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Abstract: Breeding for rice varieties with ideal plant architecture is of significant importance considering their higher yield
potential. The tiller angle is one of the most important core factors affecting plant architecture, and the varieties with suitable tiller
angle show better lodging resistance and stable yield potential. Therefore, deciphering the molecular mechanism of rice tiller angle
regulation has important theoretical significance with application potential in improving plant architecture and yield potential. This
article summarizes the progress on gene cloning and molecular mechanism illustration of the tiller angle regulation in rice, which will
provide insights for developing rice varieties with  high-yield and ideal plant architecture through molecular design breeding.
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Figure 1 The domestication regulation mechanism of rice tiller angle
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Figure 2 Molecular regulation model of tiller angle in rice
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Table 1 The cloned rice tiller angle related genes

BLH 44 FEH 240 7 A SEH ThRE AR Wi SR
Name Gene ID Localization Function Pathway Regulation form Reference
PROG1 0s0790153600 20t A% BRI T Ytk iE [9, 10]
PROG7 Eiiliiones BEFR L R T ik, 1E [11]
RPAD Eiiliiones BEFR L R T ik, 1E [6]
TIG1 050890432300 Eiiliiones TCP 5 WiE A T ik, iE [2]
TAC4 050290450000 A ffi% TR RS Yk, RN i [12]
TACL 050990529300 — RAREAYFEE & A Ytk iE [13]
TAC3 051090462800 — BEEE B4k, i [14]
D2 050190197100 PR 5 A i P4S0 B H 9k, BR it [14]
OsAGPL1 050390735000 RN ADP 7 2] Bl £ W (L i # SRR il [16]
OsAGPL3 050590580000 Ji A ADP ] % A= B IR AL SR i [16]
CRCT 050590595300 A% CCT ZiIiEH SR M 1E [24]
LAZY2 050290180200 Ak kR E #H RN i [25]
LPAL 050390237250 R IDD & H RN i [15]
ONAC106 050890433500 k% NAC % 5K+ HIRMN it [19]
LAZY1 0Os1190490600 YMA% . TR AR R E A EiAlA il [3, 26]
HSFA2D 050390161900 0t A% P SN T SRR il [21]
OsBRXL4 050890462700 R BREVIS RADIX [ 3£ £ iE [28]
WOX6 050390325600 A% WUSCHEL #5% [F) 5 & 5 5] R iE [21]
WOX11 050790684900 A% WUSCHEL #5% [F) 5 & 5 5] R iE [21]
OsPIN2 0s06¢0660200 21 AR F R HIRM s [29]
OsmiR167a MI0000676 R MicroRNA Ealda iF [30]
ARF12 0s0490671900 0t A% AR ENEHT SR il [30]
ARF25 051290613700 0t A% AR ENEHT SR il [30]
ARF17 0Os0690677800 0t A% AR ENEHT SRR il [30]
OsHOX1 051090561800 k% HD-ZIP Il # %K T BEIRPL iE [27]
OsHOX28 050690140400 A% HD-ZIP Il #3% A1 W) iE [27]
FucT 050890472600 R o-1,3-5 EERE R A IR, 1AA i [20]
OslAA4 050190178500 A% Aux/IAA FE K HIRB, 1AA i [31]
IDD3 050990555700 A% IDD & H HIRP, 1AA i [1]
OshzIP49 050690614100 Eitliiare bZIP 4K T BRI iE [32]
DWARF3 050690154200 Yl k% F-box LRR & HIS B, SL iE [18]
OsPIL15 0s0190286100 0 fi A% et EAER T RN, b i [39]
PAY1 0s0890407200 0 fi A% Z [k S64 SEHIEE A AKE i [33]
OsPIN1 050290743400 21 AR F i Ak EKE fit [34]
OsGRF7 051290484900 4% AT T HEKEK, GA il [35]
BG3 050190680200 JoJi L 1A 375 CK iE [36]
OsLIC1 050690704300 M. AR CCCH A5 H BR i [37]
0sMBD707 051290620400 itliiores AL S EA J A iE [41]
IDD13 050990449400 Yok IDD X — il [43]
DEP1 050990441900 A% Z0AAE FERK G EA Yy W — iE [44]
—: KK

—: unknown
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5. OsMBD707 ##f%—/> MBD (methyl-CpG-binding domain) ZFEEH, EAT-40E%+ . OsMBD707 7E
IKTBIA N BRI R, HidRIBRERAEE O (SD) M4 FEINDBEMBE . 68 U B AR A 4E
BIFAE, MK HIE (LD) R yREN,
42 MEEE

