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Figure S1. Distribution of the SNP markers across 20 soybean chromosomes.
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Figure S2. Q-Q plots of GWAS for hexanal content in soybean seed under the CMLM model
in three tested environments. H-AVE-hexanal: Harbin, S-AVE-hexanal: Shenyang and J-

AVE-hexanal: Gongzhuling.



Supplementary tables

Table S1. Analysis of variance of Hexanal content

Trait Mean + SD (%) Minimum Maximum Skewness Kurtosls CV (%) Environment Genotype
H-hexanal 911.78+68.48 42.71 3940.47 1.46 2.39 79 0.61 1.53%%*
S-hexanal 979.74+83.59 35.7 5039.83 2.09 5.69 90
J-hexanal 1033.23+81.43 24.76 4450.55 1.58 2.84 83

**Significant at the 0.01 probability level.



Table S2. Peak SNP associate with Hexanal content and the evaluation of beneficial alleles

Average hexanal

Average hexanal

Average
Chromos Peak SNP Position logio R Environment MAF Allele Allele content of ‘ content of . hexanal content
ome 1 2 accessions with accessions with ¢ lation
allele 1 allele 2 ot popuiatio
3 1514370224 14370224 177023 Harbin/ 019 C T 830.61/990 47 1259.65/1216.5  911.78/1033.23
4.15 0.25 Gongzhuling
3 1s8078768 8078768 413/ 023 Harbin/ 0.19 C T 826.31/993.84 1290.7/1218.26  911.78/1033.23
4.40 0.26 Gongzhuling
3 rs8124219 8124219 406/ 0.23/ Harbin/ 0.19 A C 835.6/996.64 1251.6/121435  911.78/1033.23
4.19 0.25 Gongzhuling
3 rs8219886 8219886 3.82/ 022/ Harbin/ 0.18 C T 826.78/992.65 1342.2/1222.19  911.78/1033.23
4.10 0.25 Gongzhuling
3 158427416 8427416 3.62/ 021/ Harbin/ 0.17 A C 822.89/994.21 1342.2/1222.19  911.78/1033.23
4.02 0.24 Gongzhuling
3 152738008 2738008 oL 020/ Harbin/ 014 G T 874.91/990.27 1130.69/128831  911.78/1033.23
3.88 0.24 Gongzhuling
3 rs8113305 8113305 3.27/ - 0.19/ Harbin/ 0.17 A G 842.9/981.64 1267.66/1299.78  911.78/1033.23
343 0.22 Gongzhuling
3 1s16325590 16325590  S07/ 018 Harbin/ 0.18 C G 830.49/1002.44 1266.7/1278.61  911.78/1033.23
3.33 0.21 Gongzhuling
3 1513198792 13198792 00 018 Harbin/ 0.19 G A 824.54/1000.02 1185.38/1224 911.78/1033.23
3.31 0.21 Gongzhuling
6 17213652 17213652 oV 022 Harbin/ 0.10 G T 852.07/1020.73 1526.86/1077.76  911.78/1033.23
4.22 0.25 Gongzhuling
8 47787351 47787351 A0 027 Harbin/ 0.44 T C 722.27/816.44 1148.51/130024  911.78/1033.23
4.72 0.27 Gongzhuling
8 47793019 47793019 62 025 Harbin/ 0.45 C T 704.11/791.54 1116.1/1308.95  911.78/1033.23
4.47 0.26 Gongzhuling
8 147634071 47634071 01/ 02V Harbin/ 0.28 C A 776.2/923 27 1276.95/1317.01  911.78/1033.23
3.49 0.22 Gongzhuling
8 1547495304 47495304 3.42 0.20 Harbin 0.38 A G 767 1160.92 911.78
8 1547495282 47495282 337 0.20 Harbin 0.36 A G 773.95 1184.24 911.78
12 1510960320 10960320 3.04 0.18 Harbin 0.21 C T 895.23 975.14 911.78
13 1516756352 16756352 -8 021/ Harbin/ 0.05 G T 878.5/1011.96 983.95/1406.21 911.78/1033.23
3.38 0.21 Gongzhuling
16 1521755350 21755350 3.44 0.20 Harbin 0.08 G T 874.39 1335.55 911.78
1 145252468 45252468 3.08 0.20 Gongzhuling 0.08 G T 1001.29 144524 1033.23
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Table S3. Gene models in the flanking regions of peak SNP

