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Abstract

In order to adapt to and attract pollinators for reproductive success, flower
diversity plays an important role in plant evolution. Floral zygomorphy (bilateral
symmetry), in which different petals are divided into two equal halves along a single
axis of symmetry, has been considered the major trend in angiosperm evolution.
Zygomorphic flowers allow pollinators to enter the flower at a specific angle to improve
the accuracy of pollen deposition onto stigma, increasing pollination efficiency and
reproductive success. The establishment of floral symmetry has been widely studied in
Antirrhinum majus. CYCLOIDEA (CYC), which belongs to TCP tracncription factor
family, is highly expressed in dorsal petal and create dorsal identity by regulating cell
proliferation and expansion. However, which downstream gene or regulatory network
are associated with CYC and how they operate to establish the morphological
differences are still unknown. To search for downstream of CYC, we use the famous
horticultural plant Sinninigia speciosa as experimental material and select SSERF-1 as
target gene via RNA-seq data analysis and dual-luciferase assay from previos work.
These indicate that SsERF-I might be the potential downstream of SsCYC and

participate in floral development and dorsiventral differential gowth in S. speciosa.
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To uncover the phylogenetic relationship of SsERF-1, the phylogenetic tree

reconstructed from Arabidopsis ERFs showed that SsERF-1 belongs to Group [Xa,

containing conserved AP2/ERF domain and CMIX-3 motif. Next, qRT-PCR analysis

revealed that the expression pattern of SsERF-1 was consistent with SsCYC in which it

expressed higher in dorsal petals than that in ventral petal. Moreover, the expression of

SsERF-1 could be briefly induced by ethylene precursor ACC within a short time. Also,

ACC treatment in S. speciosa resulted in smaller flower buds as a result of reduced

petal cell expansion. On the other hand, ectopic expression of SsERF-1 in transgenetic

Arabidopsis plants showed that SsERF-1 would delay the transition from vegetative to

reproductive phase, and slightly inhibit plant height and internode length. Furthermore,

ectopic expression of SsERF-I caused smaller petals, regulated by inhibition of cell

expansion. These results demonstrated that ethylene precursor ACC would inhibit

flower bud size in S. speciosa, and induce the expression of SsERF-1. Also, SSERF-1

would inhibit petal size in transgenetic plants by regulating cell expansion.

Keywords: Sinningia speciosa« Floral zygomorphy+« CYCLOIDEA + Ethylene Ethylene

response factor « Petal size + Cell expansion
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Stages Dorsal tube length (mm)
1 <2

2 2-4

3 4-6

4 6-8

5 8-10

6 10-12

7 12-15

8 15-18

9 18-21

10 21-24

11 24 - 27

12 27-30

13 30-33

14 33-36

15 Pre-anthesis (> 36)
16 Anthesis (> 36)
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FECFARMATFIIES 2 LT BT AL F WM BT o AR &
BT e 8RS P RRTEAOL R A L2 TR E D ot 0t
ARHFADEL L AT RE TR EYLEFRE ATRAR % (dual
luciferase reporter assay) #§ SsCYC ¢ P & 838 SsERF-1 # 3R (2 WM 3%,2019)

BTaZAFRT N SO B P LR L L £

LS © %5 BF1F (ERF) 2 3 4% T o iz
151 ERF #/B* APYERF #&55 7%

© %oF Bk F 3 (ethylene response factor , ERF) /& 3t
APETALA2/ETHYLENE RESPONSIVE FACTOR (AP2/ERF) #4575+ %25 = R »
L ho % e 4 F] SRR — 0 B A F T ih AP2/ERF B A B E e

<)

F+ Vo X DR e "»’TF (ethylene) =@ %m E i .

i

FEIAGIEF A G
GCCBox (AGCCGCC) ™ #AAF|»iem BILF S & 7 A2 wwFF 2 &

BT S FECHBF BRI ¢ F 2 #4513 F (Chandler, 2018; Dietz et
al., 2010; Gibbs et al., 2015; Licausi et al., 2013; Mizoi et al., 2012) > @ < 8%
AP2/ERF #4- %]+ et ¥ RET AR ERM > T g0 PF T RS TIET £

|3 E & dr4] (Fengetal., 2005; H. Li et al., 2017; Owji et al., 2017) »

I52ERF AF#HEF X T EETHNER £ 4

4
&3

BEAR A IS ERF AR Y FENHHERF B S FER - 8

f X hE &M o] & (Triticum aestivum) TaERF3 R % R § @ # v H B &2 ¢

“

5 B ehdt < R A ¥ H 4 (Rongetal, 2014) 5 523 (Rosa hybrid) * % ¢ i %
9
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e RhERF 3 € 8¢ =& %% > @ RhERFII3 Pl € Z i B iwme o H %
(cytokinin) & = jf* 3% se 3 7o #% ¥ & (Khaskheli et al., 2018; Luo et al., 2021) - i
g fip et BT AR FEME LR A g v$%<ﬁ%ZMF%ﬂ
e EREmE AH e E E S KPR RS S £ B ot B o
% ERFI 7% (AtERFI) € 59 4 47 ANTHRANILATE SYNTHASE 1 % %32 &
% (auxin) g % iga rl4- 2 s £ > @ AIERFI 2 R ¢ B4 5 - £E2 B}
SVE T 0 T fEfRi i &) (Dubois et al., 2018; Lorenzo et al., 2003; Mao et al.,
2016; Solano et al., 1998) ; [ i 57 ERFG6 (AtERF6) 7* € & i Fr ] mre & H{r

wre uf £ Krd]E F 4 £ (Dubois et al., 2013)

153ERFAFISHEF SR BT A LB T2 A0 chpd iy

FIFABTN NG - L ERF AFIRERAEEF AL ORE Ao
(Oncidium Lemon Heart) 7 OnERF71 ¢ % B#rd|mbe 1t £ &2 4 2 & Frd) PR

2 & > PR (Phalaenopsis Sogo Yukidian 'V3') 3 PhaERF25 B € i¢ {8 R it

N FEPEE P A HP B4 @ ERE TEERIRE (4 PEak,2019) 0 g o o
4 ERF R FI7RBF IR RE chi L3 Mo 4ofed 9 ERFI2 (AtERF12)

B EET AN o @ AERFI2 %4 Pl R 5HE 4 3 T REE T 4E
%_ (Chandler & Werr, 2020) % » 377 7 635 5 ERF 475 /i 245 th

EoBEHETLLAAM -

1.6 ¢ 2 e GRLOBBEAIF 2 LHFTHHPE S

161 ¢ 22 GRLBEREZ ELPEFFRN LSS

CH R RERER e EET AR RSN AR SR GHF R
10
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W4l € L84 g E  (Johnson & Ecker, 1998) « ¢ et & & £ 10 7 priiepy
(Methionine) & Rk » £ 1 & 123 4 B+ > 5 4 > S-adenosyl-L-methionine
(SAM) ¢ i%:iE ACC synthase (ACS) At it = 1-aminocyclopropane-1-carboxylate
(ACC) # 5'-methylthioadenosine (MTA)» % ACC ¢ £ 158 ACC oxidase (ACO)
BE R s 2 F 2§t (Adams & Yang, 1979; Adams & Yang, 1977;
Boller et al., 1979; Hamilton et al., 1991; Ververidis & John, 1991) - @ {& 4 %8 ¢ ’T‘p e

4, @ E e (ethylene signaling pathway) ®_i%:& Ethylene receptor (ETR1 %) #
Tee el - BiE- @8 hAFBYE - F it Ethyleneinsensitive 2 (EIN2) & »

w2 1% ¢ iBi& EIN3/EIN3-like 1 (EIN3/EIL1) » i i&— # Rag s drd| ERFI % H

TP (4vH s ERFs)> 1 2 o 4 2§64 12 2 3t 32 (Guo & Ecker, 2004,

Ju & Chang, 2015; Wang et al., 2002) -

1.6.2 z %ien= 4p & & (Ethylene Triple Response)

B3 g e FPREBEE T 0 £ #H AT b (hypocotyl) # 12
(root) 2 £ ~ MGET Jpdheiie & 3 £ A 4 4 (Apical hook) et ot &

LA AR F e EHT R GF hdsk c HE S BB E R A 1

\"1‘

BRI RN AY %ET K (Merchante & Stepanova, 2017; Neljubow,
1901; Peietal , 2013) o o *v2 i = 4p & g ehsp & § X Tk & ¢ F kR R T

P LS AR C AR 2 en 4 22 (Guzman & Ecker, 1990) -

163 e 2 e RRBBEHESL YL T2 LFTRHERL 4 ¢

“ﬁ%"’ Bz j e {fﬁﬁ?ﬁi’:‘i" dEAA AR BT ""ﬁﬁ”*@“f”“ b g
BAET ¢ FFEHRE S DL £ o 4 L RERDEHA (Poa) & % (Poa

11
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annua & Poa trivialis) % 4efeg kR 2 (1uL/L) P gfrflE P £ - F 2
J LT Gk R (0.02-0.03 pL/L) #r ¢ e E * 4 & (Fiorani et al., 2002) 5 +
P % (Helianthus annuus) f64c g SRR ¢ W PFE7" § W84 2 E g ff 0 @ 35 4

BERC R GH o ACC B #0442 £ 2 £ (Lee & Reid, 1997) o
o BERE AR EAERE L Mo PO S BIN2 e R
Bird cnE R p e SR o 2 gFErrdlmr £ KA E Y 4 £ (Feng et al,
2015) 5 * 2z > ﬁi ETRI %2 ETHYLENE RESPONSE SENSOR1 % ¢ ’TJF iR

BT R AR B0 Rk E @ HEFRAEN T F ¥ F £8P (Quetal,2007)

164 0 %2 e FRRBREHFEFRATFTIFE T2 AER

WA ATHET LGV AR B mie s M R TR BN S
# > w 2§84 EXPANSIN #2% 3 %] ~ Xyloglucan endotransglycosylases/hydrolases
(XTH) 4% #5 7 %] ~ endo-1,4-beta-D-glucanase (EGase) %% & F1 & » (T % 34k a %

TR P e fREenie S > B @ f g ez £ £ (Dubois et al., 2018; Pierik et al.,

2007) > 4o2bid J7 (Gerbera hybrid) 1=%%% 4v & i i8> ¥ F i dr i mie uf £ & @ v
#| 7= #eh4 £ (Huang et al., 2020) ; % (Dianthus caryophyllus cv White Sim)

v

IR FARILIS § AL A DR T ISR #E 4 B4 (Camprubi & Nichols,
1979) « e3¢ 4 ) e RANF-YCY § WEE fEopim s e £ B4 e o
% (gibberellins, GA) R e 3 i®% ;@ PETAL MOVEMENT-RELATED PROTEIN
I (RhPMPI) % © % @ 5427 RREIN3 &7 %5 » 11 o 4 Agm (3 v (¢ fEopfk3n
Epht Bigpha oH7 2 K o Aeik o B B i A2 (Chen etal., 2020; Cheng
etal.,,2021; Peietal.,2013) o gt # » kb ¢ 5 pMFA T 4p 115 & TCP #E&-F]+
MAFEEALEAS ool TCPS R LT R Mg » P dv i

e EAATF] ACS B & - IR TCPS A # M e R P hehe 52

12
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&AM ATIZ NS ERF AT G F LR AW Bpor TCPS (R¥ v 22 %R

fr# s B (vanEsctal, 2018) & CYC $% A4 $HAEL AT & R BT AU 7

\\"“

7 iTd jkE en % (Danisman, 2016; Spencer & Kim, 2018) -

1.7 &% B i

e LR eh 4R SSERF-1 3 % v ko 112 SsERF-1 $Hith

BEHT U LTR L AT AP D AR N R

R

AR NI AP L2 R o SREN D BR g A
SSERF-1 2 H;\ % fafe 9% ERFs A Flevgit#f > gz 2 & ERF #4577
FREL HE AP A T R R H = o Bk SSERF-1 it EHEF 355

8P - & F R LAME » NIFFHEE X B FERLR L L DR -

TtesR e AT A FW TR D2 K2 SSERF-] AE FE O R RRRE
FoAL A B IR e W SR ACC ek o B R R AT A R D

SSERF-1 # B> rigige G2 2 TH2 £ amefs P HRAFLE L5 4
By R¥ ol BEEr SERF-1 th 3 BREGOTRECZEH A K
(35S:SsERF-1~358:SsERF-1-VP16 % 35S:SsERF-1-SRDX)-i& {7 ¢ % = Ap F itk
B8k SsERF-1 8% %¥ic ﬁ BT R AR e B s 0 5 0 (T SsERF-1 &1
AR LRI PR B SSERF-1 B 4 E e phenfE B R~ T

BoE S B RR e &) > IR SSERF-1 HHtkA £ g T R .

]

13
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= F HERE

21 FrHEas EEe

AR HATR * hx B L8 (Sinningia Speciosa ‘Espirito Santo’) £ 7
PIEAT A > R AL RREL DTG 2 44 %« (Dr. Cecilia Koo Botanic
Conservation Center, KBCC) - #-fd+ #8312 % 2 (L2 M7 @ BKF =
2:1:1) &% 24°C R A ~"4 L 5p 16 PR /8 ] PFR o

BAEX T0% > ~ Eip s FFABETTD » ¥ RFH DS A EREPFR

FEAEFRHARATOER H 74 L NRERE T BRET TR o X BT F
F TR TER P TALRITAA" MPRTEFERAL S 16 B % 5

B OFREFD 8-10mm) TF* LB EATEFEFALIR ¥ 3 W
(FRIEFH 46mm)~ % 5 &% 8 & (FRTFY 1518 mm) =752 % -
TRIT=FEY SRRl PR R B2 RS 15 0 R R AR RS BTG

i 18 B33t -80°C o

2.2 ERF #6475 R30G5 M 4o =

ERF #4r7%]3 7B 4% M G E 2% PO % (Arabidopsis thaliana)
o ERF AFP Flfefial 5 - #3352 AFEF 2 # g ST TEHE
%P PlantTFDB (Plant Transcription Factor Database, http://planttfdb.gao-lab.org/)
(Jin et al., 2015; Jin et al., 2016; Jin et al., 2014; Tian et al., 2020) - ¥ B~fe f (0%
122 % ERF #4x %) }3% %45 & 7| (Coding sequence, CDS) » 4v » % £ {f &0
SsERF-1 > % MEGAvV.11 (Tamuraetal.,2021) ¢ & * MUSCLE 275 » @ {8
F1* | X 423 (Bayesian inference, BI) % # = i 5 3+ (Maximum likelihood,

ML) #3*;# 12 PhyML 3.0 (Guindon et al., 2010) £ #f > BI 2 ML L4 B 44
14
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Lot 4 F R 4 W56 Bayesian-like transformation of the aLRT (aBayes) £2
Approximate likelihood ratio test (aLRT) k3% » si3tdtk£4F 1000 = & 147 A
W (%) % 7 (Bootstrap) o i 432 ML B R R 1 E iTOL v6 B 5 R

(Letunic & Bork, 2007) » A 5]} = g 4538 5 MEGA v.11 # 5 {512 Bioedit

v7.2.5 (Hall, 1999) % 3 o

23 < 2B RNA FB22 F @gé

A

Bk EEE 3WF S W F 8 Wi

m¢¥

4 "ﬁ%f‘%ﬁ“%‘ CEEE AT R
RIS A R RIS F R AR B DB F R A LRI B RNA ch5 P
* TRIzol Reagent (Thermo Fisher Scientific, Waltham, MA, USA) » %R @& 7
e 4 ITE 3 80 °C o RNA chx F 2 k&R 1% A2 2 & %k &3
(NanoDrop Spectrophotomer) jB| & 3+ & » & 2 % 48 7 A re 317 4548 RNA28S~18S
2 58 ifF R R & E o cDNA 14 2 * M-MLV Reverse Transcriprtase
(Thermo Fisher Scientific, Waltham, MA, USA) » 4P ¢ f chdp & 3 1730 73 50

20°C «

24 wpRER & prit 4 F B (Real-time polymerase chain reaction, qRT-PCR)

AR 3 YF SRS 8 YIEE P pAEAT SSERF-1 A w| e d L
A R 0 R X B EE SR S AL SSERF-1 A TEREY chi mE
1 TpER L AFd &Y F & (Real-time polymerase chain reaction, QRT-PCR) % #& % °
qRT-PCR 4 2% ¢ * KAPA SYBR® FAST qPCR Master Mix (2X) Kit (KAPA
Biosystem, KR0389) » i i Bio-Rad PCR Machine (CFX-96) i&{7 » #f {¥fie > 2 §

e «;%ﬁr.—r :

15
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gRT-PCR Mixture

Reagent Volume
ddH20 1.0 uL
2X Master Mix 5.0 uL

Forward Primer (1 pM) 1.0 uL
Reverse Primer (1 pM) 1.0 pL

cDNA (5ng/pL) 2.0 uL

Total Volume 10 uL

Thermal Cycle Program

Step Temperature Time

1 95 °C 3 min

2 95 °C 10s

3 55°C 30s
Plate read

4 Go to step 2, 39 cycles

5 95 °C 10s

6 Melt curve 65-95 °C, increment 0.5 55
Plate read

% = qRT-PCR #2544 » 41* CFX Maestro™ Software for CFX-Real-Time

PCR Instruments (Version 1.1; Bio-Rad Laboratories Inc, 2017) 4 47 .5 % F i o

¥ SSERF-1 =~ 2 CF 2P FEH2ZFmAREIREFTHY - B 3 5
T2 FRR L E T - 2P ER K= BAFEEHFE = BRI

16
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£4F > 11§ 7L 7] (housekeeping gene) SsACT7 & F4p¥H R KB (GI+ A7
WA A 2 ) T UL RTEEEY hA LB R L - R (22CT) o ACT 4 Ct (%

AR — Ct (3 7L F) 33 @ @ > AACT BId ACT (% #])— ACT (L R]) ++ &

Mo HWRTRE G AILSHe% SSERF-12MEF %7 » W ASLSH ko2
FiicmF Ti- 2P REif RRZ=ZBIFLEFE = BRIFLEA > 1

FAF] SsACT7 & Fp ¥t 3 g it > & dZis 1 o) pF2 ddHO 4] iv 2
- R (28CT) o ACT ¢ Ct(ACC A2 2 ddHO /&2)-Ct(¥ 7 7)) +#+ %

71 > AACT Bld ACT(ACC AJZ)—ACT(ddH,0 AJ2is 1 /| pF) 358 & 17 -

25 A BT F R F AR

5B JRiE i pe #l 0.1 mM ACC (Sigma, Italy) 3% 22474 %2 ddH.O % >
# 3 ¢ (Alietal.,2012; Huangetal., 2020; Trivellini etal., 2011) » & ¥ /3% 5 12.5
mL > #-F v 03t 5 (Parafilm) 30 w03 0R B0 Tt oo L R- )
TR TE o Bt A E SHTEFLRTH - T X FEHLEARY S
cm > BFHHE FiE 0.1 mMACC 3% % 242 ddH,0 ¢ > %3 24°C |28
A FAEf O FPI6 PR /8P ELa > BREHE T0% 24 0 2 01

MMACC 3 7% AJ22 o8 0 g2 24 [ FF{d# 3 ddH0 > &5 p teskic s 4

o)

EEE FHAREA S AL RE L 10 &

2.6 < EHFEF S 2 (Clearing Method) 2 % & 35

é ‘ut

.
B e

=

A gl ddHO RS 2 R sk R EE RS G E S 2
BE RS R A R E R T RAER B e QR R R A 6

BA e oFEr A 2@ (g2t 0 FAA BTk (50% JFp# ~5 % glacial acetic acid >

17
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3.7 % formaldehyde) #» » # =t E 5 3 45mmHg ¥ 15 ~4° F BRI AR% >
NFEFERY 5 T 4°C 20 1 kiERF oo 2R }I% ig it pe 4 Clearing Solution
(2.5 mL glycerol ~ 20 g chloral hydrate ~ 7.5 mL ddH>O) (Kong et al., 2015; Wilkinson
& Tucker,2017) » s Bv 20 pl 3 7% & T 430 gt 5 1 o #e ARz 4 B fr R
Semed B EFEQ Y R 24-48 [ FE o 3t b P 0LAF S A (OLYMPUS
BX51) % *4p BB % > M HiF T80 & & F A% (proximal tube) ~ ¢ £
(middle tube) ~ i 4 (distal tube) 14 % 2| # (lobe) w W% > & %] 1 A jicdidp PR 345 o
* i TPz B 5 12 Imagel (https://imagej.nih.gov/ij/download.html) *+ & =

Frwme X/ 0 B NP E 2 mielE A R 0 5 200-700% o

27 4 B SSERF-1 282 P ion B i @A {0 OHR

FI* g3 ¢ A d s SsERF-1 Ya#§ B 71| (coding sequence, CDS) (X i
%,2019) 29 E 2 C A S S HIEFEEHMTREFAE I HUBE
CDS & » 4 #4% 5 % cDNA &7 PCR > # * Phusion® High-
Fidelity DNA Polymerase (Thermo Fisher Scientific, Waltham, MA, USA) » @ {& & 7
I g (7R 1 (Viogene, GP1002) %P8 #lig [ chdp = 3 1718 LA X %3330 -20

°C e PCR ek iFfe™ 2 F 2% > 40T !

