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Table S1. Comparison of statistical powers and false positive rates (FPR) among pKWmEB, KWmEB, KWsBC, GEMMA and mrMLM methods in the first simulation experiment 

QTN 

True parameter Power (%) 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB KWsBC GEMMA mrMLM 

1 1 11298364 1.4762 10 95.4 93.7 89.9 72.8 94.8 

2 1 11655607 1.0438 5 66.7 60.4 6.0 22.1 63.9 

3 2 5066968 1.0438 5 52.5 53.1 53.0 24.2 49.3 

4 2 5134228 1.8080 15 96.3 95.4 98.8 89.9 97.3 

5 2 5464675 1.0438 5 40.3 37.0 88.0 35.6 42.7 

6 2 6137189 1.0438 5 67.7 64.0 28.2 31.4 63.5 

Average 69.8 67.3 60.7 46.0 68.6 

False positive rate (FPR, %) 3.18E-2 3.38E-2 4.74E-1 3.25E-2 1.68E-2 

KWmEB: integration of Kruskal-Wallis test with empirical Bayes without polygenic background control; KWsBC: Kruskal-Wallis test with Bonferroni correction; GEMMA: genome-wide 

efficient mixed model association; mrMLM: multi-locus random-SNP-effect mixed linear model. The same is true for the later tables.
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Table S2. Comparison of statistical powers and false positive rates (FPR) among pKWmEB, KWmEB, KWsBC, GEMMA and mrMLM methods in the second simulation experiment 

QTN 

True parameter Power (%) 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB KWsBC GEMMA mrMLM 

1 1 11298364 1.6171 10 94.8 94.2 86.5 71.7 95.6 

2 1 11655607 1.1435 5 71.0 69.6 1.3 22.1 65.9 

3 2 5066968 1.1435 5 44.9 43.7 40.4 8.5 39.7 

4 2 5134228 1.9806 15 98.5 99.2 100.0 98.8 98.8 

5 2 5464675 1.1435 5 30.4 25.1 77.6 16.6 29.6 

6 2 6137189 1.1435 5 75.0 74.2 47.4 37.3 76.1 

Average 69.1 67.7 58.9 42.5 67.6 

False positive rate (FPR, %) 3.97E-2 4.07E-2 6.01E-1 1.66E-2 2.10E-2 
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Table S3. Comparison of statistical powers and false positive rates (FPR) among pKWmEB, KWmEB, KWsBC, GEMMA and mrMLM methods in the third simulation experiment 

QTN 

True parameter Power (%) 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB KWsBC GEMMA mrMLM 

1 1 11298364 1.7310 10 93.1 92.8 90.3 72.9 93.4 

2 1 11655607 1.2240 5 57.4 51.6 1.8 15.4 51.3 

3 2 5066968 1.2240 5 46.8 45.7 36.8 16.0 40.9 

4 2 5134228 2.1201 15 98.3 99.1 99.7 93.8 98.3 

5 2 5464675 1.2240 5 23.4 18.9 91.7 19.7 24.6 

6 2 6137189 1.2240 5 52.5 51.4 9.2 16.7 44.9 

Average 61.9 59.9 54.9 39.1 58.9 

False positive rate (FPR, %) 4.81E-2 5.02E-2 6.25E-1 2.53E-2 2.65E-2 
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Table S4. Comparison of statistical powers and false positive rates (FPR) among pKWmEB, KWmEB, KWsBC, GEMMA and mrMLM methods in the fourth simulation experiment 

QTN 

True parameter Power (%) 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB KWsBC GEMMA mrMLM 

1 1 11298364 1.4762 10 92.6 90.1 100.0 79.2 93.5 

2 1 11655607 1.0438 5 78.9 73.6 17.7 32.7 79.5 

3 2 5066968 1.0438 5 63.2 64.8 91.2 34.3 64.3 

4 2 5134228 1.8080 15 93.1 90.3 100.0 87.3 93.7 

5 2 5464675 1.0438 5 54.6 52.6 100.0 45.1 60.6 

6 2 6137189 1.0438 5 74.5 74.9 71.4 44.9 78.4 

Average 76.2 74.4 80.1 53.9 78.3 

False positive rate (FPR, %) 2.61E-2 3.26E-2 8.81E-1 4.21E-2 2.49E-2 
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Table S5. Comparison of statistical powers and false positive rates (FPR) among pKWmEB, KWmEB, KWsBC, GEMMA and mrMLM methods in the fifth simulation experiment 

