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Abstract; The floral scent is the key chemical signals for maintaining nursery pollination mutualisms between Phyl-
lantheae plants and Epicephala moths. At pollination stage, the floral scent could guide obligate pollinators to encounter
their host plants for pollination service and laying eggs. Until post-pollination, it also plays other potential ecological
functions. Here, floral volatiles of female flowers of Breynia fruticosa( Phyllanthaceae) at pre-pollination, pollination and
post-pollination stages were collected by dynamic headspace absorption technique, respectively, then chemical compo-
nents using gas chromatography-mass spectrometry( GC-MS). We have determined whether there are variations of floral
scent at pre-pollination, pollination and post-pollination stages by conducting principal component analysis. The results
showed that a total of 22 volatile compounds were detected from the floral scent of female flowers of B. fruticosa at pre-
pollination stage( 12 compounds ) , pollination stage( 15 compounds) , and post-pollination stage( 13 compounds) , which
were mainly contained fatty acid derivatives and terpenoids. 3-Hexenal, ( E)-2-Hexenal, (Z)-3-Hexen-1-ol, (Z)-3-
Hexenyl acetate, (E)-B-Ocimene, B-Caryophyllene, B-Humulene, (E,E)-a-Farnesene and Longiborneol were considered
as the major scent component( the relative amount>5% ). Multivariate statistical analysis showed there were obviously
qualitative differences in chemical compositions of the floral scents from female flowers at pre-pollination, pollination and
post-pollination stages, and such differences were result from changes of the main scents compounds among different
flowering stages. For example, the content of (E)-B-Ocimene is the highest at pollination stage, whereas it significantly
decreased after pollination. 3-Hexenal, ( E)-2-Hexenal, (Z)-3-Hexen-1-ol and ( Z)-3-Hexenyl acetate are the four
most abundant compounds at pre-pollination stage. B-Caryophyllene obviously increased and Longiborneol newly
appeared at post-pollination stage. Both B-Humulene and (E,E)-a-Farnesene sigificantly increased at pollination and
post-pollination stages. In addition, the volatile release amount of female flowers at pollination stage emitted significantly
more volatiles than that at pre- and post-pollination stages, respectively. The strong reduced emission of floral bouquet
and significant variation in the chemical composition in female flower scents at post-pollination stage may be a function as
post-pollination mechanisms to efficiently reduce further flowers visit, thereby to limit seed predation. It was specultated
that such qualitative and quantity differentiation in floral scent from Phyllantheae plants at pre-pollination, pollination
and post-pollination stages might have the important chemical ecological significance for maintaining in stability of
nursery pollination mutualisms between Phyllantheae species and Epicephala moths.

Key words: floral scent, GC-MS, pre- and post-pollination stage, Breynia fruticosa, Epicephala moth, obligate pollina-

tion mutualisms

Y SRR LHEERERIEA LR i+ 2004a,b;Zhang et al.,2012a,b) . FEIRE K

N EKF} ( Phyllanthaceae ) 42 4 A1 3k 41l ik J& ( Epicep-
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Kato, 2006 ; Hembry et al.,2013) , 3k 408k % [ 1 1E 1%
BHEY) B HEAL B RCR B AE Ky, 3230 MEAEAL #
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RARUETE 3 0F 5 BAT IS A, X 5 22 a5 g ST
T &AL B B OF A X R (Kawakita & Kato

