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Abstract: [Objectivel Peach (Prunus persica L.), one of the most cultivated fruit species, is highly
praised and appreciated by the consumers. Based on the differences of branch angle, branch number, in-
ternode-length and so on, peach tree can be divided into nine types of tree architecture, including stan-
dard, semi-dwarf, compact, pillar, dwarf, weeping, upright, curved wig and broom. Peach tree architec-
ture not only determines cultivation mode of orchard, but also has crucial effect on fruit yield and fruit
quality. Comparing with standard type peach, pillar type peach exhibits extremely fewer secondary
branches and smaller branch angle, even though the number of primary branches do not show any differ-
ences. However, most pillar type peaches are currently ornamental varieties, so identify key genes con-
trol peach branch (branch number and branch angle) formation and verify gene function are of great sig-
nificance for the labor-saving new peach varieties cultivation. As one of the key determinants of tree ar-
chitecture, branch angle directly affects canopy density, lateral shoot orientation, and fruit yield/quality
by influencing photosynthetic efficiency. Branch angle is regulated by various factors, including hor-
mones, environmental signals, transcription factors, and non-coding RNAs. Additionally, sugars also
play a crucial role in coordinating internal and external signals to control plant branching/tillering.
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WRKY transcription factors are known to be important in plant growth processes, however, their in-
volvement in the architectural formation of woody plants remains poorly understood. [Methods] To
identify WRKY genes potentially involved in peach tree branch formation, transcriptome data from axil-
lary buds of the standard type cultivar Okubo (characterized by more branches and larger branch an-
gles) and the pillar type cultivar Zhaoshouhong (with fewer branches and smaller branch angles) were
analyzed to screen for differentially expressed PpWRKYs genes. To determine the subcellular localiza-
tion of PpPWRKY6, the coding sequence (CDS) of PpPWRKY6 was amplified, RNA extracted from Oku-
bo and Zhaoshouhong axillary buds was used as amplification template. PpWRKY6:GFP fusion con-
struct was then transiently expressed in tobacco leaves via Agrobacterium-mediated transformation. Flu-
orescence microscopy was performed three days after infiltration, with empty vector transformation
serving as the control. For functional validation of PpPWRKY®6, 35S:PpWRKY6 (overexpression vector)
and TRV2:PpWRKY6 (silencing vector) recombinant vector were constructed. Peach seedlings were
then vacuum-infiltrated (-70 kPa, 30 min) by immersing in GV3101 Agrobacterium carrying either 35S:
PpWRKY®6 or a combination of TRV1 and TRV2:PpWRKY®6, followed by washing three times with ster-
ile water. The treated seedlings were transplanted into commercial soil. One month after transformation,
branch angles were measured using the SC-K1 in situ living plant branch angle automatic measuring
system, and PpWRKY®6 expression levels were analyzed by reverse transcription quantitative real-time
PCR (RT-gPCR) using axillary buds sampled from peach seedlings. Controls included seedlings trans-
formed with empty TRV1+TRV2 and pSAK277 vectors. Potential miRNAs targeting PpWRKY6 were
predicted based on miRNA sequencing data from axillary buds of Okubo and Zhaoshouhong. Then the
CDS of PpWRKY6 was amplified and cloned into PMS-GFP vector, and the pre-sequence of miR6285
was cloned for the construction of 35S:miR6285 recombinant vector. Then transient expression assay in
tobacco leaves was subsequently conducted to verify whether miR6285 could directly target PpWRKY?6,
the empty vector PMS4-GFP was used as control. [Results] Heatmap analysis of transcriptome data
from axillary buds of Okubo and Zhaoshouhong revealed differential expression of several PpWRKYs
genes, including PpWRKY1l, PpWRKY51, PpWRKY55, PpWRKY6, PpWRKY44, PpWRKY24,
PpWRKY29, and PpWRKY48. Among these, PpPWRKY11, PpWRKY51, PpWRKY55, PpWRKY6 showed
markedly higher expression in Okubo than in Zhaoshouhong. Phylogenetic analysis indicated that
PpWRKY®6 is a homolog of OsSWRKY53, which plays a key role in regulating rice tiller angle. Subcellu-
lar localization confirmed that PpPWRKY®6 is localized to the nucleus. Transient overexpression of
PpWRKY?6 in peach seedlings resulted in significantly elevated gene expression and larger branch an-
gles compared with the control. Conversely, transient silencing of PpWRKY6 in peach seedlings led to
substantially reduced gene expression and significantly smaller branch angles. miRNA sequencing of
axillary buds from Okubo and Zhaoshouhong suggested that miR6285 may target PpWRKY6. Consis-
tent with a regulatory relationship, miR6285 and PpWRKY6 exhibited opposite expression patterns,
miR6285 expressed at much higher levels in Zhaoshouhong than in Okubo, while PpPWRKY®6 exhibited
significantly higher expression level in Okubo than in Zhaoshouhong. This targeting interaction was fur-
ther confirmed by a transient expression assay in tobacco leaves, when Agrobacterium carrying 35S:
miR6285 and PMS4-GFP were co-injected in tobacco leaves, strong GFP fluorescence signal could be
observed. However, the GFP fluorescence signal was vanished when 35S:miR6285 and PMS4:
PpWRKY6 was co-injected in tobacco leaves. When the target sites located in PpWRKY6 CDS was mu-
tated and co-injected with 35S:miR6285, the GFP fluorescence signal became strong. These results indi-
cated that miR6285 could target PpWRKY46 and further deceased the mRNA level of PpWRKY6. [Con-
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clusion] These results demonstrate that PpWRKY®6, which exhibited significantly higher expression lev-