Peak SNP Physical position Gene model Start(bp) End(bp) Functional annotation

rs2738098 2738098 Glyma.03G024700 2684273 2685143 sulfate transporter 91
Glyma.03G025100 2719352 2719869 1-amino-cyclopropane-1-carboxylate synthase 2
Glyma.03G025300 2732998 2733394 regulatory components of ABA receptor 3
Glyma.03G025400 2768131 2770800 Zinc finger (CCCH-type/C3HC4-type RING finger) family protein
Glyma.03G025500 2773964 2778371 DHHC-type zinc finger family protein
Glyma.03G025700 2797162 2797479 Plant self-incompatibility protein S1 family
Glyma.03G025800 2801117 2801434 Plant self-incompatibility protein S1 family
Glyma.03G025900 2804869 2805461 Plant self-incompatibility protein S1 family
Glyma.03G026000 2813567 2814916 Protein of unknown function (DUF1442)
Glyma.03G026100 2832112 2834920 Exocyst complex component Sec6

18078768 8078768 Glyma.03G057100 8001162 8005390  2-oxoglutarate 20G) and Fe(gr)(')f;iendem oxygenase superfamily
Glyma.03G057200 8043283 8044143 thiazole biosynthetic enzyme, chloroplast (ARA6) (THI1) (THI4)
Glyma.03G057300 8070483 8074031 alfin-like 1
Glyma.03G057500 8117254 8122189 DNAJ heat shock family protein
Glyma.03G057600 8164360 8180296 HEAT repeat-containing protein

rs8113305 8113305 Glyma.03G057200 8043283 8044143 thiazole biosynthetic enzyme, chloroplast (ARA6) (THI1) (THI4)
Glyma.03G057300 8070483 8074031 alfin-like 1
Glyma.03G057500 8117254 8122189 DNAJ heat shock family protein
Glyma.03G057600 8164360 8180296 HEAT repeat-containing protein
Glyma.03G057800 8205989 8218318 Rhodanese/Cell cycle control phosphatase superfamily protein

rs8124219 8124219 Glyma.03G057200 8043283 8044143 thiazole biosynthetic enzyme, chloroplast (ARA6) (THI1) (THI4)
Glyma.03G057300 8070483 8074031 alfin-like 1
Glyma.03G057500 8117254 8122189 DNA heat shock family protein
Glyma.03G057600 8164360 8180296 HEAT repeat-containing protein
Glyma.03G057800 8205989 8218318 Rhodanese/Cell cycle control phosphatase superfamily protein

rs8219886 8219886 Glyma.03G057600 8164360 8180296 HEAT repeat-containing protein



Glyma.03G057800 8205989 8218318 Rhodanese/Cell cycle control phosphatase superfamily protein

Glyma.03G057900 8236657 8237724  Pyridoxal phosphate (PLP)-dependent transferases superfamily protein
Glyma.03G058000 8249390 8252886 SGNH hydrolase-type esterase superfamily protein
Glyma.03G058100 8253192 8260260 LMBRI1-like membrane protein
Glyma.03G058200 8267057 8273170 S-adenosyl—L-methionine-depe;ﬁ)e;g;nmethyltransferases superfamily
Glyma.03G058300 8280786 8288390 cation exchanger 3
Glyma.03G058400 8306189 8315630 regulatory particle AAA-ATPase 2A

rs8427416 8427416 Glyma.03G059000 8500486 8503767 PIF1 helicase
Glyma.03G059100 8508949 8509829 nodulin MtN21 /EamA-like transporter family protein

rs13198792 13198792 Glyma.03G066500 13131005 13134323 receptor like protein 7

rs14370224 14370224 Glyma.03G068900 14375210 14377147 AtGCP3 interacting protein 1
Glyma.03G069000 14467258 14467961 CBS / octicosapeptide/Phox/Bemp1 (PB1) domains-containing protein
Glyma.03G069100 14469382 14474832 RmlC-like cupins superfamily protein

rs16325590 16325590 Glyma.03G070300 16324083 16330477 serine carboxypeptidase-like 19

1s17213652 17213652 Glyma.06G193000 17124047 17126015 TEOSINTE BRANCHED, cycloidea and PCF (TCP) 14
Glyma.06G193100 17144920 17146388 gibberellin 2-oxidase 8
Glyma.06G193200 17147417 17151462 NAPI1-related protein 2
Glyma.06G193300 17154238 17158838 S-adenosyl—L-methionine-deperr)lliiggnmethyltransferases superfamily
Glyma.06G193400 17161248 17162518 glutathione S-transferase tau 9
Glyma.06G193500 17163370 17165881 glutathione S-transferase tau 9
Glyma.06G193600 17224460 17226638 myb domain protein 94
Glyma.06G193700 17255423 17256578 mini zinc finger
Glyma.06G 193800 17278295 17279753 Gibberellin-regulated family protein
Glyma.06G193900 17290795 17294406 Exostosin family protein
Glyma.06G194100 17300062 17304305 RING/FY VE/PHD zinc finger superfamily protein
Glyma.06G 194200 17313012 17314714 Protein of unknown function (DUF3223)

