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European Network for Genetic-Epidemiological Studie S
Building a method to dissect complex genetic traits using essential hypertension as a disease model

Relevance to the objectives of the Health Priority:

“Translating research for human health” , in particular, the specific
topic HEALTH-2007-2.1.1-2: "Molecular epidemiological studies in
existing well characterised European (and/or other) po pulation
cohorts" .

HYPERGENES is centered on the objective of “Integrating biological
data and processes: large-scale data gathering” with major focus
"on genomics, population genetics, comparative, struc tural and
functional genomics"
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HYPERGENES

European Network for Genetic-Epidemiological Studie S

Building a method to dissect complex genetic traits

Relevance to the objectives of the Health Priority:

clinical-epidemiological relevance

Why Hypertension ?

genetic component

environmental component

using essential hypertension as a disease model
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HYPERGENES

European Network for Genetic-Epidemiological Studie S

Building a method to dissect complex genetic traits using essential hypertension as a disease model
PROGRESS BEYOND THE STATE OF ART: Cusi
Clinical domain: definition of the phenotype
Prevalence of Hypertension 25-35%

>50% (older 60)

Powerful risk factor for CVD
Causally involved in 70% of strokes
Causally involved in heart failure

Any breakthrough will have far-reaching implication s for millions of people.
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HYPERGENES

European Network for Genetic-Epidemiological Studie S

Building a method to dissect complex genetic traits using essential hypertension as a disease model
PROGRESS BEYOND THE STATE OF ART: Cusi
Interaction with the environment: the_salt saga

“The pulse hardens when eating too much salt”
Huang Ti Nei Ching, 3000 BC

100 mmol/day Na #Jredict 3-6 lower SBP and 3 mmHg low er DBP
INTERSALT study 1988
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Building a method to dissect complex genetic traits

S

using essential hypertension as a disease model

PROGRESS BEYOND THE STATE OF ART:

Interaction with the environment:;

D BP (mmHQ)

15-

-15-

P 12 weeks

the salt saga

Cusi

Miller JZ, et al: J Chronic Dis 1987
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PROGRESS BEYOND THE STATE OF ART: Cusi
Interaction with the environment: the_salt saga

| ' ]

What is “normal or “low” salt diet?
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European Network for Genetic-Epidemiological Studie S
Building a method to dissect complex genetic traits using essential hypertension as a disease model

CONCEPT & OBJECTIVES: Genes & Hypertension cus

% “Eye-fit” quantitative genetics:
= 50% genes - 50% environment
- < 0.18 P LL Cavalli Sforza est. up to 75%
/ gene (considering dominance)
0.26 /1
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Building a method to dissect complex genetic traits using essential hypertension as a disease model

PROGRESS BEYOND THE STATE OF ART:

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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PROGRESS BEYOND THE STATE OF ART: Cusi
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PROGRESS BEYOND THE STATE OF ART: Cusi

Will this affect the final phenotype (BP or TOD) ?

It depends! - Redundancy of the system

How many can we find ?

Who knows !
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PROGRESS BEYOND THE STATE OF ART: Cusi

with additive or interactive effect
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Building a method to dissect complex genetic traits using essential hypertension as a disease model

CONCEPT & OBJECTIVES: Cusi

Find genes responsible for EH and TOD, using awhol e genome
association/entropy-based approach

Develop an integrated disease model, taking the env  ironment into account,
using an advanced bioinformatics approach

Test the predictive ability of the model to identif y individuals at risk.
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Building a method to dissect complex genetic traits using essential hypertension as a disease model

CONCEPT & OBJECTIVES: Cusi

Find genes responsible for EH and TOD, using awhol e genome

as specifically required by the call,

f genes involved in the
o detect the

U

in order to be able, not only to identify a panehg
pathogenesis of hypertension, but also to be able
complexity of gene-environment interaction.

11 Clinical Units
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Building a method to dissect complex genetic traits using essential hypertension as a disease model

CONCEPT & OBJECTIVES: Cusi

Being HYPERTENSION the prototype of a common-complex disorder , the
outcome of HYPERGENES will also provide a paradigm  for disentangling of
complex diseases.

Designing a comprehensive genetic epidemiological m odel of complex traits
will also help us to translate genetic findings int o improved diagnostic
accuracy and new strategies for early detection, pr  evention and eventually
personalised treatment of a complex trait. Needless to say, the ultimate g  oal
will be to promote the quality of life of EU popula  tions.
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HYPERGENES

European Network for Genetic-Epidemiological Studie S

Building a method to dissect complex genetic traits using essential hypertension as a disease model
CONCEPT & OBJECTIVES: Cusi
research activities areas: predicted outcomes in the fields of:
population genetics, prevention,

molecular epidemiology, early clinical diagnosis and treatment,
clinical sciences,

bioinformatics, increased knowledge about the

health information technology aetiology of EH and TOD.

TR (Ui detommressar



ST Methodology and strategy
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[...] HYPERGENES aims at disentangling the compleregie mechanisms that lead
to EH and EH related TOD, integrating a large amadfimualitative and quantitative
data collected in large cohorts that have beeruitedr in collaborative studies over
the years. Genetic and environmental data will auwaly allow building different
disease models of EH ad TOD |[....]

