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Advances in molecular mechanism of rice tillering

ZHANG Mihuan ', HU Dongpo , ZHANG Dechun’
(Biotechnology Center, China Three Gorges University, Yichang 443002, Hubei , China)

Abstract: Tillering is a key agronomic trait in the production of rice and cereal crops, and it is also a special branch-
ing phenomenon of monocots. The formation of rice tillering is a complicated process, which is affected comprehensively
by heredity, plant hormones, cultivation environment and other factors. In recent years, remarkable achievements have
been made in the study of mutants with altered tiller number in rice. Therefore, this review summarizes recent advances
in the regulation mechanism of rice tillering.
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P ML B B L RSN D13 A ) K R B G BE R AR
R BESY , SR T 45 K R 3 BE B SC B L K MOC ]
DL R H A 8 5L 4 MOC3 ., MOCT 9 5 4 4 5
51 GRAS K& H %48 H g5 4~ 8 & (gibberel-
lins, GA) {5 53l #% i DELLA & 1 SLR1 454, A
M i MOCT A # B i, {H GAs BE 5] & SLR1 Al
MOCI P& i, ff 153 25 0 K0 B2 A . GAs,
SLR1 A MOCI = 35 P[] 98 45 7K F8 bk = F0 73 BE AL,
R/ R =R N (EE IR o o 1 L
MOC3 3 H & 3/ IF o OsWUS 15 7K 6 1 [7] 5 5%
L —A R AR 5 OsWUS & 1A A2 1k 9F
T BT R AR K moc3 43 BEZF 19 IE BB IR HL TG 43
BE . WUS S B0l K R 23 B 5 B b T 4 i 4k
M CLV 1 HA {2 # 40 Ml 531k s 58 0 D ig
M IT L E S/ 2 LT SAM i fuf 445 — %
SEAF ARG . MOC3 B R HEE FON TR T
CLV 17K R A ity [ V5 35 B D0) 2% 7 43 BE 2 3 4 aod
Fik. MOCIF B MOC3 B L6 K+ Bk A B0
FONI1Zik 55 5 R ¥ 0 BE 2R 0 MK, JF e &A1 15
Son 1 ZEA 1A B4y BE R W 35 /D (i R AL, MOC3
FIMOC T AR F3 BE 25 82 IR 19 SC B 9 1, 1T HL g %
PR BEF MK (KD . B —AKFEH wUs
[ U8 55 Bl TAB1Z: 5 K R v M AE 3 AR 2L (AMD) 1)
‘IS EE", 202048 WF 584 H o BAE T —4
OsWUS U1 fig il 2k 7y BERU R AR del, del B AT 57 B
QRN S AN BN N i R 0
R dcl /Y BEZFAERK Z B2 W E I, 0 BEWDEE del
25 THURE 6% i B 32 25 X0 23 BE ZF (0 4 ], A g AR
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TKAE 53 BE 2 0T8RS BRI WU'S 8 2 3 1% .
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Z () B AR bR R T B e B A R AL, IPIL A B
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Fig. 2 IPAI gene regulates rice tillering”’
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BEK R 7= KR TR R4 miR156 741 5 U g
() 22 543 I WA W R - 128 MIR156 3 R (4 45
MIR156d ~ i) B2 ml LA /D TCRL 53 BE 18 Tk &
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A, E6 R TR IR TC 3 R, HF — 25 B oY & B
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il , A R T IPA 15 53R 3K ;112 MIR156 5 H ((14%
MIR156a/b/c/k/1) W) 7% (i 25 15 5 Fh 1 R B, 410 4]
it 7B % 28 B4 % KRG R 20 5 7 1 G B R s e
Hod /Ny T miR3 194}y miRNA ik — 51, 76 K 7
MEEBWNIETEM M AR, HE 2020406 %%
K miR319 A KRG BE AN TaX — 2 (17, %
W 2 B miR 319 1) Wi A 7 43 BE ZF il 1 11 B6 348 i /K
A, I B N M miR3 19 )35 BE 1
PR R4 BE DA o BER S A= i, OFafk — 203l i
TR EE I OsTCP21 F1 OsGAmyb 8 ¥ K 58 43
BEBCRIAE Y . i/ RNA A S 19 DNA B 3tk
(RAD M) 7 % Ji 1T 8K A ik PR 2 38 9 4 b e J L4
. RADM i id 4+ 5 MITEs 9 3% 4k 2 1) 4 31 il
OsMIR156d /%% s& FE # Dwarf14(D14) 5 H 1E 25
e S =S VNI NI 4 D G 11 S R A W =BT N =
B RO EE . B, N RNA S A 315 H R m
H 4 DNA 8¢ RNA I+, i i DNA B b & 1
mRNA FJE] LR 05 mRNA B354 8 45 5L £ ik
PR KRG A2 BE . 28 1, B T B AR IR 95 UK R A e
) S IE g an 2 1 TR .

