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P AT TR AR A R R B kA LIERFIZARERB A REAR REE S RMALRFKEETH A
1I-MCP 432 F oy ik R4 @S A BN KRB RBIE LIERFI2 A2k X A2 P95 . m%ﬁﬂﬂ D# %
FO R AR FTEAEERN S A AANEH S0~S3;2)1-MCP & 2 F 5 rH IR H H 44 T3, B E RS F X AR E
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Abstract To explore the effect of ethylene on bulbil formation of Lilium lancifolium, the stem segment of
Lilium lancifolium was treated with different concentrations of ethephon (ETH) and ethylene signal
transduction inhibitor 1-methylcyclopropene (1-MCP). The phenotypic statistics, physiological index
determination and downstream gene expression analysis were carried out. The ethylene responsive factor
LIERF12 that may be involved in the regulation of bulbil formation was screened by using transcriptome data
of L.

biochemical characteristics. The expression of LIERF12 gene in different periods, different tissues, different

lancifolium bulbil formation process. Biocinformatics software was used to analyze and predict its
lily varieties and different concentrations of ETH and 1-MCP treatment was detected by real-time
fluorescence quantification. Finally, the role of LIERF12 in the process of bulbil formation of L. lancifolium
was verified by VIGS technology. The results showed that: 1) The development process of L. lancifolium
bulbils was divided into four periods, which were SO, S1, S2, and S3; 2) 1-MCP treatment increased the
glucose content in leaf axils and promoted the number of bulbils by promoting the expression of axillary bud
marker gene LISTM (SHOOTMERISTEMLESS) , while ETH treatment reduced the number of bulbils by
inhibiting the expression of LISTM. 3) The expression level of LIERF12 was higher in the period of bulbil
preparation, and the expression level of LIERF12 in lily varieties with natural bulbils was significantly higher
than in other lily varieties. 4) ETH treatment significantly inhibited the expression of LIERF12, while 1-MCP
treatment was the opposite. 5) Silencing the LIERF12 gene resulted in a decrease in the expression of
LISTM, which further inhibited the number of bulbils of L. lancifolium, demonstrating the positive regulatory
role of LIERF12 in the process of bulbil formation. In summary, L/IERF12 promotes the accumulation of
glucose in leaf axils and affects the expression of the downstream axillary bud marker gene LISTM by

responding to ethylene signal transduction, thereby regulating the formation of bulbils of L. lancifolium.

Keywords Lilium lancifolium; bulbil formation; LIERF12; ethylene; gene silencing

A 4 (Lilium spp. )7 H 4 FH(Liliaceae) H 5 J&
(Lilium) ¥, 2t 5 2 5 2Rl A (8 A BRAR
eI, REEMEFEEEEY A RSO, 5
MTREMEETSRELSEATSEBMEY D
50% LA b R R iR E L SR, FRE A AR
AN &G Rk ™ 5, 299020 LU AW
FOEHAMERIKE 0 BA, 8 R R IR E
B R ER AR 7 E A B0 7 5 E R B T X S
32 B 0 R 7 R A R AR SR A DR R BRI R o e
BRFET o MLAh, E AR R LU o) B 2 B L2 2
5 M 5 5 Oy AT BB o ST AR R AH S BE Y
R HRAFEHBARE SR A REY B
B R R0 7y — R B A AR A A I, B
2 B A A T ERAE P BRI R i et
TN —

RPN T IS BB RN AR [ ) R AT
Ze) — ML R G, E A T H AR (Lilium
L.) 2 E & (Pinellia Tenone) 1 % 3 J& (Dioscorea
LY YR ZFE £ 2 G A e 25 AT A
WA b, T 285 2 R i 70 2 6 W B 2F 2 by 2 AR BB AL Y
M EM BBk H AR REE LT
W, J2 m A 43 A 2 41 (Axillary meristems, AMs) &

