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Advances in the studies on semiochemicals and olfactory receptor mechanism in

adults of cerambycid beetles
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Abstract Advances in the studies on semiochemicals and olfactory recepting mechanism in adults of cerambycid beetle
were reviewed. The sex pheromones produced by the female or male are classified into 3 types namely short-range
long-range and contact sex pheromones. Up to now sex pheromones of about 31 species of cerambycid beetles have been
studied. Among them components of sex pheromones of 13 species have been identified. The variation of sex pheromone
exists in the same species e.g. the proportions of components of sex pheromone produced by the longhorned beetles of
the same species from different places are different. Antennae are the main perceptive organs to receive sex pheromones
and can also be used as the morphological indicator for differentiating communication ways in adults. Obvious sexual
dimorphism is accompanied by the strong sex pheromones. Longhorned beetles use host pheromones such as terpenoids
alcoholates and aromatics to find and select host. Trap catches in field will be increased by a combination of sex and
host pheromones. Other sorts of pheromones such as heterospecific pheromones repellent pheromones and oviposition-
deterring pheromones can raise the efficiency of cerambycid host-selecting. RNs of cerambycid olfactory sensilla located
on the antennae can be classified as 3 types. The odour information is passed to the CNS by neurone populations. The
information is conveyed to the brain by labeled line or across-fiber patter. There is no report on the studies of cerambycid
OBP.
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Table 1 The sex pheromone components reported of cerambycid beetles

Cerambycid species Compounds Range affected References
X. pyrrhoderus 2s 3s - 2s 3s -octanediol
2s - -3- 2s -hydroxy-3-octanone
80:20 ~ 95:5 Ratio 80:20~95:5 Long range Sakai et al. 1984
H. bajulus 3R - -2- 3R -hydroxy-2-hexanone Long range  Fettkothher et al. 1995
P. sanguineum 3R -3- -2- 3R -3-hydroxy-2-hexanone Long range  Schroeder et al. 1994
2R 3R -2 3- 2R 3R -2 3-hexanediol
28 3R -2 3- 2S 3R -2 3-hexanediol
A. subfasciatus 3- -2 3-hydroxy-2-hexanone Long range Leal et al. 1995
3- -2 3-hydroxy-2-octanone
7:1 125:1 Ratio 7:1 or 125:1
X. chinensis 2 3- 2 3-octanediol Long range  Iwabuchi et al 1987
2- -3- 2-hydroxy-3-octanone
3- -2- 3-hydroxy-2-octanone
X. quadripes 2- -3- 2-hdroxy-3-decanone Long range  Jayarama et al. 1997
3- -2- 3-hydroxy-2-decanone
V. xatart 10- 10-oxoisopiperitenone Long range Boyer et al. 1997
10- 10-hydroxyisopiperitenone
M. fryanus N- 28 - - S - Long range Leal et al. 1994
N- 2S -methylbutanoy1-2-methylbutyl-amine
A . malasiaca 10- 10-heptacosanone
Z -18- -10- Z -18-heptacosen-10-one
187 217 - -18 21- -10-
187 21Z -heptacosa-18 21-dien-10-one
182 217 247 - -18 21 24- -10- Fukaya et al. 1999
187 21Z 247 -heptacosa-18 21 24-trien-10-one Contact Fukaya. 2003
P. hilaris Z -21- -8- Z -21-methyl1-8-pentatriacontene Contact Fukaya et al. 1996
Z -9- 7 -9-tricosene
A . glabripennis Z -9- Z -9-pentacosene
Z -1- Z -T-pentacosene
Z -9- Z -9-heptacosene
Z -1- Z -T-heptacosene
1:2:2:8:1 Ratio 1:2:2:8:1 Contact Zhang et al. 2003
X. colonus n- n-pentacosane
9- 9-methylpentacosane
3- 3-methylpentacosane Contact Ginzel et al. 2003a
M. robiniae Z 9- Z -9-Pentacosene Contact Ginzel et al. 2003b




430

Acta Entomologica Sinica

48

1.3
Sakai
1984 13
|
2s 3s - 2s -3- Sakai et al.
1984
Noldt et al. 1995
Leal 1994
M. fryanus N- 2§ -
-
Fukaya 1996
Z -21- -8-
Fukaya and Honda 1995  Zhang 2002
4-
4- -1 -
GC-EAG
Zhang 2003
Z -9-
Z -9- Z -7- Z -9-
Z -7-
6~10
Allison et al . 2004
1.4
Ostrinia nubilalis
Amorbia cuneana Agrotis ypsilon
1998
3-

7:1

125:1 Nakamuta et al .

