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Heritable Diseases
• Rare Diseases (prevalence < 1%)

– Mendelian inheritance
– Examples: Huntington disease, cystic fibrosis

• Common Diseases
– Non-mendelian (“complex”) mode of inheritance. 

Examples: Diabetes, schizophrenia.
– Genetically relevant phenotype often unclear
– Multiple underlying susceptibility genes



Genetic Linkage Analysis
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Aim: Determine recombination
fraction θ between two loci,
where θ < 50% → linkage.
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Linkage Disequilibrium (LD)
Genetic Association 

• Population expands               
→ >1 disease allele, G

• Crossovers → chromosomes 
with G - C alleles

• Motivates case-control studies
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Origin of LD: Idealized Situation!

• Population with small number of founder 
individuals, rapidly expanding → strong LD.

• Most disease genes show multiple mutations 
(alleles), having occurred at different times 
→ strength of LD (measured by D´) reduced.

• LD is the basis for 
association studies.
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Genetic Marker Loci on Human 
Chromosomes

markers disease genes

• Candidate genes: Focus on specific regions
• Unknown locations: Genome-wide screening 

with up to 800 microsatellites, or 100,000s of 
SNP markers.



Measuring the Extent of LD

• Two alleles, one each at two                        
loci on same chromosome (same haplotype).

• Independence: P(AT) = P(A) × P(T)
• Dependence: P(AT) = P(A) × P(T) + D
• D = disequilibrium parameter, min. and max. 

values given by allele frequencies.
• D´ = D/Dmax ranges between 0 and 1.
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Linkage Disequilibrium at
Cystic Fibrosis Locus

Kerem et al (1989) Science 245, 1073
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Association Analysis More Powerful 
Than Linkage Analysis for Weak Loci

Risch & Merikangas (1996) Science 273, 1516
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Case-Control Association Studies

Population controls: Easy to 
collect, efficient yet prone to 
population stratification 
(problems can be overcome).
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Case Control

Family based controls: 
Compare alleles 
transmitted to affected 
child with those not 
transmitted.

versus



Single-Marker Statistics
Most genome screens evaluated on a 
marker-by-marker basis.
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Cases ... ... or ... ... ...
Controls ... ... ... ... ...

Size of χ2 shows significance of association



LD versus Physical Distance
Weiss & Clark (2002) Trends in Genetics 18, 19

Pairs of SNPs:
Mean LD for 48
individuals from
Utah and Sweden
and 96 individuals
from Nigeria. U =
unlinked. Data from
Reich et al. (2001)
Nature 411, 199



LD in South Africa and Finland
Gordon et al. (2000) Genomics 66:87-92 (Afr. data)

Laan & Pääbo (1997) Nat Genet 17:435 (Finnish data)
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on ~90 healthy
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LD Around Alzheimer Disease Gene
Martin et al. (2000) Am J Hum Genet 67, 383

p = 0.05

80kb spacing
~50,000 SNPs



Nat Genet 32, 650-654 (2002)

First genome-wide
screen with large
number (n = 92,788)
of SNPs



Science 308, 358-389   15 Apr 2005

New genome-wide 
screen, n = 116,204
SNPs, strong assoc-
iation of a variant 
and AMD.



Highlights of AMD Study
• Cases (n = 96) and controls (n = 50) carefully 

selected to be extreme
• All of  >100,000 SNPs used
• Most significant SNP is intronic! Significance 

depends on mutational “history”, allele 
frequency, and closeness to functional SNP.

CC     CG GG



Epistatic Interaction

• “Complex traits due to multiple interacting 
genes”

• Most analyses disregard multi-locus nature 
of complex traits

• Real-life examples of epistatic traits? (next 
slide)

• Special analysis methods (tomorrow)



Early Example of Interaction of Two Sites



Digenic Inheritance of Severe 
Insulin Resistance

Savage et al. (2002) Nat Genet 31:379

“... all five family members with severe insulin resistance, and no 
other family members, were compound heterozygous with respect to
two frameshift mutations of these two unlinked genes.”



Multiple Hits ... Digenic Diseases
Ming & Muenke (2002) Am J Hum Genet 71, 1017 (review)



Strong Effects of Single Genes

Alzheimer
disease: Strong
effect of APOE
gene.

Survival curves
for people with
different APOE
genotypes60       65       70      75       80       85  
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“Fish Consumption and the Risk 
of Alzheimer Disease”

Friedland (2003) Arch Neurol 60, 923 (editorial)

• Subjects who eat fish at least once a week 
have a 60% lower risk for developing AD 
than those who consume fish less frequently 
(Morris et al. [2003] Arch Neurol 60, 194).

• Previous studies point in same direction.



The Interheart Study
• Effects of potentially modifiable risk factors associated with myocardial 

infarction (coronary heart disease) in 52 countries (Yusuf et al [2004] 
Lancet 364, 937-952). 12,461 cases; 14,637 controls.



Non-Genetic Risk Factors 
Create Heterogeneity

Ott (2004) Neurology 63, 955 (editorial)

• Cases with low environmental risk factors are 
more likely to be genetic

• Group individuals into more homogeneous 
classes regarding non-genetic risk factors

• Environmental risk factors not generally 
ascertained by geneticists but they should be.



Percentage of Traits Potentially 
Preventable by Life-Style Modifications

Willet (2002) Science 296, 695-698

Low risk definitions include (references quoted):

• BMI < 25 kg/m2

• > 30 min. per day of 
brisk walking

• < 3 alcoholic drinks 
per day

• Nonsmoking
• < 3 servings of red 

meat per week



Genomic Priorities and Public Health
Merikangas & Risch (2003) Science 302, 599-601

• The translation of genomics to human disease 
will most likely involve genetic counseling, 
drug therapy, and gene therapy … most 
effective for rare diseases at the level of the 
individual (e.g., PKU).

• In contrast, public health prevention is most 
effective when applied to common diseases at 
the population level.



Merikangas & Risch (2003):

*

*) malleable = capable of being altered
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