HIME™ . ARRRE " EKRTNEEHET
(Lilium lancifolium) 7 % A & (Lilium sargentiae)
R WA B A (Lilium sulphureum) F1 Bk 28 7 &
(Lilium bulbiferum) 5 , K53 W & G 42 F0 55 R
FNTE 25 N R 1 T Bl Ah 5 8 3R Ak 31T W BB A8 77 4F
WY BPHEN AR AR Y BR A AR
HAROCRES T B m E 270 he 23, BFF 3R
PR T AR LA AL e AR SR R SR B
F1%) YR R 200 D 22 3 - ] 2L R e T Gy 2408 i R I Y
o e AN | e PO N A e B U - i
A BA % R R T A AR AU R ZFE L VR B
U R
CAMFRME, A6 KFNREME TR
3 B 22 FhOCR AR L B AR KR (Auxin) R & R
(GA) 414> 24 2 (CTKD Jii 7% M2 CABA) K #1
fi2 CTAD A 4 9 B (SO AT R 20 ) Bk 2
T B B VA 45 ML ) B AT R . £ O B R ST
R 3R W R O 5 ) o 2 — , RE AR b 1 i
MR R B AR ZE K S AR 2 A A
TR, IF = 5 3 52 mi UL Komt R it v 55 3
RIS SR AE R 0 R AR R B R AR B
KHEAE AT, A W) 25 s o K- HL A R 80 2



82 0 LN ES I Y NS S 4

2025 4F 45 30 %

A F) T WEF A H AL K P I 20 A A
230 ZE Y & 4. ERF (Ethylene-responsive
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FERARBLH A R 4R 5T

A5 4008 0 P R 2 R R i R ik AT R
Ao MR X 45 Y 25 BEHE AT AN 6 R CETHD Ml
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Table 1 The stem segment treatment of L. lancifolium in this study

ik 3

Treatment

i 9% H oy

Medium component

% B8 Control

4.47 g/L MS+30 g/L BEHE(pH 5.8)

s M) Ak R

Ethephon treatment group

4.47 g/L MS+30 g/L BEHE (pH 5.8) 4+ 50 mg/L ETH

4.47 g/L MS+30 g/L B #% (pH 5.8) + 100 mg/L ETH

1- F B 9 s Ak #IL 20
1-Methylcyclopropene treatment group

4.47 g/L MS+30 g/L #E M (pH 5.8) +2 mg/L 1-MCP

4.47 g/L MS+30 g/L BEHE (pH 5.8) 4+ 8 mg/L 1-MCP

¥ : MS, Murashige fll Skoog K532 % ETH, LM 1-MCP, 1-H JEIR P4 o
Note: MS, Murashige and Skoog medium ; ETH, ethephon; 1-MCP, 1-Methylcyclopropene.



2 3]

EA A LW R F LIERF 12 V845 3% PR 2k 28 S A AL 00 26 A A 83

1.2 RBHE
1.2.1 ¥ RNARRA LIERF 12 R %K 57

&P RS RNA 200 2 W A 1) B 0 ke
RNA e # 42 B 7] & (Vazyme, RC401-01) #2 B .
M B2 5 53R ) & (Vazyme , R223-01) 3515 cDNA .
K cDNA BEH G B 2 300 ng/pl 47 qRT-PCR™,
PG E i PCR RN A IR R 525 S qd ™ 05 1k, LA
FP(F-BOX FAMILY PROTEIN) % H )y Py 2 Bk
SR 27 Ak AT R AT

FI I 2 A1 9710 R IR F 5% S 80 (NCBT R 5g
5 : PRINA916842) , H: JF it B4 52 #E (Open reading
frames, ORF) & % 7 ORF Finder f£ £& ™ uk
(https://www. ncbi. nlm. nih. gov/orffinder/) # &
AT, 2 w5 Wi Gen Script 7£ 2k X ¥ Chttps://
www. genscript. Com/tools/real—time—pcr-taqman—
primer-design-tooD) #f 17 #% i1, £ £& # il Organism
ZJ00E 5 HA 72 W B/ L EE % 180~220
bp ., B AR EE =60 (CHY L BRG  BoTE JR I AT
TE G W e . A BT S A Bl e ST EE R A
Wy H AR By A BRA 7 & (R 2) 0

x2 AHARIUEEFIER

Table 2 Primers and sequences information in this study

BIR/ R

Primer name

Tl L 7 31] (5'-3)

Base sequence (5'-3")

