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“Phenotype” should include all effects that
a gene has on its environment, both inside
and outside the body of the individual
organism.





gene-environment correlations in families
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Non-transmitted educational attainment 
alleles are associated with:

- Educational attainment
- Age at first child
- High-density lipoprotein (HDL)
- BMI
- Fasting glucose level
- Height
- Cigarettes per day
- Overall health

Parents





Predictive power of polygenic scores of cognitive

traits (intelligence & education) was 60% greater

between families than within families.



assortative mating



Assortative mating:

• increases genetic differences between families and decreases them within families

• inflates genetic effect estimates in GWASs













within-family GWAS
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Family-based GWAS (FGWAS)

requires: trios/sib pairs 
(parental G can be imputed)
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gene-environment correlations across 
geographic regions
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within-region GWAS



Genetic correlation with educational attainment decreases after including geographic region as covariate



Now go have fun running a GWAS and good luck interpreting that mess of an output!
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