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Abstract: SOCI (SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1) is a flowering time regulator in plants. It
belongs to the MADS-box transcription factor family and plays a crucial role in the transition from vegetative to repro-
ductive growth in plants. SOCI is involved in various biological processes, including flower organ development, flow-
ering time control, and response to environmental stimuli and hormone signals. In this study, shading and application of
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Lorsben were used for flower induction in wax apple, and the number of leaf buds, flowers, and the rate of flowering

shoots were recorded after treatment. Additionally, the existing transcriptome data of wax apple in our research group

were analyzed to identify the candidate gene SsSOCI involved in regulating flowering in wax apple. The differential

expression of SsSOC/ in different stages and tissues of wax apple under shading and Lorsben treatment was studied

using qPCR. The results showed that the expression of the SsSOC/ gene significantly increased in the buds, leaves, leaf

tips, and petioles of wax apple treated with shading, with the highest relative expression in the leaf tips. In this study, the

SsSOCI gene from Hei Tang Ba Bi wax apple was successfully cloned, and its promoter analysis, physicochemical

properties of the protein, prediction of conserved functional domains, and sequence alignment were performed using

bioinformatics methods. The open reading frame of the SsSOC/ gene in wax apple was found to be 654 bp, encoding a

protein of 217 amino acids. The theoretical isoelectric point of the protein was 9.37, with a molecular formula of
Ci1076H1704N3220334S 10 and a molecular weight of 24.91 kDa. The protein contained 40 positively charged amino acid
residues (Lys+Arg) and 32 negatively charged amino acid residues (Asp+Glu). The protein had a fat coefficient of 80.64,

a grand average of hydropathicity (GRAVY) of —0.729, and an instability coefficient of 66.17. The protein structure

lacked B-folds and did not belong to secretory or membrane proteins. Subcellular localization analysis indicated that the

protein was mainly present in the nucleus and belonged to an unstable hydrophilic basic protein. The SsSOC1 protein in
wax apple possessed conserved domains including MADS MEF2_like and K-Box and belonged to the MADS super-

family and K-Box superfamily. The analysis identified the amino acid positions 3 to 75 and 88 to 171 as the start and

end sites of the conserved domains, respectively, conforming to the typical structural features of the MADS protein

family and the K-Box family. The evolutionary tree showed the highest homology between the SsSOC! sequence in wax

apple and Syzygium oleosum. By floral dip transformation, the SsSOC! gene was introduced into Arabidopsis, and it was
found that the 35S::SsSOCI line exhibited an early flowering phenotype and a reduced number of rosette leaves com-

pared to the wild type. This study preliminarily elucidated the important role of the SsSOCI gene in flowering in wax

apple and attempted to reveal the intrinsic regulatory mechanism of shading-induced flowering, providing guidance for

wax apple production and theoretical basis for improving out-of-season cultivation techniques.
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H TaKaRa A#); KGHFEEK DHSa. HUER
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113 &4 ZHEZHHEYE RNA 0L
# & (RNA prep Pure ), fH#)3E F 20 DNA #& HUR
A CBLOHEARD) W[ RRARH: (dbst) 1
BN ; RNA SCfE %387 & [HiScript® 11 Q RT
SuperMix for qPCR ( +gDNA wiper ) ], [ E2H
X7 & (ClonExpress® Il One Step Cloning Kit )
WA MERE (R Rt ) A7 qPCR K ( Hieff
UNICON®  Power gPCR SYBR Green Master
Mix ), B4 PCR %77 (Hieff’ PCR Master
Mix ) W {28 24 YR ( Bl ) ARA T PCR
% E W ( PrimeSTAR® Max DNA Polymerase )
WA FALEY TR CRIE) ARAHR; RN
VI . BRE B e e mD S & o ok B B &
ANHHER (Amp)., FIEE (Kan). FlfEF
(Rif). LB 55723 . Glufosinate Ammonium 10%
Solution ( Basta ) W {4 T AW T8 ( L) Ik
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1.1.4 514 WNZSEERIEN B-actin B, HH]
Primer Premier 5.0 ( Premier A H] ) A1 514
(E1), ZIRAETAEYTE (B BMHARA
A4 8. qRT-PCR * ] LightCycler® 480 Real-
Time PCR system {¥#% ( Roche, Basel, Switzer-
land ), 6 E B R AR (IR ) 4291 H) SYBR
Green Pro TagHS FiliZ % qPCR il & .
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Tab. 1 Primers used in this study

B4 s 34T (5-3)
Primer name Primer sequence (5'-3")
B-actin-F CTCAATCCCAAGGCGAATA
B-actin-R ACGACCACTGGCATAAAGG
SsSOC1-qRT-F CAGCATGAACGAAACCAT
SsSOC1-qRT-R TCATTTGCTCTTTGTGGG

SsSOC1-pMD18-T-F ATGGTGAGAGGGAAGACCC
SsSOC1-pMD18-T-R TTAATTCTGAAATGGCAGG

SsSOC1-C1-F gtcgacggtatcgataagctt ATGGTGA-

GAGGGAAGACCC
SsSOC1-C1-R gatttcagcgaattatctagaTTAATTCTGAAAT-
GGCAGG
35S-F GACCCTTCCTCTATATAAGGAAGTTC
358-R CCTTATCGGGAAACTACTCACAC

I NG FRAERLE AR E ST
Note: The lowercase letters represent an overlapping sequence
of linearized vector.

