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Extraction and GC-MS identification of sex pheromone components
from winterform adults Cacopsylla chinensis (Yang et Li)

WAN Jin-yu, ZHOU Ling, ZHANG Qing-wen, XU Huan-li*
(College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China)

Abstract The sex pheromone components from C. chinensis were identified to provide a basis for further development
of sex attractant. In this paper. cuticular extracts were prepared by using hexane as solvent from winterform C.
chinensis male and female adults, respectively. The effects of the extracts on the selective response of winterform
males and females were tested in detail with a Y-tube olfactometer. The components of the extracts were analyzed and
identified by GC-MS. The results showed that female extracts were attractive to male adults of C. chinensis (df=1,P=
0.016) ,but male extracts were not. The male and female extracts didn’t attract females as well, which indicated that
female extracts could contain volatile sex pheromone released by female adults. Based on GC-MS data of authentic
standards, the contents of 13-methylheptacosane and 2-methylheptacosane in female extracts were more than that in
male extracts. There was a peak of the female extracts at the retention time of 23. 136 min, but none peak on that of
male. The cureent results suggested that these compounds might be the sex pheromone active components from the
winterform female adults of C. chinensis.
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ZURE Cacopsylla pyricola 2RI FNE KM b1 () 4%
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MG FA .
1.2 RENHH &

FIHT BB Y B RSE ASAE SA AT R D A A
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JE ¥ BB 2 mL RS RO 529
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PERRIE K 10 pL 1 O %6 78 1T I 7E A 7] K/
IR AR Ik b R R R N O — R IR IRAE Ry X L 2
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FUOK M e il R B W) 153 A Agilent 6890N-
5973N GC-MS #4743 #r . (3% H: 2y HP-5MS £ 4
FHE (30 mX0. 25 mm X 0. 25 pm, Agilent 23 7)), &K
2 pL FEhJo o i A JEAE IR 250 C. JHiR R
J¥:80 CTFAEFE 1 min, L 10 'C/min i3 THE £
280 C f%+F 20 min, &S NEAS,#E 1 mL/min,

BB ELBBERER N 70 eV, B T &4 2 iE
BEoN 230 CL, A EE N 30~600 amu, it
IRALAY Nist05 Fds EAL 2, IR 4 A hn L & P i) B
B E X 8 = R T B LA .
1.6 HESHITESHH

K H1 SPSS17. 0 Ge it 43 B 85414 ok 43 A op [ LR
THE A R IR R A R R X AS [ AR TR A
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2.1 BfEEERIR YT L B FUK B AL R R N B BN
SR ANFR 1R 23 [ RGeS R X AL
AR E\HE A AR T R R N 2 AN B (=1,
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Table 1 Effects of cuticular extracts from females and males on selection responses of winterform Cacopsylla chinensis

A _ N M HUR A2 MR R Y )
% Pt 5k S B . . 1IEC ZH =
Extracts from Extracts from
Sex Test No. Choice No. Hexane Clear air Clear air
females males
& 50 46 4.47+0.4 a 4.840.5a
2 50 47 4.6+0.5a 4.8+0.5 a
2 50 45 4,440.4 a 4,6+0.4 a
N 50 45 5.6+0.5a 3.4+0.5b
& 50 45 4,240.5a 4.8+0.6 a
N 50 47 4.440.5 a 4.240.4 a

TE o R B P 3 (8 bRl [ AT RO R AN ) 7 B 2R 28 5 i 3% (P<C0. 05)

Note: * Data in the table indicate means+ SE,and those within a row followed by different letters show significant difference at P<C0. 05.

2.2 FEBRIREX % B F K BE R R R R %20
SR BORAE 10 pL MR RY) 5 IF O b )
AbF A HERUR EULE BRI BRI R 2 2 TR
1E O RE AR B (df=1,P<C0. 05,1 1), HEFLA
B HERL AR BRI T 1 25 M B 2 AR R L B
BB R 2 TR TSR, 257