2 EMERFEKESEY
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Hi o> 43R B G N R IR AR R
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EREEN MRy ERKBRE, &2
£ 35 1| W 7, B8 (indole acetic acid, TAA)7E N 19 H
A A TAA AL A B4R H Ak & 90 8RR . TAA 2
PN 7/ JA SR S (U SR s s WA R/ R R T o
AN €5, 2 TR RO €4 (R W 45 ik R . YUCCA
(YUC) 5 [H 2 % 14 85 3% 50 402 5 i TAA 1Y ¢
RS HORR A YUC F R RS B 25 3% 38 T 48 3t 1A
WA TR TAA YA R, XA B T 0 A K
KB LA B S Y KR R AR K 3R i 3
GH3-8 % it TAA Wt e & B JF i 1k TAA -2 iR
AR R GRS PR BT ) — A SC R L ] OsN-
PRI 8 i3 {2 i TAA BB A B 22 35, il A4 K &
WSS KR AE R R E L 2020 A 2 H i
T —BOKAE tsg] 28R R AR B 215
B (FLER P U M TAA 14 98/ TS S50 DR BN
TSG14%h%—Fp 5 FIB 3 A7 1) (0 & R = 3L 55 7
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RO, OsPINSG AE K & fin i 20K PIN K
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Table 1 Genes that have been cloned to regulate the tiller numbers in rice

FH e 14 ity 7= 1) e EE PN
MOC1 6 GRAS RHEH EE [11]
MOC3;0sWUS 4 WOX ik 11 g [12,13]
FONI 6 e BT AR 53 B D [13]
IPA1;0sSPL 14 8 Squamosa Jii 8l F 45 & % 1 FAR A Y [16~18]
OsTBI 3 TCP# AT R 7 BEAL [17]
IPI1 1 E3 1% 1 il SYBEZL REMIOC, Bk m (18]
OsSHI1 3 [F] P50 7 B % P s X 1 Sy BEE/D T 25T 9 B R (1]
MiRNA156d/e/f/g/h/ 6 M RNA G 23 4 TE AL 43 TE [19,20,22]
miR319 1 f# RNA TR R 53 BE AL [21]
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e B AU TAA Y BE BR B ) OsDLT10 MRk, 5
Sh L WFSE R BAE Osdit10 2875 K, WUS 3k [ 1)
FEKF B EREA . HL, BFRE B OsDLTIO
ARESAKEGESEEMWUS-CLV &A%, U
TR ELEE. MU ERRGESKS®RE
WA T AL LU AN I E KR FEBE R KRN
WA BRI M A8 B (PAT) O ad e i T4 K
E IR R

2.2 #=mhes 3 % (cytokinin, CK)

CKJE— AW R |, 76 M H0E AR K DL A
) B B 45 AN O T T A A, CKOAAR
iz i 3 b R, AT B R 2R A SIS 2006 4F
A BT T KRS = R IR DO S A L X
fiti 1 FR Ry IPT [ , IPT B 2 4 b CK & Al Y PR 33
fig KRG Gk OsIPT 23 IR & 7, 42 2E
AR, R A0 I CK Y 7K S 345 38 i 40 A 4 22
AL /A (CKXO) (4 AN BT 30 o fige > 98 47, i
58 % B 2 sShRNA A 5 14 32 PR T R ok o 5 410 ol
OsCKX2 33k, JEmi s in 4y BERCRUR & CKAE R
R 28 J 28 AR K B R TR AN AL RE R B TA A X 43 BE
R0 AE L ERR AT Bk 4 BE ZF AR IRRAS . 5
Ah CK Al LU i TAA N8 OsIPT R A o4 I H CK-
Xs LA Fe b ok 45 B S BB, AT 40 i) CK X
Sy BEZE BB BE RN Y. R I TA AR CK AT RAFE 7K
TS N T 1 — A 52 2% I 245 3 [ 81 2 /K R 20 BE
2.3 k4 A B (strigolactone, SL)

