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Web Appendix A: Setting without Covariates
We also considered simplified settings where there are no covariates in the true model. The SNP data
were generated from the same model as described in the simulation section. Two types of alternatives
are considered: (i) multiple causal variants with ηij = β > Gij + aij , βk = τ | log10 (MAFk )| and
τ = 0.01, 0.02, . . . , 0.05, and (ii) single causal variant where for k = 1, ..., p, we let the k th SNP being
the casual variant with ηij = 0.1Gijk + aij . For both settings, we generate continuous phenotype
from exponential with mean eηij and binary phenotype from Bernoulli with success probability
πij = 1 − e−e

ηij

. Figure 2 (a) shows the empirical size of different tests under the null model of no

association between Yij and Gij . The empirical power under alternative (i) and (ii) are shown in
Figure 2 (b) and (c), respectively.

Web Appendix B: Sensitivity Analysis
Our objective here is to investigate whether the results obtained from SRAT are sensitive to the
choice of bandwidth h. We follow the approach that is used in the simulation section to generate
the covariates X. For illustration, we only consider one setting where X is independent of G and
perform unweighted analysis for association testing. Since it is a common practice to under-smooth
the data, we consider a few smaller bandwidths other than the optimal one hopt . The other three
candidate bandwidths are hopt × n−0.05 , hopt × n−0.10 , and hopt × n−0.15 , where n is the number of
families in the data. Figure 3 shows that the empirical size and power of SRAT are both robust to
difference choices of bandwidth. Based on our experience and some theoretical considerations, we
recommend using h = hopt × n−0.1 as the default bandwidth in SRAT.
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Figure 1: Empirical results under the setting with binary phenotype: (a) size with uncorrelated X
and G; (b) power with uncorrelated X and G; (c) size with correlated X and G.
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Figure 2: Empirical results under the setting without covariates for both continuous (C) and binary
(B) phenotypes: (a) QQ plot and type I error rate; (b) power under the scenario with multiple
causal SNPs; (c) power under the scenario with a single causal SNP.
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Figure 3: Empirical size (a) and power (b) of SRAT under different bandwidths: h1 = hopt , h2 =
hopt × n−0.05 , h3 = hopt × n−0.10 , and h4 = hopt × n−0.15 , where hopt is the optimal bandwidth and
n is the number of families.
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