QTN 

True parameter Power (%) 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB KWsBC GEMMA mrMLM 

1 1 11298364 1.4762 10 92.2 90.1 91.2 70.8 94.2 

2 1 11655607 1.0438 5 66.7 61.9 4.9 20.1 64.0 

3 2 5066968 1.0438 5 52.2 50.9 51.7 18.6 46.4 

4 2 5134228 1.8080 15 94.6 95.4 99.3 89.1 95.7 

5 2 5464675 1.0438 5 39.9 37.2 90.0 35.4 42.9 

6 2 6137189 1.0438 5 66.6 66.0 28.4 30.6 64.6 

Average 68.7 66.9 60.9 44.1 68.0 

False positive rate (FPR, %) 3.23E-2 3.50E-2 4.84E-1 2.83E-2 1.78E-2 
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Table S6. Comparison of mean squared errors (MSE) for each QTN effect among pKWmEB, KWmEB, GEMMA and mrMLM methods in the first simulation experiment 

QTN 

True parameter MSE 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.4762 10 0.0891 0.0945 0.2748 0.0701 

2 1 11655607 1.0438 5 0.0564 0.0608 0.6408 0.0674 

3 2 5066968 1.0438 5 0.0851 0.0869 0.7045 0.1423 

4 2 5134228 1.8080 15 0.1198 0.1228 0.1766 0.0867 

5 2 5464675 1.0438 5 0.0790 0.0806 0.9127 0.1318 

6 2 6137189 1.0438 5 0.0490 0.0496 0.5705 0.0659 

Average 0.0797 0.0825 0.5467 0.0940 
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Table S7. Comparison of mean squared errors (MSE) for each QTN effect among pKWmEB, KWmEB, GEMMA and mrMLM methods in the second simulation experiment 

QTN 

True parameter MSE 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.6171 10 0.1210 0.1252 0.2108 0.0692 

2 1 11655607 1.1435 5 0.0727 0.0722 0.6968 0.0484 

3 2 5066968 1.1435 5 0.0636 0.0628 0.6659 0.0973 

4 2 5134228 1.9806 15 0.1183 0.1167 0.3080 0.1177 

5 2 5464675 1.1435 5 0.0559 0.0602 0.9415 0.0924 

6 2 6137189 1.1435 5 0.0607 0.0598 0.5917 0.0861 

Average 0.0820 0.0828 0.5691 0.0852 
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Table S8. Comparison of mean squared errors (MSE) for each QTN effect among pKWmEB, KWmEB, GEMMA and mrMLM methods in the third simulation experiment 

QTN 

True parameter MSE 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.7310 10 0.1377 0.1329 0.2406 0.0886 

2 1 11655607 1.2240 5 0.0748 0.0804 0.7373 0.0550 

3 2 5066968 1.2240 5 0.0863 0.0859 0.7219 0.1497 

4 2 5134228 2.1201 15 0.1693 0.1723 0.2132 0.1114 

5 2 5464675 1.2240 5 0.0710 0.0666 1.0249 0.1590 

6 2 6137189 1.2240 5 0.0919 0.0892 0.6614 0.0507 

Average 0.1052 0.1046 0.5999 0.1024 
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Table S9. Comparison of mean squared errors (MSE) for each QTN effect among pKWmEB, KWmEB, GEMMA and mrMLM methods in the fourth simulation experiment 

QTN 

True parameter MSE 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.4762 10 0.0770 0.0762 0.1990 0.0618 

2 1 11655607 1.0438 5 0.0519 0.0522 0.4231 0.0446 

3 2 5066968 1.0438 5 0.0441 0.0472 0.4015 0.0632 

4 2 5134228 1.8080 15 0.0987 0.1051 0.1831 0.0708 

5 2 5464675 1.0438 5 0.0489 0.0419 0.7207 0.0748 

6 2 6137189 1.0438 5 0.0553 0.0535 0.4329 0.0519 

Average 0.0627 0.0627 0.3933 0.0612 
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Table S10. Comparison of mean squared errors (MSE) for each QTN effect among pKWmEB, KWmEB, GEMMA and mrMLM methods in the fifth simulation experiment 

QTN 

True parameter MSE 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.4762 10 0.0865 0.0899 0.2596 0.0699 

