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Figure S1 Genome-wide averaged distance of linkage disequilibrium decayed. Calculation via squared 
correlations of allele frequencies (r2) against the distance between polymorphic sites in wild soybeans, 
landraces and cultivars.
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Figure S2 Expression of 15 genes in the linkage disequilibrium block in the leaves and stem tips. (a) Data are

from transcriptomic analysis in wild-type W82. The values represent RPKM value of genes in transcriptome.

Data are presented as means ± SD of two biological replicates. (b) Data are from Phytozome 13

(https://phytozome-next.jgi.doe.gov/). FPKM (Fragments Per Kilobase of exon model per Million mapped

reads).
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Figure S3 Natural variation of TOE4b. (a) Summary of TOE4b haplotypes across a diversity panel comprising
1,744 soybean accessions. (b) Origin tree of the TOE4b haplotypes. The data are from 1,744 accessions,
consisting of 221 wild soybeans, 516 landraces, and 874 improved cultivars. The red arrows indicate the
direction of evolution.
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Figure S4 TOE4bH4 variation affects one of the conserved AP2 domain. (a) Alignment of the amino acid
sequences of TOE4b with its orthologs and homologs. Amino acid sequences from Glycine max, Phaseolus
vulgaris, Medicago truncatula, Arabidopsis thaliana and Oryza sativa were aligned by Clustal W. The red asterisk
indicates the amino acid in TOE4bH4 that changes from the conserved G residue to S. (b) CAPS marker for the
identification of the TOE4bH1 and TOE4bH4 alleles. PCR products were digested with the restriction enzyme HaeIII.
Hetero, heterozygous plant.
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Figure S5 Effects of combination of TOE4b and E2 alleles on soybean flowering time. (a, b) Flowering time 
of six allelic combinations between TOE4b and E2 across 449 soybean accessions grown in Harbin in 2017 
(a) and 2020 (b). The number above the x-axis represents the number of samples. Different lowercase letters 
indicate significant differences. The phenotype with 2 samples was not statistically analyzed with other 
samples.
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Figure S6 Generation TOE4b overexpression lines in soybean. (a) Relative transcript levels of TOE4b in wild-
type W82 and T1 overexpression transgenic plants. β-Tubulin (TUB) was used as a normalization transcript. (b)
Abundance of TOE4b-3Flag in the leaves of T1 transgenic plants, as determined by immunoblotting using anti-
Flag antibodies. The non-specific band (NS) was used as a loading control.
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Figure S7 Phenotypes of TOE4b mutant and overexpression lines. Agronomic traits of plant height (a, c, e),
measured from the cotyledonary node of the main stem to the apex in centimeters; number of nodes (b, d, f).
The plants were grown in an incubator under LD (16-h light/8-h dark) (a-b) or SD (12-h light/12-h dark)
conditions with an average photon flux of 300 μmol m–2 s–1 (c-d). For the mutant plants were grown in an
incubator under LD (16-h light/8-h dark) with an average photon flux of 450 μmol m–2 s–1 (e-f). W82, wild-
type Williams 82. Five plants were scored for each phenotype; data are means ± SD. P < 0.05, as determined
by multiple comparison testing by one-way ANOVA. Different lowercase letters indicate significant
differences.



Figure S8 Agronomic traits associated with the major haplotypes of TOE4b. Agronomic trait of plant height
(a), measured from the cotyledonary node of the main stem to the apex in centimeters; number of nodes (b);
average of internode length (c); branch number per plant (d); pod number per plant (e); and grain weight per
plant (f). TOE4bH1, n = 68; TOE4bH4, n = 83. The plants were grown in a standard field in Harbin under
natural conditions in 2017. At least 6 plants were scored for each phenotype; data are means ± SD. P < 0.05,
two-tailed Student’s t-test. Different lowercase letters indicate significant differences.
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