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Research Progress on Branching Formation and the Main Factors

Affecting Branching Number in Plants
LI Libing, LI Weitao, LIU Yirou, LIU Yiyang, BAI Bo, CUI Feng, WAN Shubo, LI Guowei

(Institute of Crop Germplasm Resources, Shandong Academy of Agricultural Sciences/Shandong Provincial Key Laboratory of Crop Genetic Improvement,
Ecology and Physiology, Jinan 250100)

Abstract: Plant branching is a complex and strictly regulated developmental process that significantly affects plant morphogenesis
and yield, making it one of the focal points in the study of ideal plant architecture. The formation of plant branches requires at least two
critical steps: the formation of axillary meristems and the formation and development of axillary buds into branches. In recent years, it
has been confirmed that various factors regulate these processes, ultimately affect the number of plant branches. This article briefly
describes the molecular regulatory mechanisms of plant branching, including the regulatory networks of key genes involved in the
formation of axillary meristems and the formation and growth of axillary buds. It reviews the effects of various endogenous hormones,
including auxins, cytokinins, gibberellins, brassinosteroids, and strigolactones, as well as the nutrient sucrose and environmental factors
such as light on branch formation. The aim is to lay the foundation for breeding high-yield new varieties with ideal plant architecture.
Additionally, the article discusses the regulatory effects of interactions between hormones on branch formation and analyzes the current
state and future directions of research on the branching of oil crops, with the hope of providing a theoretical basis for shaping ideal plant
types.
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TEA R T R AN B, A A4S (AM,  axillary meristem) [ITERG AM R & IR, T
SFARER AT E A BB T RHRARES T ORI 2, ARBRZE ST DL B g = A — A0 B i 73 B
HERKE ZZ R ZF, MR P2 —. HATCaAE 2 E R RS IT T 0 BOB s 7

WU, 973 Y — e i B T iR SR B L R (8 1D, e LAS (LATERAL SUPPRESSOR) ¥, CLV3 (CLAVATA

Bk

[

3) B, RAX1 (REGULATOR OF AXILLARY MERISTEMS 1) 1), wUS (WUSCHEL) ). REV (REVOLUTA)
81, LAX2 (LAX PANICLE 2) V), STM (SHOOT MERISTEMLESS) '), CUC2/CUC3 (CUP-SHAPED COTYLEDON
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Tablel Key genes involved in AM initiation and axillary bud development

i B A hhei R EE BTN
Class Gene Functional annotation References
AM HELE ISR REV HD-ZIP #5 [K-F [8]
Key genes involved in AM initiation LAX2 %EA [91
cucaicucs NAC #3[H+ [14]
wus WOX & [15]
CLv3 T2 AW [16]
RAX1 MYB 3% K1 [17]
EXB1 WRKY 3% K1 [13]
STM KNOX ¥ H T [18]
LAS/LS/MOC1 GRAS #3%[R 1 [19-20]
OsH1 KNOX ¥3:H T [21]
TAD1 APC/C i 7 [22]
LAX1/ROX bHLH # FH T [23-24]
B e e A 11 S B 2 A BRC1/TB1 TCP T [25]
Key genes involved in axillary bud activation and outgrowth ~ IPA1/OsSPL14 2% Squamosa J& ) 145 & & M [26]
TINL C2H2 4R kA T [27]