1547634071 47634071 Glyma.08G363900 47534336 47535993 Zinc-binding dehydrogenase family protein



rs47787351

rs47793019

47787351

47793019

Glyma.08G364000
Glyma.08G364100
Glyma.08G364200
Glyma.08G364300
Glyma.08G364600
Glyma.08G364700
Glyma.08G364900
Glyma.08G365000
Glyma.08G365100
Glyma.08G365200
Glyma.08G365300
Glyma.08G365600
Glyma.08G365700
Glyma.08G365900
Glyma.08G366200
Glyma.08G366200
Glyma.08G366800
Glyma.08G366900
Glyma.08G367000
Glyma.08G367100

Glyma.08G367200

Glyma.08G367300
Glyma.08G367400
Glyma.08G367600
Glyma.08G367800
Glyma.08G366200
Glyma.08G366800
Glyma.08G366900

47537290
47548864
47553392
47556171
47565950
47569017
47581368
47602097
47621018
47629763
47633207
47650804
47659642
47673091
47711879
47711879
47741692
47746574
47755041
47766869

47774583

47777310
47783600
47786586
47807547
47711879
47741692
47746574

47543730
47550387
47555880
47558975
47566795
47571100
47582279
47606318
47622887
47631058
47634408
47651449
47662878
47677260
47716127
47716127
47744899
47747680
47756954
47772423

47776155

47778086
47785134
47786872
47810213
47716127
47744899
47747680

TCP-1/cpn60 chaperonin family protein
carboxyesterase 17
HEAT repeat-containing protein
Flavodoxin family protein
Ribosomal protein PSRP-3/Ycf65
Regulator of Vps4 activity in the MVB pathway protein
isopentenyltransferase 5
cytochrome P450, family 735, subfamily A, polypeptide 1
LOB domain-containing protein 41
Nucleic acid-binding, OB-fold-like protein
Ribulose bisphosphate carboxylase (small chain) family protein
CLPC homologue 1
abscisic acid (aba)-deficient 4
Mannose-6-phosphate isomerase, type I
RNA-binding (RRM/RBD/RNP motifs) family protein
RNA-binding (RRM/RBD/RNP motifs) family protein
Peptidyl-tRNA hydrolase family protein
zinc finger protein 6
UDP-Glycosyltransferase superfamily protein
plastidic GLC translocator

Core-2/I-branching beta-1,6-N-acetylglucosaminyltransferase family

protein
Nodulin MtN3 family protein

translocase of the inner mitochondrial membrane 13
NADH-ubiquinone/plastoquinone oxidoreductase chain 4L
transcription factor jumonji (jmjC) domain-containing protein
RNA-binding (RRM/RBD/RNP motifs) family protein
Peptidyl-tRNA hydrolase family protein

zinc finger protein 6



rs16756352

16756352

Glyma.08G367000
Glyma.08G367100

Glyma.08G367200

Glyma.08G367300
Glyma.08G367400
Glyma.08G367600
Glyma.08G367800
Glyma.13G066900
Glyma.13G067000
Glyma.13G067100
Glyma.13G067200
Glyma.13G067400
Glyma.13G067500
Glyma.13G067600
Glyma.13G067700
Glyma.13G067800
Glyma.13G067900
Glyma.13G068100
Glyma.13G068200
Glyma.13G068500

47755041
47766869

47774583

47777310
47783600
47786586
47807547
16662928
16671710
16679231
16688567
16704086
16729033
16747744
16753333
16765722
16787469
16805832
16825383
16851649

47756954
47772423

47776155

47778086
47785134
47786872
47810213
16667207
16673786
16680442
16689544
16704947
16733978
16749376
16759339
16775985
16789119
16813055
16836935
16854206

