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Supplementary Figure 1. Properties of KRIL31, the chromosome donor for GP9-7. 
Tiller numbers of each line from the KRIL chromosome segment substitution lines (Hirabayashi et al., 2010) at the ripening stage grown under sparse (A) and dense (B) planting densities. The means of 5 plants and their SD values are shown. Koshihikari (Ko: blue bar) and KRILs were cultivated in a test field at Tsukuba, Japan in the summer of 2010. The number of tillers of KRIL31 are indicated by red bars. Photographs C document the typical plant shapes of Koshihikari and KRIL31 under the sparse planting conditions. These photographs were taken at 29 DAP. Scale bars: 10 cm. 
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Supplementary Figure 2. Schematic genotype of KRIL31 and genotypic-phenotypic analyses to detect the corresponding segment controlling tiller spreading and increase. 
Graphic representation of the KRIL31 genotype (A) (Hirabayashi et al., 2010). Diagram B summarizes the genotypic-phenotypic analyses of plants from the BC2F2 generation to locate the corresponding segment controlling tiller spreading and increase in tiller number relative to SSR markers. The yellow zones indicate the segments derived from Koshihikari, and the red zones represent the segments contributed by O. rufipogon. Blue zones show the heterozygous segments of both genotypes. 
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Supplementary Figure 3. Comparison of sequences of the Prog1 from Koshihikari, several accessions of O. rufipogon and GP9-7.  
(A) Comparison of nucleotide sequences of the Prog1 gene from Koshihikari and GP9-7. Sequence a: Koshihikari (DDBJ/EMBL/GenBank: LC573903), sequence b: GP9-7 (DDBJ/EMBL/GenBank: LC573904). (B) Comparison of the deduced amino acid sequences of Prog1 from several accessions of O. rufipogon, Koshihikari and GP9-7. Sequence a: O. rufipogon (accession: YJCWR; GenBank: ACE06775.1), sequence b: O. rufipogon (isolate: YD2-0772; GenBank: ACE06777.1), Sequence c: Koshihikari, sequence d: O. rufipogon (accession: DXCWR; GenBank: ASR75314.1) and sequence e: GP9-7. The deletion detected in GP9-7 is highlighted with a pink background. Characteristic motifs shown in Prog1, such as the C2H2-type Zn-finger domains (Agarwal et al., 2007) and the EAR-like motif (Kagale et al., 2010) are highlighted with orange and blue backgrounds, respectively.  
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Supplementary Figure 4. Verification of the RPAD insertion in GP9-7 by PCR analysis.
(A) Verification of RPAD insertion (Wu et al., 2018) by agarose gel electrophoresis of PCR products. The diagram B summarizes PCR primer design and positional relationships among Prog1, the SSR markers and RPAD. The upper bar represents ca. 440 kbp segment of chromosome 7 located between two SSR markers, RM20973 and RM21002. The lower bar represents a magnified 13.5 kbp region of chromosome 7 showing the location used for PCR primer design (arrows). 
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Supplementary Figure 5. Increase in tiller numbers of Koshihikari and GP9-7 during the early vegetative growth phase. 
Increase in tiller numbers of Koshihikari (blue circles with broken lines) and GP9-7 (red triangles with solid lines) during the early vegetative growth phase in the test field in Tsukuba, Japan. Mean values of 6 plants with SE values are plotted. Symbols, ***, ** and * indicate statistically significant differences compared to Koshihikari at p < 0.001, p < 0.01 and p < 0.05, respectively, calculated by Welch’s t-test. 
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Supplementary Figure 6. Photographs showing the tiller bases and the gravitropic responses of Koshihikari and GP9-7.
Photographs A showing the cut surfaces of the tiller bases of Koshihikari and the GP9-7 at the fully ripe stage. Photographs B indicating the gravitropic responses of coleoptiles of Koshihikari and GP9-7. Photographs on the right show the gravitropic response of the seedlings leaned horizontally at the midpoint of the incubation. Photographs C displaying the gravitropic bend at nodes between the elongated internodes of Koshihikari and GP9-7 at the fully ripe stage. All leaf sheaths were removed manually. Arrows point to node positions. In particular, node positions between internode III and IV are indicated by red arrows. Roman numerals identify internode numbers.
Supplementary Table 1. A summary of the climate conditions of the fields used in this study.
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Supplementary Table 2. Sequences of PCR primers used in this study.  
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Supplementary Table 3. A summary of yield survey data conducted for multiple years.
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Supplementary Movie 1. Tiller spreading during the early vegetative growth phase of Koshihikari (left) and GP9-7 (right).  
For the video, 31 days was compressed into 8 seconds. The black triangles on the backboard are spaced 10 cm apart. 


