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Abstract: The flower bud number and metabolism of Petunia hybrida ‘Fantasy’ under the condition
of control (light strength 11.5 yumol - m™- s, day length 16 h), weak light (3.6 pmol-m™-s”, 16 h)
and short day (11.5 pmol - m™- s, 8 h) were observed and recorded. Observation on flower buds showed
that the number of normal and total buds decreased dramatically while aborted buds increased significantly
under either the weak light or short day stress. Metabolites were identified by mass spectra retrieval and
spectra resolution combined with retention index. Then, we went on multivariate statistical analysis and

determined semi-quantitatively by peak area normalization method. The results were as follows: we found
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out 111 peaks and 42 of them were identified. There was significant difference in metabolism of flower
bud of Petunia hybrida ‘Fantasy’ under the condition of control, weak light and short day. Compared with
control, the metabolic shifts was shown as the increasing of various amino acids and the decreasing of
various sugars. And weak light had larger influence on metabolism of the flower bud than that of short day.
Depletion of proteins and sugars was reckoned to be one of the reasons that lead to aborted flower bud
under the weak light or short day stress.
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EZ Y F IR 590 3 B WAE A AT, IR Ik BRI R A R R R A
T RERE O B VG M NI, AL VE MRS s, M B el s e & =, s SR,
fERIYA N —RIR (BRI AR FIBEIR 1Y) & 544 B 2 P2 =7 (Jénkénpéd et al., 2012; & 55,
2013; Huangetal., 2013; Jodoetal., 2013; #&#4 5%, 2015; VPOUH 5§, 2016); RN 55 6HAE
HEARY, @R SR GIR AR G RESE R R IA, (A IR Sk £ R % A W RN A3 IR — N T R e
AMGTE M R E Y S, MR N 2RI & w2l M (M 5, 2015; VPeRl 55, 2016) .
KT A FE AR SR B, REAALE AR, TE2 40 M P B 1) 5 1y R0 22 [ kadh, H
BRI AT R REAR S I AR K RITF S a4 PF DL M A6 S5 AR 40 1 A 35 A0 i 0 T AR 11 1R K
BEE, WA AREENS ESEWTE, JUHAT RS M I IA BT CE SRR, 1995;
E 2, 20105 FRESEE, 2012 BEKE 2%, 2012). AL EWEIEATAN, 9962 FRARAEARAR Y ik
R, TS AR I T AR

Yue %5 (2013) WK, ‘4 A=A (Petunia hybrida ‘Fantasy’) {ERHMB&AT, K&
MU ZE 2 b AR K, BEME R E . BhAh, AULBALELT A o0 b R IR 2 R AR 556 4%
PEF RS A RRIME L. B, hR/RR H IS 55615 SICE R R, AR5 R AR 41
LN, WRR LI BARAR S HIAE 5506 BB H AR B (W46 2E T S AR B, DA
FHOCH LB (1 )R e A 7 S e it — e 1 2% .
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1.1 REs R, IR R SF RSN

IRIGATRL Ay Tt b K2 AE T FE IR S 1 < KIAD BB, 2015 4E 5 H 15 H & AMEE
REACIAIT, ZeBRAnr WAL ZE, K AR OGR4 hRE, WL e 23 'C/18 °C CH/HD.
AWFF AT OBk, Jesi) . (1D JeMK S AN TR % E#EEE (115 pmol - m™ - s™)
ZAF R H GO A H OB/ME A 16 /8 h Al 8 W/16 h) AR, (2) M si i 8 PR T35«
FEKH I Ou/ms A 16 W8 h) 4fF Rt D) Mg (115 F1 3.6 pmol - m™ - s™) AR,
IS B i <o H 7 X — X AR B A, T DLSEBRgAT 7 3 kb3l (R Do MR FRZ
15 d P HE 28, WINIE WAL ZE R E 1L 2F 4 (Yue atal., 2013). KEEZ 3 mm K162, &
AMFEMZ 70 mg, it 6 NER, BT ELOENEIKE (-80 C) /{7,
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1.2 REZER. TEK