SLJ2 3T 4F ok Tk B & LAY — i AR 3] 25 19 bt
Y 2, T 38 a0 ZE R A ROk A A A% Ay
ReA K. 7E SLOg AR K RS 1 43 BE B i AN
JEE 3 R 5 A G, K 8 AR AR T2 B R K RS I AR AT 58
AR, — 2 DWARF 5 [H 5 A 56 2 [H 2 9 % 5 .
2014 454 24 MR R X S BL A SL A sk 5 5 15 =
R EEN IR EATIHZE M DI10.D17/HTD1
D27 F SL & W& ,DI14/DSS/HTD2 D3 Fl
D534 T SLAG 514 344, L OsTB1/FC14E SL
AR B R i SR AE Y. D2TE A S5 MAX/
RMS/D @42, &2 5 SL AW & Wi —4 i 51, SL
S KRG B H . DS3 RN SLIE S1E S
WA BIANH T, SL il 1t D14-SCF 3 M B 1A & 42 15
T D53 R f Ik B 0 T Ui 55 R ) 2 ;A AR, DA T L
T SL G 5 5 5, R o 0 B ZE B9 fh P
OsTB1/FCIAER —MAE T SL T il ) 2 B, 2 i
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YER T OsTBI/FCI M D14 b, iF V88 = A1h 3%
KA R A D A PN TR AR S 3 B R A 1 43 BE 2F 1
AR e E U o BEECY . OsTB1AES MADS
& H I OsMADSS7 B AR, AR E 000 3%
] P P R E AR SE N D14k il 0 BE™ . OsTB2 5
OsTB1 JF 7 B AR, OsTB2 & A # 1t 5 [F I
OsTBI1 & HAH EAE A, 40 T OsTB1 X} 43 BE (1)
IV, S AR Ay BEAE K AR D53 B
R LY, 7 R ERARUBR R 3 R TPA TR R 4 BE AL
M A ST SLE A I P E k", H 4, SL 540
4y % 2 (CK) R 5 R (GA) FE 1 AR, B [ 8 45 4
BEZR A K XM EF . SL AT A RZEMUY
rac-GR24 AT PR 3775 /K 8 40 i 43 24 R A AL g /B &
fiti Fe I OsCKX 9 Wy ik, dE i 5% m CK T i {5 5 il
R JH KRG A B SLAEY A R EUE S5 7 S
AL GA & = FEAUM GA S ik 55 , 1M 38
b 5 4 4 24 A0 A A G Y Ik R 1 A S
Kk D I ZE R A SL AR A S 5 S
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Hk— LR F W APC/CT E3 12 B HM B & 1K
i o & R (ABA) FaR 8 R (GA) FEPUiM i & 4R
KA BES . APC/C BEA T 4> BE & 2L, B M Al 2 Al
Yok AL — A E B . GA R SL il il %
A AR ZE MK, —F AR A R R A
(R0 R I 9 T A A 1 e 4% R TR R 43 BE AU
T 2 N R R R 8 TR 61 A0 e W R AR S %
S IAA CK.GA SL UL KX AN E o 84 7 %,
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Bt J 0% VR 43 L, Fi I R MR KRG AR 2 IR B e Y
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P KR, SLIGE 5@ %0 LA ABA & 065 3 [
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AN SL A AL 53 Ah, =3 43 50 I8 4 R )3 AL B4 43
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Fig. 3 Plant hormone regulates rice tillering
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DR S [R5 T X G e T S R R D) O R e 43 BE R A
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42 °C, 3K FE B BE Z5 A, A BE R A A LR WUR .
JK R R R AR R B AR L 5 5 B A B R A
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DN R A 1 /=0 = N N T TS i A Y
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BEFRICER NP KX 53 BE 52 0 45 4 %, HA
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I HL 25 10 3 52 i M2 A AR, AT 5% i K A% 11 ) BE
FURFRL ™= 80 AH YW R A 3RO 2L A L
ASRARERE) THLESR(NH, NO, %) Fl
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Hh P R R (Y IR SR 5% 52, JR 2 I TAA (CK R SL AR
S AL TR T K R S BETY L de M 3 R B B R
OsAAP3 W] 8 2 7K i 43 BE AN ZURI AR . a0k
1% 38 375 B 4 (OsAAP4) 38 i 52 ) 20 3 1938 i 5 10
Ph Je TAA L CK 45 3 2 & 12 1 o 8 7K % 4y BE Fi ™
WY B B M R B i 5(OsAAPS) £
i 52w CK KT 2k 98 1 43 BE 28 19 A K, B 45K
e (0 5 BERCR 22 4 7= 2. OsLHT1 b — 4~ %2 fir
T 44 i RS 17 o 2 R N 4 B R B 32 B 1, AT A b B
RE AR KA 2R, P84 24 FE e AR 3R 5]
Mo b4 RSB . OsLHT 1 i W M 0 5 Wl sk
SRR R FH AR KR T B . b, K RS 2 2k 1R
i AR BAKT S MAE YR NG 518,
PA K R S BE R A W 6

