Simulation 
We simulated a range of scenarios to benchmark the VLA method and compare its performance to that of other methods used in the field. We simulated both additive genetic models, which VLA was designed to detect, and multiplicative genetic models, where it is expected that other methods would have better performance. The models had varying degrees of marginal environmental and genetic effects and GxE effects and included pure GXE models with no marginal effects. Additionally, we simulated binary traits with both balanced and imbalanced case/control proportions and continuous traits with both Gaussian and non-Gaussian distributions. 

ForIn each simulation scenario,repeat we generated vectors of the environment and covariate with afrom standard normal distribution, and determineddrew genotype dosage values to acquireform an actual SNP randomly picked from Phase 3 of the 1000 Genomes Project Phase 3 (Consortium 2012; Consortium and others 2015),) with an MAF≥0.01 and a varying sample size varyingbetween from 24 toand 216. 	Comment by Motsinger-Reif, Alison (NIH/NIEHS) [E]: Need to make the goals more clear.  Here are the high order points that Xiaoran’s text doesn’t summarize:er


Simulated a range of scenarios in order to 1) benchmark the VLA method and 2) compare its performance to others in the field.

Simulated a range of scenarios.  
Simulated different genetic models: additive (what VLA was designed to detect), and multiplicative (which VLA was not designed for, where other methods should do better).  Different models with varying degrees of marginal effects for E, marginal effects for G, and GXE (including pure GXE models with no marginal effects.

Additionally, simulated both continuous and binary traits.  Simulated both Gaussian and non-Gaussian continuous traits.  Simulated binary traits with both balanced and imbalanced case/control proportions 
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Figure 4a: Simulation studies with a Gaussian phenotype 
Left: GxE-induced additive variance loci with no environmental main effect; Middle: GxE-induced additive variance loci with an environmental main effect; Right: multiplicative variance loci. DLM: double linear model; VLA: variance locus analysis/curve upwardness test; LVT: Levene’s test; DRM: deviation regression model	Comment by Motsinger-Reif, Alison (NIH/NIEHS) [E]: Check my caption

We first treatedtreat the phenotype additively, as the sum of a strong covariate effect, weak genotype main effect, possible environmental main effect, and possible GxE effect. We consideredconsider scenarios withof pure GxE effects as well as co-occurringeffect or coexisting environmental and GxE effects. All of theeffect. Both scenarios gavegive rise to additive variance loci. Secondly, as a comparison, we let the genotype directly affect the phenotypic variance in log scale, which gavegiving rise to multiplicative variance loci. In all three scenarios, rejectingRejecting the null (i.e., declaring an SNP significant) increaseda genotype GxE candidacy) in all three scenarios contribute to a method’s true positive raterates, or power. Next, for each scenarioof the scenarios, we simulatedsimulate a corresponding null scenario by zeroing out either the GxE effect (additive variance loci) or the genetic effect on logged phenotypic variance (multiplicative variance loci). In these scenarios, ), rejecting the null increasedin these latter scenarios add to a method’s false positive rate. 

We compared four methods, namely, the proposed variance locus analysis / curve upwardness test (VLA), double linear model (DLM), deviation regression model (DRM), and Levene’s robust test (LVT). We ranrun 20,000 repeats for each scenario. In all scenarios, we fixed the alpha size of test to 0.05., that is, rejecting the null if the p-value of a method’s primary statistics is less than 0.05. A method was consideredis superior if it had a highexerts higher true positive rate (power) while also controlling the false positive rate. To accurately compare methods and account for both false positive and true positive rates, we in the first place. We report and compare the net positive rate, which isdefined as the true positive rate minus the false positive rate. 	Comment by Motsinger-Reif, Alison (NIH/NIEHS) [E]: “test size” is not the right term, and Xiaoran keeps using it.  Please help me catch it.

