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Table S1 | True and estimated values for 20 simulated QTL parameters in backcross in simulation experiment | using GCIM under various QTL effect models and K matrices (200 replicates)

Random QTL effect + K matrix from partial markers Fixed QTL effect + K matrix from partial markers Fixed QTL effect + K matrix from all the markers

QTL  Position  Effect  r’(%)

Power (%) Effect (MSE,MAD) Position (MSE) Power (%) Effect (MSE,MAD) Position (MSE) Power (%) Effect (MSE,MAD) Position (MSE)

1 50 4.47 19.29 100 4.52(0.04,0.16) 50.14(1.05) 100 4.53(0.07,0.17) 50.14(1.06) 100 4.48(0.03,0.14) 49.95(0.35)

2 125 3.16 964 100 3.21(0.10,0.18) 125.05(1.19) 100 3.21(0.10,0.18) 125.03(1.19) 100 3.18(0.04,0.15) 125.12(0.72)
3 200 224 485 995 -2.28(0.05,0.18) 200.05(1.51) 99.5 -2.27(0.06,0.19) 200.05(1.49) 100 -2.25(0.05,0.18) 200.01(1.03)
4 235 -1.58 241 98 -1.59(0.05,0.17) 234.85(3.28) 98 -1.59(0.05,0.17) 234.82(3.25) 98 -1.57(0.04,0.16) 234.98(2.94)
5 350 2.24 485 925 2.24(0.19,0.35) 349.65(1.90) 94 2.22(0.22,0.37) 349.56(1.94) 90 2.23(0.20,0.35) 350.69(2.89)
6 360 3.16 9.64 100 3.35(0.48,0.47) 360.05(1.51) 100 3.35(0.44,0.47) 360.09(1.59) 100 3.36(0.58,0.52) 359.37(1.76)
7 610 1.1 117 585 1.25(0.09,0.25) 609.57(4.55) 60.5 1.23(0.10,0.25) 609.60(4.68) 58.5 1.25(0.07,0.22) 609.91(3.87)
8 630 1.1 117 605 -1.26(0.10,0.25) 630.45(3.96) 61.5 -1.25(0.11,0.26) 630.50(4.26) 62.5 -1.23(0.08,0.24) 630.36(3.43)
9 800 0.77 057 615 0.85(0.03,0.14) 800.19(5.05) 63 0.85(0.03,0.14) 800.16(5.05) 66 0.83(0.03,0.13) 800.26(5.12)
10 890 1.73 289 95 1.73(0.10,0.25) 889.99(2.69) 94 1.74(0.10,0.25) 890.03(2.74) 975 1.77(0.09,0.23) 890.40(2.96)
11 905 3.81 14.02 100 4.01(0.34,0.42) 905.03(1.05) 100 4.02(0.37,0.43) 905.08(1.10) 100 3.81(0.15,0.31) 905.06(0.89)
12 920 2.25 489 96 2.22(0.15,0.31) 920.02(1.86) 96.5 2.19(0.15,0.31) 920.06(1.86) 100 2.23(0.12,0.27) 919.66(1.92)
13 1100 1.3 163 945 -1.34(0.03,0.14) 1099.87(2.67) 95 -1.34(0.03,0.15) 1099.86(2.68) 96.5 -1.33(0.03,0.14) 1099.97(2.51)
14 1210 1 097 865 -1.02(0.03,0.14) 1210.05(4.47) 87 -1.02(0.03,0.14) 1210.08(4.69) 875 -1.02(0.03,0.14) 1210.17(4.51)
15 1305 224 485 100 -2.28(0.06,0.20) 1304.86(1.67) 100 -2.28(0.07,0.21) 1304.84(1.70) 100 -2.25(0.05,0.18) 1304.89(1.28)
16 1335 1.58 241 88 2.21(0.59,0.68) 1335.70(2.89) 86.5 2.21(0.58,0.67) 1335.67(2.92) 88 2.18(0.54,0.65) 1335.69(2.83)
17 1345 1 097 26 1.88(1.03,0.88) 1344.33(3.13) 28 1.90(1.09,0.90) 1344.29(3.29) 285 1.81(0.97,0.81) 1344.40(3.12)
18 1365 -1.73 289 97 -1.62(0.10,0.26) 1365.30(2.29) 97 -1.63(0.10,0.27) 1365.33(2.21) 98 -1.62(0.10,0.26) 1365.20(1.87)
19 1800 0.71 049 595 0.81(0.03,0.14) 1799.97(5.31) 58 0.81(0.03,0.14) 1800.17(5.40) 63.5 0.79(0.03,0.12) 1799.93(7.36)
20 2300 0.89 076 775 0.94(0.03,0.13) 2300.19(3.36) 785 0.94(0.03,0.13) 2300.16(3.37) 80.5 0.93(0.03,0.13) 2300.22(4.13)

SD: standard deviation; MSE: mean squared error; MAD: mean absolute deviation. The same is true for the later tables.



