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Abstract: The volatile compounds in female and male flowers of llex cornuta Lindl. et Paxton at the big
bud stage, initial opening stage, full flowering stage, and final flowering stage were separated and
identified by using headspace solid-phase microextraction-gas chromatography-mass spectrometry ( HS-
SPME-GC-MS) method, and the effect of their changes on pollination was explored. The results show that
the total release amount of volatile compounds in female flowers of I. cornuta is the largest at the final
flowering stage, while that in male flowers is the largest at the full flowering stage. A total of 30 volatile
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compounds are detected in female and male flowers of I. cornuta at different flowering stages, among

which, there are 15 common components in both female and male flowers, 4 components specific to

female flowers, 11 components specific to male flowers, and terpenes and ethers are the main components

in both female and male flowers. With the development of flowers, the Jaccard similarity coefficient of

volatile compounds in female and male flowers first increases and then decreases, it reaches a very similar

level at the full flowering stage, and is extremely dissimilar at the final flowering stage. Based on the

variable importance in the projection (VIP), a total of 9 differential markers ( VIP =1) are screened
from female flowers, including 6 terpenes, 1 alcohol, 1 amide, and 1 ether, and 6 differential markers
are screened from male flowers, including 4 terpenes, 1 ester, and 1 ether. The four developmental stages
of female flowers of I. cornuta can be effectively distinguished through partial least squares discriminant
analysis (PLS-DA) ; the big bud stage, initial opening stage and full flowering stage, and final flowering
stage of male flowers can also be effectively distinguished. The flowering process of female flowers of I.
cornuta can be judged by 1,4-dimethoxybenzene, a-pinene, longifolene, trialanine, ocimene, pinene,
(E,E)-farnesol, and terpinolene; the flowering process of male flowers of I. cornuta can be judged by «-
pinene, myo-inositol hexaacetate, and linalool. The main flower-visiting insects for both female and male
flowers are bees, and the maximum visiting frequency of flowers all occurs at the full flowering stage ; the
visiting frequency of flower-visiting insects for male flowers is larger than that for female flowers. The

comprehensive research results show that there are differences in types and contents of volatile compounds

in female and male flowers of I. cornuta at different flowering stages; differential markers in female flowers

such as a-pinene, longifolene, and B-pinene, and those in male flowers such as longifolene, myo-inositol

hexaacetate, and a-pinene, may affect the flower-visiting frequency of flower-visiting insects like bees; a

large amount of pinene are generated at the final flowering stage of female flowers of I. cornuta, which

may serve the purpose of reducing the visits of flower-visiting insects and protecting the ovary.

Key words: llex cornuta Lindl. et Paxton; flower development; volatile compound; HS-SPME-GC-MS;
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Table 1 Total release amount of volatile compounds in female and
male flowers of Ilex cornuta Lindl. et Paxton at different
flowering stages

RIS Y SR

Total release amount of volatile

R compounds
Stage
HEAE Ak

Female flower Male flower
K# W Big bud stage 4.98x10° 20.86x10%
W] Initial opening stage 21.86x108 30.98x108
JEAEW] Full flowering stage 38.20x108 47.54x10%
A AW Final flowering stage 39.32x108 8.17x10%

®2 AEEHABHE EERERERS S
Table 2 Analysis on volatile components in female and male flowers
of Ilex cornuta Lindl. et Paxton at different flowering stages'

FIXFE&H/% Relative content
%y JeAE B AR RAEW
. i g " N .
Component . Initial Full Final
Big bud . . .
opening  flowering  flowering
stage
stage stage stage
AL Female flower
PEREZE Amides 4.85 1.76 2.46 3.91
M52 Terpenes 53.47 51.06 62.94 69.23
2 Alcohols 5.76 1.93 1.57 2.06
fit2 Ethers 20.41 34.36 26.23 21.97
Jeke 2 Alkanes 7.53 2.03 2.41 —
FiEZ Esters 4.19 4.83 — —
A€ Male flower
BEREZE Amides 1.86 0.98 1.18 —
i Terpenes 54.94 38.82 34.30 9.84
£S5 Alcohols 1.58 1.42 1.39 47.79
fit 2 Ethers 36.08 53.03 60.47 22.85
ke Alkanes 1.45 1.54 1.41 5.51
FEZ Esters 0.44 — — —
£ Aldehydes — — — 3.25
fili 2 Ketones — — — 5.31

D —. R 8 KR F) Undetected or unretrieved.