Figure 4a compares the performance of VLA with a for Gaussian phenotype. Forphenotypes. When a pure GxE effectwas present without an environmental main effect, VLA hadgave the best performance in identifying candidate SNPs (Figure 4a, left). For an); with environmental main effect, other methods hadwork better performance with largergreater sample sizes (Figure 4a, middle). With); with multiplicative variance loci, VLA was underperformed as expected (see the Methods section for details). The Supplement describesexplained in detail the simulation“methods”). For detailed description of simulating scenario for aof Gaussian phenotype, and Figure s1asee “Gaussian phenotype” under section “1. simulation” in the Supplement provides asupplement materials. For a more traditional display of false positive andrate alongside true positive ratesrate, refer to figure (s1a) in the same supplement material. 
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Figure 4b: Simulation studies with afor balanced binary phenotype 
Left: GxE- induced additive variance loci with, no environmental main effect; Middle: GxE- induced additive variance loci with an, no environmental main effect, presence environmental main effect exists; Right: multiplicative variance loci. Colors: DLM: =double linear model; VLA: = variance locus analysis/ / curve upwardness test; LVT: =Levene’s test; DRM: =deviation regression model. 

Figure 4b compares the performance of various methods with afor balanced binary phenotype (i.e., a phenotypes (50% case rate). VLA hadwas the best performance in identifyingdetector for additive GxE candidate SNPs, especially forwhen the SNPs were made variance loci fromby pure GxE effects (Figure 4b, middle). Other); other methods hadshowed poor performance because andue to uncontrolled false positive rate decreaseddragging down the net positive rate. With largerIn fact, with greater sample sizes, the variance loci and genetic main effectseffect become less distinguishable, attenuating instead of boosting the net positive rate. ForWhen the variance loci were multiplicative variance loci, VLA was not optimal, as expected. 	Comment by Motsinger-Reif, Alison (NIH/NIEHS) [E]: I don’t like the use of “detector” or “scanner” – not accurate.  Hannah – help me catch it/change it Need the text to compare the performance/power/FPs of the methods.
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Figure 4c: Simulation studies for an imbalanced binary phenotype 
Left: GxE- induced additive variance loci with, no environmental main effect; Middle: GxE- induced additive variance loci with an, no environmental main effect, presence environmental main effect exists; Right: multiplicative variance loci. Colors: DLM: =double linear model; VLA: = variance locus analysis/ / curve upwardness test; LVT: =Levene’s test; DRM: =deviation regression model. 
Figure 4c compares the performance of various methods for an imbalanced binary phenotype (i.e., a phenotypes (7.6% case rate). For binary phenotypes with anWhen the samples were imbalanced case/control proportion, an , a SNP main effect on the phenotypicphenotypical mean is automatically an effect on the phenotypicphenotypical variance, resulting incausing an overall increaseinflation of the false positive rate. Howeverpositives. Still, VLA maintained the ability to detect true GxE candidates while other methods did not. The Supplement describes in detail the others ceased functional. For detailed description of simulating scenario of binary phenotype, see “Binary phenotype” under section “1. simulation scenario for binary phenotypes, and Figure S1b in the Supplement provides” in the supplement materials. For a more traditional display of false positive andrate alongside true positive rates.
rate, refer to figure (s1b) in the same supplement material. 
We also simulated Poisson phenotypes. Like the binaries, the mean and variance of Poisson variables are related, therefore, all variance loci scanners came under the pressure of inflated false positive rate when the genotype has main effect on phenotypic mean, in which case the VLA again better maintained the ability to detect true GxE candidate. The simulation of scenarios involving Poisson phenotype is detailed in “Poisson Phenotype” under section “1. simulation” in the supplement materials, also refer to figure (s1d) in the same supplement material for a more traditional display of false positive rate alongside true positive rate. 
Overall, the simulations showed that the VLA had better performance forwas more specialized in detecting variance loci induced by pure GxE effectseffect and, was overall, was more robust than other methods inunder the facepressure of false positives due tocaused by imbalanced, non-Gaussian phenotypesphenotype. As expected, VLA underperformed with multiplicativewhen the variance loci were generated multiplicatively, because a negativewhen the allele effect on logged variance is negative, it corresponds withto a scenario in whichwhere the squared GxE effect is negative. In other words, that is, a latent GxE interaction with a non-real-value valued effect size violates, violating the assumption of the VLA test (see the Methods section for more details). The Supplement describes the “methods”). The acquisition of simulation materials (i.e., the genotype), decisionsthe decision on effect sizes, and the generation of phenotypes withof various distributions and provides distribution, are detailed in section “1. Simulation” in supplement materials, with links to the R -scripts. 
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Figure 4a: Simulation Studies for Gaussian phenotype
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