RUFYIIZEE: A 5 TS R K, FREL 50 mg T30 W, I 750 L FEE, FIA
31.5 pLRJEH 0.2 mg - mL™ AORHERE KB b AR, #2515 mins 485 14 000 1 - min™ .0 10 min,
HU 535 uL BiE BRI B0, FFIAN 536 uL &4 A1 1071 pL XK, g1 P, B
400 pL B35, FLAEL, AR T

UM AT R TS TR I B0 I INN 90 uL ¥4 20 mg - mL™ ) PP 4AUI% £h 1R
SRIERERW, T 37 °C, fEREIK EWFE 2 h 1A PRI 60 uL MSTFA 7& 37 CHEJK Li%E 30 min;
10 000 r - min™ B0 5 min, H{ 100 pL 350 _ERER

1.3 HIREEMER/OTHE

GC - MS 73 ¥t &4 K H Thermo DSQ T AH 2 i — 1% B¢ F 4 ( Thermo Fisher Scientific, 52 [E).

O 4AF: HP-SMS A e B4 (0% 4 (30 m x 0.25 mm x 0.25 um, Agilent 2%, [, %
AR R 10.0 mL - mins ML 100 1; FEFTHE 70 CLAFF Smin, LLS C -min f#iE
HKIHEA 300 C, FREF 3 min; MR E N 270 C. Bl s&fF: PR S (ED &1,
HHETHEEN 70eV, & TYRIEE 200 C, FHH5EE N m/z 50 ~ 500,

VIR E Tk A A PR R B 5 T B AT S Ok B TR e P75, # GC - MS 23 i S i
W5 NSIT (2005) i AT 28 LU XS b AED) o 1) i ], AR R BLR AR B F5 2 (Kovats® Retention
Indices, RD #iik, KrZR RN 1% FF 5 OR B FRECH AR FAHEFE 7 N IERM e bR R i (C8 ~ C30)
53] (Roessner et al., 2000; # /S 2%, 2005),

B o M7 O XCMS 1A 0 5 o Kol AT AL BE, 19 30 K04 B0 RE o FH AR 4 2 3
SIMCA-P11.5 #f4 (Umetrics AB, Umea, Fi$) XA AT e/ — iz 081 (PLS-DAD,
XA AR E L VIP K/, $& VIP > 1 WP ik & & 22 5 B & AU Y); FR4i& SPSS11.5 #ff:
Ji 2R EVEITE (P <0.05), M\ EzERwE AR (RfR “&ozm R I E%
A0 22 AR AR T BRI A e R, 45 R mean + SE oK, i %0 2 AR & &4
TErmE R (i, 2008; #5%, 2011; Kimetal,, 2013; 5K/NiN, 2013).
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Table 1 Effect of different light on flower bud development of petunia

eI ISR/ L . IEH 2R M%‘TE%?& MR

Light type ( umol - m™-s™) Time Normal flower Abortive flower Total flower bud
Light strength bud number bud number number

sOGK H IR G RO 11.5 16 4433 +1.73 5.00 +2.57 49.33 +3.68

Strong light long day (control)

956K F B8 Weak light long day 3.6 16 033+1.73" 20.00 +2.57" 20.33+3.68"

#ROG4 H # Strong light short day — 11.5 8 0.67+1.73" 1533 £2.57" 16.00 + 3.68"

T RPN + bR, KRS e B P<0.01.

Note: Values represent the means + SE. Significant difference at 0.01 level.
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Ry, S 2855 AL 42 AT AR (3R 2D
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Table 2 Metabolites identified in flower bud of petunia

