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Supplementary Fig. 1 Characterization of soybean diversity panels.

a Geographic origins of a newly assembled 329-accession diversity panel. The map was drawn using ArcGIS v.10.3 software for desktop
(https://desktop.arcgis.com/en/). b Phylogenetic structure of the diversity panel based on analysis of genome-wide SNPs. The apparent
misclassification reflects an identification error in the passport data. ¢ PCA of genetic diversity within the panel. d Linkage disequilibrium decay for
the three subgroups within the diversity panel. Linkage disequilibrium decay is determined by squared correlations of allele frequencies (r2)
against the distance between polymorphic sites in wild soybeans (gray), landraces (green) and cultivars (blue).
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Supplementary Fig. 2 PCA with only the cultivars and color them by country of origin.
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Supplementary Fig. 3 Positional cloning of Tof16.

a Characterization of key recombinants in the immediate vicinity of the Tof16 locus showed recombination break points (left panel), and
mean flowering time of progeny (right panel). (n =40 plants), The lower and upper box edges corresponded to the first and third
quartiles (the twenty-fifth and seventy-fifth percentiles); the horizontal line indicated the median value; and the lower and upper whiskers
corresponded to the smallest value at most 1.5x interquartile range and the largest value no further than 1.5 x interquartile range. b
Gene structure of Tof16 showed the location of the loss-of-function tof16-1 mutation. Source data are provided as a Source Data file.
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Supplementary Fig. 4 Protein sequence comparisons of Tof16 alleles.
Red frame indicates the Myb domain of LHY1a. The black arrows represent the variation of tof16-2 .
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Supplementary Fig. 5 Comparison of the amino acid sequences of Tof16 and its homologues in legumes.
The black arrow represent the variation of tof16-2.



AGGGAACGATGGACAGGG

g

Tofl6 AGGAACGATGGACAGAGG
tofl6°R  AGGAACGATGGACAG-GG

Supplementary Fig. 6 CRISPR/Cas9-induced 1bp deletion of Tof16.
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Supplementary Fig. 7 Phenotypes of NILs of Tof16, Harosoy and tof16°Runder SD (12 h light/12 h dark) conditions.

a Plant height. b Number of nodes, c Number of branches. d Total pods per plant of Harosoy and tof16°R. e Plant height. f
Number of nodes. g Number of branches. h Total pods per plant of NIL-Tof16 and NIL-tof16-1. i Plant height. j Number of
nodes. k Number of branches. | Total pods per plant of NIL-Tof16 and NIL-tof16-2. All data were given as mean + s.e.m. (n =
10 plants), the value of each plant was represented by a dot. One-tailed Student’s t-test was used to generate the P values.
Source data are provided as a Source Data file.
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Supplementary Fig. 8 Phenotypes of NILs of Tof16 under SD (12 h light/12 h dark) conditions.

a Phenotypes of NIL-Tof16 and NIL-tof16-1. Scale bar, 10 cm. b Flowering time. ¢ Time to maturity. d Grain yield per plant of
NIL-Tof16 and NIL-tof16-1. e Phenotypes of NIL-Tof16 and NIL-tof16-2. Scale bar, 10 cm. f Flowering time. g Time to maturity. h
Grain yield per plant of NIL-Tof16 and NIL-tof16-2. All data were given as mean + s.e.m. (n = 10 plants), the value of each plant
was represented by a dot. One-tailed Student’s t-test was used to generate the P values. Source data are provided as a Source
Data file.
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Supplementary Fig.9 Genetic relationship of Tof16 and E1.

a Phenotypes of NILs possessing different allelic combinations at Tof16 and E1 under SD (12 h light/12 h dark) conditions. e12s, partially functional el
allele. el’s, el null functional allele. Scale bar, 10 cm. b Flowering time. ¢ Time to maturity of NILs possessing different allelic combinations at Tof16 and
E1. All data were given as mean + s.e.m. (n = 10 plants), the value of each plant was represented by a dot. The presence of the same lowercase letter
above the histogram bars in b, ¢ denoted nonsignificant differences across the two panels (P > 0.05). One-way ANOVA was used to generate the P values.
Source data are provided as a Source Data file.
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Supplementary Fig. 10 Expressions of FT2a and FT5ain NIL-Tof16 and NIL- tof16-1, and Harosoy and tof16°R mutant.