1.5

Blatchley Hanks

Hanks 1999

Barata et al. 2002
2.1
2000
sylvestris
A4-
8-
“ BB
a-
1984  Sakai  Yamasaki

1997

2002

1999

chemical fingerprint

Fettkother
Pinus
a-
Higgs Evans 1978
Kobayashi et al.
1990



3 431
+ - + - Landolt Heath
+ - 1990
3- 2-
Sakai and
Yamasaki 1991 3- -2-
Monochamus carolinensis 3- -2-
Monochamus titillator Phillips et 1.9
al. 1988 3- -1-
7z -3- -1- - B- i 2.3 Nakamuta et
GC-EAG al. 1997
Phoracantha semipunctata Barata et al .
2000 Arhopalus tristis  a-
EAG Suckling et al.
2001
3:1 3
1999
3.1
heterospecific
pheromones
Phillips et al. 1988 Fettkother et al. 2000
Kobayashi et al. 1984 Allison
Phillips et 2001 9
al. 1988 Monochamus  clamator Monochamus
scutellatus Monochamus obtusus GC-
Phillips et al. 1988 Fettkother et al. 2000 EAG 9
Allison 1 5- -6 8- 3.2.1
2001 frontalin - -2- -6- -7- -4-
ipsenol + -2- -6- -2 7- -4-
ipsdienol -2- -1-  MCH /
cis/ trans-verbenol /o T- -5- -6 8-
Phillips et al. 1988 3.2.1 exo/endo- brevicomin
verbenone
1 5- -6 8- 3.2.1
+ 2- -6- 2 7- -4- - 2-
Fettkother et al. 2000 -6- -7- -4- -2- -1-
frontalin  ipsenol
Demonax transilis ipsdienol MCH a-

Ikeda et al. 1993

2001
2.2

Monochamus notatus Allison et al .

2001  Allison 2003 9

ipsenol ipsdienol



432 Acta Entomologica Sinica 43

ipsenol ipsdienol
ipsenol a-
a- 2 9
ipsenol ipsdienol Ips
7
Dendroctonus Ips
Allison
Allison et
al. 2003
3.2
conophthorin
ipsenol
ipdienol
conophthorin GC-EAG conophthorin
a- ipsenol  ipdienol
conophthorin Xylotrechus
longitarsis
conophthorin
Morewood et al. 2003
E -2- -1 E -2-
1:1:2
20%
98.5% 7 -3- -1-
Suckling et
al. 2001
11
Morewood et al. 2003  Huber
1999
3.3
unsuitable
germacrene D
- - D
+ - + -

Yamasaki et al. 1997

3.4

oviposition  deterring
pheromones ODPs
host marking pheromones HMPs

70%
73%
Anbutsu and Togashi 2001
Monochamus saltuarius Anbutsu
and Togashi 1997
3.5
Fettkother et al. 2000
Neoclytus acuminatus acuminatus
2S 3S -