Supplementary Movie 2. Tiller closing during the transition from the vegetative to the reproductive growth phases of Koshihikari (left) and GP9-7 (right).  
For the video, 39 days was compressed into 10 seconds. The black triangles on the backboard are spaced 10 cm apart.
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TTTTCCCAATATAGCTTGTCCCATTTTCCTTTCATGGATCCCTCATCGGCTTCTTGGCCGGCTCCGGCTTCTCCGCCGGTGGAGCTGTCC
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CTCTTCTGCGCCAAGACGTTCCGCAAGTCGCAGGCGCTCGGCGGCCACCAGAACGCGCACCGGAAGGAGCGCGTCGCCGGCGGCAGCTGG
CTCTTCTGCGCCAAGACGTTCCGCAAGTCGCAGGCGCTCGGCGGCCACCAGAACGCGCACCGGAAGGAGCGCGTCGCCGGCGGCAGCTGG

NPNVYGDGGGSASMPTIASHGVYTAAGSSTAA
AACCCCAACGTCTACGGCGACGGCGGCGGATCAGCGTCCATGCCCATCGCCTCCCATGGCGTCACGGCGGCGGGGAGTAGTACGGCAGCC
AACCCCAACGTCTACGGCGACGGCGGCGGATCAGCGTCCATGCCCATCGCCTCCCATGGCGTCACGGCGGCGGGGAGTAGTACGGCAGCC

DGRWCGGAASDDDTTAAPMPSILGSGSAALG
GACGGCCGGTGGTGCGGCGGCGCTGCCAGCGACGACGACACAACGGCGGCGCCCATGCCTTCCCTCGGCTCAGGCTCGGCGGCGCTCGGC

GACGGCCGGTGGTGCGGCGGCGCTGCCAGCGACGACGACACAACGGCGGCGCCCATGCCTTCCCTCGGCTCAGGCTCGGCGGCGLCTCGGC
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ATCTCTGTAGCTAGCGTCTACTACTACTTCGCCATATGCACGCAATAATCCATCTCTATCTCCACGATCACCATGATCGGATGATCCGCA

CTAGTACGTCTTATTACTCGATCGATCTCTCGTTTGCGCCTCCAATTAAT
CTAGTACGTCTTATTACTCGATCGATCTCTCGTTTGCGCCTCCAATTAAT

C2H2-Zn finger

MDPSSASWPA PTPPPVELSL SLPAA--RNR DEAAPTVIVD GKQVRLFP!
MDPSSASWPA PTPPPVELSL SLPAA--RNR DEAAPTAIVD GKQVRLFP!
MDPSSASWPA PASPPVELSL SLPAAAARNR DEAAPTAIVD GKQVRLFP!
MDPSSASWPA PASPPVELSL SLPAAAARNR DEAAPTAIVD GKQVRLFP!
MDPSSASWPA PASPPVELSL SLPAAAARNR DEAAPTAIVD GKQVRLFP!

a) 59 KDRVAGGSWN
b) 59 KDRVAGGSWN
c) 61 KERVAGGSWN
d) 61 KERVAGGSWN
e) 61 KERVAGGSWN

a) 118 SDDDDTTAVP MPSLGSGSAA
b) 118 SDDDDTTAVP MPSLGSGSAA
c) 119 SDDD-TTAAP MPSLGSGSAA
d) 119 SDDD-TTAAP MPSLGSGSAA
e) 119 SDDD-TTAAP MPSLGSGSAA