®3 AEEHATE EEFEXELEVNENIERTERYEEME(VIP)Y

Table 3 Relative contents and variable importance in the projection ( VIP) of volatile compounds in female and male flowers of Ilex cornuta

Lindl. et Paxton at different flowering stages')

BAE AR 1/ %
PREA I/ Relative content at different flowering stages (X+SD)
&Y min
Compound Retention KA HITF AL ARAEW] vie
time Big bud Initial Full Final
stage opening stage  flowering stage  flowering stage
HEAE Female flower
R BN ZBENZ R Trialanine 2.44 4.85+1.26a 1.76£0.53¢  2.46x0.91b¢  3.91x0.11ab  1.02
75 L3R = 1k 40 Hexamethyleyclotrisiloxane 5.67 6.81+1.50a 2.03+1.43b 2.41+1.15b — 0.81
i Cis-3-hexen-1-ol 6.80 1.66+0.92 — — — 0.83
3-C - 1-F% 3-hexen-1-ol 6.86 2.91+0.78 — — — 0.92
a-JEH a-pinene 7.65 26.06+1.28b 26.93+1.70a  24.95+0.41b 1.00+1.66¢ 1.22
B—iRJfi B-pinene 8.50 11.67+3.25ab 5.84+4.28b  14.59+2.62a 14.49+1.15a 1.01
HEEM Myrcene 8.73 0.72+0.01¢ 1.03+0.16b 1.19+0.27b 1.80+0.10a 0.86
YR Pinene 8.74 — — — 24.43+5.39 1.13
FiTEMG M7 (+) -limonene 9.52 — 13.44+0.81c¢  18.84x1.99b 22.32+0.73a 0.88
1-HEE-4-(1- L IR TE) B C B LRI 9.55 4.1921.12a 4.83+3.10a — — 0.97
1-methyl-4-( 1-methylvinyl ) cyclohexyl acetate
B #1H Ocimene 9.83 — — 1.82+1.05a 1.05+0.76ab 1.09
i 17 Terpinene 10.08 — — 0.54+0.10a 0.67+0.12a 0.99
Mil—ar, =5~ = H B~ 5 AR FE IO S AR I IR 2 - FY e 10.42 1.1920.37b 1.93£0.32a  1.57+0.18ab  1.57+0.08ab  0.87
Cis-o-ar , 5-trimethyl-5-vinyltetrahydrofuran-2-methanol
i & 75 Terpinolene 10.73 — — — 1.49+0.23 1.14
F5 1 Linalool 11.01 15.02+0.38a 1.66+1.27b 1.00+0.49bc 0.41+0.08¢ 0.91
R H R — F 3L AUE Decamethyleyclopentasiloxane 11.83 0.72+0.45 — — — 0.82
XA H it 1,4-dimethoxybenzene 12.70 20.41+2.06b 34.36+x4.93a  26.23+3.29b 21.97+1.45b 1.03
K4 Longifolene 17.28 — 2.17+0.80a — 2.57+1.30a 1.18
&AW (K, E) farnesol 22.32 — — — 0.49+0.02 1.15
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4£3R3 Table 3 ( Continued)
AL R AR i/ %
PREA I I/ Relative content at different flowering stages (X+SD)
sty min
Compound Retention PN I BEAES] ARAEH] vip
time Big bud Initial Full Final
stage opening stage  flowering stage  flowering stage

