DOI:10.13925/j.cnki.gsxb.20240491

DdSOCI EF B ERRT AL 57 FALHIRF R
mEEL, T @, g, FEE, H F, E4H, XK "
O PACR MR R 22 2% b, BRPEMeE 7121005 2) FaRFGIEMRF7CRE, ) PEEEMR 541004)

M . (B8] WIEFMIEN (Diospyros deyangensis) B A # ML, BT A LETFFE. 1R
DASOC! FE 7 HVRHIE . BB e K2 SRR A I ThRe 0. [F3R ] A 5t LLERH A A4 kL,
WA B . RIBMNT. AR 7%, N DASOCT S Thie. (4R MFFst LM, M
i B ST TS5 AL BE BB A S fE s, DASOCT et ZEp ¥ RPLEE R JTHi cDNA
XJE, g 74 DASOCT FIE/EEA (MIOX, AGL14, JOINTLESS, GL2, NOVEIN, NBS, UBC7),
T BEU 4 2 AR T 5% 6 HANR B DASOCT ¥ fl_ iR -EAN B A R A HAF; qRT-PCR &R EoR, 751K &
PS4 bk R SOCL, GL2, NOV, NBS, UBC7, AGLI4 F£ik&HETRIFAELZAN, 1 JOINTLESS,
MIOX FiE BART RIFAELAEN . [4530) DASOCT S I B A 8 (7 8 PH A A6 55 28 vh R 15 S A
DA RBH A 5 2 03 TR P 4 T ST SR A B R AR A
FIR: [EPHA; DASOC1; TARE; BERENALAS; XU FHOCTLAN, St 9¢ e g B
FEDES: S665.2  NEMFERE: A XEHS: 1009-9980(2025)02-0001-08

The molecular mechanism of DdSOCI gene regulating flowering of

Diospyros deyangensis

WAN Jiangi!, DING Yu!, REN Han!, LI Wenxia'!, YNAG Yong', HUANG Jinmeng?, GUAN
Changfei'”

(College of Horticulture, Northwest A&F University, Yangling 712100, Shaanxi, China;

’Guangxi Academy of Specialty Crops, Guilin 541004, Guangxi, China)