GrFaE G 1R K WA ML G W) (Schiestl, 2010) |
VER—KEEAE 5, W] LU AR & |
B L BIAE ), P20 07 AR 38 | 2107 4% 3 #58 h
RN B, R, BEFEAE Y 5 B B VAL 8
RS A G &R PR R R S8 /R ( Hossaert-
McKey et al.,2010)
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T s (— ) AB R S W) 9 A 22 53 B B W 5145 # 2k
TG VIR R R HEE . IEget, 5k ARk A
TELHE R LA X RN T ERBHED A 600 £
v, = B P AR £ F 8 (Glochidion) | M T Bk &
( Phyllanthus ) F1 2T #1 & ( Breynia ) H ( Kawakita et
al.,2010) , HHEMAIFALARE 7 11 Fig YW
AW HR, Ul HER T EAY O F
( Okamoto et al., 2007 ; Huang et al.,2015; ¥ {8 2L
45 2015 5K4RE S5, 2016) - FEREHIY 1 A (/)
W RN ER Phyllanthus reticulates) ( #0415 ,2016)
FILETAI ALY 1 B (/N 2R TET A Breynia vitis-idaea)
(Svensson et al.,2010) , B HWALFEFIT A, E
HR I 5B AR 2R Jm AR ) 32 LG 2 W)
A R EA Y E NS FIGEAG Y, A
- (Glochidion puberum ) A€ W& H 1 32 B 53 4 JF
R A BN AU (BARLLAF 2015) B Mo f T
( G. lanceolatum) VA 75 ¥ % & 32 ( Okamoto et al.,
2007) , /AR B HI-B- 27 0 B i o e (B AR
2145 ,2016) ,2-% £ i Al 2-%8 £ B 7 /)N - J T
( Breynia vitis-idaea ) W7 (& U491 155 35 80% , H. i —
AT B R H A B AT O A SR TR B X b
G Py TR & W %8 45 453 Sk A ik B 3R 20 1 W 5 A
F J& 51 Sk A M A% Fy A7 A B oy 1 R 2 A T
W5t (Svensson et al.,2010) o ( ) 465 BE 19 F 8]
SRk, 2GR WL, A R Sk 40 0 AL K
(05 5 T AR ) ) A8 R TR 0 45 R W B T a4k
RIVEA B ) 22 S o AH S, o AR TR) Sk 40 08 4% by 19
U % ( Glochidion zeylanicum ) FllJ5 M43 3% 1
( G. hirsutum ) KWL 7= H 0 SO I R & A2 4 I
RV LA P 1] £8 57 4 ( Okamoto et al., 2007 ; Huang et
al.,2015) . EEHAT 27 S0 9, i S e Sk A
RRENS X o Hh o E) SORR 19 22 5, TR A 2
B 45 EHEY) ( Okamoto et al.,2007) . E I, £ BE
FIR) A [ A S T DA o e S P S A 5 2% A FE
AR I R T 2 N7 B R e A O R I B AR IE
(=) MEREAEA] SR 1Y 22 S0, RO P S L1, AOF
RN, 5 Sk 20 A% Ry AH DG 1 TR BR B P 1Y
HEAE = S A I 9 22 e RUEE L
A AT T ELHE AR B R ik i T
16 ( Svensson et al., 2010; Okamoto et al., 2013;

Huang et al.,2015; ¥ {04045, 2016) . B H AT R2F
S K B, A% by Sk AR ik mT LLAR 0 A S AE A 7 1]
PEATR Y 22 57, EL D 1] 28 5 8 4, AT fi iz Sk 200 9k
B 3 3 B9 1% 83 47 4 ( Okamoto et al.,2013) ,
WG, AR 1 S B A Bl T A% H Sk A0 0 0 i) 7
T 3 0 B B AR B 58 R [ B R SR AT
9 SRR AR R R AR, SR 323y EAE
1k, B IE N 1 SRR [A] 00 4% by H B, e 4 7]
NSk 20 W B AR AV S B AR T 4R Bt T s AR
ARy 7 B M, DT XS Z (BB i T X A A
FIFLA: 5 & (Svensson et al. ;2010 ; Okamoto et al.
2013) .
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al.,2008) , X T 7, — B0 53 LV b
B sk B 5 [ JHC M A8 T 7 B0, i S BOHR 2N
A 2 WAL Ry A L — T T s 1 0 2R S AR
345 &)y 1) ) 5 e e AR S AR B 58, AT
SR G by 5 R B AE S 5 55 — D7 T i 2 1Y 4
SR A THFE AR AE F2 R SN I A R T, JE VR Al IR
T FAEY oK BT IS A, DT 52 ma iz kAR K R ) AR
TENE (IR 2011) o PRI, fEAE ) - B ek
HRHEA S R A A E A O TR Ik
Toft -2 A= A% 93 5 o8 L B 9, G G A BT R Y
b BE TR VA Y — b AT RE B 3 N SR W R
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Y7 B A XA AT LU RCRH 1k A% b 2 6 e 3 B A
M BRI AR, HAD, L vt BRI A Rge 1
FAEYIE Ry w5 AL R A2 B 98 Z AR TP AR
B ( Proffit et al., 2008 ; Chen et al.,2009) |, #Z %
(Svensson et al.,2011) . 2= 4£ ( Schiestl et al., 1997 ;
Schiestl & Ayasse 2001 ) DA 2 i+ % ( Muhlemann et
al.,2006 ; Horn & Holland.,2010) Z k¥4, &%
ZAh X EAHYI B TR AL SR R A T MU i
A T BRI E — SE AL oy IO PR o 5 R YR B
VLRG3 J — S HEFx W) B i 386 . 4R, H i
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T Sk AR AR AH G TR BRBHE W) AL R AL By
i 5 22 A B3 Bk = 4R 0E

