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Hormonal regulation of stem—derived bulblet development in Lilium davidii var.
unicolor cultivated in a peat—perlite substrate
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1. School of Forestry and Prataculture, Ningxia University, Yinchuan 750021, China; 2. Ningria Keyu Seedling Co. , Ltd. ,
Yinchuan 750001, China

Abstract: The aim of this work was to explore the effects of the cultivation substrate on bulb proliferation of LLanzhou
lily (Lilium davidii var. unicolor) and to clarify its hormonal regulation mechanisms. Lanzhou lily plants were
grown in two substrates: pure sandy loam soil (CK) and a mixture of peat and perlite at a 1: 1 ratio ('T,). During the
experiment, growth indices of Lanzhou lily were measured, and the endogenous hormone contents in developing
bulblets were detected by ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS). The results show that the T, treatment significantly promoted the growth of Lanzhou lily. At the flowering
stage (June 15) , compared with the plants in CK, those in the T, treatment showed 13.5% greater plant height
(41.47 ecm vs. 36.53 cm) and 22. 6% greater stem diameter (7. 97 mm vs. 6. 50 mm). The number of bulblets was
significantly higher in the T, treatment than in CK. The contents of methyl jasmonate (4.76 ng-g '), N6-
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isopentenyladenine (0.63 ng=g '), and gibberellin (GA) A12 aldehyde (3.04 ng-g ') were significantly higher in
plants in the T, treatment than in those in the CK (1.90, 0.30, and 0.90 ng-g ', respectively) (P<C0.05). The
contents of tryptamine (1.69 ng+g ') and salicylic acid-2-O-B-glucoside (229.71 ng-g ') were significantly lower in
plants in the T, treatment than in those in the CK (3. 54 and 530.19 ng-g ', respectively) (P<C0.05). Metabolic
pathway analysis indicated that the differentially accumulated hormones were mainly enriched in 20 pathways
including plant hormone signal transduction and diterpenoid biosynthesis. Among the metabolites of these pathways,
GA A12 aldehyde and N6-isopentenyladenine were identified as potential key regulatory nodes in bulb development.
The results of this study confirmed that the peat: perlite=1: 1 substrate significantly promoted the proliferation of
Lanzhou lily caudex bulblets (P<C0.05) by regulating the synthesis and transport of cytokinin, gibberellin, and
jasmonic acid. These findings provide a theoretical basis for the large-scale production of Lanzhou lily bulblets.

Key words: Lilium davidii var. unicolor; cultivation substrates; cauline bulblets; endogenous hormones

22 MW EH G (Lilium davidii var. unicolor)ZH & FF(Liliaceae) B & )& (Liliunm) ¥ N H & (L. davidii) B —4
A, R ERA NGRS B A FREMN M E 2R BN RRAST RN A2 B
d T RN K AR T M B 1) A% B 1 A K PR R A R T R I, LR R A TR A L B
M Gl A & R B, AR B AR Ry — R R R 8 AR AR A B R L 3l Ak s AR OK A BT T R
M LSS | T AL A A R EE  BR TR - s 5 S Y . RS AR T, T 3R AL B I b B S AR
REE S5 WM B 5% 25 T8 J, O il TR 22 N Rl R O R AR AL TR R