— U FLRITE P BEAR . BINAN LA FE I IR, BT AR EK RIS . 5k LPAL/OsIDD14
A O A K AR MEIE 4 B 1 PIN-FORMED 1a (PIN1a) (#1325 55 i 7K FE i 25 1 A SORb s e e
5 LPAL Z5f8l, IDD13 g E #4543 PINla j5 30 R#uEHRIL: 1 IDD3 N & — AN il 1, %F PINla
LB TT/ER] . IDD3. IDD13 M LPAL A BETE R — Mok Rl T2 &k, 75 PINLa ik oK
TEXT SRR HI LS, 1DD3 o AR I K 5 BE fi ) IR 380 1 /KRGS i g M. tbah, =
Bk G & H y WX DEPL @i #] LPAL 454 PINla B 3h T HNE M, K RE 40 58 Al gort s itk
5 RE
A& 1) 7 BE AR AE SCGE AR BR SR T 7 5 7 TR B DGR 3 A SR AE ) BH /K 8 4 BE A 845 5 0@ % U7 TH

7



UG TARKHEE, (HAE —Sei @R (1 SEEMENIUKRE S, FAEMRE OR Y EZE R,
il AR S HLAT EE RN E 1) 3 BE A R IR DA R DR AL MR WA (2D FEISR LAZYL A% O TP
WHFAROERE, H 2 SARPR AL 5 & 2 T el By [RAE R IR 2 P RLRID A Rt — 2B 9L (3) BT EREA
AEKIREE, BT 5 BEMXTIREE I RATI SR B PRk rE . BB LRIk e, 3200 BRAE R AL b5 7 B
AT, EN SRR EESH SRR, Bxhdsr=. AR 73R A g At E 2
HR FERE AR AR ST 3%

SE 3 Hk

[11Wang ST, Guo X F, Yao T S, Xuan Y H. Indeterminate domain 3 negatively regulates plant erectness and the resistance of rice to sheath blight by controlling
PIN-FORMED gene expressions. Plant Signaling & Behavior, 2020, 15(11): 1809847

[2] Zhang W F, Tan L B, Sun H Y, Zhao X H, Liu F X, Cai HW, Fu Y C, Sun X Y, Gu P, Zhu Z F, Sun C Q. Natural variations at TIG1 encoding a TCP
transcription factor contribute to plant architecture domestication in rice. Molecular Plant, 2019, 12: 1075-1089

[3] Li P J, Wang Y H, Qian Q, Fu Z M, Wang M, Zeng D L, Li B H, Wang X J, Li J Y. LAZY1 controls rice shoot gravitropism through regulating polar auxin
transport. Cell Research, 2007, 17: 402-410

[4] Chen P, Jiang L, Yu C Y, Zhang W W, Wang J K, Wan J M. The identification and mapping of a tiller angle QTL on rice chromosome 9. Crop Science, 2008,
48: 1799-1806

[5] Liang Y, Wang Y H. The genes controlling rice architecture and its application in breeding. Chinese Bulletin of Life Sciences, 2016, 28: 1156-1167

[B(]WuY Z, Zhao S S, Li X R, Zhang B S, Jiang L Y, Tang Y Y, Zhao J, Ma X, Cai H W, Sun C Q, Tan L B. Deletions linked to PROG1 gene participate in
plant architecture domestication in Asian and African rice. Nature Communications, 2018, 9: 4157

[7]1 He Y, Li L Y, Jiang D G. Understanding the Regulatory Mechanisms of Rice Tiller Angle, Then and Now. Plant Molecular Biology Reporter, 2021, 39:
640-647

[8] Gao H B, Wang W G, Wang Y H, Liang Y. Molecular mechanisms underlying plant architecture and its environmental plasticity in rice. Molecular Breeding,
2019, 39: 167

[9] Jin J, Huang W, Gao J P, Yang J, Shi M, Zhu M Z, Luo D, Lin H X. Genetic control of rice plant architecture under domestication. Nature Genetics, 2008,
40(11): 1365-1369

[10] Tan L B, Li X R, Liu F X, Sun X Y, Li CG, Zhu Z F, Fu Y C, Cai H W, Wang X K, Xie D X, Sun C Q. Control of a key transition from prostrate to erect
growth in rice domestication. Nature Genetics, 2008, 40(11): 1360-1364

[11] Hu M, Lv SW, Wu W G, Fu Y C, Liu F X, Wang B B, Li W G, Gu P, Cai H W, Sun C Q, Zhu Z F. The domestication of plant architecture in African rice.
Plant Journal, 2018, 94(4): 661-669

[12] Li H, Sun H Y, Jiang J H, Sun X Y, Tan L B, Sun C Q. TAC4 controls tiller angle by regulating the endogenous auxin content and distribution in rice. Plant
Biotechnology Journal, 2021, 19(1): 64-73