el in standard peach Okubo than in pillar peach Zhaoshouhong, plays an important role in regulating
peach branch angle, and that miR6285 may likely influence branching architecture by targeting
PpWRKY®6. This work may provide theoretical support for the breeding of labor-saving peach new vari-

ety.

Key words: Peach; Branch angle; PpPWRKY6; miR6285

Bk (Prunus persica L.) # 7 F} (Rosaceae) . 2% J&
(Prunus) , & i TR E M HEZR W 2 —. FKEP
Bk A R 5 1T AR f 7 R AR A 5 A — Chittps://
www.fao.org) , 7 & B 28 B¢ Fp o 5 B AT .
B 2R AN AN 5 M R 5 45 20 57 B J1 3N I8k R 5k
FEE AR EE Y, AR S BEE
£ BE T )G B S5 TR 25 DR Bk R 43 5 e 2 SR AL
UV 7 AU S VI = YRV 1 S U BN -eC i
Al AL 2 o AR RE H H, AR b AR Ik A
Z OB A, W SR A ), RN B
IO AR YAk 2 S 0P R, 5 E B AH
Ll FLOr R R D O A FE /N SRR SR 4 TR R AT
DRI BT BRI ST SR RO S R R, #2908,
B 73 A T B e L DR, o 7 38 R R T Ak R 1)
e BT b HESARR Pl R R Ok e B

WRKY % 3% R F7E MY A KR B 72 k15
FEREEAER, WPrisE=, o B/EER KO, e
%5 WRKY #5 PH 760, 8 1 FE AR 57 1 WRKY 4514
W, [F B AE N o & A IR 57 45 & 25 JF WRKYGQK .,
CX4.5CX22.23HXH B CX:CxosHXCE AEFARG T /KRB
R A S LA BRI 2 ) 4 5 SRR T4
97 4~.119.81/>.56 M1 58 I WRKY ZE[K . WRKY
Refig il Z 5V E 5 bR K
R B FRE, TaWRKY 74s J2 /)N 22 0K i Fily 1 v
L SCERE LY, @ AR A AE KRB S T8
FEAR HE /N 22 53 BECY RS 7 o WRKY71/EXBL i i
1 RAXL \RAX2 Fll RAX3 35k [] 2212k 328 T 521 il 2 4
A= 40 43 (axillary meristem, AMD 35 1 , M T {12 3F 400 e
TrON KL & B P 3K i WRKY-B A B # 1 #% BLIND
(BL)  PIN4 HI IAA15 3% i 3 1 2 12 i 2F & & ¥
WRKY #% 55 [K -+ fig 1 18 i i 52 2 A IR (BRO A1 3 1
5ERSS 5T EY AR, JKEE OsWRKY53
i R IA G HUH A FRLAR I K, T oswrky53 58 A 4 1)
M F B H AR N2, DL R SR W WRKY 3