Y-
Lacey et al. 2004

4.1

receptor neurons RNs

1998 2001
RNs

RNs
Barata 2002 - GC-
SCR
RNs
RNs
RNs



3 433

Barata Vogt and Riddiford 1981 Park et al. 2000 Ishida
RNs et al. 2002 Richard et al. 2002
RNs
Hylobius abietis
Bombyx mori Heliothis virescens 5
Wibe et al. 1997 Barata et
al. 2002
Barata RNs
A. B.
C.
41  RNs 17
15 9 RNs
RNs
CNS
labled line RNs
1~2
RNs Cc2 a- B- 1 8-
a-
across-fiber patter Nakamuta 1997
RNs
membrane receptors
RN
RNs
RNs
Barata et al. 2002 Katsoyannos ~ Boller 1976 1980
4.2 Rhagoletis cerast

odorant
binding protein OBP  OBP

general odorant binding

protein  GOBP pheromone
binding protein PBP
OBP
1 2
3
RNs 20

RNs Park et

al . 2000 Vogt  Riddiford 1981 13

OBP OBP



434 Acta Entomologica Sinica 43

References

Akutsu K Kuboki M 1983. Analysis of mating behavior of the udo longicorn
beetle Acalolepta luxuriosa Bates Coleoptera Cerambycidae . Jpn.
J. Appl. Entomol. Zool. 27 247-251.

Allison JD  Borden JH Mcintosh RL  de-Groot P Gries R 2001.
Kairomonal response by four Monochamus species  Coleoptera
Cerambycidae to bark beetle pheromones. J. Chem. Ecol. 27 4
633 — 646.

Allison JD Borden JH Seybold S] 2004. A review of the chemical ecology
of the Cerambycidae Coleoptera . Chemoecology 14 123 —150.
Allison JD Morewood WD  Borden JH Hein KE Wilson IM  2003.

Differential ~ bio-activity of Ips and  Dendroctonus Coleoptera

Scolytidae  pheromone components for Monochamus clamator and M .

scutellatus ~ Coleoptera Cerambycidae . J. Chem. Ecol. 32 1
23 -30.

Anbutsu H Togashi K 2001. Oviposition deterrent by female reproductive
gland secretion in Japanese pine sawyer Monochamus alternatus. J .
Chem. Ecol. 27 6 1151-1161.

Anbutsu H  Togashi K 1997. Oviposition behavior and response to the
oviposition scars occupied by eggs in  Monochamus  saltuarius

Coleoptera  Cerambycidae . Appl. Entomol. Zool. 32 4 541 -
549.

Barata EN  Mustaparta H Pickett JA Wadhams LJ Araujo J 2002.
Encoding of host and non-host plant odours by receptor neurones in the
eucalyptus  woodborer Coleoptera

Cerambycidae . J. Comp. Physiol. A 1838 121 -133.
Barata EN  Pickett JA' Wadhams 1.J Woodcock CM Mustaparta H 2000.

Phoracantha  semipunctata

Identification of host semiochemicals of eucalyptus woodborer
Phoracantha semipunctata by gas chromatography-electroantennography .
J. Chem. Ecol. 268 1877-1895.

Boyer FD  Malosse C  Zagatti P Einhorn J 1997. Identification and
synthesis of vesperal the female sex pheromone of the longhorn beetle
Vesperus xatarti . Bull. Soc. Chim. Fr. 134 757 -764.

Cheng JQ Tang W 1990. Study on the mating behavior and the sex
pheromone of long-horned beetle  Oberea fuscipennis var. rufotestasea
Pic  Coleoplera Cerambycidae . J. South West Agric. Univ. 12
2 110-113. 1990.

122 110-113

Doppelreiter H  1979. Evidence for a female sex pheromone in the house
longhorn beetle Hylotrupes bajulus . Z . Angew. Entomol. 88 1 56
-59.

Fauziah BA Hidaka T Tabata K 1987. The reproductive behavior of
Monochamus alternatus Hope — Coleoptera  Cerambycidae . Appl.
Entomol . Zool. 22 272 -285.

Fettkother R Dettner K Schroder F Meyer H Francke W Noldt U
1995. The male pheromone of the old house borer Hylotrupes bajulus

Cerambycidae

L. Coleoptera Identification and response.

Experientia 51 270 -277.

Fettkother R Reddy GVP  Noldt U Dettner K 2000. Effect of host and
larval frass volatiles on behavioral response of the old house borer
Hylotrupes bajulus L.  Coleoptera Cerambycidae  in a wind tunnel
bioassay. Chemoecology 10 1-10.

