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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. We developed a BCsF2 population by using wild rice as the donor parent and cultivar zhenshan 97 as the recurrent parent.
With QTL-seq we detected a QTL on chromosome 8 that modulates the tiller angle. After comparing the gene sequences in this region,
the gene TIGI (TILLER INCLIDED GROWTH 1) was identified as the candidate gene. In this study, a KASP molecular marker was
developed based on the variation of the -449 bp (C—T) in the promoter of 7/G/ gene. The marker was further tested in the mapping
population and cultivars, thus approving its usage of genotyping. In japonica rice 7/G1 with large angle is dominant, while 61.40% and
38.40% of indica rice varieties carry tig/ with small angle and 7/GI with large angle, respectively. The development of this functional
KASP marker would improve the efficiency of conventional rice plant architecture breeding via marker-assisted selection.
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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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By 751 (5-3) FER N
Name Sequence(5-3) product size
PF23 GAAGGTGACCAAGTTCATGCTGACGTGTGTACAAGTGTAGTACTCC
PF24 GAAGGTCGGAGTCAACGGATTGACGTGTGTACAAGTGTAGTACTCT 62bp
PR25 TGTATGTTCAGAGGAGATCGAGG
Z7Zpl ATGAATATGAGCAAAAGTCTTACATTACG

117bp/108bp
Z7Zp2 AATTCGCCGATGTGCTTTCTG
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N TIT BERAY, 78 LHY 54 5 KRR AFAE /- BE M SR TIGT 485, 12 DMEMRERIR C/C R 9 AN Hfk
PR TT BB, 25 ANMRBREIR O/T 2EFE A, 546 1: 20 1 EER (2=0.74<599) .
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FE AT B 73 BUIGHIE, SRISRISEAR R B AR AR B (A-TIGD , 2l 97 A/h B (B-tig) , 46
Rk 12 Bk BIR R i B (A-TIG T s 9 N HRAR B N/ BU(B-tig] ) 25 DR s A 286 (H-TIG 1 /tigl)
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Note: Using the functional KASP molecular markers of 7/G7, 46 random DNA samples from |ine 54 in BC,F, population
were genotyped. 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, and green represents the sample genotype as C/T.

3 KASP 53 FHRICTEFRAFI BGE, AT 46 M ERIER SRR

Fig.3 Genotyping results of 46 individual plants of KASP molecular markers in parents and BC,F, populations
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Table 2 Genotyping results of parents and 46 random individual plants from |ine LHY54by KASP

molecular markers

HS KASP 53 InDel 43 % TS KASP 437 InDel 43 %!
numebr KASP genotyping  InDel genotyping numebr KASP genotyping  InDel genotyping
FAER cre A BC3F254-23 c/ic A
2l 97 T B BC3F254-24 C/IT H
BC;F254-1 C/T H BC;sF254-25 C/T H
BCsF254-2 C/T H BCsF254-26 c/C A
BC;F254-3 C/T H BCsF254-27 T/T B
BCsF254-4 T/T B BC;sF254-28 T/T B
BCsF254-5 T/T B BC;5F254-29 C/T H
BC;F254-6 C/T H BC;5F254-30 C/T H
BC;F54-7 C/T H BCsF254-31 T/T B
BCsF254-8 Cc/C A BCsF254-32 c/C A
BC;5F254-9 C/T H BCsF254-33 c/C A
BC;5F254-10 Cc/C A BCsF254-34 C/T H
BCsF254-11 Cc/C A BCsF254-35 C/T H
BC;sF254-12 Cc/C A BCsF254-36 C/T H
BC;sF254-13 Cc/C A BCsF254-37 C/T H
BCsF254-14 C/T H BCsF254-38 T/T B
BCsF254-15 C/T H BCsF254-39 C/T H
BCsF254-16 T/T B BC;F254-40 C/T H
BCsF254-17 C/T H BCsF254-41 c/C A
BC;sF254-18 C/T H BCsF254-42 C/T H
BC;5F254-19 T/T B BCsF254-43 c/C A
BC;5F254-20 Cc/C A BCsF254-44 C/T H
BCsF254-21 C/T H BCsF254-45 C/T H
BCsF254-22 T/T B BCsF254-46 C/T H

VE: P1ONEFARE, P2 NI 97, 1-46 43 HIXT . KASP 43 FFRiciE I BCsF2 H1H 46 A~ Hikk .