Table S2 | True and estimated values for 20 simulated QTL parameters in backcross in simulation experiment 11 using GCIM under various QTL effect models and K matrices (200 replicates)

Random QTL effect + K matrix from partial markers  Fixed QTL effect + K matrix from partial markers Fixed QTL effect + K matrix from all the markers

QTL  Position  Effect r°(%)

Power (%) Effect (MSE,MAD)

Position (MSE)

Power (%)

Effect (MSE,MAD)

Position (MSE)

Power (%)

Effect (MSE,MAD)

Position (MSE)

1 50 447 1929 100 4.54(0.17,0.32) 50.12(1.02) 100 4.55(0.19,0.32) 50.07(1.02) 100 4.47(0.14,0.30) 50.03(0.45)

2 125 316 964 995 3.19(0.15,0.29) 125.02(1.33) 98 3.18(0.13,0.29) 125.02(1.32) 100 3.15(0.12,0.28) 124.99(0.84)
3 200 224 485 995 -2.26(0.11,0.26) 200.21(1.64) 99 -2.25(0.13,0.28) 200.20(1.66) 99 -2.24(0.12,0.27) 200.08(1.51)
4 235 158 241 965 -1.62(0.12,0.27) 234.89(2.72) 96.5 -1.63(0.12,0.28) 234.89(2.76) 97 -1.63(0.12,0.27) 234.99(2.52)
5 350 224 485 87 2.34(0.31,0.40) 349.51(1.86) 88 2.35(0.27,0.40) 349.52(1.84) 81 2.30(0.28.0.41) 350.49(2.78)
6 360 316 964 985 3.44(0.68,0.58) 359.90(1.64) 99.5 3.41(0.67,0.58) 360.03(1.56) 99 3.53(0.91,0.71) 359.18(2.05)
7 610 1.1 117 415 1.25(0.12,0.27) 609.54(3.16) 44.5 1.26(0.12,0.27) 609.58(2.69) 415 1.28(0.13,0.28) 609.64(3.01)
8 630 11 117 395 -1.33(0.18,0.34) 630.37(4.16) 42,5 -1.31(0.15,0.30) 630.40(3.86) 42 -1.28(0.16,0.31) 630.06(3.54)
9 800 077 057 41 1.04(0.15,0.29) 799.72(4.99) 43 1.03(0.13,0.28) 799.93(5.26) 435 0.99(0.11,0.25) 800.21(4.78)
10 890 173 289 83 1.82(0.18,0.33) 890.20(2.81) 835 1.82(0.15,0.31) 890.20(2.93) 935 1.80(0.15,0.32) 890.56(3.20)
11 905 381 1402 995 4.07(0.59,0.58) 904.97(1.13) 99.5 4.06(0.59,0.56) 904.96(1.16) 100 3.84(0.32,0.42) 905.06(1.01)
12 920 225 489 95 2.23(0.21,0.34) 919.83(2.33) 96 2.23(0.23,0.36) 919.85(2.43) 98 2.23(0.18,0.33) 919.42(2.49)
13 1100 13 163 86 -1.34(0.10,0.25) 1099.98(3.74) 86.5 -1.34(0.10,0.25) 1100.03(3.77) 85 -1.33(0.09,0.23) 1099.82(3.48)
14 1210 1 097 69 -1.15(0.11,0.26) 1209.84(4.10) 69 -1.14(0.11,0.26) 1209.81(4.09) 715 -1.16(0.12,0.26) 1209.85(4.24)
15 1305 224 485 100 -2.28(0.13,0.28) 1304.98(1.72) 100 -2.28(0.12,0.28) 1304.95(1.73) 99 -2.26(0.12,0.28) 1304.99(1.44)
16 1335 158 241 78 2.29(0.72,0.75) 1335.59(2.65) 77 2.27(0.71,0.74) 1335.55(2.65) 815 2.27(0.68,0.73) 1335.52(2.91)
17 1345 1 097 29 2.10(1.44,1.10) 1344.22(2.95) 305 2.09(1.42,1.09) 1344.18(2.95) 26 2.03(1.34,1.03) 1344.27(2.73)
18 1365 173 289 925 -1.67(0.14,0.30) 1365.32(1.93) 91.5 -1.68(0.14,0.29) 1365.33(1.95) 935 -1.65(0.14,0.29) 1365.19(1.59)
19 1800 071 049 405 1.05(0.20,0.35) 1799.67(5.15) 39.5 1.05(0.19,0.35) 1799.79(4.90) 435 1.02(0.17,0.31) 1799.53(5.09)
20 2300 089 076 545 1.06(0.08,0.22) 2299.74(4.51) 54.5 1.07(0.09,0.23) 2299.77(4.67) 56 1.05(0.09,0.23) 2299.76(4.62)




Table S3 | True and estimated values for 20 simulated QTL parameters in backcross in simulation experiment 111 using GCIM under various QTL effect models and K matrices (200 replicates)

Random QTL effect + K matrix from partial markers  Fixed QTL effect + K matrix from partial markers Fixed QTL effect + K matrix from all the markers

QTL  Position  Effect  r?(%)

Power (%) Effect (MSE,MAD)

Position (MSE)

Power (%)

Effect (MSE,MAD)

Position (MSE)

Power (%)

Effect (MSE,MAD)

Position (MSE)

1 50 4.47 1929 100 4.53(0.12,0.25) 50.10(1.14) 100 4.52(0.12,0.25) 50.09(1.15) 100 4.50(0.11,0.24) 50.04(0.61)

