T HitE 7~
TR RTER BRI H W AR ek

14 EEIREHZANMENERSEE

AT R FH b ER T R ZS [a], S B4 b b
B, HB B Z I AT Vg Jr g
Apis mellifera 73 A FERKYN . JLAEFIPG I HLIX, 1]
IRITE Y Apis cerana Sy AAEALE . HOE AR
WHLIX (K, 2017) o PIERRE RN T
i, (HRZS mIRg e A S AT E T 5
A B | o S5 o 2 e A ] — DX RN 431, 7
B R A BT M E A E TS (210
=45, 2006) .

B AU AT DISHE B 3B s [ A 7 4 ]
Bij IEFR A T4 . [F)—1% B R AEA R s )RS,
Al RE 25 RS2 AR B B AN R S o i — BEfifE A
W IS IETER , FEART B2 XS T2y
7P A SR AR R 5| S HEFRAER ( Maisonnasse
et al., 2009) . Gries 5§ (2001 ) KL HAAR
N5 R B B U P OK W R B R MK Lymantria
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monacha W PEAF B2 X e 0 W2 5 | s 18] 43 1) A
2:00-5:00 F1 18:00-24:00., Koeniger Fl Koeniger
(2018 ) sl AIT ST A, BN EE JE P W 4 IX.
() 5 Al s W AN [ s [RDRE PR AR L2, AT ARAIE
FhNAG Bac i, WRIsC 2, Dh7 HAth g 2k
1740 X AR 2 B2 Rk G R R A
Bfidh s T RAMFRZm T

? RHEEEHNEVSHERS
R

ERfFEERZHME NS, A el
IR A2t TER i, REHME R R 2R
Wile . KRGO B A M SLG R
( Tillman et al., 1999 ; Blomquist and Vogt,2003;
Spikes et al., 2010; He et al., 2016) . fFE &R
AEWIE U IERAR S TR R RS R AR AR % | 18
W RGBS UE B RS o —w o
it o, 38 2o SO B SRR AR B R AR A
& (Jurenka, 2004 ), Hr, KEERRDTIR A A
FEIE A R DT S A SRR A R I
CIXAERTA 7 A0 UG DR i A= A h 24l ),
PEAL P A AR FR AN AE AR TR o B3+ /BRI 5 1
JNBRRITRR AN | B MU 5 225 Il — Lo B B (1 g
WA 2 BUE B R W 2R . JEEAR TR 16 Il
T ER I S PR T 2Ok SE Y o — =il i R K
it -5 i D PR A EAE D T I B AR 1Y)
REW5IR . W, WG K% Acyrthosiphon pisum &
B 14 BRAYIR TR ( SRR ), t—"> SRR A
M6 fiE TN ZBEREE A et A IR R
TEMEER o SRR REAAELERS, BEARTR
WIVE R B R 1) =27 (Ryan et al., 1982) .
IRl KRR Y A s SN ek, O HLER
0 B 107 R S 4 JL A2 S B HESh AR . 2 5 U
AR AL T AR P S 580 B AL
AN, WEAELAHEE A LR 3-— O WA
W A BRAREE, FESN SO R SCRENE , i P AR
FHEBR— CBEHOR 45 MBS A SERYEE
( Jurenka, 2004 ) .

AN T o B N 4 e S 2
JIE S T A T RS AN B — AR A, AT A A

FMASHEY Bl 24 AS ( Foster and Roelofs,

1996 ) . A9 ( Martinez ef al., 1990 ) . A10 ( Foster
and Roelofs, 1988 ) . All ( Bjostad and Roelofs,
1983) 5 A14 (Zhao et al., 1990) . MBS
AR HERE— & ] DB s RO U BUE 25, AT
WA FIERGE R R

ERER M AR L BUE B RGP 2+
PErp RS T B CEZEMEM. S KEE R
R AR A G 0 SR, g RT ARRET I, IF
it LA ERRB T ZEENEERNA R
JEERER] . CEERRE RERI AL . A iz 255 B
BTN T IR IR X BT AK 8 £ B N9 T o XA
Job 3 2R D TR 3 D il T M A L

( Morse and Meighen, 1987 ) .