18
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PCR Mixture

Reagent Volume

ddH20 Up to 10 uL
5X Phusion™ HF Buffer 2.0 uL
10 mM dNTPs 0.2 puL
Forward Primer (10 pM) 0.5 pL
Reverse Primer (10 pM) 0.5 uL

cDNA (50 ng/pL) 1.0 puL (50 ng)

Total Volume 10 uL

Thermal Cycle Program

Step Temperature  Time

Initial 98 °C 30s

Denaturation 98 °C 10s
55°C 30s

30 Cycles 72 °C 30s
72 °C 10 min

Final Extension 16 °C

Hold

SSERF-1 infedr oy B =4 s 7ié * ¢ 3 {48 pEpyon-22K (35S) ~
pEpyon-2aK (35S:SRDX) % pEpyon-2bK (35S:VP16) k p >t = ¢ &2 § 4 4
PHEFIHETEFIRE CHEBFLGER - ~= vz ) 27 pEpyon-
22K % F 35S jafed v it pARAFIA £ A pEpyon-2aK £ 7 35S g
+ ¥ § SRDX #r|F B 7] 7 i@ PARAF S E AR I Frp|E T ERA Flend

19

do0i:10.6342/NTU202302061



Fo F 2 > pEpyon-2bK # % VP16 B3 A5 v it pEAF £ LRI AL
BT 5 Flend oo #-p 1L 7] SsERF-1 CDS # i+ 7 Pstl 2 BamHI *2+4]
f#r =031+ 12 (7 Phusion® High-Fidelity DNA Polymerase PCR #3 (7 *7 22
513 BA| s o) RASEEYMSH T YRR o 2 Pstl 2 BamHI R
#]f# (Thermo Fisher Scientific, Waltham, MA, USA) #\*» 43 2. SsERF-1 CDS
A 1 2 pEpyon-22K ~ pEpyon-2aK ~ pEpyon-2bK = i {*48 > 2 {7 PCR A 4 ¥
it (Viogene, GP1002) > %Ml chfp s 4k (Fis R Zk R > 4k (T 2 % >

';gg—lir"'f :

Recipe for Pstl and BamHI double digestion

Reagent Volume
Insert/Vector 800-1000 ng
G Buffer 3.0 uL

PstI (10 U) 1.0 pL
BamHI (10 U) 1.0 uL
ddH20 Up to 30 uL
Total VVolume 30 uL

Incubate at 37 °C for 1-2 hr

BF r A AP 8 ARy A2 SsERF-1 o PR (7 A 0 v REF
SRR A G M5 F PCR AP B FRTER o BR AR
SsERF-1 CDS # %|ig 33 pEpyon-22K ~ pEpyon-2aK - pEpyon-2bK = i §* 4 -
i¢ * T4 DNA Ligase (Thermo Fisher Scientific, Waltham, MA, USA) > $ itfie > %

?4%}1‘ 7%?‘&["": :

20
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Ligation reaction of vectors with SSERF-1 digestion product

Reagent Volume

5X Ligase Reaction Buffer 2.0 uL

Vector: SSERF-1 Molar Ratio 1:3

Vector fragment end conc. 3-30 fmol
SsERF-1 fragment end conc. 9-90 fmol
T4 DNA Ligase 1.0 uL
ddH20 Up to 20 uL
Total Volume 20 uL

Incubate at 22 °C for 1 hr, and heat inactivate at 65 °C for 10

min
Bk g g A WP~ 10 ub 4 2 100 pl 25 i= %2 Escherichia coli
HIT-DH5a (Real Biotech Corporation, Taipei, Taiwan) ¥ - i 12 #t k5. &J2 (heat

shock) # &= & ﬁﬁ“%ﬁ S S N R LN N A 5 LR T'Fd-l},%wﬁr"f :

Heat shock method

Step Time
On ice 20 min
Incubate at 42 °C 1 min
On ice 5 min

e A R RJE DR A B4~ 500 L LB e A3 & A 18 37°C B Y
s 1 LB @ (500 13000 tpm At | AT RIS L RIFA T Hik
feruiggkiz A w8 I 73 Kanamycin (50 pg/mL) 7 LB F483% & & + > ¢

21
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37°C 1% 16-18 - pF - 12 ColonyPCR #z3ifF]iE 2 7 F ’f%%-i\"-%g RSN EE il
SFEHEFMAT S5ml 7§ Kanamycin (50 pg/mL) ¢ LB % fi 32 % 7 > 3t 37 °C
BT % 16-18 | pF > ¥ & * Mini Plus Plasmid DNA Extraction System Kit
(Viogene, GMV2002) & {7 {4 P~ R Wig i chdp s e (TSR WER X TR

@ 1S 33t -20°C -

28 PEAS% iz Wy @Y iEe

#-E 45 F Ak EHALOS &= k348> 2 5 Rifampicin (100 pg/mL) 3 LB %
B AAL -3 28°C 4% 2-3 {5 PBFEHRMAL 2mL 75 Rifampicin
(100 pg/mL) 1 LB i i3 % &5 28°C RiF# 4 12-16 | F5 3 ODew=1.0
M fs B~ 1 mL oRT# B & Fig4c 2 50mL 7§ Rifampicin (100 pg/mL) = LB
REFE A K 28C RFTHA 6 L FFL ODeo=0.8-1.0 #-Fir ¥ ** 7k 10-

15 #4is > » %3 50mL g ¢ >3 4°C8000rpm Zpw 5 & 45is 2 vk ¢
P

~

Fi/ i?ﬁﬁ}ﬁ-'u.l.'”r ﬁ’i’ /ﬁ ERTP "SI - Sl ’?“‘ » 11 5mL ok
ddH20 f& i 3 i i FMLTAR A > 2 4. °C 6000 rpm s 5 A 415 g bR -
#-F Ak 1 0.5 mL sk 20 mM CaCly 3R RgiF @ e =4 0.1 mL R

BERAED LSmL AR 4 § Rkl o A% Em o

B lpg L R DNA A w4l e A ZREFSTwme? migi 815
FoERREF AL S A 37°C kg A 5 Ao EF 4~ 1mLLB
AR A AT 28°C R A 12 ] B3t 3R 4000rpm B 2 A g 3
iR il 500 LLLB i fi & AR F TR 0 @ (25 20-100 uL ik
Mg ARE AL 77 Kanamycin (50 pg/mL) 7 LB A#Ez % A > 28°C B %

2-3 % > i 11 Colony PCR F833/i% ¢ 7 B H4v8 > T Sl iv o

22
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29 Rtk (Arabidopsis thaliana) R FiEFEE 3

a4 ian Col-0 & kfF g £ 80 1.5myf MEgeHFS > 1
I miF 70 % FpFifie 1 #4402 “f vheor Imi F AR (B B Fokw
ddH20 ## 4 & » &4~ Tween-20 I k¥ ERE 005% ) HFHFEeHELEY

CRVARAE R ERRE Sk Sl —i“*/ﬁ»uz’v 1 ddH0 F RS 1
4 Zohte- =772 Kf ddH>O ° #- P200 #ic# & ¢ =« (tip) IR )
7 PR TORFEEE ¢ 0 T P20 Mg g (pipette) F iT > B~
&+ ¥ =23 g3 1/2 MS (Murashige and Skoog Basal Salt Mixture, Sigma, Italy) 3%
%% (0215%MS, 1%agar) *F > B3t 4°C 2P 3 X {5 Bodiad 0323 22°C
FERAEH > F P 16 PR /8 JFFRE o SEEEY 10-14 = > Bty
BEIEI?P (FAL (R BERE =9:1:1)> 53 22°C ER2A £ 4

£ Ep 16 ) pEFELRE /8 EFRTE -

210 RO AFIR 4 E®AE

SSERF-1 A Ffef R L = A F4E 2 FH-KZF 2 (floral dip) #7 >
%P | Agrobacterium-mediated transformation of Arabidopsis thaliana using the floral
dip method ; (Zhang et al., 2006) » #-7% 5 pEpyon-22K (35S:SsERF-1) ~ pEpyon-
2aK (35S:SsERF-1-SRDX) ~ pEpyon-2bK (35S:SsERF-1-VP16) = i i 7 § 48 s
B FH DNA R HE#EMA LT SmL 77 Kanamycin (50 pg/mL) ¢ LB %
AR 0 28°C R A 12 21 ODeo=1.0 BB %3 15mL i
EHc g P 0 13000xg s 30 frfed m g EATHLC I T FiR O E
My TR IR - B E c BEFRFTOREORT L 34 FEHK
¥ 3 “,ﬁ% fEE S BALd % Fehic o £ 9 8@ & Inoculation buffer (1/2 MS, 5%
Sucrose) > & F{$ #1373t 4°C TLREFRPLORCRZF D L& FEEL PN

23
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15mL &< ¥ ¢ @ # Floral dipping buffer » # Ffie > 4o

Recipe of floral dipping buffer for 1 construct

Reagent Volume Final conc.
Inoculation buffer 5ml

200 mM Acetosyringone SpuL 200 uM
88 mM BAP 25 ulL 44 uM

12 Floral dipping buffer 4 W& %2 % & g jo b ahp 45 Bk > 3%

iAW RAG 1SmL B g o TR F R RF W 4e ~ 2.5 uL Tween-20 I

W
-
"j‘

Byoa e ERFESEREARRIF AP GR A > B 2 Floral
dipping buffer # ¢ 94k % 14 H4ith o = & TR ZF & BB TH 5 PR
AR R 2P T EHE e BAFRR ORI HRR IR “ﬁ% L L
BAERAE D 22°C ERA A EHEFERE > Fp 16 kR /8 R
Bool R REFS 2 ATREA LA ENBUFRRE ZF - A

R A B RATA N LY Y AR R SRR KB

E-)
EXY
l'mF‘

Edek o Wk AR AR TS 0 W ER R o

|

211 P iy g trif s HE

e i h etk & E 2B T A rapid and robust method of identifying
transformed Arabidopsis thaliana seedlings following floral dip transformation
(Harrison et al., 2006) > #-% & "R A e iR fEtk TI A+ BE L 53 1.5
mL B3 > 0 1mL70 % Fpfie 1 Adisd g o er ImL i 4R
(#7 &3 % -k 7 ddH.0 4 B &4 Tween-20 I & ¥ KR 0.05%)
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Pl I SF A0 U N S By S

@-

AR W SE: S ‘% WA ddH0 F R
S D0 4 o k- 7 F 4% ddH0 ¢ % P200 AR S 4 A s
HPFT 7 TR AT 7 REEE - > T P20 kESF it BB @+
323 8% 7 7 Kanamycin (50 pg/mL) 7 MS 32 & A& (0.43 % MS ~ 1 % agar)

F o B 4°C 2w 3 X{ o B F B 22°C AL R 6 ) PFES

=

2 Ao mis L MR KERER 37 X oK A AFEEIIEZE

ﬁ’“t

; 1R
CEEANSTRBEIBRAICAARS CBEE CBHRE =91 1) £33 22
°C AL &p 16 | PFkpE /8 PR R 3N 1 FEBMAE YT
gDNA e 5B~ » ¥ 17 PCR msRiétEHathmy + 7 8~ P-4 £ 2 DNA -

FEI PO AR Ty ok RN 2 AP0 Col-0 & s fi+ & £4F

212 [P a% gDNA X5

B 20mg PR E S e B 15 mL B A F Y o MR g
T cizie >t iR fi % 4 oF » £ 02 Blue pestle #-'2 3% B#-» 4 > 400 pL Extraction
buffer (200 mM Tris-HCI pH 7.5, 250 mM NaCl, 25 mM EDTA, 0.5% SDS) & & &
B Hro g RE TR EF 4 ok 0 ¥ 1 Blue pestle #-'e SR S R
°C13000x g #ts 2 A48 P~F i) 300pul R AT e s g o b 2 B
#f# o7k Isopropanol # ¥ 3t kb3 & 30 A48 @ 3T FE 13000x g
o 5 4ok b Fis 0 100 pLAdHRO w3 TR B 5 3T -20°C #- gDNA

o 5 Bp R AF® 100 (T F %t PCR 5% o
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213 FE&R EFRE F B (RT-PCR)

fPd N Rtk SSERF-1 ch# MEJI* F 4K L5 d 4 F & (RT-PCR)

Bk BT B A AGEEIEEIRE P05 RNA > F 41 # % Taq

DNA Polymerase 2x Master Mix RED (Ampliqon, A190303) &7 PCR » %P6 @l:d

B g 8 #1715 T AR o PCR enf fefie™ 2 #5S H 40T

PCR Mixture

Reagent Volume
ddH20 Up to 10 uL
Tag 2x Master Mix 50 puL
Forward Primer (10 pM)  0.25 pL
Reverse Primer (10 pM) 0.25 uL
cDNA (5 ng/pL) 4 uL (20 ng)
Total VVolume 10 uL
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Thermal Cycle Program

Step Temperature  Time

Initial 95 °C 30s

Denaturation 95 °C 30s
55°C 30s

30 Cycles 72 °C 30s
72 °C 5 min

Final Extension 16 °C

Hold

2.14 P G R ket "ﬁ"F Z 8 F ¥ % (Triple Response Assay)

SR A TREFOPEOTER T, 33 £ 5 1.5mL #Egpegd >

21 mL 70 % R 1 A4 A g s r TmbL AR (BT G ko
ddH2O #F# 4 & > & 4er Tween-20 I & kR K 0.05% ) #FH = d 355 )
A9 7 M40 R BREFEFLL AR 20 A0 F R RS 3 4
T ooEfe- XA F 2 K,% ddH,O ° # P200 #cE &g ® g Fp i+ 37 T B
RS T ORI EE v o XL P20 frE R B R IT 0 RPfEF 193 4 RERD
7z 7 Kanamycin (50 pg/mL) 5 MS 3 % & (0.43 % MS~1 % Sucrose ~ 0.8% agar)
% 7 % Kanamycin (50 pg/mL) ¥ 10 pM ACC =7 MS 3% % FL + (Merchante
& Stepanova, 2017; Olmedo et al., 2006) » ¥ 4 4] Col-0 B|4 %83 MS ¥ & &
233 10pMACC e MS B %A >3 4°C ¢ 3 28 Bodi#32 £30 22
CHEREAEH KR 6 JFREEIH 3 2> B4y pBRAIAERERD L RN
41tk ~ I0uM ACC jadZ & F 2 Mk T dp lRieshk » & 1RGP~ 40-60 tx
2oty o
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215 PR R AR RER 3-8 2 P2 (Clearing Method)

e oA Ty R FEER C kR4S BT (88 N R B
(LEICA S8APO)#p Fe o85> @ 153 » FAA H 2k (50% JFp ~ 5% glacial acetic
acid ~ 3.7 % formaldehyde) > ¢ & 5 2 45mmHg % 15 445> & § > 4°C 1
- o %75 o fe® Clearing Solution (2.5 ml glycerol ~ 20 g chloral hydrate ~ 7.5 ml
ddH20) » %P~ 20 uL 3 iR £ T 43 igh B o Mo B2 PR 07 SRR TR 0R

FEYERY R 2448 | pFo - P AN B (OLYMPUS BXS1) %=

‘?‘
A

BRRBLE P i o rEA 2 AR (proximal) % % (distal) & F 0 A WY
Bk s dp R s o PP 6 ©f 2 © % B Y 2 Imagel
(https://imagej.nih.gov/ij/download.html) 3+ & F=#6 f 2 “#ehm £ /| > & {8 fRin

B MR 95 135225 Erme R 9 5 60-100 B o

2.16 3tit4 47

A7 Bedp endiit A 471538 Excel 2 238 B & #iE {7 o R 3% (Standard error,
SE)= {&# % (Standard deviation, 6)/ # & ¥ > 12 (/' n); 2 F-test =& %k 57
2B FH @ e Ttest =R BEFLRENE > F P-E (P-value)<0.05 B~ & #icdy

FEfMELEM -
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3.1 SSERF-1 s#.5% M %L 45

SSERF-1 24 5 247 Biefkph T v e %5 F g%+ (ERF) #&-7]F 725
- R o AFEZ % £ SsERF-1 % ERF 473 735 ¢ e 2 4p bl 2L Tl
B %o ¥ SsERF-1 B2\ FfAFPF R 122 B ERF £ % CDS > & &
FIvegis 40 B\ Je#h (Bayesianinference, BI) st iE = B M thfit o S PRiE
A & PR O ERF #4-%]F RIERG M Tﬁ‘ﬁ/u}%‘réjgk » ¥ L ERF #4 %3 o
A4 G Group-X - B & AF > 2 L% Group VI~ Group X ¢ <7 Xb
+#73 F¥ipivA A (motif) © AP2/ERF %1% (domain) I % = & H Group
VI-L (Group VI-Like) 4= Group Xb-L (Group Xb-like) 4 £ ## (Nakano etal.,2006) >
m AP ATAGI3040 RIF E ~» hiiE- 237 (BlZ A)od 3 AMGH %A
Fra @ e § b E AT FY Group I s 83 G M G X3 A BIk- B
g 8L e d Hox P02 E 2t (Maximum likelihood, ML) vzt # 732 = 2. B4 B %

B Ao BT A MBI k- A% > % Bootstrap value = 82 izt L F R -

3

7 “,f 7 Group X & Bhend 4F B i ¢k (Bootstrap value=63) 0 2 & 75 A FH &
2L £ 3 Bootstrap value>97 h® L F & o ¥ ¢b > 2 Bl 3u3hiE orad 2 e % B
GaR e B I GroupV e AT4G13620 ) & ML %3t #7iF = s M it

w2 Group VI -

MG M e m® SsERF-1 A~ 3 Group IX > B¢ B E G k=
AP2/ERF Domain » # & ¥ ERF #4555 350t £ i3 (M= A-B)-
M GroupIX * B EZ|T LG 03 pARKA & [XavIXb 2 [Xc = B+ %>
A4 3 AtERF-1 (ATAG17500) ~ AtERF2 (At5G44840) ~ AtERF13 (AT2G44840)

¢ 1Xa» § AtERFS (AT5G47230)~ AtERF6 (ATAG17490)~ AtERF105 (AT5G51190)~
29
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AtERF104 (AT5G61600) ~ AtDEWAX (AT5G61590) ~ AtDEWAX2 (AT5G07580)
IXbs 11 % 5 ATESEI (AT3G23220)~ AtTDRI (AT3G23230) ~ AtERF14 (AT1G04370) ~
AtERF96 (AT5G43410) ~ AtERF91 (AT4G18450) ~ AtERF1 (AT3G23240) ~ AtORA59
(AT1G06160) ~ AtERF15 (AT2G31230) ¢ IXc (Nakano et al., 2006) o §& 2k & = 2
M Bt AtDEWAX (AT5G61590) & AtDEWAX2 (AT5G07580) ¥ & 52 # i
Xb * fAHik- 87 it Xa 2 [Xce FHEHY 57 F- &85 75 F 353t
& ¥ (Bootstrap value >92) (Bl= A)- d Mk (2#t7 v SsERF-1 > [Xa +
3 > ¥ AtERF-1 (AT4G17500) fr AtERF2 (AtSG44840) M. B 4 4pif » o
[Xa + #7135 N #AE F #%  CMIX-3 Motif (Bl= C) H 5 - $a 2k
1 % (Putative acidic region) I A& 3% % ¥ s 1T 5 #4kiE L o w b R *}#iﬁi

(Fujimoto et al., 2000) °
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AT2640340
AT1GT549n
ATSG18450
AT3G57600
AT2G40220
AT5G13330
pr2@asT 0

B.

