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GWAS Statistics

● Linear model, ML-estimates, Wald's test, p-
value, power (R EXAMPLE), odds (WTCCC 
2007 BOX on significance)

● Bayesian model, marginal likelihood, Bayes 
factor (BF) (Wakefield 2009, Vukcevic 2009 Ch. 
5&6) (R EXAMPLE)



Effect size
● Quantitaitve: phenotypic scale (e.g., cm, std dev)
● Disease: odds-ratio (~relative risk for rare 

diseases)
– Logistic regression

● Meta-analysis: Combining results over studies
– Inverse variance weighting

– Forest plots 

● Effect size is not (the only) measure of 
importance of a GWAS finding! (Lander 2011, 
BOX 1: HMGCR and statins)



QQ-plot

● R EXAMPLE: 3 QQ-plots
– NULL, inflated and exciting

● Inflation (measure lambda) arises because of
– Polygenic effects AND / OR 

– Ascertainment bias (in case-control studies)



  

Population structure in case-control 
association studies

● Are there differences in genotype 
frequencies between cases and controls?

– If yes, then locus is possibly interesting

– But could also reflect ascertainment scheme 
if cases and controls are not well matched 
w.r.t. genetic background!

– Example: Let's look at analysis where 5,000 
UK controls are compared against  1,800 
UK + 500 Irish Psoriasis cases



Plot association statistics over the 
genome and compare to the 
expectation under the null

Clearly 
inflated!



  

Principal components of population 
structure

● Find linear combination of SNPs that has the 
largest sample variance (1st PC)

– Sequentially, find further PCs ORTHOGONAL to 
the previous ones

● Novembre 2008: European PC plot
● R EXAMPLE



  

PCA on UK+Irish Psoriasis study

Not well 
matched
w.r.t genetic 
background!



  

First PC as covariateBasic analysis

SNP

Population

Phenotype?

LACTASE REGION LACTASE REGION



Multiple sclerosis: 
10,000 cases/    
17,000 controls

Pop Cases Controls

Spain 205 --

Norway 953 121

UK 1854 5175

Sweden 685 1928

France 479 347

Poland 58 --

Denmark 332 --

Belgium 544 --

Italy 745 571

Germany 1100 1699

Ireland 61 --

Finland 581 2165

Australia 648 --

NZ 146 --

USA 1383 5370



Possible strategies
 Each country analysed separately and results 

combined (loses samples and power due to 
differing case-control ratios)

 Clustering individuals into genetically 
homogeneous groups which are analysed 
separately and results combined

 Regression models on whole data with 
population structure included in the model

– A few leading principal components of the 
genetic structure

– Linear mixed model



Genome-wide correlation matrix (R)

LMM: Y~µ+Gβ+z, where 
E(z)=0 and var(z) ∝ R

PC: Y~µ+Gβ+Pγ, where 
P is the leading eigenvector of R



Linear Mixed model
 In the standard linear model it is computationally 

possible to introduce individual specific effects 
that follow empirical genetic correlations (R 
matrix)

 Y=α+Gβ+Z+ε, where 
 Z~N(0,hσ²R) ε~N(0,(1-h)σ²I)

 Is this appropriate for case-control data?



Linear model with case-control data

 Likelihood ratio statistic approaches the 
Armitage trend test

 Least-squares applied to binary data 
approximates the ML-estimates of logistic 
regression when effects are small

– Relative error in log-odds estimates is less 
than 0.5% in typical GWAS application



QQ-plots
λ=1.04
Linear mixed model

λ=1.22
Logistic regression with 7 
PCs as covariates

λ=1.44
Clustering individuals to 
homogeneous groups

λ=2.7
No structure corrections



We also applied

● A beta-binomial model to exclude variants that 
differ among control data sets more than 
expected under no selection

● Empirical allele variation scores
● 1000 Genomes database to see whether our 

hits tag strongly differentiated variants
● Bayesian hierarchical model to assess whether 

the effect sizes differ between the populations



Replication

 We took 102 SNPs to replication based on 
LMM analysis 

 Replication attempted in silico from meta-
analysis of 6 previous MS-studies having 
together 4,200 cases and 7,300 controls

 Logistic regression with 10 PCs 
 Carried out at the Broad Institute



98 /102 SNPs have consistent 
effects in replication data

29 novel: p<5e-8 (combined), 
p<1e-4.5 (discovery), p<0.05 
(replication, 1-sided)

plus 5 novel: p<5e-7 (combined), 
p<1e-4.5 (discovery), p<0.05 
(replication, 1-sided)

23 / 26 previously reported MS 
loci had p<1e-3 in our discovery 
data

Immunological genes are 
overrepresented among the hits; 
in particular, T-helper cell 
differentiation pathway

© Nature



  

EXAMPLE GWAS: 
Multiple sclerosis

● WTCCC2 2011
● http://wattle.well.ox.ac.uk/wtccc2/external/ms/
● Over 50 associations now known

– Primary role for immune mechanism

– T-helper cell differentiation

– 2 GWAS hits close to known drug targets, what 
about remaining ~50 loci!? 

http://wattle.well.ox.ac.uk/wtccc2/external/ms/


Further study on one SNP
● Reported before: Tumour necrosis factor 

(TNF) blocking drugs are bad for MS patients
● Gregory et al. (July 2012 NATURE) “TNF 

receptor 1 genetic risk mirrors outcome of 
anti-TNF therapy in multiple sclerosis”

– MS risk variant at rs1800693 (one of MS 
GWAS hits) promote TNF-blocking effect

– Consistent effect between GWAS findings and 
empirical experience with a drug



WTCCC2 Oxford

Garrett
Hellenthal

Peter 
Donnelly

Chris
Spencer



Thank you
 245 authors with 140 

affiliations around the world

– MS disease groups 
(including Finland)

– Genotyping at Sanger 
institute

– Replication analyses at 
the Broad institute

 Stephen Sawcer, and 
Alastair Compston, Clinical 
Neuroscience, Cambridge, 
UK 
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– Binary data

– Algorithmic improvement from O(n³) to O(n²)

– Bayesian computation 



  

Summaries of GWAS

● YOUTUBE: “Genome-Wide Association Studies 
- Karen Mohlke (2012)” ~90 minutes

● Paper: Pearson, Manolio (2008) “How to 
Interpret a Genome-wide Association Study?” 
JAMA 299(11):1335-1344
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