2 125 3.16 964 99 3.20(0.08,0.23) 124.95(1.67) 99.5 3.21(0.09,0.23) 125.00(1.66) 100 3.18(0.09,0.23) 125.01(1.31)
3 200 224 485 99 -2.34(0.16,0.31) 200.11(2.76) 99 -2.33(0.15,0.29) 200.09(2.76) 98.5 -2.30(0.13,0.29) 199.97(2.45)
4 235 158 241 84 -1.61(0.10,0.26) 234.68(4.02) 85.5 -1.62(0.10,0.26) 234.67(4.05) 86 -1.61(0.11,0.27) 234.75(3.87)
5 350 2.24 485 705 2.53(0.47,0.48) 349.87(2.34) 72 2.57(0.63,0.52) 349.84(2.41) 62 2.68(0.86,0.59) 350.85(3.48)
6 360 3.16 964 98 3.63(1.36,0.88) 359.96(1.95) 96.5 3.63(1.33,0.86) 360.01(1.95) 95 3.80(1.72,1.03) 359.43(2.22)
7 610 1.1 117 12 1.54(0.31,0.46) 608.88(5.13) 12 1.51(0.29,0.43) 608.88(5.04) 15.5 1.45(0.22,0.39) 609.19(5.00)
8 630 1.1 117 11 -1.50(0.25,0.44) 630.36(4.55) 11.5 -1.47(0.23,0.42) 630.13(3.52) 12 -1.56(0.32,0.52) 630.13(2.71)
9 800 0.77 057 255 1.09(0.12,0.32) 800.31(3.57) 27 1.09(0.12,0.32) 800.26(3.44) 275 1.07(0.11,0.30) 800.36(4.55)
10 890 1.73 289 69 1.95(0.18,0.33) 890.49(3.91) 66.5 1.95(0.16,0.33) 890.55(4.25) 705 1.96(0.17,0.32) 890.92(4.30)
11 905 3.81 14.02 995 4.27(0.19,0.83) 904.83(1.60) 100 4.32(1.33,0.88) 904.85(1.56) 99.5 4.12(1.00,0.74) 904.96(1.43)
12 920 2.25 489 93 2.28(0.24,0.38) 919.79(3.26) 91 2.29(0.20,0.36) 919.77(3.28) 95 2.28(0.18,0.34) 919.25(3.55)
13 1100 1.3 163 79 -1.38(0.08,0.22) 1100.15(4.10) 80 -1.38(0.08,0.22) 1100.14(4.04) 815 -1.36(0.07,0.21) 1100.13(4.40)
14 1210 1 097 465 -1.17(0.06,0.19) 1210.22(5.20) 46 -1.17(0.06,0.19) 1210.24(5.28) 52.5 -1.17(0.07,0.20) 1210.13(6.50)
15 1305 224 485 97 -2.28(0.20,0.35) 1305.03(2.72) 96.5 -2.27(0.20,0.35) 1304.98(2.71) 97.5 -2.26(0.18,0.33) 1305.10(2.61)
16 1335 1.58 241 75 2.29(0.73,0.75) 1335.63(3.45) 735 2.29(0.71,0.74) 1335.67(3.44) 77 2.27(0.68,0.73) 1335.63(3.63)
17 1345 1 097 19 2.33(2.02,1.33) 1343.84(5.26) 19.5 2.30(1.98,1.30) 1343.97(4.77) 18.5 2.31(1.97,1.31) 1344.38(4.73)
18 1365 173 289 78 -1.65(0.12,0.28) 1365.74(3.27) 76 -1.66(0.11,0.28) 1365.72(3.16) 79.5 -1.63(0.12,0.29) 1365.55(3.14)
19 1800 0.71 049 225 1.05(0.14,0.34) 1799.47(7.64) 23 1.05(0.14,0.34) 1799.35(6.96) 225 1.03(0.12,0.32) 1799.33(7.64)
20 2300 0.89 076 34 1.16(0.11,0.27) 2300.12(5.06) 325 1.16(0.11,0.28) 2300.02(4.60) 37 1.13(0.10,0.25) 230.10(5.50)




Table S4 | Comparison of genome-wide composite interval mapping (CIM) with CIM and empirical Bayes in backcross with 400 individuals and 20 simulated main-effect QTL (200 replicates)

o 5 Genome-wide CIM (GCIM) CIM Empirical Bayes

QTL Position Effect r° (%)