Note: P1 is wild rice, P2 is Zhenshan 97, 1-46 correspond to 46 individual plants in BC3F; selected by KASP molecular marker respectively.

4 InDel 93 FHRICEFE A BC:F BiK LHY54 K& 46 MAKHWERE HBILR
Fig. 4 Genotyping results of parents and 46 individual plants from line LHY54 of BC3F, population by InDel molecular marker
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R 4% RiceVarMap?2 %f 4713 4 Bl st B I P 45 K, FRATR TIGT 22 73 4 TIGT K f BE BRI AR rig !
N RERI Y . 7R 2759 ASRIRG AT TIGT 2ERAR (5 38.40%, tigl JERIMNE & 61.40%; 7E 1512 AMAEFE M
Fheh TIGT FERAZE & 99.10%, tigl FEFBIZE & 0.90% (£ 3) . AJLUEH TIGI (ERERG H AR N TIGI
KA FEFERRY, FERIRE AR AETE S 85 F TIGT ThRgM: KASP 3 Fhmic X 38 43 /K A Jo 8 Y5 1k A7 2k PR Y
e (5 o 75 10 MRS A BR T CX32, CX277 & tigl NMATERER AL, HAbE I TIGT K FJE 3R Y,
76 10 MNHIARE R 7 IRIS 313-11245, CX347 /& TIGI KAEFANA, HAESE gl NAERRAL, S5FHE
PO A5 R —50 (R 4) o TIGI TiREE KASP hric RE% ikl ¥ 4 58 P st 55 b 2 BE A FEBE TR TIGT 1)
FEPR Y
R 3 TG FMERB SRS TIG] EHFEFEFEHN D

Table 3 Classification of 7/G1 alleles and distribution of 7/G/ in indica rice and japonica rice

S5 e R 71 RAZL I, & FERG P IR 3 A A IS Hh ) 3 Af i A<
alleles Mutation sites number distribution frequency in distribution frequency in
SNP7 SNP9 SNP12 Xian/indica Gengljaponica
-648 -449 -310
tigl G T T 1731 0.90% 61.40%
TIGI A C C 2982 99.10% 38.40%

E: 4713 MR EBBEANFLERE BT RiceVarMap2 (http://ricevarmap. ncpgr. cn/vars_info/?var=vg0820930849) .

Note: The sequencing results of 4713 germplasm resources are from RiceVarMap2

( http://ricevarmap. ncpgr. cn/vars_info/?var=vg0820930849 ) .
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3E: BTk FREEEIE: 10 NMERE, 10 MUFS. 7 3,000 Rice Genomes Project B 10 MEFEHI @MLRS : IRIS 313-10430, IRIS 313-9438, CX165, CX139.
CX356. IRIS 313-9002, IRIS 313-8168, IRIS 313-8118, CX32. CX277; 10 NMHlFEMMLRES : IRIS 313-11245, CX50, IRIS 313-8914, IRIS 313-7815,


http://ricevarmap.ncpgr.cn/vars_info/?var=vg0820930849

IRIS 313-7816, CX270. IRIS 313-11622, IRIS 313-7807. IRIS 313-9822, CX347.

Note: The selected germplasm resources include 10 japonica cultivars and 10 indica cultivars. Accession numbers of 10 japonica rice varieties in 3000 Rice
Genomes Project: IRIS 313-10430, IRIS 313-9438, CX165, CX139, CX356. IRIS 313-9002, IRIS 313-8168, IRIS 313-8118, CX32, CX277. Accession
numbers of 10 indica rice varieties IRIS 313-11245, CX50, IRIS 313-8914, IRIS 313-7815. IRIS 313-7816, CX270. IRIS 313-11622, IRIS 313-7807. IRIS

313-9822, CX347,
5 TIGI KASP R AR /KFEM R TRE R R L ELER
Fig. 5 Genotyping results of rice germplasm accessions by 7/G1 KASP marker
R 4 KASP 73 FARET 20 MREIR TIG1 BEE#ITEE
Table 4 Genotyping of T7/G7 gene in 20 germplasm accessions by KASP molecular marker