KA, A DL GE R £h % 12 & 1 (nitrate trans-
porterl, NRT) Fl ik % iz & H (peptide transport
family, PTF) (& # NPF)J& 24z §ir , 78 &5 iz F kg
WK kK EZEIEE . OsNRTI. 1B (OsN-
PF6.5) gt — ARSI R M IZE AR T H
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b 5 BOH R Y B B R A (X P FP R 1 7E B TR
B LR AR, KRS NRTL. 1B
AR R BA WA M RUEY T DLR A A
BB A 2 R . OsNLP3 2l MR #h 15 S 16 S %
O SR F, 52 SPXAREE . il R h 1) &b 23 3 i
T NRTL.1B-SPX4 # B £ A , Jf H i o # 5%
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Ak R A, DE A5 OsNLP3 [ i 5% 5 5] 40 Jfo
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P, 3 NH, R 37 °C & 0 e Os-
NRTZ2. 3b i i 4 58 /K #5 AR R 4 pH 9 22 mifig g, 42
5 N Fe P M, £ i 2000 R 203 33 % A ik
W A R X 0+ or Y X F NPFJE X
Zi AW B F RZ AT K OsNPF7. 1,.0sN-
PF7.2.OsNPF7.3/OsPTR6 . OsNPF7. 4 il OsN-
PF8. 20/OsPTR9 % 7= fi #F & [F 4k , 53 BE 7 k¢ 5 K
F 7 8 OsPTR2/OsNPF2. 2 4 i — K 3
AL B B IR #h % i B 11, J8& T NPF K % (1) NPF2
WRE . OsNPF2.2 % 56 lRh AR 5 25 1 iz
i, M RE I BN ERKREE . Os-
NPF5. 16 % i — 4 pH A 1% 2% R 7 6 12 6 4%
16 B, i DR A R T A A R OK T, I AR
KRG 43 B BORN 7 i, 40 o) JFG % 58 00 2 B AR R R 1)
K5, OsNPFEFG6. 149 5% 04 iR £ %% 12 8 1, OsN-
PF6. 1 H A 14 R £k % iz 35 P | i o 1 5 X il A A/
W AT, 8 v K R A UNE R R

AN TR) 1 SRV B 25 5% W 2 4 A K, DT 5% 1 7K
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TEOK R P A T 2 0 4 e AR R R B 7 i B AR AR
B EF MEREAEIE A T, A R g R A
IR BB A S — R B R BT ) A 7 B, 2 Ak
b AT R KR A R T IR . B Uk, Al 45 3 1 0
JIES 358 80 A 25 i L P A IE ST A . SN B
XF K R I 4 B AL SCBR A AT (GWAS) S8 T — F
5 AR H 2 (NUE) A1 2% 19 2 11 NLP4, OsN-
PL4 R8T 2 5% 06l B2 18 B Bl A 25 9 OsNiR 3k .
OsNPL4-OsNiR 15 5 2¢ 5k 3 i 14 5 2 & [F] 46 A&
) &%, DT 38 0 43 BEBORI ™= 570 TR FE , 2020
AEA BT 08 3 K RS GWAS 23 Hr 48 58 3 — A K R
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M T LR AR A YA N, IR BT KA
TR 1 R W AT I S N T 0 BER b b T R A
SR ET S FRATTXE SO B T B A A O AR T
IKFE 4y BER R L AT T A48, 3k 2,

4 B E

OrBER W) A 0 O AR MR BB E Y
22 /b T e e s R, L B O K R A ORI R
Tt REE R - ERAMEFERNH
Bro TEZKAEE A 60 9 " LS R 3AORN e b b
HMa T  HTDIHZ 5 SDIDGWG R 9K 4% & Fh
FAL R BE BRI R, W03 A Ok BRI 8 )R K
HARYEET IR T G Ay R R R 2 4 B2
RS FR Y o3 FALERE 3T AR R K RS S BE Y
FEIAR T 8RR LR Y E N A &
5E59%3m e RN R (NAR) L F R K
FEE 3 BE 10 43 1 AL SRR R o T O A 4 1hT . 48 T BB Bt
FEE MO UmiG I kRN AEFIERR, H
G HUAE 2030 4F 52 B K 06 L 2060 45 1if 55 3o AT,
7T A Ml 457 5 1) 9 1S 358 80K o 3 5 R — 24 H b
R—1r A Y TRk

[1] Duan E, Wang Y, Li X, et al. OsSHII regulates plant
architecture through modulating the transcriptional activ-
ity of IPA1 in rice [J]. Plant Cell, 2019, 31(5): 1026-
1042.

[2] Wang B, Smith S M, LiJ Y. Genetic regulation of
shoot architecture [J]. Annu Rev Plant Biol, 2018, 69:
437-468.

[3] Wang Y H, LiJ Y. Branching in rice [J]. Curr Opin
Plant Biol, 2011, 14(1): 94-99.

[4] Miuller D, Leyser O. Auxin, cytokinin and the control
of shoot branching [J]. Ann Bot, 2011, 107(7): 1203~
1212.

[5] Huang D, Wang S, Zhang B, ez al. A gibberellin-medi-
ated DELLA-NAC signaling cascade regulates cellulose
synthesis in rice [J]. Plant Cell, 2015, 27(6): 1681 -
1696.

[6] Domagalska M A, Leyser O. Signal integration in the
control of shoot branching [J]. Nat Rev Mol Cell Biol,
2011, 12(4): 211-221.