Power(%) Effect(SD,MSE,MAD) Position(SD,MSE) Power(%) Effect(SD,MSE,MAD) Position(SD,MSE) Power(%) Effect(SD,MSE,MAD) Position(SD,MSE)
1 50 447 19.29 100 4.47(0.18,0.03,0.14) 49.99(0.58,0.34) 99.5 4.50(0.28,0.08,0.22) 49.95(0.54,0.30) 100 4.47(0.17,0.03,0.14) 50(0,0)
2 125 3.16 9.64 100 3.17(0.19,0.04,0.15) 125.1(0.84,0.71) 99.5 3.05(0.37,0.15,0.31) 124.97(0.97,0.94) 100 3.14(0.19,0.04,0.15) 124.99(0.20,0.04)
3 200 -224 485 100 -2.25(0.23,0.05,0.18) 200.01(1.01,1.03) 945 -2.81(0.57,0.64,0.70)  200.62(1.15,1.69) 100 -2.24(0.20,0.04,0.16)  200(0,0)
4 235 -158 241 98 -1.58(0.20,0.04,0.16) 234.97(1.73,2.98) 84 -1.78(0.63,0.44,0.45)  234.78(1.86,3.51) 99 -1.56(0.19,0.04,0.15)  234.97(1.55,2.40)
5 350 224 485 915 2.23(0.42,0.17,0.33) 350.53(1.54,2.63) 735 4.88(0.31,7.04,2.64) 352.55(1.10,7.71)  99.5 2.23(0.29,0.08,0.24) 350.02(0.35,0.13)
6 360 3.16 9.64 100 3.34(0.68,0.50,0.47) 359.45(1.15,1.62) 94 4.98(0.29,3.41,1.82) 358.46(1.02,3.41) 100 3.16(0.30,0.09,0.23) 360.01(0.13,0.02)
7 610 1.1 1.17 60.5 1.25(0.24,0.08,0.23) 609.88(2.06,4.21) 0.98(0.03,0.01,0.12) 607(1.41,10) 54 1.22(0.21,0.06,0.20) 610.05(1.99,3.94)
8 630 -1.1 117 64 -1.24(0.26,0.09,0.24) 630.29(1.96,3.90) 2 -0.98(0.04,0.02,0.12)  632.5(1.91,9) 56.5 -1.22(0.23,0.07,0.22)  630.04(1.95,3.76)
9 800 0.77 057 66 0.83(0.15,0.03,0.13) 800.17(2.33,5.43) 35 1.15(0.16,0.17,0.38) 800.74(2.79,8.23) 64 0.83(0.14,0.02,0.12) 800.20(2.46,6.05)
10 890 173 289 985 1.78(0.29,0.08,0.23) 890.34(1.68,2.93) 77 2.04(0.46,0.30,0.39) 889.72(1.39,1.99) 100 1.75(0.25,0.06,0.20) 889.88(0.93,0.88)
11 905 3.81 14.02 100 3.79(0.40,0.16,0.31) 905.08(0.88,0.78)  98.5 6.83(0.45,9.30,3.03) 905.11(1.06,1.32) 100 3.82(0.32,0.10,0.25) 905(0,0)
12 920 225 489 100 2.23(0.33,0.11,0.26) 919.69(1.33,1.86) 915 2.41(0.94,0.91,0.49) 919.82(1.39,1.96) 100 2.22(0.27,0.07,0.22) 920(0,0)
13 1100 -1.3 1.63 96.5 -1.33(0.17,0.03,0.14) 1100.04(1.57,2.46) 87 -1.46(0.24,0.08,0.23)  1100.13(1.97,3.87) 96.5 -1.32(0.16,0.03,0.13)  1099.97(1.20,1.42)
14 1210 -1 097 88 -1.02(0.17,0.03,0.14) 1210.08(2.19,4.78) 745 -1.44(0.26,0.26,0.44)  1209.92(2.39,5.69) 89 -1..01(0.17,0.03,0.13)  1209.94(2.38,5.62)
15 1305 -224 485 100 -2.25(0.24,0.06,0.19) 1304.88(1.13,1.29) 94 -1.65(0.25,0.41,0.59)  1304.11(1.24,2.32) 100 -2.22(0.25,0.06,0.20)  1304.98(0.35,0.13)
16 1335 158 241 90 2.17(0.43,0.53,0.65) 1335.68(1.56,2.88) 0 96 1.95(0.44,0.33,0.49) 1335.40(1.70,3.02)
17 1345 1 097 275 1.74(0.55,0.84,0.74) 1344.49(1.62,2.84) 0.05 0.90(0,0.01,0.10) 1340(0,25) 35 1.39(0.32,0.26,0.40) 1344.97(0.29,0.08)
18 1365 -1.73 289 98 -1.61(0.29,0.10,0.26) 1365.23(1.37,1.93) 50 -1.14(0.18,0.38,0.60)  1365.83(1.69,3.51) 98.5 -1.56(0.32,0.13,0.29)  1365.03(0.94,0.89)
19 1800 071 049 615 0.79(0.14,0.03,0.12) 1799.86(2.74,7.44) 16.5 1.07(0.11,0.14,0.36) 1799.61(2.66,7) 61.5 0.79(0.13,0.02,0.11) 1800.08(3.00,8.94)
20 2300 089 076 81 0.93(0.16,0.03,0.13) 2300.31(2.05,4.29) 45 1.13(0.16,0.08,0.24) 2299.81(2.25,5.06) 83.5 0.93(0.15,0.02,0.12) 2300.51(2.24,5.24)




Table S5 | Comparison of genome-wide composite interval mapping (CIM) with CIM and empirical Bayes in backcross with 400 individuals, 20 simulated QTL and polygenic background (200 replicates)

o , Genome-wide CIM (GCIM) CIM Empirical Bayes

QTL Position Effect r° (%)

