Supplemental Table S1. Protein and oil content of selected mutants over five growing seasons

2017 2018 2019 2020 2021

Protein Qil n | Protein Qil n | Protein Qil n | Protein Qil n | Protein Qil n
13370 4349+3.0 18.75+1.5 8 4458 £ 2 19.93+1 3 442123 18.66 +0.8 5 4142+2A1 18.55+0.2 5 nd nd
13410 44.04 £2 .1~ 1758 +1.3 19 4582+ 1.1~ 18.25+0.8" 7 47.39+0.7- 1713+ 0.5 5 46.26 £ 1.1~ 14.11+1.8" 5 48.58 + 3.8 16.83 +2.3 3
13421 3519+2.7 2096 +1.0 17 37.01+ 3" 21.28+19 8 32.74 + 2~ 2255+ 0.8 5 3462+14~ 19.3+0.6 5 36.16 + 2 22.14+0.2 3
13453 4442 + 3.0 1492+1.1 9 4391+21 16.29 + 2- 8 43.83+3.1 16.34 + 3.5~ 5 4557 +0.8 11.86+1.3" 5 4958 + 0.8 13.93+1.2- 3
13507 4585+ 2.3 1764 +1.3 8 48.91+1.8" 16.63 +1.3- 8 48.66 + 1.8" 15.75+ 0.8~ 5 47.81+2.6" 15.38 + 1.3~ 5 4773 +1.9 17.68 + 0.4 3
13511 46.91+1.7- 15.34 + 2.2~ 16 46.67 + 2~ 1217 £ 2.4~ 5 46.91+29" 16.26 + 1.8~ 5 4524 +1.5 11.07 £ 2.5 5 512721 1044 +1.1- 3
13531 4488 + 2.6 1769+1.7 12 4249+16 184 +1- 8 4498 +1.6 17.01 +1.3- 5 42.63+2.2 17.02+1.5 3 3997+3 2151+11 3
13543 39.02+25 19.23+2 24 4041 +31 17.61+1.6" 8 40.06 + 2~ 17.53 +0.8- 5 nd nd nd nd
13564 40.74 +2.7 20.03+1 13 45.26 + 2 18.96 + 1.4 8 412+25 17.46 +0.8- 5 4473 +2.3 19.74+1.8 5 nd nd
13575 45.33 +3.6° 18.04 +1.8 9 4744 + 3~ 17.3+1.9" 5 46.41+ 1.6 17.55+0.7- 5 4553 +1.2 1717 £ 0.7 5 47.06+2.6 18.79+15 3
14015 nd nd 0 4492 +1.7 18.82 +0.8" 5 4158 +2.3 20.09 + 0.8 5 4142 +2.3 18.16+1.2 5 nd nd
15130 49.07+0 17.35+0 2 4525+ 1.1~ 18.32 + 0.6~ 8 46.75+ 0.4~ 17.8+0.8 5 43.59+19 1747 +0.8 5 4487 +0.7 20.25+0.6 3
15158 49.78 + 0.8~ 15.45+ 0.8 7 47.09+ 1.6 17.63+0.9" 8 4918 + 1.3~ 1488 +1.1- 5 46.09 + 1- 15.67 + 0.8~ 3 46.67 + 1.4 18.38 +1.2 6
15201 nd nd 0 4487 +1.5 17.78 £+ 1.1~ 5 4493 +25 14.26 + 1.8~ 5 4456 + 2.7 1433 +1.9" 5 46.96 + 1.8 186+1.2 3
15225 nd nd 0 471 +2.6° 1742 +1.5 5 47.62 +1.3" 15.97 + 0.4~ 5 44.81+1.6 15.74 + 1.1~ 5 4759 + 2 1761 +1.1" 3
15251 41.86+2.3 19.36 +0.9 5 46.94 + 2.6 17.67 +1.4- 8 4437 +04 18.53+0.6 5 46.23+1.7 16.4 + 1+ 5 4165+1.1 22.08+0.5 3
15310 nd nd 0 48.1+2.4 17.26 +1.2- 13 4506+ 1.2 18.93+0.7 8 47.69+0.9 13.26 + 0.4~ 5 4293 +1 2097 +1.1 3
15327 nd nd 0 4747 £ 1.1~ 17.67 +1.1- 5 47.86 + 1.4~ 16.98 + 0.6~ 8 43.31+15 16.82 + 1 5 nd nd
15436 nd nd 0 4712 +1.2- 18.53+0.3" 5 46.82 + 1.3 17.87 + 0.6 5 45.02+1.4 17.03+0.6° 5 51.25+ 0.6~ 16.58 + 0.5~ 3
15439 nd nd 0 373721 22.05+15 5 4122 +14 20.7+0.8 5 39.51+26 19.65+1 5 3794+25 23.12+0.9 3
15477 51.55+14- 17.81 +0.3- 3 4715+ 2.5 17.83 +1.6- 6 4575+1.3 182+1.2 5 43.63+1.2 17.79+0.9 5 nd nd
