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19,652

Genotyped accessions in the
USDA Germplasm Collection

Near-isogenic lines and genotypic
duplicates were dropped.

14,430

Accessions used for
population structure analysis

Accessions without complete
protein-oil data were dropped.

12,827

Accessions with SNP and
phenotype information

Accessions within Glycine soja
group were dropped.

12,116

Accessions used for GWAS
within Glycine max group

Supplementary Figure S1. The stepwise filtering of G. max and G. soja accessions held in the
USDA Germplasm Collection for analysis of population structure and genome-wide association

mapping.
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Supplementary Figure S2. Percentage distribution of the 14,430 soybean accessions used in the
population structure analysis according to world region (panel a) and maturity group class (panel
b).
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Supplementary Figure S3. Exploration of the optimal number of genetic subpopulations (K)
using A cross-validation error values in the soybean germplasm collection. A solid line denotes
the choice of K=5 which represents the most likely number of subpopulations within the soybean
germplasm collection.



o sz g
Protein - China Y
2 © -
T 2 g
& p [
o
g . . ¢
p ° ° 3 o~
2
o A o o
T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 0o 1 2 3 4 5
Chromosome Expected -logso(p)
[ -~ - 2 3
Protein - Korea C)
g 2 i g
o I
> ° 3
g v : : : H
3 @ 2
2
o kol 8
T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 o 1 2 3 4
Chromosome Expected —logso(p)
2o 3 _ .| g
Protein - Japan ° g o
€ 2 2
S T @ o
@ 8 3 n
S -
T g o]
o 2 » 2 B
& o o4
N RS (EEET NEOEE RS FEEES B RN SRR P TR (R R S| R N (AR B T T DAL T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 o 1 2 3 4
Chromosome Expected —logso(p)

15

log10(P)
0 5 10
1 1

°

o
I

®

E

-
Observed -logsg(p)
0 1 2 8 4§
\

" Protein - America

B SR RS T T S Fe B TS PR (R IS Ress BE ) T R RS [ R RS s (e T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

0 1 2 3 4 5
Chromosome Expected —logsq(p)
2o 3 . ~ © A FH0
Protein - SSE Asia ) o
£ 2- g 7 Z
=3 T oA
B b=
- o o~ o
T WO 2 'y - ~ * H § s
2
v v J ' U T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 0 1 2 3 4 5
Chromosome Expected —logso(p)
e o - _
Protein - Europe % 4
g 2 2 5
= '
1) v o
2w I H
T = I g _
“ 2
o ° o
SR T I TR S (A B TR R B S S B N, RS S (A R (TSR GRS (R T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 0 1 2 3 4 5
Chromosome Expected —logso(p)
24 5 . ~ © b
Protein - Russia 5
2 w o 7
g 2 s
3 0
2 2l
_g, w § o~
s 2 = 2 g -
2
o - o o4
T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 0 1 2 3 4 5

Chromosome Expected —logso(p)

Supplementary Figure S4. Genome-wide association study for protein (panel a) and oil (panel b) within each world region
class. Manhattan plot for association within each subpopulation (left) and quantile-quantile plots of -logio (P value) (right) are
vertically arranged in each panel. Markers are plotted on the x-axis according to their physical position on each chromosome.
The solid horizontal line indicates the calculated threshold value for declaring a significant association. The dashed vertical lines
indicate the same significant associations detected in two or more MGs that co-localized with the SNP detected for either protein
or oil using 12, 116 G. max accessions.
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Supplementary Figure S4. Genome-wide association study for protein (panel a) and oil (panel b) within each world region
class. Manhattan plot for association within each subpopulation (left) and quantile-quantile plots of -logio (P value) (right) are
vertically arranged in each panel. Markers are plotted on the x-axis according to their physical position on each chromosome.
The solid horizontal line indicates the calculated threshold value for declaring a significant association. The dashed vertical lines
indicate the same significant associations detected in two or more MGs that co-localized with the SNP detected for either protein
or oil using 12, 116 G. max accessions.
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Supplementary Figure S5. Genome-wide association study for protein (panel a) and oil (panel b) within each MG class.
Manhattan plot for association within each subpopulation (left) and quantile-quantile plots of -logio (P value) (right). Markers are
plotted on the x-axis according to their physical position on each chromosome. The solid horizontal line indicates the calculated
threshold value for declaring significant association. The dashed vertical lines indicate the same significant associations detected
in two or more MGs that co-localized with the SNP detected for either protein or oil using 12, 116 G. max accessions.
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Supplementary Figure S5. Genome-wide association study for protein (panel a) and oil (panel b) within each MG class.
Manhattan plot for association within each subpopulation (left) and quantile-quantile plots of -logio (P value) (right). Markers are
plotted on the x-axis according to their physical position on each chromosome. The solid horizontal line indicates the calculated
threshold value for declaring significant association. The dashed vertical lines indicate the same significant associations detected
in two or more MGs that co-localized with the SNP detected for either protein or oil using 12, 116 G. max accessions.
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Supplementary Figure S6. Genome-wide association scans for G. max accessions using
adjusted phenotype data for seed oil and protein content. Manhattan plots show the associations
for seed protein and oil with SNP markers that are plotted on the x-axis according to their
physical position on each chromosome. The solid horizontal line denotes the calculated threshold
value for declaring significant association. The dashed vertical lines indicate that the significant
association positions on chromosome 15 and 20 for protein were the same as for those oil.