LIERF12-qPCR-F  ACCTCTACTGGGCAGCCTGT

LIERF12-gPCR-R  CTCTGAGGCGGCATCGAAGG
FP-F TCGCCTACATCGCTAACC
FR-R TTCCCAATAATCGCAAGACC
LIERFI12-TRV2-F  ACACCAACCCTTCGGAAACCA
LIERF12-TRV2-R GAGAAGGGCGGCATCGTAGG
LISTM-qPCR-F GTCGCGTCCTTCCTCACCAC

LISTM-qPCR-R AGCGCCGGATTCGTCAACAT

1.2.2 B JbskF#FMHE T ERFAR RHRY K
kA
B F 6 PFER 25 S U80S, R TBtools 4 il
ERF 3N ZIETE S FFER 28 & A & 7 I 00 33k 44
P i 2k S 7E 45 P BR 20T i ad A v 25 5 3R 5K i O gt
ERF J:[H .

1.2.3 ZBORMBNRBERSA .S FI TR E %
B My 2

M TAIR B4 5 T 2 800 /6 JF 19 AP2/ERF K 1%
B E A FS) A Clustal W 34 3E47 8 110 2 5
G X, 5 xS S5 R 5 R MEGA 7 304 X 41
m AT H 3 B O ST 207 50 L SR 5 R
4B 4% 7 (Neighbor-Joining method) #4 # & 4t & & it
fERt

f& B Prot Param 75 & ¥ 1 43 #t LIERF 12 4 1
B B Ak M B, i ) Prot Scale fF 28 4K 4 1 i)
LIERF12 % 1 W) % g K ¥, 8 H 7 2 & 14
TMHMMServerv2. 0 43 81 LIERF 12 & 11 2 3 2 19
5 Bsi 25 44 B, /i FH Net Phos 2. 0 Server 1F 2k % {4 i
I LIERF 12 28 [ 53 R Ak A 11770
1.2.4 LIERFI2% % R 2 fe3ik

Ve B H Y 3 R K 263 bp B9 45 55 51 #E 4T 00T
W, IR S LIERFI12-TRV2-F . F 5|4
LIERF12-TRV2-R( 2) . i % P} &k 28 SO i 1]
cDNA MFEAR 1T PCRY 3, ¥ 8 & & 50 pL, 1B k
I FE 3 58 °C, H b 4 4% 25 pll 2X Phanta Master
Mix, b F#E51 44 1 pL, cDNA 2 pL 1 ddH,O
21 pLo PCRAX S W 2 ¥ : 98 °C 305,98 °C 10 s,
56 °C 55,72 °C 15 s, 35 NG, e Jm LA 72 °C i fif
5 min, 4 CHRAE™ . P34 =W 2 it 43 80 1. 5% Bt
JI W 5 Ji F kR I, BB R B DNA G A S 4l
Ak mIRFR) & (DP214, TIANGEND #E 47 4l £k [m] 10 .
i F EcoRTPY VI i X TRV 2 84K pE 17 B g 11, 5 [m]
WS ) PCR ™ W 4 1T 1) 95 85 20 32: (TS V-S1, % RHE
Y IS AL DHSa K AT A2 2 T IS 4%
¥ i LIERF12-TRV2 # A fl TRV1,TRV2
25 30y AL ZE EHATOS R AT 18 o

FIH VIGS FEUUER LIERF12 3N, ve £ 4: K
RAF KN — ZER 25 em 95 PFRPER AR, 43
B LIERF12-TRV2 8, TRV2, TRV 1 KA 12 J
(ODgo=1. O IMER L 1: 1IR A, 28 “Cilt e B 3~
5h™ . Xt & FHRhER 2E 47 $LFL AL BEIS  JHCA BE il 4 11
A FF B H B W P 4l L 25 (0.8 MPa, 5 min, & 2
K o K Ak B (1 o R oA E I T AR OB 27 Bt B
BRE PR, U T RS M R ML (AR
2960 d, %0 BRAE AR AT 2R ZF B e Y 3T 34
e E A RS R SRR 4 AT ; SR A R L
AW G T — 80 CHg A7, H- Wb 147 J5 &1 1 5 B A
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YEHUETH . 1-MCP 4k 2 () 25 B: Al VIGS # 4
f b 5 A R AR TR 0 0 M AL AT RO R R
fETE WA P I 6 AF T —80 °Co i I 4 45 Bl 7 &
M 52 3% F & (BC2500, Solarbio) M 5 # £+ it i 4b
A AR SR, BRSO Lg, RT3 EY
FE
1.3 #iEE

B4 8 oF SPSS BF AT W Ve 25 R b,
% H One-way ANOVA Hl Post hoc Tukey’ s
HSD F i , P<<0.05 L £ 2 % W % ; X M
Student’s K B AT G i i, xR R B A B #F
P2 HF (P<0.05) , xR/ HAHMEEMER
(P<<0.01).

