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Digital quantification of human eye color highlights genetic association of three new loci
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Interaction analysis

We tested pair-wise interactions between 64 SNPs from 7 previously known genes (HERC2, OCA2, SLC2A4, TYR, TYRP1, SLC45A2, IRF4) and the 3 newly identified loci (1q42.3, 17q25.3, 21q22.13) and for H and S (Table S1). The interactions were tested at the multiplicative scale between each pair of SNPs by comparing two models with and without the interaction term using F-test. Let a column vector y denote the color trait residuals after regressing out the effects of known factors. Let a n-by-3 matrix X0 denote individual genotypes, where the 1st column is constant of ones, 2nd and 3rd columns are the number of minor alleles minus 1 of the 2 SNPs under testing (-1, 0, 1). Let X1 contain an additional column of the interaction term at the multiplicative scale. 

The total sum of squares is 
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The residual sum of squares in the model without the interaction term is
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and the residual sum of squares in the model with the interaction term is
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The F value can be derived based on the sum of squares,
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which follows the F distribution with 1 and n-1 degrees of freedom under the null hypothesis of no interaction. A next round analysis is performed by adjusting for the effect of significant interactions in a previous round until no more significant interaction was detected. The significance threshold was defined at the level of P = 10-5.


Because some of the SNPs tested are in high LD, we investigated the effect of LD on significant findings. We randomly selected over autonomies 10,000 pairs of SNPs in LD (r2 > 0.5) and 10,000 pairs of SNPs not in LD (r2 < 0.01) and tested for interaction with permutated color traits using the specified F-test. The observed test statistics, regardless to the presence of LD, did not deviate from the expected ones under the null distribution of no interaction (Figure S3). Thus, it is unlikely that the significant interactions identified in the current study are spurious due to LD between the SNPs.


We detected significant pair-wise interactions between SNPs in the HERC2, OCA2, SLC24A4, and IRF4 genes (Figure S2). The most significant interactions were between OCA2 rs1800407 and SLC45A2 rs16891982 (P =  2.7×10-6 for H, P = 7.3×10-5 for S), HERC2 rs12913832 and IRF4 rs12203592 (P = 6.1×10-9 for H, P = 1.4×10-6 for S), HERC2 rs12913832 and OCA2 rs728405 (P = 2.1×10-6 for H only), and HERC2 rs12913832 and SLC24A4 rs12896399 (P = 1.9×10-14 for S only). After these effects were adjusted, no additional SNP interactions were significant. Furthermore, we examined the distributions of H and S stratified by genotypes of the interacting SNPs. The effect of rs16891982 on H was only seen in rs1800407 CT carriers (P = 8.9×10-21) but not in CC carriers (P = .69) (Figure. S4A). The effects of rs12203592 and rs728405 on H were seen in rs12913832 GA/AA carriers (P < 5.7×10-6) but not in GG carriers (P > .26) (Figures S4B and S4C). The SLC24A4 rs12896399 showed a highly significant effect on S in HERC2 rs12913832 GG carriers (P = 2.1×10-42) but not in GA/AA carriers (P = .66) (Figure. S4D). 
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