[131 YuBS, LinZW, LiH X, Li TJ, LiJY,Wang Y H, Zhang X, Zhu Z F, Zhi W X, Wang X K, Xie D X, Sun C Q. TAC1, a major quantitative trait locus
controlling tiller angle in rice. Plant Journal, 2007, 52(5): 891-898

[14] Dong H J, Zhao H, Xie W B, Han Z M, Li G W, Yao W, Bai X F, Hu Y, Guo Z L, Lu K, Yang L, Xing Y Z. A novel tiller angle gene, TAC3, together with
TAC1 and D2 largely determine the natural variation of tiller angle in rice cultivars. PLoS Genetics, 2016, 12(11): 1006412

[15] Wu X R, Tang D, Li M, Wang K J, Cheng Z K. Loose Plant Architecturel, an INDETERMINATE DOMAIN protein involved in shoot gravitropism,
regulates plant architecture in rice. Plant Physiology, 2013, 161: 317-329

[16] Okamura M, Hirose T, Hashida Y, Yamagishi T, Ohsugi R, Aoki N. Starch reduction in rice stems due to a lack of OSAGPL1 or OsAPL3 decreases grain
yield under low irradiance during ripening and modifies plant architecture. Functional Plant Biology, 2014, 40(11): 1137-1146

[17] Okamura M, Hirose T, Hashida Y, Ohsugi R, Aoki N. Suppression of starch synthesis in rice stems splays tiller angle due to gravitropic insensitivity but
does not affect yield. Functional Plant Biology, 2014, 42: 31-41

[18] Sang D J, Chen D Q, Liu G F, Liang Y, Huang L Z, Meng X B, ChuJ F, Sun X H, Don G J, Yuan Y D, Qian Q, Li J Y, Wang Y H. Strigolactones regulate
rice tiller angle by attenuating shoot gravitropism through inhibiting auxin biosynthesis, Proceedings of the National Academy of Sciences, 2014, 111:
11199-11204

[19] Sakuraba Y, Piao W L, Lim J H, Han S H, Kim Y S, An G, Paek N C. Rice ONAC106 inhibits leaf senescence and increases salt tolerance and tiller angle.
Plant & Cell Physiology, 2015, 56(12): 2325-2339.

[20] Harmoko R, Yoo J Y, Ko K S, Ramasamy N K, Hwang B Y, Lee EJ, KImH S, Lee KJ,OhD B, KimD Y, Lee S, Li Y, Lee S Y, Lee K O. N-glycan

containing a core al, 3-fucose residue is required for basipetal auxin transport and gravitropic response in rice (Oryza sativa), New Phytologist, 2016, 212:



108-122

[21] Zhang N, Yu H, Yu H, Cai Y Y, Huang L Z, Xu C, Xiong G S, Meng X B, Wang J Y, Chen H F, Liu G F, Jing Y H, Yuan Y D, Liang Y, Li S J, Smith S M,
Li J Y, Wang Y H. A core regulatory pathway controlling rice tiller angle mediated by the LAZY1-dependent asymmetric distribution of auxin. Plant Cell,
2018, 30: 1461-1475

[22] Vandenbrink J P, Kissa J Z. Plant responses to gravity. Seminars in Cell & Developmental Biology, 2019, 92: 122-125

[23] Wang B, Smith S M., Li J Y. Genetic Regulation of Shoot Architecture. Annual Review of Plant Biology, 2018, 69: 437-468

[24] Morita R, Sugino M, Hatanaka T, Misoo S, Fukayama H. CO,-Responsive CONSTANS, CONSTANS-Like, and Time of Chlorophyll a/b Binding Protein
Expressionl Protein Is a Positive Regulator of Starch Synthesis in Vegetative Organs of Rice. Plant Physiology, 2015, 167: 1321-1331

[25] Huang L Z, Wang W G, Zhang N, Cai Y Y, Liang Y, Meng X B, Yuan Y D, Li J Y, Wu D X, Wang Y H. LAZY2 controls rice tiller angle through regulating
starch biosynthesis in gravity-sensing cells. New Phytologist, 2021, 231(3): 1073-1087

[26] Yoshihara T, lino M. Identification of the gravitropism related rice gene LAZY1 and elucidation of LAZY1-dependent and -independent gravity signaling
pathways. Plant & Cell Physiology, 2007, 48(5): 678-688

[27] Hu Y, Li S, Fan X W, Song S, Zhou X, Weng X Y, Xiao J H, Li X H, Xiong L Z, You A Q, Xing Y Z. OsHOX1 and OsHOX28 redundantly shape rice
tiller angle by reducing HSFA2D expression and auxin content. Plant Physiology, 2020, 184(3): 1424-1437