[7] Chang T G, Zhao H, Wang N, ez al. A three-dimen-



32 KK A5 < KRS 43 BE W 4 F LR T 53 ik S
*2 CREMNEELXREFAEKEIEMNER
Table 2 Genes that have been cloned to regulate the tiller numbers in rice by nitrogen fertilizer
M PO URIN T 7= 1) FeAl 22 SCHk
OsAAPI 7 R ZEE N s [56]
OsAAP3 6 AWM B EN i 53 B [57]
OsAAP4 12 AT B EN i a [58]
OsAAPS 1 RAM G iEHE A B 4 e 7 i [59]
OsLHTI 8 RAM iz HE A i J AT A H [60]
OsNRTI1.1B(OsNPF6.5) 10 SR Eh e iE 43 BEHSORN 7 5 18 i [61]
OsNLP3 1 NIN & P& i R R RCE [63]
OsNR2 2 il TR A D it e 3k 4y B8 [64]
OsNRT2.2 2 (SRR eI i T 632 [65]
OsNRT2.3 1 15 A R R R e B VAP R 8 12 f [66]
OsNPF7.1 7 IR +h i 5 11 B 3 BEROR ™ [68]
OsNPF7.2 2 I 25 A A R 4 7 05 2 i it 53 BE [69]
OsNPF7.4 4 MR E | A B 4 BEROR ™ [70]
OsNPF8.20/OsPTRY 6 INIKH B R A PR R AR 7 [67]
OsPTR2/OsNPF2.2 12 TR £k i35 /R HEREE R EEZ W [71]
OsNPF5.16 1 IR R 2 R A R R 32 [72]
OsNPF6.1 1 IR R 2 | 2 i FUE R sCE [73]
OsNPL4 9 NIN # [4 NPL 5% 5% 5 F 0 43 BE A [75]
OsTCP19 6 TCP § 5N 1 TR P KRG o BE [76]
OsMYB305 F A i 5] o SRS T i 3k 43 BE [77]

(9]

[10]

[11]

[12]

[13]

sional canopy photosynthesis model in rice with a com-
plete description of the canopy architecture, leaf physiol-
ogy, and mechanical properties [J]. J Exp Bot, 2019,
70(9): 2479-2490.

Pradhan S K, Pandit E, Nayak D K, ez al. Genes, path-
ways and transcription factors involved in seedling stage
chilling stress tolerance in indica rice through RNA -Seq
analysis [J]. BMC Plant Biol, 2019, 19(1): 352.

Wang R, Qian J, Fang Z, et al. Transcriptomic and
physiological analyses of rice seedlings under different ni-
trogen supplies provide insight into the regulation in-
volved in axillary bud outgrowth [J]. BMC Plant Biol,
2020, 20(1): 197.

XulJ, Zha M, Li Y, et al. The interaction between ni-
trogen availability and auxin, cytokinin, and strigolac-
tone in the control of shoot branching in rice (Oryza sati-
va L.) [J]. Plant Cell Rep, 2015, 34(9): 1647-1662.
Liao Z, Yu H, Duan J, er a/. SLRI1 inhibits MOC1
degradation to coordinate tiller number and plant height
in rice [J]. Nat Commun, 2019, 10(1): 2738.

LuZ, Shao G, Xiong J, et a/. MONOCULM 3, an or-
tholog of WUSCHEL in rice, is required for tiller bud
formation [J]. J Genet Genomics, 2015, 42(2): 71-78.
Shao G, Lu Z, Xiong J, ez al. Tiller bud formation reg-
ulators MOC, and MOC,; cooperatively promote tiller

bud outgrowth by activating FONI expression in rice
[J]. Mol Plant, 2019, 12(8): 1090-1102.

Tanaka W, Ohmort Y, Ushjima T, er al. Axillary
meristem formation in rice requires the WUSCHEL or-
tholog TILLERS ABSENT1 [J]. Plant Cell, 2015, 27
(4): 1173-1184.

Xia T, Chen H, Dong S, ez a/. OsWUS promotes til-
ler bud growth by establishing weak apical dominance in
rice [J]. PlantJ, 2020, 104(6): 1635-1647.

Wang L, Zhang Q. Boosting rice yield by fine - tuning
SPL gene expression [J]. Trends Plant Sci, 2017, 22
(8): 643-646.

Lu Z, Yu H, Xiong G,

analysis of the transcription activator ideal plant architec-

et al. Genome-wide binding

turel reveals a complex network regulating rice plant ar-
chitecture [J]. Plant Cell, 2013, 25(10): 3743-3759.
Wang J, Yu H, Xiong G, ez al. Tissue-specific ubiqui-
tination by IPA1 INTERACTING PROTEIN, modu-
lates IPA1 protein levels to regulate plant architecture in
rice [J]. Plant Cell, 2017, 29(4): 697-707.