Fukaya M 2003. Review recent advances in sex pheromone studies on the
white-spotted longicorn beetle  Anoplophora malasiaca. Available
online at http //www. jircas. affrc. go. jp.

Fukaya M Akino T Yasuda T Tatsuki S Wakamura S 1999. Mating
sequence and evidence for synergistic component in female contact sex
pheromone of the white spotted longicorn beetle ~ Anoplophora malasiaca

Thomton Entomol . Sci. 2 183 -

187.

Fukaya M Honda H 1995. Reproductive biology of the yellow-spotted

Coleoptera  Cerambycidae .

longicorn ~ beetle  Psacothea  hilaris Pascoe Coleoptera
Cerambycidae .
with different functions. Appl. Entomol. Zool. 30 467 —470.

Fukaya M Yasuda T Wakamura S Honda H 1996. Reproductive biology

Il . Evidence for two female pheromone components

of the yellow-spotted longicorn beetle  Psacothea hilaris  Pascoe
Coleoptera ~ Cerambycidae [l .
pheromone on female body surface. J. Chem. Ecol. 22 259 -270.

Identification of contact sex

Ginzel MD Hanks LM 2003. Contact pheromones as mate recognition cues
of four species of longhorned beetles Coleoptera Cerambycidae . J.
Insect Behav. 16 2 181 - 187.

Ginzel MD  Blomquist GJ  Millar JG LM Hanks 2003a. Role of contact
pheromones in mate recognition in Xylotrechus colonus. J. Chem .
Ecol. 29 3 533-545.

Ginzel MD Millar JG Hanks LM 2003b. Z -9-Pentacosene-contact sex
pheromone of the locust borer  Megacyllene robiniae . Chemoecology
13 135-141.

Hanks LM 1999. Influence of the larval host plant on reproductive strategies
of cerambycid beetles. Annu. Rev. Entomol. 44 483 -505.
Heintz A 1925. Lepturinernas blombestk och sekundédra konskaraktirer.

Entomol . Tidskr. 46 21 -34.

Higgs MD  Evans DA 1978. Chemical mediators in the oviposition
behaviour of the house longhorn beetle Hylotrupes bajulus . Experientia
34 46-47.

Huang JS He XY Ye JX Huang YQ Gao ML 2001. Studies on the

by alluring adult with Melia

58 -65.

control of Anoplophora chinenesis F.
azedarach L. Scientia Silvae Sinicae 37 4
2001.
374 58-65

Huang YP Shen JH Wang SF Tang DW 1998. Research progress in
insect sex pheromone variation. Journal of Central South Forestry
University 18 4 88 —-95.
1998. . 18 4
88 -95

Huber DPW  Gries R Borden JH Pierce HD 1999. Two pheromones of
coniferophagous bark beetles found in the bark of nonhost angiosperms.
J. Chem. Ecol. 25 805-8l16.

Ikeda T Ohya E Makihara H Nakashima T Saito T Tate T Kojima K

1993. Olfactory responses of Anaglyptus subfasciatus Pic and Demonax



435

transilis Bates Coleoptera Cerambycidae to flower scents. J. Jpn.
For. Soc. 752 108 -112.

Ishida Y Ching VP Haverty M Leal WS 2002. Odorant-binding proteins
from a primitive termite. J. Chem. Ecol. 28 9 1887 -1 893.

Iwabuchi K Takahashi J Sakai T 1987. Occurrence of 2 3-octanediol and
2-hydroxy-3-octanone  possible male sex pheromone in Xylotrechus
chinensis Chevrolat Coleoptera Cerambycidae . Appl. Ent. Zool .
22 110-111.

Jayarama MGV D’Souza MV Naidu R Hall DR Cork A 1997. Sex
pheromone of coffee white stem borer for monitoring and control is on the
anvil. Bulletin of the India Coffee Board 62 15-16.

Ji BZ Wei Y Huang ZY 2002. Present situations and prospects of
researches on adult’s behavior of longicorn beetles. Journal of Nanjing
Forestry University ~ Natural Sciences Edition 26 2 79 - 83.

