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Abstract: [ Objective ] Tiller angle is an important component of rice plant type, which directly affects rice planting density and
ultimately influences rice yield. Exploring and studying new QTLs/genes that regulate rice tiller angle and applying them to
plant type improvement is one of the effective ways to improve rice yield. [Method] The recombinant inbred lines (RILs)
derived from the crossing and selfing of the Indian japonica rice variety M494 and indica rice variety Zhong 9B were used as
experimental materials. They were planted at Fuyang and Lingshui experimental bases of China National Rice Research
Institute in Zhejiang and Hainan Province from 2021 to 2023. QTL mapping and analysis of rice tiller angle were conducted
based on the high-density Bin map constructed by resequencing method. [Result] A total of nine QTLs were detected in three
years, distributed on chromosomes 1, 3, 9, 11 and 12. The phenotypic variation explained by each QTL ranged from 2.54% to
57.00%, and the additive effects were all derived from the large tiller angle parent M494. Among them, the major QTL gTA49-1
for tiller angle was located in the range of 20.71-20.80 Mb on chromosome 9, with a physical map interval of 86.36 kb region.
Moreover, it was repeatedly detected in 2021 and 2022, and the highest contribution rate could reach 57.00%. This region
overlapped with the cloned tiller angle gene TACI. The RT-PCR results showed that the expression level of TAC! in the large
tiller angle genotype line M109 was significantly higher than that in the small tiller angle genotype line M67. Further
sequencing analysis revealed that compared with the gfa9-1 genotype line M67, the gT49-1 genotype line M109 hada C to T
mutation at the 3' splice site of intron 4 of the reported TAC!, which is the TACI functional SNP, and we speculate that gTA9-1
is TACI. In 2021 and 2022, a novel QTL controlling tiller angle was repeatedly detected in the 15.20—16.00 Mb interval of
chromosome 3, which exhibited epistatic interaction with the major tiller angle QTL ¢7A49-1. A minor QTL locus regulating
tillering angle was repeatedly detected in the 21.10—-22.02 Mb interval of chromosome 12. [Conclusion] Nine QTLs for tiller
angle were detected using the RIL population constructed by crossing M494 with Zhong 9B combining with the high-density
genetic map, including the cloned gene 74CI, and a novel QTL for tiller angle was detected on chromosome 3. The above
results provide a theoretical basis and genetic resources for further fine mapping of rice tiller angle genes and genetic
improvement of plant type of rice varieties.

Key words: rice; tiller angle; high-density genetic map; QTL mapping analysis
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Table 1. Primer sequence used in the study
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TACI GTGCAAGTGTGACTGAGCAA
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AGCGTGCCAATTGCAAGTAT
AATGAGTAACCACGCTCCGTCA
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Table 2. Phenotypic values of tiller angle of parents and RIL population in 2021, 2022 and 2023
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Fig. 2. Frequency distribution map of tiller angle in RIL population in 2021, 2022 and 2023

Green TR UL HRE1T. RBARIL 10 L, 4
% 1 uL 7 cDNA, 5 uL PowerUp™ SYBR™ Green
TR, 1IERE G5 0.2 ul, WK 3.6 uL;
N &R 50°C R 2 ming 95°C K 5 min; 95C ' §s,
60°C T 30, 40 MEH; FlfFiiZ: 60°CH| 95°C,
0.5 CIE—IRWIME T . F1 cDNA FEARE
3INEARESE,

2 RS0

2.1 FEAK. RIL BADEREMIRTIN

WEA M494. Z9B K RIL BEAKRIHEAT T 40 BE A
FEMI . B3R 2 ] W, Koy BEM RN 0 BEA S
N M494(16.2°), /Ny BEMESEARMIN Z9B(7.0°).
NEEE oy EEMAEZSPE, AT QTL o#r. |
22 FIE 2 A%, 2021 4F RIL BEARS>BE AR B AR St
JuFEN 7.5°~22.5°, 2022 N 5.8°~22.0°, 2023
HERy 5.5°~27.20, Horr, RIL B4k 2023 4E K40 BE A
P YMH ELRT PR ARG K . BEAA 3 SR BE M AR 7
TGRS EA, RIONESEL R, EARIIE
A, WAL QTL X A1 B it A%
2.2 RIL #9EAEMIRE QTL B

