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Development and Application of Functional Molecular Marker
of Rice Tiller Angle Gene T1G1
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Abstract: The tiller angle is one of the most important traits in the plant architecture of rice, which
significantly determines the rice yield. At present, the major tiller angle genes in rice are TACI (Tiller Angle
Control 1) and TIGI (Tiller Inclided Growth 1). 1t is necessary to further explore new loci and molecular
markers to promote ideal plant architecture breeding in rice. In this study, a BC,F, population was developed
using large-angled wild rice as the donor and small-angled cultivar Zhenshan 97 as the recipient, and tiller angle
separation was observed in the 54th line. QTL mapping of tiller angel was performed using QTL-seq, and a QTL
was detected on chromosome 8. 7/G/ was identified as the candidate gene through sequence comparison of
known genes within the interval. A KASP functional molecular marker was designed based on the causal
variation of C—T at —449 bp in the promoter of 7/GI. The marker was verified in the mapping population and
varieties, and it was confirmed that the KASP marker can accurately identify the genotype of the 7/G/ locus. In
Geng/Japonica TIGI with large angle is dominant, while 61.40% and 38.40% of Xian/Indica varieties carry tigl

with small angle and 7/G/ with large angle, respectively. This marker has significant potential utilization value
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for improvement of rice plant architecture. The development of this KASP marker provides a new tool for

molecular marker-assisted improvement of rice tiller angle and is expected to speed up the breeding process for

the ideal rice plant architecture.

Key words: rice;tiller angle; KASP molecular maker; 7/G1
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A and B show Zhenshan 97 on the left and Oryza rufipogon Griff. on the right
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Fig.1 Tiller angle phenotype of two parent
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Fig.2 QTL detection of rice tiller angle
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CACACAATTGCACACATAGAATTAAGARG

TCTAGAC

Pl rh 3 AN JRAE NV ~648 bp,—449 bp,—310 bp 5 LU IHE TIGI AHTREZEAENL s —5
The three mutation sites in the figure are —648 bp, —449 bp and -310 bp, which are consistent with the functional mutation sites of 7/G/ reported
El3 S4SHAPTIGIEER M INEEMREM S
Fig.3 Three functional mutation sites of TIG1 gene in line 54
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Table 1 Molecular marker

EIEYELR N

Primer name

JFHI(57-3")
Sequence(5'-3")

7RI (bp)

Product size

PF23 GAAGGTGACCAAGTTCATGCTGACGTGTGTACAAGTGTAGTACTCC
PF24 GAAGGTCGGAGTCAACGGATTGACGTGTGTACAAGTGTAGTACTCT 83

PR25 ATGAATATGAGCAAAAGTCTTACATTACG

77Zpl ATGAATATGAGCAAAAGTCTTACATTACG 117 (RATBEMBE, TIGT)
77Zp2 AATTCGCCGATGTGCTTTCTG 108 /N BESIBE  tigl)

PF23 1 PF24 5141 N RIZEFRIE 7 5143 510 FAM 28633k A VIC 9k

The underlined sequences in PF23 and PF24 primers are FAM fluorescent adaptor and VIC fluorescent adaptor, respectively
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VICHE A 518

VIC fluorescent signal value

P PR SR — bk AR IR SRR R C/C 216
FORZREAIEIN BN T/T ;s S OFRIAFE B R By C/T; T[]
Each dot in the figure represents a single plant; Blue represents the

sample genotype as C/C; Red represents the sample genotype as T/T;
Green represents the sample genotype as C/T; The same as below
El4 KASP S FHRIZEFEARFIBC,F, B 46 > B K

ERNBER
Fig.4 Genotyping results of 46 individual plants of KASP
molecular markers in parents and BC,F, populations
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HBR T CX32.CX277 /N JESE R A tigl , oA FARESERAY tigl, 50 5 0 Ao I P2 SR — 2 (e 4,
R E IR TIGT; 78 10 S Kl FF Hh B T IRIS Kl 6)., 45K TIGI e KASPRRiCRENSUERfHY
313-11245 .CX50 & KA SRR TIGT, HAh AR/ g R e os I rp 43 B £f FE S IR TIGT R