UDP-Glycosyltransferase superfamily protein

plastidic GLC translocator

Core-2/I-branching beta-1,6-N-acetylglucosaminyltransferase family
protein

Nodulin MtN3 family protein
translocase of the inner mitochondrial membrane 13
NADH-ubiquinone/plastoquinone oxidoreductase chain 4L
transcription factor jumonji (jmjC) domain-containing protein
methyltransferases
CLAVATA3/ESR-RELATED 25
Leucine-rich repeat protein kinase family protein
Leucine-rich repeat protein kinase family protein
Putative membrane lipoprotein
DNAse I-like superfamily protein
Paired amphipathic helix (PAH2) superfamily protein
hydroxyproline-rich glycoprotein family protein
SIN3-like 2
glucosyl transferase family 8
golgi alpha-mannosidase 11
Major facilitator superfamily protein

cytochrome P450, family 82, subfamily C, polypeptide 2




Table S4. Signiﬁcant SNP candidate genes associated with hexanal content

Gene ID Chromosome  Physical position Location Region Alleles ~logio? Functional annotation
Glyma.08G364100 8 47548933 Harbin UTRS T/C 3.22 carboxyesterase 17
Gongzhuling 0.05
Shengyang 0.56
47549233 Harbin synonymous SNV 2.74
Gongzhuling 1.43
Shengyang 1.00
47549904 Harbin nonsynonymous SNV 2.07
Gongzhuling 0.97
Shengyang 0.57
Glyma.08G364200 8 47553429 Harbin UTRS T/C 2.74 HEAT repeat-containing protein
Gongzhuling 1.43
Shengyang 1.00
47553542 Harbin intronic 2.74
Gongzhuling 1.43
Shengyang 0.99
47554484 Harbin intronic 2.44
Gongzhuling 2.18
Shengyang 1.32
47554581 Harbin nonsynonymous SNV 2.75
Gongzhuling 1.43
Shengyang 0.99
Glyma.08G364300 8 47557510 Harbin intronic T/C 2.75 Flavodoxin family protein
Gongzhuling 1.43
Shengyang 0.99
47557629 Harbin intronic 2.94
Gongzhuling 1.30
Shengyang 0.87
47558300 Harbin nonsynonymous SNV 2.04
Gongzhuling 1.2
Shengyang 1.00
47558521 Harbin nonsynonymous SNV 2.1
Gongzhuling 0.83



Shengyang 0.75
Glyma.08G365700 47660137 Harbin intronic C/T 2.75 Abscisic acid (aba)-deficient 4
Gongzhuling 1.43
Shengyang 0.99
47661670 Harbin intronic 2.44
Gongzhuling 1.01
Shengyang 0.41




Table S5. Source and phenotype data of 111 soybean accessions

Name Country Lazitude Lorigimde Phenotypic data
(°N) (W) Harbin (ng mL™") Shengyang (ng mL"") Gongzhuling (ng mL")
HNS51 China 48.29 128.08 556.51 2394.46 486.15
HF47 China 48.29 128.08 399.31 1125.04 683.33
HF50 China 48.29 128.08 477.65 414.16 1577.08
KF18 China 48.29 128.08 390.74 762.30 950.24
KF14 China 48.29 128.08 2408.55 831.25 392.18
HulJiao4403
(Hujiao03-286) China 48.29 128.08 563.91 577.52 2599.22
HN48 China 48.29 128.08 1556.05 659.02 1075.38
DN46 China 48.29 128.08 1634.14 2496.41 1213.03
DN49 China 48.29 128.08 1216.61 1159.78 4450.55
Hangbaodou China 40.845 121.995 81.99 55.94 41.98
HF25 China 48.29 128.08 454.93 737.3 826.75
Small yellow China 37.385 112.235 1428.54 514.22 1363.79
BF9 China 48.29 128.08 2066.21 1186.99 1299.41
Fenshou6 China 48.29 128.08 469.57 2479.43 1136.05
NF11 China 48.29 128.08 1962.18 335.54 205.53
HN44 China 48.29 128.08 203.53 671.38 662.30
DN42 China 48.29 128.08 1025.96 255.99 715.57
Heimodou China 43.35 126.285 179.68 202.93 187.15
Douludou China 43.35 126.285 677.90 876.85 726.53
KJ23 China 48.29 128.08 366.59 2584.92 447.89
HH48 China 48.29 128.08 671.33 5039.83 690.12
DN48 China 48.29 128.08 643.07 736.13 923.47
SN10 China 48.29 128.08 1456.00 302.16 367.22

DN594 China 48.29 128.08 1358.20 1447.55 1955.2
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SN8 China 48.29 128.08 854.37 586.66 312.79
HN33 China 48.29 128.08 2433.25 1592.21 3083.12
SN20 China 48.29 128.08 433.15 549.24 1311.95
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