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Figure s1a: Simulation Studies for Gaussian phenotype
Panels: (left) false positive and true positive rate; x-axis shows sample sizes in thousands, from 16=24 to 65536=216; y-axis shows false positive rate (column 1), or true positive rate (column 2-4). (right) y-axis shows net positive rate, defined as true positive rate minus false positive rate. 
Columns: simulation scenarios (No GxE) the null where the SNP is not a variance locus; (GxE Only) the SNP is an additive variance locus induced by GxE, without environmental main effect; (Env + GxE) the SNP is an is an GxE induced additive variance locus, with environmental main effect; (Multiplicative) the SNP is an is a multiplicative variance locus.
Colors: methods, (DLM) double linear model; (VLA) variance locus analysis / curve upwardness test; (LVT) Levene’s test; (DRM) deviation regression model. Red dashed line: expected false positive rates at the size of hypothesis testing (0.05). The false positive rate is inflated when the cases and controls were imbalanced.
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Figure s2a: Simulation Studies for binary phenotype, with covariate
Panels: (left) false positive and true positive rate; x-axis shows sample sizes in thousands, from 16=24 to 65536=216; y-axis shows false positive rate (column 1), or true positive rate (column 2-4). (right) y-axis shows net positive rate, defined as true positive rate minus false positive rate. 
Rows: ratio of case/control. (top) balanced; (middle) case rate is 22%; (bottom) case rate is 7.6%. Columns: simulation scenarios (No GxE) the null where the SNP is not a variance locus; (GxE Only) the SNP is an additive variance locus induced by GxE, without environmental main effect; (Env + GxE) the SNP is an is an GxE induced additive variance locus, with environmental main effect; (Multiplicative) the SNP is an is a multiplicative variance locus.
Colors: methods, (DLM) double linear model; (VLA) variance locus analysis / curve upwardness test; (LVT) Levene’s test; (DRM) deviation regression model. Red dashed line: expected false positive rates at the size of hypothesis testing (0.05). The false positive rate is inflated when the cases and controls were imbalanced.
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Figure s2b: Simulation Studies for binary phenotype, null covariate
Panels: (left) false positive and true positive rate; x-axis shows sample sizes in thousands, from 16=24 to 65536=216; y-axis shows false positive rate (column 1), or true positive rate (column 2-4). (right) y-axis shows net positive rate, defined as true positive rate minus false positive rate. 
Rows: ratio of case/control. (top) balanced; (middle) case rate is 22%; (bottom) case rate is 7.6%. Columns: simulation scenarios (No GxE) the null where the SNP is not a variance locus; (GxE Only) the SNP is an additive variance locus induced by GxE, without environmental main effect; (Env + GxE) the SNP is an is an GxE induced additive variance locus, with environmental main effect; (Multiplicative) the SNP is an is a multiplicative variance locus.
Colors: methods, (DLM) double linear model; (VLA) variance locus analysis / curve upwardness test; (LVT) Levene’s test; (DRM) deviation regression model. Red dashed line: expected false positive rates at the size of hypothesis testing (0.05). The false positive rate is inflated when the cases and controls were imbalanced.
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Figure s3a: Simulation Studies for Poisson phenotype
Panels: (left) false positive and true positive rate; x-axis shows sample sizes in thousands, from 16=24 to 65536=216; y-axis shows false positive rate (column 1), or true positive rate (column 2-4). (right) y-axis shows net positive rate, defined as true positive rate minus false positive rate. 
Rows: proportion of zeros. (top) balanced; (middle) case rate is 22%; (bottom) case rate is 7.6%. Columns: simulated scenarios, (No GxE) the null where the SNP is not a variance locus; (GxE Only) the SNP is an additive variance locus induced by GxE, without environmental main effect; (Env + GxE) the SNP is an is an GxE induced additive variance locus, with environmental main effect; (Multiplicative) the SNP is an is a multiplicative variance locus.
Colors: methods, (DLM) double linear model; (VLA) variance locus analysis / curve upwardness test; (LVT) Levene’s test; (DRM) deviation regression model. Red dashed line: expected false positive rates at the size of hypothesis testing (0.05). The false positive rate is inflated when the cases and controls were imbalanced. 
Notice, the false positive is still inflated even if the grand mean was of the Gaussian phenotype was 0 before it was transformed into the rate parameter of Poisson.
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Figure s4a: Simulation Studies for Beta distributed phenotype
Panels: (left) false positive and true positive rate; x-axis shows sample sizes in thousands, from 16=24 to 65536=216; y-axis shows false positive rate (column 1), or true positive rate (column 2-4). (right) y-axis shows net positive rate, defined as true positive rate minus false positive rate. 
Columns: simulation scenarios (No GxE) the null where the SNP is not a variance locus; (GxE Only) the SNP is an additive variance locus induced by GxE, without environmental main effect; (Env + GxE) the SNP is an is an GxE induced additive variance locus, with environmental main effect; (Multiplicative) the SNP is an is a multiplicative variance locus.
Colors: methods, (DLM) double linear model; (VLA) variance locus analysis / curve upwardness test; (LVT) Levene’s test; (DRM) deviation regression model. Red dashed line: expected false positive rates at the size of hypothesis testing (0.05). The false positive rate is inflated when the cases and controls were imbalanced.
The beta distributed phenotype was generated by passing a Gaussian phenotype to sigmoid function.
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