SRR N ZE R N AR ER B E RO MR, R A B S W R R R SR B TR R R R U A G
FISRZGAE T, 22 M 5 2R B3 R 5 067 P TR B K /N85 25 (8 A% 40 4 R B v i X 30 A 0R Z IR T B 9
T A AR AR ZR o AR AR B 38 o R 1 BRI PR LR RS (potential of hydrogen, pH) & 5% o0 & i
b, B ERE TEHASENRESREY SR LN E A2 k454K K (auxin, IAA) A5 H R
(cytokinins, CTK) K #[ R (jasmonates, JA) Bt 7% 2 (abscisic acid , ABA) 55 A I 8R4 30 25 1 1 25 DDA OC , R
175 538 2o VAR A0 o 24 5 A R T RR K Ak B P AR R i 250 L R 2RI i T TAA S AR L T A
25 oy fb s BB R B BERE TAA & FREJA S BI R 220 S @ il TAA E o J0E 2B K ma pz K+
(auxin response factor, ARF) & ¥ LIitFY10A 3k , 3 1fij 175 5 26 #i] 2 H 5 (methyl jasmonate, MeJA) & B, JE 1§
TAA—TA GRIE ¥ M2 0 IF H, A IR % fn ok %5 % (gibberellins, GA) \CTK Fl JA X 8 2598 M & B A 5 5%
M AN A 67 A e T L) 8 2 O R 2K A B 2RO 0, HGE R A CTK A s R (W IPT3) il A2 4 ik R
(AHK3) , #i% CTRAR 5, 75 T 0 A2 2 SV M0 09 50 5[] il ) 2 e B AU 26 N (A GPS T .SUSs JINVs) {3t A
] V& B 5 Ak, O 5 25 0 R B I B A LA AR, 22 N A A R R B T 2K 1 A 4 AL S B, 0 LR R T
55 IR CR W IR 1 G 6 25 7 0 R 45 LR R 1 Y

ERI =2 N 7 5 00 2530 GE A i JBRR 35 F 5475 A T8 20 W BB, B R AN [ 4 5% s J3e o il 2 348 5 174 532 i R HG IR R A
FERLT B9 WF 5T A el . AWFIE LA A B E Y R (P B A =1 DI, RE o =M A G4 K
BB RS BRI A S N IROR Y i AR A 8 s e B R 5 AR N TR RO AR I PLRL S 2 M S RO A
2R S AR BRI AR AR, HE S Fh BRMASAL A 7 HOR TR, B g 7l T RSk kR
1 HR5AHE
1.1 KB

U T 2024 4F 3 2 11 A 78 7 B R S AR S I 3k b B 3 il % kAT, b Ab JE 45 38°307 167, K42 106°07 738" . &
T EIR B 24 °CL 8K A ROG BT GA 10 h B B, 28 SRR BE S 7090 ~80% o i B =i T 30 “CH iy SR BT 1 3
JRGCFT T 385 BE T R XUAIL s T 1 7K 2y =X R
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1.2 RIHH

PR AR 22N G AL R BRI 2N T AR A & TR A BR A Al o FhER 42 10~12 em, #3 R @0, JCBF L2,
Joor Sk, RN AT, R IE oM e i M2 Bk A, I A 7 B 75 2 R 5E .
1.3 Xz &

e e gt A
ERUEISCROCE S S1R IR SR Ag [ TN,

Wt 1, Table 1 Test treatment

T 2024 4E 3 20 HARM 2 B A 8525 . 2 H 53 b3 Treatment JE R B L Substrate ratio
em X 30 em X 18 cm Y BURHERE , I 1 A6 1Y i 0 A R = CK #ivb et Pure sandy loam
TN — S P R A — B A T, W IR — 101 Peatsperlte—1:1

15 MU 25 TREE 29 10 em, B AR FRAR AL 90 Al . 45 3 d
ek LUK, A AL B H W A8 B I — 2

TARHBE 2~3WRZIN A G AZHF R BOW S F 22 FIZE R B . A2 M E GG 20d&, 515
d B> b 53 590 BB AL 26 B 1 A AR B AR PR M B A R 2R R R A AR TR TR 2 M E A B
oy A R 22 S, B 2H BE AL IR 30 Bk L 43 S e T R AR A 9 R B, SR T R R RO 53 — A B BT 3 1k (ultra
performance liquid chromatography-tandem mass spectrometry , UPLC-MS/MS) ll & 22 M 5 & 25 4= /N 25 % F 4k
ZEBR I N IEOR O i IO IR E 3 A
1.4 AN Z
1.4.1 RZMHEAR B FHAG RO d2E AR B b b 350 0 25 06 2 ZETOUA B 8 5 2508 < T b - RO 5 A Ak o 350 110 25
BEAR B A 2R AR MR A RO B T 2R A N 2R DA ZE TR A R 25 AN 2R
1.4.2 ME=ZMAEGHNEMRERES & W SE FE PR AL A KR VML R VR IR CRATIR R R KR
(salicylic acid, SA) . &2 (ethylene, ETH) il {1 4 K (strigolactones, SLs) (A8 M K (melatonine, MLT),

A < B P A VR (KQS5200E , B 1L i A AL A A BR S W) ) L 2 48 I e Bk 9 s (MIIX-200, b 05 500l & JR A
BR N ) OB AL (MM400, H E ) CHL 7 K (AS 60/220. R2, 3 2% ) B LW 47 AL (CentriVap, 2£ H ) LB 0 HL
(5424R, 8 E ) UPLC-MS/MS(QTRAP 6500+ ,3H ).