2002.
262 79-83

Katsoyannos BI  Boller EF  1976. First field application of oviposition-
deterring marking pheromone of European cherry fruit fly  Environ .
Entomol. 5 151 - 152.

Katsoyannos Bl Boller EF  1980. Second field application of oviposition-
deterring pheromone of the European cherry fruit fly Rhagoletis cerast
L. Diptera Tephritidae . Z. Angew. Entomol. 89 278 —281.

Kim GH Takabayashi J Takahashi S Tabata K 1992. Function of
pheromones in mating behavior of the Japanese pine sawyer beetle
Monochamus alternatus Hope. Appl. Entomol. Zool. 27 489 —497.

Kim GH Takabayashi J Takahashi S Tabata K 1993. Function of contact
pheromone in the mating behaviour of the cryptomeria bark borer
Semanotus japonicus Lacordaire Coleoptera ~Cerambycidae . Appl.
Entomol . Zool. 28 525-1535.

Kobayashi F' Yamane A lkeda T 1984. The Japanese pine sawyer beetle as
the vector of pine wilt disease. Ann. Rev. Entomol. 29 115-135.

Lacey ES Ginzel MD Millar JG Hanks LM 2004. Male-produced
aggregation pheromone of the cerambycid beetle Neoclytus acuminatus
acuminatus . J. Chem. Ecol. 30 1493 -1 506.

Landolt P] Heath RR 1990. Sexual role reversal in mate-finding strategies
of the cabbage looper moth. Science 249 1 026-1 028.

Leal WS Bento JMS Vilela EF 1994. Female sex pheromone of the
longhorn beetle Migdolus fryanus Westwood N- 2s -methylbutanoyl-2-
methylbutyl-amine. Experientia 50 853 — 856.

Leal WS Shi X Nakamuta K 1995. Structure —stereochemistry —and
thermal isomerization of the male sex pheromone of the longhorn beetle
Anaglyptus subfasciatus . Proc. Natl. Acad. Sci. USA. 92 4
1038-1042.

Li DJ Masahiko T Tadacazu N 1999. Mechanism of mating action of

Anoplophora glabripennis ~ Motsch. Journal of Beijing Forestry
Universiry 21 4 33 - 36. 1999.
21

4 33-36

Linsley EG  1959. Ecology of Cerambycidae. Annu. Rev. Entomol. 4 99
- 138.

Cheng JA' Tang ZH 2001. Insect Molecular Science. Beijing Science
Press. 146 - 149. 2001.

. 146 - 149

Morewood WD Simmonds KE = Gries R Allison JD Borden JH 2003.
Disruption by conophthorin of the kairomonal response of sawyer beetles
to bark beetle pheromones. J. Chem. Ecol. 29 9 2 115-2129.

Nakamuta K Leal WS Nakashima T Tokoro M Ono M Nakanishi M
1997. Increase of trap catches by a combination of male sex pheromones
and floral attractant in longhormn beetle Anaglypius subfasciatus. J.
Chem Ecol. 23 1635-1 640.

Nakamuta K Sato H Nakashima T 1994. Behavioral and morphological
evidence for a male-produced sex pheromone in the Cryptomeria twig
borer  Anaglyptus subfasciatus Pic  Coleoptera Cerambycidae . Jpn .
J. Entomol . 62 371 -376.

Noldt U  Fettkother R Dettner K 1995. Structure of the sex pheromone-
producing prothoracic glands of the male old house borer Hylotrupes
bajulus 1. Coleoptera Cerambycidae . Intern. J. Insect Morphol .
Embryol . 24 23 -234.

Park SK Shanbhag SR Wang Q Hasan G Steinbrecht RA  Pikielny CW
2000. Expression patterns of two putative odorant-binding proteins in the
olfactory organs of Drosophila melanogaster have different implications
for their functions. Cell Tissue Res. 300 181 - 192.

Phillips TW  Wilkening AJ Atkinson TH Nation JL. Wilkinson RC  Foltz
JL. 1988. Synergism of turpentine and ethanol as attractants for certain
pine-infesting beetles Coleoptera . Environ. Entomol. 17 3 456
-462.