SR T AEAE YR B e i R v R P B B AR AE
B WRKY # 5% K T2 1 2 5 KA 5 B L2
[CEEEISERN

MicroRNA (miRNA) 52 — 2§ 14 Y5 4 JF 4% 15
RNA, K J& 8 20~24 MZ IR , 30 Bl 28 B ANEC R
i) 3 TR, O 7E B 3% R UK P kO B B R 4 AE
¥, W73 B miRNA 2 57T 1B & A KR
B SABYB, AFEE R AR A A K2, Os-
miRNA530 Al TamiRNA156 & i 12 7K F& Fl /N 22 /) B
T RCRTAR 23l () S IR 255, miR529a g 15 5 1 7K
FE B AELE 7 R B 5 11 miR156 787 FR 4 4rh Kk 3% 5
BEF, W9 @RS 41 1 4% OsSPL14 3k , i 1 15
IKFEEE R A [ BN T A IF 97 45 SR 3 1 miR6288b-
3p A 4R 7] 1) #] PpTCP4 P& mRNA 7K, FF i 4%
MR BR & &, i — AR Rk 2 B (R

L 38 AR R AR S AE BBk BT 20— 2o A
BILESR MM 2900 8 FIRE R B &
T @ RS, R ARB b M R KT T
AN MY S R N/ I S S E S AW
RIG A RL, 1R 7T Bk PPWRKY6 5 R 6 43 7 1 5 1 5
M , 7% 126 miR6285 FF BH #ff H 5 PpWRKY6 [ L 1] 5%
2,8 BT IR NN 2 B L), B Y gt
FEEl AL S HF .

1 MR

1.1 #8

EZ R SR YN/ I eIt R S AN
TR AR MY K 22 B FE R X, 733 R 5 K AR AR
FAMEF , ZBWEARAF S5 T80 CCUKFHTRAEHH T
J& 823856 . A I 2 (Nicotiana benthamiana) i T
IR 5 AR08, Bk v T 2 R T REBGAIE
1.2 HEREABESH

HcHiE Chen S84 58 Fll i 44 1) 58 /1> PPWRKYs Ji&
o T FH K AR R B T 20 20 2 e A 58 L 4 TB-
tools % 14 % Bk PPWRKYs 5% i 3L [A] (1) % 15 7K~ it 47



5 93] KR 5

: Bk miR6285-PpWRKY 6 HEHL 443 1 1 BEM L it by 2365

AT o I Y B K AR 2R Bk B T T 2R
S ALHHE 2 18 Wang Z 5 B 72
1.3 PpWRKY6 EF 5= fE

{4 F FEL ) RNA $2 B 77 £ (RC411-01, Fg 58
M AR PR A PR A FD SR HUIR T 20 2 RNA, 8
FH S s 77 2 (R323-01, B Bt i ME R A R A
FRAFDHEAT cDNA B K. T8k PPWRKY6 2% i
[KI4H % %1) , 48 FH Primer Premier 5.0 B¢ it S 1451 4,
PL cDNA AR AR 3 386 3 K] 4 £ [X (coding sequence,
CDS)JF 41, PCR ™14 7™ W 2 Byt g Wik st Jie [ YAC it 71
& (DC301-01, 7 5{ v MEFE AE R A R 2 m]D 4lidl
J& » 5 pClone007-T 4% - 4k DH5 o K i 1 Jk 5%
Ao FFK TR 5 T R PCR ISR, JF 6 % 1
WA TRER A PR = AT I o
1.4 #iAiE

DL & 1) = 4 P K % 5t ok pClone007- T:
PpWRKY6 Jy 45 4 , 4 Fi] Primer Premier 5 1143 %l
A F i R B UER A R U R e S . (A
PR s #4311 B8 Kpn 1 AT Xho 1 /EcoR 1 A1 Xho 1 %
35S:pSAK277 (pTRV2) AT XLl U1 , 1) FH Bt i b 5t