Abstract: [Objective]Seedlings of the new identified persimmon species Diospyros deyangensis
have a short juvenile stage and can flower within one year after seed sowing. The functional of the
DdSOCI gene's role in controlling flower production in D. deyangensis was investigated, along
with its sequence characterization and expression pattern. [Methods] Plant materials have been
obtained from Nicotiana tabacum and 1- and 2-year-old persimmon (D. deyangensis) seedlings
cultivated in the orchard at Northwest A&F University under natural conditions. Online analysis
of the open reading frame of DdSOCI was done using the ORF Finder. The physicochemical
property of the encoded protein were predicted using Expasy ProtParam program. The MEGA7.0
software's was used to create the phylogenetic tree. QRT-PCR was used to examine the expression
features of DdSOCI. On the one-deficient and three-deficient plates, the self-toxicity and
self-activation of DdSOC1 were explored. Verification of the screening library and yeast
interaction was done on a four-lack plate. Confocal microscopy is used in the BiFC experiment.
[ Results] The findings demonstrated that D. deyangnsis SOC1 shared a close genetic distance
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with SOC! from Diospyros lotus, Actinidia chinensis, Actinidia eriantha, Camellia sinensis, and
other species. Populus alba, Vitis vinifera, Malus domestica, Prunus persica, Mangifera indica,
and other species were distantly linked to D. deyangnsis SOCI1 protein. Furthermore, D.
deyangnsis SOC1 protein was the most distantly related to that of the herbaceous plants Triticum
aestivum and Oryza sativa. Online analysis demonstrated that DASOC1 protein encodes 126
amino acids. The molecular weight is 14.56 kD. Its isoelectric point is 5.62. SOC! expression was
highest during flowering and lowest during the bud stage in annual flowering D. deyangnsis stems.
As the flowering process progressed, SOC! expression in the leaves rose. SOC! expression in the
buds peaked during the seedling stage and decreased during the flowering stage. For Y2H, the first
deficient plate had plaques, whereas the third plate had none. It demonstrates that DdASOC1 does
not have autotoxicity and autoactivation. Following that, DASOC1 was employed as the bait
protein to test the cDNA library of Fuping persimmon. Following colony PCR, the blue plaque on
the four-deficient plate in the sieve library was forwarded for sequencing. By comparing the
sequences obtained from the screening library with the NCBI BLAST and the genome annotation
of D. deyangnsis, seven putative interacting proteins (MIOX, AGL14, JOINTLESS, GL2,
NOVEIN, NBS, UBC7) were screened out. The AD vectors of JOINTLESS, NOVEIN, GL2, and
other interacting proteins were introduced into BD-SOCI1 yeast-competent cells to verify yeast
two-hybrid interactions. PGBKT7-53 + pGADT7-T, pGBKT7-Lam + pGADT7-T, BD-SOCI1 +
pGADT7 were used as positive, negative and blank control. The combined plasmid was
effectively transferred into yeast strains. The findings demonstrated that nine sets of yeast
combinations were able to establish white colonies on DDO plates. Plaque was absent from both
negative and blank controls on QDO and QDO/X/A plates. On QDO/X/A plates, the positive
control and seven yeast combinations (BD-SOCI1+AD-NBS, BD-SOC1+AD-JOINTLESS,
BD-SOC1+AD-UBC7, BD-SOC1+AD-MIOX, BD-SOC1+AD-GL2, BD-SOC1+AD-NOVEIN,
BD-SOC1+AD-AGL14) could grow properly and turn blue. The SOCI1 protein and interaction
proteins MIOX, JOINTLESS, AGL14, NOVEIN, UBC7, and GL2 in D. deyangensis were
evaluated based on the results of the yeast two-hybrid. The pSPYCE (CE) vector of putative
interacting proteins and the pSPYNE (NE) vector of DdASOC1 were constructed. Following
co-injection, YFP fluorescence signals were seen in tobacco cells. The findings demonstrated that
JOINTLESS-cYFP + SOC1-nYFP produced the strongest yellow fluorescence in the tobacco cell
membrane and nucleus out of the seven combinations. Other combinations (NOVEIN-cYFP +
SOC1-nYFP, UBC7-cYFP + SOC1-nYFP, NBS-cYFP + SOC1-nYFP, GL2-cYFP + SOC1-nYFP,
MIOX-cYFP + SOCI-nYFP) detected yellow fluorescence on the cell membrane, while the
combination of AGL14-cYFP+SOCI1-nYFP produced yellow fluorescence in the nucleus.
According to the aforementioned findings, DdSOCI interacts with seven potential plant
interacting proteins. D.deyangensis seedlings with various characteristics (flowering and
non-flowering) were examined for the expression of DdSOC! and its interaction proteins in young

leaves (leaves close to the apical bud) and mature leaves (adult leaves distant from the apical bud).



According to the findings, juvenile leaves had higher expression levels of SOCI, AGLI4,
JOINTLESS, NOVEIN, GL2, UBC7, and NBS than mature leaves, but younger leaves had lower
expression levels of MIOX. The expression levels of SOCI, NOVEIN, and MIOX in young leaves
were lower than those in mature leaves in the two-year-old D. deyangensis seedlings, whereas the
other genes (GL2, UBC7, NBS, AGLI14, JOINTLESS) exhibited a contrast pattern. [ Conclusion]

This study isolated and cloned the DdSOCI gene, which is relatively conserved in the evolution of
woody plants; DASOCI integrated flowering signals from leaves to achieve the transition from
vegetative growth to reproductive growth; the results from Y2H and BiFC confirm that DdSOCI1
interacts with interaction protein (MIOX, AGL14, JOINTLESS, GL2, NOVEIN, NBS, UBC7);
MIOX may play a role in delaying flowering, while AGL14, JOINTLESS, GL2, and NBS may
have a positive influence on the short-childhood of D. deyangensis.
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Tablel List of related primers for cloning SOC1
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Purpose Primer code Primer sequence (5’—3”)