SsERF-1

AtERF-1 (AT4G17500)
AtERF2 (AT5G47220)
AtERF13 (AT2G44840)
AtERFS5 (AT5G47230)
AtERF6 (AT4G17490)
AtERF105 (AT5G51190)
AtERF104 (AT5G61600)
AtDEWAX (AT5G61590)
AtDEWAX2 (AT5G07580)
AtESE1l (AT3G23220)
AtTDR1 (AT3G23230)
AtERF14 (AT1G04370)
AtERF96 (AT5G43410)
AtERFI1 (AT4G18450)
AtERF1 (AT3G23240)
AtORAS9 (AT1GO6160)
AtERF15 (AT2G31230)

C.

SsERF-1

AtERF-1 (AT4G17500)

AtERF2 (AT5G47220)

AtERF13 (AT2G44840)

AT4G2548)
AT4G25490
AT462507,

AT5G51990

z %3 38

22 %%2%28
A %%u £
=, % g S <

et
prscest™®
,m@‘miu
AT1G22190

\ 4noi©

AT1G78080
AT1G3B060
AT1G49120
AT1G25470
AT3G25859
AT1Gs555,
AT1G2055
Arrc,,m

T-IA dnoig

?9351530

8379

ra$§§.§°§ ,rmaf@%&ﬁ%
A $22%%% 2 %%
Mo “€E5FE813310825% 40
E e o2 2 o8B =
O FErpEpEuE o9 IXe
an
A
IX
—_— """'—rx:’ Tree scale:1 ———
Xb
I AP2/ERF Domain 1
170 5
SR N INT NI My 1 R« REWGRE AAEIRDP
N\ T W ;. ()Rl REWGRE AAETRDE

SFVWLGTEETAESAAIAYDIAA
AFVWLGTEETFEAAJAY
-FWLGTEE'[AHEMFM

---HAP---R-QRG-—-
'HYRCVF:RENGRE.PAEIRDP 3

- PVPVVAA-EER~- RHYRCVR;RENGREFAEIRDPM
---TAPVVQE-NDQ-- RHYRCVHRRENGi

——————————— NEM---K- YRWI{R:NG]{MEIRB ARE

,,,,,,,,,,, RQA***E‘

'FVHLGTF:TA »AAEAYDE
'lﬂHLGTFETAEE.ﬁAFAY H
GaFEVWLGT "[AEE}-‘AFAY'

3
E-]
F
<
=
=]
-]
]
=
=]
=
=
k-l
e
=]
[
=]
=]
o
=]

TR GuFWLGTEEEAEEM AYDs AAF
7 ITAE'J!A AYD AAFS
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W= ~FREF @ FF RFS (ERFs) & SSREF-1 2 3 FIR% 05

A~% 122 BIPf % e ERF A F8 % #4F SsERF-1 £7 > fl* B < fih
(Bayesian inference, BI) *t3*+;% 12 PhyML 3.0 &4 (Guindon et al., 2010) » %2+
FHE4F 1000 =x 2= & Ll #F R (Bootstrap) » 114 iTOL v6 & I3Z & 11
(Letunic & Bork, 2007) - ERF # 45 %]+ 72% %P " Genome-Wide Analysis of the
ERF Gene Family in Arabidopsis and Rice | 4~ % GroupI~X + A L3 - 2 d &
Mk % Group IX AT e IXa~IXe 2 53 A d RM (FIXb) 3 %4 2 e

B3 IXb FHE e ARBF LAY T e @ KT e F3 k- &2 (Nakano et
al., 2006) o ;F i f b & S22 A F R T T IR Bootstrap > 70 B [P ial
Group IX ¢ ’frv F & F1+ & SsERF-1 B3Vt B 7)¢ K& 5 i< 9 AP2/ERF
1% (domain)° C~SsERF-1 *7/f GroupIXa + #if N ik~ & CMIX-3
B (motif) o~ & B 7§18 enfre > 2 R i B 7P R - Ko A KA

B¢ s mdp iy 0 A Flenég & % TAIR (Berardini et al., 2015) »

32

do0i:10.6342/NTU202302061



2 X Y T B SSERF-1 (4 WR i R

d B2 AL FRES D 0 SSCYC R HREFEAI S Ei =4 5 RIFFH
P4 AT P A AR ARSI R EFEFET AN ERFARE
Fend i (Dong et al., 2018; Pan et al., 2022) - %56 < £ % 5 # =% &7 RNA-
seq éFiE I T A QIR AR PP AT SsERF-1 > L0 HFEAFALTE S
SsCYC ik efea S HHFTIET 7 FRERLZE LR DL > AP {]* RT-
PCR ¥~ £ % 3 &~ % 5 H2 % 8 H{TF SsERF-1 & B>t F L p|ions
g o ¥ SsCYC enFZ et ied 257 # 5 SsCYC = BREH ¥

FRRELINF PIETEFR AR T LT BPHEFLAR > BED L Ty
%P (Bl= B); @ SsERF-1 Ptz B v F pivsdsLi RE Lm0
B SSERF-1 £ SsCYC F $fieni AN 2Ra A% 3 2§ 5 g
FAEMIHFALARL WY SYTFETHFLE (B= Ao > SSERF-1
EFERESTOAFIARIBEFIZ 20 F RPN AIRY 2 P RITERE
B 2 B4R SsERF-1 Vit #2252 75 1A RIS 2 i & £ 4

APAFIESE S EPERLE (T AL L £ o
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A. SsERF-1

FB 3 FB5 FB 8

1.6 1.4 1.8 &
= 14 — 12 { . 1.6 1
3 S S 14
2 I -5
&1 & &
~ ~— 0.8 - 1
[ [ [
c 0.8 o o
‘B ‘D 0.6 'z 0.8
S 06 & S 06
(>]<.) 0.4 é : [¢b]) 0.4
2 2 02 2
E 0.2 £ . E 0.2
¢ 0 g 0 g o0

Dorsal Ventral Dorsal Ventral Dorsal Ventral
B. SsCYC
FB3 FB5 EB 8

120 350 70 Kkk
— * = 300 Kk 60
S 100 % :[ g
g 5 250 5§ 50
& 80 & &
= = 200 = 40
S S S
‘% 60 % &
8 8 150 g 30
S S s
s 40 S 100 S 20
(<) @ @
= = >
g 20 B 50 g 10
& 4 &

Dorsal Ventral Dorsal Ventral Dorsal Ventral

W=+ 2% 3-5-8 H & SsERF-1 8 SsCYC &% " ] fo#ind BB

2 qRT-PCR ¥R~ £ & 2 B % v & ¥ SsERF-1 (A) ¥ SsCYC (B) &%
] (Dorsal) % 8| (Ventral) f“#%? chi BE - d 21 LA 852 % 3 HiEF
(FB3)~ % 5 #Hics (FB5) % 8 HicF (FBY) o 11 SsACT7 %5 § RFF]>
T RIATEL A B A ARE (27-AAct) o Bdp 1 TiE + SE R R
BlFenh SR A SF2 548 (% 0.01<P<0.05; ** 0.001 <P <0.01; *** P

<0.001)
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33 e amd ACC A2 ¢ SEdipwmre & Rirdlx 2 fhen2 &

B EI A EWE S PEEHEMA AT FRATEL G E BT T EG
FRREHLE LR RreEE e FIMOATIRT RSB TA T RRE
ARMPAE A FL TR sARTAFTHER JoF o Tl g A5 T L
FEAFERT A FWIF2 L #2 B d SHLTERFC GRS ACC 3
REIE > T A EJEIE 3 AP AR Amd %7 L5 0.1 mMACC EJ? e i
Fork s peble Y B P A o < [ frp BT e (Ble ASB)e gt ¢
BIERFEREFAERZ TF TR ddH0 AoZirdlep et ¥ 7 3 &
3 xR ERAY L 847 (x0.05) ~ 11.56 (£ 0.32) ~ 15.27 (£ 0.69) %
19.40 (£0.68)cm » @ & 0.1mMACC AJSZi=F # fl7IZF & B A 5 8.33(x0.05)-
10.57 (£0.24) ~ 13.49(£0.45) 2 14.72(+ 0.42)cm » &7 & ACC AT h+ # i
CEEARZE TP RRITE] (BT A flemd2is 3 A N8 PR
A w5 5.05 (£ 0.06) ~ 5.68 (£ 0.08) ~ 635 (£0.17) 2 726 (x0.22)cm > @ & 0.1
mMACC AJZi® TR A5 5.05(0.10) ~ 5.57 (£ 0.12) ~ 6.08 (+ 0.16) % 6.44

(£0.17)cm - 8228 %5 ACC RJIZenfcd B A FRITH e F R H 30 EgR{s 2 2 p

PUFEHe GREA BRI L £ L Pipere i £ A e &
“r3 0 BBl ACC AJL 2 X @i e ch® B2 R 792 3R ime & #f 0 7%
pAIIEHRT AT BINAAEEF RbG AINE & LAz %4 (Gibbous)

RN i

I

3 P F A$% (Proximal tube) ~ = F ¥ £ (Middle tube) ~ 7=
F iz (Distal tube) ~ 12 2 2 % (Lobe) (Bl ) @ d 2% 7 #F > 11 ddH20 2
2Epdled R A g f LAr e 6 ff 5 661.09 (£ 14.65) pm? ~ i AR
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2 % 918.28 (£24.70) um? ~ T F Y Bwre 5 499.60 (+8.01) um? ~ T FiE b ie
% 208.51 (£3.08) um? ~ B ® sz Bl 5 266.43 (£ 4.21) pm? > @ 2 0.1 mM ACC
B 2 X 2 TEE A RIAINE E e i 651.97 (£ 1524) um? ~ £ F AN mre 4
843.06 (+ 18.84) um? ~ = F ¢ F w5 333.99 (£3.92) um? - = iEH 5 140.59
(£ 1.66) um? ~ 2 # 'z B 5 193.60 (£ 12.90) um? (= A) > ¥ U NS L

BT APRELRE G ACC RG22 WFF R HATF LA N o H

L=

Wi g ff Y AT e o B ACC R ¢ B et £om o (8 T RRE)

o

H—”’]’%*“"’WP-'PJ FEI$%KAV\,AV\ Jx wﬁ,ﬁu T“P?ém ﬁ; vf}l\?t/..

e
ke

2 B8 ddHO ATy e g ] 7 5 AR e 5 778.78 (£ 14.23) um? ~ £ F
R me h 29731 (£4.22) um? ~ FEE R me 5 180.53 (£2.51) um? ~ A m
e B 5 277.64 (£ 3.58) pm? > @ 0.1 mM ACC AJZ 2 % L 75 fF AR
588.29 (£ 10.03) um? ~ = F ¥ Ehmfe 5 179.79 (£2.33) um? ~ ik 5 135.86
(£ 1.72) pm? ~ 2 % e gl % 185.84 (£2.33) um® (Bl B)> d £ % ¥ 2 ACC

SRS R R IR e g A Y pap e o Bn ACC ik ¢ & e
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-

Wz ~ X 2% S HPEFL 0ImM ¢ $3 5% ACC AL it F 75

Bt H S S B IEEFIES 0.ImMACC 3% 24 ) BFo @ 15 # ddH2O >

v

3 2 ARALE Y ddFRO ddliet oz 5 B (A) & RECE (B)o b 45 E kT
ddH20 #p#lie > TR 55 0.1 mMACC RiRAdiy sk od 2@ -4 5 5k p
BT T E (Do)~ #14E> 0.1 mMACC 4% 22 ddH2024 | & (Dy) ~ #42

Hllepd ey ddHO 3ikts 1% (D) 2 2% (D3)cBar=1cme
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25

* * **k*k
20 I
€
Es I
e
=)
3 I
L 10
:S _ ddH-O
b}
s
= 5 =0.1 mM ACC
0
Day 0 Day 1 Day 2 Day 3
B.
*
8
7 I
I
. 6
E I
E s z
=
©
s 4
S
&
s 2
[T =0.1 mMACC
1
0
Day 0 Day 1 Day 2 Day 3

WI %395 5 HIEFE 0.1mM s D55 ACC ARBHEFLERL I
FRR

B B F 5 HIEEFEIES 0.1mMACC 3 24 o) o @ s # ddH,0
I A FE ddHDO e w2 FRICEFER (A) 2 &8 E R B)od =
B A G5B ERREST 0 F (Do) ~ ¥L3E>T 0.1 mM ACC 3% 2 ddH.O 24
JpE S Bdrdle s gty ddHO B3RS 1 X E 2 X o A fEAJIICF Bk
5010 & o Byt ToE £SE TR R OEBEAERRSF LT LE (%

0.01<P <0.05; **,0.001 <P <0.01; *** P<0.001) -
38
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Proximal tube

0.1 mM ACC

ddH,0

0.l mMACC

W+ E% S PEFL 0.1mM ¢ FH5F ACC RIZH Mt 4 L mve
A58

B HHE S S HIEEAFES 0.1mMACC A0k 24 o) Prom s {45 ddH2024
JpE s F 8 2 ARALIESY ddH2O FRl et iz F RIFEERE (A) B RIERE (B)
F R L AR o PG B RJE ddHXO HrdlE o TR EE 0.lmMACC 3%
BF e od zf A H 5 EFRE G HF R A4S (gibbous) » 2 CF A
3% (proximal tube) ~ ¥ £ (middle tube) ~ i& % (distal tube) £2 2] # (lobe) - Bar =

20 pm -
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1000
900
800
700
600
500
400
300
200
100

Petal cell size (um?)

900
800
700
600
500
400
300
200
100

Petal cell size (um?)

** *kk *k*k *k*k

]

I
= ddH:0
T m0.1 mM ACC
Gibbous Proximal tube  Middle tube Distal tube Lobe
*kk **k*k *kx *kx
I
ddH-0
- ®0.1 mM ACC
Proximal tube Middle tube Distal tube Lobe

W= A EWF SHEFLE 0.1mM 2 FH 5P ACC AJIL{S ot 4 & v

o

i

S

A By 5 B - E R 0.1mMACC 3% 24 o) BFoo@ 18 { #3Y ddH2024

|pE S 38 > RETIESY ddH2O FrA et dezo A pIRERE (A) BERITERE (B)

Pz g Ao A BN e ic® 2 o 5 200-700 B o #ohp 0L iBE +

SE R3B! hEBEAEHELFZ LR (% 0.01<P<0.05 ** 0.001 <P <

0.01; *** P <0.001) °
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X #E ACC AuZis SsERF-1 # RPN

o F R R FAET R BT T D EH PR o
BRSO TR AFL L P ARAT] SSERF-1 2 RATF LI A
s 5 B B TEEFRF 0.1mM ¢ % Sk ACC i3 R AT 0 I 5k i
B RRERSTSE? SSERF-1 A% 4RE > £ 82 24258 3t ddH20 4] v
food B% 7 A8 ACC g2 1 /] P51 SsERF-1 #E (23 2 & 82

TAERI A REFHFLE ) BT SSERF-1 Vit § AL BTN L

g

VG B AR 5 ACC RJE 6 o) BF SSERF-1 3 T M B4rdlle
TaRPED R A5 ACC JZ 10 /| B SsERF-1 #RE~ = 3 jydlle iy

22 B BRI OES PR HREFLIE A 2R IRE > B SsERF-1 %R

CHAIBIAT S R IREP RS P PRE L F 1 ACC H2 R
BT oA Ed o FELE e BERIT 0 @ SsERF-1 3 TR TR MR
i Bts 0 i ACC EUE 24 | pts SsERF-1 28X LR T% » B il

EMEALR > B SSERF-1 2t ACC EJZE PR (5w |82 44 e dp o ok
T (RN o A o & iy SSERF-1 § BERFRE P & fpe o X PliEaER @
ARBIM AR CEFAEPFERHE B ART AL R GRS

z %ﬁgm%ﬁvfg@),@a SSERF-1 % Tix¥ v+ ¢ X PITRB LR LFHARIT 0 &

2 ’fﬁ 2 B B SsERF-1 # I o
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-—— ACC

Relative expression (27-AAct)

ddH20

1hr 6 hr 10 hr 24 hr
Hours post 0.1 mM ACC treatment

WA+ 2%5% SHEFL 01 mM 2 H#HF ACC AZF FEF

SSERF-1 # %14 BA50

< HEr S H T EFALIE 0.1 mM ACC 3% 0 St EJE T B RFER {82 gRT-

PCR 5% =% SsERF-1 #3& > ¥ & >R3> ddH2O enffd)let g o d

ACC rJLicd > A= & A BIHEP] 5 24253 ddH20 410 SsACT7 i%
PERATF X RN AITE 1 2 ddH2O e i i AP EAp AR
£ (QMAAct) o Hedp T 35iE £SE TR B A A EAREF 2T LR (%

0.01<P<0.05; **,0.001 <P <0.01; *** P<0.001) -
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3.5SSERF-1 ¥ it 7 -2 fhffe e Bids Rg 2

d 3> SSERF-1 B>t e % F %15 > Tt 4554 SsERF-1 8% ¢ B Ptk
¥ e TF e > BB AR M o FiEiE S SsERF-1 YR PG B diE
35S:SsERF-1 ~ 35S:SsERF-1-VP16 & i 4] 5 35S:SsERF-1:SRDX ]3] # 7 & -
r1 RT-PCR 5 *t % A 7] SsERF-1 # Finith > (4RI ~»)>
AT FZAF RH% o 7§ I0UMACC s £ A 1 2ad £ 3 2
o5 T A Col-0 &= AR T w7 RBEICHFZF ik
WRABT R hB IR TR GhE TR ) AL D T ¥y Yy AL
FHZARF ik (B4 A)e A (o 5 adF ACC B R gL £ T § 5
AR G2 AR F Rk SRR A P RTE ) g 2R A S T A
Fod (B4 C) 2 enfd 4 (FI1 D) L7 b lmihs v angt s
ARV B o BEFT A A A Col-0 7By § — 5 d ik 4634 % ~ frE o ik
53.66 % » 35S:SSERF-1 7 therf e 4 — 4R 85w 1k 52.63 % ~ B & $ o ik 47.37
% » 35S:SsERF-1-VP16 # 7 theg a8 § — 4854 (b 38.60 % ~ B & 4 ik 61.40
% > 35S:SsERF-1:SRDX &7 therf = § — 4850 1k 32.81 % ~ B %4 & 67.19
% (B4 B): * FHEARTEE § h¥d 28 ¥ @4 2485 > 7 & 10 uM ACC