WA B (g 4l Merck) \ O (€835 4l , Merck) | &R (8% 41, Sigma-Aldrich)  H 2 (€235 46 , Sigma-
Aldrich) Fr#ES (KRF 99% , FEERCHI ,1 g- 17", Olchemim/isoReag) ¥ B L 15 G 4 91 A B2 .

FREC 50 mg AL W0 FEAS , 43 5 A 10 p L #& B o 100 ng-mL ' (9 N ARTR A 3, 1 mL HEE /7K /H R (IR R EE
15:4: D) FEIGA IR AT 5 W HE 10 min, T4 °C 12000 r-min "5 F , B0 5 min, B F W W8 09 8048 ilF A7 e 40
We i J5 1 100 L. 80% WIS / /K IR W S %5 3 0. 22 pm JEE , & T HEREM A, I T UPLC-MS/MS 2 ¥ .

6, i o R R AR A R g A G S SO A €2 3% (ultra performance liquid chromatography, UPLC)
(ExionLC™ AD, https://sciex. com. cn/) Fl # B i §i% (tandem mass spectrometry, MS/MS) (QTRAP® 6500+,
https://sciex. com. cn/) o

WA 6 0F AR A58 4 . Waters ACQUITY UPLC HSS T3 C #E (1.8 um, 100. 0 mm X 2.1 mm) ;
AN AR, K (A 0. 0426 B TR ) sBAH, Z M5 CIMA 0. 04% B LR ) s #6 BE VE A2 )7 : 0 min A/B 24 95:5
(V/V),1.0min A/B >~ 95:5(V/V),8.0min» 5:95(V/V),9.0 min K 5:95(V/V),9.1 min K 95:5(V/V),
12.0min K 95:5(V/V) ;7% 0. 35 mL-min '3 HEi 40 “C; R 2 pll.

J i % F A FR L L % B T U (electrospray ionization, EST) i & 550 °C, 1E B 74 2 F i i &
5500 V, #8742 T B B K — 4500 V, A5 < (curtain gas, CUR) 35 psio 78 Q-Trap 6500+ Hr, 44~ 8§ 1 % &
R4 P Ak 1 25 7% L R (declustering potential, DP) Al i fiE (collision energy , CE) #E A7 F14f K IlI

BT AR UE G A MWDB (metware database ) 048 4, 6 57 335 46 0 (4 248 17 0 Ve 0 B o ] = 5 IO 94T Bx
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T 1Y 22 J N7 W A% 2 (multiple reaction monitoring, MRM ) 230 1 5¢ B AE 7 o MRM AR X b PO 2 T 1 S 0 i H b4
JoT RS (BEES ), HEBR At 43— 1 0 Jo X 17 1) B3 LA 2B HEBR T8 5 IR B 2 il i 55 15 5 P 25 s I 2407
BLEATE R B 08 B Rl = DU AT ok R e R T A AR AR L HERR AR B AR B T T e B
BRSO, VA . AR R [FIREAS 19 B3 o B R E I L 6 T A B bR 3 e AT AR 03, i o b o it L R AT
SE BT
1.5 ZIEL B 5 H