BFE & 2),
2.3 HERAALIKBRREWH GC-MS 55147

A Ao 3oF BRA BUME A B IR AR MY GC-MS 23 #r 15
R I 44 FiE A Yy Jdid 5 Nisto5 B
K M T 36 Bib a4, T B REEE R AL
SEY LA 8 R A YR BERI (] 3.5 2).
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Fig. 3 Total ion chromatogram of extracts from winterform Cacopsylla chinensis females(A) and males(B)
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Table 2 Identification of the cuticular extracts from male and female winterform
Cacopsylla chinensis by GC-MS
15 B8 1] 5] / min L&Y Vi R
Retention time Chemicals Molecular formula
17.000 1FE — -+ —%¢ Heneicosane C, Hy,
17.902 1E —+ =% Docosane Cyo Hys
18.199 - $LFR =+ %% Bicyclo[ 10. 8. 0 Jeicosane, cis- Cyo Hag
18.770 1IE —+ =% Tricosane Cos His
19.072 Unidentified
19. 299 2-H %t — 4 = %¢ Tricosane, 2-methyl- Cyy Hso
19. 387 3-H 3L — 4 = 4% 3-Methyltricosane Cyy Hso
19. 608 1IE —+PYy%E Tetracosane Cyy Hso
19.916 Ji-13-—+ —®k i /E 13-Docosen-1-ol, (Z)- C,,H, O
20.120 Unidentified
20. 417 1E — 1 Fikt Pentacosane C,s Hs,
20.691 Unidentified
20. 906 2-H %t — 4 Fi ki 2-Methylpentacosane Cys Hsy
20.982 3-Z 3% — 1+ Pk Tetracosane, 3-ethyl- Cys Hsy
21.186 1IE .+ /5% Hexacosane Cys Hsy
21.564 —+ PUfEE Tetracosanal CyyHyisO
21.698 2-H 3L — + /N %E 2-Methylhexacosane Cyr His
22.036 IFE — 1+t % Heptacosane Cyr Hss
22.321 13-H & — + £ %6 13-Methylheptacosane Cos Hss
22.618 2-H 5 — 4+t b 2-Methylheptacosane Cos Hss
22.979 IE — 1 /\kE Octacosane Cos Hsg
23.066 Unidentified
23.136 Unidentified
23.48 1,22-—+ % 1,22-Docosanediol Cp, His O
23.678 4,8- " H H — 4+t % 4,8 Dimethylheptacosane Cyo Heo
24.126 1IE — -+ JUu%¢ Nonacosane Cyo Heo
21,504 11-H 3 — 4+ Juke 11-Methylnonacosane Coull.,
13- 3 — 4+ Juke 13-Methylnonacosane
24.697 Unidentified
24.929 2-H 3 — 4 Juke 2-Methylnonacosane Cso He
25. 459 1FE =-+4%¢ Triacontane Cso Hes
25.605 Unidentified
26.199 .+ A\ kEEE Octacosanol Cos Hss O
27.107 1E = —%¢ Hentriacontane Cs Hey
27 648 11-H 3¢ :1‘#}(){ 1 1*Methy1hentr?acontane CouH,
13-H 3 =+ —%¢ 13-Methylhentriacontane

28. 155 11,15- = £ =+ —4%¢ 11,15-Dimethylhentriacontane Csys Hygs
28.295 Unidentified
29.087 1E =+ — % Dotriacontane Cs» Hs
30. 309 1,30-Triacontanediol 1,30- =+ fift _ % Cy Hg2 O,
31.555 1E =+ =% Tritriacontane Cs3 Heg
33.121 13,17-— H 3 =+ —4%¢ 13,17-Dimethylhentriacontane Css Heg
33.319 1IE =+ Pkt Tetratriacontane Cs Hoo
38.373 1E =+ FikE Pentatriacontane Css Hyp
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Fig. 4 Part of the ion chromatogram of extracts from winterform Cacopsylla chinensis females and males

3 Fig5itie

HAURE C. pyricola 4 Bt — £, o
AR B A T g R 6T E i IR R AT Oy OB B
177 0 R VR A X A B AT Sk N TG R W X R
HE M T A R R ] — R B 1 RN A 2500 . A IS
2 WYL AN [R) PR S0 0 A AR A 4R A R0 B I AR A
128 v T A A AN TR] 33 Bz e 7 o R A R fh A
JRAZ 4% P REAEAERR IR 0 5 1R A DG 22 L AR AE
WEL i A L T ) M 2 L A T o R R AR
PR TR 1 U 3 2 F ik R 6 BROE O b 1 BB
B M R AR R R mUA R B s E . T
L 0 R RME AR B R R R EUAT Ry B R
FR 5 ) 22 S AN S 3, I R %R B Hh S A E R EURE
B RES IS HEAR B TS B .