MOC3 WOX &4 [7, 28]
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KT AM RIRA BRI AREBIRY, B “B A A4 BIRUR “ DKl S BiAd, BRI gl”
R\ AM HEJR T 25150 50 2E 4140 (SAM,  shoot apical meristem) , M SAM Zrbilisk, R T 444141
RFPERO3, KIS BEALIEA Y AM 2 A 2558 FRAL (¥ LA 20 I 357 T B R A 4316 RE 0 (KB R 2 21
B3I, @z, AM RAETEM IRIET A g0, 25 F 52 MR 2@ — AN, UG 2R 440
FEF I IEAE R & (038 5 v 85 HOR B SRBE IR 2 n AR R AR AR Wb 3e UL RS R 2 S 43 AR A1 435 3
MR 2 CS) . s A% R AERY) AM iR aa i FE e 5 B EAUME T, HAl C& %0e 2 Fh o
P AT (B 1D o CUC RIDFXFEFIRIBMER, HRYE AM TSI SR H U3, sk i
FORBURE CUC FEFENS AM [ UL 0R 220G 5528, (LB J5 76 43 AR 2 2 i DL R4 B (i e it /2 b cuce
BRI 3 IA 75 B4 ST 4], 117 NGATHA-LIKE %% 555 -7 DPA4 (DEVELOPMENT-RELATED PcG TARGET
IN THE APEX 4) F1 SOD7 (SUPPRESSOR OF DA1-17) i@t #illfi] CUC (#1335 K SE 40 ) M Sk 57
WHFGE R, AR CUC2 F1 CUC3 REEM IS A, ARSI & FE A AR K E BB L wus
N CLV3 TE AP IR 0k, AT BELAS TSR 0 Sk B3l bk, RS IF hémt MYB %3 H 1)
RAX FERBAE AM UG TN BEE B EEMNMER, rax] FAEMA IR AM BRI, RAX2 Al RAX3
RAR G REEINE rax] FRAZHR AM BRIEEZRAIT, B 50N G080 i A IR0 0 1) G TR B, AML R EEAG
BRI AR A SR IR R STM 93 AR A . STM RIS T iR A K R I AR
ARAKF (¥ STM 54T B T4 Re o3 R R R M ACRES s T = 7KF 1) STM Rk W 22t 73 A HAK R 3. %
ST REV AT LLE £ IR AL R b i STM ik, T 31 K AM BT RO, i AT 52 ] STM
HWUS R8I B A L TR 4 F SR R D e,

GRAS FJiHe s H 175 AM TR S5 AR K Al & OB E A, indth mg 7+ i) LAS, F Al LS (LATERAL
SUPPRESSOR) FI/KAEH 1) MOC1 (MONOCULM 1) « MOCI FELEMZERRIL, Lk AM TEEFIR & K
RO, AR mocl WATAEAT /3 BE, WAT—ANFZE, LpiA NMELLEFAERUD, i MOCT i FIE MY
ZER A BERCEI N, OsH1 (ORYZA SATIVA HOMEOBOX 1) J&4r A 41403 sl A4 e ) S B 1 5 18
OsTB1 (ORYZA SATIVA TEOSINTE BRANCHED 1) JEH#4atth—Ff TCP #3[H -, FEMEF e R IA IR
T AR mocl TRAERHPRNE] OsHI Al OsTB1 Fib /K1 B35 B4, MOCT Wil 4% OsHI 1 OsTBI
FIZRIE R KRS AM O GE AR 2E £ K35 301, TAD1 (TILLERING AND DWARF 1) &£ W4 E3 &4
B APC/C (ANAPHASE-PROMOTING COMPLEX) HHL#uEE ¥, 75 MOCI Fl OsAPC10 #HEAEM, L
2 IO 1 77 SR AR MOCT,  #EMTE AM TR AE K. AMTERUG, 4ERFIUR B LAXT R LAX2