15548 48.88 + 1.1~ 16.14 + 0.6~ 5 44.06+0.8 18.85+ 0.7 5 4584 + 1.2 17.71+0.7 5 4445 +1.3 16.86 + 1 5 43.88+19 21.02+0.6 3
15567 | 4566+1.8 | 1699+17 | 5 | 482117 | 1599£1.7- | 8 | 465111 | 1667/+09 | 5 | 4637+1.9 | 1559+11- | 5 | 49216 | 1769+2 | 3
15906 nd nd 0 44123 191712 | 5 | 44.33%15 187707 | 5 | 46.02+11 | 169503 | 5 | 4343 | 20.35%15 | 3
15916 nd nd 0 | 437271 1829+31 | 4 | 4423+17 | 17.74x16 | 5 451 £3 166414 | 5 | 47.74+32 | 191707 | 3
15984 | 4864+2° | 175806 | 3 | 4719 1.1 17451 | 8 | 46813 | 174106 | 5 | 4553+21 | 16.76+05 | 5 | 46.87£3.7 | 2026+0.7 | 3
16062 | 5211 15971 | 5 | 478:24 17.76£15 | 8 | 485122 | 1785406 | 5 | 457239 | 163326 | 5 | 5448+0.7- | 172709 | 3
16157 nd nd 0 | 4427:09 | 191906 | 5 | 4515+1.2 | 1948%08 | 5 | 4559%2 16.04+14 | 5 | 43.33£15 | 204504 | 3
16262 nd nd 0 | 4783226 | 1821£12 | 5 | 474116 | 182308 | 5 | 417427 186407 | 5 nd nd
16279 nd nd 0 | 4524214 1062 5 | 457817 | 74307 | 5 | 4427%25 84116 | 5 | 389413 | 17.81£34 | 3
16475 nd nd 0 4595+ 1.5+ 1758 + 1.1~ 8 4479 +25 17.71+1.6 8 46.79 + 1.4~ 154 +15" 5 4757 +0.5 18.96 + 1.2 3
16478 nd nd 0 | 47.08£09° | 19.12+18 | 3 47.72 18.21 1 | 47.16+25 | 16.33+16 | 5 | 4962+35 | 1891+32 | 3
16480 nd nd 0 | 4821+08 | 1560£0.3 | 5 | 46321 1664+05 | 5 | 45351 151604 | 5 | 481522 | 16.97£06" | 3
16879 | 47.08+1.3 | 166611 | 5 | 474404 | 170711 | 2 | 479519 | 1466+11 | 5 | 44917 15431 | 4 | 491527 | 1656+12 | 3
16921 | 491114 | 150114 | 2 | 4589+7.7 | 188639 | 7 50.43 13.66 2 | 4868+14 | 1361£11 | 5 | 5444+05 | 1825+0.9 | 3
17238 nd nd 0 | 33.72£25 | 224408 | 5 | 3124=24 2378+1° | 9 | 3291+11° | 2054+05 | 5 | 355+29 | 222104 | 3
18663 nd nd 0 49.46 + 0.6- 15.13+0.5" 3 46.44 £ 1.5 16.16 £ 1~ 5 4549+1.8 14.35+1.3" 5 46.19+£0.5 19.02+0.5 3
18734 nd nd 0 48.06 + 1.4~ 16.3+0.5" 5 51.53+22" 15.3+0.5- 5 489+ 04~ 13.39+0.7- 5 48.68 + 0.6 16.73 £ 0.8~ 3
18828 nd nd 0 | 460817 | 1656+13 | 5 | 4494+19 | 16.82%0.8 | 5 | 4561+13 | 1511 %17 | 5 | 49.78+06 | 17.2+02 | 3
18940 nd nd 0 46.82+1.1- 1461 +1.3" 5 42.19+£2 1945+0.8 5 42.09+14 18.77 £+ 1 5 nd nd
18974 nd nd 0 | 35.76+2.7 2321+1 | 5 | 3567+2.7 | 2254+08 | 5 36.35+ 2 20617 | 5 | 3946+44 | 225722 | 3
21401 | 458705 | 18.16+08 | 5 | 4845+2.7 17921 | 8 | 5085+11 | 1653+0.7- | 5 | 46.38+13 | 1576+0.8 | 5 | 5154+16 | 1694+09 | 3
21406 nd nd 0 | 4832+16 | 1624+13 | 8 | 4748%1.2 173441 | 5 | 481719 | 144604 | 4 | 46.74+18 | 171711 | 3
21424 nd nd 0 | 4335%19 | 1857+09 | 8 | 4298+18 19.66+09 | 5 | 46.33+16 | 151711 | 5 | 4226+02 | 2025408 | 3