PNVYGDSGGS
PNVYGDSGGS
PNVYGDGGGS
PNVYGDGGGS
PNVYGDGGGS

-GGAAGFAST
-GGAAGFAST
LGAGAGFAST
LGAGAGFAST
LGAGAGFAST

AASSMPIASH
AASSMPTASH
A-S-MPIASH
A-S-MPIASH
A-S-MPIASH

EKGSSG----
EKGSSG----
ERGSSGGGVA
ERGSTGGGVA

ERGSSGGG-~

GVTAAAS-TA ADGRWCGGAA 117
GVTAAAS-TA ADGRWCGGAA 117
GVTAAGSSTA ADGRWCGGAA 118
GVTAAGSSTA ADGRWCGGAA 118
GVTAAGSSTA ADGRWCGGAA 118

EAR-like

A 3 residues (A 9 bases)

90
90

180
180

270
270

360
360

450
450

540
531

630
621

680
671




image4.jpeg
—— PCR products S6/S2 (ca 760 bps)
— PCR products S1/S2 (ca 600 bps)

5 N T S, T 5

g 2 283 £ 3

c O 14 g_@ £ ©

s £ 83 £ =

Q. S ) Q.

e S0 o =

o 4 o

3 d< ¥ §

RPAD
RM209 RM21002
1 1
[ [ !I [ |
Wit 5
/ Progl "~ _ 100 kbp
NS
7/ S
/ 8
/ N 1
// = ~
7 RPAD T
/ =

/ S

I |- ]

Prog1 S6 S2 3 kbp




image5.jpeg
Tiller number (plant '1)

100

=]
o

(2]
o

5
o

20

10

20 30 40
Days after Planting (days)

50




image6.jpeg
Ko

GP9-7

Ko

GP9-7

Ko





image7.jpg
May Jun Jul Aug Sep Oct

Tsukuba normal year value average temp (°C) 17.4 20.8 24.6 259 223 16.6
(1991-2020) total sunshine (hr) 182.8 129.3 152.8 182.8 1364 1384

2010 average temp (°C) 17.2 21.8 26.5 28.2 237 171

total sunshine (hr) 200.1 158.8 186.2 2333 168.5 1044

2018 average temp (°C) 184 215 27.5 27.0 221 17.8

total sunshine (hr) 196.1 167.7 226.2 211.2 91.5 148.6

2019 average temp (°C) 18.7 20.9 235 274 23.8 184

total sunshine (hr) 238.6 1335 822 1924 1583 1167

2020 average temp (°C) 184 223 234 27.8 235 16.0

total sunshine (hr) 172.6 1431 47.0 269.4 121.2 1124

Fukuyama normal year value average temp (°C) 18.7 225 26.6 279 24.0 18.0
(1991-2020) total sunshine (hr) 2115 162.4 193.5 221.8 165.6 1743

