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Table S1. Standard deviation and interquartile range of the widths of the highest posterior density intervals or
confidence intervals (respectively denoted as WSD and WIQR) of Bayesian method with normal prior (BN),
Bayesian method with uniform prior (BU), penalized Fieller’s (PF) and Fieller’s methods among 500 replicates for
qualitative trait and quantitative trait with (σ2

0 , σ
2
1 , σ

2
2) = (1, 1.2, 1)

WSD WIQR

Trait n MAF ρ BN BU PF Fieller BN BU PF Fieller

Qualitative 500 0.3 0 0.2881 0.3194 0.4391 0.4773 0.4301 0.4732 0.7140 0.7595

-0.05 0.3022 0.3345 0.4577 0.5183 0.4575 0.5139 0.7543 0.8160

0.05 0.2972 0.3303 0.4461 0.4907 0.4628 0.5221 0.7723 0.8743

0.1 0 0.1642 0.1836 0.6031 0.2981 0.2004 0.2083 0.7195 0.2372

-0.05 0.1113 0.1204 0.7025 0.2680 0.1363 0.1387 0.6949 0.2719

0.05 0.2062 0.2296 0.5921 0.4096 0.2753 0.2945 0.7329 0.3140

2000 0.3 0 0.2447 0.2703 0.3056 0.3187 0.3192 0.3651 0.3826 0.3980

-0.05 0.2614 0.2894 0.3284 0.3489 0.3354 0.3871 0.4056 0.4264

0.05 0.2558 0.2804 0.3224 0.3357 0.3531 0.3954 0.4027 0.4258

0.1 0 0.2770 0.3047 0.4607 0.4555 0.3706 0.4079 0.5256 0.7051

-0.05 0.2611 0.2862 0.5753 0.4379 0.3580 0.4151 0.6017 0.5898

0.05 0.2718 0.3047 0.4432 0.4531 0.4035 0.4669 0.5953 0.6837

Quantitative 500 0.3 0 0.2987 0.3302 0.4054 0.4347 0.4252 0.4890 0.5387 0.5668

-0.05 0.2892 0.3214 0.3933 0.4265 0.4127 0.4765 0.5067 0.5830

0.05 0.3047 0.3377 0.4085 0.4360 0.4480 0.5333 0.5497 0.5833

0.1 0 0.2343 0.2612 0.6025 0.5423 0.3239 0.3600 0.8201 0.7886

-0.05 0.2238 0.2453 0.6571 0.5269 0.2724 0.3029 1.0253 0.7639

0.05 0.2517 0.2803 0.5456 0.5076 0.3697 0.4053 0.7974 0.7951

2000 0.3 0 0.1539 0.1657 0.1803 0.1820 0.1779 0.1975 0.1962 0.1991

-0.05 0.1659 0.1783 0.1953 0.1970 0.1995 0.2195 0.2250 0.2282

0.05 0.1522 0.1641 0.1790 0.1803 0.2002 0.2156 0.2235 0.2222

0.1 0 0.2875 0.3174 0.4169 0.4521 0.3661 0.4312 0.5491 0.6162

-0.05 0.2759 0.3051 0.4902 0.4897 0.3608 0.3891 0.6682 0.6535

0.05 0.3012 0.3287 0.4203 0.4577 0.3963 0.4475 0.5226 0.5791
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Table S2. Proportions (in %) of extreme values (0 or 2) of γ̂PF and γ̂F among 500 replicates for quantitative trait
when (σ2

0 , σ
2
1 , σ

2
2) = (4, 4.8, 4)

γ̂PF γ̂F

n MAF ρ 0 2 Total 0 2 Total

500 0.3 0 14.6 15.0 29.6 14.6 19.2 33.8

-0.05 15.4 16.6 32.0 15.4 20.6 36.0

0.05 15.8 14.0 29.8 15.8 20.6 36.4

0.1 0 33.0 6.0 39.0 33.0 11.8 44.8

-0.05 34.8 4.6 39.4 34.8 13.8 48.6

0.05 27.8 7.6 35.4 27.8 15.8 43.6

2000 0.3 0 5.6 10.8 16.4 5.6 11.8 17.4

-0.05 6.8 9.2 16.0 6.8 9.8 16.6

0.05 6.6 10.4 17.0 6.6 10.6 17.2

0.1 0 13.8 10.8 24.6 13.8 17.0 30.8

-0.05 24.4 6.2 30.6 24.4 15.6 40.0

0.05 14.0 12.8 26.8 14.0 18.8 32.8
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Table S3. Mean squared errors (MSEs) of point estimates γ̂BN , γ̂BU , γ̂PF and γ̂F among 500 replicates for
quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (4, 4.8, 4)