4L Male flower
N ZBE N 2N 2R Trialanine 2.36 1.86+0.56a 0.98+0.34a  1.18+0.66a — 0.87
S Tsoamyl alcohol 2.59 — — — 18.56+3.55 0.71
5+ T Isobutanol 3.35 — — — 1.72+0.37 0.72
1FECL % Hexanal 3.96 — — — 3.25+0.98 0.70
1EC % Hexane 3.99 — — — 2.23+0.49 0.71
3-C /i —1- 3-hexene-1-ol 5.43 — — — 3.99+1.34 0.69
75 R = R8¢ Hexamethylcyclotrisiloxane 5.60 1.45+£0.89a 1.54+0.32a 1.41+£0.17a — 0.65
1E L 1-hexanol 5.70 — — — 17.32+0.40 0.73
JEHi Pinene 7.01 — — — 3.90+1.32 0.69
a-JRM a-pinene 7.60 27.02+1.55a 15.05£7.39b  11.71+7.44b — 1.21
FH 3 BE 457 6-methylhept-5-en-2-one 8.40 — — — 3.88+1.46 0.68
B-IE M B-pinene 8.44 9.48+1.15a 7.70+0.85h 7.69+0.46b 1.58+0.30c 0.78
H 4 Myrcene 8.72 1.05£0.62a 1.23£0.38a 1.37£0.78a — 0.70
6— 1 H—5— B#Jfi F -2~ 5 6-methyl-5-hepten-2-ol 8.87 — — — 4.42+2.16 0.66
FiTEMG 45 (+) -limonene 9.49 9.71+4.19a 7.49+3.47a 7.65+3.44a — 0.64
B Ocimene 9.82 1.60x1.15a 1.70+0.50a 2.26+0.16a — 0.98
J5 1 Linalool 10.05 5.63+0.59a 2.88+0.10c  3.36xl.11bc  4.36£0.68ab  1.52
i /7 Terpinene 10.06 0.45+0.19a — 0.26+0.14a — 1.48
Mii~cr, =5~ = H B~ 5 - 248 B 0 S Ak I — 2 — HHY 10.37 1.59+0.10a 1.42£0.30a  1.39+0.22a — 0.72
Cis-a-a , 5-trimethyl-5-vinyltetrahydrofuran-2-methanol
XK HE 1, 4-dimethoxybenzene 12.65 36.09+4.43b 53.03+13.91a 60.48+10.49a 22.85+0.23b 1.35
K7 Longifolene 17.27 — 2.76+1.13 — — 2.26
& DU L BR-E AR AU Tetradecamethyl 18.25 — — — 2.29+1.19 0.65
cycloheptasiloxane

75 B3 ik 458 Hexadecamethyleyclooctasiloxane 20.89 — — — 0.99+0.31 0.70

BEWEE(E  E) -farnesol 2233 — — — 1.79+0.41 0.86
WLBE7S 2R Myo-inositol hexaacetate 23.13 0.45+0.21 — — — 1.59
FE R Phytone 23.80 — — — 1.42+0.39 0.70

D R 30 R KR 3] Undetected or unretrieved. [F47H B 7 /NE “FBE R /R EE 0.05 K F | 25 5 3% Different lowercases in the same row

indicate the significant differences at the 0.05 level.
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AR R AL G P AT S AR ARACLBE DA S 45 A6 9T R A
U 8T, Gt a R wos RS E I M A
PR R ALY Jaccard AHIPE R EL(¢) M 0.50, 4b
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W ME B TR E Y ¢ (H2R 0.75 40T
FREEAR IO s BRAE I A A R LB ¢ 1E
4 1.00 A28 FRARRIACE s AR AEIIME HEAE P % R4l
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W HEAE 4 PR AL B W 2 B A AR Sl 1S S ek
N TEBAE R BRI ME LG TP AR A MR A
PR e —B0, HAERACH, M e R 1k
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x4 AEEHHTE EEPIZELRENLSWH Jaccard HEERE
Table 4  Jaccard similarity coefficient of volatile compounds in
female and male flowers of Ilex cornuta Lindl. et Paxton at different
flowering stages

Hsf 48 Jaccard FHBLTH: 25X
Stage Jaccard similarity coefficient
KFEW Big bud stage 0.50

W) FF Initial opening stage 0.75

JEAEHA Full flowering stage 1.00

AKAEW] Final flowering stage 0.16
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Fig. 1 PLS-DA score diagram of each flowering stage of female and male flowers of Ilex cornuta Lindl. et Paxton
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Fig. 2 Model cross-validation of volatile compounds in female and male flowers of Ilex cornuta Lindl. et Paxton
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Fig. 3 PLS-DA scatter diagram of volatile compounds in female and male flowers of Ilex cornuta Lindl. et Paxton
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Table 5 The flower-visiting frequency of insects of female and male flowers of Ilex cornuta Lindl. et Paxton at different flowering stages

[iEpi| WEAERIVIAEITR  Visiting frequency of female flower HEAERTIAEARR  Visiting frequency of male flower
Stage 8:00—10:00 10:00—12:00 12:00—14:00 14:00—16:00 16:00—18:00  8:00—10:00 10:00—12:00 12:00—14:00 14:00—16:00 16:00—18:00
S1 1.0 2.0 2.0 2.0 0.0 2.0 4.2 5.5 5.5 2.5
S2 3.0 5.0 6.3 7.0 53 8.0 16.6 13.3 7.3 5.0
S3 8.9 14.4 17.8 15.3 7.9 10.0 16.8 21.3 21.8 12.3
S4 3.1 5.5 7.0 5.2 2.8 5.6 10.0 12.4 11.3 6.5

DS1. KW Big bud stage; S2: I Initial opening stage; S3: BEAEW] Full flowering stage; S4: K AEW] Final flowering stage.
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