21430 nd nd 0 44.95+2.1 20.01+0.7 8 46.56 + 0.6 18.95+0.8 5 4553+ 2.6 16.39+ 1.5 5 | 46.21+£25 19.73+1.8 3
21436 nd nd 0 45.07 £1.7 17.76 £ 0.4~ 8 47611 1748 +0.5 5 47.01+£0.9 14.62 + 0.6 5 | 445719 184+1.2 3
21471 4559+ 0.8 19.29+05 | 4 42.37+26 18+1.2- 8 43472 18.98+0.5 5 nd nd nd nd

21474 44.65+2.3 18.73+0.7 | 5 46.41+1.8 16.92 + 0.6 8 48.75+3.1- 15.87+1.5 5 448+1.8 16.58 + 0.6 5 | 4765+4.6 175+1.8 3
21496 nd nd 0 4561+1.5 17.76 £ 1- 8 46.38 + 1.9 16.67 +1.2 5 45.16 + 0.9 16.93+ 0.5 5 | 45.04+£0.9 19.9+0.7 3
21498 nd nd 0 4454 1 18.69 + 0.9- 8 45.63 + 1.4 1763+ 1 5 4449 +1.2 16.75+ 1 5 | 46.73+3.7 | 187305 | 3
21502 nd nd 0 46.67 +1.7- 17.38+7.6- 5 44.79+£1.9 18.67+0.7 5 4515+1.2 16.66 + 0.7~ 5 | 4491+138 18.87 + 1 3
21503 nd nd 0 4563 +1.7- 18.39 £ 0.9- 8 46.65+0.7- 17.94+0.3 5 4548 + 1.7 16.89 + 0.8 5 4552+ 2 1851+0.8 | 3
21509 nd nd 0 44324 18.96 + 1.3 8 4043 +3.2 202113 5 39.51+14 18.75+ 1 5 nd nd

21527 nd nd 0 45.76 2.3 21343 3 4769 1.4~ 17.56 + 0.9 5 4849 +1.7- 15.89+ 1.2 5 | 508209 | 179708 | 3
21541 nd nd 0 44.95+3.4 2066+1.8 8 4346+ 3.7 18.32+1.5 3 4347+15 16.08 + 1.3 5 nd nd