KH BRSBTS & IciMapping 4.2 B
X 2021—2023 4 RIL #EARM 7 BEAFE AT 524 X
[ EEEACIM) o BT, SERE IR 9 A QTL 7 £, 4
FTE 1. 3. 9. 11 A1 12 S5tk F(E 3).

4 6 8 10 12 14 16 18 20 22

2022547 BES [
Tiller angle in2022

e RIL #44& RIL population A Parent
FIE g (s 953 PRz
Year . M494 7Z9B
Mean Range Skewness Kurtosis Standard
2021 114 7.5~22.5 0.77 -0.17 3.97 16.2 7.0
2022 115 5.8~22.0 0.74 -0.27 3.67
2023 12.6 5.5~27.2 1.07 2.07 3.79
407 Z9B HERE K 50 Z9B WL & FH 507 Wi s FH
\lz Lingshui, Hainan Fuyang, Zhejiang 0 Fuyang, Zhejiang
301
5 £ 50 £ 50
&K= = 307 .5 30
W& 5 20 M494 &5 NG 5 M494
# g £ 5 20 M494 5200 79 N
Z10 “ “
104 109

4 6 8101214 16 18 20 22 2426 28
2023557 BEM [
Tiller angle in 2023

2021 FILEGIE] 3 NG5 BEM LR QTL,
SAALT 3. 9 A1 12 SR b, dr N qTA3-1,
qTA9-1 1 qTAI2-1, HAfAT 9 F4ffk B
qTA9-1 ] LOD {Hi K, A4 24.70, ] fRREHIR AL DT
BREEIR BN 49.27%, PFAr EAE 20.71-20.80 Mb
XA, XK/ 86.36 kb, it ik fy 3 Kok
SEA M494., FH4h 2 A QTL ¢TA3-1(LOD 154 3.69)
Al gTA12-1(LOD 18N 3.36) 70 HIAi T 3 S 4etaik b
1) 15.70-16.00 Mb [X [A] fil 12 5 4t ik 1
21.80-22.02 Mb X[a], [X[aK/NA 299.52 kb Fl
222.59 kb, MARGEEALEERIIER H A M494. 2022
EILRTI R 4 ANEH] o BEM TN QTL(qTA3-2,
qTA9-1. qTAII-1. qTAI12-2), YRRk H
A M494, Hih gT49-1 BEERND], ~NFEK
QTL, LOD {& 7 34.60, AIfi# R 57.00%[1) R TAF 5
A 3 A QTL ¢TA3-2(LOD 18N 2.77). qTAlI-1
(LOD 184 4.99)F1 gTA12-2(LOD 1A 3.47)7r ML
T 3 SOk ) 15.20-15.40 Mb X [a]. 11 54
AR L) 9.90-12.60 Mb [X[E] A1 12 54tk 1)
21.10-21.20 Mb [X[d], XI[A]K/N3 708 201.72 kb.
2702.55 kb 11 98.76 kb, 2023 4EHLAGMF] 3 A 54>
BEM R G QTL, lfhi T 1. 3. 9 S 4 tafk |,
%N qTAI-1. qTA3-3. qTA9-2, RGN IR
KEFEAR MA94, RITTRRF B K1) qTA9-2, LOD
B8 9.95, AIfEREIIRITIMAE N 19.07%, EALTE
20.10-20.40 Mb, [X[i]K/NA 298.66 kb. 5341 2 A~



TR AR ST s RO RS KA 2 BE A R QTL SE i 5 23 i

Chromosome 1

[

gTA3-1
96.00 —

101.00
qTA3-2 ;

