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Introduction 
As one of the most successfully domesticated legumes, soybean (Glycine max) 
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regulators, to modulate diverse BR responses, including seed development. BR signaling 
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Supplementary Fig. 1 and Supplementary Data 1)18
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promoters, while three have intronic variants (Supplementary Data 2). Haplotype analysis 

revealed that five SNPs across four genes (Glyma.19G193600, Glyma.19G193900, 

Glyma.19G194300 and Glyma.19G194500) were significantly associated with 100
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region. Three homozygous mutants, sw19
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indicate that GmSW19 negatively regulates seed weight, with GmSW19A having a stronger 

repressive effect than that of GmSW19C. 

 

To explore the impact of the T175P substitution, we compared the subcellular localization 

of the two protein variants by transiently expressing GFP fusions in Nicotiana benthamiana 

leaves. Both variants localized to the nucleus, as shown by confocal microscopy 

(Supplementary Fig. 7). The protein structures predicted using ColabFold v1.5.3 

(AlphaFold2 with MMseqs2) revealed no spatial differences (Supplementary Fig. 8). 

However, immunoblot analysis using an anti
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the function of GmSK21. Previous studies have indicated that overexpressing wild
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expression of GmSK21-GFP with GmSW19A-FLAG or GmSW19C-FLAG revealed much 

higher levels of GmSW19A-FLAG pulled down compared to GmSW19C
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Given that GmSW5 expression increased in sw19 mutants, we hypothesized that GmSW19 

directly represses GmSW5. Sequence analysis revealed four putative GmSW19/ABI5
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knockouts (Supplementary Fig. 17a, 18a). In contrast to sw19, sw5 single mutants 

displayed significantly reduced seed weight (Supplementary Fig. 17b
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H1 and H6 were present in wild soybeans, whereas H1
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region (CR), 100% of those in the northern region (NR), and 50% of those in the southern 

region (SR) (Fig. 5e), highlighting its widespread adoption, particularly in NR where the 

genotype has been fixed. This allele could still be further exploited in the SR for seed 

weight improvement. 

 

Given that GmSW19 and GmSW5 function collaboratively at molecular level, we examined 

whether their haplotype combinations, including Gmdt1, influence seed weight. Compared 

with the other haplotype combinations, accessions carrying the functional combination 

H5/GmSW5H
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precise genome editing, offering a promising strategy for the rapid improvement of seed 

size in soybean. 

 

Interestingly, discoveries report here resemble the BIN2
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offer opportunities to select favorable alleles for enhancing specific traits or trait 

combinations. 

 

As one of the most intensively selected yield traits, 100
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selected for a GWAS, which revealed significant genotype
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seed filling), R6 stage (green seed filling the pod cavity), R7 stage (the first pod on the 

main stem shows mature pod color), and R8 stage (the color of 95% of pods reached that 

of maturity) 27. To compare the relative expression levels of GmSW19, GmSW5 and 

GmSK21, seeds from wild
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and their respective mutant versions (mS1 and mS2) were inserted into the XhoI/KpnI sites 

of the pAbAi vector and transformed into the Y1HGold strain. The full
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Unlabeled mutant probes were added as cold competitors. DNA gel shift assays were 



ARTI
CLE

 IN
 P

RES
S

ARTICLE IN PRESS

 

Agrobacterium
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Figure legends 
Fig. 1. GWAS reveals that qSW19 is associated with 100
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Scale bar, 1 cm. (b) Relative GmSW19 expression in WT and OE at the R7 seed stages (n 

= 4 biological replicates). ***P < 0.001 (two
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pGADT7 vector. (f) Relative GmSW5 expression in the WT, sw19, GmSW19A
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River); SR, southern region. Percentages may not total 100% due to rounding. Source data 

are provided as a Source Data file. 
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