K5 MOCI VLE 7 ST B F A B SR AT AM BT ZERR2 3, WU+ LAXT fRVEE R ROX



(REGULATOR OF AXILLARY MERISTEM FORMATION) WZFiAMKHiT RAX1 A1 LAS FWEM:, X 3 MEEF

B P45 AM R4
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Hormones are labeled in blue font; The same as below
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Fig.1 Key factors and hormones involved in AM initiation
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PROMOTER BINDING PROTEIN-LIKE 14) , "WJULE#45E 5] OsTBI KA a1 £, 1% OsTBI #I3RIEKI-
PRS-, MR B IR TR RS R 2 B — S A 1 R s I e s R A o B KT B, TAA R SL AT 4
DRI, T CK. BR AUREREN S 2, BT X e R AR AT TBI/BRCI, AF Iy TR E 218 J1 A% Lok
VAR RN, AR PR SR KR R MOC3 (MONOCULM 3) 3[R 2 IR ZE T BT L T 1, 12 R U e
I+ WUS WRIEFE, it — A B s E R B o, S R R IE R O RAL  AH HAE R,
KRGS B, FCThRER R 2o BIIR 43 BE2F (¥ ] 28 40410,
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BRI, JEAEH IR BEF IR, MR B M. TINT BRI 4 1 B E a4 T
5 G EFMBERG SR SRR, ©r Bl id & 2 JE M 2 TR 1 FK 20 BE2F AT 27, &
FIMAE LA FONI (FLORAL ORGAN NUMBER 1) {E5y BESFRIAIRIE, Ry IS /X BEZF S, TOANRZ MR 70
BESFHIEAR, 2FE DR S5 0 B H B3 D), gt — BRI FU R MOCT AT BAAI MOC3 KA H HAE, JF
YEN MOC3 I HL OIS A 11— 1 5k FONT I3RIE,

B8R < IAA
} SL CK

Billl
. GA
BSf:l Dl4+—GA |
D3
BSU1 l SLR1
BIN? D53 MOC]1
+ +
IPA1/SPL14 MOC3
BZR1/BESI MOC3 l
- l TIN1
o —JTBUBRCI FONI
ucrose J_ /
R ZE s i ZE AR A&

Axillary bud activation || Axillary bud outgrowth

FiRg o,  EEE

Positive regulation Negative regulation

2 SERFHERBRKOXBEFRHER

Fig. 2 Key factors and hormones involved in axillary bud activation and outgrowth
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Y E, B4 KZE (JAA, indole-3-acetic acid) + 43 & (CK, cytokinin) . F&E % (GA,

gibberellin) . JHZEZH HMBE (BR, brassinosteroid) FIJHEIE MBS (SL, strigolactone) , & PRHRZFFT i ARHRAN
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Table2 The main hormones and related genes regulating plant branching

W S LhRe ik BTN
Hormone Gene Function description References
AKE Yuc IAA Flig e s R [42]
IAA TAAL IAA £ R IE [43]

AUX1 IAA S N34 [44]



LAX1 IAA S N 3RAK [44]

LAX2 IAA B NERAE [44]

PIN1 IAA % th 4k [45]

TS IPTS CK &Ik fmR A [46]

cK DgIPT3 CK & gt 5 A [47]

LOG1 CK & Bug A4 A [48]

CKX3 CK Pt B A [48]

TREER GA20x GA Jii% S g [49]

GA GA20x4 GA K K HE il [50]

TR AR BZR1 BR 18 SR M i e T [51]

BR BES1 BR 15 5 IE IR T [52]

G A D53 SL & = il + [53]

SL SMXL6/7/8 SL {55 Hidl 7 [54]
D14 SL /KA SL S5 5% A G HE [55-57]

D3 SL 55 KA [57]