G S KASP 438 WS E FRH (@ RI%
Variety number KASP genotyping Sequencing genotyping Phenotype (°) subspecies
IRIS 313-10430 c/c c/C 7.72 1B
IRIS 313-9438 c/c c/C 8.18 1B
CX165 c/c c/C 8.22 1B
CX139 c/c c/C 8.46 B
CX356 c/c c/C 8.48 1R
IRIS 313-9002 c/c c/C 8.72 1B
IRIS 313-8168 c/c c/C 9.42 1B
IRIS 313-8118 c/c c/C 10.04 1B
CX32 /T T/T 4.86 B
CX277 /T T/T 5.04 1B
IRIS 313-11245 c/c c/C 9.16 HIFE
CX50 c/c c/C 8.06 HIFE
IRIS 313-8914 /T T/T 4.80 HIFE
IRIS 313-7815 /T T/T 4.70 HIFE
IRIS 313-7816 /T T/T 4.68 HIFE
CX270 /T T/T 4.54 HIFE
IRIS 313-11622 /T T/T 4.46 HIFE
IRIS 313-7807 /T T/T 4.18 HIFE
IRIS 313-9822 /T T/T 4.08 HIFE
CX347 /T T/T 3.66 HIFE

VE: FPUE BRI 45 3ok H RFGB-3K GROUP Chttps:/www.rmbreeding.cn/pages/haplotype.php) o

Note: Germplasm resource sequencing results are from RFGB-3K GROUP Chttps://www.rmbreeding.cn/pages/haplotype.php) .

3 g

KASP J&—Fh5E T2 R 1 B R 43 B R, 5] 1 95 (6 ) KBioscience A ] BT, %X SNP A7 £ 1%
ihhrid, RAARYS, JHE, SR HATEE T RN R, &P (5 R 20 2040 2 4
3L, M BAFIR 2 & (single nucleotide polymorphism, SNP) A7 Sk M (5 %, KASP 4r T-Fric H
mEE, R, FTESME, RAMK, B8 RGN RSO ARSI R, TIGT TR e
FALN 3 A SNP A g, Tkt InDel/SSR #Ricds, R AEEFRENXS SNP AL i 70 Fhnid, FRIIRATIT

T TIGI 3K 1) KASP 7 Fhric o


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

IKFESY BE A B SRR AR A I M U R —, B RAR B L . 6B RCR .. BRI, EE
IKFEFE R ARG B . KRG BEM MR R E A, KA 2 AR R, 12 IR
MM, AR A SR A I 43 BE A FE I K/INGS By P AR IR IR 22, 383 49712 J0) T A HEBf 1) 45 7€ 79 B8
FPE VRPN B R B, AT 0y T AR iC Al B IR B B Fh . FRATVELRT TIGT ThRETE SNP A7 5 JF K [¥) KASP 43l
THRCREBSHENAIN St TIGT B ThRE MRS, JF HIRAEMERE . BAREUR, NorFhmicil Bk £ E i gt
THMLA.

R 5 8 v 5 5 KRR ) BE A B R R D e AR e s B, A TIGT M TACI. TACI 4 2007 458
BEM ERGER, LT 9 SOk b, RAEREAAITE S B A B A R R OB R AR R 1, LAY A T 30 B 4
B BATREE KRB AR T 1acl KT, SERERBRIUCNE R, IFCIF R MR 2 Fhricl® ) TIGI
2019 ESE R FEAGER, HAFTE 3 ANThaetE SNP AR i, FERNRE N A 1o A o idl Je 178 15 4 e b S s il
SYEEFNE, (R R Z A UK RS G AT PO S e 2. ATV R oy B A RPE SRR TIGT, AR BT L
SEIhBEZ R SNP RAFE T KASP 2 Fhsic, Xt TIGI SR ThEEMIRFTHH TS e . X 4713 4Fh B 7t PR
BRIVKIFE T 38.40% HIMFy TIGL KA FEREEAL, RGN &b Fh ks & AR A S R A s B b vigl B E
KIREF 28 8] o AEIFFE b I R KRS 43 BE S VAT EIN TIGT FIShREMEARIC, /KA ROR Y o R B4 T — AN
T H.,

SE Rk

[1] Wang L, Xu Y Y, Zhang C,Ma Q, Joo SH, Kim SK, Xu Z, 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.

2] £30U7, FAKLA. AEMHRHE S BT RS RE. PEREY, 2021,51(10):1366-1375.

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

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

[4] 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.

[5] M. Okamura, T. Hirose, Y. Hashida, R. Ohsugi, N. Aoki. 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.

[6] 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. LAZY?2 controls rice tiller angle through regulating
starch biosynthesis in gravity-sensing cells. New Phytologist, 2021,231(3):1073-1087.

