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FRMEEFINESS, Forhmae . WS PLIR AT th i, SRk Ay B S G R 2 A 2 Fh (2-2
OB, 2-CIECIECTER ), SRS A 1 A Co-dRed ), ARAS DN EIMESAS A 1945 24 .
AR JXUIE e M SZ IRC BT B S IC S, HAR Y 2- 2 HEC R | 2- 2 C AL SRR A a-1% W 1) 7 AT A A
o TEASHCHT S AZHES 2-Z 3L CIEA a-IL WM S I AN, M 2- £ RO B PRI S R, RWIAE AL
W, ATREA KM 2-C IO, 2-Z A C I CRER A o-IE Vel B BIASL o I HOR S HCMEMESR XS 2-2 3%
OB 2-ZHECHELTRBRA o-BEVels EAG SO WIS T i [ 538 ] ARHIRME AP AL 5 45 A 72 1k
FUHE R iy i AL IRER W ARG G, D 2- 2L % | 2- LKL Lk 2RISR 1 AR JXUSRE ) ) R ] 1§ v ke
VERT, A BOFE S o2k W LA A JRVBE [] b e A R AR VR T

KRR AR B Y ASRRLEE; Al B S

Analysis of volatile components and electroantennogram responses
of adult Papilio xuthus
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Abstract [Objectives] The body scent of butterflies acts as an information carrier facilitating both conspecific recognition
and mate recognition. We analyzed volatile compounds from adult male and female Papilio xuthus during different life stages,
and used the EAG responses of unmated male and female butterflies to detect volatile compounds. The reactions and
behavioral responses of insects to volatile compounds were also compared. [Methods] Volatiles from P. xuthus were collected
by the headspace SPME method and identified using GC-MS. Antennal responses to volatile compounds was measured with an
electroantennogram (EAG). [Results] In total, 14 kinds of volatile compounds were detected during adult eclosion, including
alcohols and esters. Among these, esters and terpenes persisted after eclosion. Two kinds of volatile compounds, 2-ethyl-1-
hexanol and 2-ethylhexyl acetate, were emitted by both males and females during mating. Only one volatile compound
(a-farnesene) was unique to males and was only detected during mating. None of the unique volatile compounds identified was

found in females. Levels of 2-ethyl-1-hexanol, 2-ethylhexyl acetate, and farnesene in both sexes of P. xuthus were significantly
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different before, and after, mating. Levels of 2-ethyl-1-hexanol and farnesene increased before, and during, mating, whereas

the level of 2-ethylhexyl acetate decreased, suggesting that large quantities of 2-ethyl-1-hexanol, 2-ethylhexyl acetate, and

farnesene are be released by females during mating. The EAG reactions of unmated butterflies to 2-ethyl-1-hexanol,

2-ethylhexyl acetate, and farnesene were significantly stronger than those of the control group. [Conclusion]

2-ethyl-1-hexanol and 2-ethylhexyl acetate probably play a role in identifying conspecifics of the same sex in P. xuthus,

whereas the unique volatile compound a-farnesene may play a role in identifying the opposite sex.

Key words Papilio xuthus; mating; volatile compounds; change rule; electroantennogram responses

B HUR W5 2R e A vh B 0k, 4T
VAR A BRFNAT R SN, NFF 328 67 SR A
L. PR, PR FSE ( Webster and Cardé,
2017; Joerg et al., 2018; 5%, 2018;
Muhammad et al., 2020), —f1iE, BF#HHER
T RRBE RE A B I A A B RN SRR TT LAy
PR BAA B RAHEY) - A Ak, B
HH B ARE H LUE R RIEA S 5MNGE
BEACHRNTT R s, AR A A B SR A B
R, PO ZORE (Pirihetal., 2018), PHE
KA FIAT S I S 3 AR T AR A2 1o 1Y
WG, &P AR AR E R BIE 5 R AR A A
[ E 5 . ( Nieberding et al., 2015 ), Thom %

(2007 ) X2 KF|ke Apis mellifera FIHF 55 11,
VERBRARAT R 10 R R e [ B LR b R AR
XFPRR WS E L2 TEkS5EMNNRE
TAE. Vr2min, JUHOEME, SRR & Fh
23 %Y (Omura et al., 2000; Omura and
Honda, 2005; Nieberding et al., 2008; Omura and
Yotsuzuka, 2015 ),