Power(%) Effect(SD,MSE,MAD) Position(SD,MSE) Power(%) Effect(SD,MSE,MAD) Position(SD,MSE) Power(%) Effect(SD,MSE,MAD) Position(SD,MSE)
1 50 447 1841 100 4.47(0.37,0.14,0.30) 50.04(0.66,0.44) 99.5 4.49(0.40,0.16,0.32) 50.03(0.75,0.56) 100 4.44(0.38,0.14,0.30) 50.01(0.10,0.01)
2 125 3.16 9.20 100 3.14(0.36,0.13,0.28) 124.96(0.90,0.81) 100 2.98(0.48,0.26,0.42) 124.88(1.07,1.15) 100 3.12(0.34,0.11,0.27) 125(0,0)
3 200 224 462 995 -2.23(0.34,0.12,0.27)  200.09(1.22,1.49) 89 -2.74(0.61,0.62,0.66) 200.55(1.58,2.79) 99 -2.20(0.33,0.11,0.26) 200.05(0.71,0.51)
4 235 -158 230 965 -1.63(0.34,0.12,0.27)  235.05(1.59,2.52) 795 -1.95(0.66,0.57,0.53) 234.62(1.70,3.01) 97 -1.63(0.32,0.10,0.25) 234.90(1.13,1.29)
5 350 224 462 86 2.27(0.49,0.24,0.39) 350.34(1.58,2.60) 71.5 4.97(0.62,7.84,2.73) 352.39(1.22,7.18) 98 2.28(0.40,0.16,0.32) 349.92(0.94,0.89)
6 360 316 920 995 3.45(0.83,0.76,0.65) 359.32(1.14,1.74) 91 5.03(0.38,3.65,1.87) 358.45(1.11,3.62) 100 3.19(0.48,0.23,0.35) 359.99(0.16,0.03)
7 610 1.1 111 42 1.23(0.32,0.12,0.27) 609.62(1.70,3.00) 6.5 1.17(0.20,0.04,0.14) 609.62(0.51,0.38)  38.5 1.21(0.28,0.09,0.24) 609.48(1.54,2.60)
8 630 11 111 41 -1.29(0.35,0.16,0.31)  629.88(1.79,3.17) 5 -1.16(0.23,0.05,0.16) 631.4(1.78,4.8) 39 -1.21(0.31,0.11,0.27) 630.67(3.75,14.32)
9 800 0.77 055 445 1.00(0.27,0.12,0.26) 800.03(2.38,5.58)  29.5 1.29(0.26,0.33,0.52) 799.95(2.69,7.10) 43 1.02(0.27,0.13,0.28) 800.12(2.76,7.56)
10 890 173 276 91 1.81(0.39,0.16,0.33) 890.44(1.67,2.96)  67.5 2.28(0.84,1.00,0.62) 889.73(1.63,2.70) 97 1.78(0.34,0.12,0.28) 889.95(1.35,1.80)
11 905 3.81 1337 100 3.87(0.59,0.34,0.44) 905.09(0.98,0.96)  99.5 6.79(0.69,9.33,3.00) 905.08(1.19,1.41) 100 3.81(0.44,0.20,0.33) 905.83(0.14,0.02)
12 920 225 466 985 2.22(0.41,0.17,0.33) 919.57(1.43,2.21) 86 2.51(0.90,0.87,0.54) 919.84(1.48,2.19)  99.5 2.20(0.38,0.14,0.30) 920(0.71,0.50)
13 1100 -1.3 156 845 -1.33(0.31,0.10,0.24)  1099.88(1.90,3.59) 72 -1.58(0.42,0.25,0.36) 1100.26(1.94,3.79) 79.5 -1.30(0.30,0.09,0.24) 1099.94(2.05,4.19)
14 1210 -1 092 735 -1.16(0.30,0.11,0.26)  1209.88(2.09,4.34) 63.5 -1.55(0.36,0.43,0.55) 1210.03(2.54,6.38) 71 -1.14(0.29,0.10,0.25) 1209.93(2.15,4.58)
15 1305 224 462 99 -2.26(0.34,0.12,0.27)  1304.97(1.19,1.41) 905 -1.68(0.36,0.45,0.58) 1304.09(1.38,2.71) 99.5 -2.20(0.35,0.12,0.28) 1305.05(0.71,0.50)
16 1335 158 230 815 2.27(0.45,0.68,0.73) 1335.49(1.65,2.93) 2 1.27(0.25,0.14,0.31) 1336.25(2.99,8.25) 88.5 2.06(0.46,0.44,0.60) 1335.31(1.78,3.25)
17 1345 1 092 26 2.03(0.52,1.32,1.03) 1344.29(1.51,2.75) 1 1.07(0.17,0.02,0.12) 1342.5(3.54,12.5) 27 1.65(0.42,0.59,0.68) 1345.09(0.68,0.46)
18 1365 -1.73 276 945 -1.64(0.38,0.15,0.30)  1365.21(1.25,1.60) 40.5 -1.29(0.22,0.24,0.44) 1365.99(1.76,4.05) 94 -1.56(0.35,0.15,0.31) 1365.16(1.02,1.06)
19 1800 071 046 415 1.03(0.27,0.17,0.33) 1799.49(2.36,5.76) 18 1.31(0.23,0.41,0.59) 1800.08(2.62,6.69) 44 0.99(0.26,0.15,0.28) 1799.55(2.80,7.95)
20 2300 089 073 59 1.05(0.24,0.08,0.22) 2299.84(2.23,4.97) 335 1.27(0.22,0.20,0.38) 2299.90(2.12,4.43) 55 1.05(0.24,0.08,0.22) 2299.64(2.32,5.45)




Table S6 | Comparison of genome-wide composite interval mapping (CIM) with CIM and empirical Bayes in backcross with 400 individuals, 20 QTL and 3 interactions (200 replicates)

o , Genome-wide CIM (GCIM) CIM Empirical Bayes

QTL Position Effect r (%)