2 1 11655607 1.0438 5 0.0569 0.0608 0.6509 0.0682 

3 2 5066968 1.0438 5 0.0639 0.0644 0.6296 0.1140 

4 2 5134228 1.8080 15 0.1204 0.1227 0.2001 0.0875 

5 2 5464675 1.0438 5 0.0743 0.0696 0.9173 0.1504 

6 2 6137189 1.0438 5 0.0553 0.0524 0.5518 0.0702 

Average 0.0762 0.0766 0.5349 0.0934 
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Table S11. Average estimate of each QTN effect across 1000 replicates using pKWmEB, KWmEB, GEMMA and mrMLM methods in the first simulation experiment 

QTN 

True parameter Effect 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.4762 10 1.3877 1.3792 1.9474 1.5412 

2 1 11655607 1.0438 5 1.0379 1.0401 1.8344 1.2083 

3 2 5066968 1.0438 5 1.1519 1.1601 1.8674 1.3291 

4 2 5134228 1.8080 15 1.6662 1.6635 2.1589 1.7922 

5 2 5464675 1.0438 5 1.1671 1.1636 1.9861 1.3178 

6 2 6137189 1.0438 5 1.0276 1.0302 1.7837 1.2072 
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Table S12. Average estimate of each QTN effect across 1000 replicates using pKWmEB, KWmEB, GEMMA and mrMLM methods in the second simulation experiment 

QTN 

True parameter Effect 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.6171 10 1.4201 1.4164 2.0249 1.5845 

2 1 11655607 1.1435 5 1.0548 1.0500 1.9674 1.2283 

3 2 5066968 1.1435 5 1.1420 1.1536 1.9481 1.3408 

4 2 5134228 1.9806 15 1.9583 1.9586 2.4673 2.0872 

5 2 5464675 1.1435 5 1.1410 1.1307 2.1039 1.3282 

6 2 6137189 1.1435 5 1.1397 1.1406 1.8970 1.3339 
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Table S13. Average estimate of each QTN effect across 1000 replicates using pKWmEB, KWmEB, GEMMA and mrMLM methods in the third simulation experiment 

QTN 

True parameter Effect 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.7310 10 1.5624 1.5650 2.1624 1.7479 

2 1 11655607 1.2240 5 1.1000 1.0941 2.0730 1.3319 

3 2 5066968 1.2240 5 1.2908 1.3039 2.0657 1.5137 

4 2 5134228 2.1201 15 1.9290 1.9399 2.5026 2.1022 

5 2 5464675 1.2240 5 1.2661 1.2792 2.2239 1.5209 

6 2 6137189 1.2240 5 1.0515 1.0505 2.0237 1.2886 
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Table S14. Average estimate of each QTN effect across 1000 replicates using pKWmEB, KWmEB, GEMMA and mrMLM methods in the fourth simulation experiment 

QTN 

True parameter Effect 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.4762 10 1.3674 1.3458 1.8476 1.4850 

2 1 11655607 1.0438 5 1.0055 1.0050 1.6763 1.0904 

3 2 5066968 1.0438 5 1.0350 1.0207 1.6569 1.1464 

4 2 5134228 1.8080 15 1.6814 1.6557 2.1617 1.7634 

5 2 5464675 1.0438 5 1.0618 1.0326 1.8724 1.1571 

6 2 6137189 1.0438 5 1.0128 0.9961 1.6694 1.1134 
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Table S15. Average estimate of each QTN effect across 1000 replicates using pKWmEB, KWmEB, GEMMA and mrMLM methods in the fifth simulation experiment 

QTN 

True parameter Effect 

Chr. Posi (bp) Effect r
2 

(%) pKWmEB KWmEB GEMMA mrMLM 

1 1 11298364 1.4762 10 1.3811 1.3832 1.9327 1.5278 

2 1 11655607 1.0438 5 1.0157 1.0206 1.8340 1.2004 

3 2 5066968 1.0438 5 1.1153 1.1151 1.8255 1.2878 

4 2 5134228 1.8080 15 1.6818 1.6808 2.1814 1.8129 

5 2 5464675 1.0438 5 1.1606 1.1466 1.9850 1.3381 

6 2 6137189 1.0438 5 1.0257 1.0313 1.7730 1.2113 
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Table S16. Paired t tests and their P-values for statistical power and mean squared error (MSE) between pKWmEB and other methods in the second simulation experiment 

