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Research progress in cuticular hydrocarbons of beetles
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Abstract: Cuticular hydrocarbons ( CHCs) of insects are comprised of straight chain unsaturated and
methyl-branched complex mixtures. In addition to acting as a desiccation barrier the CHCs may have
mutually nonexclusive functions. Here we summarized the research progress in cuticular hydrocarbon of
beetles the most diversified insect group mainly focused on chemical communication including sex
pheromone marking pheromone aggregation pheromone chemical mimicry host recognition ete. Also
the factors influencing CHC profiles molecular mechanism of biosynthesis and application in
chemotaxonomy were reviewed. By summarizing these above we aim to provide insights for further related
study.
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~ ~

( Howard and Blomquist 2005;
Bagneres 2010; Chung and Carroll 2015) .

Coleoptera

Blomquist and

38

(Zhang et al. 2018) .

( Peschke 1978)
( Peschke and
Metzler 1987; Peschke 1987a) .
Ginzel

Xylotrechus colonus

( Ginzel
. et al. 2003a) . Anoplophora
glabripennis
5
1 ( Zhang et al.  2003) .
Ibeas Monochamus galloprovincialis
1.1
1.1.1
( Tbeas et al. 2009) .
( Lelito et al.  2009; Silk et al. 2009) .
( Ming and Lewis 2010) . ( Steiger
( Wyatt 2003) . et al. 2007 2009) . ( Ortiz-Dominguez
et al. 2006) . ( Hemptinne et al. 1998) |
9 ( Peterson et al. 2007, Kawazu et al.
( Do 2011; Zhang et al. 2014, Xue et al. 2016a;
Aleochara curtula Shimomura et al. 2017) ( Mutis et al.
2009; Chen et al. 2019; Isa et al. 2019)
( Do
1
Table 1 Beetles that use cuticular hydrocarbons as sex pheromones
Family Species References
Silk et al. 2009
Buprestidae Agrilus planipennis
Lelito et al. 2009
South et al. 2008
Lampyridae Ellychnia corrusca
Mingand Lewis 2010
Peschke 1978 1985 1987a 1987b; Peschke and Metzler
Staphylinidae Aleochara curtula
1987; Schlechter-Helas et al. 2012
Silphidae Nicrophorus vespilloides Steiger et al. 2007 2009
Scarabaeidae Canthon cyanellus cyanellus Ortiz-Dominguez et al. 2006
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1 Continued table 1

Family Species References
Coccinellidae Adalia bipunctata Hemptinne et al. 1998
Cerambycidae Anoplophora malasiaca Fukaya et al. 2000; Fukaya and Yasui 2020
Anoplophora glabripennis Zhang et al. 2003
Xylotrechus colonus Ginzel and Hanks 2003; Ginzel et al. 2003b
Megacyllene robiniae Ginzel et al. 2003a
Megacyllene caryae Ginzel et al. 2006
Pidonia grallatrix P. takechii Tanigaki et al. 2007
Neoclytus acuminatus acuminatus Lacey et al. 2008; Hughes et al. 2015
Callidiellum rufipenne Rutledge et al. 2009
Mallodon dasystomus Spikes et al. 2010
Batocera horsfieldi Luo et al. 2011
Tetropium fuscum T. cinnamopterum Silk et al. 2011
Psacothea hilaris Fukaya et al. 1996; Fukaya and Yasui 2020
Hedypathes betulinus Andrade et al. 2019
Chrysomelidae Gastrophysa atrocyanea Sugeno et al. 2006
Chrysochus spp. Peterson et al. 2007
Callosobruchus chinensis Tanaka et al. 1981 1982
Callosobruchus maculatus Nojima et al. 2007
Callosobruchus analis Shimomura et al. 2010
Callosobruchus rhodesianus Shimomura et al. 2016 2017
Phaedon cochleariae Geiselhardt et al. 2009 2012
Brontispa longissima Kawazu et al. 2011
Pyrrhalta maculicollis  P. aenescens Zhang et al. 2014
Altica spp. Xue et al. 2016a 2016b 2018a
Aegorhinus superciliosus Mutis et al. 2009
Curculionidae Pissodes strobi Chenet al. 2019
Euscepes postfasciatus Isaet al. 2019
1.1.2 ( Schlechter-Helas
et al. 2012) .
Nicrophorus vespilloides
( Andersson and Simmons 2006;
Scharf et al. 2013) ,
o N ;N
vespilloides
( Steiger
((Z) 9-Heneicosene  ( Z) <-ricosene) ( Peschke et al. 2009) .
1985 1987a 1987b) . 3 ( Altica fragaria-
A. wiridicyanea A. cirsicola)
( Peschke
1987a 1987b) o A. curtula
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( Xue et al. 2016b)
o Phaedon cochleariae
( Geiselhardt
et al. 2009) ; Harmonia axyridis
( Legrand er al.
2019) .
1.1.3
o ( Pidonia
grallatrix ~ P. takechii)

( Tanigaki
et al. 2007)
( Pyrrhalta maculicollis

P. aenescens) ( Zhang et al.

2014) ( )
( Xue et al. 2016a)
Otte ( Phaedon
cochleariae  P. armoraciae)
( )
( Otte er al.
2016) .

