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Abstract Soybean is a crop with high-quality of protein and oil,
and it is one of the most widely used genetically modified (GM)
crops in the world today. In South Korea, Kwangan is the most
utilized variety as a parental line for GM soybean development. In
this study, untargeted LC-MS metabolomic approaches were used
to compare metabolite profiles of Kwangan and three other
commercial varieties cultivated in Gunwi and Jeonju in 2020 year.
Metabolomic studies revealed that the 4 soybean varieties were
distinct based on the partial least squares-discriminant analysis
(PLS-DA) score plots; 18 metabolites contributed to variety
distinction, including phenylalanine, isoflavones, and fatty acids.
All varieties were clearly differentiated by location on the PLS-
DA score plot, indicating that the growing environment is also
attributable to metabolite variability. In particular, isoflavones and
linolenic acid levels in Kwangan were significantly lower and
higher, respectively compared to those of the three varieties. It
was discussed that it might need to include more diverse
conventional varieties as comparators in regard to metabolic
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Fig. 1. Representative chromatogram of metabolite profiles analyzed by UPLC-Q-TOF MS positive mode. UPLC-Q-TOF-MS base peak intensity
profiles of soybean seed metabolites. Identified metabolites were 1, 5-methylcytidine; 2, glutamyltyrosine; 3, tryptophan fragment; 4, phenylisoxazole;
5, Methyl a-aspartylphenylalaninate; 6, phenylalanine; 7, asperulosidic acid; 8, L-alpha-glutamyl-L-tryptophan; 9, daidzin; 10, glycitin; 11, genistein;
12, apiin; 13, malonyldaidzin; 14, malonylglycitin; 16, genistin; 16, malonylgenistin; 17, soyasaponin Ba; 18, soyasaponin Af; 19, soyasaponin Ab; 20,
asiaticoside; 21, soyasaponin Bb; 22, soyasaponin ag; 23, soyasaponin 3g; 24, soyasaponin yg; 25, linolenic acid; 26, linoleic acid; 27, palmitic acid;

28, oleic acid; 29, steric acid; 30, Erucamide
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Fig. 2. Heatmaps of relative contents of metabolites by varieties cultivated in Gunwi and Jeonju. KA, Kwangan; DP-2, Daepung 2; PW, Pungwon;

PSN, Pungsannamul
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Fig. 3. PLS-DA (Partial Least Squares Discriminant Analysis score plots of soybean seed metabolites analyzed using UPLC-Q-TOF MS. (A) PLS-DA
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Table 1 Identification of major metabolites contributing to the separation on the PLS-DA score plot of the LC-MS data by variety across locations

No Metabolites RT Mass [M+H]" Mass fragment VIP
1 glutamyltyrosine 3.175 3.175 136, 165, 248, 294 1.35
2 asperulosidic acid 3.629 3.629 127, 181 1.19
3 phenylisoxazole 3.464 3.464 115 1.21
4 methyl a-aspartylphenylalaninate 3.660 3.660 103, 120, 166, 232,278 1.57
5 phenylalanine 3.660 3.660 120 1.60
6 daidzin 3.915 3915 237,255 1.07
7 glycitin 3.946 3.946 270, 285 1.26
8 genstein 4.078 4.078 153 1.16
9 apiin 4.112 4.112 433 1.38
10 malonyldaidzin 4.188 4.188 255,285 1.09
11 malonylglycitin 4.195 4.195 255,285,503 1.45
12 genistin 4.225 4.225 271 1.16
13 malonylgenistin 4.456 4.456 271 1.07
14 soyasaponin Bb 5.784 5.784 423, 441 1.04
15 soyasaponin og 5.998 5.998 423, 441, 567, 743 1.17
16 linolenic acid 6.797 6.797 104, 184 1.06
17 palmitic acid 7.489 7.489 104, 184 1.05
18 stearic acid 8.212 8.212 104, 184 1.01

RT is retention time. VIP is variable importance in the projection

Table 2 Identification of major metabolites contributing to the separation on the PLS-DA score plot of the LC-MS data by locations across varieties

No Metabolites RT Mass [M+H]" Mass fragment VIP
1 5-methylcytidine 0.69 258.1098 70, 148, 156 1.57
2 glutamyltyrosine 3.18 311.1235 136, 165, 248, 294 1.17
3 soyasaponin Ba 5.06 959.5243 779, 797 1.56
4 soyasaponin Ab 5.29 1437.6578 331,439,457, 615,975 2.01
5 soyasaponin Af 5.29 1107.5604 457, 615, 813 2.01
6 asiaticoside 5.33 959.5245 2.38
7 soyasaponin Bb 5.78 943.5293 423, 441 1.41
8 soyasaponin og 5.998 1085.56 423,441, 567, 743 1.42
9 soyasaponin Bg 6.09 1069.5613 423, 567, 725,923 1.94
10 soyasaponin yg 6.27 923.5044 145, 423, 567, 725 1.38
11 oleic acid 7.64 522.3567 104, 184 1.03
RT is retention time. VIP is variable importance in the projection
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Fig. 4. The relative abundance of major compounds contributing to the separation on the PLS-DA score plot of the LC/MS data by variety across
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