R T 0 SSERF-1 A F e 7 i &3 PERE RS a e ot r o
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Col-0 35S:SsERF-1  35S:SsERF-1-VP16  35S:SsERF-1-SRDX

10 tMACC - - - 4+
B.
1
0.9
%g 0.8
€= 07
= O
25 g6
B o
s&8 05
£ 5
o (]
3 03
02
0.1
0
Col-0 35:5ERF-1  35:SsERF-1-VP16 35:SSERF-1-SRDX

44

Apical hook

Exaggerated
apical hook
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Wi > 2%k SSERF-1 WRioh a2 v e Jq% 1= 4p X & (Ethylene

Triple Response Assay) % %

A ~ SsERF-1 e i) B =4 :F 2. 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 ~
35S:SsERF-1:SRDX #4 #& 7 th&2 %% 4 4] (WT) Col-0 % w 2 "»’fﬁ}_ wERESE
TEEESE A 10uMACC #3352 4 fiUe? fide 5 b (hypocotyl): &
A4 PR GTEH Y (apical hook) » =B (-) 22 E£37 2 ACC B &4 > +
() P52 &7 10 M ACC 2 % &L o B~ SsERF-1 P iaoR B =4 if 2
35S:SsERF-1#1 ~ 35S:SsERF-1-VP16#1 ~ 35S:SsERF-1:SRDX #4 & 76 fR 22 I7 4 7|
(WT)Col-0 % % "F = 4 cn% e 428 1L blo B & 443 P AR 4 84 (C)
AR ERBLE RS Y S > 3 P ASY I 4p 2 (exaggerated aplcal hook)

(D) o & EJT 9B 40~60 th2 w3t o
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3.6 SSERF-1 ¢ REF P R §athens L3R

33t SsERF-1 A F# i 2 B4 £ R 518 SsERF-1 *7 19
Pk Bix4iE2 35S:SsERF-1 ~ 35S:SsERF-1-VP16 % 35S:SsERF-1:SRDX i

T FRIE 7R X B0 4 4] Col-0 1t gt id & SsERF-1 # i B4 - F &
FEFPPEOAERTEAE LT lom % 2 L3044 £ P (rosette) #cE LR
IR » BA PR PE R > 10353t SsERF-1 HEHRB B R a8 v A% 4
Al Col-0 fEtr* 316 9 2215+ 024) X “{H A& 3 lcom> @ 35S:SsERF-I1
WK B AE S 235 (£027) % > 35S:SsERF-1-VP16 7% 4k tdf s 22.17 (
0.26) % »35S:SsERF-1:SRDX # % $x0] tedhftié 21.21(£0.19) = (F* A-B);
AT Al Col-0 HIATEH 2 £E3 lom P d £ ¥ B 53 10.55(0.15) &
@ 35S:SsERF-1 #& 78tk 5 11.36(£0.21) % »35S:SsERF-1-VP16 stk 5 10.92
(£0.20) % » 35S:SsERF-1:SRDX # 7 k0 5 10.30(x0.18) & (Bl+ A~C)’ i
Rt E LB EAFTREF LR w7 A 35S:SsERF-1 % 35S:SsERF-1-VP16
ARG AR AR g ROLiE > RAE Y FRR S Y R E TP SsERF-
1 %7 iy 5 — 45 1* 5 (transcriptional activator) ; ¥ 2_ » 35S:SsERF-1-SRDX ##
ER R B R A RS N %F > Ko SsERF-1 A %7 iy ¢

etk (S e R PR PR o

50 8- HIF SsERF-1 @A R Al BT I Z P st ? b ad EFFE
AR AEBIEY 3 3 4 GO REERFARZ MR ¥ LB 4] Col-0 k78
X% 1473 (£081)cm > @ 35S:SsERF-1 #78tkeik® 4 5 8.67 (+ 1.57) cm
35S:SsERF-1-VP16 7 tkehtk & 9 % 12.53 (£ 0.96) cm » 35S:SsERF-1-SRDX i
AR B Bl 5 1749 (£ 0.60)cm > F & A E L4 EHEL R > B hdhE s
PR T 35S:SsERF-1 % 35S:SSERF-1-VP16 ¢ & # fakinfith » F 2 -
35S:SsERF-1-SRDX R A 2 # erfeth (Bl - A-C gl ) 2t oh o fpgon
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7 4 4] Col-0 2 2 & (primary shoot) + # & 1=t %/~ < (Secondary shoot) ~ *
F 4 & 1 orge B dvipldc (lateral shoot) » 35S:SsERF-1 % 35S:SsERF-1-VP16 #
FEHRE A A A K R 0 F 2 0 35S:SSERF-1-SRDX # 75 th § fu = 340 4 i o
A2 s o a R L AP et E T e v sa kb A Rz Bt
(tertiary shoot) & 77 4p $3°0F 4 3] Col-0> 244818 3 3 4 ¥ 35S:SsERF-1 %
35S:SSERF-1-VP16 75 tken4 £ #f > @ 35S:SsERF-1-SRDX #78 th B & Bfi
FRE EPFE 0 WP SSERF-1 FEf § RSt thd L R 2 (s~ Ty
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Col-0 35S8:SsERF-1 #1 358:SsERF-1-VP16 #1  35S:SsERF-1-SRDX #4

23.5 I

23
225 b b

N

N

—
-

o

Days to boiling
N
N [
NS
—

20.5
20

195

Col-0 35S:SsERF-1 #1 35S:SsERF-1-VP16 #1 35S:SSERF-1-SRDX #4

=
N

H
=
(63}
—

ab

,_\
=
o
——

105 I °

=
o

Rosette leave number at boiling
©
(6]

Col-0 35S:SsERF-1 #1 35S:SsERF-1-VP16 #1 35S:SsERF-1-SRDX #4
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WL -EPBRERT SSERF-IPROFHABRIBERFIBEELS F&E

A ~ SSERF-1 fe 3 oK B =4 & 2 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 »
35S:SsERF-1:SRDX #4 7 tke2 25 4 4] (WT) Col-0 & P BT “Hl 4 £
3 lom PFEchiple B () % FREE (T)o B~ SsERF-1 R R fmthz 0% 4
A Col-0 fEtk& P THEHEA LT lom X dk (FHALE P i) fiiE 95
30~60 % c C~SsERF-1 e iarigatis 4 4| Col-0 & p BT EH 2
£ 31 lom Prengd kP (rosette) #cE o fEREE 5 25-35 % o fp 0 L

28 +SE TR ORI IAFEFAALABREFL I EFLE (P<0.05)
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Col-0

358:SsERF-1#1 35S:SsERF-1-VP16 #1 35S:SsERF-1-SRDX #4

Col-0

358:SsERF-1 #1 358:SsERF-1-VP16 #1  35S:SsERF-1-SRDX #4

Plant height (cm)

20

18
16
14
12
10

o N B~ OO

Col-0

35S:SsERF-1 #1

50

35S:SsERF-1-VP16 #1 35S:SsERF-1-SRDX #4
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BL- ~EPRBH# 45 X SSERF-IFPORTEA RO TA%E2 B

®

A ~ SSERF-1 e ok B = 4 i 2 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 ~
35S:SsERF-1:SRDX #4 #7522 9% 4 4] (WT)Col-0 %&£ p 4 4-53% + pFenfi tk o
Bar =2 cm ° B~ SSERF-1 e ik B =4 :F 2 35S:SsERF-1 #1 ~ 35S:SsERF-1-
VP16 #1 ~ 35S:SsERF-1:SRDX #4 #7275 4 4] (WT) Col-0 74 *hj o C »
SsERF-1 fr 4 ta % B = % & 2 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 -
35S:SsERF-1:SRDX #4 # 75 k&85 4 4] (WT)Col-0 A& P ¥ 4-5 {H{thB A o
EHhEE YL 78 o TioE +SE ER B A RE2 F* A AKS

FEFBELE (P<0.05)-
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3.7 SSERF-1 € E=fkdr#lF oA fAREF 2 L2 B 843

% . SSERF-1 § s mtaens £ B¥Fie- Hm% SsERF-1 5% ¢
PEFHER S g AR RERY T AIRIES v apP LR
misRlEREOFEARL S AL L L Rl > T F (inflorescence
internode) £ & > ™ 4 7] Col-0 en&F & &R 5 4.29(£0.47)cm » 35S:SsERF-1 #
7tk & 3.39 (£ 0.24) cm 0 35S:SsERF-1-VP16 #5754k 5 3.39 (£ 0.24) cm > @
35S:SsERF-1-SRDX #& 7 tx R] 5 4.44 (+ 0.34) cm » ¥ 2 35S:SsERF-1 Fr
35S:SsERF-1-VP16 75tk 40 I crd % » T SSERF-1 6 B 4 JL15 § & ficdr ] &
B4 E Kk 2 »35S:SsERF-1-SRDX #ath izt ' i aE LR L &FER
T4 At £ - d s BEn SSERF-1 A F|AF ¢ B R RERSF L E (B =
Ao BF APr @Bt le s B Bk TEFEHRRT > i
k2K A BRI EEARERENIRG 0 T2 3] Col-0 &4 1kg & 31.61 (+0.38)
cm>35S:SsERF-1 # 76 +k 5 28.63 (+1.21)cm > 35S:SsERF-1-VP16 #& 7 +k 5 33.99
(£ 0.52) cm > @ 35S:SsERF-1-VP16 # 78k 5 39.02 (+ 0.64) cm > 4p >t BF 4
A > ¥ L SSERF-1 ¥R 4315 § # BB HRF R > o F 2 » SSERF-1 Fr|A| @
TRl g BB PR B K 4c 0 B2 AR 35S:SSERF-1-VP16 & 7 th ch i % 4 1 &
35S:SSERF-1 75k % — 3k > {2 (7 ¥ Jiip] SsERF-1 A F12% 37 ¢ B S5 b 4 &

Bt £ (Bl = B~ '"4rEl-) e
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Internode length (cm)
N w S o

[y

111l

Col-0 35S:SsERF-1 #1 35S:SsERF-1-VP16 #1 35S:SsERF-1-SRDX #4

a
b
c
I d
15 I

Col-0 35S:SsERF-1 #1 35S:SSERF-1-VP16 #1 35S:SsERF-1-SRDX #4

=

s
» ~
S o

w
ol

Plant height (cm)
X 8

N
o

WLtz ~EPpPBRERT SSERF- IR OFEA BRI ESFERZ B 443

A ~ SSERF-1 P o) B =% &2 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 -

it

35S:SsERF-1:SRDX #4 # 7% $he2 95 4 4] (WT) Col-0 &E p 2 £ 2 4 & &
(inflorescence internode) & A& ° B~ 8-15 $hfithi* & » B & #E 9 5 30-60-
B~ SSERF-1 e iR B = 4 £ 2. 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 ~
35S:SsERF-1:SRDX #4 #7k$1 % 4 4] (WT) Col-0 tf p 2 £ 2 B ¥ {53
BRotithlic® 95 78 HofidpuToE +SE TR OB 2 RE2FH A EAK

SWESHFELE (P<0.05)-
53

d0i:10.6342/NTU202302061



3.8 SSERF-1 ¢ AiEFr§|miest £ R @Ak E 2 ] Hf-Pt

BEFod Ay UM SsERF-1 A7 H7Tx4 £

‘.3;

B4 ) % SSERF-

Il @gapalt kB2 TEF - g4 5474 Col-0 fuiriE§ 4

4

BEW 4w

7

PENO0 BEE 2 Bood o m a4 4] Col-0 0 35S:SsERF-

1~ 35S:SSERF-1-VP16 % 35S:SsERF-1-SRDX = féi# 78 thefc & 75 fi 30 p PR LR

THERF DT ER REA A RTRET LG 20 L] Col-0 ik
Bk TEERaE BB A Col-0 - kv BF SsERF-1 # 7 § %

HRTEEF rh SRR (RS- BBz A)e #2057 omn
@A AR 4 4] Col-0 755 # 5 1.680 (£0.014) mm? > 35S:SsERF-1 # 7%
5 1.439 (£ 0.017) mm? > 35S:SsERF-1-VP16 #3545 5 1.439 (£ 0.016) mm? >
35S:SsERF-1-SRDX # 75+ B 5 1.776 (£ 0.025) mm? » ¥ & 35S:SsERF-1 %
35S:SsERF-1-VP16 7tk 3 ARl crAB %t > '+ A 4 #o] iE¥; £ 2. 35S:SeERF-
I-SRDX #7 tkp| § A 4 #X nfERE > BT SSERF-1 A %] € ¥ 78 ph jo

4& (B+= B~ 'd&Rl>) -

- HE T HEA I R OTREARTG S LR Ed wieut & &
Wi A B ATI o JIF TERRE P S AT T L B R A LR P & L e BT EES
5RO AR A (proximal) % FE¥Ew s eanR g0 e (distal) A Wdp RE
it B G iR (B2 B I AB)e iAo PRGN # AR ARG
b A e A AT 00 A Bf DR A APERITIF A A Col-0 dugzh b A4
w2 oA 5 141,193 (£ 1.828) um?»35S:SsERF-1 #7854k 5 126.631 (= 1.783) um?>
35S:SsERF-1-VP16 75tk 5 124.226 (+ 1.708) pm? > @ 35S:SsERF-1-SRDX &
R G 177754 (£2.825) um? » g1 35S:SsERF-1 % 35S:SsERF-1-VP16 %7
i Aple A8 % 0 ¢ G Pl rRE e K A A2 ) ht AL mie ) F 2o
35S:SsERF-1-SRDX % 78 k p] &_ Fegr et L@ A Y Rt AL
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(Bl BT A V- g PROTEAREAI AL wre f L
PEA DL A m o etk o APEOTIF A A Col-0 AN & A wme G fF 5
880.915 (+ 25.871) um? » 35S:SsERF-1 # 7 tk 5 778.341 (£ 20.290) pum? >
35S:SsERF-1-VP16 ## 75tk % 787.796 (£29.318) um? » @ 35S:SsERF-1-SRDX i
7R 5 1059.291 (+35.867) um?» F 4% &g 7+ 35S:SsERF-1 % 35S:SsERF-1-VP16
KT AR A8 s & P IR A e it K A A 4 O] ih) &AL e
F 2. 35S:SsERF-1-SRDX # 78 kB H_RGE v s me it £ @ A 4t iht
A mee (BlLtw ~BL3 B)o st #rif» ¥ U@ B4R SsERF-1 $ 71 ¢ 516

Frdlimie at K PR B 0 2w A 2 BU) PR
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Col-0

358:SsERF-1 #1

35S:SsERF-1-VP16 #1 . !
- n ! '

1.9

18 I

17

1.6

14

Petal size (mm?)

1.3

12

11

Col-0 35S:SsERF-1 #1 35S:SsERF-1-VP16 #1 35S:SSERF-1-SRDX #4
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ML= &P REBRT SSERF-1 PR OFTERERDTEE ~ EP ~ B84 R2

5

A~ SsERF-1 e i) B =4 iF 2 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 ~
35S:SsERF-1:SRDX #4 i 7 k&2 % 4 4] (WT)Col-0 =% (flower) ~ ¥ % (sepal)
% fo¥: (petal) “hELeBar=1mm-e°B~SsERF-1 [P ik B =4 iE 2 35S:SsERF-
1#1 ~ 35S:SsERF-1-VP16 #1 ~ 35S:SsERF-1:SRDX #4 ## 75 $k 22 2% 4 74| (WT) Col-
0 “¥d ff o "¥HE N 5 135225 % o g T 39E +SE ERCBl 2 B ®

A RAEETLEETLE (P<0.05)

57

do0i:10.6342/NTU202302061



WL~ £pBEE SSERF-1 PO AR £ 4 &30« 323 % ¢35

He

14k B KR ek Ap W SSERF-1 1o 3 6% B (=4 i 2. 35S:SsERF-1#1 ~ 35S:SsERF-1-
VP16 #1 ~ 35S:SsERF-1:SRDX #4 7 k2295 4 4] (WT) Col-0 ot 4 A if=
fnve (distal cell » +) 2 fE#fk 38 mee (proximal cell » T) A ik o B4y FEH

A o %f“#ﬁ FAT 8 O B AR A o Bar =20 pm °

58

d0i:10.6342/NTU202302061



A. 1200

a
1100
&~ 1000 -
g b
o 900
= c c
3 800
=
g 700
B
S 600
=
2 500
400
Col-0 35S:SSERF-1#1  35S:SSERF-1-VP16 #1 35S:SSERF-1-SRDX #4
B. 190 a
170
& 150 b
g c
@ 130 c
‘®
3 110
=
E 9
x
S
2 70
[
@
& 5
Col-0 35S:SSERF-1#1  35S:SSERF-1-VP16 #1 35S:SSERF-1-SRDX #4

WLtI &P BRER SSERF-IFRORTEARTRANR BB 2L w2 s Hf

A ~ SSERF-1 P o} B =4 22 35S:SsERF-1 #1 ~ 35S:SsERF-1-VP16 #1 -~
35S:SSERF-1:SRDX #4 # 7% th &2 15 2 3 (WT) Col-0 = #eid =y 1 4 A im e
(distal cell) & #f o P2 #ic® 9 5 250-400 & o B~ SsERF-1 e iah B =42
35S:SsERF-1#1 ~ 35S:SsERF-1-VP16 #1 ~ 35S:SsERF-1:SRDX #4 & 78 $& &5 95 4 7|
(WT)Col-0 7=#f 38+ % & % (proximalcell) & #f - m*s ¥ X 5 60-100 B o
Bp i THoE £SE FRCBAREFAHALKRETFELEIHEFLRE P<

0.05) °
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Sed

Tk RIS LRI BT A A2 Fh- A B B A e
Le g aXHR B A TCPclassll #4715 & B ¢ CYCLOIDEA (CYC)
AFEIEEF TSP FEL LI B EAFRTENFALR T RTH
RIFEFEA BT I3 ek o dodF sk i) s 58S ) 54 s 8 E (Costa

et al., 2005; Hileman, 2014; Spencer & Kim, 2018) > @ pL 3 % » F $k A £iF ¥ 4

&=
\\\Xr

% (Dong et al., 2018) » %% 3 i 5 X 4vifs CYC-RAD-DIV fiie #h » 4 i

2R FALE R L R R R T 0 SRR o RAT R R B TE S

ﬁ@
=

#oo # %8 RNA-seq & iE » #-p A T4 L e % F ¥+ (ERF) o
SSERF-1 kT » B4 B4 5% % R84 B h4 |~ ¥ fad 3 + 24 TCP
classIl & & =2 { o %362 7§ #F R SSERF-1 ¥ it € £ 3] SsCYC &nir_
B (2RIF,2019) MR AT A FE S B TEF LR DR 0 f Y SsERF-
1 b k2 SSERF-1 $HEtR2 L8 7 vy > & @ 34 ¢ % & SsERF-1 A 7]

$AR AR TR T SR G

41 o2 o GAZBERTE L L PR

PR ETORGEFAY > ARSIl LB FARRE A
E Jfffﬁ BgRic Y o GhEILI ¢ F e TF THGEH T 5L T GEGo iR B
W b te 1 £ ] R - (ray petals) eh2 & (Huangetal., 2020) » 23 2 %5
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B g EjT Y o RhEIN3-3 € % ¢ "»’ 3% W T H3E GA INSENSITIVE 1 » i&m Frd]ic
T chat £ 5 X T AR eh RANACIO0 § & drdlimie 8 £ # w92 &
Fol @ 32 A TR E% F) microRNA164 ik i 1415 #4531 3733 & (Luoetal., 2013;
Pei etal, 2013) o g~ #t » L 3 F S g dpdie g &7 S AR i Bt B
L 5B RBY 2 EFT 0 o iv (Solanum lycopersicum) MADS-BOX
PROTEIN 21 (SIMBP21) & % ¥l % 2 4 £ 4 ehsl b9 drdl 5 ¥ e st £ -
I SIMBP2I Tt g B Fe G A EEgE TAA R4 (N Lietal, 2017) -
et £ F RFF 2 B RhlAAI4 € X Flc ’fF e T BRIt £ P
Fl{=Fex ] h2 £ 5 @ 3T Nuclear transcription factor Y subunit C-9 B ¢ <X 3¢