211 EKEFE 1AA ZREHEY AM LRI EEHE . Wang FPIHF AL, EEFREFIES, HiKIAA
ERIIFFIE AM TERII G AE . ARIKIZR) TAA SZH IR AM TR ZE54F, FEMIRH IAA A
RILEBIT, AM BANE], SH0HI G IAA A RGERRIAR, BIF=AETE SN, TAA AL ik
IEHAE T A% Fo0f IR AR LG B AT BB L, FESR IR, TAA B EART YUC (YUCCA)
F1 TA41 (TRYPTOPHAN AMINOTRANSFERASE OF ARABIDOPSIS 1) "R 5747 54 ik TAA HIREST R %,
FEOm A 2 B L RE b 2 TAA EE i A K AUX1 (AUXIN RESISTANT 1) . LAX1 A1 LAX2
PAR TAA F A PINL G, AM AREIERTER, MHH IAA (55 1% 5 0] AR R B, 20
IAA [IRR PRSI ZKSF TAA 15546 502 AM AT 6 7 [F 4451,
212 HRASHE  CK2WEEY AM EAMAEKKEZER, 5 IAA BEHER. TAEY, CKES
PRIPs Je 2N LR S, AR TP R (AHK, arabidopsis histidine kinase) 5244 . & 2% B (1)
M:#:#% 5 (AHPs, histidine-containing phosphotransfer proteins) 5 B ER %8 S 6 CK #4351 S () B 7Y
M B 18 55 F- (B-ARRs, type-B response regulator) FI{EN CK {55 FU AT KT A-ARRs, HH A-
ARRs /& CK 3 E R R 70, JUsa T I TAA BRI % B 5 L CK 5 5 ik AM H 3T
W), HEX CK A g K IPTS (ISOPENTENYL TRANSFERASE 8) WKL EE(EH, tRik IPTS
ARE T AM BB R AR KR A0, S, S1EH CK & M ] DgIPT3 Fik & 1Nty 555
B R 2147, B AT at 7T C20E B MYB 885321+ RAX A BUBIE R CK A=W& mialif5 514 Sk g
M AM FRTE RS 61, gbdh, R WRKY 2886 5% R+ EXBI i@ Id 45 RAX FER RIS RALH /36, 1M H.
PR RIS SERE B EXB & B ] RAX BFEM RS FIX, Wiz KA, Han U807 R,
AP1 (APETALAD) FJLLEEANH] CK W& MFER LOGI (LONELY GUY 1) RIS CK PEfEFEEN CKX3



(CYTOKININ OXIDASE/DEHYDROGENASE 3) K5 CK /K~F-, MMM AM BJE A, KREH CK & &1
I OsTBI IZRIE, MTIHERE>BEZER A KON, 768 AM JERRIA K, CK REFT B ZERIARAR, 5k TAA
XTI AR 5 (RIMAIAE st e SRR 20 B0,

213 FREBEE GA £ AM ERMEK T BRI EZRZER. GA MY EZ—AIEF Z 1P,
FEARRFHEYIH GA 1 CK PR EMIZE A K, o GA3 (ERIEZE /MR AR # B3, GA [MAEA
V7 2 250 S 2 PR A 1 KRB A A O BEA T, 3R A R R 5 2 R HIR ) S B e S5 [X 5~ BRCT
BRC2 W3k, TAEKFES, m7K P GA W LABOE APC/C, i AM Hf) MOCT [REAR, AT 73 BE
(051, 5y —THURFF STt W] GA Wl filtk DELLA 25 (4 SLRI [FIFEAR, 58K AIKRE 2> BEXOR 1 KT MOC1 )
B, WIS S0 BERUNIR D, GA 55 SLR1 A1 MOCT Y Al R # /K A8 43 BEZE I AR K, S0 T I Ak el 37 3%
KM LAS W UASE B IR T GA RiG SR GA2ox4 [MFRIE, TEMIRALFE AL — MK GA & X5, f#173 DELLA
F A ZEIF0H] SPLY (SQUAMOSA-PROMOTER BINDING PROTEIN LIKE 9) , MM E LAS (%5,
e BEMCZE M B, DELLA-SPLO-LAS-GA20x4 JER— AN S BB &4, (LR AR [A] B SCIUXT I T2
FeAmifEPY. GA T2 OsHI R OsTBI W3RiL, BETTANH]KHE 73 5. GA & SL AM& BiER 1, GA
&5l % SL 2B & Bk K ) R IR IS HIEY) 08, GA Wl B SL R e AR K D14 13k
TR A ] 433 67 681,