Power(%) Effect(SD,MSE,MAD) Position(SD,MSE)  Power(%) Effect(SD,MSE,MAD) Position(SD,MSE)  Power(%) Effect(SD,MSE,MAD) Position(SD,MSE)
1 50 447  17.27 100 4.50(0.32,0.10,0.24) 50.04(0.78,0.61) 100 4.53(0.34,0.12,0.28) 49.97(0.74,0.55) 100 4.47(0.30,0.09,0.23) 50(0,0)
2 125 3.16 8.63 100 3.19(0.29,0.08,0.23) 125.03(1.14,1.29) 99.5 2.99(0.45,0.23,0.40) 124.93(1.11,1.24) 100 3.14(0.28,0.08,0.22) 125(0.50,0.25)
3 200 224 434 98.5 -2.31(0.37,0.14,0.29)  199.97(1.56,2.42) 90 -2.78(0.55,0.59,0.66)  200.58(1.61,2.9) 99 -2.26(0.35,0.12,0.27) 200.10(1.33,1.77)
4 235 -158 216 86 -1.61(0.32,0.10,0.26)  234.74(2.02,4.12) 60 -2.13(0.80,0.93,0.66)  234.46(1.90,3.88) 87 -1.61(0.31,0.10,0.25) 234.74(2.17,4.74)
5 350 224 434 65 2.62(0.76,0.72,0.56) 350.7(1.65,3.21) 715 4.92(0.33,7.27,2.68) 352.30(1.20,6.73) 915 2.31(0.40,0.17,0.34) 350.05(0.91,0.82)
6 360 3.16 8.63 955 3.72(1.11,1.55,0.96) 359.53(1.32,1.95) 91.5 5.02(0.33,3.56,1.86) 358.32(1.11,4.04) 99.5 3.20(0.65,0.42,0.46) 359.95(0.50,0.25)
7 610 1.1 1.05 15 1.47(0.33,0.24,0.41) 609.13(2.15,5.2) 15 1.07(0.04,0.002,0.04)  610(0,0) 8.5 1.40(0.30,0.18,0.33) 608.53(2.35,7.35)
8 630 1.1 1.05 13 -1.52(0.34,0.29,0.48)  630.04(1.91,3.5) 15 -1.19(0.003,0.01,0.09)  630(0,0) 6.5 -1.52(0.31,0.27,0.45) 629.62(1.39,1.92)
9 800 0.77 051 29 1.06(0.15,0.11,0.29) 800.34(2.32,5.41) 21 1.36(0.31,0.43,0.59) 800.11(2.51,6.15) 245 1.05(0.13,0.10,0.28) 800(2.70,7.14)
10 890 173 259 71 1.97(0.33,0.16,0.32) 890.84(1.85,4.11) 53.5 2.18(0.40,0.36,0.47) 889.62(1.41,2.10) 83 1.86(0.32,0.12,0.28) 890.15(1.60,2.56)
11 905 3.81 1255 100 4.10(0.90,0.90,0.72) 904.98(1.19,1.41) 99.5 6.86(0.48,9.53,3.08) 905.08(1.24,1.53) 99.5 3.97(0.69,0.50,0.53) 904.98(0.42,0.17)
12 920 225 4.38 97 2.26(0.42,0.18,0.34) 919.38(1.73,3.36) 82.5 2.47(0.83,0.74,0.49) 920.02(1.59,2.52) 99 2.24(0.50,0.25,0.36) 919.95(1.42,2.02)
13 1100 -1.3 146 815 -1.36(0.25,0.07,0.21)  1100.28(2.13,457) 71 -1.52(0.28,0.12,0.27)  1100.04(2.06,4.20) 825 -1.37(0.26,0.07,0.22) 1100.09(2.37,5.61)
14 1210 -1 0.86 52 -1.17(0.19,0.06,0.19)  1210.15(2.64,6.94)  63.5 -1.54(0.32,0.40,0.54)  1209.96(2.47,6.04) 52 -1.17(0.19,0.06,0.20) 1210.19(3.19,10.10)
15 1305 224 4.34 97.5 -2.55(0.43,0.18,0.33)  1305.10(1.61,2.61) 89 -1.65(0.31,0.44,0.60)  1304.33(1.33,2.20) 98 -2.18(0.42,0.18,0.33) 1305.03(1.56,2.42)
16 1335 158 216 76.5 2.28(0.44,0.68,0.74) 1335.62(1.81,3.65) 0 80 2.10(0.45,0.47,0.59) 1335.69(2.21,5.31)
17 1345 1 0.86 18 2.33(0.49,2.00,1.33) 1344.56(1.99,4.06) O 13 2.23(0.51,1.75,1.23) 1345.58(1.63,2.88)
18 1365 -1.73 259 80 -1.62(0.34,0.12,0.30)  1365.52(1.70,3.14)  24.5 -1.31(0.23,0.23,0.46)  1365.69(1.75,3.47) 72 -1.57(0.34,0.14,0.31) 1365.37(1.85,3.55)
19 1800 071 0.44 215 1.02(0.14,0.12,0.31) 1799.47(3.06,9.42) 12 1.29(0.32,0.43,0.58) 1800.17(3.23,10.00) 20 1.06(0.15,0.15,0.35) 1799.63(2.86,8.13)
20 2300 089 0.68 37 1.14(0.20,0.10,0.25) 2300.19(2.54,6.38) 21 1.35(0.40,0.37,0.46) 2300.18(2.85,7.93) 335 1.13(0.17,0.09,0.24) 2300.60(2.82,8.21)




Table S7 | Main-effect QTL identified by GCIM and some common QTL identified by CIM, ICIM and empirical Bayes.