PP 3 2 23 4 o 76 7 8108 10 111218 14 151071 481020 2122
H7bp+——dign P ----mm e W
108bp +— . (A G veouee b

230 24 25 260 21028 29 30 31 372 33 348 3536 3738103940 41° 4P 43 44 A5G
117 bp +— e —— - o ---‘.‘ -..--.*.
108bp«— A S oo Vg ® W

P1HEFAERG P2 MBI 975 1~46 43 HIXT I KASP 43 FHRiC B BC,F, H1H 46 1~ bk
P1 is wild rice; P2 is Zhenshan 97; 1-46 correspond to 46 individual plants in BC,F, selected by KASP molecular marker respectively
E5 InDel 3 FARCEFAFBCF,H#E 4 SRR 46N RRNERSBLER
Fig.5 Genotyping results of parents and 46 individual plants from line 54 of BC,F, population by InDel molecular marker

R2 KASPHFARICXMEARTNS4 SR A 46 N AKKERHRLER

Table 2 Genotyping results of parents and 46 random individual plants from line 54 by KASP molecular markers

i KASP /3%l InDel 4374 it KASP 437! InDel 4}
Number KASP genotyping InDel genotyping Number KASP genotyping InDel genotyping
BFA: R Wild rice c/Cc A BC,F,54-23 c/C A
2197 Zhenshan 97 T/T B BC,F,54-24 C/T

BC,F,54-1 C/T H BC,F,54-25 C/T H
BC,F,54-2 C/T H BC,F,54-26 c/C A
BC,F,54-3 C/T H BC,F,54-27 T/T B
BC,F,54-4 T/T B BC,F,54-28 T/T B
BC,F,54-5 T/T B BC,F,54-29 C/T H
BC,F,54-6 C/T H BC,F,54-30 C/T H
BC,F,54-7 C/T H BC,F,54-31 T/T B
BC,F,54-8 c/C A BC,F,54-32 c/C A
BC,F,54-9 C/T H BC,F,54-33 c/C A
BC,F,54-10 Cc/C A BC,F,54-34 C/T H
BC,F,54-11 Cc/C A BC,F,54-35 C/T H
BC,F,54-12 C/C A BC,F,54-36 C/T H
BC,F,54-13 Cc/C A BC,F,54-37 C/T H
BC,F,54-14 C/T H BC,F,54-38 T/T B
BC,F,54-15 C/T H BC,F,54-39 C/T H
BC,F,54-16 T/T B BC,F,54-40 C/T H
BC,F,54-17 C/T H BC,F,54-41 c/C A
BC,F,54-18 C/T H BC,F,54-42 C/T H
BC,F,54-19 T/T B BC,F,54-43 c/C A
BC,F,54-20 Cc/C A BC,F,54-44 C/T H
BC,F,54-21 C/T H BC,F,54-45 C/T H
BC,F,54-22 T/T B BC,F,54-46 C/T H

AFER BRI BEM L TIGT FEIN R s B BE R R/ NI BE A JIE rig 1 HE TR L s HRE [N B SRR A 6 B P 1Y
Genotype A represents the big tiller angle 7/GI genotype; Genotype B represents the small tiller angle #ig/ genotype; Genotype H represents
heterozygosity genotype
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Table 3 Classification of 7/G1 alleles and distribution of 7/G1 in Indica rice and Japonica rice

s S ?%’;MI'S e R A (%) IR A3 (% )

Alleles Mutation sites Number Distribution frequency in  Distribution frequency in
—-648 bp —-449 bp =310 bp Indica Japonica

tigl G T T 1731 0.90 61.40

TIG1 A C C 2982 99.10 38.40

4713 3SR A 45 K A F Rice VarMap2 (http : //ricevarmap.ncpgr.cn/vars_info/?var=vg0820930849 )
The sequencing results of 4713 germplasm resources are from RiceVarMap2 (http : //ricevarmap.ncpgr.cn/vars_info/?var=vg0820930849 )
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Fig.6 Genotyping results of rice germplasm accessions by
TIGI KASP marker