a-b Expressions of FT2a (a) and FT5a (b) in Harosoy and tof16°R mutant. c-d Expressions of FT2a (c) and FT5a (d) in NIL-Tof16 and NIL-
tof16. All data are given as mean + s.e.m. (n = 5 plants). Plants were grown under SD (12 h light/12 h dark) and sampled at 20 DAE. Source
data are provided as a Source Data file.
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Supplementary Fig. 11 Expressions of E1 in NIL-Tof16 and NIL- tof16-1.
All data are given as mean + s.e.m. (n = 5 plants). Plants were grown under SD (12 h light/12 h dark) and sampled at 20 DAE.

Source data are provided as a Source Data file.
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Supplementary Fig. 12 Overexpression of Tof116-HA in soybean cultivar Williams 82 (W82).

a Imuno blot of HA antibodies in two independent Tof12-HA over expression (OE) lines and W82. The original gel blot images see
the source data in Supplementary Fig. 26. b Phenotypes of two independent OE lines and W82. ¢ Flowering time of two OE lines
and W82 under SD (12 h light/12 h dark) conditions. All data are given as mean *+ s.e.m. (n = 10 plants). One-tailed Student’s t-
test was used to generate the P values. Source data are provided as a Source Data file.
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Supplementary Fig. 13 Phenotypes of lhy mutants under short-day.

a Number of branches. b Plant height. c Number of nodes. d Average internode length. All data were given as mean + s.e.m. (n =10

c ,d denotes nonsignificant differences across the two panels (P > 0.05). One-way ANOVA was used to generate the P values. Source

plants), the value of each plant was represented by a dot. The presence of the same lowercase letter above the histogram bars in a, b,
data are provided as a Source Data file.
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Supplementary Fig. 14 Redundancy among four LHY genes regulates soybean flowering time and yield under long-

,the

a Phenotypes of lhy mutants. Scale bar, 10 cm. b Flowering time. ¢ Time to maturity. d Total pods per plant height. e grain yield per plant. f

Number of branches. g Plant height. h Number of nodes. i Average internode length. All data were given as mean + s.e.m. (n = 10 plants)

,g.h

f

d, e,
-way ANOVA was used to generate the P values. Source data are

. C,

value of each plant was represented by a dot. The presence of the same lowercase letter above the histogram bars in b

denotes nonsignificant differences across the two panels (P > 0.05). One:

provided as a Source Data file.
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Supplementary Fig. 15 Expressions of LHY1a, LHY1b, LHY2a and LHY2b in Harosoy under LD and SD conditions.
All data are given as mean + s.e.m. (n = 5 plants). Plants were grown under LD (16 h light/8 h dark) and SD (12 h light/12 h dark) and sampled at 20 DAE.

Source data are provided as a Source Data file.
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Supplementary Fig. 16. Expressions of E1 in Harosoy and lhy mutants under SD conditions.

All data are given as mean + s.e.m. (n = 5 plants). The presence of the same lowercase letter above the histogram bars denotes nonsignificant
differences across the two panels (P > 0.05). Plants were grown under SD (12 h light/12 h dark) and sampled at 20 DAE (ZT12). Source data are
provided as a Source Data file.
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Supplementary Fig. 17 Diurnal expressions of E1 in Harosoy and lhy mutants under SD conditions.
All data are given as mean + s.e.m. (n =5 plants). Plants were grown under SD (12 h light/ 12 h dark) and sampled at 20 DAE. Source data are provided as a
Source Data file.
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Supplementary Fig. 18 Expressions of E1 in Harosoy and Ihy mutants under LD conditions.