(a) SO: Ml 2 A TR 2F I 40 (b) SL:BRZF /hExD I

(a) SO: Preparing for the period of bulbils (b) SI: White dot stage of bulbil

2 BRESW

2.1 EAHFEELZENHBUSRESERE

BT AP IR Y A 8 i S WA S
BRI KA B BRI 5 N A A 43 R A R
RS 1AL A N IR ER ZE 9 STHEI ST
A 409 355 (24 2 om Ab ) FF & A 3R ZF 14 I il Ak A SO e
LININE PSRN A= Dk Sk N RIS
LR H WA R 0 R S5 5 6 A R 2 S3
I CIE 1D o Hort, SO~ST1IF b o Bk 25 & 2k Il
S1~S3 A MR 2 & B AT . 78 RS 29 60 d, X
N PR AR EAT R RIS, & 25T A 2B (0 Bk
2 A s U2 9 A o 1 U g 2 o N e I '8
I BB A BRI A T A TP AR AR R
AR AL

(c) S2: BRZFLkERIY
(c) S2: Green bulbil stage

(d) S3: Bk 2Lz
(d) S3: Mature bulbil stage

SO~S3KYC K L AEF G £010.20.,40 F1 60 do I EFHER IR ZF KA AL o A5/ 1 em,
Stages SO to S3 are progressed sequentially at around 10, 20, 40, and 60 d, respectively. The white box indicates where the bulbil occurs. Scale=1 cm.

B1 HARFRELFIRNESENR

Fig. 1 Morphological observation on the development of bulbils in L. lancifolium

2.2 ETHF1-MCPRENERHKFLZERNT M
R TR SRR PR 2 R AR s A )
ZEBCAE & AN R B ETH A1 1-MCP i MS AR 15 55
B AT HR IR 16 d JE WSS SR A I G T Ok (1 2
(a)). 2mg/L % 1-MCP 7] )t 35 ¢ ik 3 7} 25 BE 2k
ZEIIE Y, 50 A1 100 mg/L #Y ETH W) & 240 1 Bk 25
fIFE B (P<<0. 05, 8 2(b)) . | T & A BF 58 22 W 3
R DONERE S, 3 o Al = S ik (o R N ISR U N
[F] ¥ B ETH A1 1-MCP &b B () 35 F1 25 BE 3B i ik
A7 % 505 & e & B, 5 X IR L, 2 me/L Y
1-MCP &b 2 G 2y it itk 4 5 2 0 & &= 1835 3 i (P<<
0.05),8 mg/L (% 1-MCP 4t B F1 50 mg/L #J ETH
b P G2 REAR T RAL 6 AR S i (P<

0.05),1fi 100 mg/L i ETH 4b 3 5 % B8 JC i 3 25 7
(K 2C)) ., il it qRT-PCR 4 #6157 ETH,
1-MCP &b 3 25 Br - i Ab 19 AMs & A= b i 2k
LISTM )ik it 258 R B, LISTM %% 1- MCPLIE
BTG B ETH AR FE ) (P<<0. 05, F 2(d)) . LUk
S5 W] 20 V] BEIE 52 A LLSTM R4 3% 35 17 10 1
PRZF 0 R T S A5 e A R 1-MCP i Ak 22
D)3 3 394 o 4 4 W S d O LIS TM 23K 1 A1 37 Bk
FRE
2.3 ZHMWNEFERFREEREEAKFALE
EEMBHRIE
H T LR CIRAEE PR R A R
153 F- AL A58 R 4 P BR 28 B Ak B B B i
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% I Control