R4 KASPHFHRIEX 20 M FRFIR TIGI BEEEER
Table 4 Genotyping of 7IGI gene in 20 germplasm
accessions by KASP molecular marker

yi 3 4

KASPMIY WP pogegpe o) sy
KASP Sequencing
genotyping  genotyping

ah Pl

Variety number Tiller angle Subspecies

IRIS 313-10430 c/IC c/C 7.72 i
IRIS 313-9438 c/C c/C 8.18 i
CX165 c/C c/C 8.22 R
CX139 c/C c/C 8.46 Ui
CX356 c/C c/C 8.48 i
IRIS 313-9002 c/C c/C 8.72 R
IRIS 313-8168 c/C c/C 9.42 i
IRIS 313-8118 c/C c/C 10.04 i
CX32 /T /T 4.86 R
CX277 T/T T/T 5.04 HEAE
IRIS 313-11245 c/IC c/C 9.16 Al
CX50 c/C c/C 8.06 HliFe
IRIS 313-8914 /T T/T 4.80 A
IRIS 313-7815 /T T/T 4.70 Gillgi
IRIS 313-7816 /T /T 4.68 Al
CX270 T/T /T 4.54 Al
IRIS 313-11622 T /T 4.46 Gillfi
IRIS 313-7807 /T /T 4.18 Al
IRIS 313-9822 /T /T 4.08 A
CX347 /T T/T 3.66 billliE]

BRI 45 5k H RFGB-3K GROUP (https : /www.rmbreeding.
cn/pages/haplotype.php)
Germplasm resource sequencing results are from RFGB-3K GROUP

(https : //www.rmbreeding.cn/pages/haplotype.php )

3 it

KASP J& —Fft I F 2 e i 11 5 R 3 B AR
) i 92 [E i) KBioscience 23 &) I JF &, &1 %) SNP v/
ML, ARG 8 e SRR BT
Bili 5 D AR AN T & R, 45 S TR 1) R TR 2 2
it e Sy, o R R 2 5 M (SNP, single
nucleotide polymorphism) 13 5. 8 46 M 2] (1) £ % ,
KASP 43 FHric H v il & | faf B o] 34 M AR
Ik HAT — 2 206 B SRR UK R TR e i 3
T AR, KASP A FARCHE) 2 A, anbiRs
I Pi2 FE R ) KASP 43 Anic I & AT LUKl 5t 5%
VR TEA T ) A 0 1 ke T FRPT IR S Rl IR E R AR
B A G SNP {37 15 4 KASP 43 Fhric FF & F T-42
F R E FIRCR, 45 B AR S TIGT )
REMEAZ S 5 R 30~ SNP A3 A5, TGk 11 InDel/SSR
FrRics, HAEREBRET % SNP £ &5 194> F A, BRI
AT T TIGI 3 F B KASP 43 FFRic.

IKRE A BE AR R KRB AR T 1 S LA B I R 2
— AR B DA BCR BRI 7
P KRG TR A AR . KRR BE AR
MRS A, HONU Je 2B g ],
2 PRI NI I RE I > S 2R TR R 1) Wy 4 BE A
JE IR /INES ) 7o A 3 K A5 22 il 3 4 Fpm i ) ]
LA b, 45 5 3B £ R R DR g SR TR Y, iR 4 743
Fhrich Bk BT EXF TIGI PyREYE SNP 7 45,
FF % B9 KASP 43 F i RE WS ME i b %5 H TIGT )
LAY, I HERAEEHE AR, o Fhnic i Bl
B AR T AR T H.,

H R 55 A8 5 KR 43 B A 3 O TR ) g
AR S T4/ AU TIGI T TACT . TACT 42007 4
TERE EROEA LT 9 S Y R b SRR AR
G BEAA B[R] ) S B R 2 TR, L 4 N - 370
BT B A B SEERASBEAR T tacl MAKF R 30EE
FERIN BB WAL, 3 O JF & I RE M 7 T
W TIGT R 2019 4F sa e iy E R N, HAE AR