R 5e b SOCI1-F ATGCAGCATTTGAAGGAAGAAGC
Gene cloning SOCI1-R TTATAAAGGCCGGCGAGTTCG

SEF %O% € B Actin-F CATGGAGAAAATCTGGCATCATAC
PCR Actin-R GAAGCACTGGGTGCTCTTCTG
gqRT-PCR gPCR- SOC1-F AGCCTAACAGAAGAGAATGCAAAGC

qPCR- SOCI-R AGTCCGATGAACAATTCCGTCTCC




LR RUNARC BD- SOC1-F ATGGAGGCCGAATTCCCCGGGATGCAGCATTTGAAGGAAGAAGC

Vector construction ~ BD- SOCI-R CCGCTGCAGGTCGACGGATCCTAAAGGCCGGCGAGTTCG
NE-SOCI-F CCTACTAGTGGATCCATGCAGCATTTGAAGGAAGAAGC
NE- SOC1-R CGGGAGCGGTACCTAAAGGCCGGCGAGTTCG

7¥: NE:pSPYNE;: BD: pGBKT7; FRIZINE N R FIEE 51
Note: NE: pSPYNE; BD: pGBKT7; Underlined bases are homologous arms sequences of different vectors
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Table 2 List of primers for interacting protein CDS amplification
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Purpose Primer code Primer sequence (5’—37)




FER 7 JOINTLESS-F ATGAAGGATATACTTGGAAAGTACTC

Gene cloning JOINTLESS-R GTTATAAGGCAGCCCGAG
AGLI14-F ATGGTGAGAGGGAAGACCCAG
AGLI14-R GTTCTCCGGCGGCAGT
GL2-F ATGAGCTCTGGAAGCAGAGCA
GL2-R TCGCTTCGTTTTTCTTCTTGAC
NBS-F ATGTACGGAACAAAATCTCACCAG
NBS-R CTTGTGTTTGAGCAGATATTCG
UBC7-F ATGTCGACGCCGGCGAGG
UBC7-R GTCAGCTGTCCAGCTCTG
NOVEIN-F ATGGAGGAAGAGCAACACCCG
NOVEIN-R GGGAGCGATCCTCAGAGG
MIOX-F ATGACCATTCTCGTCGAGCAG
MIOX-R CCATCGGAGCTTGGCC

1.5 BEREXUCRAS (Y2H)

Wit BEAEE A pGADT7 (AD) KI5IY (R 3) Hy 44, H SmalFl BamH 1% AD #ik
BEATXUEEY), [FUREALSS, WYE PCR KN, 250K

ZHWR 142 7575, BT (AD-empty) iR K HAEE A AD i kidk A BD-SOC1 B EE
BTSN, MBS I EBRAT R DDO PR b SR EKHARETES, PRI R

DDO. QDO/X/A #R I, WEEMERF K ARSI W & BH A X IE .
#3 HEIEERA AD HiKs1451%

Table 3 Primer list of interaction protein AD vector

P BIEZE :ae) SFH (53"

Purpose Primer code Primer sequence (5’—3”)

AR AD-JOINTLESS-F CAGTGAATTCCACCCGGGATGAAGGATATACTTGGAAAGTACTC

Vector construction AD-JOINTLESS-R CTCGAGCTCGATGGATCCGTTATAAGGCAGCCCGAG
AD-AGL14-F CAGTGAATTCCACCCGGGATGGTGAGAGGGAAGACCCAG
AD-AGLI14-R CTCGAGCTCGATGGATCCGTTCTCCGGCGGCAGT
AD-GL2-F CAGTGAATTCCACCCGGGATGAGCTCTGGAAGCAGAGCA
AD-GL2-R CTCGAGCTCGATGGATCCTCGCTTCGTTTTTCTTCTTGAC
AD-NBS-F CAGTGAATTCCACCCGGGATGTACGGAACAAAATCTCACCAG
AD-NBS-R CTCGAGCTCGATGGATCCCTTGTGTTTGAGCAGATATTCG
AD-UBC7-F CAGTGAATTCCACCCGGGATGTCGACGCCGGCGAGG
AD-UBC7-R CTCGAGCTCGATGGATCCGTCAGCTGTCCAGCTCTG
AD-NOVEIN-F CAGTGAATTCCACCCGGGATGGAGGAAGAGCAACACCCG
AD-NOVEIN-R CTCGAGCTCGATGGATCCGGGAGCGATCCTCAGAGG
AD-MIOX-F CAGTGAATTCCACCCGGGATGACCATTCTCGTCGAGCAG
AD-MIOX-R CTCGAGCTCGATGGATCCCCATCGGAGCTTGGCC