Venmonpe I {2 et R
Retention time Metabolite name . Retention indice
derivatization
S 9.94 Wi M1 Valine 1 1TMS 1089
Amino acids 10.58 I—ﬁﬁﬁﬁ Alanine 2TMS 1109
14.13 25 fR2 Valine 2 2TMS 1223
15.79 SRR Leucine 2TMS 1280
16.37 S5 Isoleucine 2TMS 1300
16.69 HZM Glycine 3TMS 1312
18.36 Y548 Serine 2TMS 1373
19.08 JrZE R Threonine 3TMS 1 400
22.41 RAZIE Aspartic acid 3TMS 1534
24.72 AN Glutamine 3TMS 1632
25.07 KA1 Asparagine 1 4TMS 1648
25.88 KA 2 Asparagine 2 3TMS 1684
36.55 %% Tryptophan 3TMS 2233
ZRRIGFR 16.88 BEFAE1 Succinic acid 1 2TMS 1319
LA 21.67 SERER Malic acid 3TMS 1503
Tricarboxylic 24.52 BEHIR?2 Succinic acid 2 4TMS 1624
acids 29.24 Fr#ER Citric acid 4TMS 1842
H A A LR 9.26 A% Propanoic acid 2TMS 1068
Other organic 11.61 B Ethanedioic acid 2TMS 1141
acids 13.77 #l% N Propanedioic acid 2TMS 1211
14.77 K HIR Benzoic acid 1TMS 1245
15.90 1% Phosphoric acid 1TMS 1284
22.25 5 - %R - &R 5-oxo-proline 2TMS 1527
22.48 T Butanoic acid 3TMS 1537
23.62 JKERR Threonic acid STMS 1584
31.84 PRI Ascorbic acid 4TMS 1974
32.96 EFMEE Galactonic acid 6TMS 2033
33.17 #NEMR 1 Hexadecanoic acid 1 1TMS 2 044
36.68 i flER 1 Octadecanoic acid 1 1TMS 2241
42.41 # I§ %2 Hexadecanoic acid 2 2TMS 2599
45.20 512 Octadecanoic acid 2 2TMS 21793
30.54 HikE1 Fructose 1 STMS/1MeOX 1907
30.63 LM Galactose 1 5STMS/1MeOX 1911
30.75 HLPE2 Fructose 2 5TMS/1MeOX 1918
B 30.86 J-F B2 Galactose 2 5TMS/1MeOX 1923
Carbohydrate 31.04 B Glucose 1 STMS/1MeOX 1932
31.37 % BE2 Glucose 2 5TMS/1MeOX 1949
43.94 REFE Sucrose 8TMS 2 704
HoAty 16.00 i Glycerol 1TMS 1287
Others 34.59 JJLEE Myo-inositol 6TMS 2121
14.71 JR# Urea 2TMS 1243

31.10 HZIPERZ N IR Gluconic acid lactone 4TMS 1936
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42 NIRRT, A 13 MEIEIR, 4 B RIRIEIA R, 14 FIAGHLER, 7 BhokiEk
PLA 4 FpHARM T . 2 2 AEIR . RATG . WARER. fEARIR X N AN, Ay [a]— A 1 i
FERTAEAR, TR T 24044 (Choietal., 2013).

23 AREBFHTRFRIFOERS S

1 AN FDE A R AEZE GC - MS 58 I D EE L 0 3 A1 8 04T i e /) — SR
FUs o #r (PLS-DA), PLS-DA 1973 K ILIEI 2, [l rf 3 Bl B 5 G REA R e 2 1) W] LAWY 2 20 0T, i
W =H A 2= 2 W] X

100 - BIEKHER D 43.93
g L Strong light long day (Control)

60 21.68

40
20
0

100 7 mg s H R

80 - Weak light long day 25.90
60 - 21.68

40 |
20 t

0

39.51
100 r wa 5t A 1R

80 - Strong light short day 25.90
60 - 21.68 43.94
40 -
20 -
0

39.50

15.90 29.2
5.59 6.02 11.‘81 13.78 }16.87 21%) 24\7ﬂ2s25i.88. ] Ilﬁl.03 3‘4i|5936£'67 39.95 45.20 47.98 50.48

39,52

43.94
15.92 2095 384
5.62 6.03 11.8113.78 Ilg_4012_og ‘24{3 27.40 ]30__5633.3136-9% "] 139.95  ]45.2148.0050.49

FAXT B
Relative abundance

15.91
11.8114.77 |16.39 19.08

5.61 6,17 24.73 |27.40 |30.56 33.82 36.69

5 10 15 20 25 30 35 40 45 50
i E] /min Time

1 SEEKAR GHR). BRI ARMENEHRBALBBRELETFN GC - MS BEFRE
Fig. 1 GC - MS total ion chromatorgraphy of flower buds under strong light long day (control),
weak light long day and strong light short day treatment