S ARG L5 Sk A0 A% By AH DG Y T R
A 22 T 4 JE ALY 2 A ( Breynia fruticosa) AR 4,
) FH Bl 25 102 W R 12 W 322 0 T 8 6 4% B3 T s #)
SRE W), 35 AR 1% - B35 5 B (gas
chromatography coupled with mass spectrometry, GC-
MS ) 3 A AN R A 3 B U348 R B9 A 2 2H B, LA 4%
WL REA I . (1) 20 Bl MEAE AL 8 11 J5 45 2 )
(AL 2% 20 W 15 A HE B s 5 (2) i A MEAE 1%
K HiJE B 2 S A B R (3) X R AR
SR T 5 & A2 005 o B 28 A A ] AR 2 0
X i B8 ] ) [ 25, 0] Ry i — 20 45 s i BR R
Y545 03 S 200 W8 e M A A ) A R R A P
R Al 2 AR L] S (A S LA

1 MRS 77 &

1.1 &

VEREAL T 16 R B S [ AR DR 4 X0 BF I
P, AR T I T b 5 7 A SR 2 A )
SR M ( Breynia fruticosa ) i M B, MR A E A
109°34’04"E . 19°02'21"N, # k& 450 m, %058 Hs
SR 2 A DL ARG AIG Hb W AR OR B 2 TR AR Ok 32
- SR Sy fo 4T S RN AL 213 (W et al. , 2008 ; 515
£4,2013) .
1.2 Ak
1.2.1 Ak oy M SR 2 28 T2 W B i 43 3l
S B T AR A R BT S AR ORI R ) (AR
215 ,2015) , R TAEMAR QN T O FF R4 AL A
ToRE W BRI SR ER T (2 L, Teflon ©
FEP , KEEFR IR A A ) | B REHEH R
SEASINTT o, A T 08D 2 A3 H I 7K G ok I B 5]
WIS 205 SR 1 552 e B o3 25 A< A K A2 TR, T 58
I FHAE S5 (FAY4002 , B35S AL H il i A R 2
AR ANEERE (K 75 mm, 4ME 6 mm,
Sigma-Aldrich 23 F), 3¢ [E ) % H JE 47 + 4 g e,
SR 2 R R AR AR UE A 1 AAS P 2 1 6 S BRI
AR, FRE AR (R SEARLS ) AR R A
FHoRAEAS Al B J5 5 A Tenax TA (60/80

H,100/50 mg, Sigma-Aldrich 2% &), 36 [ ) W it 45
(K 75 mm,4ME 6 mm) TR PIAIEE . R
FHBL I G 1 3 4% (ZB-4, R X ERA R A
) 43 0 X 1A S R AR A S S R AT AR
T R 400 mL - min™, 38 5 TR (R R R
(PTEE, VICI Jour 2w, i - ) >R £ ¢ & b 1y 4%
TR . T 5 AL M Sk A W Bl B ] R
— B AR AR 18 30—23: 30 HEAT,
25 h, fERFELE T K JAE X, SR
BRIEE IR 2B 64T, SRR, 8 6 40 )
BRHAE 20 A8 AR, OB BB AR TR VK 0 [l S 28