n MAF ρ γ̂BN γ̂BU γ̂PF γ̂F

500 0.3 0 0.2270 0.2750 0.3457 0.3807

-0.05 0.2106 0.2603 0.3366 0.3790

0.05 0.2028 0.2342 0.3203 0.3605

0.1 0 0.4612 0.5764 0.7257 0.7812

-0.05 0.4847 0.5820 0.7138 0.7630

0.05 0.4446 0.5382 0.6334 0.7068

2000 0.3 0 0.1052 0.1193 0.1182 0.1195

-0.05 0.0933 0.1036 0.1193 0.1212

0.05 0.0959 0.1003 0.1041 0.1054

0.1 0 0.2171 0.2378 0.3659 0.4251

-0.05 0.2870 0.3186 0.4922 0.5701

0.05 0.2059 0.2338 0.3709 0.4303
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Table S4. Proportions (in %) of the noninformative intervals (NP), empty sets (EP) and discontinuous intervals
(DP) of the 95% confidence intervals for the penalized Fieller’s (PF) and Fieller’s methods based on 500 replicates
for quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (4, 4.8, 4)

PF Fieller

n MAF ρ NP EP DP NP EP DP

500 0.3 0 37.2 0.2 0.0 46.2 0.8 0.6

-0.05 35.6 0.2 0.0 45.6 0.8 0.2

0.05 36.0 0.0 0.0 44.6 0.8 0.4

0.1 0 43.0 4.4 0.0 55.4 3.6 0.6

-0.05 40.2 5.0 0.0 56.2 3.4 1.6

0.05 47.6 2.2 0.0 57.6 1.6 1.0

2000 0.3 0 2.2 0.2 0.0 3.0 0.2 0.0

-0.05 3.4 0.4 0.0 4.8 0.4 0.0

0.05 1.8 0.2 0.0 3.4 0.2 0.0

0.1 0 25.8 3.4 0.0 30.6 1.2 0.2

-0.05 24.0 5.2 0.0 31.4 1.6 0.8

0.05 27.8 1.8 0.0 33.4 1.6 0.2
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Table S5. Coverage probabilities (CPs, in %) of Bayesian method with normal prior (BN), Bayeisan method with
uniform prior (BU), penalized Fieller’s (PF) and Fieller’s methods among 500 replicates for quantitative trait when
(σ2

0 , σ
2
1 , σ

2
2) = (4, 4.8, 4)a

n MAF ρ BN BU PF Fieller

500 0.3 0 93.6 95.0 95.8 95.8

-0.05 96.0 96.4 95.8 95.4

0.05 96.0 95.8 95.6 95.4

0.1 0 89.8 91.0 74.6 87.6

-0.05 90.0 90.8 72.4 88.6

0.05 91.4 90.4 82.4 92.8

2000 0.3 0 95.2 95.2 94.8 93.6

-0.05 95.8 96.4 95.4 96.2

0.05 95.0 95.2 94.8 94.2

0.1 0 95.8 96.0 89.8 93.4

-0.05 94.2 96.0 78.4 90.0

0.05 94.8 95.8 92.2 93.6

aThe empirical CP should be between 93.05% and 96.95% (0.95 ± 2 ×
√

0.95×0.05
500 ) with 95% probability.
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Table S7. Proportions (in %) of extreme values (0 or 2) of γ̂PF and γ̂F among 500 replicates for qualitative trait
and quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (1, 1.2, 1) with a covariate and ρ = 0

γ̂PF γ̂F

Trait n MAF 0 2 Total 0 2 Total

Qualitative 500 0.3 15.2 16.0 31.2 15.2 18.6 33.8
0.1 33.4 4.6 38.0 33.4 11.0 44.4

2000 0.3 5.2 9.4 14.6 5.2 9.6 14.8
0.1 16.8 10.4 27.2 16.8 16.0 32.8

Quantitative 500 0.3 8.4 11.2 19.6 8.4 11.4 19.8
0.1 18.6 12.2 30.8 18.6 18.4 37.0

2000 0.3 2.6 6.2 8.8 2.6 6.2 8.8
0.1 4.6 10.4 15.0 4.6 11.8 16.4
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Table S8. Mean squared errors (MSEs) of point estimates γ̂BN , γ̂BU , γ̂PF and γ̂F among 500 replicates for
qualitative trait and quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (1, 1.2, 1) with a covariate and ρ = 0