AP S £ BR R 7 R 25 2R, ] Excel 2010 #0058 BEECHR , SPSS 27 #4F AT B dl ge v 43 Br , R B R R
J7 2243 Bt (one-way analysis of variance , One-way ANOV A ) Fll e /N i 3 22 55 7 (least significant difference , L.SD) Lt
AN R A ) 22 5, B 3 KO- (P<<0. 05) , Origin 20226 . HAMNIEMER FHEEY = VST RIS
Mr . mUAR L IR 5 358 (R 41 i Bl 42 5 (Kyoto encyclopedia of genes and genomes, KEGG) L& #1702 . KEGG I fig il #%
2 S AR A T
2 BRESW
2.1 EAAHEBAZMNEEERLFT YA
2.1, 1 AN [E]RR BE R B 22 M T bk R R | 2R A MR ORI A AR R Y 5 e AN [ 38 5 2 o 60 A [m] F 38 22 0N
Bk R R MBI A RO A TORF R EE R SR . MBS AR KR E bR O B AE RO B LT
BT CK I 22 AR BCR Se TR B a3, T AR B & FTHER (K D). BMEEH 42K (50 1H ), T, 225 bk
i (16. 60 cm) (ZEH (5. 80 mm) \ZEAMR%L(33. 004 ) i 3 1 T CK(P<<0. 05) , ZE A= AT 35 22 5+ (P=>0. 05) 5
$56 K (57 15 H) , CK AT Ak B A #k & 2540 0 35 22 5% (P=>0. 05) , T, Ak B 25 /R AR A (50. 334R) (B A= iR %K
(5.334) B FMT CK(P<<0.05) ;5 73 K (6 1 H ), CKAI T AbH Ak m ZEA MR B0 B IR EOE B 3 22 7 (P>

—
[=)} o] (=]
T T 1

Plant height (cm)

[
Z2Hl1 Stem diameter (mm)
~

®

JEF 12 ¥ Basal root number

S N A N
T T T T

05-01 05-15 06-01 06-15 05-01 05-15 06-01 06-15
K FEIS 7] Sampling time (H-H Month-day)
1 ERBEN=ZNEAaHE ZH. ZEEREMEBERBNF N
Fig. 1 Effects of substrate cultivation on plant height, stem diameter, stem root number, and basal root number of L. davidii
var. unicolor
ARINE F R R TE P<<0.05 7K L 22 55 I 3% Different lowercase letters indicate significant differences at P<0.05 level.
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0.05),CK Ay 2£H1 (5. 73 mm) W ZF MK T T, 43 (7. 33 mm) (P<<0.05) ;55 87 K (6 A 15 H ), T, kb P bk 75 (41. 47
em) (ZEHL(7.97 mm) B 3% & F CK(P<C0.05), T, 4b B A AR £ (9. 00 4% ) 2 FIK T CK(12. 334 ) (P<<0.05) , 2%
AEARBTC B % 2% 5% (P>0.05),

2.1.2  FETAREEXT 2L M A 25 A /N ZE R T W5 2N E A ARG 5 164 K, R dth B8RS ZE )T 20T 2
TS L N 25 AR R B L A R R, 5 CKOLAN) M T, T A3 (34 ) A B /N2 k7 (81 2) . Bk, R
A8 CK AT A 3 25 A /)N85 25 00 8 R 1 2R B 43, D N SRR AT 5 82 40 i, a7 R 90 25 20 /N B 25 1 i E A7
12 5 0 R

B2 ERRETZNESEENSELTRER

Fig.2 Development status of stem-borne small bulbs of L. davidii var. unicolor under substrate culture

2.2 RARBBASZNBTEARREN YA
2.2.1 WIEEZEST RAATHT R —Fh o3 0 228 5 et o 0 O vk, e BRI SORE O A R AR 24T 43 2, 8 )
— 25 PN A A A EL A AT R R TR ST T 2 S 2 R ) R LA AT R R Y S M L R R SR A T 2
45 B¢ (unit variance scaling, UV ) 4b B %F i 28 78 A [5] #6 A 18] #9124 28 3E 17 )2 W B 25 4 M7 (hierarchical cluster
analysis, HCA) , £ il 25 73t #9828 3R a5 f A7 40 JE ARt L R 9, 364 59 Fh (7 28 ,CTK A 20
P IAAG 15F, GAAH 9F , JAH 8Fh,SAH 35, ABAG 35 ETHA 1570 (& 3).