21562 nd nd 0 4232+34 19.33+1.5 8 4552+1.9 17.88+1.6- 5 45.96 + 3.1 14.39+ 0.9 5 47.84 16.90 2
21572 nd nd 0 443514 20.54+£0.7 7 43.6+1.9 1861+25 5 nd nd 41.72+25 2096+ 1 3
21593 nd nd 0 46.99 + 2- 17.99+1.1- 6 46.5+1.9 1743+0.5 5 48.02+1.6- 14.65+ 0.8 5 43.8+3.6 19.88+1.2 3
21595 nd nd 0 50.23 + 1.4~ 1745+£1.3 5 4739+ 26" 1791+16 5 4719 1596 +2 5 | 4887+22 | 182712 | 3
21612 | 49.53+2.7- 16.73+22 | § 50.19+ 1.1~ 16.9+1- 8 51.31+£1.3" 163+1.2 5 45.40 13.23 2 | 475619 19+15 3
21637 nd nd 0 4644 +1.3 16.45+0.9- 2 456+1.3 16.75+ 1.3 5 4461 1.7 13.89+ 0.7 5 | 4792+11 | 185512 | 3
21683 484+15 13.39+15 | 5 47.28+1.5 122+1.3" 8 49.39+2.6" 9.75+0.6- 5 46.58 + 1.3 9.13+5 5 45+16 124 +£0.3" 3
21691 nd nd 0 43.77+15 19.37 £ 0.9- 6 4739+ 2.7 1792+ 2.1 5 46.86 +1.9- 154 +1.8 5 | 4853+15 17.87 £ 1 3
21693 nd nd 0 44.95+2.5 19.86+1.2 8 44.11+£0.8 18.99+0.2 5 41.19+2.1 18.07+0.8 5 nd nd

21697 nd nd 0 45+0.7 18.55 + 0.6 5 45.98 + 1.7 1752+ 1.4 5 44.54 £ 0.7 16.55+ 0.7~ 5 | 43.89+16 | 1872+0.7 | 3
21715 40.75+1.5 17.83+0.7 | 2 39.34+1.6 156.73+4.2 6 43.61 6.22 2 42.02 3.55 1 4201+19 | 1366+33 | 3
21729 nd nd 0 4715+ 2" 17.97 £ 0.7- 8 4524 +26 18.72+1.2 5 4561+ 1 16.17 £ 0.9 5 | 46.82+3.7 18.11+21 | 3
21768 nd nd 0 45.99 + 2.1 19.52+1.2 6 46.58 + 1~ 18.07 0.8 5 50.93+1.2- 13.58 + 0.9 5 | 51.56+14- | 16.83+16 | 3
21775 nd nd 0 47332 17.79 £ 1~ 7 46.31+1.3" 17.25+ 0.4 5 4557 +2.4 15.51+1.3 5 | 4953+1.7 | 1555+£16- | 3
21780 nd nd 0 46.82+ 1.4~ 17.53 £+ 14~ 8 474314 1748 + 0.5 5 43.81+1.8 16.95+ 0.7 5 | 43.78+31 19+0.2 3
21792 nd nd 0 45.58 +4.2 186+2.1 5 45.13+2.3 18.13+1.2 5 44.13+0.5 15.61+0.6- 4 | 473919 | 176411 | 3
21806 42.16 +0.8 19.38+06 | 5 4643 +2.5 17.54 £ 1.4~ 8 453119 17.89+0.6° 5 42.62+0.4 17.56 + 0.6° 5 nd nd

21812 nd nd 0 43.77+1.5 19.09 + 1.1 8 443+1.8 18.21+0.7- 5 43.77+29 1716 £ 1.3 5 | 43.68+11 1917+0.7- | 3
21831 50.33 +1.2- 16.28+0.7- | 5 50.14 1.1~ 15.69 + 0.7 8 49.82+1.3" 15.64+1.5 5 4745+ 2.6 14.99+ 0.9 5 48.58 + 3 1712+05 | 3
21855 35.17+1.8 23.78+16 | 5 36.95+1.8" 23.35+1.2 8 38.11+4.2 2279+1.7- 5 36.88 +2.8 20.68 +1.6° 5 41.68+2 22.07+0.9 3
21887 nd nd 0 48.76 + 2.1~ 17.23+0.8- 8 494 +26 15.81+1.8" 5 49.711+£0.5 14.96 + 0.7~ 5 | 51.07+0.2- | 204223 3
21888 | 49.58 + 1.6 16.95+0.8- | 5 421527 20.28 +1 8 44.73+0.9 1791 5 42.64+1.8 18.65+1.4 5 nd nd