Bm B

-

GEedlo FERFLFAEAATAR PRAEE LA AHATIAR
FE L ZFf# FE (Chen et al., 2020; Jia et al., 2022) iz 3 ¥ AT ¢ % 4HE
PRFAELFTOEEP CZHE AR EREFALERFRI Y AT &K

R ARIEE S E i T L R R L AT ] S

EEALL L L R IEF e GRS ACC AIZE - 7 LR ot A AL
Bl BRI G S DR RRT R L S PR T RITTF R A
Bamte G A R0 8-33% A MLt 6 fF Pl ELYR Y 2440 % (e d m T )

ﬁ%ﬁlf%ﬁbwmﬁ@me RIT=FRAR 5 0t 7t 7 g 1R i ACC 2

md.\-

“El 11..

e SRR R SRR R LR REE A R N
.t 2 & (cpinasty) > # % 2 iR FIRARRILDT AT i 73 BIEA 2
EBEE L oo 2w iET 8 BT L o FAILE ) AT PG 2B ph

B AR A o R W < MR AL B £ B TRRHT MG o R
Fpht A A E TR ER A LD L F]C @ ¢ o RhEIN3 838
T % RhPMPI %4354 M4 flenfh 193¢ (Chengetal, 2021) = %% 5 {5 4 # » 7

FEIREP YRR L GRra A4 LB LR o do® PR ORI
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B (Rumex palustris) 8.tk ~ 2% % D)L FEL G k4o & (Nicotiana tabacum)
¢FEERIVE > T REPRLEZ - HD %% 2 £ (hyponastic growth) » @ ¢
BAEFERIROERANLARME L0 A d MER G e K (Coxetal,
2003; Pierik et al., 2003; Voesenek & Blom, 1989) ; % ic SI-I443 & 4ime o
EEDIFBEFRII T G v B Efwmanip A R e ) S L RBP4 K
(Chaabouni et al., 2009) ; & & % *» foehfc T80 R g» AFEFT B2 HART M-
ZFd EMAF REL TF G koo BB L B4 Kiga @ T304 (Naing et al,,

2021; Philosoph-Hadas et al., 1996; Soe et al., 2022) o &4 #7 3 & BEom & 4% ¥ it %

W

BAFEFFETE AR EBERSI AT LRSS L o

422 % F %3 GroupIX 2 &M% M3+ SSERF-1 ¥ PRy é d

o T A bk BTG ROR 2 - AP AR R P
CHM 122 BAR AT BARAY G MAfre GBEERE X2 GBS A
Mt & AT 4 S BB RA 4§ Hoinih 114 4 B e A LR
Woon HHE Al Y BT FOE S LR A BB PG ERF #i
Fl+ 5% 122 B R AFREF R F 22 MG M A 7 LS Fip P
A F] SSERF-1 A > Group IX ¢ IXa 3% » @ & H & 4 4piT e 7] 4
AtERF-1 (AT4G17500) 4o AtERF2 (AT5G47220) % | Jf*: o 5 % & AtERFI3
(AT2G44840) » & #iT N = e 3 W= i CMIX-3 Motif » @ A58 5 ¥ 17 5 s
7% 1“3 (transcription activor) (B1= A-C)> @ d = & SsERF-1 P iah B =4 &
&7 R e kol fi o T OB IR 35S:SsERF-1 ¥ 35S:SsERF-1-VP16 & it A & 78 $k
AR R R e s F 2 0 35S:SsERF-1:SRDX Fr| 3| # 7e R R 5 & w0 = Jﬁ/
FpF ek BV ABE > WP SSERF-1 (%7 s P FHE S L3 ehde 4 o Group IX

FHAFIP e ot S EWRF BT M @ IXa 339 > AtERF-1 % AtERF2
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LG R RDEFAR R > 2 AT ARER § X e EGEAR > A AtERFI3 P
g fﬁ o3t 7 e E A RN 2 478 AtERF-1 3 AtERFI3 % fi-iv
A4 E T3 RF 4 ME (Fujimoto et al., 2000; Onate-Sanchez & Singh, 2002) ©
Group IX a + #H A F]- AL B P m#m)]%l‘ﬁ &4 B > AtERF-1 v AtERF2
ATV 58 Phid (B3 ipcps Pro shA 55 23 (8% ) § R4pit > @ AtERF-
INAtERF2 3 AtERFI3 % § X 31§ dvio FliLsa 85 7] (Pseudomonas syringae pv.
tomato DC3000) & % {8 & & B o M ¢t > AtERF-1 % H . Mitogen-activated
protein kinase 3/6 Bipk v & /i #4 B s ) (Botrytis cinerea) *7ih %2t A £ =
Fw Ay T RSER A AT (Defensins) e I 7 3% }}55 AR
(Onate-Sanchez & Singh, 2002; Wang et al., 2022) ; @ & 3= ERF?2 “,% ERGEVE: RIS 5
R o F Rt > g X f e ta ik (Stemphylium lycopersici) RaE o X 58
k17 pe (salicylic acid, SA) ~ % §"f& (jasmonic acid, JA) * L% % (reactive
oxygen species, ROS) % % ix 25 Bt Ap M cnB e e > 2 ¥ it A4y Plo ~
Pathogenesis-Related Protein 1b1 - Pathogenesis-Related-P2 i‘r»#a)i% R TF IR
VIS g def fmik g 2 (Heetal, 2001; Yangetal., 2021) » ¥ - = & - AtERFI3
¢ %3 ‘{Jﬁﬁfﬁ ¥ fig (methyl jasmonate, MeJA) & - AtERF-1 P|A_¢€ # ’%%{Tﬁ?z e
fia 2 'K ¥ pk B8 » @ AtERF-1 7 2 $o :flia 2 %1 ENHANCED DISEASE
SUSCEPTIBILITY 5 * -k iffa & S 4pM 515 2 3 (e - FH7 % ¢ b
S8 ERF AT H U fop RAE A4 M P okE A M (Ofate-
Sanchez & Singh, 2002; Zhou etal., 2018) « *& 7 353 F Jis b - 3T 7 § ¥ graF $4
4 ERF-1 AT 4a3tehz st £ 4 M > oo 4o (0% e AERF-1 § % B 4v
Flax e d £ @ R ERPNG R 8w f > f ¢35 PHLOEM

INTERCALATED WITH XYLEM B S 5822 = & 'z & B A 4y 0 T 1% 5 {5tk

~

BF b (defgh %) SRR ad LR et U R B RS

4 &% 5 T 7 (Etchells etal., 2012; Hoang et al., 2020)- # % (Malus domestica)

63

do0i:10.6342/NTU202302061



MAERF2 35§ RId 9§ €0 A ¥ 2% %9 2 AT 52 2k

+ (Yingjie et al., 2022) o o g & 2w ¥ & AtERF-1 % fhF5hat i fdRst A

:H‘

B RICTERF R A B R R T BT S L B2 R

“,% 7 GroupIXa +# ¢ > GroupIX ¥ 3 3 5 2 R AFIRER By P2 £
WV APM o 4o AtERF1(AT3G23240) i A 2 AR @ f hE & 5] H it
PBEERST 25T € B AL EIN3 T “éf TRE R R FIEAPM
EH4I2 Bged 322 PR L § A2 R Pl 22 T iaghad £
b HF E 4 Wi ANTHRANILATE SYNTHASE | iea $52 & 4 B fc
A Kl im e R EREE S L F 2 £ A iriRe (Mao
et al., 2016; Solano et al., 1998) ; k& OsERFI ey iah B = 4@ mik2 §
it TERFI 3k ¥ B = M thom ¢ A2 PR (f ¥ 2 4] £k (Hu et
al., 2008; Huang et al., 2004) « g * » "dpch AtERFS (AT5G47230) 4= AtERF6
(AT4G17490) A FIRl £ b %2 2 DELLA W Hpjc4 M » £ & 5EFrd|mee o
Bl A4 o) enE P 24 $k (Dubois et al., 2013) @ AtERF96 (AT5G43410) &
BRZREHEIRE A2 ) E R > AtORAS9 (AT1G06160) ] E_¢ 5 i 8 n¥e
A A4 Rk hE F E (Vanden Broeck et al., 2017; Wang et al., 2015) - %1 ¢
g F]F ¢ o Group IX SFHAFIRT 7 F S A RES BF <] e ;,;qu;

o A PPN E ERFRBFALRG RO SL A AHE

A5

)

e
=t

BEALEFT 2 x|y o

3=

4.3 SSERF-1 § &GP/ p £ o f fljcn g ¥ - &2 DFERHC ik

¢k %)+ (ERF) @ frj v 5 & 0 g X Tl iy 2853 F

BEIEER 2 LRy AP0 AtERFS v AtERF6 € % 3| ¢ ' 48
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BAFE R EE T E P a4 £ (Dubois et al., 2013; Skiryez et al., 2011) ; -k 45
OsERFI ¢ Ffse s > F 2o %F 57 M2 T SoAfihsd R385 %
(Huetal,2008)« ** k#5 5 ¢ » % £ SsERF-I § o % spi» ACC AR ®
PR R IERE (BN Br B v a2 e F RS P it
PEAOE 0 AP A IREN T AN e i Y B IR 0 dosz s RAERF092 €
BRLWARIL | PR ARFREGE > A AT RIERNRE LAY TR
4k % R 2 7 Z 4k (Khanetal, 2020) 5 4 7= (Gossypium hirsutum) 5 i
GhERF-IXa + #ZAFIRF 3 B = [ A F & RET § < I it 3 2 040
BARIZES 1 PPN NI ARI ARG > B SEF PR AL A T P B tE L
(Champion etal.,2009) ° } &g > o3 ia% @ e Jh & ¥ AtERF-1 2 F i ERF
Group IXa + # e ALERF2 ¢ A e ¢ g2t 12 @ AR AR %
(Fujimoto et al., 2000) » @ £ * i 4} = GhERF-IXa + # 7 ]2  ; ERF Group
[Xa 3 #eh~ 2 SSERF-1 2N 7 b > B o A F)F & gt ARt
BH L WF BREY TR EE A MG o gt 2 B EE R ACC JE 10

JPEts e SSERF-1 LA B Y2 s afrdled LR AP ELR g H

-

\\\?{r

= I
L&

=

B R RS R T R ] R B A ASE 10 ] P
TPtk SR L et 2R RB T ZAFI AR E C FARELES T g X T
TRAERE A G PLBREY o R FREPBRE L A
Wit SSERF-1 th# 3 7@ 4 2 e B35 5 ERF RPN L& X 3R
B AP % ¢t ERF JOE 4 R 2 — e DEWAX % 711 ¢ £ 5] 205
FEORATHEL Y NALY § AR RAIL 3 LB ERIGE R £ TIRE

o A FTy RiEnA ERF AT ¢ £ P 2w #rd] > 4ok v SIERFJ2 205 7%

Bk RA LM £ 580 5 7 akhd £ (Chenetal,, 2023) » 12 b 2 kg &g
7 ERF AT 0 ¢ XTIHREP FRF T ELFH G FEFFFHOD

b o
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ftkgte Feongkjo s SR 2 AT g BPH N A BRE OF BIBK A
PREUTEEL Y AF BRBREFRRZ BT AT PRI RREY HT
PP %y €7 ROETHI S OB T o T A 4 TExE g o d 0P BT ahi Rk
AR Q¥ QFEAFLAFLT R TR FRE F e a s <04
At afte FRg AFPRFHRREFRRE oo FRERTY HE & AT
CONSTITUTIVE TRIPLE RESPONSE (CTRI) ~ EIN2 ~ EIN3 ~ ¢ % % % ETRI % £
FlOR SR G A FERBRERATF P HRS ACC 2 HIRB Y L2 2 f
AP E ik PR AT B R natE R 2 F T ¥ 8 Hom
(Chang et al., 1993; Chao et al., 1997; Guzman & Ecker, 1990; Kieber et al., 1993) -
B ARALHATRY hE R L ENERAREAE R FS R ERFC A
FREROERLBREF VR WP BOR P K> AP2ERF - f
AtORAS9 & R 4 WAk » e W en 2 g Tk LT RZIRT A AT
Ao @ R BHRR T LIRE ST A gh %T;Eﬂgﬁﬁﬁﬁ%b%ﬁ%@ﬁ
(Kim et al., 2018) » @ # i SI-ERF2 iR %2 RiA g o FRAR{EREHEL L 77 L%
W ORI A AL LW gy o fic TERFIER 2 Rkt ¢ a2 By 4 &

P L aplalae Fodpr etk ¥ met

—¥¢
e
i
e
=
|

bl
gl
T
5
3
=

A

w3 L 5% 4y (Huang et al., 2004; Pirrello et al., 2006) - @ & & § =% f| *
35S:SsERF-1~35S:SsERF-1-VP16 % 35S:SsERF-1-SRDX = fa# 7 thit {7 ¢ J&fﬁ}_
FE R T L EEER A NIRRT I LAY A2 fUEH
PAET AR T S dhE TR PGk P R A Eanirg 2y P E- Bt @

BiETE 7 RIS ) e f2R 7 TP BABE B & 10 pM ACC
4L TR SSERF-1 A3 BT pfend i ¥ 3 B R i R © G oh
Blo- B gt gn @2 FEARSC G ApF RILREaP LR (B4

A-B) -
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4.4 SSERF-1 $HE¥ D ¥ % P&~ 2 Y B I crp 7

35S:SSERF-1 % 35S:SsERF-1-VP16 #78 thend & fifh » & € 48 15 45 1R /Y
Y 2P PpERF > @ 35S:SsERF-1-SRDX ## 78 tA R 84 £ 5 Poid o 1 2
EthE S &~ 2 Y > B SsERF-1 ¢ BBt L@ B 2 o (S B T ahph

(F> A-C)o o 4 2R fide 2 £ B WA 5 & fipie dof 92 T4 R4 -

o

FREREFTER P AFIFARET A RS REE R F AP L2 Y

\m

R Mo AR RO FALBERCAMATIRERAL HRL G
§ Btk 7= (Ogawara et al,, 2003) 5 @ ¢ % F i F]F A HREE T PER S 5

5B 2 RRP Aol 4 0% AERFI2 AP § S @RI R 1 T
A ,ffE_““ (inflorescence meristem) I f=4 4 8 ““ & (floral meristem) &g 5% > &
AT N Tl N R B B U 2B °/§J< BRI R R R
bZApM cnd £ e 39 DELLAs R &awiiPdah B @ (Achard
etal.,2007) o g+ b » 304 2 W F g FF defe iR AERFI ¢ 8 ¥ @ B R -
PR T AP H € & 7T £l4 (floral initiation) PF3} 4y FLOWERING LOCUS T
AT T fEd e Fw SRy ACC f $anl =P B 4818 (Chenetal,2021) H &

{AcP £ iah AtERF96 € £ {5 B =P ~ AtERFO19 ¢ Wt t6 B v &2 1o % %

¥ 3B e bR S @ B WU PhaERF2S €@ B EREF X A 4 5 i

T

# ~ @ N (Citrullus lanatus subsp. vulgaris) CIERF069 ¢ ut 16 B P 2 % F {5
3 % (Scarpeci et al., 2017; Wang et al., 2015; Zhou et al., 2020; ¥ B at, 2019) ; @
F R FH2EE AP2/ERF #2% PUCHI A Foz B EREF 53 1§ 4
Lo TE- HBBERELL AT a8 A RAEDE kB IRA T FRIZZY PANICLE
2 3K ¥ ehE kiR A ) BRANCHED SILKLESS ¢ € Ie %7/ f8 3 o8 chil %
(Colombo et al., 1998; Karim et al., 2009; Komatsu et al., 2003) » 12 + ‘5 k1 ¢ ﬁ )
WMACFE BFF L S OB ER Y I FEP I 2 AP R

BT P A B SSsERF-1 tefef iy £ i 2 anig s JROTELR T el U pF F ek
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R BT EH N HERAA FE TP OERERT AR FFLE DL o

4.5 SSERF-1 3 =%~ /| 2 ¥z i £ (3 47

%8 SsERF-1 ¢h= B a7 B = 2 8tk 35S:SsERF-1 ~ 35S:SsERF-
I-VP16 % 35S:SsERF-1-SRDX B2 » i & 4 HLit 7 4k 35S:SsERF-1 % 3 7| 7%
T Stk 35S:SSERF-1-VP16 4 40 e ABF: crzd pr ik > @ 5 ) 4] T 25 R
35S:SsERF-1-SRDX F|F 2 (Bl~= A-B~B~z ~BL7) &7 SsERF-1 i
Bt L3 0 5§ S B It K ie R A 2 U] SR Ry

PR A R TR [ ind Ko F 3 5 ERF AT RmA LS B A2

o

miv it K BN IEART Mo dolP iR AtERFI9 ¢ 3% %2 T % Small Auxin Up
RNA Gene 32 * 4 Ritimoe & BBt £ AT B ~ | » AtERFI4 ¢ 356
Pryjmed L g A4 P R anE B &) 5tk (Lee et al, 2023; Ofiate-
Sanchez et al., 2007) ; 3x3. RhERF092 ¢ i B @7 thp k| & & 5 g £ 5 >
X T g R g fwie 1 £ 4p B AL Fl4e AUXIN REGULATED GENE INVOLVED IN
ORGANSIZE ~ SIAMESE % 2 L¢P R TR 5 F 2. » B RiEmbe & Bl it £ 4p B
& Flde ANGUSTIFOLIA 3~JAGGED~CYCD3;1 % CYCD3;2 '# P ¥+ 3 (Khan
etal.,2020); k& OSEATB § THF L 42 &3 R Eafpe o s 2/
INEH iAo HRBE S gt £ E (Qietal,2011) o pt *h o fmPe it £ il
22 e REOM 4T B BB e B HE e R R FR R R OR T e e G

@ P A e § IRA ERF # TR 8 mie BEenA ir G Moo 4o 216K ERF Group
IId = R & %] ERF34 ~ ERF35~ ERF38 % ERF39> 23" 2 g w% o B ~ & it
PGB B B (%”f&i£$‘wﬁ%ﬁ&%\é%%iyj?%ﬂﬁk&@
eREd £ A ARM A F) CESA  i&h S8 wmie B2 &3 g 2 KT R

BEHEBRTFE A AR R T B4 P cnlwe & e i £ OB AR L 4 AP B
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(Cosgrove, 2005; Saelimetal., 2019) ; fe 4= % ¢ 43> AP2/ERF 4%+ — f oh
BOLITA 3£ %) > *t i R 2 Mgtk ¢ Sildrdlmreat £ m A2 4 o] £ 5 > I d #
ERA R EARATLS T LHEF it &8 RETINOBLASTOMA-RELATED PROTEIN 1 ~
CYCD~TCP % $s1imee A Z~ A (-2 2 EAFF B> {7 L8 moe s £ 2404
B e EXPANSIN % »v# 3-v ‘m? ¥ 28 € ¥ 4p M 2L ¥] ACTIN REMODELING
FACTOR 5 % > { Ao H wmveat £ 22 e B4 5 A 3 #r 40 B B2 (Marsch-
Martinez et al., 2000) ; & § (Raphanus sativus L.) RsSERF40 ¢ i i (& 'w¥e 4t £
PEAG &> ¥ ¢35 % RsCESA6 fr RSEXPB3 % ‘w7z FEig (- p B AL 7] > i ¥
Ay & A (Lietal,2023) 5 @ %+ (Litchi chinensis Sonn.) LcERF2 € % &3}
Frimre R SHED A E % F T o T drd] UDP-glucose-4-epimerase gene @ A 4
ol BT 0 PR 0K LeERF2 i8R 2 g amthd LB gad £ 8w
FE RO LR 0 el ERF AT e BEGES 4F B B (Yietal, 2021)0
MLk ARG R T ERF AFIRRE S BT A AFT ke AP AERT AT