22U RS B R R (kA ),
T EAHEZ S LE G, AR TR
PR AME B ACTE (B4R, 2017 ). BB KPR K
YIE R a5 5 A Sy, HAR AR 2
O A 9T R WA b2 05 B 7 9 M 0 A B4 s
FH TR R A5 ( Costanzo and Monteiro,
2007; ZEARAT, 2017 ), FERA e 28 Mk e xl e
W 1257 ( Nishida et al., 1996; Mellstrom and
Wiklund, 2009 ). Omura ( 2006 ) % Bl 4 XUk
Papilio machaon MRS 1Y) A 12 K W) e =
PETFO o Ee 2 S 2R T, 7[R 0 A a3 b
KIFE—ENE . JEA, AN [R] SR IS 0 fish £ Ha o7

(EAG) sk X R L A& WA I

( Andersson and Dobson, 2003 ; Omura and Honda,
2009; Mikael etal., 2013 ),

MG R Papilio xuthus 3 J&@ T % # H
Lepidoptera #E 1 I H Rhopalocera X\ # 7}
Papilionidae XU % Papilionini XU JE Papilio,
FE oA Taif . hE . whE. HA, JERES
WA EZR X, EFREL T2 E S . 240
BT2W A | AkHb  AER | 2 Bl R A Fh A b
A RV AE TR Lk A 2 [R5 4 o B & —
Al F L, RO F AR R A R R (IR
G, 2014 ), A AT AT RUBE Y RS & W A 5
W A DL AT HRAE o ASBHF 50 R A XU M A 4% 2 )
3 HEAT ZE BURN A3 Ar 402, R A LSS L A
TR AP MRS A | R 5 0 ik ff LA

(EAG) ]I, N — PR & YA A XU
KA AR T AV P B AL SR TR, SRy T ke B
B RWE S N HAE RN F PG SRR K

1 #MREREZE

1.1 RIS

SEE T A E MO R S e B IR B IR
I it 2 0 ] bR =) 1 B s - M A
g A AT

1.2 R

PR AL - X8 AR XUk B T AP bR
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ST A Ay L SR
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I T 4 F o dralifk 59 (2-2 0B, 2-
LIECIELFRMR . a-IkWBMS . IEC ke ) KA
Barhr T3t (36 ) A BRZA F] Chttp:/www. aladdin-
e.com/ ), FH11=99.0%, HIFECHEER M
I 1 pug/ul F1 100 pg/ul BV, FH T i gt
W EAG FUSINAE .

1.3 HBEEZYE NN K

PG o AN TR s (B 204745 Pl o 52 B i
RO - K PR IG 2 h A I A3 TF A TR 5 28
FCEF AN - AHHAR IRUBESPIME 3 d TR SSHE . #52PiMk
3 d ) A S L A A A 5 S S SN
WERESRE RS LSS, 43 2C LIS 1 d A 3 d A

1.4 HREEZYRTE

I EARTEZE R ( Solid-phase micro extraction,
SPME ) J7 kW i IF s BRI 29 . AN [
B MERESE IO 2 W, Ml E T (&
10 cm, FFH EH4E 3 cm, {KFL 80 mL ) 1, B PE
SRR DU D, ¥ PDMS/DVB [& 4
FHkL (65 um, Supelco, Bellefonte, PA, USA )
LIRS, ABUSE Y 1 h, DIZSHT O
AR A2 AR, ERE R YR ER 3 K,

fif FHACH (B35 - Bk B AL (GC - MS) 23T
AR . 22K (2017 ) W7 IERS A ek
3, FUCGHRERT K SPME ZEBGL1E GC #HRE
#4k (250 °C, 10 min ), SR TR-5MS i (4
£: 025 mm, JEE: 025 um, KE: 30m), £
JFh 40 CHAEE 2 min, SRJGFHEE] 120 CLEHF
2min (4 °C /min), /5 F+5] 230 °CLR%F 5 min

(5 °C /min), #FHEHEEEN 250 °C, #< He
1R 69 kPa.