Trait n MAF γ̂BN γ̂BU γ̂PF γ̂F

Qualitative 500 0.3 0.2398 0.2920 0.3738 0.4008
0.1 0.5163 0.5991 0.6940 0.7463

2000 0.3 0.0993 0.1101 0.1318 0.1351
0.1 0.2636 0.2840 0.3560 0.4113

Quantitative 500 0.3 0.0970 0.1046 0.1148 0.1168
0.1 0.2276 0.2572 0.3883 0.4591

2000 0.3 0.0321 0.0335 0.0348 0.0349
0.1 0.0937 0.0991 0.1272 0.1520
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Table S9. Proportions (in %) of the noninformative intervals (NP), empty sets (EP) and discontinuous intervals
(DP) of the 95% confidence intervals for the penalized Fieller’s (PF) and Fieller’s methods based on 500 replicates
for qualitative trait and quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (1, 1.2, 1) with a covariate and ρ = 0

PF Fieller

Trait n MAF NP EP DP NP EP DP

Qualitative 500 0.3 30.4 0.8 0.0 40.2 2.6 0.6
0.1 47.8 2.2 0.0 66.2 0.0 0.8

2000 0.3 2.2 0.6 0.0 3.2 1.0 0.0
0.1 22.2 3.4 0.0 31.2 0.8 0.4

Quantitative 500 0.3 4.2 0.0 0.0 7.6 0.2 0.2
0.1 31.6 3.2 0.0 35.0 2.6 0.8

2000 0.3 0.0 0.0 0.0 0.0 0.0 0.0
0.1 5.6 0.0 0.0 10.2 0.2 0.0
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Table S10. Coverage probabilities (CPs, in %) and the mean and median of the widths of the highest posterior
density intervals or confidence intervals (respectively denoted as Wmean and Wmedian) of Bayesian method with
normal prior (BN), Bayeisan method with uniform prior (BU), penalized Fieller’s (PF) and Fieller’s methods
among 500 replicates for qualitative trait and quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (1, 1.2, 1) with a covariate

and ρ = 0 a

CP Wmean Wmedian

Trait n MAF BN BU PF Fieller BN BU PF Fieller BN BU PF Fieller

Qualitative 500 0.3 94.8 95.8 94.2 92.8 1.5325 1.5618 1.5484 1.5657 1.5990 1.6472 1.6573 1.7683
0.1 89.6 91.2 84.8 97.6 1.6336 1.6845 1.5217 1.8637 1.7250 1.7772 1.9712 2.0000

2000 0.3 94.4 94.4 93.8 93.0 1.1272 1.1370 1.1463 1.1616 1.1259 1.1269 1.1285 1.1385
0.1 93.8 94.8 88.8 95.2 1.5065 1.5328 1.4680 1.6200 1.5427 1.5807 1.6835 1.7194

Quantitative 500 0.3 96.4 96.2 97.6 97.2 1.1177 1.1234 1.2226 1.2451 1.1250 1.1301 1.2320 1.2507
0.1 94.4 96.0 87.8 92.0 1.5020 1.5295 1.4999 1.5558 1.5334 1.5822 1.7555 1.7548

2000 0.3 94.2 94.8 97.0 97.0 0.6562 0.6589 0.7344 0.7363 0.6676 0.6689 0.7470 0.7495
0.1 96.6 97.2 97.6 96.4 1.1853 1.1965 1.2969 1.3128 1.2032 1.2279 1.3362 1.3371

aThe empirical CP should be between 93.05% and 96.95% (0.95 ± 2 ×
√

0.95×0.05
500 ) with 95% probability.
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Table S11. Standard deviation and interquartile range of the widths of the highest posterior density intervals or
confidence intervals (respectively denoted as WSD and WIQR) of Bayesian method with normal prior (BN),
Bayesian method with uniform prior (BU), penalized Fieller’s (PF) and Fieller’s methods among 500 replicates for
qualitative trait and quantitative trait when (σ2

0 , σ
2
1 , σ

2
2) = (1, 1.2, 1) with a covariate and ρ = 0

WSD WIQR

Trait n MAF BN BU PF Fieller BN BU PF Fieller

Qualitative 500 0.3 0.2631 0.2896 0.4764 0.5243 0.3589 0.3933 0.7472 0.7382

0.1 0.2547 0.2576 0.6829 0.3062 0.1682 0.1627 1.0447 0.0971

2000 0.3 0.2937 0.3259 0.3956 0.4209 0.4170 0.4882 0.5103 0.5371

0.1 0.2391 0.2678 0.5993 0.4352 0.3073 0.3397 0.7207 0.5674

Quantitative 500 0.3 0.3024 0.3341 0.4239 0.4562 0.4280 0.5049 0.5614 0.6334

0.1 0.2430 0.2700 0.6009 0.5414 0.3448 0.3834 0.8271 0.6648

2000 0.3 0.1616 0.1742 0.2029 0.2064 0.1980 0.2200 0.2365 0.2407

0.1 0.2840 0.3117 0.4284 0.4451 0.3717 0.4335 0.5814 0.6226
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