3

BRIRAE KT BEA ELIEIN TIGT e

>

X AR T AR 815

3ANTIRETE SNP 28 AR i, 7E R 94k ol i v i ik
R A MR AR i A3 BE AR R AR i = A 0
DIReARICHE T PR 2 ARG X 43 BE AR
PR TIGT AR 5 3h 1 S Bh e 2 5519 SNP
ALK KASP 43 FFRic , % TIGT H: D ThBE A5 553
PEAT S8 o X 4713 53 Bl 5t 9% U5 R A BRI AR A

38.40

% W) AP R KA EESL A TIG T, KRS B i AP ks

B KA SR BT i A B 3 TR /N BE SR T dig 1 A5
EORH A 0] o ARSI Hh K e 20 BE £ 4
PN TIGT R ENRETERRIC , KA B PR R Bl R A 1t
T T A,

S5 3Lk

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

Wang L, XuYY, Zhang C,Ma Q, Joo S H, Kim SK, XuZ
H, Chong K. OsLIC, a novel CCCH-type zinc fnger protein
with transcription activation, mediates rice architecture via
brassinos teroids signaling. PLoS ONE, 2008,3(10):e3521
3T, FIRLL AR S R . oh R
%, 2021,51(10): 1366-1375

Wang W G, Wang Y H. Crop plant architecture and grain
yields. Science China, 2021, 51(10): 1366-1375

BRER, W 7L B R R A RS XA IR WAL,
TEL, K, L0, AR /N, BB IR
43 BEFR 1 437 AL 58 F TR R 3 A% R IR A AR, 2023,
24(2): 332-339

CaiY, XiaoN, ChenZC, WuYY, YuL, LiuJJ, Shi W,
Pan C H, Li Y H, Zhou C H, Ji HJ, Huang N S, Zhang X
X, Li A H. Research progress on molecular mechanisms
regulating rice tiller angle. Journal of Plant Genetic Resources,
2023, 24(2): 332-339

Wang W G, Gao H B, Liang Y, LiJY, Wang Y H. Molecular
basis underlying rice tiller angle: Current progress and future
perspectives. Molecular Plant, 2022,15(1):125-137

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(1):317-329

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(1):31-41

Huang L Z, Wang W G, Zhang N, Cai Y'Y, Liang Y, Meng
XB, YuanY D, LiJY, WuD X, Wang Y H. LAZY2 controls
rice tiller angle through regulating starch biosynthesis in gravity-
sensing cells. New Phytologist, 2021,231(3):1073-1087
LiPG, Wang Y H, Qian Q, FuZ M, Wang M, Zeng DL, Li
B H, Wang X J, Li J Y. LAZYI controls rice shoot
gravitropism through regulating polar auxin transport. Cell
Research, 2007,17(5):402-410

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LiZ, Liang Y, Yuan Y D, Wang L, Meng X B, Xiong G S,
ZhoulJ, CaiYY, HanNP, HuaLK, LiuGF, LiJY, Wang
Y H. OsBRXL4 regulates shoot gravitropism and rice tiller
angle through affecting LAZYI nuclear localization. Molecular
Plant, 2019,12(8):1143-1156

Zhang N, Yu H, YuH, CaiYY, Huang L Z, Xu C, Xiong G
S, Meng X B, Wang J Y, Chen HF, Liu G F, Jing Y H,
Yuan Y D, Liang Y, LiSJ, SmithM S, LiJY, Wang Y H. A
core regulatory pathway controlling rice tiller angle mediated
by the LAZYI-dependent asymmetric distribution of auxin.
Plant Cell, 2018,30(7):1461-1475

HuY, LiSL, Fan X W, Song S, Zhou X, Weng XY, XiaoJ
H, Li X H, Xiong L Z, You A Q, Xing Y Z .OsHOXI and
OsHOX28 redundantly shape rice tiller angle by reducing
HSFA2D expression and auxin content. Plant Physiology,
2020, 184(3):1424-1437

Xu M, Zhu L, Shou H X, Wu P. A PINI family gene,
OsPINI, involved in auxin-dependent adventitious root
emergence and tillering in rice. Plant and Cell Physiology,
2005,46(10):1674-1681