Hh ] AR mUE Bk i R B A AE B 1 B
22 SR 2 L 31 B i IR R ) 6 I R Lk R AT
NEH W, WG C. pyricola HE ¥ 2 B A
HEF AR A AR 22 B B i s 25 7 A S ok
SO TR S AT A A I R A RE P R AR
FU X AR 2 S 0 D DR T R L B HOR R R
S IIE R Y A, 10 ol KR 2 LA R 2K 1
TR R . A HERR B BLKR B C. chinensis
MBLARE C. pyricola fF1E % 5 A REVE . E BLR
T SO A U AT Sk A S T 5 L X R B G 7 A A
Eodud Bt . MR BLAR R R 5 .

Hh ] B AR LA TR A R R AR A b R A 44
LG, % 36 ik . AR C. pyricola
AT R BRSO 44 AL S W S 38
ik &9, 2 FRLR BV 829 & A M EL &9 27

SEKRE C. pyricola B 11 ML G Y. P EFK
B\ C. chinensis ¥4 9 A%y . 1m0 H b E ALK 5
REYPEEZNAGY. 0 2-W T Rk Ik
ity o R SR LB S o o TN SNy o[ NS L St
Touke s = N ke R = — ke A B R mL C
pyricola BAEY) 3 B AR X 2L X UL AR
&\ C. pyricola FlH [EHA G5 B ALG WA AU
ST [ G 5 22 i)t A e A ) 22 e, W) — A
(e Al By B AT U™ A — B P A5 R B R R AR
WA PEE B R . k@ HE %R E % 8 R R
Phytocoris relativus F Phytocoris californicus %
AR —MHEERBRELROH, MW E ¥ Lygocoris
pabulinus BIPEAF B R A HRIG R .

FLA I 3 A 4, 45 B B[] A 23, 136 min B
HUR TR YA 0 T A R R ) A L R] X Rl AR
BV HERRIR Y TR A . BR T X RS WAk
R 43 TG W) A M ME R SR W) Th A A TE . MERRE IR
W R Z 8GR 22 0 R (HHE IR 4
Py 13- Lkl - E -+ LB &2
THE AU IR Y R S R i TR R Y S A X
MEARBFA 1B TEE B R w8 g 13-H
B bbb 2-H 3 b L b AN AR BE ) Ry 23, 136
min [ 4L & 7 2 MEAR &PE (5 B R B sy, Guédot
SR 13- I — L R AR A C. pyricola
TR A PEAR B R AT ROk T 13-
Lhede H E AR TG B R Ao T REYE .

AWETE R AT 1 AT 9 I e ALK JL R 4
Py GC-MS %7€ , i i b 40 ME M i 3L 3= 4 W 1Y o
TR T U A A O R R W R R R
AT NI E T AR B AR B R sy, i



230

T A - RUR B4 TR £ B R M SR ORI GC-MS 2 5 85

AR T B — 25 TR A B B 2 M A 8 R
ﬁ%ﬁ%%ﬁﬁ@%ﬁﬁ%ﬁﬁﬁﬂﬂﬂEMﬁﬁ
I ALK EUOR X 3 B Ak A5 4 119 fi 7y 5 021 O . PN
B B LR AL A 4 3 D0 3 H e R mL R AT N R R
W), f5e S 64T H RS A, O B BV B R Y
(] 07 FH AR LR 2 AR . H T AR B0 R A AR 4 1
MR ARAEFER . X —MERnEER
PEUU W, 32 2 T A AR R AE B AR R
(SPME) 5 GC-MS il GC-EAD 43 #7 J7 1 B I #F 5%
B {5 B R oy HAT R RRE s LR et IR
FTHE A b 2 R 2 3 20 BT T B2 AR A 5 R
VBB 18] 8 2 7 18T R 00 o120 o T LA, Y IR 7T A
A BT EARSLE, LI R EUR R YA TEA R BF
FE At E RLUOR BV (R B LA 300 T R
PR B BRI AR ML AR EA EEE X

it RMTPEHRLXFEFRI AL, PE
F 323 M P E AL 0T e b R AR R TR R 205 2
. NEE h  CNNE -

2 % X #

[1] WU LA A A DAL Bl o [ B R UK AR LA 5 45 BT YA 4
ARBIWEFELT]. AR 240 4, 2006, 22(10) :303-305

[2] Millar ] G,Daane K M, Mcelfresh ] S,et al. Development and

sex pheromone for

optimization of methods for using

monitoring the mealybug Planococcus ficus ( Homoptera:
Pseudococcidae) in California vineyards[ J]. ] Econ Entomol,
2002,95(4) :706-714