214 SAREMNEE BR @i BR B 54& SHOCERIEEM 4K, Hil#Ex= 7 H BR M FHEL BZRI

(BRASSINAZOLE-RESISTANT1) U1 BES1 (BRI1 EMS SUPPRESSOR1) B2A#% .00 (I #5 s l#EHLA . BR
5% 4k BRIl (BRASSINOSTEROID INSENSITIVE 1) 454 filh & W ER 1L R BE S N, 5 80 (A BIN2

(BRASSINOSTEROID INSENSITIVE 2) ki, M BR {5 5 @12 M % k7 BZR1 M BR {55 1L
#2A7 BES1 (BRIl EMS SUPPRESSOR1) WAL MUE . Filidh BZR1 n] EHAMHI A s et %
ILHER] BRCI IFIE, MR IR H I AC MBI E A, TR BEIR 2 1 AR KO, S0 I eh BEST i Rk ]
LM 3 B U, K A% BR Rl SL Befg i/ Fl T OsBZR1-D53 H (VG A4, 2 T Vi 28 47 o 1 &
FCI (FINE CULM 1) [f3&ik IR #E7K A5 5 5P,

2.1.5 MEIEABE  SLORIERBC A K EEER, il SL YIS BAHE 51k SRR 7 B
IAE R TR, FE BT RS A T SL VR AR A IR R B 2 fii) 2R I AR K27, SL (5 5 4%
FEE BUSRAH IR WY B P I E B A . EKFEH T &R D53 (DWARF proteins 53)
TR SL S S HmH 1053, o/p /KEEFEH D14 (DWARF proteins 14) Fl F-box 25 4 D3 (DWARF proteins
3) JERL D14-SCF™ B (U E AW 5 v LAREA DS3, Bk HAR R I 2F A K A3 PR AT sk /b /K 43 BE ST 1. 7
T, SL T 55 DS3 1 RIJE L 1 SMXL6/7/8(D53-like SUPPRESSOR OF MORE AXILLARY GROWTH2-

LIKESMXL 6/7/8) KBRS 30 BRCI ik LA #4354 7677, SL 0] 1% S WRIR B A A S /) PIN1 W HEH,



THAENRE AL PINT, 025 eh TAA BORRPEZ S, 00 28 A AR KD 78800 il i AL R W8 SR B B T
SL 55—y, B, 7E/KRE TR BARBEFR BG5S %0 842 7 OsPHR2 (Oryza sativa
PHOSPHATE STARVATION RESPONSE2) HEHUE 459815 ‘5 i@ ¥ NSPI (Nodulation Signaling Pathway 1)

NSP2 LK SL & %K 4 D10 (DWARF proteins 10) « D17 (DWARF proteins 17) 1 D27 (DWARF proteins
27) WIFiL, NSP1 M NSP2 #t— i i i — JAARe it SL & Ak Rk, SBUKMERAS SL &8
BoEfs, SL gt —BROEIME S8 e, W (et o B GORIE K T OsTBI BIZRIEAMHI 73 B 2K T FRAIC
TrEERHBY,

