Supplementary Methods

Mendelian Randomization of smoking and strabismus

To investigate the causal effect between smoking and strabismus using a person’s own genes
as exposure to strabismus, we performed MR analyses using the same procedure with the
intergenerational MR. For smoking exposure data, we applied independent genome-wide
significantly associated SNPs for smoking initiation from the GWAS published in 2022
(Saunders et al. 2022). The summary statistics from our GWAS for esotropia were used as
the ‘outcome’ data. The genetically inferred causal association was estimated by the inverse
variance-weight (IVW) estimator and exponentiated to reflect the OR for strabismus per SD
change in smoking phenotype via package TwoSampleMR (Hemani et al. 2018). To check
the robustness of our [IVW estimates, we also conducted MR analyses using various
alternative MR methods, weighted median, MR-Egger regression and weighted mode. We
also applied MR-PRESSO (Pleiotropy Residual Sum and Outlier) (Verbanck et al. 2018) to
identify and adjust for outliers that may represent SNPs with horizontally pleiotropic effects
on both smoking and strabismus. The Rucker framework was applied by the “mr_rucker”
function incorporated into the TwoSampleMR package to determine whether heterogeneity

influences the IVW or MR-Egger regression models (Bowden et al. 2017).

Supplementary Results

Genetic association between smoking traits and strabismus

The gene-smoking interaction has been well-studied and this interaction can be passed from
parents to offspring (Saleheen et al. 2017; Joehanes et al. 2016). Given a subset of our
strabismus risk loci were associated with smoking, we also investigated the causal link
between smoking and strabismus using individuals’ own gene rather than a proxy instrument
variable from their mothers. Using the genome-wide significant SNPs from large-scale
smoking GWAS (Saunders et al. 2022) as the instrument variables, we performed two-sample

MR and evaluated the causal link between three smoking phenotypes smoking initiation and
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three strabismus phenotypes (Table S10). The causal association was estimated by the inverse
variance-weight (IVW) estimator. The MR results of alternative MR inverse-variance
weighted models suggested nominal evidence for an association (OR for the IVW estimate
was 1.046, 95% CI 1.008—1.084; Prvw = 0.017), although after Bonferroni correction for the 3
phenotypes tested, the P-value exceeded 0.05. For the nominally significant smoking
initiation result, there was no evidence for horizontal pleiotropy (MR Egger intercept= -
1.37x107, SE = 0.00048, P = 0.98) and after excluding outliers through MR-PRESSO
outlier-corrected tests, the estimate was essentially unchanged (Table S10). We also
compared the difference of models with or without heterogeneity by using MR-Egger over
IVW using the Rucker framework (Bowden et al. 2017). The difference was small and non-

significant (difference = 0.001; P = 0.97).
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