B2 B WAz i 7] 6 4l Ak PPWRIKY6 377 38 72 1 A1 454 il 1)
P o A [ 2R 4H K 7 & A4 8 35S:PpWRKY6 Al
TRV2:PpWRKY6 H 41 Jii ¥ . 2 Al 5 £ %5 4 358S:
PpWRKY6- GFP (Kpn T il BamH 1 ) . 5 4 #% 1A
PpWRKY6:GFP (Xho 1 #1 Xba I ) £l 35S:miR6285
(EcoR I #1 Xho I )44 7 2= f 35S:PpWRKY6 14 £
J7 1%, miR6285 (1) Hi 14 Z 2% J¥ 41 T W, http://www.
plantsrnas.org/browse.html. ¥ #5/¥)5 %% 1.
15 ZEPREEEPCR

2024 4 3 J SR AR R AR AR T 20 R i K Hk
5, A Y RNA SR BUA A S5 IR AT T2
B ZF 5 RNA, AR P IR S H 5 n & i . il
JH R Bt 536 33K 7] 5 K AR 40 S RNA R 7% 53¢ i cDNA.
LA PPWRKYS ] CDS 2 % 7 41| Jy 5 45t , £ F Primer
Premier 5.0 X F 5 THRF e E 51 FIH 6
=471 & (SYBR Select Master Mix, Applied Biosys-
tems, Madrid, CA, USA) X & [A PPWRKY6 #1712 &
Iy e R 24T T SRR A N R IA B, BN
o3l E 3N E A, LBk PpGAPDH /E NN 2
B S5 AR 1.

*1 54955

Table 1 Primer sequences
BIE/ER S Bk i
Primer name Primer sequence (5'-3") Application
PPWRKY6-F ATGGCCTCCTCTTCTGGGAG HEPR v R
PPWRKY6-R TCAGCATAGCAATGATTCAAAAA Gene cloning
SAK-PpWRKY6-F TCCAAAGAATTCCCCGGTACCATGGCCTCCTCTTCTGGGAG U SUE AL
SAK-PPWRKY6-R ATGATCTTTGTAATCCTCGAGTCAGCATAGCAATGATTCAAAAA Overexpression vector
VIGS-PpWRKY6-F ATTCTGTGAGTAAGGTTACCGAATTCCACAACCATGATGTTCCGGC DU A
VIGS-PPWRKY6-R TCTTCGGGACATGCCCGGGCCTCGAGGTAAAGGGTGCTTGTTGCCC Silent vector
2300GFP-PpWRKY6-F ~ ACGGGGGACGAGCTCGGTACCATGGCCTCCTCTTCTGGGAG DAYV A= RES
2300GFP-PPWRKY6-R  GGTGTCGACTCTAGAGGATCCGCATAGCAATGATTCAAAAA Subcellular localization vector
OX-TS-F GCCTCGAGCTGTCCTCCTAAGCACTTCAATCAGACG e iR
OX-TS-R CGTCTAGATTGAAGTGCTTAGGAGGACAGCTCGAGGC Tobacco transient transformation
OX-MTS-F GCCTCGAGCTGCAAAAAACCAACACCCAATCTAGACG SR L 7 s AL
OX-MTS-R CGTCTAGATTGGGTGTTGGTTTTTTGCAGCTCGAGGC Tobacco transient transformation
Q-PpPWRKY6-F CACAACCATGATGTTCCGGC TR FIE ST
Q-PPWRKY6-R GTAAAGGGTGCTTGTTGCCC Gene expression analysis
PPGAPDH-F GACTTCATTGGTGACAGCAGGT Be S AL
PPGAPDH-R CGGGATTTAGAGAGTGGATGC Constitutive control in peach
Qpccr-GFP-F CTGAGGGATACGTGCAGGAGA GFP #KiAH A
Qpecr-GFP-R CCAACTTGTGGCCGAGGAT GFP-expressing gene
Actin-F TGACCGAATGAGCAAGGAAATTACT JH L A 23k K]
ActinR TACTCAGCTTTGGCAATCCACATC Constitutive control in tobacco
OX-miR6285-F TCCAAAGAATTCCCCGGTACCAAGACAAGCAGGAAGGAAAGG BUESSUS AT