VE: AD.pGADT7; FRIZRHIE N R A [F 5 751

Note: AD. pGADT?7; Underlined bases are homologous arms sequences of different vectors

1.6 X T2tEAh (BiFC)
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Table 4 Primer list of interaction protein CE vector

P& BIEZE :aes S5 (5'—3)

Purpose Primer code Primer sequence (5’—3")

AR CE-JOINTLESS-F CGCCACTAGTGGATCCATGAAGGATATACTTGGAAAGTACTC

Vector construction CE-JOINTLESS-R CGGGAGCGGTACCGTTATAAGGCAGCCCGAG
CE-AGL14-F CGCCACTAGTGGATCCATGGTGAGAGGGAAGACCCAG
CE-AGLI14-R CGGGAGCGGTACCGTTCTCCGGCGGCAGT
CE-GL2-F CGCCACTAGTGGATCCATGAGCTCTGGAAGCAGAGCA
CE-GL2-R CGGGAGCGGTACCTCGCTTCGTTTTTCTTCTTGAC
CE-NBS-F CGCCACTAGTGGATCCATGTACGGAACAAAATCTCACCAG
CE-NBS-R CGGGAGCGGTACCCTTGTGTTTGAGCAGATATTCG
CE-UBCT7-F CGCCACTAGTGGATCCATGTCGACGCCGGCGAGG
CE-UBC7-R CGGGAGCGGTACCGTCAGCTGTCCAGCTCTG
CE-NOVEIN-F CGCCACTAGTGGATCCATGGAGGAAGAGCAACACCCG
CE-NOVEIN-R CGGGAGCGGTACCGGGAGCGATCCTCAGAGG
CE-MIOX-F CGCCACTAGTGGATCCATGACCATTCTCGTCGAGCAG
CE-MIOX-R CGGGAGCGGTACCCCATCGGAGCTTGGCC

7¥: CE.pSPYCE; FIZHRHA A FHAKIHE 751
Note: CE. pSPYCE; Underlined bases are homologous arms sequences of different vectors
1.7 EffEBRESH
ZM 1.3 7k, Wit EAREARE RS (R5), BEM 14, 2 FALEMNM (D.

deyangensis) AW TZERUT 3~4 i (B KB 2 330 I AR A AR B A Rk &
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TableS List of quantitative primers for interacting proteins
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Purpose Primer code

Primer sequence (5°—3’)

SN 5% € & PCR qPCR-JOINTLESS-F

qRT-PCR qPCR-JOINTLESS-R
qPCR-AGL14-F
qPCR-AGL14-R
qPCR-GL2-F
qPCR-GL2-R
qPCR-NBS-F
qPCR-NBS-R
qPCR-UBC7-F
qPCR-UBC7-R
qPCR-NOVEIN-F
qPCR-NOVEIN-R
qPCR-MIOX-F

qPCR-MIOX-R

TCACACAAAGGGCGAACGAATC
TCTGTTTCAGTTGCTGGTTCTCTTC
GGCGAAGATGACGAAGAAGATAGAG
AACAGAGCACGATCCGAGACC
GGAAGCAGAGCAGCGTTGTG
CGAAGCGGACGAGAATGAAGTG
GTGGACAACGAGAAGCGAATGAG
GTGATAGTGAGGACGCAGCAATC
CATCATGCTCTGGAACGCTGTC
GGTGGTTTATTTGGGTAATCTTCTGTG
CCAAAGACTCCATTAAGGGTGCTAC
TTAACAGGCAAGGCAGGCAATG
GCAGAAGCCATTCGTAAGGACTAC

TGTCACCAACAACAGCCCATTG

1.8 BURSZIto R

P A B 3 IRE R, BRI R s T I EE b HEIR 2, et o AR B AE

GraphPad Prism 8 4 5E

2 GREH

2.1 DdSOC! BERERKI T EFMFHISHT
DASE BH R H- 1Y) cDNA R 8845 8 1) DASOCT FE R 200 756 AIE, 55 7 PR Rl 32 DR 4L
H|l—3 . %I CDS 4K 381 bp, Hifd 126 N EEMR: 7 T iE A 14.56 kD; 55 HL 5N 5.62.