_ PoSi Genome-wide CIM (GCIM) CIM Empirical Bayes (multi-marker analysis) Wirschum et al. (2014)
Tratchr ©M) " Marker interval LOD Additive r%%) Marker interval LOD Additive  r’(%) Population marker LOD  Additive r% %) Marker  Effect r’(%)
DS1 1A 79.8 wPt-7339 3.49 0.23 0.67 wPt-7339 4.81 0.30 1.39

2A 489  wPt-7026 wPt-7026  -0.23 0.2
2A 558 rPt-505274~wPt5251 893  -0.42 2.53 wﬁt:gggi'-wpwljﬁ, 2.62~4.24 -0.93~0.42 5.01~28.78 DHO7,EAW74

2A  62.1 wPt-3114~wPt-7466 4.29 -0.61 10.38 DHO06 wPt-3114 7.66 -0.32 1.68 wPt-3114 -0.30 2.2
4A  17.1  tPt-512917 487 0.40 1.42 tPt-512917 4,98 0.44 1.99 tPt-512917 0.43 1.7
4A 411  wPt-5857 3.79 -0.26 0.87 WP1t-5857~wPt-5951 2.66~3.30 -0.89~-0.65 12.93~13.41 DHO7,EAWT74 wPt-5857 -0.31 0.6
4A 103.8 wPt-7391 -0.19 0.7
5A 345  tPt-3642 391 0.32 0.90 wPt-2329 2.98 0.34 1.20 wPt-2329  0.29 0.9
6A 4.7 wPt-8443~wPt-9832  4.37 -0.93 12.00

6A 14.7 wPt-7330  0.27 1.0
6A 624  tPt-4209 17.60 0.56 3.55 wPt0902,tPt-4209 2.66~10.97 -0.75~0.33 3.11~10.89 gAW74’EAW7 tPt-4209 13.80 0.55 4.01 tPt-4209 0.46 4.1
7A  53.2 wPt-7785 2.92 -0.35 2.35 EAWT8 wPt-7785 -0.18 0.6
7A  65.1 WwPt-8377~wPt-7299 3.53 0.30 1.27 wPt-1961 4.04 0.41 3.21 EAWT78

7A 1189 wPt-4489~wPt0494p7A 2.84 0.22 0.66 wPt-0494  0.21 0.9

1B 26.2  wPt-2526~wPt4532p1B 5.22  0.34 1.60 WwPt-2526 3.72 0.26 1.04 wPt-5003  0.45 1.8
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Table S8 | Probabilities in the paired t test for average statistical power and mean absolute deviation (MAD) among genome-wide composite interval mapping (CIM), CIM and empirical Bayes

Genome-wide CIM (GCIM) & CIM Empirical Bayes & CIM Genome-wide CIM & empirical Bayes

Case
Power MAD Power MAD Power MAD

Monte Carlo simulation experiment I (20 main-effect QTL were simulated)

20 main-effect QTL  2.09E-4 0.0253 1.60E-4 0.0162 0.4790 0.0196
Small effect QTL 0.0178 0.0115 0.0173 0.0102 0.7177 6.84E-4
Closely linked QTL  0.0049 0.1121 0.0039 0.0773 0.5813 0.0247

Monte Carlo simulation experiment I (20 main-effect QTL along with polygenic background were simulated)

20 main-effect QTL  1.27E-4 0.0576 1.83E-4 0.0317 0.5237 0.0164
Small effect QTL 0.0147 0.0034 0.0253 0.0053 0.3955 0.5456
Closely linked QTL  0.0039 0.1930 0.0031 0.1205 0.1846 0.0182

Monte Carlo simulation experiment | (20 main-effect QTL along with epistatic background were simulated)

20 main-effect QTL  0.0056 0.0249 0.0035 0.0220 0.6612 0.0322
Small effect QTL 0.4219 0.0024 0.5909 0.0026 0.0997 0.5707
Closely linked QTL  0.0326 0.1370 0.0167 0.1070 0.5362 0.0272




Table S9 | QTL mapping derived from inclusive composite interval mapping (ICIM) in the first to third Monte Carlo simulation experiments (200 replicates)

The first simulation experiment

The second simulation experiment

The third simulation experiment

Power (%) Effect (SD,MSE,MAD)

Position (SD,MSE)

Power (%) Effect (SD,MSE,MAD)

Position (SD,MSE)

Power (%)

Effect (SD,MSE,MAD)

Position (SD,MSE)

QTL

1 100
2 100
3 99.5
4 98

5 99.5
6 100
7 20

8 25

9 69
10 100
11 100
12 99.5
13 93.5
14 88
15 99.5
16 91
17 40.5
18 96.5
19 66
20 82

4.47(0.17,0.03,0.14)
3.15(0.21,0.04,0.16)
-2.26(0.22,0.05,0.17)
-1.57(0.21,0.05,0.16)
2.24(0.30,0.09,0.24)
3.20(0.33,0.11,0.25)
1.26(0.24,0.08,0.24)
-1.19(0.29,0.09,0.26)
0.83(0.14,0.02,0.13)
1.75(0.25,0.06,0.20)
3.84(0.32,0.11,0.25)
2.23(0.26,0.07,0.21)
-1.33(0.17,0.03,0.14)
-1.02(0.19,0.03,0.15)
-2.24(0.24,0.06,0.18)
1.95(0.45,0.34,0.50)
1.44(0.36,0.33,0.44)
-1.61(0.30,0.11,0.27)
0.82(0.21,0.05,0.15)
0.93(0.16,0.03,0.13)