OX-miR6285-R

ATGATCTTTGTAATCCTCGAGTGTGGCCTGTGTGTTGGGC

Overexpression vector
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A. The target sequences of PPWRKY6 and miR6285 genes; B. PpWRKY46 and miR6285 expression analysis in Okubo (O) and Zhaoshouhong (Z),
FPKM represented the miRNA sequence data of axillary buds sampled from Okubo and Zhaoshouhong; C. The schematic diagram of \ector construc-
tion; D. GFP observation under UV light (wavelength: 365 nm), with red circles indicating the Agrobacterium infiltration sites; E. The relative expres-
sion level of the GFP expression in transient expression tobacco leaves. ** indicates extremely significant difference (P<<0.01), different small letters
represent significant difference at P<<0.05.
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Fig. 4 Verification of the targeting relationship between miR6285 and PpWRKY6

PpWRKY6 & 1A E ¢ & , 1 miR6285 U 2 LR IE . RHPIIRIEEEZFH & TP A% Bt i &

IR B I AL GFP SE AT it — 2B IE B miR6285 1k PpWRKY6 {12 fi Bk 157 43 A 55 ¥ 28 184 K, i Mk st 37

Al B A ) PPWRKY6. 4 BEHEN , miR6285 1] ER PpWRKY6 M| 2 {3 Bk &7 4 4% M % B 2 kD

REH L ¥ ] PPWRKY6 1M 2 5 8k 73K A T R miR6285 5 PpWRKY6 £ AH jx ik 10, H miR6285

4 o "] #L [5] PPWRKY6 JF i # £ Ik H mRNA /K
AT MiR6285-PPWRKYS6 5 HiL 17k 43+ £ i 7 1 ik i
PpWRKY6 (/K % OSWRKY53 [l B KD /E KA RIFEBERHEER.



59 307

TRARAS, 55 : Bk miR6285-PpWRKY6 FE L 142 731 £ JE AL A

2371

SE L References:

[1]

[2]

B3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

Scorza R, Bassi D, Liverani A. Genetic interactions of pillar (co-
lumnar) , compact, and dwarf peach tree genotypes[J]. Journal of
the American Society for Horticultural Science, 2002, 127(2):
254-261.

M, R, 56, RS, I . B ARS R R L s O e ik
RIF FCHE R [9]. SR 244, 2020, 37(4) : 599-605.

Tan Bin, Cheng Jun, Zheng Xianbo, Wang Zhigiang, Feng Jian-
can. Progress on tree architecture and key genes of its regulation
in peach[J]. Journal of Fruit Science, 2020, 37(4): 599-605.

W] AN A TR A 8 R R R A 4 20 R A R B A
LAZY1 SRR HEREFE[D]. KB « i B 4k K3, 2017.

Li Ming. Research of tree structure characteristics and the key
of gene LAZY1 regulationing branch angle of the different
growth habits of peach[D]. Zhengzhou: Henan Agricultural Uni-
versity ,2017.

Bassi D, Dima A, Scorza R. Tree structure and pruning response
of six peach growth forms[J]. Journal of the American Society
for Horticultural Science,1994,119(3):378-382.

LiuY Q,ChenSY,Pal S,YuJ Q,ZhouY H,Tran L P, Xia X J.
The hormonal , metabolic, and environmental regulation of plant
shoot branching[J]. New Crops,2024,1:100028.

Ali M A, Azeem F,Nawaz M A, Acet T, Abbas A, Imran Q M,
Shah K H, Rehman H M, Chung G, Yang S H, Bohlmann H.
Transcription factors WRKY11 and WRKY17 are involved in
abiotic stress responses in Arabidopsis[J]. Journal of Plant Physi-
ology,2018,226:12-21.

Chen L P, Zhao Y, Xu S J,Zhang Z Y, Xu Y Y, Zhang J Y,
Chong K. OsMADS57 together with OsTB1 coordinates tran-
scription of its target OSWRKY94 and D14 to switch its organo-
genesis to defense for cold adaptation in rice[J]. New Phytolo-
gist,2018,218(1):219-231.

Yang C Y, Liu C X,Li SS,Zhang Y Y, Zhang Y, Wang X J,
Xiang W S. The transcription factors WRKY41 and WRKY53 me-
diate early flowering induced by the novel plant growth regula-
tor guvermectin in Arabidopsis thaliana[J]. International Journal
of Molecular Sciences,2023,24(9):8424.