50 mg/L ETH

100 mg/L ETH 2 mg/L 1-MCP

(a) ¥iFR16 dJG G BER A

(a) Stem segment phenotype of L. lancifolium after 16 d cultivation

8 mg/L 1-MCP

8- a 257 a _s50¢ a
| ! 2 2} b ' £ ol b
- = 220t 240}
Bt £ s : be e 35
Bst | = c o € Lz30f ¢
§ a4l 2 b I, T ®E25t
EZ T T 5 8 25 2_0 r d
&30 g 310 Eo s
2t EO L S 10l €
: B ° <0,
s ki [
0 ; i i i i i i i i i
XFHE 50 mg/L100 mg/L 2 mg/L 8 mg/L I 50 mg/L100 mg/L2 mg/L. 8 mg/L X 50 mg/L100 mg/L2 mg/L. 8 mg/L
Control ETH ETH 1-MCP 1-MCP Control ETH ETH 1-MCP 1-MCP Control ETH ETH 1-MCP 1-MCP
) Ab P Treatment
AbFE Treatment AbFE Treatment e ol ) e
b) Bk A i (d) LISTMAEAS T} 25 B IAL AR A 2638
(b) IRZF2 (OF kil irs (d) The relative expression level of LISTM in the

(b) Number of bulbils

(c) Glucose content

axils of stem segments of L. lancifolium

RS R EE AL AR R R 0.5 emo AR R 344 B A2 10 V- 390 + bR . 34l R -l ANOV A il post hoe Tukey’ s HSD 4347, &l
(D) ~(DHF NG FRAREZEF 35 (P<0.05) . ETH: ZMHl; 1-MCP: 1-F 3EH NI, B 7HME 8T .

The white asterisk indicates where the bulbil occurs. The scale bars represent 0.5 cm. The bars represent the mean+SD of three biological
replicates. The data are analyzed by ANOVA and post hoc Tukey’s HSD. The lowercase letters in Figures (b)-(d) represent significant differences
(P<<0.05). ETH, ethephon; 1-MCP, 1-Methylcyclopropene. The same as Figs 7 and 8.

2 ETH#M1-MCPAEXNEFZRKF L LN
Fig. 2 Stem segments of L. lancifolium treated with ETH and 1-MCP

B S YL BCHE X 200 i R PR T ERF 5% 0% 3 4 (1) 3% 3K
HEAT 43 M CEEL 3Ca) ), I PP 28 H 72 SO AT ST i 4
£ 53FRIKM ERF 3N, & M LIERF12[1og,(S0) >
1.5,10g.(S1)<C0. 514E & FF Bk 2F SO B H 47 %% &5 19
Fih L 7E STAT IR IR AR (B 3(h)~(e))
2.4 LIERFRREHZRZHUAMHE

N T % LIERF12 (9 A= AL RV A WF 505 0 32 13
1) LIERF12 %% 5% I + 5 #l ¥ It AP2/ERF §% 5%
THRBEHITRECEH L . LIERFI2 5 8 5 IF
Atlg77640 3R % K R Ab T [F — > ik 40 32 |1
Hoow, Atlgdd830 (AtERF14) | Atlg21910
(AtDREB26) | At1g01250 (AtERF23) | At1g71520
(AtERF20) Fll At1g22810 (AtERF19) 5 2 %] 4 45
PEAE B b, W H 5 LIERF12 8 A M 98 % £ &
2.5 LIERFREBXEYEERESH

N T — B 5T LIERF12 By 4 4k 45 o, %}
LIERF 12 #& 1 B4k M 7 47 90 7 #r . LIERF12

FEHFH) 24K 642 bp, i 214 M EFER . X H A
HH 22 F 28 JE R 2 A, 22 2R (Ser) I & it i F 3 (4
i 17%) (F 5(a)) . LIERF12 & A B 5 7200
CrresH 000N 55607008 176 , FH X 43 F 52 £ 4 49 568. 80, 3
AR S (GD NG 12, EAHRARE RZREN
53.77, B R R E K 24. 66, KT F I R ECHN
0.943, W It LIERF12 F A FaE R K& H (5
(b)), LIERFI12 & [ & FRAMOMERZ 1, H
J7 B AN i R DX 3, 4 00 AN i 1 A 1 (BT S
(). LIERFI12 % F1)F 504 & 52 AN W 2 A 7500 457
R K B Ser BERR A6 A 8UA 354 5 2 R (Thr) B
g A 5 A 134 VB IR (C Ty B B 1k 17 4 A 4 4
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