Fe F 1F 22 s B /)y 3 A 531 43 A (orthogonal partial least squares discriminant analysis, OPLS-DA ) #& #1158 £ f
AR it B AR ) D T o 25 AR R T2 A BRAR E A HT 1 22 A 4 (fold change , FC) A #F — 25 i 36 25 5 %
RLEIFCZ2MFC<<0.5 MM E , ALk s 21 2 R B EF M NERE (F2), P W3 FiE o, W& T
12F#(P<<0.05).

TAAREE D, CKA I A1 (3. 54 ng-g ') . 3-MIWk LW (26. 08 ng-g ') (M| Wk-3-H1 2 (14. 70 ng-g ') . 3-
W) W P R (5. 02 ngeg ') L 1-O-Mg| Wk -3- 3 7, [t 5L A5 2 B (34. 12 ng-g DI W EF & T T A H (1.69.8.08.5.99.0.,
6.16 ng-g ') (P<C0.05) ; CTK K F b, CK AL BT 5 5 AR 152 148 4% 1 (0. 23 ng-g ') (N6-5 M AR IEE 4 (0. 30
ng+g ') 4-[ (OH-REM-6-FL 5 56 ) 3L 2K W (O ng-g 1) W F KT T, 40P (0. 51.0.63.0. 28 ng-g ') (P<C0.05) , 1fij
MU E R -O-BEH (0. 36 ng-g ') 57 80 M B BE W -7 2 B 1 (0. 27 ng-g D W& & T T 43 (0. 10,0 ng-g ")
(P<<0.05);JARE D ,CKALH FHRAMR — F AR (0.87ng-g ) HKAMHFER (1. 90 ng-g ) AL LI LA
Bkt TR (3.56 ng-g ') \12- B K H MR (O ng-g DR EFMT T L (2.14.4.76.12.01.54.98 ng-g ') (P<<
0.05); GAKME T ,CKABE R 8% 6(120.77 ng-g D W& T T A HE(19.68 ng-g ) (P<C0.05) , fi /: 5 &
34(4. 14 ng-g ) A HE AI2[E(0.90 ng-g ) W EFMLF T, 4 FE(49.35.3.04 ng-g ') (P<C0.05) ; SA K K,
CK Ab 3T 7K 4% & -2-O-B- % %5 B 17 (530. 19 ng+g ') \L-2R N 42 (12365. 00 ng-g ) b & = T T, 4 (229. 71,
5980.20 ng+g ') (P<C0.05) ; CK AL FE ™ ABA 23 119 JBE 7% 2 ) 49 BB TR (67. 74 ng-g DM ETH MK MY 1-& %
WA BERER (4. 18 ng-g DB FE ™ T T ALFE(23.56.1. 73 ng-g ") (P<<0.05),
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2-FRR B S5 I HE IR A % 1F 2-methylthio-N6-isopentenyladenosine
6-(2-F2HE R AE) B IEA 8 Ortho-topolin riboside

6-(2-F2 L) IS Ortho-topolin

6-71< J % 5-7-BETA-D- NI 4 %7 Bl HE 204 N6-benzyladenine-7-glucoside
L-{4%{#% L-tryptophan

]} Tryptamine

13]1%%-3- 2,18 i Methyl indole-3-acetate

15| 7, 2 H & % Indole-3-acetyl glycine #24) Scale

2- i S K K # A% 2-methylthio-cis-zeatin riboside
N6-57 [ I N6-isopentenyladenosine
| N-6-5¢ )i SE AT 5'- FL i R i N-6-iso-pentenyladenosine-5'-monophosphate
I K 22 - BB RR 2 Cis-zeatin riboside monophosphate
N-(3-F2 LS IE) 1T Meta-topolin riboside
i3 B KAZAF-O-F 1 Cis-zeatin-O-glucoside riboside
JIii3R- K ZE-D-#ZHE Cis-zeatin riboside
S LI RIS 4% HF N6-isopentenyladenine
R AKAZAF-O-Fi 1 Dihydrozeatin-O-glucoside riboside
WA K F-7-HEH Dihydrozeatin-7-glucoside
JiisCE K F Cis-zeatin
JI5iR- K ZE-9- i T Cis-zeatin-9-glucoside
| 2- i B S5 LA R JIR L 2-methylthio-N6-isopentenyladenine
S LI IR EES -7 E T N6-isopentenyl-adenine-7-glucoside
4-[(OH-MEW%-6-BE 2 k) L] 25 ) 4-[(9H-purin-6-ylamino) methyl] phenol
2-5 sUE K F 2-chloro-trans-zeatin