SN

4.6 SSERF-1 212 %+ 2 ¥ HRITEHLE 2 £ R iE

Z 48 SSERF-1 [P (6% i 78 4k erfd k22 05 4 4] Col-0 W' v ¥ U IR
35S:SSERF-1 4v 35S:SSERF-1-VP16 # 76 tk 5 F 4 5 4p i eh bk 484 > @
35S:SsERF-1-SRDX # 7tk |} ¥ 2% & ¥ 49 & 2 #4k > 4o 35S:SSERF-1 e

35S:SSERF-1-VP16 7 4 % 4 F S chB CpF I s sk | chfi th 2 o] 15985

a4

35S:SsERF-1-SRDX 7 tR | F 2_ > d pt NP # a4~ 427p] SsERF-1 {37 st

SoHEFE S Ra A F BR%Y 0 35S:SsERF-1-VP16 i 58tk fr 5 R

35S:SsERF-1 #7ath et (Bl ~Bl-+-- A~C) #1315 ten 2

;‘

{ &8 35S:SsERF-1 4pF ~ @ 22 35S:SsERF-1-SRDX #7Etx75 4p e chife (-
= B AT AT AT - LREARFRE G AP hH - @8y
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¢ 0 a E1IREIFY HE AT R FE A RIS e TGA Ei
F|+ §2%F § iy Pathogenesis-related (PR) # F114 %82 d -RAF 7 1/ 2 $ugps 1F
¥ s TGA2 MRV 1EY PRI chd o md tga2 H RFPEARS 7 F R &
HE TGA AF L % 2E ™ TGA2 ~ ¥ v ¥r4] PRI 3 PR2 ehi R
(Fan & Dong, 2002; Kang & Klessig, 2005; Kesarwani et al., 2007) ; @ [@ £ 9%
ARF17 #i-# 7 ¢ 13\13’94’9‘&%"4 & = A %] CALLOSE SYNTHASE 5 ™ 3 1o
mie R A 2 0 e argonaute I R FIRIIINT 4 ¢ Frd| Auxin-inducible GH3 12

Frd] 3 43452 (Sorin et al., 2005; Yang et al., 2013) o ™ F G]F ¥ #HP 1 - &

F] e g i T oA § i Flpt SsERF-1 7 ¥ i § F4giengrit > Hxa i
FAEtR ke MY 3 - 2R ST > g E AR OT R4 Es VPI6
B g it Al A R D R AN 33 chfiR > @ F PR fE w2 ABF o

B RIEA S A od WA S IR RITFROLRITSRES S D g gk
A g ffF o @ SsCYC PRI F L 1o d RIEHAMEE 2 cnpfszd d > 3 €33
WA mrr gt R 2 AR EFERITIEL L 2T RAGKRE L]0 F SsERF-1 %
¥ it i A SsCYC et T 5 %] (Dong et al.,, 2018; Pan et al., 2022; 1 iR 3#,
2019) > @ A BEFAA T RIF T SSERF-1 i A8 7T ¥ 0 RS RE 2m >
WO B i @Ak g BN wru £ g RS £ <) pe
LB A RITEERR A F F T F  F oV A TR Ekad 4 e Flend
B 2 AF R FIR 3 T % 5 M OSSERF-1 {3 s £ 25353 L AT P A Rl
Peoom TAR AT RIS FHEALTREBAROEY R A EFEEHE s AR

FIR cn T 0 h e TR A5 2 & 5 gt b SsCYC iR E B i R

|

FRERHE € drdl vzt £ o 8@ & 2 #o) hio & (Pan et al, 2022) 0 iz

R - AFAET RPFMAY X7 €F F A - R s a0 o SsERF-1 P16
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»ﬂx“%tiﬂ’flﬁaﬁgiﬂ’ﬁ TrEme L T - TRIF BEATFA e/ B o i )

v oHEt g o

K=

dtARE 2T SSERF-1 R 8 bk g iE Y HE LRITERAL L £

ST BT R R T A 0 A E S RIEAEILE 2 2 MAERAT) SsCYC ¢
BUAT BTN AAR ) BTV A SES L L EAT % SSERF-I a3 b b

TCP % & =8> i&m B3¢ SsERF-1 % 3> @ SsERF-1 Vi € 3 2w 4 &
B BBt £ R A R IEREd £ D EsRPRE L0 Y - 23 G0 SSERF-
I gAke FiGE e ety PR EEe FOERISAFETHF ol @

ERF 5 %] 2 ' i 3 47240 M AL F] EXPANSIN ~ CESA % > i@ drd)] o #%hm 52

|+
:ﬁ
\\X;

ot £l TR AR AT R (R R 2 AT R L AP £ 2

FARNTELA S e HAE A R A S A (R 2) -
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Ethylene —® Ethylene signaling pathway

12

Cell wall—related genes
(EXPANSIN. CESA, etc.)

Dorsal petal
FSSE — —(
=] 7 Cell expansiol

Dorsiventral
differential growth

Ventral petal

B+ ~SsCYC ¢ SsERF-1 * % v & F 7L ¥ o (v i %

R T E T EARY 0 SsCYC R U A RITERRR R A RE 2Tk ihA Rl

B AT ER TR R AR > A T BB B LT AT SsERF-1 fa#

N

32 TCP & B8 > iem ®ae SSERF-1 th% > @ SsERF-1 § &% iE#r

&

PEIERRR R A2 £ F TR R AR A RITORRE R

#] s ve 2f £ 4
57 S B R 2B 2 ¥ - % 6 o SSERF-1 2 A TR R Ak e -
Fe T SR e R R E T @ ERF 2 ot BiE A M
A Fl4e EXPANSIN + CESA % » #rflimve 16 L ARIEF eh3 L4 T o Mim © %9

PPRES P i BB AR EE ST BEARE S22 - o BS A& RS

RSN
(ud.\-

(binding site) °
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51I% RhBEARRY

ESE R L Eik il PR R - A ER MR A A RIFALEED & & A.

e @R #A o d CYCLOIDEA(CYC) # %1% CYC-RAD-DIV 3 -l %

I

S
N
34

Aot SRR AT R EAE D ARER oA

e 2t

HE P s 2B T A F T EAR IR R BEALTIF Y AP R

S5 o

# W (Sinningia speciosa) % 5 F B4l » T & iE I SsCYC hBt™ P57

SSERF-1> H >t e ’fs F J& %]+ (ethylene response factor) - § >

EAx B

# Hi

FHETEMRY LG AEMLB AR X AT RIERARAS 2 L AWV e

I~

G BRd ACC B Epd T N AL H e o 7 BB o B = d i i ke 4

W SsERF-1 € & o @B R F » AdiEthp ¢ & 86

—l— 7J‘ﬁpB’:‘;‘F& ’

peeb s SSERF-1 € RS HRALER ) T EA L KRBRE - EFREEME K@

F_k
—

B

5 i AEPRA L o) T8 MR SSERF-] T R

o

JERK T - 26 FERA BT RFC G

‘fgr fﬁm m ¥E 4

EEE Y o SSERF-1 X3 FTA T ERE Bk L § Bl £

Wor g B E R R TR BT LT AR BT E G BT

AEFTHFRA BT A

\\\?{r

Do U R ¢ A B T LR

BRI A RIEHELAL R 2 K SE LTS SSERF-

TR FRM AR gk

s BBl Lo B EF LW S0 055 RIEHLEE 2 BEAT S 2 ¢

FREET N (RS 2) -

A A G W R SSERF-1 8 AR BT

A A 2 MO A AP T - 26 c R

2

-
3

A
g\%’l

#1518 SsERF-1 fc#»3F + ¢n TCP % & =ghuidp-d
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L B EE SR Z T R SSERF-1 fe B Y S A i
B SSERF-1 7 ¢ me w EApM AT LR E B R A HREF 4 £

L RJEE R BT L AT 2R e IR LR T 6 32
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2 M3 (2019)° ~ #4r ™ R T=? £ CYCLOIDEA # 472 #4%+ o (ML
W W EBRAE ) EFERLAG B E KR
https://hdl.handle.net/11296/79tksw °

FmEak (2019) FAES @ BB ) 2 2 B HEE TS (ERF)A Fl2 # i 24
o (FALth? cRWZ? 2L H ] £ BE MG ol @4 5o
https://hdl.handle.net/11296/8uu77c °

FHAT(2012) P ia R ¢ Adrimie A BB E T AP TAPM AT H Ao

(ELlHm=> c 2P @185 ) L8P MALAE B @ kbo
https://hdl.handle.net/11296/tuje6h -

Achard, P., Baghour, M., Chapple, A., Hedden, P., Van Der Straeten, D., Genschik, P.,
Moritz, T., & Harberd, N. P. (2007). The plant stress hormone ethylene controls
floral transition via DELLA-dependent regulation of floral meristem-identity
genes. Proceedings of the National Academy of Sciences, 104(15), 6484-6489.

Adams, D., & Yang, S. (1979). Ethylene biosynthesis: identification of 1-
aminocyclopropane-1-carboxylic acid as an intermediate in the conversion of
methionine to ethylene. Proceedings of the National Academy of Sciences, 76(1),
170-174.

Adams, D. O., & Yang, S. F. (1977). Methionine metabolism in apple tissue: implication
of S-adenosylmethionine as an intermediate in the conversion of methionine to
ethylene. Plant Physiology, 60(6), 892-896.

Ali, S., Charles, T., & Glick, B. (2012). Delay of flower senescence by bacterial
endophytes expressing 1l-aminocyclopropane-1-carboxylate deaminase.

Journal of Applied Microbiology, 113(5), 1139-1144.

75

do0i:10.6342/NTU202302061



Baxter, C. E., Costa, M. M. R., & Coen, E. S. (2007). Diversification and co-option of
RAD-like genes in the evolution of floral asymmetry. The Plant Journal, 52(1),
105-113.

Berardini, T. Z., Reiser, L., Li, D., Mezheritsky, Y., Muller, R., Strait, E., & Huala, E.
(2015). The Arabidopsis information resource: making and mining the “gold
standard” annotated reference plant genome. Genesis, 53(8), 474-485.

Boller, T., Herner, R. C., & Kende, H. (1979). Assay for and enzymatic formation of an
ethylene precursor, 1-aminocyclopropane-1-carboxylic acid. Planta, 145(3),
293-303.

Camprubi, P., & Nichols, R. (1979). Ethylene-induced growth of petals and styles in
the immature carnation inflorescence. Journal of Horticultural Science, 54(3),
225-228.

Chaabouni, S., Jones, B., Delalande, C., Wang, H., Li, Z., Mila, 1., Frasse, P., Latche,
A., Pech, J.-C., & Bouzayen, M. (2009). S/-I443, a tomato Aux/IAA at the
crossroads of auxin and ethylene signalling involved in differential growth.
Journal of Experimental Botany, 60(4), 1349-1362.

Champion, A., Hebrard, E., Parra, B., Bournaud, C., Marmey, P., Tranchant, C., &
Nicole, M. (2009). Molecular diversity and gene expression of cotton ERF
transcription factors reveal that group [Xa members are responsive to jasmonate,
ethylene and Xanthomonas. Molecular Plant Pathology, 10(4), 471-485.

Chandler, J., & Werr, W. (2020). A phylogenetically conserved APETALA2/ethylene
response factor, ERFI2, regulates arabidopsis floral development. Plant
Molecular Biology, 102(1), 39-54.

Chandler, J. W. (2018). Class VIIIb APETALA2 ethylene response factors in plant

development. Trends in Plant Science, 23(2), 151-162.

76

do0i:10.6342/NTU202302061



Chang, C., Kwok, S. F., Bleecker, A. B., & Meyerowitz, E. M. (1993). Arabidopsis
ethylene-response gene ETRI: similarity of product to two-component
regulators. Science, 262(5133), 539-544.

Chao, Q., Rothenberg, M., Solano, R., Roman, G., Terzaghi, W., & Ecker, J. R. (1997).
Activation of the ethylene gas response pathway in Arabidopsis by the nuclear
protein ETHYLENE-INSENSITIVE3 and related proteins. Cell, 89(7), 1133-
1144.

Chen, C., Hussain, N., Wang, Y., Li, M., Liu, L., Qin, M., Ma, N., Gao, J., & Sun, X.
(2020). An ethylene-inhibited NF-YC transcription factor RhNF-YC9 regulates
petal expansion in rose. Horticultural Plant Journal, 6(6), 419-427.

Chen, Y., Yang, H., Tang, B., Li, F., Xie, Q., Chen, G., & Hu, Z. (2023). The AP2/ERF
transcription factor SIERF. J2 functions in hypocotyl elongation and plant
height in tomato. Plant Cell Reports, 42(2), 371-383.

Chen, Y., Zhang, L., Zhang, H., Chen, L., & Yu, D. (2021). ERF1 delays flowering
through direct inhibition of FLOWERING LOCUS T expression in Arabidopsis.
Journal of Integrative Plant Biology, 63(10), 1712-1723.

Cheng, C., Yu, Q., Wang, Y., Wang, H., Dong, Y., J1, Y., Zhou, X, Li, Y., Jiang, C.-Z.,
& Gan, S.-S. (2021). Ethylene-regulated asymmetric growth of the petal base
promotes flower opening in rose (Rosa hybrida). The Plant Cell, 33(4), 1229-
1251.

Colombo, L., Marziani, G., Masiero, S., Wittich, P. E., Schmidt, R. J., Gorla, M. S., &
Pe, M. E. (1998). BRANCHED SILKLESS mediates the transition from spikelet
to floral meristem during Zea mays ear development. The Plant Journal, 16(3),
355-363.

Corley, S. B., Carpenter, R., Copsey, L., & Coen, E. (2005). Floral asymmetry involves

77

do0i:10.6342/NTU202302061



an interplay between TCP and MYB transcription factors in Antirrhinum.
Proceedings of the National Academy of Sciences, 102(14), 5068-5073.

Cosgrove, D. J. (2005). Growth of the plant cell wall. Nature Reviews Molecular Cell
Biology, 6(11), 850-861.

Costa, M. M. R., Fox, S., Hanna, A. 1., Baxter, C., & Coen, E. (2005). Evolution of
regulatory interactions controlling floral asymmetry. Development (Cambridge,
England), 132(22), 5093-5101.

Cox, M. C., Millenaar, F. F., Van Berkel, Y. E. d. J., Peeters, A. J., & Voesenck, L. A.
(2003). Plant movement. Submergence-induced petiole elongation in Rumex
palustris depends on hyponastic growth. Plant Physiology, 132(1), 282-291.

Danisman, S. (2016). TCP transcription factors at the interface between environmental
challenges and the plant’s growth responses. Frontiers in Plant Science, 7, 1930.

Dietz, K.-J., Vogel, M. O., & Viehhauser, A. (2010). AP2/EREBP transcription factors
are part of gene regulatory networks and integrate metabolic, hormonal and
environmental signals in stress acclimation and retrograde signalling.
Protoplasma, 245(1), 3-14.

Dong, Y., Liu, J., Li, P.-W., Li, C.-Q., Li, T.-F., Yang, X., & Wang, Y.-Z. (2018).
Evolution of Darwin’s peloric gloxinia (Sinningia speciosa) is caused by a null
mutation in a pleiotropic TCP gene. Molecular Biology and Evolution, 35(8),
1901-1915.

Dubois, M., Skirycz, A., Claeys, H., Maleux, K., Dhondt, S., De Bodt, S., Vanden
Bossche, R., De Milde, L., Yoshizumi, T., & Matsui, M. (2013). ETHYLENE
RESPONSE FACTORG acts as a central regulator of leaf growth under water-
limiting conditions in Arabidopsis. Plant Physiology, 162(1), 319-332.

Dubois, M., Van den Broeck, L., & Inz¢, D. (2018). The pivotal role of ethylene in plant

78

do0i:10.6342/NTU202302061



growth. Trends in Plant Science, 23(4), 311-323.

Etchells, J. P., Provost, C. M., & Turner, S. R. (2012). Plant vascular cell division is
maintained by an interaction between PXY and ethylene signalling. PLoS
Genetics, 8(11), €1002997.

Fan, W., & Dong, X. (2002). In vivo interaction between NPR1 and transcription factor
TGA?2 leads to salicylic acid—mediated gene activation in Arabidopsis. The
Plant Cell, 14(6), 1377-1389.

Feng, G., Liu, G., & Xiao, J. (2015). The Arabidopsis EIN2 restricts organ growth by
retarding cell expansion. Plant Signaling & Behavior, 10(5), e1017169.

Feng, J.-X., Liu, D., Pan, Y., Gong, W., Ma, L.-G., Luo, J.-C., Deng, X. W., & Zhu, Y.-
X. (2005). An annotation update via cDNA sequence analysis and
comprehensive profiling of developmental, hormonal or environmental
responsiveness of the Arabidopsis AP2/EREBP transcription factor gene family.
Plant Molecular Biology, 59(6), 853-868.

Fiorani, F., Bogemann, G. M., Visser, E. J., Lambers, H., & Voesenek, L. A. (2002).
Ethylene emission and responsiveness to applied ethylene vary among Poa
species that inherently differ in leaf elongation rates. Plant Physiology, 129(3),
1382-1390.

Fujimoto, S. Y., Ohta, M., Usui, A., Shinshi, H., & Ohme-Takagi, M. (2000).
Arabidopsis ethylene-responsive element binding factors act as transcriptional
activators or repressors of GCC box—mediated gene expression. The Plant Cell,
12(3), 393-404.

Garcés, H. M. P,, Spencer, V. M., & Kim, M. (2016). Control of floret symmetry by
RAY3, SvDIVIB, and SvRAD in the capitulum of Senecio vulgaris. Plant

Physiology, 171(3), 2055-2068.

79

do0i:10.6342/NTU202302061



Gibbs, D. J., Conde, J. V., Berckhan, S., Prasad, G., Mendiondo, G. M., & Holdsworth,
M. J. (2015). Group VII ethylene response factors coordinate oxygen and nitric
oxide signal transduction and stress responses in plants. Plant Physiology,
169(1), 23-31.

Guindon, S., Dufayard, J.-F., Lefort, V., Anisimova, M., Hordijk, W., & Gascuel, O.
(2010). New algorithms and methods to estimate maximum-likelihood
phylogenies: assessing the performance of PhyML 3.0. Systematic Biology,
59(3), 307-321.

Guo, H., & Ecker, J. R. (2004). The ethylene signaling pathway: new insights. Current
Opinion in Plant Biology, 7(1), 40-49.

Guzman, P., & Ecker, J. R. (1990). Exploiting the triple response of Arabidopsis to
identify ethylene-related mutants. The Plant Cell, 2(6), 513-523.

Hall, T. A. (1999). BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series, 41,
95-98.

Hamilton, A., Bouzayen, M., & Grierson, D. (1991). Identification of a tomato gene for
the ethylene-forming enzyme by expression in yeast. Proceedings of the
National Academy of Sciences, 88(16), 7434-7437.

