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Further 

Preprocessing

Further 

Preprocessing

Analysis of 

ancestry
- Population 

structure (PCA)
- Kinship matrix

SNPs under 

LD

Duplicated 

samples

SNPs & 

samples by 
missingness

SNPs by 

Minor Allele 
Frequency

Standard QC
Application-

dependent QC

Individuals by 

sex discrepancy
- With autosomal X chr

SNPs by HWE 

and samples by 
heterozigosity
- For populations not 

expecting 

inbreeding

samples by 

relatedness
- For population 

studies, but not for 

family studies

Population 

outliers
- For population 

studies, using PCA 

or other methods

Genotype 

data

Traits

Ancestry

covariates

SNPs by 

calling rate

GWAS3

GWAS4
GWAS5b,

GWAS4-extra



GWAS5

GWAS8-LDAK

Association testing

𝑦 = 𝑋𝛽 + 𝑢 + 𝜖,

𝑦 = 𝑋𝛽 + 𝜖

LMM with kinship matrix
→ Includes genetic effect

MixedModel with kinship matrix
And covariates → Includes 
genetic effect and other known 
information

Linear model

GWAS8-LDAK



Polygenic Risk Score

GWA6 GWAS7



Relatedness in mice data Only 8 founders for ~1900 mice!

- KING's algorithm is for outbred

populations

- Founders related to a lot of data can 

cause huge shift in KING < 0



Pop structure and LD



Pop structure and LD

LD<.2 LD<.5
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LD pruning + clumping

Highly recommend to 

read this paper. Check 

the effect that LD 

pruning and clumping 

has in the lead SNPs 

and the association 

signal



1. Extra exercises on the website

https://hds-sandbox.github.io/GWAS_course/develop/workshop.html

2. LDAK (3 association testing approaches)

3. Bring your data 

https://hds-sandbox.github.io/GWAS_course/develop/workshop.html
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