Case pKWmEB & KWmEB pKWmEB & KWsBC pKWmEB & GEMMA pKWmEB & mrMLM 

Power 

t-value 1.73 0.66 3.62 1.25 

P-value 0.1447 0.5411 0.0152* 0.2675 

MSE 

t-value -0.71 - -4.03 -0.22 

P-value 0.5105 - 0.0101* 0.8369 

* and **: significances at the 0.05 and 0.01 levels, respectively. 
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Table S17. Paired t tests and their P-values for statistical power and mean squared error (MSE) between pKWmEB and other methods in the third simulation experiment 

Case pKWmEB & KWmEB pKWmEB & KWsBC pKWmEB & GEMMA pKWmEB & mrMLM 

Power 

t-value 1.91 0.39 3.46 1.89 

P-value 0.1150 0.7095 0.0181* 0.1179 

MSE 

t-value 0.36 - -3.44 0.11 

P-value 0.7334 - 0.0185* 0.9180 
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Table S18. Paired t tests and their P-values for statistical power and mean squared error (MSE) between pKWmEB and other methods in the fourth simulation experiment 

Case pKWmEB & KWmEB pKWmEB & KWsBC pKWmEB & GEMMA pKWmEB & mrMLM 

Power 

t-value 1.76 -0.26 3.54 -2.38 

P-value 0.1384 0.8033 0.0166* 0.0635 

MSE 

t-value -0.02 - -3.82 0.18 

P-value 0.9863 - 0.0124* 0.8676 
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Table S19. Paired t tests and their P-values for statistical power and mean squared error (MSE) between pKWmEB and other methods in the fifth simulation experiment 

Case pKWmEB & KWmEB pKWmEB & KWsBC pKWmEB & GEMMA pKWmEB & mrMLM 

Power 

t-value 2.28 0.49 3.51 0.54 

P-value 0.0715 0.6423 0.0171* 0.6142 

MSE 

t-value -0.29 - -3.95 -1.03 

P-value 0.7832 - 0.0108* 0.3483 
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Table S20. Effect of heterozygote genotypes (5%, 15% and 25%) on statistical powers, mean squared errors and false positive rate (FPR) using pKWmEB in the first simulation 

experiment 

QTN 

True parameter 

 

5% 

 

15% 

 

25% 

Chr. Posi (bp) Effect r
2 

(%) Power (%) Effect MSE Power (%) Effect MSE Power (%) Effect MSE 

1 1 11298364 1.4762 10 

 

97.9 1.4226 0.0790 

 

98.4 1.4296 0.0789 

 

98.3 1.4165 0.0793 

2 1 11655607 1.0438 5 67.6 1.0208 0.0510 65.9 1.0182 0.0517 67.6 1.0148 0.0507 

3 2 5066968 1.0438 5 57.7 1.1455 0.0658 57.5 1.1560 0.0780 66.0 1.1385 0.0701 

4 2 5134228 1.8080 15 99.9 1.7344 0.0874 99.8 1.7374 0.0870 99.7 1.7386 0.0851 

5 2 5464675 1.0438 5 51.7 1.1515 0.0632 47.1 1.1503 0.0642 61.0 1.1309 0.0597 

6 2 6137189 1.0438 5 66.8 1.0481 0.0463 60.8 1.0502 0.0469 65.5 1.0508 0.0472 

Average 73.6  0.0655 71.6  0.0678 76.4  0.0654 

False positive rate (FPR, %) 2.80E-3 3.15E-3 1.76E-3 
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Table S21. Paired t tests and their P-values for statistical power and mean squared error (MSE) between no heterozygote and having heterozygote (5%, 15% and 25%) in the first 

simulation experiment 

Case 5% heterozygote 15% heterozygote 25% heterozygote 

power 

t-value -2.16 -0.88 -1.84 

P-value 0.0831 0.4211 0.1259 

MSE 

t-value 3.23 2.63 2.99 

P-value 0.0232* 0.0465* 0.0303* 
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Table S22. Effect of mean and median as genotypic transformation thresholds on statistical powers, mean squared errors and false positive rate in the first simulation experiment 

QTN 

True parameter 

 

Mean 

 