[28] Li Z, Liang Y, Yuan Y D, Wang L, Meng X B, Xiong G S, Zhou J, Cai Y Y, Han N P, Hua L K, Liu G F, Li J Y, Wang Y H. OsBRXL4 regulates shoot
gravitropism and rice tiller angle through affecting LAZY1 nuclear localization. Molecular Plant, 2019, 12: 1143-1156

[29] Chen Y N, Fan X R, Song W J, Zhang L Y, Xu G H. Overexpression of OsPIN2 leads to increased tiller numbers, angle and shorter plant height through
suppression of OsLAZY1. Plant Biotechnology Journal, 2012, 10: 139-149

[30] Li Y, LiJ L, ChenZH, WeiY, Qi Y H, Wu C Y. OsmiR167a-targeted auxin response factors modulated tiller angle via fine-tuning auxin distribution in rice.
Plant Biotechnology Journal, 2020, 18(10): 2015-2026

[31] Song Y L, Xu Z F. Ectopic overexpression of an AUXIN/INDOLE-3-ACETIC ACID (Aux/IAA) gene OslAA4 in rice induces morphological changes and
reduces responsiveness to Auxin. International Journal of Molecular Sciences, 2013, 14(7): 13645-13656

[32] Ding C H, Lin X H, Zuo Y, Yu Z L, Baerson S R, Pan Z Q, Zeng R S, Song Y Y. Transcription Factor OsbZIP49 Controls Tiller Angle and Plant
Architecture through the Induction of Indole-3-acetic Acid-amido Synthetases in Rice. Plant Journal, 2021, 108(5): 1346-1364

[33] Zhao L, Tan L B, Zhu Z F, Xiao L T, Xie D X, Sun C Q. PAY1 improves plant architecture and enhances grain yield in rice. Plant Journal, 2015, 83:528-536

[34] Xu M, Zhu L, Shou H X, Wu P. A PIN1 family gene, OsPIN1, involved in auxin-dependent adventitious root emergence and tillering in rice. Plant & Cell
Physiology, 2005, 46: 1674-1681

[35] Chen Y P, Dan Z W, Gao F, Fan F F, Li S Q. Rice GROWTHREGULATING FACTOR7 modulates plant architecture through regulating GA and
Indole-3-acetic acid metabolism. Plant Physiology, 2020, 184(1): 393-406

[36] Xiao Y H, Liu D P, Zhang G X, Gao S P, Liu L C, Xu F, Che R H, Wang Y Q, Tong H N, Chu C C. Big Grain3, encoding a purine permease, regulates grain
size via modulating cytokinin transport in rice. Journal of Integrative Plant Biology, 2019, 61(5): 581-597

[37] Wang L, Xu Y Y, Zhang C, Ma Q B, Joo S H, Kim S K, Xu Z H, Chong K. OsLIC, a novel CCCH-type zinc finger protein with transcription activation,
mediates rice architecture via brassinosteroids signaling. PLoS One, 2008, 3(10): e3521

[38] Myers A B, Firn R D, Dighy J. Gravitropic sign reversal-a fundamental feature of the gravitropic perception or response mechanisms in some plant organs.
Journal of Experimental Botany, 1994, 45: 77-83

[39] Xie C M, Zhang G, An L, Chen X Y, Fang R X. Phytochrome-interacting factor-like protein OsPIL15 integrates light and gravitropism to regulate tiller
angle in rice. Planta, 2019, 250(1): 105-114

[40] Waite J M, Dardick C. TILLER ANGLE CONTROL 1 modulates plant architecture in response to photosynthetic signals. Journal of Experimental Botany,
2018, 69(20): 4935-4944

[41] QuM Y, Zhang Z J, Liang T M, Niu P P, Wu M J, Chi W C, Chen Z Q, Chen Z J, Zhang S B, Chen S B. Overexpression of a methyl-CpG-binding protein
gene OsMBD707 leads to larger tiller angles and reduced photoperiod sensitivity in rice. BMC Plant Biology, 2021, 21(1): 100

[42] Sun Q,Li TY,LiDD,Wang ZY, Li S, Li D P, Han X, Liu J M, Xuan Y H. Overexpression of Loose Plant Architecture 1 increases planting density and
resistance to sheath blight disease via activation of PIN-FORMED 1a in rice. Plant Biotechnology Journal, 2019, 17(5): 855-857

[43] Sun Q, Li D D, Chu J, Yuan D P, Li S, Zhong L J, Han X, Xuan Y H. Indeterminate domain proteins regulate rice defense to sheath blight disease. Rice,
2020, 13(1): 15

[44] Liu J M, Mei Q, Xue C Y, Wang Z Y, Li D P, Zhang Y X, Xuan Y H. Mutation of G-protein y subunit DEP1 increases planting density and resistance to
sheath blight disease in rice. Plant Biotechnology Journal, 2021, 19(3): 418-420