15| W3- T % Indole-3-butyric acid 3

3-W5| W 2,15 1% 3-indole acetamide 5
I W3- Indole-3-carboxylic acid

W5 W3- Z,Jf§ 3-indole acetonitrile 1

5| W 2, 1%- K %% % Indole-3-acetyl-L-aspartic acid 0

W5| W 2, 13- £,/ Indole-3-acetic acid <1

1-O-M5|We-3-5E 2, Jf 370 %7 B% 1-O-indol-3-ylacetylglucose I 2

3-M| W % 3-indolepropionic acid
15| W 2, -7 U8 — 1T Indole-3-acetyl-L-glutamic acid dimethyl ester
15| W 2,147 % Indole-3-acetyl glutamic acid
@E %&‘ZFWE‘@ il Indole-3-acetyl-L-phenylalanne methyle ester
75 %7 74 Gibberellin 4
%6 Gibberellin 6 AL Treatinent
34 Gibberellin 34 M cx
3 Gibberellin 3 Hr

Gibberellin 1 439 Class

o I 4153443 Cytokinins
15 Gibberellin 15 K E Auxin
A2 Gibberellin A12 aldehyde . 77 % Gibberellins

J#il# Cis(+)-12-oxophytodienoic acid . FEFIR Jasmonates
fi% Jasmonoyl-L-isoleucine - Y41 Abscisic acid

2 Jasmonic acid v e
AR~ % N-[(-)-jasmonoyl]-(L)-valine 7J<’%& Salicylic acid
SRR H S Methyl jasmonate B 27% Ethylene
FARIIFIEIR I T R 3-0x0-2-[2-(Z)-pentenyl] cyclopentane-1-butyric acid
12-F2HE K 12-hydroxyjasmonic acid
SR AR -2 74 22 N-[(-)-jasmonoyl]-(L)-phenalanine
JB 7 Abscisic acid
Ji 7% Abscisic aldehyde
JIE 75 R 1 % Bl Abscisic acid-glucosyl ester
K% ER-2-O-a-Hi & B 1T Salicylic acid 2-O-a-glucoside
L-ZK 74 %8 L-phenylalanine
JK#R Salicylic acid
1-Z A BE 2 1-aminocyclopropanecarboxylic acid

CK-1 CK-2 CK-3 T,-1 T2 T3
3 ERBETZNEGERBERELESH

Fig. 3 Differential hormone cluster analysis of L. davidii var. unicolor under substrate culture