® SR KHE D
Strong light long day (Control)

v SEKHME
Weak light long day

. O & LM HE
Strong light short day

mé

4+

F B4y Principal component 2 (PC2)
[

%

L L L L L L L L L L L L
6 -5 4 3 2 -1 0 1 2 3 4 5 6
“E—F 4 Principal component 1 (PC1)

B2 BAKAR IR, 35K A RMELEHRLETREESEFREME BIEELIEN PLS-DA B2 2E
Fig. 2 PLS-DA scores plot of metabolites content data matrixes in petunia flower bud under strong light long day (control),

weak light long day and strong light short day treatment
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HI2 3 AT ML: S50CANAE H AR EE N 3L 8 29 iz o2y, 3T 13 B, S
A oAb, Horp s Mg, 4 MEETTRE. HXTEAHEL, S9GRBRAE L /LT 25 iz e
R, CaBErAT 18 Fl, Hrh s ibig (9 D RI=—JRIRIEAH AR (TCA, 250 &k
W% AT 2 MATHUR AN 1 ﬂﬂ/ﬁ\ﬁﬁ%ﬁi BWZ, MAemiiSE (3R K1 RHATHLR S R
T3 T ROR G LAY, A 6 M S RN, 1R RN . M H AN, JEEE AT 17 B
bz Y, CAEENA 12 Fro R E IR (2 F) R TCA (25D SHRHEZ . @&
A 1 MAEHURA 1 RS B L, mILREER (5 FD 1 MRS B> 55 5 RO
ZESEARUYI, A 4 PP RN, 1 RS R R

x3 TEXABLEBHEEFEFROERRBVEMSEREISERY
Table 3 Relative levels of all discrepant metabolites of weak light long day and strong light short day
comparing with strong light long day (control)

OGRS G D

£ B ][] /min UL B oo SR H R S H R
Retention time Metabolite name Strong light long day Weak light long day Strong light short day
(control)
14.13 4 R 2 Valine 2 1.00£0.17 a 4.68+0.72b 1.85+£046a
15.79 ZL5 R Leucine 1.00£0.20 a 537+1.00b 2.14+059a
15.90 T 1% Phosphoric acid 1.00£0.14 a 1.92+0.15¢ 1.41£0.09b
16.37 552 Tsoleucine 1.00£0.24 a 3.06+0.44 b 2.34+047b
18.53 — 1.00£0.28 a 246+ 0.56 ab 2.91+0.78b
19.08 JRE IR Threonine 1.00£0.19a 2.74£035b 1.50£0.29 a
22.41 KITLZ R Aspartic acid 1.00£0.15a 1.93+0.12b 1.06£0.18 a
22.48 7' Butanoic acid 1.00+0.05a 2.64+0.63b 1.21+£0.17a
23.62 J5BE L Threonic acid 1.00+0.10 a 0.23+0.02b 0.33+0.04b
24.08 — 1.00 £ 0.05 a 2.03+0.14 ¢ 1.54+0.13 b
24.52 BEHIMR 2 Succinic acid 2 1.00£0.22a 230+031b 2.02+£0.25b
24.72 BAWR% Glutamine 1 1.00£0.04 a 1.59+0.12b 0.96+0.11a
25.07 RAWENE 1 Asparagine 1 1.00+0.31a 5.47+0.68 b 2.53+0.88a
25.88 KA 2 Asparagine 2 1.00+0.15a 8.61£1.03 ¢ 3.87+0.66 b
26.06 — 1.00 £ 0.09 a 1.60 £0.14 b 2.14£0.17 ¢
27.89 — 1.00£0.18a 3.42+043b 1.77+£0.55a
29.07 — 1.00+0.14 a 223+0.24b 3.12+0.18 ¢
29.24 ¥ Citric acid 1.00+0.12a 1.74+0.20 b 1.46+0.13 b
30.23 — 1.00+0.12 2 0.32+0.03b 0.52+£0.08 b
30.54 S8 1 Fructose 1 1.00£0.12a 0.82+0.07a 0.49 £ 0.08 b
30.63 - FLBE 1 Galactose 1 1.00£0.14a 1.12£027 a 2.10£0.18b
30.75 LB 2 Fructose 2 1.00 £ 0.09 a 0.29 £ 0.03 b 0.34£0.04 b
31.04 178 1 Glucose 1 1.00 £ 0.08 a 0.19+0.02b 0.32+£0.03b
31.10 B 1 P9 g 1.00£0.10 a 9.38+£1.95b 1.82+037a
Gluconic acid lactone