Harrison, S. J., Mott, E. K., Parsley, K., Aspinall, S., Gray, J. C., & Cottage, A. (2006).
A rapid and robust method of identifying transformed Arabidopsis thaliana
seedlings following floral dip transformation. Plant Methods, 2(1), 1-7.

He, P., Warren, R. F., Zhao, T., Shan, L., Zhu, L., Tang, X., & Zhou, J.-M. (2001).
Overexpression of Pti5 in tomato potentiates pathogen-induced defense gene
expression and enhances disease resistance to Pseudomonas syringae pv.

tomato. Molecular Plant-Microbe Interactions, 14(12), 1453-1457.

80

do0i:10.6342/NTU202302061



Hileman, L. C. (2014). Trends in flower symmetry evolution revealed through
phylogenetic and developmental genetic advances. Philosophical Transactions
of the Royal Society B: Biological Sciences, 369(1648), 20130348.

Hoang, N. V., Choe, G., Zheng, Y., Fandino, A. C. A., Sung, 1., Hur, J., Kamran, M.,
Park, C., Kim, H., & Ahn, H. (2020). Identification of conserved gene-
regulatory networks that integrate environmental sensing and growth in the root
cambium. Current Biology, 30(15), 2887-2900. ¢2887.

Hsu, H.-J., He, C.-W., Kuo, W.-H., Hsin, K.-T., Lu, J.-Y., Pan, Z.-J., & Wang, C.-N.
(2018). Genetic analysis of floral symmetry transition in African violet suggests
the involvement of trans-acting factor for CYCLOIDEA expression shifts.
Frontiers in Plant Science, 9, 1008.

Hu, Y., Zhao, L., Chong, K., & Wang, T. (2008). Overexpression of OsERF'I, a novel
rice ERF gene, up-regulates ethylene-responsive genes expression besides
affects growth and development in Arabidopsis. Journal of Plant Physiology,
165(16), 1717-1725.

Huang, G., Han, M., Jian, L., Chen, Y., Sun, S., Wang, X., & Wang, Y. (2020). An
ETHYLENE INSENSITIVE3-LIKE1 protein directly targets the GEG
promoter and mediates ethylene-induced ray petal elongation in Gerbera
hybrida. Frontiers in Plant Science, 10, 1737.

Huang, Z., Zhang, Z., Zhang, X., Zhang, H., Huang, D., & Huang, R. (2004). Tomato
TERF1 modulates ethylene response and enhances osmotic stress tolerance by
activating expression of downstream genes. Febs Letters, 573(1-3), 110-116.

Jia, Y., Chen, C., Gong, F., Jin, W., Zhang, H., Qu, S., Ma, N., Jiang, Y., Gao, J., & Sun,
X. (2022). An Aux/IAA Family Member, Rh[IAA14, Involved in Ethylene-

Inhibited Petal Expansion in Rose (Rosa hybrida). Genes, 13(6), 1041.

81

do0i:10.6342/NTU202302061



Jin, J., He, K., Tang, X., Li, Z., Lv, L., Zhao, Y., Luo, J., & Gao, G. (2015). An
Arabidopsis transcriptional regulatory map reveals distinct functional and
evolutionary features of novel transcription factors. Molecular Biology and
Evolution, 32(7), 1767-1773.

Jin, J., Tian, F., Yang, D.-C., Meng, Y.-Q., Kong, L., Luo, J., & Gao, G. (2016).
PlantTFDB 4.0: toward a central hub for transcription factors and regulatory
interactions in plants. Nucleic Acids Research, 45(D1), D1040-D1045.

Jin, J., Zhang, H., Kong, L., Gao, G., & Luo, J. (2014). PlantTFDB 3.0: a portal for the
functional and evolutionary study of plant transcription factors. Nucleic Acids
Research, 42(D1), D1182-D1187.

Johnson, P. R., & Ecker, J. R. (1998). The ethylene gas signal transduction pathway: a
molecular perspective. Annual Review of Genetics, 32(1), 227-254.

Ju, C., & Chang, C. (2015). Mechanistic insights in ethylene perception and signal
transduction. Plant Physiology, 169(1), 85-95.

Kang, H.-G., & Klessig, D. F. (2005). Salicylic acid-inducible Arabidopsis CK2-like
activity phosphorylates TGA2. Plant Molecular Biology, 57, 541-557.

Karim, M. R., Hirota, A., Kwiatkowska, D., Tasaka, M., & Aida, M. (2009). A role for
Arabidopsis PUCHI in floral meristem identity and bract suppression. The Plant
Cell, 21(5), 1360-1372.

Kesarwani, M., Yoo, J., & Dong, X. (2007). Genetic interactions of TGA transcription
factors in the regulation of pathogenesis-related genes and disease resistance in
Arabidopsis. Plant Physiology, 144(1), 336-346.

Khan, M. A., Imtiaz, M., Hussain, A., Jalal, F., Hayat, S., Hussain, S., Said, F., Alam,
M., & Amir, R. (2020). Isolation and functional characterization of an Ethylene

Response Factor (RhERF092) from rose (Rosa hybrida). Plant Cell, Tissue and

82

do0i:10.6342/NTU202302061



Organ Culture (PCTOC), 140, 157-172.

Khaskheli, A. J., Ahmed, W., Ma, C., Zhang, S., Liu, Y., Li, Y., Zhou, X., & Gao, J.
(2018). RhERF113 functions in ethylene-induced petal senescence by
modulating cytokinin content in rose. Plant and Cell Physiology, 59(12), 2442-
2451.

Kieber, J. J., Rothenberg, M., Roman, G., Feldmann, K. A., & Ecker, J. R. (1993). CTRI,
a negative regulator of the ethylene response pathway in Arabidopsis, encodes
a member of the raf family of protein kinases. Cell, 72(3), 427-441.

Kim, N. Y, Jang, Y. J., & Park, O. K. (2018). AP2/ERF family transcription factors
ORAS59 and RAP2. 3 interact in the nucleus and function together in ethylene
responses. Frontiers in Plant Science, 9, 1675.

Komatsu, M., Chujo, A., Nagato, Y., Shimamoto, K., & Kyozuka, J. (2003). FRIZZY
PANICLE 1s required to prevent the formation of axillary meristems and to
establish floral meristem identity in rice spikelets. Development (Cambridge,
England), 130(16), 3841-3850.

Kong, J., Lau, S., & Jiirgens, G. (2015). Twin plants from supernumerary egg cells in
Arabidopsis. Current Biology, 25(2), 225-230.

Lampugnani, E. R., Kilinc, A., & Smyth, D. R. (2013). Auxin controls petal initiation
in Arabidopsis. Development, 140(1), 185-194.

Lee, P. F., Zhan, Y. X., Wang, J. C., Cheng, Y. H., Hsu, W. H., Hsu, H. F., Chen, W. H.,
& Yang, C. H. (2023). The AtERF19 gene regulates meristem activity and
flower organ size in plants. The Plant Journal : for cell and molecular
biology, 114(6), 1338—1352.

Lee, S. H., & Reid, D. M. (1997). The role of endogenous ethylene in the expansion of

Helianthus annuus leaves. Canadian Journal of Botany, 75(3), 501-508.

83

do0i:10.6342/NTU202302061



Letunic, 1., & Bork, P. (2007). Interactive Tree Of Life (iTOL): an online tool for
phylogenetic tree display and annotation. Bioinformatics, 23(1), 127-128.

Li, C., Mao, B., Wang, K., Xu, L., Fan, L., Wang, Y., Li, Y., Ma, Y., Wang, L., & Liu,
L. (2023). RsERF40 contributes to cold stress tolerance and cell expansion of
taproot in radish (Raphanus sativus L.). Horticulture Research, 10(3), uhad013.

Li, H., Wang, Y., Wu, M, Li, L., Li, C., Han, Z., Yuan, J., Chen, C., Song, W., & Wang,
C. (2017). Genome-wide identification of AP2/ERF transcription factors in
cauliflower and expression profiling of the ERF family under salt and drought
stresses. Frontiers in Plant Science, 8, 946.

Li, J., Wang, Y., Zhang, Y., Wang, W., Irish, V. F., & Huang, T. (2016). RABBIT EARS
regulates the transcription of 7CP4 during petal development in Arabidopsis.
Journal of Experimental Botany, 67(22), 6473-6480.

Li, N., Huang, B., Tang, N., Jian, W., Zou, J., Chen, J., Cao, H., Habib, S., Dong, X., &
Wei, W. (2017). The MADS-box gene SIMBP21 regulates sepal size mediated
by ethylene and auxin in tomato. Plant and Cell Physiology, 58(12), 2241-2256.

Licausi, F., Ohme-Takagi, M., & Perata, P. (2013). APETALA 2/Ethylene Responsive
Factor (AP 2/ERF) transcription factors: Mediators of stress responses and
developmental programs. New Phytologist, 199(3), 639-649.

Lorenzo, O., Piqueras, R., Sanchez-Serrano, J. J., & Solano, R. (2003). ETHYLENE
RESPONSE FACTORI integrates signals from ethylene and jasmonate
pathways in plant defense. The Plant Cell, 15(1), 165-178.

Luo, D., Carpenter, R., Copsey, L., Vincent, C., Clark, J., & Coen, E. (1999). Control
of organ asymmetry in flowers of Antirrhinum. Cell, 99(4), 367-376.

Luo, J., Chen, S., Cao, S., Zhang, T., Li, R., Chan, Z., & Wang, C. (2021). Rose (Rosa

hybrida) Ethylene Responsive Factor 3 Promotes Rose Flower Senescence via

84

do0i:10.6342/NTU202302061



Direct Activation of The Abscisic Acid Synthesis-Related 9-CIS-
EPOXYCAROTENOID  DIOXYGENASE  Gene. Plant  and  Cell
Physiology, 62(6), 1030-1043.

Luo, J., Ma, N, Pei, H., Chen, J., Li, J., & Gao, J. (2013). A DELLA gene, RhGAll, is
a direct target of EIN3 and mediates ethylene-regulated rose petal cell expansion
via repressing the expression of RhCesA2. Journal of Experimental Botany,
64(16), 5075-5084.

Mao, J.-L., Miao, Z.-Q., Wang, Z., Yu, L.-H., Cai, X.-T., & Xiang, C.-B. (2016).
Arabidopsis ERF1 mediates cross-talk between ethylene and auxin biosynthesis
during primary root elongation by regulating 4S41 expression. PLoS Genetics,
12(1), e1005760.

Marsch-Martinez, N., Greco, R., Becker, J. D., Dixit, S., Bergervoet, J. H., Karaba, A.,
de Folter, S., & Pereira, A. (2006). BOLITA, an Arabidopsis AP2/ERF-like
transcription factor that affects cell expansion and proliferation/differentiation
pathways. Plant Molecular Biology, 62, 825-843.

Martin-Trillo, M., & Cubas, P. (2010). TCP genes: a family snapshot ten years later.
Trends in Plant Science, 15(1), 31-39.

Merchante, C., & Stepanova, A. N. (2017). The triple response assay and its use to
characterize ethylene mutants in Arabidopsis. Methods in Molecular Biology
(Clifton, N.J.), 1573, 163-2009.

Mizoi, J., Shinozaki, K., & Yamaguchi-Shinozaki, K. (2012). AP2/ERF family
transcription factors in plant abiotic stress responses. Biochimica et Biophysica
Acta (BBA)-Gene Regulatory Mechanisms, 1819(2), 86-96.

Naing, A. H., Soe, M. T., Yeum, J. H., & Kim, C. K. (2021). Ethylene acts as a negative

regulator of the stem-bending mechanism of different cut snapdragon cultivars.

85

do0i:10.6342/NTU202302061



Frontiers in Plant Science, 12, 745038.

Nakano, T., Suzuki, K., Fujimura, T., & Shinshi, H. (2006). Genome-wide analysis of
the ERF gene family in Arabidopsis and rice. Plant Physiology, 140(2), 411-
432.

Neljubow, D. (1901). Uber die horizontale Nutation der Stengel von Pisum Sativum
und einiger anderen Planzen. Bot. Centralbl. Beih., 10, 128-139.

Onate-Sanchez, L., & Singh, K. B. (2002). Identification of Arabidopsis ethylene-
responsive element binding factors with distinct induction kinetics after
pathogen infection. Plant Physiology, 128(4), 1313-1322.

Onate-Sanchez, L., Anderson, J. P., Young, J., & Singh, K. B. (2007). AtERF14, a
member of the ERF family of transcription factors, plays a nonredundant role
in plant defense. Plant Physiology, 143(1), 400-409.

Ogawara, T., Higashi, K., Kamada, H., & Ezura, H. (2003). Ethylene advances the
transition from vegetative growth to flowering in Arabidopsis thaliana. Journal
of Plant Physiology, 160(11), 1335-1340.

Olmedo, G., Guo, H., Gregory, B. D., Nourizadeh, S. D., Aguilar-Henonin, L., Li, H.,
An, F., Guzman, P., & Ecker, J. R. (2006). ETHYLENE-INSENSITIVES encodes
a 5'— 3’ exoribonuclease required for regulation of the EIN3-targeting F-box
proteins EBF1/2. Proceedings of the National Academy of Sciences, 103(36),
13286-13293.

Owji, H., Hajiebrahimi, A., Seradj, H., & Hemmati, S. (2017). Identification and
functional prediction of stress responsive AP2/ERF transcription factors in
Brassica napus by genome-wide analysis. Computational Biology and
Chemistry, 71, 32-56.

Pan, Z.-J., Nien, Y.-C., Shih, Y.-A., Chen, T.-Y., Lin, W.-D., Kuo, W.-H., Hsu, H.-C.,

86

do0i:10.6342/NTU202302061



Tu, S.-L., Chen, J.-C., & Wang, C.-N. (2022). Transcriptomic Analysis Suggests
Auxin Regulation in Dorsal-Ventral Petal Asymmetry of Wild Progenitor
Sinningia speciosa. International Journal of Molecular Sciences, 23(4), 2073.

Pei, H., Ma, N, Tian, J., Luo, J., Chen, J., Li, J., Zheng, Y., Chen, X., Fei, Z., & Gao, J.
(2013). An NAC transcription factor controls ethylene-regulated cell expansion
in flower petals. Plant Physiology, 163(2), 775-791.

Philosoph-Hadas, S., Meir, S., Rosenberger, 1., & Halevy, A. H. (1996). Regulation of
the gravitorpic response and ethylene biosynthesis in gravistimulated
snapdragon spikes by calcium chelators and ethylene inhibitors. Plant
Physiology, 110(1), 301-310.

Pierik, R., Sasidharan, R., & Voesenek, L. A. (2007). Growth control by ethylene:
adjusting phenotypes to the environment. Journal of Plant Growth Regulation,
26(2), 188-200.

Pierik, R., Visser, E. J., de Kroon, H., & Voesenek, L. A. (2003). Ethylene is required
in tobacco to successfully compete with proximate neighbours. Plant, Cell &
Environment, 26(8), 1229-1234.

Pirrello, J., Jaimes-Miranda, F., Sanchez-Ballesta, M. T., Tournier, B., Khalil-Ahmad,
Q., Regad, F., Latche, A., Pech, J. C., & Bouzayen, M. (2006). SI-ERF2, a
tomato ethylene response factor involved in ethylene response and seed
germination. Plant and Cell Physiology, 47(9), 1195-1205.

Q1, W,, Sun, F., Wang, Q., Chen, M., Huang, Y., Feng, Y.-Q., Luo, X., & Yang, J. (2011).
Rice ethylene-response AP2/ERF factor OsEATB restricts internode elongation
by down-regulating a gibberellin biosynthetic gene. Plant Physiology, 157(1),
216-228.

Qu, X., Hall, B. P,, Gao, Z., & Schaller, G. E. (2007). A strong constitutive ethylene-

87

do0i:10.6342/NTU202302061



response phenotype conferred on Arabidopsis plants containing null mutations
in the ethylene receptors ETRI and ERSI. BMC Plant Biology, 7(1), 1-15.

Rong, W., Qi, L., Wang, A., Ye, X., Du, L., Liang, H., Xin, Z., & Zhang, Z. (2014). The
ERF transcription factor TaERF 3 promotes tolerance to salt and drought
stresses in wheat. Plant Biotechnology Journal, 12(4), 468-479.

Saelim, L., Akiyoshi, N., Tan, T. T., Thara, A., Yamaguchi, M., Hirano, K., Matsuoka,
M., Demura, T., & Ohtani, M. (2019). Arabidopsis Group IIld ERF proteins
positively regulate primary cell wall-type CESA genes. Journal of Plant
Research, 132, 117-129.

Sargent, R. D. (2004). Floral symmetry affects speciation rates in angiosperms.
Proceedings of the Royal Society of London. Series B: Biological Sciences,
271(1539), 603-608.

Scarpeci, T. E., Frea, V. S., Zanor, M. 1., & Valle, E. M. (2017). Overexpression of
AtERF019 delays plant growth and senescence, and improves drought tolerance
in Arabidopsis. Journal of Experimental Botany, 68(3), 673-685.

Skirycz, A., Claeys, H., De Bodt, S., Oikawa, A., Shinoda, S., Andriankaja, M., Maleux,
K., Eloy, N. B., Coppens, F., & Yoo, S.-D. (2011). Pause-and-stop: the effects
of osmotic stress on cell proliferation during early leaf development in
Arabidopsis and a role for ethylene signaling in cell cycle arrest. The Plant Cell,
23(5), 1876-1888.

Soe, M. T., Naing, A. H., Kim, S. R., & Kim, C. K. (2022). Characterizing the effects
of different chemicals on stem bending of cut snapdragon flower. Plant Methods,
18(1), 1-10.

Solano, R., Stepanova, A., Chao, Q., & Ecker, J. R. (1998). Nuclear events in ethylene

signaling: a transcriptional cascade mediated by ETHYLENE-INSENSITIVE3

88

do0i:10.6342/NTU202302061



and ETHYLENE-RESPONSE-FACTORI1. Genes & Development, 12(23),
3703-3714.

Sorin, C., Bussell, J. D., Camus, 1., Ljung, K., Kowalczyk, M., Geiss, G., McKhann,
H., Garcion, C., Vaucheret, H., & Sandberg, G. (2005). Auxin and light control
of adventitious rooting in Arabidopsis require ARGONAUTEL. The Plant Cell,
17(5), 1343-1359.

Spencer, V., & Kim, M. (2018). Re “CYC” ling molecular regulators in the evolution
and development of flower symmetry. Seminars in Cell & Developmental
Biology, 79, 16-26.

Takeda, S., Matsumoto, N., & Okada, K. (2004). RABBIT EARS, encoding a
SUPERMAN-like zinc finger protein, regulates petal development in
Arabidopsis thaliana. Development (Cambridge, England), 131(2), 425-434.

Tamura, K., Stecher, G., & Kumar, S. (2021). MEGAI11: molecular evolutionary
genetics analysis version 11. Molecular Biology and Evolution, 38(7), 3022-
3027.

Tian, F., Yang, D.-C., Meng, Y.-Q., Jin, J., & Gao, G. (2020). PlantRegMap: charting
functional regulatory maps in plants. Nucleic Acids Research, 48(D1), D1104-
DI1113.

Trivellini, A., Ferrante, A., Vernieri, P., & Serra, G. (2011). Effects of abscisic acid on
ethylene biosynthesis and perception in Hibiscus rosa-sinensis L. flower
development. Journal of Experimental Botany, 62(15), 5437-5452.

Van den Broeck, L., Dubois, M., Vermeersch, M., Storme, V., Matsui, M., & Inzé, D.
(2017). From network to phenotype: the dynamic wiring of an Arabidopsis
transcriptional network induced by osmotic stress. Molecular Systems Biology,

13(12), 961.

