Neurogenetics: new technologies to
understand genetic risk
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Feasibility of identifying genetic variants by risk allele
frequency and strength of genetic effect (odds ratio).
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Recombination events in F23 localize the disease
locus to a region between S1 and S17 that includes
the APP gene
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/Mb duplication of locus around APP

APP locus duplication causes
autosomal dominant early-onset
Alzheimer disease with cerebral
amyloid angiopathy
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Two consanguineous families with parkinsonism-dystonia
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ldentification of a locus for Parkinsonism-Dystonia
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Characterization of PLA2G6 as a Locus for
Dystonia-Parkinsonism

Coro Paisan-Ruiz,"* Kailash P. Bharia,” Abi Li,” Dena Hernandez,' Mary Davis,” Nick W. Wood,”
John I—I-a.d'ci:s,',l“E Henry Houlden,” Andrew 5inglemn,l and Susanne A. Schneider’

Background: Although many recessive loci causing parkinsonism dystonia have been identified, these do not explain all cases of
the disorder.

Methods: We used homozygosity mapping and mutational analysis in three individuals from two unrelated families who pre-
sented with adult-onset levodopa-responsive dystonia-parkinsonism, pyramidal signs and cognitive/psychiatric features, and ce-
rebral and cerebellar atrophy on magnetic resonance imaging but absent iron in the basal ganglia.

Results: We identified areas of homozygosity on chromosome 22 and, subsequently, PLA2G6 mutations.

Interpretation: PLA2G6 murations are associated with infantile neuroaxonal dystrophy and have been reported previously to
have early cerebellar signs, and the syndrome was classified as neurodegeneration with brain iron accumulation (type 2). Our
cases have neither of these previously pathognomic features. Thus, mutations in PLA2G6 should additionally be considered in

patients with adult-onset dystonia-parkinsonism even with absent iron on brain imaging.

Ann Neurol 2008:63:000-000
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Feasibility of identifying genetic variants by risk allele
frequency and strength of genetic effect (odds ratio).
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Recent whole genome studies identify innate
IgauUNe system

Genome-wide association study identifies variants at
CLU and PICALM associated with Alzheimer’s disease
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Genome-wide association study identifies variants at CLU
and CR1 associated with Alzheimer's disease
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IGAP Alzheimer analysis (Iin press)
~30,000 cases and ~44,000 controls
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Genome Wide Association Studies

IGAP study has 30,000 cases and 44,000 controls and
has identified ~20 loci

What are the limitations of further increases?

1. Exhaustion: law of diminishing returns: OR of
first hits were ~1.15... OR of last ~1.08

2. Populations stratification: as we move Iinto
more and more genetic variability between
new populations becomes a risk

3. Contaminating diagnoses (vascular dementia,
FTD)
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Genetic Evidence Implicates the Immune System and
Cholesterol Metabolism in the Aetiology of Alzheimer’s
Disease
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In most recent analysis, protein degradation-
ubiquitination also comes up
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Exome Sequencing of thousands of cases
and thousands of controls

* Do burden analysis to find genes

Do cases have significantly more mutations than
controls?
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Seqguencing to find high risk rare variants

More useful to cell biologists
e Rare.....so many will be need to be sequenced

Many will be loss of function (TREM2/NasHak/AD,
GBA/Gaucher/PD). Analysis by burden test.

US Government sequencing 10,000 AD cases.
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NEW ENGLAND JOURNAL FMEDICINE

r HNEW ENGLAND JOUENAL of MEDICINE
ORIGINAL ARTICLE
DRIGINAL ARTICLE
Variant of TREM2 Associated with the Risk
TREM2 Variants in Alzheimer’s Disease of Alzheimer’s Disease

Article abstract—Progreseive presenile dementin with lipamembranesus polyoystic astecdysplanin was firnt descrihesd
by Jurvi and Hukela in an isoloted regaon of Finland. We report, the sooarrenee of this disorder in 4 of 10 siblings
In an American family of Crechoslovakian ancestry. Characteristies of the disease include multiple bone cysts
with pathelogic fractures, progressive dementia with seioores aml aboormal EEG, caloification of basal ganglia,
and dearh in the fourth (o sixth decades. Autosomal-recessive inheritance 13 Lkely. Electronmicroscopy of Fat cells
reveals peculiar membrane convolutions, Limited neuropathologic material has shown gliosia and demyelination
all white moller, senile plogues, and searofibrillary tanghes. Leakemia and o disorder ol intestinal motility may
be pssociated findings. Prevalence of the disorder is unknown, partly beeawse it may be confused with Alrheimer
dizease and fibrous dysplasia of bone. Radiegraphs of hands and feet should be part of the evaluation of patients
with uncxplained presenile dementia

NEURDLAK:Y (NYh 188338216

Lipomembranous polycystic
osteodysplasia (brain, bone,
and fat disease):

A genetic cause of
presenile dementia

Thomas D. Bird. M.D., Richard M. Keerker, ML.D.,, Ph.D., Brenda J. Leaird, PLA.,
Brien W, Vieek, M.D., and David R, Thorning, M.D,
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....In general, loci which are mendelian hits
are aISO GWAS hite anA ~an alen hno

seguencing hits

Human Molecular Genetics, 2011, Vol. 20, Review Issue 2 RI58-R162
doi: 10.1093/hmg/ddr338
Advance Access published on August 29, 2011

A generalizable hypothesis for the genetic
architecture of disease: pleomorphic risk loci

Andrew Singleton' and John Hardy?*

Laboratory of Neurogenetics, National Institute on Aging, National Institutes of Health, Bethesda, MD, USA and
“Department of Molecular Neuroscience and Reta Lilla Weston Laboratories, Institute of Neurology, London, UK

Received June 6, 2011; Revised and Accepted August 10, 2011

The dominant and sometimes competing theories for the aetiology of complex human disease have been the
common disease, common variant (CDCV) hypothesis, and the multiple rare variant (MRV) hypothesis. With
the advent of genome wide association studies and of second-generation sequencing, we are fortunate in
being able to test these ideas. The results to date suggest that these hypotheses are not mutually exclusive.
Further, initial evidence suggests that both MRV and CDCV can be true at the same loci, and that other dis-
ease-related genetic mechanisms also exist at some of these loci. We propose calling these, pleomorphic risk
loci, and discuss here how such loci not only offer understanding of the genetic basis of disease, but also
provide mechanistic biological insight into disease processes.

RISk Is predictable..

Duplications lead to disease?: upregulation
oredisposes to disease.

Deletion predisposes to disease?:. downregulation

weakly predisposes to disease.
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Parkinson’s Genome Wide Association Study

PD-code meta-analysis 01.13.2009, lambda =1.035441
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So.. when will it be over?

* For diagnostic predictions, the incremental
Improvements are slight but may be interesting

* For pathways, the combination of sequencing,
GWASs, network analyses and eQTL studies are
going to delineate pathways at high resolution and
(hopefully) guide cell biology increasingly over the
next 5 years.
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In summary...

Find mendelian genes by positional
cloning/sequencing

Find high frequency low effect size hits by GWAS

Find moderate frequency medium hits by exome
sequencing

Aid these processes by bioinformatic anaysis to
dig into subsignificant hits (co-expression and GO
analysis)

Investigate whether rarer variants at GWAs hits
have higher effects.
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What will be left to do?

 Gene X gene Iinteractions... needs colossal
numbers unless it can de guided by biological
Insight

e Gene X environment interactions... very
difficult....
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