50.02(0.26,0.07)
125.03(0.54,0.29)
199.95(0.74,0.54)
235.01(1.26,1.58)
349.92(0.74,0.55)
360.01(0.51,0.26)
609.93(1.37,1.83)
630.10(1.69,2.82)
800.05(2.20,4.79)
889.89(1.10,1.23)
905.01(0.34,0.12)
920.05(0.63,0.40)
1099.93(1.28,1.63)
1210.00(1.91,3.64)
1304.93(0.81,0.66)
1335.55(1.31,2.01)
1345.01(1.50,2.23)
1365.29(1.23,1.60)
1799.85(3.02,9.07)
2300.18(1.82,3.34)

100
100
99.5
94.5
99
99.5
25
23
37.5
92
100
100
85
66
99
83.5
25.5
89
44
57

4.45(0.36,0.13,0.29)
3.14(0.33,0.11,0.27)
-2.23(0.33,0.11,0.26)
-1.66(0.32,0.11,0.25)
2.29(0.42,0.18,0.35)
3.25(0.55,0.31,0.39)
1.23(0.35,0.13,0.30)
-1.27(0.38,0.17,0.34)
1.00(0.28,0.13,0.27)
1.80(0.34,0.12,0.28)
3.87(0.49,0.24,0.37)
2.23(0.38,0.14,0.30)
-1.33(0.30,0.09,0.24)
1.14(0.30,0.11,0.26)
-2.23(0.35,0.12,0.28)
2.09(0.46,0.47,0.58)
1.75(0.50,0.81,0.75)
-1.62(0.38,0.16,0.32)
0.98(0.28,0.15,0.28)
1.04(0.26,0.09,0.23)

50.00(0.33,0.11)
124.96(0.62,0.39)
200.09(1.22,1.48)
235.08(1.14,1.30)
349.98(1.06,1.11)
359.99(0.62,0.38)
609.72(1.39,1.96)
630.79(5.45,29.66)
799.95(2.12,4.43)
889.87(1.31,1.72)
904.97(0.43,0.19)
919.94(0.98,0.96)
1100.07(2.05,4.19)
1210.08(1.96,3.81)
1304.92(1.05,1.10)
1335.54(1.43,2.32)
1344.47(1.92,3.90)
1365.31(1.35,1.92)
1799.97(2.20,4.81)
2299.98(2.11,4.42)

100
99.5
99
85
86.5
95.5

25.5
78.5
100
97
77
47
92.5
74.5

67
22
40.5

4.49(0.31,0.10,0.24)
3.16(0.32,0.10,0.25)
-2.32(0.38,0.15,0.30)
-1.63(0.32,0.11,0.26)
2.46(0.73,0.58,0.46)
3.43(0.77,0.65,0.57)
1.33(0.44,0.23,0.34)
-1.40(0.35,0.20,0.39)
1.06(0.21,0.13,0.29)
1.86(0.36,0.15,0.31)
4.10(0.73,0.62,0.58)
2.23(0.44,0.19,0.36)
-1.41(0.31,0.10,0.24)
-1.19(0.26,0.10,0.23)
-2.28(0.45,0.20,0.35)
2.14(0.42,0.49,0.61)
2.22(0.48,1.70,1.22)
-1.49(0.33,0.17,0.36)
1.04(0.17,0.13,0.33)
1.13(0.23,0.11,0.25)

50.02(0.50,0.25)
125.01(0.98,0.95)
200.20(1.37,1.90)
234.78(1.91,3.67)
350.02(1.23,1.51)
359.83(1.07,1.17)
609.9(2.51,5.7)
629.38(0.92,1.13)
799.98(2.35,5.43)
889.92(1.53,2.33)
904.96(0.74,0.54)
920.04(1.34,1.79)
1100.05(1.88,3.51)
1209.88(2.52,6.29)
1304.94(1.31,1.71)
1335.45(1.76,3.28)
1344.78(2.21,4.67)
1365.69(1.60,3.01)
1799.84(2.71,7.20)
2300.38(2.44,6.01)

QTL parameters in the three Monte Carlo simulation experiments were shown in Tables S1, S2 and S3, respectively.



Simulated Datasets

Simulated_datasets.zip is a *.zip file that includes simulated datasets.csv. In the simulated experiment I, the phenotypic values are in the first column and the genotypic values for all
the 481 markers are in the fourth to 484th columns. In the genotypic datasets in backcross population, 1 is AA marker genotype and -1 is Aa marker genotype. In the simulated
experiment |1, the phenotypic values are in the second column and the genotypic values for all the 481 markers are also in the fourth to 484th columns. In the simulated experiment IlI,
the phenotypic values are in the third column and the genotypic values for all the 481 markers are also in the fourth to 484th columns. In other words, the genotypic datasets in the
second and third simulation experiments were same as those in the first simulation experiment. In the simulated_datasets.csv, each of 1 to 80000 rows indicates one individual, each of

4 to 484 columns represents one marker and 400 individuals consist of one sample. The ith sample consists of the [(i —1)>400+1]th row to (400i )th row (i=1,---, 200).