FRE AR LG BN, B AR AT LU
YR AR 0 BRI, AR R A
WIEHUE B R sy i, JBELTIK Utetheisa
ornatrix %) I\ %5 FHEW) Crotalaria spp.H 3545
() AH g PG E S AE W (anEF e SR ) R AR
(R)-(2)-¥ 534 JIRER ( Conner et al., 1981, 1990;
Eisner and Meinwald, 1995) . % Kk N &)
HrHOI Il R AL FRAR. ( Millar, 2000) , T
B3, 6, 986, 9 fEWEMRALSYIE
B BT AW, MY2ES R mie
Al DAVE A B U B R R, & i S & Y 1E
B Z (Tillman etal., 1999) .

BB 3 W T8 s A W RN s FE B IE I 2 5 B
R HRAEERA . W, MEMSS T HBURN
FRfiT A | AW EE N ST IR A5 5 ( Guo
et al., 1991); JKaE Hz-2v JEYL T HEPE FOKH- oy
W% Helicoverpa zea J& , W i HoAEAR ELZR 1y 7= 48
e 5-7 4%, TR R EVE W5 38 T — A%

( Engl and Kaltenpoth, 2018 ), HHEME HEWH
rh Y i T8 A P e e R R TH AR B ik BR AR
W AT B R AT, Qs i g 1 T A ATz
W Pantoea agglomerans N] p=/: 18 SR EF B R
I G, R AR, A % 5 B A
Klebsiella pneumoniae FIIHAFFH Enterobacte
cloacae W] P= A= f B KW ( Dillon et al., 2010;
Marshall et al., 2016), BRZS5HEMGELRE
WiAh, Hoyt %% (1971) i X8 T —Fh &£ T
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VY 22 fA 46, Costelytra zealandica WIRGR R )
TR A PR B T B A EE PR R R

3 EBRERERZRERESHN

B HORE I 115 B 3R 5 0 o A R &
GEHEATIN o B HUE B R W A0 R R R R R
R R VBRI AR B R o PIAPE B R 12
T AR R ER S RAUEE RN T T4
B, HEOW = 2000 5 kA B Y IR E R G2 58
( Hansson and Stensmyr, 2011) . JE# & MEEk
R MRS D R TS h RO R 8 10 42 fnb 1 b 2
JEAZ AR o XMERZ A FEACE T H A2 |
( Ebbs and Amrein, 2007; Joseph and Carlson,
2015; Kohleral., 2015) .

RGN 58 52 A 2R 1 e B S
KRG BRI F A, FEHEAEFEER
PUIE R b e AR . B B RS &
HAARZ IR E F R 2RI A KB REE R,
HHEZHEMHEBEAN LI Y ( Young and
Trask, 2002 ) . AT E HL SR8 Drosophila
melanogaster "PXEN T 42 NRIKRLE G HEAM
62 MEHZARE LA ( Robertson ef al., 2003
Bohbot and Vogt, 2005 ). 7£ [X] LLIVAZML Anopheles
gambiae YEHT 70 NG G HE A
SZE AN (Hill et al., 2002) . BEEHIRH
HEHMEZER P AR ZH ., C L NEERH T
BT 170 DEESIRZIE LB, & 7 M
( Robertson and Wanner, 2006 ) . HRIAKZ
TR R e 2 2 2 HLIR 55 Camponotus
floridanus , SWRAZ R 3L 235 352 4~ ( Elbg
WA, 2017 ) o H 3K BEMSLGE AR OC AR 1 A AR I
DT R BB R SRR . Ah, BT
WARLHS HEZERR, Hoh— B
KENZ 5B TR( Yueral., 2010 ),
[, B HOR A A i B —E i ORSF I
WHREF Aphis gossypii ‘S5Bi G 8F Acyrthosiphon
pisum W50 8 H R FEMR 75 RIS 50%
( BHIGEZL, 2018 ) , IXFMERSFIEREAR 1 B R mog
R 2N 2 588 L MEBURIE K A
B R TR 8 A O B E I BE 2 ( Young and

Trask, 2002; Kohletal., 2015) .

