Cataloging gene-environment interaction candidate SNPs for over 3,000 UK Biobank phenotypes through variance loci analysis
Detecting gene-by-environment (GxE) interactions enriches understanding of genetic effects on diseases and helps identify environmental targets for improving health. However, the combined dimension of genome and environmental exposome poses severe computational and statistical challenges. Variance quantitative trait loci (vQTL) methods are introduced to narrow down candidate single nucleotide polymorphisms (SNPs) for GxE interactions without exposome profiling. The rationale is that changes in phenotypic variance across allele dosages is indicative of unexplained environmental variance.
We propose variance locus analysis (VLA) as a double linear model (DLM) – the simplest additive vQTL method, augmented with squared allele dosage. VLA has shown superior power to detect GxE candidates across a range of simulations. By appropriately residualizing covariates, VLA can also be used to assess GxE candidates in dichotomous outcomes such as case-control where existing vQTL methods exhibit uncontrolled false positives. 
We performed genome-wide VLA for 3,273 health and disease related phenotypes derived from the UK Biobank to create the VLA-catalog (genelist.niehs.nih.gov/vla) -- an open source for GxE investigation in cohorts with measured environmental exposures, as the catalog ranks the candidate GxE loci according to GWAS, vQTL and VLA.
Using the North-Carolina-based Personalized Environmental Genetic Study (PEGS) with whole genome sequencing and questionnaire-based exposome collected for 4,737 participants, we conducted GxE analysis between 109 exposure and SNPs using top ranked VLA loci for Type 2 Diabetes (T2D) from the VLA-catalog. The top associations involved variants in the ATP binding cassette subfamily B member 7 (ABCB7), with rs4409555 (p-value = 4.3 x 10-13), rs144080963 (p-value = 2.2 x 10-11), and rs144752384 (p-value = 1.4 x 10-9) interacting with exposures to toners, inks, and dyes. ABCB7 has been previously linked to the biological pathway of T2D, and by querying public gene-expression data we found that occupational exposure to inkjet printers was associated with changes in ABCB7 expression, corroborating the identified SNPs in ABCB7 gene as GxE candidates for T2D. 
In conclusion, the VLA-catalog is a valuable resource for GxE studies to prioritize candidate SNPs, reduce multiple testing, and improve statistical power.