2018 average temp (°C) 18.6 223 284 29.2 231 17.8

total sunshine (hr) 196.6 1744 269.0 286.0 104.7 191.5

2019 average temp (°C) 19.2 22.7 25.8 27.8 25.6 195

total sunshine (hr) 264.2 200.1 143.5 186.6 192.1 168.1

These climate data were recorded at the observation points of the Japan Meteorological Agency closest to the fields used in this study.
In the average temperature rows, values with gray background mean the months indicated 2 °C or more different from the normal year values.
In the total sunshine rows, values with gray background mean the months indicated 20% or more different from the normal year values.
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LOCUS SSR Marker Forward (5'-3') Reverse (5-3)
Chr1 RM11931 TCACTTGGTCCTCCACAAAGAGC CATCTTGTTTCTCTCTCCATGTCTGC
Chr3 RM15412 GGAGTATGAAACATCGGATTGG TTTACTCATGCCTCTTCTCTGC
RM15414 TCCATCATATGCTCTGCTCTCTGC CCTCCCTTCCTCCAGATCACC
Chr7 RM20846 GCGCGACGAGGAGGATAAGG GTCAGCCGTGAGTACACCATGC
RM20894 CTTGCTTCACAGAATCATCACTGC AACTGTCCGAGGGAAGAAAGAGC
RM20958 TCTTGGATCACACATTCACACC AAAGTGGTTAGCCAACTTGTGG
RM20967 TTGAGCTGATGAGAGTTGGTTGC CTGTCACTAGCTCTGCCCTGACC
RM20973 ATCTTCCTGATCACTGGATCG GTTTGCCAAGATGCCAACAGAAAT
RM20980 AGCCACCTGATTCATAACATGC GTTTGGAGGGAGAAAGGAGCGAG
RM20989 ACTAGATATCTCTTGCTATAGGTCCA GTTTATGAATGCAATTTTGGGTCC
RM20999 CGTCCACACCCTCTCCATCTGC AGGACGGCCTTGGTGAAGAAGC
RM21002 GAGGCGTTCTTGGTGTTGAGG CGTCTCCTTCCCTTGTCAATTCG
RM21004 GGACGGAAGGAATACGTCTGTAGG CTGTCCATGCATCCATCTCTAGC
RM21011 GCATGGAGCTGTGTTAGATTTCC TGTTGTATGCAGATGGGACACG
RM21069 ATCTAGTACCGGATGTGACACG AGACAGAGGCATGACAGAAAGG
Chr9 RM24303 AATATGGTGGCGCGTACATCC TGATCGAGCCAACAACAACTGG
RM24513 CCGTGCAACTTAAATCCAAACAGG GGAATCCTATATGAGCCAGTGATGG
RM24645 TCTTACTGCGTCCTCTGGGTTCC ATTCTTGCGGCGATTCATCTTCC
RM24829 CCTAAGAGGAGCCATCTAACAACTGG CTTGGATATACTGGCCCTTCACG
PROG1 CGGATTCGGAAATAACTAGC ATCATGATTCGCAGCTTGCA
RPAD S1 TGTGCGTAACAGTTAGTATCTTATCTTC
S6 ATTATTCTTTTTACCTCGCA
S2 GAGTTGGTTTGGGCTTATCC
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Field Year Planting Line Yields Statistics”
density (g m? p<0.05
Tsukuba 2016 sparse Koshihikari 559 a Welch's ¢-tes
42 x42 cm GP9-7 582 a
2017 sparse Koshihikari 551 Welch's ¢-tes
40 x 40 cm GP9-7 471
2018 sparse Koshihikari 541 a Welch's ¢-tes
36 x 36 cm GP9-7 549 a
2019 sparse Koshihikari 565 a Welch's ¢-tes
36 x 36 cm GP9-7 536 a
2020 sparse Koshihikari 549 a Welch's ¢-tes
36 x 36 cm GP9-7 548 a
Fukuyama 2018 sparse Koshihikari 489 ab Tukey-HSD
30x30cm GP9-7 429 b
semi-dense Koshihikari 508 a
15x30cm GP9-7 516 a
2019 sparse Koshihikari 452 a Tukey-HSD
30x30cm GP9-7 429 a
semi-dense Koshihikari 442 a
15x30cm GP9-7 429 a
D Different letters indicate the yield has a statistically significant difference (p <0.05).





image1.jpeg
- N W

Tiller number (plant '1)
o

N
(3]
T

N
(=]
T

-
o

Tiller number (plant '1)

KRIL31

y

Ko KRILs

S a0
o O ©o ©
T T T

(=]
T

o

KRIL31

-
[3,]
T

o (3]
T

Koshihikari KRIL31




image2.jpeg
(O Ko/Ko
@ O. rufipogon I Ko

@ o rufipogon | O. rufipogon

T b 1 Mb
il 266 kb
[} N~ =] [<2] [-N -]
[=] o o o - g '
N N N N N N <
s s s s =5 ¢
['4 ['4 14 14 o N
Koshihikari
KRIL31 55
7-A 52
19-C 47
18-B 48
1-30 46
BC2F; | 8-
23-K 52
2-4G 52
3- 48
E-19

27M 28 M 29M 3.0M 31 M
[ 1 Ko/Ko I O. rufipogon/Ko [ O. rufipogon / O. rufipogon




image10.jpeg
’ frontiers