2.2.2 WURBCEMRSHE SN AR e A A TV SO R A L AR E o AR L P
(B T FA 38 B 00 B 4 0 el T A AT T AR . TR BRI CK Z MY 25 5 i E R I s 4R 31 20 %
AR B (P 4) 53 B A W) 3R A 5 i ol I . i S R A A A B L R OK R A G B R AR
H6 M| R A 0y 2R A B B 2 IO TR A PR A TR A L TN R R A I T TN R L TR TR R (5 TR
W) I B R R AT B D - B 1 A O3 B T e T B R 68 R WE R B 2K A e A
B B AR T A G G B SR -ORNA A A I L 2- SRR R A SRR A ) & B i L ABC
B 32 B 1 B P [ o JRR PR R T B L 22 A 0 A A I B L 2 R A A AR A A S B L 2 o R
W) AN TR A i AR R S R A KR R R A R CRFTIR Kb R TR TR AN 22 N TR
R WA IR SIS . B BN AT SE 5, AU KEGG BUR Ay IR R K 2 R 3 2 QI 24K EFIR K
Wl v T A1 20 2 P9 R O 28 AT A R AR A A (181 5) o 7F TAA AR % oy, T 4 B0 (0 W8 38 1 3R, H 7= 4 3-
S| 1V 2, Tk e V5| 5 - 3- R iR 315 W T R 149 0 35 R 9 5 76 G A PRISHE 6 b, T b PR 2 R A 121 B3 B, O™ ok
WRMBE L R 6D T 78 CTKACHE B b, T A NG6-S5 00 I B8 59 25 8, ™= ) 53 130 i
W A% o S L A S S R B -7 A A R T OB T R AR OB B T
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Table 2 Significant changes of endogenous hormones in L. davidii var. unicolor under substrate culture
2 Type # % Hormone Kb F Treatment & & Content (ng-g ") T, vs. CK
LS (N3 T, 1.6920. 12b T
Auxin Tryptamine CK 3.54+0.23a Down
3-M5|W 2 i g T, 8.08=0. 36b TR
3-indole acetamide CK 26.08-+1.30a Down
5| e -3- 1 i T, 5.99+0. 38b T
Indole-3-carboxylic acid CK 14.70+1.0la Down
3-15] R T 7R T, T
3-indolepropionic acid CK 5.0240.27 Down
1-O-M5| W -3-3 £, Pk 3t 7 %85 o T, 6.1640.15b L]
1-O-indol-3-ylacetylglucose CK 34.124+1. 28a Down
IS S O IR EERE A T, 0.510.02a s
Cytokinins N6-isopentenyladenosine CK 0.2340.01b Up
N6-5 73 Jit I 1 T, 0.6320.08a A
N6-isopentenyladenine CK 0.30+0.08b Up
4-[ (OH-MEENg -6-FE 4 3 ) W 3 2 1 T, 0.28-+0.04 - 94
4-[ (9H-purin-6-ylamino) methyl]phenol CK — Up
R T ARAZTF-O-BE 1 T, 10=£0.01b T
Dihydrozeatin-O-glucoside riboside CK 36--0. 0da Down
S LR MR IR NG -7 A 2 B T, R4
Né6-isopentenyl-adenine-7-glucoside CK 0.27-+0.03 Down
IRATR IRANR - 5758 =R T, 2.14+0.19a S
Jsmonates acid Jasmonoyl-L-isoleucine CK 0.87-+0. 40b Up
SR TR R g T, 4.76+0.13a i
Methyl jasmonate CK 1.90-40. 09b Up
S S B IR b T R T, 12.0141.13a I
3-0x0-2-[ 2-(Z)-pentenyl ] cyclopentane-1-butyric acid CK 3.564+0. 36b Up
12-F2 B R AR T, 54.98+1.18 S|
12-hydroxyjasmonic acid CK - Up
R pixie T, 19.68=41. 29b T
Gibberellins Gibberellin 6 CK 120. 77-+10. 44a Down
AR 34 T, 49.35+2. 76a R
Gibberellin 34 CK 4.14-+0.28b Up
B F A2 T, 3.04-0.53a 9
Gibberellin A12 aldehyde CK 0.90-+0. 09h Up
Kz K % -2-O-R-4 i B T, 229.71410. 35b T
Salicylic acid Salicylic acid 2-O-3-glucoside CK 530. 194 10. 51a Down
LA AR T, 5980. 20-438. 41b TR
L-phenylalanine CK 12365. 00+ 739. 02a Down
k7% R It T g W i T, 23.56+1.80b T
Abscisic acid Abscisic acid-glucosyl ester CK 67.74+1.35a Down
S 1-F R e R R T, 1.7340.07b TR
Ethylene 1-aminocyclopropanecarboxylic acid CK 4.184+0.65a Down

T [ FAS [ 7 B 3 7m 22 53 W % (P<<0. 05) 5

Note: Different letters in the same column meant significant differences at 0. 05 level.
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Fig. 4 Analysis of KEGG enrichment of endogenous hormone
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Fig. 5 Analysis of metabolic pathways of endogenous hormone
A~G: KR RFAR BER KB IR AR ER  FER S MREERE Auxin, jasmonics acid, abscisic acid, salicylic acid, cytokinins,

gibberellins and ethylene metabolism pathways, respectively; *: P<Z0.05.
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