Liu M, Shi Z, Zhang X, et al. Inducible overexpres-
sion of Ideal Plant Architecturel improves both yield
and disease resistance in rice [J]. Nat Plants, 2019, 5

(4): 389-400.
Miao C, Wang Z, Zhang L, et al. The grain yield mod-



AW R

33

(21]

(23]

[24]

(25]

(26]

[27]

(28]

[29]

[32]

ulator miR156 regulates seed dormancy through the gib-
berellin pathway in rice [J]. Nat Commun, 2019, 10(1):
3822.

Wang R, Yang X, Guo S, et al. MiR319 - targeted
OsTCP21 and OsGAmyb regulate tillering and grain
yield in rice [J]. J Imtegr Plant Biol, 2021, 63(7): 1260~
1272.

Xu L, Yuan K, Yuan M, et a/. Regulation of rice tiller-
ing by RNA-directed DNA methylation at miniature in-
verted-repeat tranposable elements [J]. Molecular Plant,
2020, 13(6): 851-863.

B AL T E ST 70 45 R A ) i R AR
. A EFRRE: ARz, 2019, 49(10): 1227-1281.
LiJ, LI C Y. Seventy-year major research progress in
plant hormones by Chinese scholars [J]. Sci Sin Vitae,
2019, 49(10): 1227-1281.

Cao X, Yang H, Shang C, er al. The roles of auxin
biosynthesis YUCCA gene family in plants [J]. Int J
Mol Sci, 2019, 20(24): 6343.

Ding X, Cao Y, Huang L, et al. Activation of the in-
dole-3-acetic acid-amido synthetase GH3-8 suppresses
expansin expression and promotes salicylate-and jasmo-
nate-independent basal immunity in rice [J]. Plant Cell,
2008, 20(1): 228-240.

Li X, Yang D L, Sun L, et a/. The systemic acquired
resistance regulator OsNPR1 attenuates growth by repress-
ing auxin signaling through promoting amido synthase ex-
pression [J]. Plant Physiol, 2016, 172(1): 546-558.

Lu G, Coneva V, Casaretto J A, et al. OsPIN5b mod-
ulates rice (Oryza sativa) plant architecture and yield by
changing auxin homeostasis, transport and distribution
[J]. Plant J, 2015, 83(5): 913-925.

Guo T, Chen K, Dong N Q, et al. Tillering and small
grain 1 dominates the tryptophan aminotransferase fami-
ly required for local auxin biosynthesis in rice [J]. J Inte-
gr Plant Biol, 2020, 62(5): 581-600.

Wen X, Sun L, Chen Y, et al. Rice dwarfand low til-
lering 10 (OsDLT10) regulates tiller number by monitor-
ing auxin homeostasis [J]. Plant Sci, 2020, 297:
110502.

Zircher E, Miller B. Cytokinin synthesis, signaling,
and function: advances and new insights [J]. Int Rev
Cell Mol Biol, 2016, 324: 1-38.

Sakamoto T, Sakakibara H, Kojima M, ez a/. Ectopic
expression of KNOTTED]I -like homeobox protein in-
duces expression of cytokinin biosynthesis genes in rice
[J]. Plant Physiol, 2006, 142(1): 54-62.

Yeh SY, Chen HW, NgCY, eral. Down-regulation

of cytokinin oxidase 2 expression increases tiller number

[39]

[44]

and improves rice yield [J]. Rice N Y N Y, 2015, 8
(1): 36.

XUAR, &5 A 1, BRA B . KRE G BE 0 R TR AR I Y
JE[T]. 2438k F, 2013, 28(1):1-4.

Liu W, Yi Z L, Chen Z Y. Research progress on hor-
mone regulation of rice tillering [J]. Hybrid Rice, 2013,
28(1): 1-4.

Yao R, LiJ, Xie D. Recent advances in molecular ba-
sis for strigolactone action [J]. Sci China Life Sci,
2018, 61(3): 277-284.

F R, MG, Jui & MU 4 PR A 1R AR OC BE K
W TR LT]. o T E A, 2014, 12(3): 603-609.
Wang M X, Peng P, Long H X, ez a/. Research prog-
ress on strigolactone pathway related genes [J]. Molecu-
lar Plant Breeding, 2014, 12(3): 603-609.

Lin H, Wang R, Qian Q, e/ a/. DWARF27, an iron-
containing protein required for the biosynthesis of strigo-
lactones, regulates rice tiller bud outgrowth [J]. Plant
Cell, 2009, 21(5): 1512-1525.

Zhou F, Lin Q, Zhu L, es al. D14-SCF(D3)-dependent
degradation of D53 regulates strigolactone signalling
[J]. Nature, 2013, 504(7480): 406-410.

Jiang L., Liu X, Xiong G, et al. DWARF 53 Acts as a
repressor of strigolactone signalling in rice [J]. Nature,
2013, 504(7480): 401-405.