Sun HW, Guo XL, XuF G, WuD X, Zhang X H, Lou M
M, Luo F F, Xu G H, Zhang Y L. Overexpression of OsPIN2
regulates root growth and formation in response to phosphate
deficiency in rice. International Journal of Molecular Sciences,
2019,20(20):5144

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(3):528-536

Li H, Sun HY, 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

JinJ, Huang W, GaoJ P, ShiM, ZhuM Z, Luo D, Lin H X.
Genetic control of rice plant architecture under domestication.
Nature Genetics, 2008,40(11):1365-1369

TanL B, LiXR, LiuFX, SunXY, LiCG, ZhuZF, FuY
C, Cai HW, 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

Hu M, Lv S W, Wu W G. The domestication of plant
architecture in African rice. Plant Journal, 2018, 94 (4) :
661-669

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

YuBS,LinZW, LiHX, LiXJ, LiJY, Wang Y H, Zhang
X, Zhu Z F, Zhai W X, Wang X K, Xie D X, Sun C Q.
TACI, a major quantitative trait locus controlling tiller angle in
rice. The Plant Journal, 2007, 52(5):891-898

Dong HJ, Zhao H, Xie WB, HanZ M, Li G W, Yao W, Bai



816 LN/ S L 1 G S 4 24 %
XF,HuY, GuoZL, LuK, Yang L, Xing Y Z. A novel tiller crops. Biotechnology Bulletin, 2022,38(4) :58-71
angle gene, TAC3, together with T4CI and D2 largely [27] # Xk, RbRIE, 250855, 145, #iEsm, DoseeE, R,
determine the natural variation of tiller angle in rice cultivars. FE. UL Pi2 (3L R 5 KASPARid T & 5
PLoS Genetics, 2016, 12(11):e1006412 I AR AL BT IR EAA, 2021,22(5) 113141321
[22] Zhang W F, Tan L B, Sun H Y. Natural variations at TIGI Yang Y Q, Zhu L F, Li X F, Fu J, Huang D Q, Qiu X J,
encoding a TCP transcription factor contribute to plant architecture Zhou S C, Wang C R. Development and application of KASP
domestication in rice. Molecular Plant, 2019,12(8):1075-1089 marker specific for rice blast resistance Pi2 gene. Journal of
[23] Wachsman G, Modliszewski J L, Valdes M, Benfey P N. A Plant Genetic Resources, 2021,22(5):1314-1321
simple pipeline for mapping point mutations. Plant Physiology, (28] gz, 55, mKa, B/NE, FF, WE =, VL, 7
2017,174(3):1307-1313 D, JTER ELRRZR . RRALE R R E 31 AR AT 56 KASP ARiC 19 IT
[24] Murray M G, Thompson W F. Rapid isolation of high K AHYIBL TR, 2023,24(1):261-278
molecular weight plant DNA. Nucleic Acids Research, 1980, 8 MuYX, YiLX, GaoFY, Zhao X Q, Zhou Y, JiaX Y, HeJ
(19):4321-4325 F, Su S F, SiQin B. Development of KASP markers for
[25] Semagn K, Babu R, Olsen M. Single nucleotide polymorphism linolenic and linoleic acid in flax. Journal of Plant Genetic
genotyping using Kompetitive Allele Specific PCR (KASP) : Resources, 2023,24(1):261-278
Overview of the technology and its application incrop [29] He Y, Li L Y, Jiang D G. Understanding the regulatory
improvement. Molecular Breeding, 2014,33(1):1-14 mechanisms of rice tiller angle, then and now. Plant Molecular
[26] MEH . MK, KER, @40, XI5 KASPARICE A Biology Reporter, 2021,39:640-647
TEEBARAEY R R SR AR B R R, 2022, 38 [30] GaolJ, Liang H, Huang J, Qing D, Wu H, Zhou W, Chen W,

(4):58-71
Yang Q Q, Tang J Q, Zhang C Q, Gao J P, Liu Q Q.
Application and prospect of KASP marker technology in main

Pan Y, Dai G, Gao L, Deng G. Development of the PARMS
marker of the TAC/ gene and its utilization in rice plant

architecture breeding. Euphytica, 2021,217:3



	202303020.PDF
	20221018001_附表1



