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Abstract The storability of soybean seeds is a crucial factor in determining the germination potential (GP)
and germination rate (GR) of stored seeds, which are of great significance for agricultural production and
food processing. In this study, the GP and GR of 879 soybean germplasms stored under natural conditions
for 3.5 years were measured. Through a genome-wide association study (GWAS), 58 significantly associ-
ated SNPs were found, among which one SNP was associated with GP and 57 SNPs were related to GR.
These significant SNPs were distributed either independently or in clusters on ten different chromosomes.
The SNP clusters on chromosomes 2, 9, and 10 were identified as three QTLs related to GR. Five known
QTLs that overlapped with these three QTLs were considered co-located QTLs, and two genes, namely
Glyma. 02g170500 and Glyma. 09g182900 , were identified as candidate genes. The results of haplotype
analysis showed that 11 tag SNPs located in the non-coding region of Glyma. 02g170500 could be divided
into 4 blocks, with GP and GR differing significantly between different haplotypes in all blocks except the
block 2. A total of 38 tag SNPs were found for Giyma. 09182900, forming 840 haplotypes. Due to the
small number of accessions for each haplotype, further analysis was not conducted. The haplotype with
significantly higher GP and GR than the other haplotypes contained more accessions from the Huang-Huai
region than from other regions, and more landraces than improved cultivars. The results of this study will
provide a theoretical basis and technical support for the subsequent breeding of soybean varieties with high
storability and the elucidation of the genetic mechanism of soybean seed storability.
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Fig. 1 GP (a) and GR (b) distribution patterns of 879 soybean germplasms after 3. 5 years of natural aging
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Supplementary Tab. 1 SNPs significantly associated with germination potential and

germination rate at a threshold of —log,, (p value) = 9, 17

SNP Yo ik YIELAL B /bp —logo (p) LN
Gmo07_15195343 7 15 195 343 9.23 GP
Gmo01_41129348 1 41 129 348 10. 68 GR
Gm02_21306440 2 21 306 441 10. 25 GR
Gmo02_13458459 2 13 458 459 9.59 GR
Gm02_25484690 2 25 484 690 9. 46 GR
Gm02_26602138 2 26 602 138 11. 60 GR
Gmo02_26602139 2 26 602 139 11. 60 GR
Gmo02_26602146 2 26 602 146 10. 74 GR
Gmo02_26602159 2 26 602 159 10.21 GR
Gm02_26602169 2 26 602 169 9.37 GR
Gmo02_26602170 2 26 602 170 9.37 GR
Gmo03_20068982 3 20 068 982 12. 29 GR
Gm03_20479461 3 20 479 461 12.35 GR
Gmo03_23609635 3 23 609 635 12. 47 GR

Gmo04_46669 4 46 669 12.55 GR
Gm04_33344050 4 33 344 050 10. 77 GR
Gm07_37719748 7 37 719 748 10. 42 GR
Gmo09_40797191 9 140 797 191 10. 02 GR
Gm09_40797217 9 140 797 217 10. 88 GR
Gm09_40800473 9 40 800 473 9. 89 GR
Gm09_40800850 9 40 800 850 9. 66 GR
Gm09_40803213 9 10 803 213 10. 14 GR
Gm09_40803374 9 40 803 374 9.38 GR
Gm09_40803720 9 40 803 720 9.42 GR
Gm09_40803848 9 10 803 848 10. 14 GR

Gm09_40804753 9 40 804 753 10. 65 GR
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(Z2)BfR 1 Rl—log, (p 1H) A 9. 17 FEEM R FH K ZF R EZEHEX SNP

SNP ERN WAL E / bp —logy, (p) PR
Gm09_40805189 9 40 805 189 9.61 GR
Gm09_40806433 9 40 806 433 11.58 GR
Gm09_40806478 9 40 806 478 10. 14 GR
Gm09_40807081 9 40 807 081 9.36 GR
Gm09_40807607 9 40 807 607 10. 29 GR
Gm09_40835564 9 40 835 564 9.63 GR
Gm09_40835901 9 40 835 901 9. 80 GR
Gm09_40836119 9 40 836 119 11. 69 GR
GmO09_40836507 9 40 836 507 11.43 GR
Gm09_40836701 9 40 836 701 12. 37 GR
Gm09_10836767 9 40 836 767 11. 67 GR
Gm09_40837173 9 40 837 173 11. 74 GR
Gm09_40837681 9 40 837 681 11.33 GR
Gm09_40838579 9 40 838 579 12.18 GR
Gm09_40838762 9 40 838 762 11. 11 GR
Gm09_40839298 9 40 839 298 11. 31 GR
Gm09_40839497 9 40 839 497 11.17 GR
Gm09_40839771 9 40 839 771 11. 92 GR
Gm09_40839798 9 40 839 798 16. 01 GR
Gm09_40839836 9 40 839 836 12. 64 GR
Gm09_40841705 9 40 841 705 11.28 GR
Gm09_40847711 9 40 847 711 10. 50 GR
Gm09_40847867 9 40 847 867 10. 72 GR
Gm09_40927437 9 40 927 437 9.53 GR
Gml0_2562818 10 2 562 823 9.23 GR
Gm10_2567817 10 2 567 817 9.32 GR
Gm10_2568701 10 2 568 701 10. 25 GR
Gml0_7795638 10 7795 638 11.43 GR
Gm10_29145752 10 29 145 752 9.34 GR
Gm10_34825680 10 34 825 680 10. 52 GR
Gml9_28097352 19 28 097 352 10. 22 GR

Gm20_20807791 20 20 807 791 11. 56 GR