Minakuchi K, Kameoka H, Yasuno N, ez al. FINE
CULMI1 (FC1) works downstream of strigolactones to
inhibit the outgrowth of axillary buds in rice [J]. Plant
Cell Physiol, 2010, 51(7): 1127-1135.

Fang Z, JiY, HuJ, et al. Strigolactones and brassino-
steroids antagonistically regulate the stability of the D53~
OsBZR1 complex to determine FC1 expression in rice
tillering [J]. Mol Plant, 2020, 13(4): 586-597.

Wang F, Han T, Song Q, er a/. The rice circadian
clock regulates tiller growth and panicle development
through strigolactone signaling and sugar sensing [J].
Plant Cell, 2020, 32(10): 3124-3138.

Chen L, Zhao Y, Xu S, ez al. OsMADS57 together
with OsTB1 coordinates transcription of its target Os-
WRKY94 and D14 to switch its organogenesis to de-
fense for cold adaptation in rice [J]. New Phytol, 2018,
218(1): 219-231.

LyuJ, Huang L., Zhang S, et al/. Neo-functionalization
of a Teosinte branched 1 homologue mediates adapta-
tions of upland rice [J]. Nat Commun, 2020, 11
(1): 725.

Song X, LuZ, YuH, ez al. TPA1 functions as a down~-
stream transcription factor repressed by D53 in strigolac-

tone signaling in rice [J]. Cell Res, 2017, 27(9): 1128-



34 TR A5 K FE A3 BERY 43 1 ML 5% 3 e
1141. ing neutral amino acid uptake and reallocation in Oryza
[45] Duan J, Yu H, Yuan K, et al. Strigolactone promotes sativa [J]. J Exp Bot, 2020, 71(16): 4763-4777.

[46]

[47]

(48]

[49]

[50]

[53]

[54]

[55]

[56]

cytokinin degradation through transcriptional activation
of CYTOKININ OXIDASE/DEHYDROGENASE 9
in rice [J]. Proc Natl Acad Sci U S A, 2019, 116(28):
14319-14324.

Zou X, Wang Q, Chen P, ez a/. Strigolactones regu-
late shoot elongation by mediating gibberellin metabo-
lism and signaling in rice (Oryza sativa 1..) [J]. J Plant
Physiol, 2019, 237: 72-79.

LoSF, Yang S Y, Chen K T, er al. A novel class of
gibberellin 2 -oxidases control semidwarfism, tillering,
and root development in rice [J]. Plant Cell, 2008, 20
(10): 2603-2618.

Lin Q, Wang D, Dong H, et al. Rice APC/C" con-
trols tillering by mediating the degradation of MONOC-
ULM 1 [J]. Nat Commun, 2012, 3: 752.

Lin Q, Zhang Z, Wu F, et al. The APC/C"™ E3 ubiq-
uitin ligase complex mediates the antagonistic regulation
of root growth and tillering by ABA and GA [J]. The
Plant Cell, 2020, 32(6): 1973-1987.

Nakamura H, Xue Y L., Miyakawa T, es a/. Molecular
mechanism of strigolactone perception by DWARF14
[J]. Nat Commun, 2013, 4: 2613.

Ito S, Yamagami D, Umehara M, ez a/. Regulation of
strigolactone biosynthesis by gibberellin signaling [J].
Plant Physiol, 2017, 174(2): 1250-1259.

Liu X, HuQ, Yan J, et al. ¢-Carotene isomerase sup-
presses tillering in rice through the coordinated biosyn-
thesis of strigolactone and Abscisic Acid [J]. Mol Plant,
2020, 13(12), 1784-1801.

Brewer P B, Dun E A, Ferguson B J, ez a/. Strigolac-
tone acts downstream of auxin to regulate bud out-
growth in pea and Arabidopsis [J]. Plant Physiol,
2009, 150(1): 482-493.

X, THEE, Fom ik, . MR MK B AERK R
73 BEAR OC ik PH] 3R 35 1Y 8 5 RN [T]. AR ) A F oA AR
2011, 47(4): 367-372.

LiuY, Ding Y F, Wang Q S, ez al. Regulatory effects
of hormones on rice tiller bud growth and tiller-related
gene expression [J]. Plant Physiology Journal, 2011, 47
(4): 367-372.

Wang R, Qian J, Fang Z, et al/. Transcriptomic and
physiological analyses of rice seedlings under different ni-
trogen supplies provide insight into the regulation in-
volved in axillary bud outgrowth [J]. BMC Plant Biol,
2020, 20(1): 197.

Ji'Y, Huang W, Wu B, er a/. The amino acid trans-
porter AAP1 mediates growth and grain yield by regulat-

[69]

LuK, WuB, WangJ, ez al. Blocking amino acid trans-
porter OsAAP3 improves grain yield by promoting out-
growth buds and increasing tiller number in rice [J].
Plant Biotechnol J, 2018, 16(10): 1710-1722.

