Cataloging gene-environment interaction candidate SNPs for over 3,000 UK Biobank disease phenotypes through variance loci analysis
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Detecting gene by environment interactions (GxEs) for diseases enriches the ontology of genetic effects and helps identify environmental targets for interventions with the goal of improving health outcomes. However, combining the dimensions of the genome and exposome poses challenges in terms of both computational and statistical power.
Both additive and multiplicative variance quantitative trait loci (vQTL) analysis has recently received attention for the ability to find candidate single nucleotide polymorphisms (SNPs) for GxEs without actual environmental exposome profiling. The rationale is that unaccounted GxE causes the residual variance of a quantitative trait to change across allele dosages—a non-uniformity that, when captured, suggests GxE.	Comment by Author: Mention additive and multiplicative vQTL here.
Based on the simplest additive vQTL scanner – double linear model (DLM), we propose variance loci analysis (VLA) by augmenting the DLM with squared allele dosage. We show that VLA maintains superior power to detect GxE candidates with weak direct environmental effects on the phenotype. We also demonstrate that multiplicative vQTL scanners -- double generalized linear model (DGLM) and Levene’s test (LVT), are overly generic with squared dosage or overly restrictive without squared dosage. More importantly, we demonstrate that by appropriately adjusting covariates, VLA can overcome the inability of DLM/DGLM/LVT to analyze thousands of non-quantitative phenotypes.
We performed VLA for 3,273 health- and disease-related phenotypes derived from the UK Biobank and ranked the potential involvement of each SNP in GxEs. We host the VLA Catalog (genelist.niehs.nih.gov) as an open resource of GWAS, vQTL, and VLA mapping for these traits, along with metadata required for reproducibility and independent applications.
Using environmental exposome data collected in the Personalized Environmental Genetic Study (PEGS), we found that high-ranking genome variants selected by VLA enriched the detection of genome-exposome-wide significant GxE SNPs for cardiovascular disease (CVD), type 2 diabetes (T2D), and body mass index (BMI).
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Detecting gene by environment interactions (GxEs) for diseases enriches the ontology of genetic effects and helps identify environmental targets for interventions with the goal of improving health outcomes. However, combining the dimensions of the genome and exposome poses challenges in terms of both computational and statistical power. Both additive and multiplicative genome-wide variance quantitative trait loci (vQTL) analysis methods have recently received attention for their ability to find candidate single nucleotide polymorphisms (SNPs) for GxEs without actual environ-mental exposome profiling. The rationale is that unaccounted GxEs cause the residual variance of a quantitative trait to change across allele dosages—a non-uniformity that, when captured, suggests a variant is involved in a GxE interaction.
Based on the simplest additive vQTL approach, the double linear model (DLM), we propose variance locus analysis (VLA) by augmenting the DLM with squared allele dosage. We show that VLA maintains superior power to detect GxE candidates with weak direct environmental effects on the phenotype. We also demonstrate that popular multiplicative vQTL methods—the double generalized linear model (DGLM) and Levene’s test (LVT)—are overly generic with squared dosage or overly restrictive without it. More importantly, we demonstrate that by appropriately adjusting covariates, VLA can overcome the inability of DLM/DGLM/LVT to analyze thousands of non-quantitative phenotypes.
We performed VLA for 3,273 health- and disease-related phenotypes derived from the UK Biobank and ranked the potential involvement of each SNP in GxEs. We created and hosted the VLA Catalog (genelist.niehs.nih.gov) as an open resource of GWAS, vQTL, and VLA mapping for these traits, along with the metadata required for reproducibility and independent applications. Variants that are significant variance loci are strong candidates for follow-up investigation in cohorts with measured environmental exposures.  By looking up type 2 diabetes (T2D) in the catalog, we narrow down 1070 candidate SNPs around gene ABCB7 (X:74926414 - 75201347) and performed a two-way GE-WAS analysis with 109 external exposures items collected by Personalized Environmental Genetic Study (PEGS) based in North Carolina. The GxE analysis identified significant interaction between rs4409555 (p-value = 4.3 x 10-13), rs144080963 (p-value = 2.2 x 10-11), rs144752384 (p-value = 1.4 x 10-9) and exposure to printer toners, inks, dyes, and other printer materials. ABCB7 is verifiably involved in the biological pathway of T2D and also differentially expressed among individuals working with inkjet printers.