55 iR Citrus sinensis | XP_ 006490969.1

W Mangifera indica | XP_ 044501430.1
26

Bk Prunus persica | XP_ 007221064.2
27

H\FGFF Arabidopsis thaliana | NP_ 182090.1
94

WK Y75 % Vitis vinifera | NP_001267909.1

- R E M Populus alba | XP_ 034905818.1

A Camellia sinensis | XP_ 028087326.1

100 —— B MEk Actinidia chinensis | AKH61954.1

99

54

—— Bk Actinidia eriantha | XP_ 057513234.1

H LT Diospyros lotus | XP_ 052211636.1
100 |

18 A Al Diospyros deyangensis | WDE40438.1

SR Malus domestica | XP_ 017189909.1

JKFEOryza sativa | NP_ 001388956.1

100

FKZea mays | NP_001105152.1

/N Triticum aestivum | XP_ 044417615.1

0.2

b AR Fe 41 () 22 53 R LA RE , HEARR 20 SCAL BT R iz SR BB
The scale represents the unit length of the difference between species sequences, the number of the
phylogenetic tree represents the confidence of the branch.
[ 1 {EFA#H SOC1 SEARI# SOCI FIIRGZLEW I
Fig. 1 Phylogenetic tree of D. deyangensis and other species SOC1 sequences
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significant differences (»p<<0.05).
2 oA T EHARMERRMEM T h SOCI RikE
Fig. 2 The expression of SOCI in stem and, leaf and buds of D. deyangensis at the seedling
stage, inflorescence emergence and blooming stage
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2.3 DASOC1 B & B#UEYIE K& B2 R} 3 FE ik

£ SD/-Trp 1 SD/-Trp/Ade/His + X-a-gal 55 7¢ 5 F X DASOCT #:1% J2 HBUE #E4T 1 Rl
58 n& 3 s, SD/-Trp ., BD-SOC1 KV, #iH] BD-SOCT X B BF b A2 K TG f2 M 5
SD/-Trp/-Ade/-His + X-a-gal I, RAFHMEXSIE (Po) KHWBE, FIMEXIE (Ned « SEXS
H (BD-empty) . BD-SOC1 ¥IRKHEHE, #i#] DASOCI %A HIEHEI R

A B

SD/-Trp SD/-Trp/Ade/His+X-a-gal

A.BD-SOC1 E#uill; B. BD-SOC1 H#uEN; Po. pGBKT7-53+pGADT7-T; Ne.
pGBKT7-Lam+pGADT7-T; BD-empty. pGBKT7 Z=#i44; SD/-Trp. — 3745 SD/-Trp/Ade/His+X-a-gal. JIl
A X-o-gal [ =6 TR,



A. BD-SOCI1 autotoxicity detection; B. BD-SOC1 self-activation detection; Po. positive control, pGBKT7-53 +
pGADT7-T; Ne. negative control, pGBKT7-Lam + pGADT7-T; BD-empty. blank control, pGBKT7 empty vector;
SD/-Trp. one deficient medium; SD/-Trp/Ade/His + X-a-gal. Three-deficient medium supplemented with X-a-gal.
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Fig. 3 Test of toxicity and self-activation of DdSOC1
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Fig. 4 Interaction between DdASOCT1 and related proteins in yeast two-hybrid assays
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Fig. 5 Interaction between DASOC1 and related proteins by bimolecular fluorescence

complementation assays
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Fig. 6 Determination of the expression of DdSOCI and its interacting proteins genes in

D. deyangensis
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