Fang Z, Wu B, Ji Y. The amino acid transporter
OsAAP4 contributes to rice tillering and grain yield by
regulating neutral amino acid allocation through two
splicing variants [J]. Rice (N'Y), 2021, 14(1): 2.

Wang J, Wu B, LuK, ezal. The amino acid permease
5 (OsAAP5) regulates tiller number and grain yield in
rice [J]. Plant Physiol, 2019, 180(2): 1031-1045.

Guo N, HuJ, Yan M, et al. Oryza sativa lysine-histi-
dine-type transporter 1 functions in root uptake and root-
to-shoot allocation of amino acids in rice [J]. Plant J,
2020, 103(1): 395-411.

Hu B, Wang W, Ou S, et a/. Variation in NRTI. 1B
contributes to nitrate -use divergence between rice sub-
species [J]. Nat Genet, 2015, 47(7): 834-838.

Zhang J, Liu Y X, Zhang N, etal. NRT1. 1B is associ
ated with root microbiota composition and nitrogen use
in field - grown rice [J]. Nat Biotechnol, 2019, 37(6):
676-684.

Hu B, Jiang Z, Wang W, ez a/. Nitrate-NRT1. 1B-SPX4
cascade integrates nitrogen and phosphorus signalling net-
works in plants [J]. Nat Plants, 2019, 5(4): 401-413.

Gao Z, Wang Y, Chen G, et al. The indica nitrate re-
ductase gene OsNR2 allele enhances rice yield potential
and nitrogen use efficiency [J]. Nat Commun, 2019, 10
(1): 5207.

Feng H, Yan M, Fan X, e a/. Spatial expression and
regulation of rice high-affinity nitrate transporters by ni-
trogen and carbon status [J]. J Exp Bot, 2011, 62(7):
2319-2332.

Fan X, Tang Z, Tan Y, et al. Overexpression of a pH-
sensitive nitrate transporter in rice increases crop yields
[J]. Proc Natl Acad Sci U S A, 2016, 113(26): 7118~
7123.

Fang Z, Xia K, Yang X, er al. Altered expression of
the PTR/NRT1 homologue OsPTRY affects nitrogen
utilization efficiency, growth and grain yield in rice [J].
Plant Biotechnol J, 2013, 11(4): 446-458.

Huang W, Nie H, Feng F, er al. Altered expression of
OsNPF7. 1 and OsNPF7. 4 differentially regulates tillering
and grain yield in rice [J]. Plant Sci, 2019, 283: 23-31.
Wang J, Lu K, Nie H, ez a/. Rice nitrate transporter
OsNPF7. 2 positively regulates tiller number and grain
yield [J]. Rice (N'Y), 2018, 11(1): 12.



AW R

35

[72]

Fang Z, Bai G, Huang W, ez a/. The rice peptide trans-
porter OsNPF7. 3 is induced by organic nitrogen, and
contributes to nitrogen allocation and grain yield [J].
Front Plant Sci, 2017, 8: 1338.

L1Y, Ouyang J, Wang Y Y, e a/. Disruption of the
rice nitrate transporter OsNPF2. 2 hinders root-to-shoot
nitrate transport and vascular development [J]. Sci Rep,
2015, 5: 9635.

WangJ, WanRJ, Nie HP, eral. OsNPF5. 16, anitrate
transporter gene with natural variation, is essential for rice
growth and yield [J/OL]. (2021-01-25)[2021-08-20].
https://doi. org/10. 1016/j. ¢j. 2021. 08. 005.

Tang W, YeJ, Yao X, ez al. Genome-wide associated
study identifies NAC42-activated nitrate transporter con-
ferring high nitrogen use efficiency in rice [J]. Nat Com-
mun, 2019, 10(1): 5279.

LiuY, Wang H, Jiang Z, et al. Genomic basis of geo-

graphical adaptation to soil nitrogen in rice [J]. Nature,

2021, 590(7847): 600-605.

YulJ, Xuan W, Tian Y, ez a/. Enhanced OsNLP4-Os-
NiR cascade confers nitrogen use efficiency by promot-
ing tiller number in rice [J]. Plant Biotechnol J, 2021,
19(1): 167-176.

Zhang Z, Hu B, Chu C. Towards understanding the hi-
erarchical nitrogen signalling network in plants [J]. Curr
Opin Plant Biol, 2020, 55: 60-65.

Wang D, Xu T, Yin Z, et al. Overexpression of Os-
MYB305 in rice enhances the nitrogen uptake under low-
nitrogen condition [J]. Front Plant Sci, 2020, 11: 369.
Wang Y, Shang L, Yu H, er al. A strigolactone bio-
synthesis gene contributed to the green revolution in rice
[J]. Mol Plant, 2020, 13(6): 923-932.

L
€1 SR TEAW)