1.5 filfEBEAA(EAG)IRE

filfa AR A S E AT (2013), JF
WEAT el o BB RIAL 2-3 d FAR ARG JXUIEE finh £ st 508
B RZ 2 mm 5, BAMAETHT, HRBRE
5l A ) PR s AR FELA B AT BAG ME (i
= Syntech A, 5 PRG-2), A:KHEL 20 uL
A A 34 A MR 7E IR AR 2% (4 em*0.5 cm)
b, R R 5 K D R AR A B S R A

H WA R U T R AR R, PR
BT R 0.1 s, EZE 2 YRR A s ) (] BE Sk
30 so ESk ALY fis A X W] —MRER A S K.
B AU — AR il , B EESERE I 12
MR A (MRS 6 AR ).

1.6 AL

FERWYEME T 1) DS EEZARERAR T
¢ ]t ( National Institute of Standards and Technology,
NIST, http://webbook.nist.gov/chemistry/ ) i & 5
RN, FEEE N TS 2) %
BRI IR B HE R, JF 5 STIREIEAT EEX o R
FA48%L ( Linear retention index, LRI 8¢ RI) i17&
AN

LRI =100x n+ 100t =t)

n+1_tn
Kb LR—REFEEG t—— P 7
PREABTE] 5 t0——BHA n AR T (1 IE A el 1Y
PREBBIE] ; tor——HA ntl DR IER b
FE R PR B2 B A]
EAG fH: ¥/ H SPSS18.0, ZA~hsr
FEA Y LR B R 2 7 22537 -

2 HREHH

2.1 ZERTMHES RBLZYE S REANSE

EREREPIAE 1 d Bl Aai 2 16 AT 21 Fhi%
Ky, SEERELWAE 11 Ff, Hid, 2-232
B TR & i s (MEHESE S350 44.54% .
44.44% ), HIRE 2-2 3L mE (MfE RS> 5]k
19.58%. 21.40% ), MEMRAFA FER YA 5 Fl (1-
EfTER . 2-9R M . 10-FI 3T Jube . IE /U Sk
TR ST INER ), HESERRA IE LY 235 10 Fp (R
1) KB Y EEATRIR RS . PuaZk
TR B WS, JRIS. MEARIERZE 8 2,
B (MEMEME S B 58 67.27%., 48.03% ) FIfE
2 (MERfES RN 22.04% ., 22.99% ) SRR
(#2),

2.2 NERERBRIZFEZYRSEEAXTSE
WELFEANESPIAE 3 d A3 BRG] 27 Fh AT 28 Fhi%
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Table 2 Classification of compounds at different times after eclosion in the adults of Papilio xuthus
AHCHT (Ffe1d) AZRCH (R 3d) . e
. o . o THeSE 1 d¥ERY) THLE 3 d LY
" R (%) R (%) ﬁiiw) ﬁriﬁ("/)
> > (] 0
ﬁzv.:%ﬁj* Compound contents Compound contents
Kinds of before mating during mating Compoupd contents Compoupd contents
compounds (one day after eclosion ) ( three day after eclosion ) after mating one day after mating three day
M Female Mk Male M Female  /fi Male  WMfi Female /M Male M Female /i Male
Beke2E Alkanes  3.5040.02 1.98+0.02  5.10£0.47  4.1940.37  6.86+0.70 - 2.90+0.07 -
ke Olefins - 15.92+0.88 - _ - _ _ _
ez Alkynes - - - - - _ _ _
FERK
Aromatic - 0.6240.10  1.54+0.12  1.38+0.07 13.03+£0.23 2.55+0.29 2.61£0.32 1.06+0.05
hydrocarbons
52 Alcohols 21.04+0.68 22.99+2.02 38.39+2.96 37.52+1.66 - - - 1.99+0.24
£ Aldehydes - - 1.60£0.17  0.25+0.00 - - - -
fii2& Ketones 1.18+0.01 3.16+0.26  1.30+0.13  1.24+0.02 - - - -
€ Lipids 67.27£0.89 48.03+2.33 34.48+2.45 32.31£1.57 29.32+2.19 67.54+2.04 80.91+2.95 45.53+3.66
2K Terpenoids  6.87+0.16 7.29+0.41 4.65£0.49 10.54+1.14 31.58+4.85 29.90+2.38 13.58+2.79 53.42+1.77
fiR2% Acids - - 3.65+0.20 3.45+0.40 - - - -
i Quinones 0.16+£0.01 0.49+0.01 - - 7.40+1.31 - - -
152 Phenols - - 0.15£0.02  0.22+0.02 - - - -
%25 Ethers - - 7.39£0.62  7.10+£1.08 - - - -
FLPRA
AR - - 0.2240.01  0.10+0.02 12.12+0.93 - - -
Heterocyclics