( profile) o F,

( Xue et al. 2018a) .

1.1.4

Aleochara curtula

21 29
( Z) T4ricosene)
( Peschke and

( (Z) 7-Heneicosene

Metzler 1987) .

100 ( Fukaya and

Yasui 2020)

( Nojima et al.

2007) o
7- (7Me-C27)

Neoclytus acuminatus acuminatus

TMe-C,; 9Me-C,,
( Lacey et al. 2008);
Psacothea hilaris

7821Me-C,; ( Fukaya

and Yasui 2020); Anoplophora
glabripennis 5

( (Z) 9-ricosene ( Z) 9-pentacosene (Z) -

pentacosene  ( Z) 9-heptacosene  ( Z) </-heptacosene )
( Zhang et al. 2003) ; Anoplophora
malasiaca 8

5 3
( Fujiwara-Tsujii et al. 2019;
Fukaya and Yasui 2020)
( Fukaya and
Yasui 2020) .
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Table2 Active components of sex pheromones in some beetles

2

Species

Active components

References

Aleochara curtula

Neoclytus acuminatus acuminatus

Psacothea hilaris

Anoplophora glabripennis

Anoplophora malasiaca

Callosobruchus chinensis

Callosobruchus maculatus

Callosobruchus analis

Callosobruchus rhodesianus

Gastrophysa atrocyanea

Phaedon cochleariae

( Z) T-heneicosene; ( Z) 7-ricosene

TMe-C,;; TMe-Cy5; 9Me-C,,

7821 Me-Cy

( Z) 9-ricosene; ( Z) 9-pentacosene;
( Z) 9 -pentacosene; ( Z) 9-heptacosene;
( Z) 9 -heptacosene

Gomadalactone A B C;
Ketones ( C,;40-one Z18-C,,40-one 187 21Z-C,,10-one

18Z 217 247Z-C,,40-one C,;-42-o0ne) ;
4Me-C,, 4Me-C,; 9Me-C,,
15Me-Cyy

nC,; nCy IMe-Cy

15MeC,,

3-methylpentacosane; 11-methylheptacosane;

3-methylheptacosane; 11-methylnonacosane;
13-methylnonacosane; 11 15-dimethylnonacosane;

13-methylhentriacontane; 9 13-dimethylhentriacontane;
11 15-dimethyltritriacontane; 11  15-dimethyltritriacontane;

(E) 3 7-dimethyl2-octened 8-dioic acid

2 6-dimethyloctaned  8-dioic acid;
nonanedioic acid;

Cz7 - C35

2 6-Dimethyloctaned  8-dioic acid;
(E) 3 7-dimethyl2-octened 8-dioic acid

hexahydrofarnesyl acetone; 2-nonadecanone;

C27 - C33

9-methylheptacosane; 11-methylheptacosane;

9-methylnonacosane; 11-methylnonacosane

Peschke and Metzler 1987

Lacey et al. 2008

Fukaya and Yasui 2020

Zhang et al. 2003

Fujiwara-Tsujii
2019;
Fukaya and Yasui 2020

et al.

1981 1982

Tanaka et al.

2007

Nojima et al.

Shimomura et al. 2010
Shimomura et al.

2016 2017

Sugeno et al. 2006

Shimomura et al.

2016 2017

0 Callosobruchus

C. chinensis

8-dioic acid)

octene-

1982) :

((E) 3 7-dimethyl2-

( Tanaka et al. 1981

C. maculatus
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2 6- 4 8-
(2 6-dimethyloctaned  8-dioic acid) .
( nonanedioic acid) Cy; — Cys

( Nojima et al. 2007); C. analis

2 6- 4 8- (2 6-
Dimethyloctaned  8-dioic acid) .
( callosobruchusic acid )
( Shimomura et al. 2010) ; C. rhodesianus

( hexahydrofarnesyl acetone 2-nonadecanone )

C27 - C33
( Shimomura et al. 2016; 2017) .
Gastrophysa atrocyanea
( 9-methylheptacosane. 11—
methylheptacosane.  9-methylnonacosane 11-

methylnonacosane)

2006) .
( )

( Sugeno et al. Phaedon cochleariae

( Geiselhardt et al. 2009) ,

1.2

2013) . Susset
( alkyl-methoxypyrazine)

( Susset et al.

Adalia bipunctata

2013) o Durieux

( Susset et al.

Harmonia axyridis

2012) ;

Hippodamia convergens

( Durieux et al.

( methoxypyrazine)
( Wheeler and Carde
2014) .

2014) .

( Durieux et al.