[3] Campbell C A M,Cook F J,Pickett ] A,et al. Responses of the
aphids Phorodon humuli and Rhopalosiphum padi to sex
pheromone stereochemistry in the field[J]. ] Chem Ecol,2003,
29(10) :2225-2234

[4] Sugie H, Teshiba M, Narai Y, et al. Identification of a sex
pheromone component of the Japanese mealybug. Planococcus
kraunhiae (Kuwana) [[J]. Appl Entomol Zool, 2008, 43 (3):
369-375

[5] Soroker V,Talebaev S,Harari A R,et al. The role of chemical
cues in host and mate location in the pear psylla Cacopsylla
bidens (Homptera:Psyllidae)[J]. ] Insect Behav,2004,17(5):
613-626

[6] Horton D R, Landolt P J. Attraction of male pear psylla,

(7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Cacopsylla pyricola, to female-infested pear shoots [ ] ].
Entomol Exp Appl.2007,23(2):177-183

Horton D R,Guédot C,Landolt P J. Diapause status of females
affects attraction of male pear psylla. Cacopsylla pyricola to
volatiles from female-infested pear shoots[ J]. Entomol Exp
Appl,2007.23(2) :185-192

Horton D R, Guédot C, Landolt P J. Attraction of male
summerform pear psylla to volatiles from female pear psylla:
Effects of female age,mating status,and presence of host plant
[J]. Can Entomol,2008,40(2) :184-191

Guédot C.Millar ] G,Horton D R, et al. Identification of a sex
psylla,

pheromone for male winterform pear

Cacopsylla pyricola[]J].] Chem Ecol,2009,35(12) :1437-1447

attractant

Mori K. Pheromone synthesis. Part 247 ; New synthesis of the
female sex

LI

enantiomers of 13-methylheptacosane, the

pheromone of psylla, Cacopsylla
Tetrahedron-Asymmetr,2011,22(9) :1006-1010

TRARME TR R, 2 KL AR 32 L BUR B WF Y LR ik
[J7]. #edb e 242 , 2003, 18(F09) : 127-130

BRSSO AR L O L AR R 442 24 0 % /DN S5 o 0 O e AT
FsZ e LT, A AR 24 4R, 2007, 34(4) :415-419

Guédot C, Horton D R, Landolt P J. Attraction of male

pear pyricola

winterform pear psylla to female-produced volatiles and to
female extracts and evidence of male-male repellency [ ] ].
Entomol Exp Appl,2009.130(2):191-197

Hillier N K, Vickers N J. The role of heliothine hairpencil
compounds in female Heliothis wvirescens ( Lepidoptera:
Noctuidae) behavior and mate acceptance[ J]. Chem Senses,
2004,29(6):499-511

Kirk W D J, Hamilton J G C. Evidence for a male-produced sex
pheromone in the Frankliniella
occidentals[J].] Chem Ecol,2004,30(1):167-174

Bryning G P, Chambers J, Wakefield M E. Identification of a

western flower thrips

sex pheromone from male yellow mealworm beetles, Tenebrio

molitor[J].] Chem Ecol,2005,31(11).:2721-2730

Wenninger E J, Stelinski L. L., Hall D G. Behavioral evidence for

a female-produced sex attractant in Diaphorina citri []].

Entomol Exp Appl,2008,128(3):450-459

JAHE T AR B L A R AR BRI R P 5
AN LT, B U3, 2006, 43(4) :433-438

(I Sy eI - AR CY: N X PSS N O R R S L

T ik 7 FRL A2 BT LT . B LR, 2010, 53(8) 1 857-863

0 B M BT 45 RO R AT 4 B e R 3 A5 B AL = 1

PSRRI S [T, B B4 40, 2012,55(3) :291-302

FriEmE, &