Median 

Chr. Posi (bp) Effect r
2 

(%) Power (%) Effect MSE Power (%) Effect MSE 

1 1 11298364 1.4762 10 

 

95.4 1.3877 0.0891 

 

94.5 1.4134 0.0832 

2 1 11655607 1.0438 5 66.7 1.0379 0.0564 61.4 1.0536 0.0562 

3 2 5066968 1.0438 5 52.5 1.1519 0.0851 51.1 1.1751 0.0816 

4 2 5134228 1.8080 15 96.3 1.6662 0.1198 95.3 1.6937 0.1104 

5 2 5464675 1.0438 5 40.3 1.1671 0.0790 36.3 1.1854 0.0827 

6 2 6137189 1.0438 5 67.7 1.0276 0.0490 65.6 1.0429 0.0503 

Average 69.8  0.0797 67.4  0.0774 

False positive rate (FPR, %) 3.18E-2 2.40E-2 
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Table S23. The numbers of SNPs significantly associated with four flowering time related traits in Arabidopsis thaliana and the number of genes around these SNPs identified by 

pKWmEB, KWmEB, mrMLM and GEMMA methods 

Trait 

No. of SNPs significantly associated with the trait No. of the known genes detected 

pKWmEB KWmEB mrMLM GEMMA pKWmEB KWmEB mrMLM GEMMA 

FLC 17 23 21 1 7 5 2 0 

FRI 15 15 8 34 4 3 3 4 

FT Field 28 19 4 17 6 3 0 0 

FT GH 20 20 23 1 6 5 5 1 

Total 80 77 56 53 23 16 10 5 

FLC: FLC gene expression; FRI: FRI gene expression; FT Field: Days to flowering of plants grown in the field; FT GH: days to flowering growth in greenhouse
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Table S24. GWAS for four flowering time related traits in Arabidopsis thaliana using pKWmEB, KWmEB, mrMLM and GEMMA methods 

Trait 

Gene
§
 pKWmEB KWmEB mrMLM GEMMA Reference 

ID Chr 
Position 

(bp) 
LOD Effect r

2
(%) LOD Effect r

2
(%) LOD Effect r

2
(%) P-value Effect r

2
(%)  

FLC 

ATBZIP27 2 7720804 4.54 -0.185 3.08          Jaeger et al., 2013 

VGD1 2 19344951 9.42 -0.307 6.23 4.87 -0.200 3.37 5.11 -0.219 3.12    Jiang et al., 2005 

ATMYB65 3 3617387 4.75 -0.232 2.03 5.58 -0.224 2.43       Achard et al., 2004 

ETC3 4 
454422/ 

454542 
6.82 -0.169 6.46 4.40 -0.148 2.34 9.37 -0.241 4.85    

Tominaga-Wada et al., 

2013 

DFL2 4 1487946 8.34 0.279 5.05           

AT4G33280 4 16056698    5.35 -0.170 2.98        

APETALA2 4 17392527 3.05 -0.183 2.03          Huang et al., 2016 

SAG12 5 
18623805/

186228833 
13.99 -0.314 9.22 9.58 -0.220 5.81        

FRI 

ARPN 2 844399 6.99 -0.120 3.41 8.76 -0.134 4.78       Chae and Lord, 2011 

CYP77A6 3 3297055       5.34 -0.180 7.86    Li-Beisson et al., 2009 

KLCR2 3 10368451 4.35 0.075 1.86           

CRP 4 224997          4.06E-8 0.321 2.93 Imura et al., 2012 
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FLA 4 268990 6.01 0.144 31.58 9.07 0.174 30.65 14.27 0.356 29.20 1.39E-16 0.431 6.31 

Sanchez-Bermejo and 
Balasubramanian 

, 2016 

AT4G00690/

sim to ESD4 
4 268990 6.01 0.144 31.58 9.07 0.174 30.65 14.27 0.356 29.20 1.39E-16 0.431 6.31 Murtas et al., 2003 