1.3

( cannibalism
)
( intraguild predation
( ) 2011)

( Magro

) ( Meisner et al.

et al. 2007)

o

( anal disk)

( Laubertie et al. 2006)
N ( Hemptinne
et al. 2001; Magro et al. 2007) .
o Adalia

bipunctata Adalia decempunctata

Coccinella septempunctata

( Mishra et al. 2012) ;
Menochilus
sexmaculatus
( Mishra et al. 2013) .
( Meisner et al. 2011) ,

C. transversalis

( )

( Kumar et al.

2014) .
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1.4
( Dettner and Liepert 1994)
( Pasteur
1982)
1 10 ( Parker and Grimaldi 2014; von
Beeren et al. 2018)
o Myrmecaphodius
excavaticollis Solenopsis  Iridomyrmex

M. excavaticollis

( trophallaxis)

o M. excavaticollis

( Vander Meer and Wojcik 1982) .
Sternocoelis hispanus Chitosa nigrita

Aphaenogaster

( Lenoir et al. 2012) . Diomus
thoracicus Wasmannia
auropunctata
( Vantaux et al. 2010) . Tetradonia

Eciton
Ecitomorpha Ecitophya
Eciton
Eciton

2018) .

( von Beeren et al.

Metoecus paradoxus Vespula

vulgaris M. paradoxus
V. wulgaris
V. germanica
M. paradoxus .

M. paradoxus

( van Oystaeyen et al. 2015) .
Trichopsenius frosti
Reticulitermes flavipes
T. frosti
( Howard et al.  1980) .

3 ( Philotermes howardi -
Trichopensius depressus Xenistusa hexagonalis)

Reticulitermes virginicus

(X. hexagonalis)

( Howard et al. 1982) .

Eremostibes opacus

Parastizopus armaticeps ( Hein
et al. 1996)
E. opacus
( Geiselhardt et al.
2006)
Meloe franciscanus “
Mojave

Habropoda pallida. M. franciscanus

( Hafernik and Saul-Gershenz 2000; Saul-
Gershenz and Millar 2006) . M.
Jfranciscanus
H. miserabilis

« )

M. franciscanus

( Saul-Gershenz et al. 2018) .
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1.5 /

Cephalonomia waterstoni

0. 0001 Cryptolestes ferrugineus

Cryptolestes pusillus
Tribolium castaneum

o

2 ( Howard and Flinn 1990) .

Tribolium confusum

1d
Holepyris sylvanidis
( Fiierstenau et al. 2017) , Grandiella
rugosita Acromis sparsa G.
rugosita
( Beran et al. 2014) ,
Altica
Zicrona caerulea
( Xue et al. 2018b) ,
( Hemptinne et al. 2000) ;
Calvia decemguitata Calvia
quatuordecimguttata
( Ware et al. 2008;

Katsanis et al. 2017) . Tribolium brevicornis
( Alabi

et al. 2011) ,

2.1

Altica ( Geiselhardt
et al.  2009; 2016b) .

Pidonia grallatrix+ Pidonia takechii

Xue et al.
Xylotrechus

colonus Ellychnia corrusca

( Akino et al. 2001; Ginzel
et al. 2003a; Tanigaki et al. 2007,
Lewis 2010)
2.2 /

Tribolium destructor

Ming and

3—
C,-Cyy
( Hebanowska et al.  1990) .
Nicrophorus vespilloides
( Steiger et al. 2007) . 3
Altica
( Xue

et al. 2016b) ,
Adalia bipunctata
2013) .

( Susset et al.

2.3

o

( watercress)

( Geiselhardt et al. 2012) ;
P. cochleariae
( Otte et al.
2014) . Acanthoscelides
obtectus
( Stojkovider al. 2014) .

(Altica )
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( Xue et al. 2016a)
( Geiselhardt et al. 2012; Xue et al. 2016a) .
2.4 /
o Eleodes armata
( Hadley 1977) ( Durieux et al.
2013)

: Eremostibes barbatus

( Geiselhardt et al.  2006) .
3
(1)
» (2)
a, (3) a
a  (4)

( Blomquist and
Bagnéres 2010; Ginzel and Blomquist 2016)

Drosophila melanogaster

Musca domestica o
P450
( Reed et al. 1994) . P450 4G
CYPAG ( Feyereisen
2012) . Dendroctonus ponderosae
CYP4G55
CYP4G56. a
a CYP4Gs
CYP4Gs o
CYP4G

( MacLean et al. 2018) .

RNA CYPAG
( TmCYP4G122 TmCYP4G123)
Tenebrio molitor
( Wang et al. 2019) .
4
( Kather
and Martin 2012; 2019) .

o

Tribolium castaneum  T. confusum

( Lockey
1978) ; Sullivan Dendroctonus
Jrontalis
D. frontalis
( Sullivan et al. 2012); 3
( . )
(
)
( Xue
et al. 2016b) , .
( Zhang et al. 2014,
2017; Duffy et al. 2018; Chen et al. 2019) .
o Lockey and Metcalfe
(1988) 22
; Page et al. (1997) Ips
Grandicollis 7
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( Niogret et al. 2019) .

( Xue et al.
2016a)
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