Richard GV 2002. Odorant binding protein homologues of the malaria
mosquito Anopheles gambiae Possible orthologues of the Os-E and Os-F
obps Drosophila melanogaster. J. Chem. Ecol. 28 11 2 371 -
2 376.

Sakai M Yamasaki T 1990. + -juniperol and + -pimaral attractants
for the cerambycid beetle  Monochamus alternatus Hope. J. Chem .
Ecol. 16 3387-3392.

Sakai M Yamasaki T 1991. + -cis-3-pinen-2-ol attractant for male
cerambycid beetle  Monochamus alternatus Hope. J. Chem. Ecol .
17 757 -1765.

Sakai T Nakagawa Y Takahashi J Iwabuchi K Ishii K 1984. Isolation
and identification of the male sex pheromone of the grape borer
Xylotrechus pyrrhoderus Bates Coleoptera Cerambycidae .
Letters 261 263 - 264.

Schroeder F' - Fettkoether R Noldt U Dettner K Kénig WA Francke W
1994. Synthesis of 2R 3R -2 3-

Chemistry

3R -3-hydroxy-2-hexanone

hexanediol and 2S 3R -2 3-hexanediol the male sex pheromone of

Hylotrupes bajulus and Pyrrhidium sanguineum  Cerambycidae
Liebigs Ann.. Chem. 1211-1 218.

Suckling DM Gibb AR Daly JM Chen X Brockerhoff EG 2001.
Behavioral and electrophysiological responses of Arhopalus tristis to burnt

1091-1104.

Vogt RG  Riddiford LM 1981. Pheromone binding and inactivation by moth
antennae. Nature 293 161 —163.

pine and other stimuli. J. Chem. Ecol. 27 6

Wang Q 1998. Evidence for a contact female sex pheromone on Anoplophora

chinensis  Forster ~ Coleoptera Cerambycidae Lamiinae . Coleopt .

Bull. 52 363 -368.
Wang Q Chen L Zeng W 1991. Sex recognition by males and evidence for



436 Acta Entomologica Sinica 43

a female sex pheromone in Paraglenea fortunei Coleoptera
Cerambycidae . Ann. Entomol. Soc. Am. 84 107 -110.

Wang Q Zeng WY Chen LY Li JS Yin XM 2002. Circadian
reproductive thythms — pair-bonding  and evidence for sex-specific
pheromones in Nadezhdiella cantori  Coleoptera Cerambycidae . J.
Insect Behav. 15 527 -539.

Wei SY 1991. Study on the mating behavior and the female recognition
pheromone of china-fir borer. Acta Phytophylacica Sinica 18 2 167
-172. 1991.

182 167-172

Wibe A Karin A Karlson B Norin T Mustaparta H 1997. Identification

of plant volatiles activating single receptor neurons in the pine weevil
Hylobius abietis . J. Comp. Physiol. A 180 585-1595.

Yamasaki T Sato M Sakoguchi H 1997. - -germacrene D Masking

substance of attractants for the cerambycid beetle  Monochamus
alternatus  Hope . Appl. Entomol. Zool. 32 3 423 -429.

Zhang AJ] James E  Oliver K Zhao B Xia L. Xu Z 2003. Evidence for

contact sex recognition pheromone of the Asian longhomed beetle

Anoplophora glabripennis ~ Coleoptera ~ Cerambycidae . Naturwissen-
schaften 90 410 —413.

Zhang A] James O Jeffrey A Wang B Mastro VC  2002. Stimulatory
beetle volatiles for the Asian longhorned beetle
glabripennis . Z . Natureforsch.. 57 553 —558.

Zhang HB  Zhao YX Jiang QN 1999. The trap test of Xylotrechus

Anoplophora

quadripes and its significance of biological control. Journal of Yunnan
Tropical Crops Science & Technology 22 1 12 -13.
1999.
21 12-13
Zhang Y Wei CX 1998. The relation between environmental signals
receptor and behavior responses of parastic wasps. Entomological
Knowledge 35 3 176 - 178. 1998.
353 176

- 178