21934 nd nd 0 4527 +1.9 18.63+ 1.5 4 46.75+2.1- 17.59 + 0.6 5 42.06 +1.1 17.35+1.2 5 nd nd

21935 nd nd 0 43.28 +2.7 18.91+2.2 8 40.52 + 1.5 20.37+0.5 5 42.05+2.3 17517 5 nd nd

21971 nd nd 0 48.53 +1.7- 16.66 + 0.8 8 50.13+1.9- 15.23+0.7- 5 49.56 + 1.8 13.95+1.1- 5 | 4417+24 | 192509 | 3
21974 nd nd 0 48.14 +2.1- 18.54+2 8 50.39 + 2.6 15.95+ 1.4 5 48.93 + 0.8 14.81+0.7 5 | 5241+6.60 | 181712 | 3
21987 nd nd 0 43625 1942+ 14 8 43.35+1.8 18.57 +1.1 5 43.73+1.7 17.07+0.9 5 nd nd

22008 nd nd 0 466 +1.9- 1747 £1.6- 5 4722 +1.1- 15.69 + 0.8 5 46.53 + 2.4 1547 +1.5° 5 | 44.03+1.9 19.57 +2.1 3
22022 43.28+2.6 16.5+1.4 3 434117 17.65 + 0.8 8 43.39+14 16.3+ 0.6 5 nd nd nd nd

22073 | 43.88+3.5 17.94+32 | 2 46.3+0.8 16.73+ 1.5 2 44.20 16.55 1 nd nd nd nd

22080 38.19+1.4 2191+1 5 41.83+3.2 2027 +2.3 7 40.77 +1.2- 19.89+0.7 5 nd nd nd nd

22081 51.15+2.3" 15.01+21 | 5 51.38+2.7- 14.72 £ 14 8 53.3+4.2- 1246 + 2.7~ 5 5217 +1.3" 11.67 £ 0.7 5 | 57.24+56 | 14.98+0.3- | 3
22083 441 2.7 1823+ 1 5 4843 +3.1- 16.89 £ 1.1- 8 4648 +1.2- 16.96 + 0.5 5 4513 +2.4 1523 +1.9 5 | 45657+1.5 1831 3
22094 nd nd 0 44.64 +2.3 1817 +2.2 5 47.31+1.7- 15.18 + 1.6 5 46.27 + 2 11.58 £ 2- 5 | 47.72+2.8 19.14 + 1 3
22102 nd nd 0 50.14 +0.9 13.74 £ 1- 7 47.77 +1.1- 12.84 + 2 5 46.97 +1.9° 12.66 + 1.4~ 5 | 49.77+5.6 16.85+ 3 3
22143 nd nd 0 44.89 + 2.7 19.09 + 0.7 8 45.05+2.1 18.76 + 1 5 45.79+ 1.6 1744 +0.7- 5 | 4547+25 | 189412 | 3
22166 45.76 + 2.8 16.79+18 | 5 46.85+ 2.5 17.16 £ 1.6- 8 46.74 +0.8" 16.76 + 0.6 5 42.91+23 16.19+ 1.2 5 | 4795+1.8 | 17.29+1.1 | 3
22174 46.15+2.4 18.62+15 | 5 46.53 +2.2- 17.24 £1.9- 8 4844 +0.9- 16.37 + 0.8 5 46.13 +2.3 16.98 + 1.9 5 | 46.58+2.1 | 16.68+0.8- | 3
22187 | 51.99+1.7- 15.88+0.9 | 5 528 +1.4- 15.31+£1- 8 51.69 15.99 2 50.14 + 1.5 14.37 +1.5° 5 | 53.22+04~ 16.5+1.2 3