All data are given as mean + s.e.m. (n = 5 plants). The presence of the same lowercase letter above the histogram bars denotes
nonsignificant differences across the two panels (P > 0.05). Plants were grown under LD (16 h light/8 h dark) and sampled at 20 DAE (ZT16).
Source data are provided as a Source Data file.
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Supplementary Fig. 19 Diurnal expressions of E1 in Harosoy and lhy mutants under LD conditions.
All data are given as mean + s.e.m. (n = 5 plants). Plants were grown under SD (16 h light/ 8 h dark) and sampled at 20 DAE. Source data are provided as a
Source Data file.
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under SD (12 h light/12 h dark) and sampled at 20 DAE. Source data are provided as a Source Data file.
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Supplementary Fig. 21 Phenotypes of NILs possessing different allelic combinations at Tof16 and J under SD (12 h light/12 h dark) conditions.

a phenotypes of NILs possessing different allelic combinations at Tof16 and J in e12s background under SD (12 h light/12 h dark) conditions. e12s, partially
functional el allele, Scale bar, 10 cm. b Flowering time, ¢ time to maturity and d grain weight per plant. e Plant height, f Number of nodes, g Number of
branches and h Total pods per plant of NILs possessing different allelic combinations at Tof16 and J in e12s background . el12s, partially functional el
allele. i Plant height, j Number of nodes, k Number of branches and | Total pods per plant of NILs possessing different allelic combinations at Tof16 and J
in E1 background. All data were given as mean + s.e.m. (n = 10 plants), the value of each plant was represented by a dot. The presence of the same
lowercase letter above the histogram bars in b, c, d, e, f, g, k, | denoted nonsignificant differences across the two panels (P > 0.05). One-way ANOVA was
used to generate the P values. Source data are provided as a Source Data file.
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Supplementary Fig. 22 Haplotypes and their origins of Tof16.
a Haplotypes of Tof16. b haplotype origins of Tof16. Grey color represented the wild soybeans, green color represented the landraces, blue color
represented the improved cultivars. Haplotypes was extracted from the 1624 panel of 256 wild soybeans, 620 landraces and 748 improved cultivars.
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Supplementary Fig. 23 Transient assay of different alleles of Tof16.

a Constructs used for the transient transfection assay. b Luciferase activity under control of E1 promoter showing the results
from three independent replications. Values are mean + s.e.m. (n = 3 biologically independent samples), the value of each
replication was represented by a dot. The presence of the same lowercase letter above the histogram bars denotes
nonsignificant differences across each panel (P > 0.05). One-way ANOVA was used to generate the P values. Source data
are provided as a Source Data file.
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Supplementary Fig. 24 Haplotypes and their origins of J.
a Haplotypes of . b haplotype origins of Tof11. Grey color represented the wild soybeans, green color represented the landraces, blue color represented the improved
cultivars. Haplotypes was extracted from the 1624 panel of 256 wild soybeans, 620 landraces and 748 improved cultivars.
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Supplementary Fig. 25 Luciferase activity of J proteins with a nonsynonymous SNP on suppression of the E1 promoter in
Arabidopsis transient assays.

a Constructs used for the transient transfection assay. b Luciferase activity under control of E1 promoter showing the results from three
independent replications. The value of each replication was represented by a dot. The presence of the same lowercase letter above the
histogram bars denotes nonsignificant differences across each panel (P > 0.05). One-way ANOVA was used to generate the P values.
Source data are provided as a Source Data file.
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Supplementary Table 1. Predicted genes in Tofl6 mapping region according to W82 reference genome.

Name Function

Glyma.16G017200 Inorganic pyrophosphatase
Glyma.16G017300 Serine/threonine-protein kinase 51-related
Glyma.16G017400 MYB-related transcription factor LHY
Glyma.16G017500 Flavanone 3-dioxygenase
Glyma.16G017600 Protein curvature thylakoid 1B
Glyma.16G017700 Transcription factor bHLH57-related
Glyma.16G017800 Cation efflux protein/Zinc transporter
Glyma.16G017900 Late embryogenesis abundant protein
Glyma.16G018000 Pseudo-response regulator 5
Glyma.16G018100 SURFEIT LOCUS PROTEIN 2
Glyma.16G018200 Predicted RNA-binding protein
Glyma.16G018300 Pyruvate dehydrogenase E1 component alpha subunit




Supplementary Table 2. The distribution of the various alleles of the Tof16 locus in 329 accessions.