1.2 FHik

12,1 BHAEBEEFTLF . R EZHM K
JER G R T PRSI T AL X R B L 3 55 A
PRBLAE I REI 33 SR oA 6308 B Ah B ) AL

A A BANE ST ( PARe ): (1448.9+41.3)umol/
(m*s), 0% B K 15 2 b 3 15 b B[ Ab BH 4

PARe: (145.2+12.1)umol/(m*s), 90%itE B 3 |7E
FR R HE B AL S 21 d B A FE 2R BAEBR (LU
AR 1 50 i 63 32 25 A A 5 LS B ) DA R R
KE.

122 EHAMNEF SsSOCI LB Kk KT 8%H
oA RPN, RS 3 d R&E 1 KIS (FF
X BELH o E2E, AbBEAL RO AERE ). A AR
DA o SRR S 1A 45 AL 2 57 B AR R A T8
HALEE, T80 CUKFAIRAME, ZJ5 1T RNA $2£HL
PR 5kl cDNA ., FlH qRT-PCR 4% R #E 17
SsSOCIT I AL W FRAX . AR
% : cDNA Hi BA54 3 ul, Primer F( 0.25 umol/L )
1 uL, Primer R ( 0.25 umol/L ) 1 pL, SYBR Green
PCR Master mix 5 uL. W FEFZ I qPCR 5
( Hieff UNICON® Power qPCR SYBR Green
Master Mix ) i3,

123 AW EF,M TR AT AE
741, 75 NCBI &4l A4 ORF finder T H
B KT HE (ORF ), MR K ORF Xi%
TR YA ST . FIRAEL TR (£ 2) Xt
SsSOCI AT HE=WE B2 73 M o il i NCBI £l
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Tab. 2 Website of the online tools used in this experiment

TELL T HATR Pl ik ik
Online tools name Website Usage
ProtParam https://web.expasy.org/protparam/ HEASHT
ProtScale https://web.expasy.org/protscale/ & |9 2 / B
K H
Prabi https://prabi.ibep.fr/ =
Hy o
Swiss modle https://swissmodel.expasy.org/ BH = Js

LRIl
NCBI CD Search  https://www.ncbi.nlm.nih.gov/Struct & /5 {4 5 45
ure/bwrpsb/bwrpsb.cgi

F 3 e
SignalP 4.1 https://services.healthtech.dtu.dk/ser 7§ |4 {Z 5 ik
vice.php?SignalP-4.1 Hi
TMHMM 2.0 https://services.healthtech.dtu.dk/ser & | B i X
vice.php? TMHMM-2.0 SR
Wolf psort https://wolfpsort.hgc.jp/ =R
SEE A

1.2.4 BeyARELBEASEAME ([IHZHEZH
FEP)E RNA $2BURH G52 G SS B RNA, 153
RNA FEih 5, B 1 pL #5448 F Thermo scientific
NanoDrop 2000 ] 5 & RNA ¥ & K4l B 2 ul
FE b3 L S R B IS VKR A RNA A S8 2 PRI
WerE . A RNA % sl ) &tk A7 % 64k 45
cDNA, HTHEHY 1, ARG A 193555 5%
el E] SsSOCT J751 ( Unigene0006265 ) J& ,
F Primer Premier 5.0 4%t SsSOCI WP 15|
Y ( SsSOCI-pMD18-T-F, SsSOCI-pMD18-T-R,

F 1), LIEE G TS cDNA AR, PCR 474
SsSOCI Yt X By, W AKZ : 2xPCR buffer for
KOD FX 25uL, 2mmol/L dNTPs 10 pL ,

10 pmol/uL 1E/5|#)45 1.5 L, Template cDNA
1 uL, KODFX (1.0 U/uL) 1 pL, ddH,O #h7EE
50 uL. RWFEEF K : 94 CHIASE 2 min; 98 C
10s, 58°C 30s, 68 °C 2min, 35 M, 4 C
PRAF . §HET=H) 2 ul 4 1% e e v RS T
Wi B R BER/ING R B BEAREE I 171 i 741
S TN B8R B Zead BSOS R A R 4
A &5 pMD18-T #ikid 32, # R WA T
% 100 mg/mL Amp PrPEM) LB BAREFRIE I, F