I

[ T

I

qTA3-3

23500

TN

\—

3 KFESEERE QTL EfL
Fig. 3. QTL mapping of tiller angle in rice

d

QTL ¢TAI-1(LOD {& N 4.56)F1 ¢qTA3-3(LOD 1H N
2.86) AL T 15 4 ik [ 11 42.10-42.87 Mb [X [H]
Al 3 Stttk F i 26.60-27.70 Mb [X ], [X 8] K/
N 772.47 kb i1 908.32 kb(F 3).
2.3 RIL BA7TEERE QTL LAIMHME 24
FIFH 2021 4% RIL #A L REAHE & QTL IE{A bR
WHAT BAE M. E5E, DUGEFR G BRI AR
QTL FEPAI Y, 0P REAA R 0 BE A E R T8, 7 ol 4%
18 gTA3-1 (Bin03-96). qTA9-1(Bin09-21)F1 gTA12-1
(Binl12- 107)#ATA AL B AH A T b, R
Duncan £ &L, 45REKH, 3 MRERRMAEH 2
MR G RBAFAEE R

Chromosome 3 Chromosome 9

345

Chromosome 11 Chromosome 12

~

qTAII-1 -

7500 qTAI2-1 [
106.00
108.00
gTAI2-2

=

L

IYHT qTA3-1 1 qTA9-1 W HAE R, qTA3-1 5
qTA9-1 IR AFAE I 73 BEA S S qTA3-1 F1 qTA9-1
FSRAEAES 22 5 B2, YW qT43-1 5 qTA9-1 2 1A
FILHINPERN (B 4-A)o qTA9-1 Fl gTAI2-1 1) H.
VER I AT, P9 [AIAFAE BH S5 (0 0 2 28 (P
4-C). qTA3-1 5 qTAI2-1 R AEER Iy BE A TS S
qTA3-1 M qTAI2-1 53 R EAFAEN Z R AR, R
T IR (B 4-B). AT ICIM %49 1) EPI
FERIAG I A7 2 BT s, FFIRAUE T gTA43-1 Al
qTA9-1 Z 1A HAE . SLAaill 2] 34 F B4 BARRL
R(ES), AT 12 k44 tik b, LOD {E N 2.50~
6.61, EAIPERLN N—1.53~1.64, THERR N 1.21%~

F=3 KEHERAER QTL S
Table 3. QTL analysis of tiller angle in rice
i st lh i Wik LoD R ey g S
Year Chromosome Locus Peak marker LOD value Variation Additive effect  Position (Mb) Location interval
explained(%) (kb)
2021 3 qTA3-1 Bin03-96 3.69 5.08 0.93 15.70-16.00 299.52
2021/2022 9 qTA9-1 Bin09-21 24.70/34.60 49.27/57.00 2.90/2.92 20.71-20.80 86.36
2021 12 qTAI12-1 Bin12-107 3.36 4.57 0.88 21.80—-22.02 222.59
2022 3 qTA3-2 Bin03-101 2.77 2.54 0.61 15.20-15.40 201.72
2022 11 qTAll-1 Binl1-75 4.99 4.92 0.86 9.90-12.60 2702.55
2022 12 qTA12-2 Bin12-108 3.47 3.21 0.69 21.10-21.20 98.76
2023 1 qTAI-1 Bin01-168 4.56 8.34 1.23 42.10-42.87 772.47
2023 3 qTA3-3 Bin03-235 2.86 4.96 0.93 26.60-27.70 908.32
2023 9 qTA9-2 Bin09-22 9.95 19.07 1.83 20.10-20.40 298.66
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Fig. 4. Interaction analysis among three QTL:s for tiller angle
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Fig. 5. Epistatic effect analysis among QTLs for tiller angle in rice
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Fig. 6. Comparison of tiller angle and TAC1 expression between two alletic lines of the major QTL ¢7A49-1
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