Ky, EWIERYAE 27 f, Hi 2-2Ram
( WERERESY N 36.48% ., 35.57% ) Fil 2-2.3:C
FEOTRER (HEHESEST A 34.03%., 31.99% ) &
HBiw, HUORE T2 T EETBE MM 5N
6.59%. 6.20% ). ELACVEW AR ( HELELE S5k
4.59% . 8.32% ) Fl 5 1R ( MERERE 735128 3.65% .
3.45% )o ARSI B MESEREA U3 RY), HESEREAT
PR RY) a-dEWRMR (2.01%) (1), K3y
R EBRIERRE . FERE, R B
X WZE . BB, WIS, MRS . RSNy
I 112, B (MRS o o 38.39% .

37.52% ) FIERE (BERE S =500 34.48% .

32.31% ) Frimf s, HUORmESS (HERESE S o)
AR 7.39%.7.10% ). i S0 MERRESE 530 R 4.65%
10.54% ) FIFRZE ( MEMEWE 735000 3.65% . 3.45% )
(%£2).

23 XEIF1dEERBREZMBS KA SE

WERESEASHC 1 d A3 2] 11 Ao S Fhdg
K, IHNELEYA 4 F, o s s m R =i
Fie o e (ERFEAR 5500k 29.32% . 67.54% ),
HRIE OBV AR (MERESES 518 18.37%.
8.71% ) Fl a-kWess ( MERESE 3 HIH 13.21%.
16.41% ). WESEREAT IR R AT 7 70, S BIEIE
T \BE (3.54% ). —XTHIRIERLE (3.32% ), 1-
ARIE-T-PIH (031% ), 1, 2- " HIE3-ZFL0%
(5.35% ). 2,6- BT HARMER (7.40% ). 2,3-%
25 (6.45%). 2, 3, 6-=HIHEZE (5.66% ), I
WERER R 1R, BT (4.79% ) (3R
1) RN B (4% &) B B iR 7 F IR
NEZE WS L BRAS AR 6 8 KW, R (M
TS B 29.32% ., 67.54% ) FligEZS (M
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A 43 R 31.58%.29.90% Ve (£ 2 ),
24 FEGE 3 dHEERREBELZYR S REMNSE

WIS SZ T 3 d 4 BRI E] 6 FhFN 7 A% K
Yy, A ELYAE 4 Fh, Hd G RE R S R
( MEHEME S B0 98 38.26% . 27.16% ) FIEAST
THITR H T PR CERRESE 2 551k 42.65% . 18.36% )
P, HUOR O T AR A A 5
M 13.58% ., 34.83% ). MEMERRAT RIEL YA 2
Filt, A3 R E /e 1.51% )F1 =+ /\ i 1.39% ),
MHEMEREAE WP R WA 3 Rl () -kt
B (1.99% ). o-iEWeM (11.77% ) A Kt
(4.83%) (£ 1), KIE|RIELEY £ EAHE
R BRI WS YIS RS S RIERY,
BEZE ( MEMEME S 5430 80.91% ., 45.53% ) Al
M (HEMES B4 13.58%. 53.42% ) & &
i (£2),

FE A e B e Pk S5 A 14 2845 K
Yy, HoiEZs . BESSTEMEMESPIIL IS 2 B,
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Fig. 1 Changes in the classification of main volatile compounds (alcohols, esters) in different periods
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Histograms with * indicate significant difference between the female and male at the 0.05 level by t-test, while with **
indicate extremely significant difference at the 0.01 level by t-test. The same below.
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A. Electroantennogram responses of females and males to the dose of compounds is 1 pg/pL; B. Electroantennogram
responses of females and males to the dose of compounds is 100 pg/pL.
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