Alleles of Tofl6 Number of accessions Proportion

Tofl6 115 65.00%
tof16-1 9 2.74%
tof16-2 88 26.75%
tof16-3 3 0.91%
tof16-4 15 4.56%

Detailed allelic information of each accessions, please see Supplementary Data 3



Supplementary Table 3. The distribution of the various alleles of the J locus in the 329 accessions.

Alleles of J Number of accessions Proportion

J 151 45.90%
i1 2 0.61%
j-2 5 1.52%
j-4 4 1.22%
i6 3 0.91%
j-8-1 2 0.61%
j-8-2 3 0.91%

i9 1 0.30%
j-10 2 0.61%
j-11 156 47.42%

Detailed allelic information of each accessions, please see Supplementary Data 3



Supplementary Table 4. The frequency of loss-of-function alleles of tof16 and j in 329 low latitude accessions.

Alleles Numbers of accesions Total accessions Propotions
JITOF16 33 165 20%
JITOF16 48 165 29%
Jitof16 27 165 16%
jltof16 57 165 35%
j, tof16, j/tof16 132 165 80%

Detailed allelic information of each accessions, please see Supplementary Data 4



Supplementary Table 5. Primers used in this study.

Primer name

Forward (5'-3") Reverse (5'-3") Enzyme

Purpose

E1-gRT CACTCAAATTAAGCCCTTTCA  TTCATCTCCTCTTCATTTTTGTTG

GmFT2a-gRT ATCCCGATGCACCTAGCCCA ACACCAAACGATGAATCCCCA

GmFT5a-gRT AGCCCGAACCCTTCAGTAGGGA GGTGATGACAGTGTCTCTGCCC Primers for qRT-PCR
J-qRT CGTGCCTCATAACCGAAGAT CTCGTTACATGACATACTCC

Tof16--gRT CGTCAGGGAAGATCTGAAGC  ATGCAAAAACCAAAGGTTGC

Tublin-gRT ~ TCTTGGACAACGAAGCCATCT GGTGAGGGACGAAATGATCT

Tof16-6HA  ATGGACGCATACTCCTCCG AGTCGAAGTCTCCCCTTCCAA

Tofl6-clone TAGCAGTTTCTGGTTCTGTTTT AATTACTTGATGTTCATGGCTC Primers for gene cloning
El-promoter TTGGTTTATGATTCAAGCCGAC GTTGGAAGAGATGAATAGGGTC

Tof16-T1 GTCAAGGGAACGATGGACAGA AAACCCTCTGTCCATCGTTCCCT Primers for CAS9
Tof6-cas9- GAGAAAATTGAAGCGAACTGCG CCCATTGTTGCTAGAACCCC

EF1b-CHIP GTTGAAAAGCCAGGGGACA TCTTACCCCTTGAGCGTGG

E1-P1 ATTTTGACTGTGGTATGTGACTG AGAGATAATCGGGAGAAAAACA Primers for ChIP-PCR
E1-P2 CCCAGTAACGTGGCCAATT AAATAGTGAAAATCCGGTGACG

E1-P3

M1 TTTAGAAGAGAAGAAAGTCCC GTATGTTGGAATCAGCGTTA Dra |

M2 TAGGGTAAGAAAGGGAGAAA  TGACATATGACCTGATAAAAAAT Dral

M3 ATGTTGGTTATGTGGTTTCTTT CAATCTTATAAAATTGGCTTTTT Dral Primers for mapping in
M4 GATCAAATATGTTAAGAAATGCG CAGAACTTCCACCTCATCG Dpn | Chrl6

M5 TAGACAAATTGGTTCCCCTCCT GAACTGTAGTCACTGATGCA Bfa |

M6 AAGCAGCACTCTGAGCACCA GAAGCAAGTAAAGGGCGGTT Hae IlI

M7

TTCTCATCTCGTTACATTA ATCCTTCATCAAAACATT Dral




Supplementary Table 6. Resequecing data information of 329 soybean accessions.
SNP Indels SVs

Group
Total
Soja_110
Landrace_45
Cultivar_174

DUP, Tandem Duplications; DEL, Deletions; INS, Insertions; INV, Inversions.
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