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Whenever a mutation has a single 
origin it can be identified through its 

association with nearby markers

linkage disequilibrium (LD mapping)



LD mapping is not just for isolated 
populations anymore !



Genetics is pointing the way to personalized 
medicine…

the practice of medicine that embraces human 
genetic individuality

The HapMap Project is essential to defining this 
individuality including that for disease 

susceptibility and drug response



The first demonstration 
of world-wide differences 
in human A, B & O allele 
frequencies (1919)



Br J Exp Path 
2: 66-69 (1921)

The first use of 
A, B & O allele 
frequencies in a 
case-control 
association study !



World-wide distribution of the IB (ABO) allele



Br Med J
2: 315-321 (1954)

The first replicated 
A,B & O
association study

Mechanism:ABO blood 
group binding adhesin
BabA in H. pylori



Common Gene Variation in Complex Disease

Phenotype
Peptic ulcer
IDDM*
Alzheimer dementia
Deep venous thrombosis
Falciparum malaria*
AIDS*
Colorectal cancer
NIDDM

Gene
ABO
HLA
APOE
F5
HBBE
CCR5
APC
PPARγ

Variant
B
DR3,4
E4
Leiden
βS

∆32
3920A
12A

• Case-control studies, comparing the frequencies of common gene 
variants can identify susceptibility and protective alleles

• Some have multiple identified genes (*)



Positional Cloning of the CF Gene (1987-1989)
The entry of population genetics into the world of the 

molecular geneticist

• In the mid 1980’s the conventional wisdom was that chromosomal 
aberrations were needed to clone genes for mendelian defects

• CF is a common mendelian disorder with heterozygote advantage

• There is likely one major common (2%) mutation arisen recently

• Linkage disequilibrium between this mutation and nearby markers 
is expected on mutant chromosomes



Genomic Sequencing ProgressCFTR cloning 
assisted by LD 
Mapping

∆∆∆∆F508 ~ 70% of all 
mutants

∆∆∆∆F508 modifies
the pancreatic 
sufficiency 
phenotype





Haplotype Map of the Human 
Genome

Goals:

• Define patterns of genetic variation across human genome
• Guide selection of SNPs efficiently to “tag” common variants
• Public release of all data (assays, genotypes)

Phase I:      1.3 M markers in 269 people
Phase II:  +2.8 M markers in 270 people
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George Bernard Shaw, Preface, 
The Doctors Dilemma (1906)

There is much more exciting but 
hard work ahead: Proving Causality 

from Association