TR 2 B sl ) FH A B B4 2 AH DG 28 1ok
PO R M A5 R R e AEdaRB], 3
A B A s 8 B AR 2 ME BRI Y6E. R
i ) LB A7 2 T AN R S T — A TIC A ( Wetzel
etal., 2001) o BRI HATH A L2454
PALE YR , IR C BRI R | 28 H A
Kl (Baitharu et al., 2018) . IREEAHE X
AR RBCAEF AR, B, SREs G 8E En]
R AE G N5 e () 52 2 vk R EEEAE . Ak
G Rz —/ N MmO SRR NE
TER B HA DB AR R I R 2 R L JF
H H A DS G T BRI <R32 R 8 A ] L E]
kM2 (Eisner and Meinwald, 1995) . [Kit,
BARREGE A B H AR Z R E A A SRR
L—1, HEE AL P i E T, AT LA
RPN B E

BRI AR, S nRse AR OCHE 1 ]
FrE AR, BRIe b AT i A PR A e A X R 24
15 B Z P TR %] . Monahan % (2019 ) 7E/MR
1 000 M SIRZARE IR & B 1 Tz 1<k
SZARE AR S ARG, HH A HAER %
R o X PR EAE L W] LUST R AE PR AR e R N 1Y B
1, SCBESQR AR, Sl isA S EAE, (f
WL AH G AR I PRI FE — S, 2[RRI R o 1Yk
FME R R . BEARTE R b R AR A L5 AH DG
R EARMESY, B AT BB AETE X R IZ 1Y
HAEMLS, I SEBIHE B R R

T R A B 5 R B — i G % H 2R R m
Bemisia tabaci 142852 8 B R 5 R IRV
SR = By 90 RV M O 5 A 6 G AS B T
Acinetobacter baumannii FRHH T ditid k4
A H K RNA ( Liu and Picimbon, 2017 ), jX4&
B B B de i fb 2 B B S RS B A
AR T EL A W A I (B B 285 K0 Y
A 1 5 B AU B A2 A A Y B ek O

RiEHE,
4 Zig

AR SCET R B A i] S BAE B R 2R DL K
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Fh N AT A T & — A 3OS T —[A) &, A5 S
BT FRRASG . FRENER
T A B A B 2R LA G 2R 1 2 R 5 R AL
JUIA AT T HE ., BRERERZIRE T,
I Ha& ml LISt A [a] Le ], AS [ 40 & A [a] R ik
I Bk S BUAR DA &AL ik . SR, 7E AR,
PR EAEESMERERETIMAE . AR &R
VU7 e YRR S R o JLFAR R, B K]
3k, ICH S| Fh S 80m Fh s i 25 S B Rk
LR, Fiﬁ’”ﬂfnu?ﬂﬁﬁxﬁl%l_o

B AR AL 228 . U A DG ER 1 L KAz
R . RSS2k E B R, (B (E
AT 3 30 S A A e 2, I R Y A B Bl A
15 B HARBUAT ISR ASEL T fiff o I S i ELAAAIL
AR 2SRRI ERM N EENEZ

, ATRA TR A I, I ERPIRGS
TR T TR AT 0 i e LB . Ak, ROl
A= R far 5% e B HUAE B R 1Y G R R B Y
R, Bilan, MeEYS S assIiR G ER
(EY A (Guo et al., 1991); JiEE Hz-2v 1]
P& M K B e PR A B R, AN aR T
XFHEMERIS] ( Engl and Kaltenpoth, 2018 ), B
HERREMAZE ., A0, W Bk
Yyxt R A B R S, 2 A THRA
ﬁﬁﬁt A 3k B A S R IS AR RN R A AR L

SFRMEH, T ZAMER S T AR Z kA B i

VAR
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