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GWAS
Genome-wide Association Studies



Genome-wide Association studies (GWAS)
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Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

Single nucleotide polymorphism 
(SNP): This is a variation in a single 
nucleotide (i.e., A, C, G, or T) that 
occurs at a specific position in the 
genome. A SNP usually exists as 
two different forms (e.g., A vs. T). 
These different forms are called 
alleles. A SNP with two alleles has 
three different genotypes (e.g., AA, 
AT, and TT).



Data sources & repositories
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Bycroft et al. Nature (2018). doi:10.1038/s41586-018-0579-z.

Summary statistics

general GWAS data repository

specific for GWAS Chronic Kidney Disease

Individual-level

Bycroft et al. Nature (2018). doi:10.1038/s41586-018-0579-z.



Testing for associations

Genetic models
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Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

● Additive model (ADD)
● Dominant model (DOM)
● Recessive model (REC)

AA AG GG

Additive model 0 1 2

Dominant model 0 1 1

Recessive model 0 0 1

biallelic SNP whose reference allele is A and the alternative allele is G.



Testing for associations

Contingency table
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Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

Dominant model Recessive model Additive model



Testing for associations

Quantitative traits
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Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

Binary traits



Testing for associations
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Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

Quantitative trait Binary trait



Manhattan plot for EduYears associations (n = 293,723)
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Okbay, A., Beauchamp, J., Fontana, M. et al. (2016). doi.org/10.1038/nature17671.



Rare and common variants
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Manolio, T., Collins, F., Cox, N. et al. (2009). doi.org/10.1038/nature08494.



Haplotypes: ABO serological groups
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Li S, Schooling CM (2020). doi: 10.1186/s12916-020-01795-4.



Polygenic Risk Scores (PRS)
stratification & disease trajectories



Common workflow - single-trait PRS
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Choi et al. Nat Protoc (2020). doi:10.1038/s41596-020-0353-1. | Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

Polygenic risk scores (PRS)

score that summarizes the effect 
sizes of genetic variants on a 
certain disease or trait.



Common workflow - single-trait PRS
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Choi et al. Nat Protoc (2020). doi:10.1038/s41596-020-0353-1. | Uffelmann et al. Nat Rev Methods Primers (2021). doi:10.1038/s43586-021-00056-9.

Category Description Methods/ 
software

P value thresholding P + T C+T, PRSice, Plink

Beta shrinkage genome-wide PRS 
model

LDpred

P+T stands for Pruning + Thresholding, also known as 
Clumping and Thresholding (C+T)



Common workflow - multi-trait PRS
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Sinnott-Armstrong N et al. Nat Genet. (2021). doi:10.1038/s41588-020-00757-z. | Choi et al. Nat Protoc. 2020. doi:10.1038/s41596-020-0353-1.



Common workflow - multi-trait PRS
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Sinnott-Armstrong N et al. Nat Genet. (2021). doi:10.1038/s41588-020-00757-z. | Choi et al. Nat Protoc. 2020. doi:10.1038/s41596-020-0353-1.



Case study - disease stratification
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Marston NA et al. JAMA Cardiol. (2023). doi:10.1001/jamacardio.2022.4466. | Chatterjee N et al. Nat Rev Genet. (2016). doi: 10.1038/nrg.2016.27.



Case study - multi-trait PRS improves disease prevalence prediction
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Sinnott-Armstrong N et al. Nat Genet. (2021). doi:10.1038/s41588-020-00757-z.



Use of PRS for trait / disease prediction
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Sinnott-Armstrong N et al. Nat Genet. (2021). doi:10.1038/s41588-020-00757-z.



Use of PRS for trait / disease prediction
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Sinnott-Armstrong N et al. Nat Genet. (2021). doi:10.1038/s41588-020-00757-z.



Limitations - ethnicity / ancestry
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Patel et al. Nat Med (2023). doi:10.1038/s41591-023-02429-x.



Limitations - polygenicity & pleiotropy
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Sinnott-Armstrong N et al. Nat Genet. (2021). doi:10.1038/s41588-020-00757-z.



Going further - EHR’s & PRS
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Linder JE et al. Annu Rev Genomics Hum Genet. (2021). doi: 10.1146/annurev-genom-121120-125204.



Summary

Two complementary approaches to improve predictive performance:

● Sample size → increase in statistical power
● Multi-trait PRS analysis

Why does multi-PRS work?

● Quantitative traits have more power
● Genetic correlation between biomarkers and disease

The multi-trait PRS model:

Genetics →Biomarkers (molecular traits) →Disease
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