Rushton P J, Somssich | E, Ringler P, Shen Q J. WRKY tran-
scription factors[J]. Trends in Plant Science, 2010, 15(5): 247-
258.

Ulker B, Somssich | E. WRKY transcription factors: From DNA
binding towards biological function[J]. Current Opinion in Plant
Biology, 2004, 7(5):491-498.

Xu H J, Watanabe K A, Zhang L Y, Shen Q J. WRKY transcrip-
tion factor genes in wild rice Oryza nivara[J]. DNA Research,
2016,23(4):311-323.

Wei K F,Chen J,Chen Y F,Wu L J, Xie D X. Molecular phylo-
genetic and expression analysis of the complete WRKY tran-
scription factor family in maize[J]. DNA Research,2012,19(2):
153-164.

Huang S X,Gao Y F, Liu J K,Peng X L, Niu X L,Fei Z J,Cao

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

S Q,Liu Y S. Genome-wide analysis of WRKY transcription fac-
tors in Solanum lycopersicum[J]. Molecular Genetics and Ge-
nomics,2012,287(6):495-513.

VFHR AT, TR RO ER . SR WRKY 3SR IR 50 2k
AWM B 253 B [3]. T8l 2241, 2012, 39(10) : 2049-2060.

Xu Ruirui, Zhang Shizhong, Cao Hui, Shu Huairui. Bioinfor-
matics analysis of WRKY transcription factor genes family in
apple[J]. Acta Horticulturae Sinica,2012,39(10): 2049-2060.
Chen M, Tan Q P,Sun MY, Li D M, Fu X L, Chen X D, Xiao
W, Li L,Gao D S. Genome-wide identification of WRKY family
genes in peach and analysis of WRKY expression during bud dor-
mancy[J]. Molecular Genetics and Genomics, 2016, 291(3):
1319-1332.

Chen H, Lai Z B, Shi J W, Xiao Y, Chen Z X, Xu X P. Roles of
Arabidopsis WRKY18, WRKY40 and WRKY60 transcription
factors in plant responses to abscisic acid and abiotic stress[J].
BMC Plant Biology,2010,10(1):281.

Shang Y, Yan L, Liu Z Q,Cao Z, Mei C, Xin Q,Wu F Q,Wang
X F,Du S Y,liang T,Zhang X F,Zhao R,Sun H L, Liu R, Yu
Y T,Zhang D P. The Mg-chelatase H subunit of Arabidopsis an-
tagonizes a group of WRKY transcription repressors to relieve
ABA-responsive genes of inhibition[J]. The Plant Cell, 2010, 22
(6):1909-1935.

Yang L,Fang SY, LiuL,Zhao LR,Chen W Q,Li X, XuZY,
Chen S D, Wang H P, Yu D Q. WRKY transcription factors:
Hubs for regulating plant growth and stress responses[J]. Jour-
nal of Integrative Plant Biology,2025,67(3):488-509.

Chen JN,Nolan T M, Ye H X, Zhang M C,Tong H N, Xin P Y,
ChuJ F,Chu C C, Li ZH,Yin Y H. Arabidopsis WRKY46,
WRKY54, and WRKY70 transcription factors are involved in
brassinosteroid-regulated plant growth and drought responses[J].
The Plant Cell ,2017,29(6) : 1425-1439.

Li X Z,Zhang X T, Bie X M, Zhang J,Jiang D J, Tang H, Wang
F. Transcriptome analysis of axillary buds in low phosphorus
stress and functional analysis of TaWRKY74s in wheat[J]. BMC
Plant Biology,2024,24(1):1.

Guo D S, Zhang J Z, Wang X L,Han X, Wei B Y,Wang J Q, Li
B X,Yu H,Huang Q P,Gu H Y,Qu L J,Qin G J. The WRKY
transcription factor WRKY71/EXB1 controls shoot branching
by transcriptionally regulating RAX genes in Arabidopsis[J]. The
Plant Cell,2015,27(11):3112-3127.

Yang H H, Zhou K, Wu Q F,Jia X Y, Wang H X, Yang W H,
LinLH,Hu X M,Pan B Q,LiP,Huang T T, Xu XY, LiJF,Ji-
ang J B, Du M M. The tomato WRKY-B transcription factor
modulates lateral branching by targeting BLIND, PIN4, and
IAA15[J]. Horticulture Research,2024,11(9): uhae193.

