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Candidate gene assoc.

SNP validation
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Partial genome screening (x100 SNP)

Genome-wide assoc, <2.5million SNPs, x1000 samples

Full genome sequencing

Variables

Exome sequencing (~30Mb, 1% data, 10% cost)
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Variables (observations, interventions)

….frequently biomedical data is incomplete, but genotyping/sequencing is “digital”(???).
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SNPstream vs TaqMan
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TaqMan AA

TaqMan AG

TaqMan GG

Genotyping: 0, 1 2

…. biomedical data is always uncertain (probabilistic).













Genome-wide associations studies 
06/2010: 779 studies, p<5x10-8 148 markers
12/2010: 1212 studies, p<5x10-8 210 markers
06/2011: 1449 studies at p�5x10-8 for 237 traits 

NHGRI GWA Catalog
www.genome.gov/GWAStudies
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Genetic factors
• Broader scale
• Aggregation: functional, pathway

Omic
• Cost
• Quality
• Broader

Modeling
• Multivariate
• Systems biology

�;

Environment – life style
• Standardization

Phenotypes
• Refinenment
• Standardization

• Systems biology
• Model averaging
• Fusion
• Causation
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Mutation

Onset
Therapic value

SNP-B (“causal”) SNP-A (measured)

Symptoms
Stress

Disease

Objective (real/causal) 
diagnostic value?

Symptoms

Diagnostic value

Therapic value
(e.g. Drug target)

Disease
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Causal models:

X causes Y Y causes X
There is a common cause 
(pure confounding)

Causal effect of Y on X
is confounded by many 
factors
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X YMP={D(X;Y)} 

P(X,Y) 

From passive observations:

„X and Y are associated”
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Genomwide and allelic pedigrees.
Balding, 2010: Allowing for population structure and cryptic relatedness in GAS
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Outcome

Spurious association with the disease

Controlling variables
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SNP

Disease

? �����,(� � ¬¬¬¬�

� C�� C�� C��

� C�� C�� C��

SNP

Disease
� C�� C�� C��

� C(� C(� C(�

Number of alleles („high risk” allele is A): aa=0,aA=1, AA=2
Allele frequency: p(A| ¬D) vs. p(A| D)
Hardy-Weinberg equilibriums for p(G| D).
Disease frequencies: p(D|G=0) vs. p(D|G=1) vs. p(D|G=2)
Recessive model: p(D|G=0) vs. p(D|G=1 or G=2)
Dominant model: p(D|G=0 or G=1) vs. p(D|G=2)
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SNP-B (“causal”)

Disease

SNP-A (measured)

Estimation errors

),0A|1(Dˆ NDp ==

)0A|1(D ==p

),2A|1(Dˆ NDp ==

)2A|1(D ==p

Estimated difference

Real difference

Estimation error because of finite data DN: 

Inequalities for finite(!) data (� accuracy,� confidence)
sample complexity: N

�,�

)0A|1(D-),0A|1(Dˆ ==== pDp N

δε δεδε
<=−=< ) |A)|1(D),A|1(Dˆ|:( ,,

pDpDp NN
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File|Open|Linkage Data: http://home.mit.bme.hu/~antal/AIT/asthma.ped
Options: Do association test, Case/Control
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