31.37 Hi% Bl 2 Glucose 2 1.00£0.07 a 120£0.12a 0.44 £ 0.08 b
35.52 — 1.00£0.32a 3.09+0.68 b 0.75+0.19a
36.55 {0 %2 Tryptophan 1.00+0.31a 10.3+1.41b 3.07+0.80 a
38.42 — 1.00£0.49 a 4.95+1.61b 047+0.17 a
43.94 JERE Sucrose 1.00+0.18 a 0.53 £0.09 b 0.62 + 0.08 b

e FATANA AR X RAE 5%K T 2250 B35, 506K H IRAS B3 A0 B AR A= P i A BIEAT (R 22 53, 99061 H IR A6 3
ISR AEL 23 59 2 95 G AR ) AR B AR 5 ik S 6 R L /R T 3 22 5. “— BRI ETE.

Note: Means + SE followed by different letters within the same line are significantly different at 5% level according to Duncan’s multiple range
tests. Bold numbers and letters in control column show significant difference with both weak light long day and strong light short day, in weak light
long day or strong light short day column show significant difference with control. The metabolites with no name in the name column have not been
identified.
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59 6N H RS B M) A Z AR I B IR 1~ AR 2 R LIRIE R ] 5906 22580
MW ARS, MM h R ) B &, B3R (Jodo et al., 2013); [A]I 95614 50 4
R, TR A El E O 45, 2015) o M99 TR 2= R 1= 42, B A2 WAH
DR (1) 5 PR 2 08 B g % P PR A B EAT T R, US55 T R I O R Ik 3 FRAIL (R LE 4%,
2015) « RERES MR RN B, HAEgE R S (RLEAE S, 2013) , NTIFRAK THER RIS & [
I, 5960 FARHHR AR OGBS I I Rk (s 56, 2015) BB AL O MR s BRI 43 24
PR — P IR R e B M 2 2 e iy (VO] &%, 2016), AT ZUEIR & & 0 E 5

AW, BB S IRAR RS, AR N N R RS S b, BREIR . Fr R
P W AN LR & m sy, SRR B S A K AE (Jinkénpdd et al., 2012; Huang et al., 2013;
VRER 55, 2016) RINL—3. AT AL IR 700 R & IR AT & L BRI, 2500 R 9 I
AT & WA 2 ji R WARIE, YTt — 0 i T R0 S SIS AR [ A s P It 5 im LA
AT At

AWEgTHr, RELGGIGAELH I 13 R O = AR AR A R R e A ], HE50E TR
P2 A O 22 AR S B H I 2, T S B AR IE R, U AR 2 T 99
DGO AR 2 ARG B RS2 I K
32 FABMEARSHEFNE

MK KA (2012) WEFURIN, SRAAEHEAIRIT T AERT I R B BB, A0 i) & S T s Bk
GG (2012) MIRIFFUA R W AR LG AT AL T I 53 S R W) T30, AR rd m s ol 5 2 S B BT
Feo LEZ (20100 KIAEAHFHETF BRI RE T, BT IR A, HER T S b o e o o
I, JC IR R R B T A B drs B SCRRAIRIN (19950 I T& Bl Al{E T
PERI IR S5 & i o AR ISP as R, LA R e 28 R Ak R, R0 & R 1B
W21, DAMEREE 2F ik 8 A K AL I i

WS A FTHM R, A R K HREY) GHER 55, 2005). fEAMIIH, 9061
H R R 22 5 3 T ER B RG HI G ROARE S B R . BRIL, b T 3RA5 B % A6 28 JF
TRUERM LR, (ERRAR I AR p s o o AR o B, FE 4wl R LS I SRS TR) 52 0 47 24
IeAh, A2 590 EE H IRAL RS, IE WAL F AR 2R SO R b, WA e 2 e i 5 0
I, AR R W RE AL R B B b, AR 2 M E SRR I A . X
AR BT A2 30 5906 RORVRL 1 JRUHE R (1 B B e, 6 2 40 L P 2 10 55 ok 52 L ol e e 380
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