22189 454 2.7 1788+13 | 5 5118 +1.7- 14.92 £ 0.6 8 52.13+1.5" 14.22+0.7- 5 44.94 +2.2 16.69+ 1.1 5 | 4367+£25 19111 3
22226 4169+1.3 14.88+0.8 | 5 43.71+£1.2 16.04 £1.3- 8 42.36+1.4 15.5+0.8 5 nd nd nd nd
22291 47163 16.35+14 | 5 48.38 + 3.8 16.71+£2- 5 456+1.9 17.31+£1.9 5 4447 +3.2 15.94+1.5 5 | 4828+2.7 | 1836+13 | 3
22332 | 48.54+1.2 15.8+1.2 2 43121 19.01+£0.9 3 42.87+0.5 19.81+0.9 5 413+2.6 17.37£1.3 5 nd nd
22351 44.09+1.3 19.92+1.1 5 44.85+2.9 18.72+1.2 8 43.89+1.7 19.21+0.9 5 nd nd nd nd
22426 | 47.06+1.6 1848+11 | 5 474+3.7 18.01+2.8 5 46.86 + 3.1~ 18.16+ 1.3 5 45625 17.25+0.9 4 44515 2062+09 | 3
22492 | 46.27+28 15414 5 43.38+1.7 1744 £1.5 8 43.67+1.5 15.36 + 0.4 5 45.86 + 1.1 12.56 + 1.1~ 5 | 43.18+14 1724 +4 3
22510 | 46.37+1.9- 1646+14- | 5 43.53+1.4 18.02 + 0.8 7 43.08+1.2 17.28 +1- 5 39.29+2.9 162+ 1.6 5 nd nd
22705 nd nd 0 43.35+3.8 19+2.2 8 44.38 +1 1762+ 1 5 42.7+0.8 15.58 + 1.2 5 nd nd
22811 48.92 +2.7- 1547+15 | 5 46.75+2.3 17.38+ 2.5 2 4343+1.1 18.07+0.2 5 nd nd nd nd
22852 | 45.12+35 1745+14 | 5 49.46 +2.3- 15.92+1.1- 8 4044 +4.7- 18.58 + 2.1 5 nd nd nd nd
22888 | 44.96+0.2 17.76 £ 0.2 | 2 43.53+2.2 19.42+ 0.8 8 44.55+0.8 19.26+0.5 5 48.21 14.82 2 | 4531+25 | 20.39+16 | 3
CLoJ nd nd 0 43.05+1.3 19.33+1.2 5 4142+1.4 19.1+£0.5 8 41.36+1.5 18.17+0.8 5 41121 2029+06 | 6
DBK 52.3+0.9 15.05+0.3" | 4 52.91+1.4" 1448+1.1- | 16 | 52.26+1.1- 14.16 + 1- 5 5041+ 1~ 13.25+0.7 4 | 54.81+£22- | 1237+15 | 7
Kinb. 48.37 £ 1- 17.02+0.7- | 4 50.62+1.7- 15.21+£1.2- 8 49.32+0.9 14.59 + 0.6 6 49.93 +1.2 13.81+0.9- 5 | 496927~ 16.7+1.3 10
LG04 nd nd 0 42.21+1.6 18.92+0.8 10 40.9+1.2 18.38+0.7- | 16 39.31+24 17.71+£1.1 5 | 4113+£1.7 | 1893+06- | 6
W82 40.32+0.9 2066+05 | 4 42.36+1.7 20.8+1.1 10 42.85+1.2 1949+1.2 15 41.61+2.1 18.92+0.9 8 | 4197+24 21.03+1 5

nd — not determined
Average and standard deviation for protein and oil levels (dry weight basis) for bulk seed samples from individual plants of mutant lines over 5 seasons. ** - significantly different from the control (by two-tailed
type-2 t-test at p < 0.001, * significantly different from the control at p < 0.05. Red color indicates mutant was replaced by backcross progeny after backcrossing.