2.2 HAiEFRENSH

221 FEEESIAR OWEAEVE SHEMIBCE R PR E AR . BCFRIIRTE S AT AR BRIR 25 B2 T 10 3 )

], FERELERA AR P 10 I8 B FUAE 2 v R BRI ZE (AR AR B DT ME DG, SR RE AR IR 2 1 A K 8284 e
(ORISR E SR HIBE (5 548 T E S0 . BET g% CK A IR LES (Vinv, vacuolar
invertase) i PR AR HEIR 2F A2 K800, FEBENT Vinv 3 P RIS 2 BT CK, 1 viny ARSI T CK
BRI AEK, R CK Bl 838 Viny WP B0, ZEKRg T, RERE(RIE SL OGS0 5 K D53
AR BT A SLRAZHE/r BEET), moc2 FRAR s 4 5 S5 R Wi AL 17 J ol e o) B8 2 1 A K881 ZE BB
H, BEAE AT DAL L TAA AR TART (TRYPTOPHAN AMINOTRANSFERASE RELATED PROTEINS 1)
YUCI 1 TIAA % HH#k A SE R PINT, B T30 LK) MAX2 (MORE AXILLARY GROWTH 2) F1 BRCI [1RIER
M) SL 11 48 43 A 182- 84- 891,
222 FFHE EAMURHEY T B REERIE, 1 B RARH 2 A KGR S5 5 . BB SR LR
RUOGIEZ 2850, Wtz A (PHYA, phytochrome A) FIGHifa & B (PHYB) %. Xie ZWf 5t %
B, PHYA /5615 530 #6105 5K 7 FHY3 (FAR-RED ELONGATED HYPOCOTYL3) . FARI
(FAR-RED-IMPAIRED RESPONSE1) LK SL {55 il i A4 [ 7 SMXL6/SMXL7/SMXLS "] Hi% 5
MIR156-SPL 7> T #5HLff) SPLO A1 SPL15 AHEAEH], ] BRCI Wi, Mgt sr . FHY3 1 FAR]
W] DLE 2 B SMXL6 Al SMXL7 (#7635, AR 73 U7 o A2 3 1 206 5 i 416 b (red/far-red, R/FR)
M, FPEAEBER SR A E (SAS, shade avoidance syndrome) , BER N %MK T FHY3 Al FAR1 AR,
—J7 1 E SPLY Ml SPL15 BH, 45t BRCI JAB) TWIGHARIE, 55— 5 28 SMXL6 1 SMXL7 ik %
1€, BRCI W)ZiLTtwg, MW Es 7700951, f5 gieeh, PHYB AJ LA 28 4= K43, PHYB £ 0%
G5 A, MABRLEEREMR T PIF (PHYTOCHROME ACTION FACTOR) H#:#id MIR156-SPL 41
BEHGHE BRCT s TR 4% dbAh, J6fE 5B HYS WHEHRiE 2 S i, S84
ML, HYS SREMMT B E R EWNZ, RAE hys /B H B35m/>, @id qRT-PCR £lll BRCI #13
EIKERI, hyS H BRCI WMERIRAKFE BT E, NS T HYS £t N BRCI FIRIEKF e



BEI LIPS, BRI FU 45 RAEH] HY'S 3@ BN BRCI ¥ 3 A FNH0E T AU ZE b BR AEW) 45 FRE R 1
SRR B 1 KT,
3 [EESRE

ARSLLRIR TR R TR SRR o B K B i FU k. H TR SU S AR, TAA I SL )
53k, CK. BR FIEERE(ERE - B8, T GA W HLEURFIR, HAEAR YR o i 4 B AR [, 7EAR
ARRHRRRALIEAE L, FEKRG ch i i fF I 04 061, 3 B 3 AR BT IS D A0 B, TR T — AN
REYEZRERILE, a0, xf B8 2 BB 78 A I RERE AL B AT DL E 73 1 2 B A CK AR B M 2R, T CK
F BRIV R SR 771 1 Ak R DM 6 A ] T RERE RS 2R BRI 2 K P2 ). CK A5 585 T TAAL SL Tk
M58, (237 BR ({4, BEMTHGE BZR1 B, 028 A Kb B 1 BRCI IR0, BARAN A
W) AR 3R 1) AT BEAEAE AN R 4% 5 2, (HIEREE IR 5 AM JERUHSCHER  IR2F e 4 AR A DG
PRICRTE—, X WU T s I R o B b i S 2R

UEJVEE, KRG SR TFRIE A VB p O F 0 R AR IO W 0 45 AR ki R & . e RME R, 508
MISE ISR FU D o Liang 251V& 3 7 K M 57045 4 B30 B 6 IR De2 578 37 A K ) AR i A Ky
5, DR WEEE T GmdApla Tl GmApld WRET L, WIS, HIKG 0. RFESEI0g 6 T
— N5 RGBT gBN-18 SR, K S5 BB RE R ) 50 B o o3 ¥ h i bW Al B3 1 4% 1R X
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