MGP4 4 497146          2.38E-8 -0.402 3.14  

FT Field 

KNAT6 1 
8312819/ 

8313345 
4.24 0.059 0.33 9.28 0.023 0.47       Tabata et al., 2010 

ATCOL3 2 10574932 3.23 0.098 1.38          Izawa et al., 2003 

ATCYP71 3 16161334 4.04 0.099 1.35           

LD 4 1135406    3.98 -0.097 1.54       Jin et al., 2008 

TSF 4 10987195    13.89 0.223 9.53       Ando et al., 2013 

ATCOL1 5 5195272 5.34 -0.132 2.87          Simon et al., 2015 

ANAC089 5 7372523 3.96 0.122 1.86          Li et al., 2010 

ATTIP49A 5 7372523 3.96 0.122 1.86          Holt et al., 2002 

FT GH 

ATARP4 1 6371569 3.54 -0.186 9.18 11.51 -0.146 6.95 15.73 -0.188 13.19 9.09E-8 -0.297 7.87 Kandasamy et al., 2005 

PRK2 2 2916675 4.90 0.062 0.92          Zhao et al., 2013 

UBP13 3 3774664       7.90 -0.090 4.55    Zhang et al., 2013 

ATGATA18 3 
18922377/

18928630 
8.47 -0.101 1.90 4.38 -0.061 1.43 3.57 -0.113 3.69     
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PIP5K4 3 21079518 6.31 -0.080 1.38 5.39 -0.075 2.51       Ischebeck et al., 2008 

FLA 4 260906    7.16 -0.094 3.74       

Sanchez-Bermejo and 

Balasubramanian 

, 2016 

ETC3 4 
458226/ 

468387 
6.61 -0.149 2.03 5.22 -0.065 2.33 3.34 -0.082 2.73    

Tominaga-Wada et al., 

2013 

AT4G03070 4 1368585       3.20 0.067 2.15     

SPL7 5 6289819 5.67 -0.062 0.97           

§: All the genes had been identified by previously biological studies and the related references were listed in the last column. 
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Table S25. Linkage disequilibrium score regression test for population structures of four flowering time 

related traits in Arabidopsis thaliana 

Trait Intercept t value P value Population structure in the model 

FLC -2.44 -1.79 3.76E-2 Yes 

FRI -3.84 -2.90 2.12E-3 Yes 

FT Field -3.75 -2.26 1.25E-2 Yes 

FT GH 10.85 9.26 5.31E-17 Yes 
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Dataset S1 

In the three simulation experiments (I, II and III), all the SNP genotypes were derived from the 216130 SNPs in 

Atwell et al. (2010). All the SNPs between 11226256 and 12038776 bp on Chr. 1, between 5045828 and 6412875 

bp on Chr. 2, between 1916588 and 3196442 bp on Chr. 3, between 2232796 and 3143893 bp on Chr. 4, and 

between 19999868 and 21039406 bp on Chr. 5 were used to conduct simulation studies. All the three simulation 

experiments were based on the same genotypic dataset, which is composed of 10,000 SNPs (row) and 199 

individuals (column). 

 
In the three simulation experiments (I, II and III), all the phenotypic values were simulated based on QTN effects, 

genetic background and residual error. All the phenotypic values were listed in the y1.csv, y2.csv and y3.csv files 

for the first, second and third simulation experiments, respectively. In each file, the ith replication consists of the 

[(i-1)*199+1]th to [i*199]th rows. 

 
All the above datasets were included in Dataset S1 and in the dryad link. The related information for the dryad 

link was as follows:  

 
Data package title: Data from: pLARmEB: Integration of least angle regression with empirical Bayes for 

multi-locus genome-wide association studies 

DOI: doi:10.5061/dryad.sk652 

Data files: data 

 
Dataset S2  

In the fourth and fifth simulation experiments, all the SNP genotypes were the same as those in Dataset S1. The 

phenotypic values in the fourth (log-normal distribution for residual error) and fifth (logistic distribution for 

residual error) simulation experiments were listed in the first and second columns of Dataset S2.csv, respectively. 

In each column of phenotypic values, the ith replication consists of the [(i-1)*199+1]th to [i*199]th rows. 
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Figure S1. Running times (hours) using pKWmEB, KWmEB, KWsBC, mrMLM and GEMMA methods in 

the first simulation experiment 

 

Figure S2. The Venn Diagram for the numbers of previously reported genes for four flowering time related 

traits in Arabidopsis thaliana using pKWmEB, KWmEB, mrMLM and GEMMA. (a) FLC, (b) FRI, (c) FT 

Field, and (d) FT GH. 

 

Figure S3. Effect of mean and median as the critical values of genotypic transformation on statistical powers 

(a), mean squared errors (b) and false positive rate (c) in the first simulation experiment 