MefElE, 37 CHEEFR 12 he i FH G AR b B
%Pk 2 20 mL K@K HEA],37 CHEFE 30 min,
B 1 pL /B2 PCR ik, #FATE PCR K HLTK %
E, WEAHER R BOIMA S 100 mg/mL Amp
() LB WA d, 37 C 200 r/min IR 55
8him, EEAETAY TR (L) KBMHARAH
N o I 56 S FH BORY 2 U R) & 3 B pMD 18-
T-SsSOCI ki, VL pMD18-T-SsSOC1 #F Ak JFiki Ky
i, 5% (SsSOCI-Cl- F/SsSOCI-C1-R)
XFH 4T PCR Y4, (/] Hind 111 F1 Xba 1 R
PENYIEEXT pGreen 11-35S-C1 #RAKUEFTREY] . LI
R D) SR Ry X BE SR T 1 %035 g A B8 M 320 47 F 9k
R B AT VIR R, glidb s i B 3 A
B 5 4 v Ak Ty e A Al [m] R 2 R & R
pGreenlI-35S-C1 #fk 5 SsSOCT e [H F BL i 4%
VAR ZR . SsSOCI F#:H R Bt 100 ng, pGreenll-
35S-C1 1Ak %4k 100 ng, 5xCE II Buffer 4 pL,
ddH,0 #M78 & 20 L. W FEF M : 37 'C 30 min,
0 °C 5min, Ffif5H1LE DHSa, PR TERER 75
PEATTRVE PCR %5, B Bk B4 TAEY T
B ) WA B R, DU 00 1 TR A
P RIS, AR BURLIRAE

125 RHFBANSFHMA LT EAEXER W
100 ng pGreenlI-35S-C1-SsSOCI JFAifA 50 pL
RATHESZA (GV3101) H, HRITIRS), vk b
B 5 min, & 5 min, 37 ‘C/K¥ 5 min, 7KV 5 min;
HIA 700 pL Johi sl R0 LB Wik R; 4L, T 28 C,
200 r/min ¥R%E53%F 3 h; 6000 r/min 5.0 1 min;
B 100 pL 247 BT S, MRk
i 7% Rif 25 mg/L+Kan 50 mg/L i LB “F-#x |13
B, 28 CHiFR 2 do YRR L RE I8 1T IR 7% PCR
YoE, IR R A AR AT B AR AE T 10% H il
i, I F-80 CHAF. RHIEF IR Yl ik fT
RIIT R AL efl, oA S iobn i R H AR A
H, FE A Rif 25 mg/L+Kan 50 mg/L /9 LB 4
FRIZ, T 28°C, 200 r/min #EFHEFE 16 h,
B 4 mL $E9 (TR RO A 2] 200 mL & A i R
) LB MR gL, 28 °C, 200 r/min, $5H#ZE
ODgo0=1.0; 5000 r/min B.C> 10 min, WA 20 i -
BIET 0.5%BEHE BT (%A 0.02% Silwet-
77), VE%E ODgoo=0.8; K &AL WU Rg IT 1L 7¢ 2 1=
ALK B BT IR TR YL 2 min, LA BT,
BT RS TEOLESR 240 FTIEFLERT
BELE
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Fig. 1
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¥ REPHRZHAEZE RN SsSOCT AHRT A B IR
HMZER 4 7% (& 2),
2.3 SsSOCI EERIERE

AT G B 1 LR 55 i TR BRI RNA,
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JH PCR ¥4 SsSOCI % IX F4, G4k
654 bp i H AYFEH( K 3B ). M IS 2] Y SsSOCI
FEIRERRYE, B 1 SsSOCT 4wt X751 5
pMDI18-T AR AT IE I, MF45 R Ly
B ARAT B I R P 91 5 2 Si 4 v X B 1 35 TR I 3] 5
4=—% (Unigene0006265 ), M IN155] H i 5 K

Effects of shading treatment on flowering in wax apple

201

1 XRR4H Lk

AR AR
Relative expression
S [
T T

W
T

R R 2R AR
ZH4 Tissue
xR AL BRI I ] 7E P<<0.001 KF E2E R B E, n=4.
*** indicates extremely significant difference between treatment
and control at the P<<0.001 level, n=4.
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Fig. 2 Analysis of SsSOC1 expression patterns during the
shading period
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Fig. 3 Cloning of the SsSOCI gene
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Fig. 4 Bioinformatics analysis of SsSOCI1 protein
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Fig. 5 Alignment of homologous sequences (A) and phylogenetic analysis (B) of SSSOC1 protein
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