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Dissecting the genetic architecture of disease

• We have two aims: 

– 1) to develop statistical risk profiles for disease 
based on genetics

• It is worth noting that, almost by definition, prediction 
can never be better than identical twins.

– 2) to understand the pathways to pathogenesis

• As we find risk genes, and map these to pathways, we 
will should be able to find other risk genes, out of those 
which do not quite achieve Bonnferroni significance



TA Manolio et al. Nature 461, 747-753 (2009) doi:10.1038/nature08494

Feasibility of identifying genetic variants by risk allele 

frequency and strength of genetic effect (odds ratio).



Processes

• Epilepsies Ionic balance

• MS Immune response

• CMT Myelin integrity and 
axon interaction

• Ataxia Ca homeostasis

• MND RNA processing

• HSP Endosomal 
processing



ALZHEIMER’S DISEASE

Mendelian Disease and GWAS (no exome
data yet)



Recombination events in F23 localize the disease 

locus to a region between S1 and S17 that includes 

the APP gene



C/T mutation in exon 17 of APP in affected individual from F23 

causes a Valine to Isoleucine substitution at codon 717



“It’s marvellous. In 

future it may be 

possible to prevent the 

disorder

happening. While it will 

not help me. I hope it 

will help my children”

Carol Jennings, The 

Times, February 16th, 

1991



7Mb duplication of locus around APP



Presenilin with APP in the Active Site
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Before Alzheimer GWAS

• Only APOE (identified as an Aβ binding protein 
by Strittmatter and Roses in 1994)

• Would other APP/Aβ metabolising proteins be 
found?



Alzheimer 2009-2011, 6000 cases



Risk Loci for Alzheimer’s disease (~6,000 samples)

• Apolipoprotein E (~4) OR~4 cholesterol metabolism: coding and 
expression

• CLU (~1.2) OR~1.4 cholesterol metabolism: complement 
cascade: not coding, not simple 
expression

• PICALM (~1.1) (???) OR~1.4 endosomal vesicle recycling?: not 
coding

• ABCA7 (~1.1) OR~1.3 cholesterol metabolism: not known but 
Gly1527Ala is possible

• CR1 (~1.2) OR~1.4 complement cascade: very 
complicated: probably sequence and 
expression

• BIN1 (~1.1) OR~1.2 endosomal vesicle recycling?: not 
coding

• MS4A (~1.1) OR~1.2 (cell surface protein): not coding
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PARKINSON’S DISEASE

Mendelian Disease and GWAS (no 

exome data yet)

Glucosecerebrosidase (GBA) as an 

example of a high risk rare variant



Mendelian Parkinson’s Loci: one process or more?

LOCUS1 Inheritance Onset Protein Path

PARK-1/4 AD ~45 SNCA LB

PARK-2 AR 7-60 PKRN None

PARK-6 AR 36-60 PINK-1
? one case with 

LB

PARK-7 AR 27-40 DJ-1 ?

PARK-8 AD 45-57 LRRK2 Usually LB

PARK-9 AR Teens ATP13A2 ?

PARK-14 AR Teens PLA2G6 LB

PARK-15 AR Teens FBXO7 ?

PARK-17 AD 50-70 VPS35 ?



All one pathway?



Mitochondrial

Damage (Δm)

PINK1

Fbxo7

Parkin

Mitofusin

Ubiquitin

Fbxo7 and Parkin interact to mediate Parkin recruitment to 

mitochondria, Mfn ubiquitination and subsequent mitophagy 

Adapted from Pallanck L J J Cell Biol 2010; 191:1225-



One pathway to parkinsonism

• Involves PINK1, PKRN, FBXO7 (DJ-1?)

• The mutations hamper the removal of damaged 

mitochondria

• In fly, muscle is susceptible, in humans, the nigra 

(perhaps DA metabolism is damaging?)

• Is this relevant to idiopathic PD?



Parkinson’s Genome Wide Association Study



PD GWAs



Building a brain expression database

• UCL collection (Edinburgh and Sun Health) 140 

brains X 10 brain regions

• NIH (Singleton/Cookson) collection (Maryland and 

other brain banks) 300 X 4 brain regions

• All genotyped on Illumina arrays.  All have 

expression on Illumina arrays.  UCL has 

expression on Affy exon arrays
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Dissecting the genetic architecture of 

disease

• We have two aims: 

– 1) to develop statistical risk profiles for disease based 

on genetics

• It is worth noting that, almost by definition, prediction can never 

be better than identical twins.

– 2) to understand the pathways to pathogenesis

• As we find risk genes, and map these to pathways, we will 

should be able to find other risk genes, out of those which do 

not quite achieve Bonnferroni significance



Understanding the pathways to 

pathogenesis

• Much progress…  many pathways identified

• No interventions to lay at the door of genetics

– (pharmacogenetics)

• MUCH WORK NEEDS TO BE DONE



Developing statistical risk profiles for 

disease based on genetics

• For mendelian disease, clearly we have been 

successful

• Even for sporadic disease, we have come a long 

way…   ~30%-~40% of risk for PD and AD

• But

• We have not been as successful in making this 

clinically useful as we might…  preimplantation 

diagnosis…   early diagnosis and intervention.

• COULD DO BETTER!