FEAGE S BT T, B S O W B A, T IE C e
(i 2l Fisher A F, B H) RIME LY, EE 3
WLR G K Ve I AR 7E 2 mL A A HE AR N
( Sigma-Aldrich 28 7], &) , £y 0.5 mL, F- /il A 500
ng 1IE e (g4, Sigma-Aldrich 23 7], £ H ) /E
J bR A X HE R Y S i T R, AR
Wi 2 100 L, FeJo B ke B T UKFE N (=18 C)
TRAFF 53T ¢
1.2.2 oAkt o b RS -FBE X (GC-
MS; GC, HP-6890; MS, HP-5795; Agilent
Technoligies , USA ) 47  MRA%E K W0 1) 0 B7 Je S 5
(1)GC &A% i A R H HP-5MS 4 95 B 4148 4
(30 mx0.25 mmx0.25 pm) ; FFEFE 2 pL, RKH
4 1 AR AT THIR . 40 C R 4F 5 min,
LL3C « min" FHEZE 150 C,LL 10 C » min '+ &
200 °C , #4455 min; FEEE R E 250 °C; 8N 5
4li He, i 1.0 mL + min™, (2)MS &4 . 8 1T%
HRBCN DI RE, HAJE R 35~500 amu, H &
Jr EL; L FRE I 70 eV 5 352 TR 280 °C ;& F I
IR 230 °C  WATIREE 150 °C . (3) XMHALS W
Yo M FALES A A 0 BR E S (NISTOS ) 4% H
PRACA W, 0 AT se o — 25 0 % 83 45 4%
FEARIE A SC STk LA 2 . s AU —fk ikt
AR SR WAL AR 5 &
1.3 B2

K H Graphad Prism 5.0 #/4, FI]F 5. R 07 22
S3HT T Tukey” s J5 7 43 5l % 6 1T #i ME A A% o i
Je AR AN [) 8 B R AR R A R T
J5 9 Fh I B 2 W B AR o DL A KRG A K
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YR AT 22 S PR 5 SR T SPSS17.0 #j A,
32 FH 32 0433 A Xob 2 T A ME A6 A% B 1T S 0 AR
i iy AT 22 S e B, O BRI AR 2 506 56
Kruskal-Wallis test %] 3 573 1 132 5043 2 #4722
SePEAG G, [F] I 3z 05 I o3 B vk R PR T M AE
R AT G AL SRS 9 Fh 32 S5 & W) = [a) (1) AH HHK
%, WA E R >kH Graphad Prism 5.0 F1 Photoshop
ARSI

2 HREH A

2.1 EMBIEES KR FEERK

iz FH GC-MS $ AR 53 D\ LT P b AR AR A il A%
K IR R 5 0 SR rp 2R 3 1 22 R R W),
11 FPRIE TR A 9 3 M is A 51 (6 Rk
FACEW VL e 2 Fh05 T AL G ) 0 R ZEH B (3%
1) o Herbr, = A~ ms 09 e 35 GE A 0 28 9 #E & WAV 5
v, o3 e 3-C M s | B -2- O s I I -3- 0 - 11
- 2,18 -3- C M T 0 52 -B -2 9 44 5 AT 26 T A4 I S 3
FH L G 21k 8 B, A0 dE [ -4 BR-2-C I TR
-7 WR-3- UM S - D7 R (MR L) | B-A AT
W5 BN R, - B W A TR K 4% TR
H I s A T AL A A 34 A - £ R -2- O s B - T
MR -3- O M TR AR FH R 3 Rl 9

