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Before GWAS

Linkage studies

Doesn’t work for complex traits, unless the 

variant has a very large effect:

• Diabetes (Insulin gene)

• Breast cancer (BRCA1 & BRCA2 genes)

• Alzheimer (APOE genes)



Serotonine & depression

Before GWAS

Candidate gene studies



Mono-amine oxidase (MAO-A) & aggression

Before GWAS

Candidate gene studies



We need a hypothesis-free design → scan the whole genome?

Our a priori hypotheses are bad …





We don’t need to sequence the whole 

genome to capture most variation!

• ~3 billion base pairs in the genome

• ~10-15 million common SNPs across humans

• ~500,000–1,000,000 SNPs on a DNA microarray



Linkage Disequilibrium (LD)

• Alleles are in LD when they’re inherited together more 
frequently than expected (they’re correlated).
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Next step: create haplotype maps



Next step: create haplotype maps by 
genotyping/sequencing populations

• 2005: 1st phase of the HapMap project: 269 
individuals from 4 populations with several 
million well-defined genetic variants

• 2012: 1st phase of the 1000 Genomes 
project: 1,092 individuals from 14 
populations were sequenced



DNA Microarray

Video:

https://en.wikipedia.org/wiki/File:From_spit_to_DNA-sample.webm


AA AG GG
CC CA AA TT TA AA

CC CT TT

Chromosome



When did GWAS begin?



• 96 cases and 50 controls
• 116,204 SNPs

When did GWAS begin?
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N = 5.4 million

Loic Yengo et al, 2022



Andrew Grotzinger et al, 2026



Next video: signal versus noise
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