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Figure S1 Results of the clustering of environmental covariates. The diagonal boxes of the triangles 

correspond to the 1st to 30th growth stages, from the lower left to the upper right. The off-diagonal elements 

correspond to the growth periods that span multiple stages, where the x and y axes denote the start and end 

of the periods, respectively. Note that, although neighbouring clusters are coloured using different colours, the 

same colour does not indicate the same cluster. The number of clusters is shown in the plots.
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Figure S2 P values obtained from the genome-wide association mapping of the slopes. 

(A) Distribution of P values. (B) QQ plot of −log10P values. The broken line is the 1:1 line.
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Figure S3 Distributions of estimates of genetic correlations between environments
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Figure S4 Associations of environmental 

covariates with genetic correlations between 

environments. The heat maps represent the

−log10 P values for the correlation coefficients 

(r2) of off-diagonal elements between the 

similarity matrix of each environmental covariate 

and the genetic correlation matrix. The diagonal 

boxes of the triangles correspond to the 1st to 

30th growth stages, from the lower left to the 

upper right. The off-diagonal elements 

correspond to the growth periods that span 

multiple stages, where the x and y axes denote 

the start and end of the periods, respectively. 

The broken lines indicate flowering time. 
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Figure S5 Results of the genome-wide association mapping for the slopes obtained for seed weight. The x and y axes 

indicate the chromosomal positions and the environmental covariates, respectively. The −log10 P values are illustrated using 

colours. The blue triangles indicate significant SNPs with a false discovery rate <0.05.
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Figure S6 Results of the genome-wide association mapping for the slopes obtained for yield. The x and y axes indicate the 

chromosomal positions and the environmental covariates, respectively. The −log10 P values are illustrated using colours. The blue 

triangles indicate significant SNPs with a false discovery rate <0.05.
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Figure S7 Results of the genome-wide association mapping for the slopes obtained for stem length. The x and y 

axes indicate the chromosomal positions and the environmental covariates, respectively. The −log10 P values are 

illustrated using colours. The blue triangles indicate significant SNPs with a false discovery rate <0.05.
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Figure S8 Results of the genome-wide association mapping for the slopes obtained for protein content. The x 

and y axes indicate the chromosomal positions and the environmental covariates, respectively. The −log10 P values are 

illustrated using colours. The blue triangles indicate significant SNPs with a false discovery rate <0.05.
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Figure S9 Results of the 

genome-wide association 

mapping for the slopes 

obtained for days to flowering. 

The x and y axes indicate the 

chromosomal positions and the 

environmental covariates, 

respectively. The −log10 P

values are illustrated using 

colours. The blue triangles 

indicate significant SNPs with a 

false discovery rate <0.05.
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Figure S10 Results of the 

genome-wide association 

mapping for the slopes 

obtained for days to maturity. 

The x and y axes indicate the 

chromosomal positions and the 

environmental covariates, 

respectively. The −log10 P

values are illustrated using 

colours. The blue triangles 

indicate significant SNPs with a 

false discovery rate <0.05.
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Figure S11 Distributions of meteorological 

factor/growth stage combinations where 

significant associations were detected. Red 

dots indicate the combinations with significant 

associations. The diagonal elements of the 

triangles correspond with the 1st to 30th growth 

stages, from the lower left to the upper right. 

The off-diagonal elements correspond to the 

growth periods that span multiple stages, 

where the x and y axes denote the start and 

end of the periods, respectively.
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Figure S12 Allele substitution 

effects of flowering genes (E2, E3

and E4) on DTF. The effects of loss-of-

function alleles (e2-ns, e3-tr and e4-

SORE-I) were estimated for each 

environment (Supplementary Methods) 

and plotted against two environmental 

covariates (photoperiod at the 4th to 5th

growth stages and maximum 

temperature at the 5th to 14th growth 

stages). For both environmental 

covariates, E2 showed the greatest 

slopes, suggesting that E2 can affect 

the G × E interactions of DTF. The red 

lines are the regression lines estimated 

using the least squares method.
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