Ry R AL Hp LA I ) 12 FPE R Y, R
FEI- 2. 1R -3-C 4 i (48.69+6.31) % i-3-C 4i-1-
Fi(21.04+10.68) %l 3-C 4 (13.35£9.59) % 3
PR IET, & & v ik A X & B 1 83% , Hirh &k
RIVA IEC B 2-4 3-2-C Ml 1E +— ke F11E 1
=Lt 4 PR ARG W AL R B MEAE Th A B 15 R E
KY), ELER A -B-P M (34.19+8.42) % |
-2, B2-3-C 4 1k (18.79 +6.06) % . B-f1 17 &
(12.44+8.85) % LI Je J2 , IR -a-4x B W Jfi (10.42 =
4.66)% 5 Fiib G, & A S X S E
75% o, b, A% 80 01 BT RE A IR K AN R -3-C
I TR AIDL-B -2 W M 2 b s A% 40 I e AE SR A 1R 13
FhIE R Y, L B-A1 71K (35.82+6.14) % Fl- 2, FiR -
3-CMHR (18.19+5.19) %0 £, 2 5 B AHXT & & 1Y
54% . Horb, B-BEAE M | B-HA AU ARG I Ja = A Ak
G RIER G TR

22 EMBIERSKELZ YL FZEINHTH

LT AT LR AR iR & ) rh A A
FIME 2 i 2 W BT, LLRR Wi R AT 2R W) (98, 44 +
0.61) %fc Azt B & T IHAMMW 2R G5 (P>
0.05) ., 7E &8 W1, ¥ & 9 LLRG Wi i fis B 9
(34.74 + 14.88) % FAEH(36.61 = 6.60) % Flf%
AR = RAE Y (27.61 £ 9.82)% W E, =HE
A (P<0.05) , Mt BAHXT & 81 99% , 1Ef%
¥, ¥R B AR W) i (56.86
4.58) %, o & T HAM=RULA5Y (P>0.05), It
Gh, I EEACS YR AT & B AR = A b —
B AI%, HLAE 45 A4 B 28 A 3O K (P<0.05)
(1) o DA 25 R 00 B 2 T Ao 6 A 40 10 )5 4 &
I AL A0 e A T S A AR
23 EMBERSKRPFEIEELWSENTL

ST AR R T AL R R By S e AR SR
LRGN R 22 AR P h A E >S5 % AL A
YA 9 B, NSRRI FEE R (F 1), B2 BR
T PR POE AR A T A A R R Y AR
b TEAERE,3-C/ (L& 1) | R-2-C %
(&M 2) J-3-C - 1-BE (Fb &% 3) Fli-2, k-
3-CMEE (b ad 4)4 Fh B LY & B, H
TEBR W R0 5 & =3 W R R (P<0.05)
R-p-T#mrEfemisgRm(bEdws), AR
Him THRBBIFE G (P<0.05), B-A1TH (1
H W 6) TEBZRYHIBEA K 2 | 75 240 A AR
MM 5 & & W35 8 (P<0.05) , K it (fk
B 9) IXAEAL K o Bl AG I 2], 77 15 83 1 LA K A% By
BT R, B-ME MG (L& 6) I, [ -a-42
B (LB 7) WIF AL S WA AL R R B
FE B ME NG & R 8% 7 (P<0.05), KU L
5 5L 150 I P T M 6 A R WSS AR i R
Yk T W R AR,
24 EMAIEESERNUZFARERY

