Text S3
Population Stratification in GWAS Samples


Some of the sample groups used by GWAS studies are likely subdivided by subtle population structure. This can lead to spurious SNP-trait associations when there are allele frequency differences between case and control groups that are related to this structure rather than to the trait under study [1]. Such false positive SNPs might also stand out in our study for delta, Fst, or LLC measures. We do not, however, feel that this is a likely explanation for the majority of our significant results. First of all, most published GWAS now take multiple steps to detect and correct for population substructure in their sample sets. These steps include using programs like STRUCTURE and PCA analysis to visualize substructure and methods like genomic control to compensate for its effects on analyses [1, 2]. Secondly, the majority of the SNPs and study groups that we found to be significant were from one of four trait classes – pigmentation, blood pressure, autoimmune disease, and infectious disease. These particular SNPs and study groups also generally produced low p-values for many different measures. If SNPs/study groups achieved significance in our study because they were spurious associations due to population stratification, it seems as though we would have instead observed significant SNPs/study groups from a wide variety of trait classes. Additionally, the associations between some SNPs and pigmentation, blood pressure, autoimmune disease, and infectious disease traits have been substantiated though functional studies [3-8].  We did observe that an obesity study group [9], a lung adenocarcinoma study group [10], and a study group containing SNPs associated with acute lymphoblastic leukemia (ALL) treatment response [11] were each significant for one measure in at least one phase of the analysis. We reviewed the studies for these groups to ascertain the likelihood that any of the SNP-trait associations identified by them were spurious due to population stratification. Two of the three studies used STRUCTURE to visualize any population structure present in their sample groups and genomic control methods to correct for this structure. However, the study involving treatment response to ALL [11] did not take either of these steps; it also used only 487 subjects and had no replication phase of analysis. Because of this, we think our results for the response to ALL treatment study group should be considered as possibly resulting from population stratification in the original GWAS study, at least until the association between ALL and the variants identified in this study have been substantiated by additional work. The obesity, lung adenocarcinoma, and ALL study groups may also have achieved significance through the pleiotropic effects of their variants on other phenotypes. The lung adenocarcinoma group, for instance, contains a SNP found in the HLA region.
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