Chen J N, Yin Y H. WRKY transcription factors are involved in
brassinosteroid signaling and mediate the crosstalk between
plant growth and drought tolerance[J]. Plant Signaling & Behav-
ior,2017,12(11):e1365212.

Lozano-Duréan R, Zipfel C. Trade-off between growth and immu-
nity: Role of brassinosteroids[J]. Trends in Plant Science, 2015,
20(1):12-19.



2372 3 L)

A
==

{: 434

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Tian X J,Li X F,ZhouW J,Ren Y K,Wang Z Y, Liu Z Q, Tang
J Q, Tong H N, Fang J, Bu Q Y. Transcription factor Os-
WRKY53 positively regulates brassinosteroid signaling and
plant architecture[J]. Plant Physiology,2017,175(3):1337-1349.
Tian X J,He M L, Mei E Y, Zhang B W, Tang J Q,Xu M, LiuJ
L,Li XF,Wang ZY,Tang W Q,Guan Q J,Bu Q Y. WRKY53
integrates classic brassinosteroid signaling and the mitogen-acti-
vated protein kinase pathway to regulate rice architecture and
seed size[J]. The Plant Cell,2021,33(8):2753-2775.

Bajczyk M, Jarmolowski A, Jozwiak M, Pacak A, Pietrykowska
H, Sierocka I, Swida-Barteczka A, Szewc L, Szweykowska- Ku-
linska Z. Recent insights into plant miRNA biogenesis: Multiple
layers of miRNA level regulation[J]. Plants,2023,12(2) : 342.
Aukerman M J, Sakai H. Regulation of flowering time and floral
organ identity by a MicroRNA and its APETALA2- like target
genes[J]. The Plant Cell,2003,15(11):2730-2741.

Baulies J L, Bresso E G, Goldy C, Palatnik J F, Schommer C.
Potent inhibition of TCP transcription factors by miR319 en-
sures proper root growth in Arabidopsis[J]. Plant Molecular Bi-
ology,2022,108(1/2):93-103.

Zhang N, Liu Y H, Gui S T, Wang Y H. Regulation of tillering
and panicle branching in rice and wheat[J]. Journal of Genetics
and Genomics,2025,52(7) : 869-886.

LiY,HeY Z,QinT,Guo X L, Xu K, Xu C X, Yuan W'Y. Func-
tional conservation and divergence of miR156 and miR529 dur-
ing rice development[J]. The Crop Journal,2023,11(3):692-703.
Wang X B, Yan L X, Li T H,Zhang J,Zhang Y J, Zhang J J, Li-
an X D, Zhang H P, Zheng X B, Hou N, Cheng J, Wang W,
Zhang L L, Ye X, Li J D, Feng J C, Tan B. The IncRNA1-
miR6288b- 3p- PpTCP4- PpD2 module regulates peach branch
number by affecting brassinosteroid biosynthesis[J]. New Phy-
tologist,2024,243(3) : 1050-1064.

Wang X B, Wang Q P, Yan L X,Hao Y H, Lian X D, Zhang H
P,Zheng X B, Cheng J, Wang W, Zhang L L, Ye X,LiJ D, Tan
B,Feng J C. PpTCP18 is upregulated by IncRNA5 and controls
branch number in peach (Prunus persica) through positive feed-
back regulation of strigolactone biosynthesis[J]. Horticulture Re-
search,2023,10(1):uhac224.

Wang X B, Xie H F,Pei W, Shen R X, Zhang Y J,Zhang J J, Li-
an X D, Zhang H P, Zheng X B, Hou N, Wang L, Cheng J,
Wang W, Zhang L L, Ye X, Li J D, Feng J C, Tan B. Ln-
cRNA7503 decreases peach (Prunus persica) branch number
and angle by inducing pre-miR395a degradation and reducing
bioactive BR content[J]. Molecular Horticulture,2026,6(1): 31.
AT . BRAh T BRI A 52 (0 S S AR AR R 7S L 1) R A D).
HIH TR ALK 2, 2024,

Shao Yun. Construction of instantaneous transformation method
of peach seeds and its application in tree type study[D]. Zheng-
zhou: Henan Agricultural University , 2024.

