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Association Study Approaches

• Candidate Genes:
– Functional

– All Common Variants

• All common variants in genome (GWAs)
• All SNPs in genome

– Expensive



Linkage Disequilibrium

Like shuffling a new 
deck of cards

Direct Association Indirect Association



Affymetrix Array

Genome-wide Association Studies (GWAs)

Altshuler & Clark, Science 2005



Multistage GWAS

Hirschhorn & Daly, Nat Rev Genet 2005



SNPs

S
am

pl
es

Replication-based analysis
SNPs

S
am

pl
es

Stage 1

S
ta

ge
 2

Design: Single-stage

Joint analysis
SNPs

S
am

pl
es

Stage 1

S
ta

ge
 2

Two-Stage Design

Skol et al. 2006 Nat Genet
www.sph.umich.edu/csg/abecasis/CaTS



Control Selection

• Controls should be selected from the cases’
source population.

• I.e., those individuals who, if they were diseased, 
would become cases.

• Many studies using a single set of controls for 
multiple phenotypes.

• This raises a number of issues

– Comparability of cases and controls
– Looking at non-genetic factors
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Genomic Cntrl / Structured Association

• Use population-based design, but incorporate into 
analysis genomic information to adjust for population 
stratification.

• Main approaches:
1. Genomic control: adjust test statistics for outliers 

due to population stratification (Devlin & Roeder, 
1999)

2. Structure: adjust model for information about 
membership within genetically “homogeneous”
sub-populations (Pritchard & Rosenberg 1999).

3. Principal components analysis (Price 2006).



Genomic Control
• For the gene(s) of interest, alter the test statistic(s) 

from case-control comparison:
c2

new = c2/l
where

l = mean(c2
1,…, c2

k)
or

l = median(c2
1,…, c2

k)/0.456
1,…k index the c2 tests for the unlinked markers.

• That is, one decreases the test statistic by a factor 
(l ) that reflects stratification in the population. 



Structured Association

• Probability of population membership among subjects 
estimated from genetic clustering approaches.

• One can incorporate this information into a logistic 
regression model
logit(Pr(disease) | X, W) = aaaa+Xbbbb+Wgggg

where
X = gene of interest
W = prob. of population membership.

Note: W = 0 (crude – ignoring stratification)
W = dummy variable for “ethnicity.”



Principal Components: 
Genetic Matching of Controls

Luca et al.
AJHG 2008



Hyper-controls

• Some advocate selecting controls from 
extreme tails of phenotype distribution.

• For example
– Cases: men with advanced prostate cancer
– Controls: men living to advanced age without 

prostate cancer.

• Can increase power, but issues with 
comperability of cases and controls.
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Who would be good controls?



Who would be good controls?

The McCains



John McCain



Who would be good controls?



The Dunhams



Stanley Ann



Stanley Ann and son Barry



The Dunhams with grandson             
Barack



Who would be good controls?



The Saetoro-Ngs



The Obama and Ng Families 



Admixture Studies

• Recently admixed populations (few 
generations)

• Source populations have different disease 
rates

• Search for chromosomal regions where 
affected individuals have increased 
inheritance from high risk population

• E.g., African-Americans, prostate cancer & 
8q24 region.



Genetic Testing based on
Association Studies!?

Sciona, Boulder CO





Test for Variants in 19 Genes
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“Preventive Health Profile”

Antioxidants - Your Personal Advice
– Diet questionnaire shows low consumption of 

antioxidants.
– Gene test shows that you have a beneficial SNP that 

helps fight oxidative stress.
– But you still need to increase your daily intake of 

antioxidants.

Antioxidants - Putting Advice Into Action
– Increase your consumption of foods rich in: vitamins C, 

A and E, beta carotene and selenium.
– Eat plenty of fruits and vegetables.
– Common foods particularly rich in various antioxidants 

are soy products, tea and garlic, as well as red wine.



• DNA from 9-month-old girl and 48-year-old man.
• 14 fictitious people from two DNA samples.
• At risk for developing cancer, diabetes, heart 

disease…
“This industry represents a fraudulent mutation of that 

(genetics) promise.”
Gordon Smith, Oregon