[7]Li P G, Wang Y H, Qian Q, Fu Z M, Wang M, Zeng D L, Li B H, Wang X J, Li J Y. LAZY] controls rice shoot gravitropism through regulating polar auxin
transport. Cell Research, 2007,17(5):402-10.

[8] 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(8):1143-1156.



[9] Zhang N, Yu H, Yu H, Cai Y Y, Huang J Y, Xu C, Xiong G S, Meng X B, Wang J Y, Chen HF, Liu G F, Jing Y H, Yuan Y D, Liang Y, Li S J, M Smith S, Li J
Y. A core regulatory pathway controlling rice tiller angle mediated by the LAZYI-dependent asymmetric distribution of auxin. Plant Cell,
2018,30(7):1461-1475.

[10] HuY,Li S L, 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 .OsHOXI and OsHOX28 redundantly shape rice
tiller angle by reducing HSFA2D expression and auxin Content. Plant Physiology, 2020,184(3):1424-1437.

[11] 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 and Cell
Physiology, 2005,46(10):1674-81.

[12] Sun H W, Guo X L, Xu F G, Wu D 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.

[13] Zhao L, Tan L B, Zhu Z F, Xiao L T, Xie D X, Sun C Q. PAY! improves plant architecture and enhances grain yield in rice. Plant Journal, 2015,83(3):528-36.

[14] 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.

[15] Jin J, Huang W, Gao J P, 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.

[16]Tan L B, Li X R, Liu F X, Sun X Y, Li C G, 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.

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

[18].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 PROGI gene participate in plant
architecture domestication in Asian and African rice. Nature Communications, 2018,9:4157.

[19].YuBS,LinZ W, Li H X, Li X J, Li J Y, 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.

[20].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
TACI and D2 largely determine the natural variation of tiller angle in rice cultivars. PLoS Genetics, 2016,12(11):e1006412.

[21].Zhang W F, Tan L B, Sun H Y. Natural variations at 7/G/ encoding a TCP transcription factor contribute to plant architecture domestication in rice.
Molecular Plant, 2019,12(8):1075-1089.

[22] M.G.Murray, W.F.Thompson. Rapid isolation of high molecular weight plant DNA. Nucleic Acids Research, 1980,8(19):4321-5.

[23]. K. Semagn, R. Babu, M. Olsen. Single nucleotide polymorphism genotyping using Kompetitive Allele Specific PCR(KASP): overview of the technology
and its application incrop improvement. Molecular Breeding, 2014,33(1):1-14.

[24] #7575, BEXH, KEIREE. KASP FRICHARAE L ZRAEY IR KRR, AEMHORENR, 2022,38(04):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 Crops. Biotechnology Bulletin,

2022,38(04):58-71.

[25].Yang Z M, Huang D Q, Tang W Q, Zheng Y, Liang K J, Cutler A J, Wu W R. Mapping of quantitative trait loci underlying cold tolerance in rice seedlings via
high-throughput sequencing of pooled extremes. PLOS ONE, 2013,8(7):¢68433.

[26].Wang C S, Tang S C, Zhan Q L, Hou Q Q, Zhao Y, Zhao Q, Feng Q, Zhou CC,Lyu DF,Cui L L, Li Y,MiaoJ S, Zhu CR, Lu Y Q, Wang Y C, Wang Z Q,
Zhu J J, Shangguan Y Y, Gong J Y, Yang S H, Wang W Q, Zhang J F, Xie H A, Huang X H, Han B. Dissecting a heterotic gene through GradedPool-Seq
mapping informs a rice-improvement strategy. Nature Communications, 2019,10(1):2982.

[27] McKenna A, Hanna M, Banks E, Sivachenko A, Cibulskis K, Kernytsky A, Garimella K, Altshuler D, Gabriel S, Daly M, DePristo MA. The Genome

Analysis Toolkit: a MapReduce framework for analyzing next-generation DNA sequencing data. Genome Research, 2010,20(9):1297-303.

[28] 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.
[29] Gao J, Liang H, Huang J, Qing D, Wu H, Zhou W, Chen W, Pan Y, Dai G, Gao L, Deng G. Development of the PARMS marker of the 7AC/ gene and its

utilization in rice plant architecture breeding. Euphytica, 2021,217:3.
[30]Wachsman G, Modliszewski JL, Valdes M, Benfey PN. A SIMPLE Pipeline for Mapping Point Mutations. Plant Physiology, 2017,174(3):1307-1313.