Yun C,Ma W Z,Feng J, Li L X. Branching angles in the modu-
lation of plant architecture: Molecular mechanisms, dynamic
regulation, and evolution[J]. Plant Communications, 2025, 6(4):
101292.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Wang H P,Chen W Q,Xu ZY,Chen M F, Yu D Q. Functions of
WRKYs in plant growth and development[J]. Trends in Plant
Science, 2023, 28(6) : 630-645.

RUREE, B, G B, I, N UL g RE R, AR e
W, A ERR R B . PPWRKY4 i i 5201 PpCCD4 %
PR R S N AR R[] R 4R, 2024, 41(8):
1504-1512.

Song Conghao, Jiang Chao, Jin Ziging, Zhang Haipeng, Wang
Xiaobei, Hou Nan, Cheng Jun, Wang Wei, Zheng Xianbo, Feng
Jiancan, Lian Xiaodong, Tan Bin. PpWRKY4 regulates carot-
enoids accumulation in peach fruit by affecting the expression of
PpCCD4[J]. Journal of Fruit Science,2024,41(8):1504-1512.
Rushton D L, Tripathi P, Rabara R C, Lin J,Ringler P, Boken A
K, Langum T J, Smidt L,Boomsma D D,Emme N J, Chen X F,
Finer J J, Shen Q J, Rushton P J. WRKY transcription factors:
Key components in abscisic acid signalling[J]. Plant Biotechnol-
ogy Journal,2012,10(1):2-11.

Zhang K, Zhang J F, Cui C, Chai L,Zheng B C,Jiang L C,Li H
J. The WRKY28- BRC1 transcription factor module controls
shoot branching in Brassica napus[J]. Plants,2025,14(3):486.
LiuD M,He J,Li Q,Zhang X,Wang Y S,Sun Q G,Wang W H,
Zhang M L,Wang Y L, Xu H S,Fang L, Jiang L, Liu S J, Chen
L M, Tian Y L, Liu X,Wang R Y, Zhang Z G, Chern M, Dong
X O,Wang HY,LiuY Q,Ronald P C,Wan J M. AWRKY tran-
scription factor confers broad- spectrum resistance to biotic
stresses and yield stability in rice[J]. Proceedings of the National
Academy of Sciences of the United States of America,2025,122
(10):02411164122.

Yao HY,Yang T Y,Qian J,Deng X Y,Dong L L. Genome-wide
analysis and exploration of WRKY transcription factor family in-
volved in the regulation of shoot branching in Petunia[J]. Genes,
2022,13(5): 855.

Wu G,Park M Y, Conway S R, Wang J W, Weigel D, Poethig R
S. The sequential action of miR156 and miR172 regulates devel-
opmental timing in Arabidopsis[J]. Cell,2009,138(4) : 750-759.
Feng SJ,XuY M,Guo C K, Zheng JR,ZhouB Y,Zhang Y T,
Ding Y, Zhang L, Zhu Z J, Wang H S, Wu G. Modulation of
miR156 to identify traits associated with vegetative phase
change in tobacco (Nicotiana tabacum) [J]. Journal of Experi-
mental Botany,2016,67(5):1493-1504.

Wollmann H, Mica E, Todesco M, Long J A, Weigel D. On rec-
onciling the interactions between APETALA2, miR172 and AGA-
MOUS with the ABC model of flower development[J]. Develop-
ment,2010,137(21) : 3633-3642.

Sang Q. Vayssiéres A, O'Maoiléidigh D S, Yang X, Vincent C,
Bertran Garcia de Olalla E, Cerise M, Franzen R, Coupland G.
MicroRNA172 controls inflorescence meristem size through reg-
ulation of APETALAZ2 in Arabidopsis[J]. New Phytologist,
2022,235(1):356-371.

Jiao Y Q, Wang Y H, Xue D W, Wang J, Yan M X, Liu G F,
Dong G J,Zeng D L,Lu Z F,Zhu X D, Qian Q, Li J Y. Regula-
tion of OsSPL14 by OsmiR156 defines ideal plant architecture
in rice[J]. Nature Genetics,2010,42(6):541-544.