XA Ry HI A% Ry S A 5 A R b 2 %
SE (L 22 PR A5 5 2 Witk AT oy oy B, 4
WE 3. A B, ERS T MERD 2 8522
FiK 60.59% , WX B RS S T R AL R
TREE R EEAE R (F 1), BB AT L8 A%
BMIGHARM TSNS HRATE—R, &2
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Table 1  Relative amount of volatile compounds emitted by the female flowers of
Breynia fruticosa at pre-pollination, pollination and post-pollination stages
e Comons %%%ﬁ HXF & & Relative content (%)
Retention index
PR p PO
NI ARG Y) Fatty acid derivatives (N=4) (N=6) (N=5)
3-CLS M 3-Hexenal 802 13.35 + 9.59 2.04+2.46 2.58+3.35
Z-2-C M5l (E)-2-Hexenal 854 7.2743.12 1.84+2.19 6.50+4.60
JI-3-5 45 -1-B% (Z) -3-Hexen-1-ol 857 21.04+10.68 3.5624.36 5.73x1.08
1EC B 1-Hexenol 865 0.62+0.55 — —
2-2.K:-2-C 1 2-Ethyl- 2-hexenal 950 0.78+0.53 — —
JIi-Z.BR-3-C. 4 (Z) -3-Hexenyl acetate 1 007 48.69+6.31 18.79£6.06 18.19£5.19
- TR-2-C TR (E) -2-Hexenyl acetate 1012 1.56+0.87 0.76+0.59 —
ZTR-3-C /TR 3-Hexenyl acetate 1015 — 0.92+0.57 —
iE+—%¢ Undecane 1 100 1.19+1.48 — —
-7 AR -3-C TR (Z) -3-Hexenyl butyrate 1185 3.13£3.61 0.97+0.37 —
1E 1 =%¢ Tridecane 1 300 1.10+1.14 — —
HiE 1L A ¥ Monoterpenes
Ji-B-% 14 (Z) -B-Ocimene 1 038 — 0.79+0.50 —
Z-B-% i (E)-B-Ocimene 1048 1.09+0.45 34.19+8.42 7.45+2.29
-SRI R (W L) ( E) -Linaloloxide ( furanoid ) 1088 — 1.62+1.95 1.57+2.14
fELMEAY Sequiterpenes
B-Hi#F M B-Elemene 1391 — — 1.38+2.10
B-fi 11k B-Caryophyllene 1418 — 12.44+8.85 35.82+6.14
B-HHHUA B-Copaene 1433 — — 1.85+1.91
B-MEIFKHE B-Humulene 1454 — 4.74%2.60 5.45+2.66
K, R -a-& G (E,E)-a-Famesene 1 506 — 10.42+4.66 5.34+2.82
K4 Longiborneol 1592 — — 7.97+4.00
5 EWEAE ) Aromatics
#HIE Benzaldehyde 962 0.27+0.20 0.56+0.33 —
JK %1% H e Methyl salicylate 1190 — 0.22+0.30 1.27+1.58
. PR.P # PO 4 AR M T AL R G ; — Rz RS, TR,
Note: PR, P and PO represent pre-pollination, pollination and post-pollination stages, respectively; — represent this compound was not

detected. The same below.

] UL AH B3 2 WA i & sl 3g X, W A 1
A ER > 2 #H179E S L Krushal-Wallis £ 56, 45 5
BN ERST 1R FE 5 2 6 SR XA AR Ry
A% By R A% By 5 48 AW (X = 10.68, P =
0.005) , W] 1% 453 Tl J 2 TE ot 0 A6 <R 19 Ak 27 B

53 R B2 T A7 b 3 2 5

X I3 A7 ef Y 9 Bh R B R Y S 2
23—, WK 3.B FoR, A G0 TR
W SBR, A4 8, 5 F o B g R — 3, Ut
B =S S R AL R o 2 1) B 22 S, [
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4. Aromatics.
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R A2 2 A
Fig. 1 Change of relative amount of volatile compounds
of four chemical classes emitted by female flowers of
Breynia fruticosa at pre-pollination, pollination

and post-pollination stages
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same below.
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Fig. 2 Changes in relative amount of the major

compounds from female flowers of Breynia fruticosa at
pre-pollination, pollination and post-pollination stages
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A. Principal component analysis(PCA) of the floral scents from the
female flowers of at pre-pollination, pollination and post-pollination
stages; B. Correspondence analysis ( CA) of the relationships
between female flowers of at various flowering stages and their major

volatile compounds.
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Fig. 3 Different analysis of chemical composition of the
floral scents from the female flowers of Breynia fruticosa at

pre-pollination, pollination and post-pollination stages
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