89

do0i:10.6342/NTU202302061



van Es, S. W., Silveira, S. R., Rocha, D. 1., Bimbo, A., Martinelli, A. P., Dornelas, M.
C., Angenent, G. C., & Immink, R. G. (2018). Novel functions of the
Arabidopsis transcription factor 7CP5 in petal development and ethylene
biosynthesis. The Plant Journal, 94(5), 867-879.

Ververidis, P., & John, P. (1991). Complete recovery in vitro of ethylene-forming
enzyme activity. Phytochemistry, 30(3), 725-727.

Voesenek, L., & Blom, C. (1989). Growth responses of Rumex species in relation to
submergence and ethylene. Plant, Cell & Environment, 12(4), 433-439.

Wang, K. L.-C., Li, H., & Ecker, J. R. (2002). Ethylene biosynthesis and signaling
networks. The Plant Cell, 14(suppl 1), S131-S151.

Wang, X., Liu, S., Tian, H., Wang, S., & Chen, J.-G. (2015). The small ethylene
response factor ERF96 is involved in the regulation of the abscisic acid response
in Arabidopsis. Frontiers in Plant Science, 6, 1064.

Wang, X., Meng, H., Tang, Y., Zhang, Y., He, Y., Zhou, J., & Meng, X. (2022).
Phosphorylation of an ethylene response factor by MPK3/MPK6 mediates
negative feedback regulation of pathogen-induced ethylene biosynthesis in
Arabidopsis. Journal of Genetics and Genomics, 49(8), 810-822.

Wilkinson, L. G., & Tucker, M. R. (2017). An optimised clearing protocol for the
quantitative assessment of sub-epidermal ovule tissues within whole cereal
pistils. Plant Methods, 13(1), 1-10.

Yang, H., Sun, Y., Wang, H., Zhao, T., Xu, X., Jiang, J., & Li, J. (2021). Genome-wide
identification and functional analysis of the ERF2 gene family in response to
disease resistance against Stemphylium lycopersici in tomato. BMC Plant
Biology, 21, 1-13.

Yang, J., Tian, L., Sun, M.-X., Huang, X.-Y., Zhu, J., Guan, Y.-F,, Jia, Q.-S., & Yang,

90

do0i:10.6342/NTU202302061



Z.-N. (2013). AUXIN RESPONSE FACTORI17 is essential for pollen wall
pattern formation in Arabidopsis. Plant Physiology, 162(2), 720-731.

Yi, J. W., Wang, Y., Ma, X. S., Zhang, J. Q., Zhao, M. L., Huang, X. M., Li, J. G., Hu,
G. B., & Wang, H. C. (2021). LcERF2 modulates cell wall metabolism by
directly targeting a UDP-glucose-4-epimerase gene to regulate pedicel
development and fruit abscission of litchi. The Plant Journal, 106(3), 801-816.

Yingjie, S., Xinyue, Z., Yaping, J., Jihan, W., Bingru, L., Xinhua, Z., Xiaoan, L., &
Fujun, L. (2022). Roles of ERF2 in apple fruit cuticular wax synthesis. Scientia
Horticulturae, 301, 111144.

Zhang, X., Henriques, R., Lin, S.-S., Niu, Q.-W., & Chua, N.-H. (2006).
Agrobacterium-mediated transformation of Arabidopsis thaliana using the floral
dip method. Nature protocols, 1(2), 641-646.

Zhong, J., Preston, J. C., Hileman, L. C., & Kellogg, E. A. (2017). Repeated and diverse
losses of corolla bilateral symmetry in the Lamiaceae. Annals of Botany, 119(7),
1211-1223.

Zhou, M., Guo, S., Tian, S., Zhang, J., Ren, Y., Gong, G., Li, C., Zhang, H., & Xu, Y.
(2020). Overexpression of the watermelon ethylene response factor CIERF (069
in transgenic tomato resulted in delayed fruit ripening. Horticultural Plant
Journal, 6(4), 247-256.

Zhou, Y., Memelink, J., & Linthorst, H. (2018). AP/ERF and WRKY transcription
factors involved in the coordinated regulation of the salicylic acid signaling
pathway in Arabidopsis thaliana. Exploring Novel Regulators and Enzymes in

Salicylic Acid-mediated Plant Defense, 35.

91

do0i:10.6342/NTU202302061



- % Fiae

Wik — ~ SSERF-1 2 SsCYC 2 %455 %] (CDS) 2 &

>SsERF-1
ATGTACCAGCCAATTTTCAGTGAGTTAACGCCGGTGGATTTGTCGCCGGTG
GTTTACCAGAGCTCGAGTTTCAGCAGTCTGGTGCCATTTTTGACGGAAACT
TGGGGAGACTTGCCGTTAAAAGTTGATGATTCGGAAGATATGGTAATTTGC
GGTCTATTGCGTGACGCGGTTAATGATGGATGGACGCCGTTTAACAACGTG
AAACCCAAGACGAGATGTAAAATTGAGCCGGAGCCGAGCCTATCCGCGGT
GAAAACGGAATACGTGAGTTCTCCGCCGGAGATGACCGCGCCGGCGTTGG
CGCGGCCTAAAGGAAGGCACTACAGAGGAGTGAGGCAGCGTCCGTGGGG
GAAATTTGCAGCCGAGATAAGAGACCCGGCTAAAAATGGTGCAAGAGTTT
GGCTTGGAACATATGAAACGGCTGAAGAAGCGGCTTCTGCTTACGACAGA
GCGGCTTACAGAATGCGTGGATCAAAGGCTCTATTGAATTTTCCTCATAAAA
TTGGCTTAAATGAGCCGGAGCCGGTGAGGGCGACGGCCAAGAGGCGGTCA
CCGGAAGTACCTTCTTCCACAGTTTCGACCGTCTCATCCGGCTCCGATAGT
GGCTCTCCGAAGCGGAGGAAGAGAGGGGCAGCGGCTGAGCAAGCCGAAT
TAGAAGTGGAGAGCCGATCCAATTTGCATAACGTTAAATACCACATGACAA

TGTTGCCACATGGTGAACAACTATTGGTGGTTTGA
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>SsCYC

ATGTTTAGCAAGAGCACATACCTTCATGTTCCACAGGTTTCACCATCTICTTC

AATCTCGTGCCTCTACTTCTTTGGTTGACCTTAATGGAGGTGAAATCTTGCT

TCATAACCACCACCACCATGACATGCTTTCCAGCCATTACTTAGCCGTGAAT

GCCCCGTTTCTTGAGGCTTCCTCCTTGTATAACCAAGATGCTATTGTTGGTC

TAAATGAAGATCCTTCTGCCATGGCCAACACGTTTCCAAGGAAGCAAACAG

TGAAAAAAGATAGGCACAGTAAAATTGTTACAGCTCAAGGGCCGAGGGAT

CGGAGAGTCAGGCTTTCTATTGGCATAGCAAGAAAGTTCTTTGATCTTCAA

GAAATGCTAGGTTTTGACAAGCCAAGTAAAACCCTTGACTGGTTGCTCACC

AAATCTAAAGCAGCCATTAAGGAGCTAGTGCAGGCTAAGAAAAGTGGGAG

TGGGAGTGCTAAGAGCATTTCTTCCCCTTCTGAATGCGAGGTAGTGTCTGC

AGGAAATGGTGAAACTTTCGAAAATGGCAGCTATTTGGATGTGGAATCAAA

GAAGAAATCACTGCCCCTGAATCCTAATTACAAGTGTAAAGAATATTCAAA

AGATCCACAGCAGTCTGCATTAAATCTTGCAAAAGTATCAAGGGCTAAGGC

AAGAGCAAGGGCCAGAGAAAGAACAAGAGAGAAAATGTGCATCAAGAAG

CTTAATGAATCAAGAAGCATGGATCCTGATTTGAACCCTTCAAACCAAATTC

AGCCGACCCTCCACTGTCCCTTAACTAATAATGTACCTGCTGCAACAACTG

AAGATTTAATTCAAGAATCCATTGTCATTAAAAGGATGTTGAAACAGTACCC

TTCATTTTTTGGATTTCAACAAAACCTTATCATTTCAAGGGATTTGAACTGC

AATCTCCCTTCTCCTAATATCAACGATAATTGGGATATCAATAGCTTAACCTC

ACAATCCAACCTGTGTGACATTTTGGATCAGCACAAGTTCATGAATAGCTCT

TCAAATATATAG
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ek = N SSERF-1 PR R EABRERL IS 4

513 LA B 7 * ik

SSERF1 F r ACGTAACTGCAGATGTACCAGCCAATTTTC B o= #4757 cDNA *# 353 SSERF-1 (7 Pstl 7 i)

SSERF1_R r TGCTTAGGATCCAACCACCAATAGTTGTTC B % #4F 75¥ cDNA @ 33 SSERF-1(7 BamHI *» i)

TMV_omega CCAACAACAACAAACAA ettt chw B 515 (Forward primer) n e sl e K ¢
34§ wafa

MGFP-2 TCAACAAGAATTGGGACAACTCCACAAACAA > pEpyon-22K £ pEpyon-2aK {* 48 } ¢ F % 31 3
(Reverse primer) gz th? £ F 4 5 7 §48

VP16-rev GAGCTCTACCCACCGTACTCGTCAATTC > pEpyon-2bK §*#f ek § 313+ (Reverse primer)

AR Y LT
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“té%% = ~ 11 RT-PCR 2 qRT-PCR RI£ A F#R2313 4

513 L4 7] ¥ ik

SSACT7 gp_F TCCAGGCTGTATTGTCTCTTTACG Wi+ #4F# AT SSACT7 %Mz QRT-PCR 313
SSACT7_gp_R  GGCATGGGGCAGAGCATATC

SSERFL gp_F TGGTGCAAGAGTTTGGCTTG 8| SSERF-1 4.2 QRT-PCR 3/3

SSERFL gp_R  AGCCTTTGATCCACGCATTC

SSCYC_gp_.F ~ ACCTCACAATCCAACCTGTGTGAC 8 SsCYC 432 QRT-PCR 313

SSCYC_gp_.R ~ CCACAGAAACCACGCAGAATTAC

AtUBQ10 F AGAAGTTCAATGTTTCGTTTCATGTAA W Rl 4 9% F F4h %) AtUBQLO # 3.z gRT-PCR 3153

AtUBQ10_R GAACGGAAACATAGTAGAACACTTATTCA
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bdk e A BEF S PEFEREF 0.1mM ¢ FH R ACC RILHE P R i@mre L [ @i £

Gibbous Dorsal proximal tube  Dorsal middle tube Dorsal distal tube Dorsal lobe
%t | ddH.0 661.09 (+ 14.65) 918.28 (+ 24.70) 499.60 (+ 8.01) 208.51 (+ 3.08) 266.43 (+ 4.21)
3.
©
= |[0.1mMACC | 651.97 (+ 15.24) 843.06 (+ 18.84) 333.99 (+3.92) 140.59 (+ 1.66) 193.60 (+ 12.90)
O
Cell area reduction
1.38 8.19 33.15 32.57 27.34
ratio (%)
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AT A EWF SPEFEREF 0.1mM ¢ FHRF ACC BRI R R fE@mre L [ g £

Dorsal proximal tube Dorsal middle tube Dorsal distal tube Dorsal lobe
‘E ddH,0 778.78 (+ 14.23) 297.31 (£ 4.22) 180.53 (£ 2.51) 277.64 (+ 3.58)
3.
©
§ 0.1 mM ACC 588.29 (+ 10.03) 179.79 (+ 2.33) 135.86 (+ 1.72) 185.84 (+2.33)
Cell area reduction ratio
24.46 39.53 24.74 33.07
(%)
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AT4G13620
AT5GE1580

1190

AT5G25390
ATSGAT

Tree scale: 1 ———

RS- B A PR B PR R 2 2 0 G F RFIF (ERFs) A& FIRGH

e i ERF #4073 525 A Fler & H 4y SsREF-1 #7i2 = chik T4 07
i Hfe &% 122 BIPI % e ERF A F]1#7 < #4F ‘Espirito Santo’ SSERF-1 #
o % B & PR 3 (Maximum likelihood, ML) %t3*7% 2 PhyML 3.0 2= £
(Guindon etal.,2010) » st #tk £4 1000 = 11 3=% 4~ £ caL #F R (Bootstrap) »
a2 iTOL v6 #32 & i (Letunic & Bork, 2007) - ERF # 4% %] + 2% % &
' Genome-Wide Analysis of the ERF Gene Family in Arabidopsis and Rice | 4 %
Group I-X -+ i 4 % ¥ (Nakano et al., 2006) - jFi“f#if+ & & 82 L F R 3 &

% I Bootstrap > 70 °
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Pmel 10174
Pstl 9441 _ (
9
Xbal 9431 HindIII 996

BamHI 9425
Smal 9423
Kpnl 9420
Sall 9407
mGFP-His

Sacl 8634

pVSl1 sta

nos ter

pEpyon-22K \
10293 bp

2x35Sp

pVS1 rep
nptll (Kan r)

358 ter ¥ LBR322 bom

aadA (kan r) pBR322 ori

“té5-H = ~ pEpyon-22K §* ¥ W) 3

AP A G 358 G Q0 UEF & & £ ¢ Kanamycin Fuit 3 F]4v
mGFP & ¥ X3 A7 P R A P PP AT B AR AT AP R

2P B BYPEFXFR T R4l 2012) -
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Pstl 8949

Xbal 8939
BamHI 8933
Smal 8931
Kpnl 8928

SRDX-G
Sacl 8634

HindIII 9469

nos ter, pVSl1 sta
2x35Sp
pEpyon-2aK )
9801 bp
nptIl (Kan r)
pVS1 rep

35S ter

.

L
pBR322 bom
aadA (Kanr) pBR322 ori

“té-H = ~ pEpyon-2aK §* %8 W) 3

ﬂ\i\‘ﬂ?ﬁi + 3 35S fx# 3+ ~ Q 4r SRDX #r4|+ B 7| > 1R ¥ iR EE 0
Kanamycin #uit A 7> 7 R A 2 M P A T~ £ L M3 Frd| T FL Feh
LMo A 5 mGFP $ 4 £ Fv LS EPMBEH ST R kp R

P SPE TR ST (34U, 2012) 0
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PstI 8897 HindIII 9417
Xbal 8887
BamHI 8881

Kpnl 8876

nos ter pVSl sta
pEpyon-2bK

pPVSI rep

vl

"'pBR322 bom
aadA (Kanr) pBR322 ori

"4 W= ~ pEpyon-2bK {48 ¥

ﬂifﬂ?ﬁl %”ﬁ 35S kx#+ ~ Q Jr VPI6 & v+ B 7] 13 7T O EE N
Kanamycin ft £ 5> 7 @ 43 4 0P HA TS £ A T HEET 25 Fleh

AR AP R BAFYRFTEFTHR T R4, 2012) -
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A. pEpyon-22K

Nos ter

—_— 358 ——  SsERF-1 U—

SSERF-1 —
about 750 bp
«— SSERF-1
about 750 bp
F. pEpyon-2aK
Nos ter
—_— 358 ——  SsERF-1 SRDX
B.
SSERF-1 —
about 750 bp
«— SsERF-1
about 750 bp
. pEpyon-2bK
Nos ter
— 35S ——  SsERF-1
B.
SSERF-1 —
about 750 bp SsERF-1
about 750 bp
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oW I ~ SSERF-1 P i & =4 2 @A P Wl R

P AR F) S EHr SsERF-1 ## 3 pEpyon-22K - pEpyon-2aK ~ pEpyon-2bK =
BREAEEHATNE 2 ER PN ERPHERA AR DR
SSERF1 F r # SSERF1 R r» % 4 *T4|fs*> =% 11 4§# SsERF-I1CDS 231
oom 2R Al R ] (e A =

A~ ¥ SsERF-1 ## 3 pEpyon-22K #'#8z2 7w L. Bl B~ p <~ #ir % 5 H ¥
2 1E%% cDNA 4B %  *» ch SSERF-1 CDS (% 7 % & 8/ 5) o C » 1 'L ps
Fris e SSERF-1 (%8 e +) B2 A () 22 o D~ L e 3 >
pEpyon-22K 4 (% 5w +) & A$ 7 (2) 2 v fReE~fg i = 2 1812 Colony
PCR Fz:% SsERF-1 = ## i pEpyon-22K % © F ~ # SsERF-1 ﬁfﬁi I
pEpyon-2aK 482 7= &L B ° G~ 12 "U4IfF 4+ pEpyon-2aK §*48 (4 e’ +)
BAH () 2o H A = 1812 Colony PCR 3% SSERF-1 = 3
pEpyon-2aK §'48 o I~ #- SsERF-1 %#iﬁi 2 pEpyon-2bK {*#82 7 LB - J> 11"
+1fF 34 *» pEpyon-2bK i\’é*" (FFg +) BAR>» () = FLﬁioKw‘]&i}Q;{sV

{6 14 Colony PCR 3% SsERF-1 = #£% 3 pEpyon-2bK 4§ -
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Plant height (cm) Plant height (cm)

Petal size (mm?)

20
18
16
14
12
10

o N B~ OO ©

35
34
33
32
31
30
29
28
27
26

1.8

17

1.6

15

14

13

1.2

11

FL AN A

ab a T'

] r ,‘\
C I l

-] »i\ V:r;_.;r

M

Col-0 35S:SsERF-1 #5 35S:SsERF-1-VP16 #2 35S:SsERF-1-SRDX #6
a
b
bc
I C
Col-0 35S:SsERF-1 #5 35S:SsERF-1-VP16 #2 35S:SsERF-1-SRDX #6
a a
b b I_
Col-0 35S:SsERF-1 #5 35S:SsERF-1-VP16 #2 35S:SSsERF-1-SRDX #6
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WeErWlS - & P RIRBR T SSERF-1 RO EAEIRY - 2 & 2R

SSERF-1 FPd o B =% E @ a kb= 5 % 35S:SsERF-1#5~35S:SsERF-1-VP16
#2 2 35S:SsERF-1:SRDX #6 # 7w tx &2 %5 4 4] (WT) Col-0 =& p 5 4-5 4
BB R (A) B X%HEHRERE B) 2 o6 4 (O)- kB g5 7-8 5 o9l
€9 100-180 % oficyp v T2 +SE TR OB AR EFA AEAREF LT

BMELPE (P<0.05)
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1500
500

100 — SSERF-1 (94 bp)

Col-0 35S:SsERF-1 #1

1500

100 «— SSERF-1 (94 bp)

35S:SsERF-1-VP16 #1 35S:SsERF-1-SRDX #4 /l{:;o

W = ~ SSERF-1 [P ik B =4 2 @7 theh RT-PCR i

% i RT-PCR &% SsERF-1 [P 36K & =% 2 35S:SsERF-1 #1 ~ 35S:SsERF-
1-VP16#1 ~ 35S:SsERF-1:SRDX #4 # 78 tx £ * SsERF-1 & F1& I > MFginst &

75 F] SSERF-1 75 A gk » = faIe o i g7 ph 3 ig 1 4 3% o
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1500

500

100 — SSERF-1 (94 bp)

Col-0 35S:SsERF-1 #5

1500
500

100 < SsERF-1 (94 bp)

35S:SsERF-1-VP16 #2 35S:SsERF-1-SRDX #6 /l{:%

145 W~ ~ SSERF-1 W o R =i E @ ARY - 2 &% 40 RT-PCR &

# i RT-PCR k5% SsERF-1 [P 6K & =% 2 35S:SsERF-1 #5 ~ 35S:SsERF-
I-VP16 #2 ~ 35S:SsERF-1:SRDX #6 ## 78 th ¥ & SsERF-1 £ %14 > 1 FEzust &

B F) SSERF-1 FEF A » = P £ 100 B ph s B ] 4 i o
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