[...] the overall objectives of HYPERGENES are:

* to assemble a European EH genetic epidemiolodyftase

* to validate an original methodology for analysigienetics of complex diseases

* to deliver a validated bioinformatics infrastruetdor the study of complex diseases

* to develop machine-learning methods supporting\t@dge investigation to
understand the pathogenesis of complex traits.



HYPERGENES



On already existing EU cohorts

W

o o

Discover. GWAS on 4,000 CA & CO

Confirm SNPs (-> genes ..)in 8/ 12,000 CA & CO
Make sense of findings:

* “meaning of genes” -> system biology

* (re)build mol/bioch pathways

Integrate the information:

 Modeling GXE

e Correlation of dimensions

Build an etiological model of disease

Develop a molecular diagnostic tool



1)
2)
3)

4)

o)

6)

To identify the common genetic variants relevant for EH and TOD.
To design and implement appropriate computational tools.
To develop a comprehensive Biomedical Information Infrastructure (BII).

To create a “Web-Based Portal” to allow access to the BIl in order to
allow dissemination of knowledge.

To develop new methods, protocols and standardsf  or genomic
association analysis, gene annotation and molecular pathways.

To develop a set of Decision Support Systems tool s combining genetic,
clinical and environmental information.



7)

8)

9)

10)

11)

To develop a simple, inexpensive genetic diagnost  ic chip, that can be
validated in our existing well-characterized cohort S.

To strengthen the existing clinician-basic scient ist collaborative
network on the genetic mechanisms of EH.

To generate educational tools to support professi onal training on all
aspects of the project, favoring mobility of PhD st udents and post-docs.

To disseminate HYPERGENES achievements through s  cientific
meetings, teaching in tutorial sessions, publicatio n in high-impact
scientific journals etc.

To exploit the results in a traslational scenari 0






GENETICS

ENVIRONMENT




Many reported associations

Linkage studies inconclusive _ _
but little consistency, e.g. DTNBP1

Meta-analysis of 32 linkage studies in

SCZ (3200 pedigrees, 7500 affecteds). Mutsuddi, ..., Daly, Scolnick, Sklar

_ _ AJHG 2006
Lewis, Ng, and Levinson, October 2007



Where to put
the light?

%



%0 &()

\re

Eight to ten moderate-sized pedigrees &

sufficient to perform definitive mapping ..

...affected sib-pair method will require 25 pairs...




25000-30000 ?7?7?7?7?
genes genes




~ 1M + SNPs

4 N
AAAC CT GGTT CT..

AG AC CCGGAT TT ..
AA AC CCGGAA CT..
GG AA CT AG AT TT ..
AG AC CCGGAA CT ..
AA CC CCGGAT CC..

~1000s individuals
AL

*+9% , %+ -

Single Nucleotide Polymorphisms



Strategy : Comparing affected and not
affected individuals

Affected Individuals (CASES) Not affected Individual s (CONTROLS)

Comparing the SNP script of the 2 populations
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Chromosomes
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QTs Increase power and reduce
needed sample sizes

OR 1.3; MAF .2; QT 10%



$ % A+

How to analyze datasets with 1 million SNPs?
How to analyze datasets with 1 million GLMs?

Dimensionality: The problem of false positives
and false negatives

Permutation Testing to correct for false
positives



% . 1!

Unit of analysis is now a gene, not an allelic variant

— aggregate multiple, semi-independent single variant
effects

Various methods, probably similar
— Sum statistics, combing chi-squares
— Truncated rank product, combing p-values

— Rank-based approaches, cf. gene-set enrichment
analysis

— Data-mining approaches to multivariate data
Important to correct for LD and gene size

Increased susceptibility to stratification & confounding
a concern



2 ,

Genotype Risk of disease
AA 0.001
AG 0.001
GG 0.95

Disease prevalence ~1 in 1000

Individuals with GG are ~1000 times more likely to get disease

Frequency of G in controls ~ 5%
Frequency of G In cases ~ 96%




$ ,

Genotype Risk of disease
AA 0.01
AG 0.012
GG 0.0144

Disease prevalence ~1 in 100

Each extra G allele increases risk by ~1.2 times

Frequency of G in controls ~ 5%
Frequency of G in cases ~ 6%




1345#46% 7 67 + 28

4
Gene selection Criteria
()
°* * Association
SR e Tissue
() () . .
. AL G localization
o) o) -
. o . o e Literature
e Others
Interaction identification Criteria
e Genetic interaction
* Physical interaction
e Literature
e Others
Cluster identification Criteria
e Superposition of
interactions
9 \/ e Clustering of
selected genes
e QOverall score




HYPERGENES

European Network for Genetic-Epidemiological Studie S

Building a method to dissect complex genetic traits using essential hypertension as a disease model

CONCEPT & OBJECTIVES:

Find genes responsible for EH and TOD, using awhol e genome

f genes involved in the
nathoaene nf hvnertension _but alsa to be ahle 0 detect the

complexity of gene-environment interaction.

11 Clinical Units

P8 (Imperial)
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« Benefit of increasing sample size beats the cost
of ingreasing testing burden

Proportional increase in sample size

for same power (80%)

10

—&—2a=0.05
—&—3=0.01

Proportional increase in sample size
required to maintain 80% power after
conservative Bonferroni correction

100

10000 1000000 100000000 1E+10 1E+12 1E+14

Number of tests (log scale)



$

 |f data exist, usually more powerful to analyse
jointly, versus splitting samples to achieve
“replication”

— Power calculations “Discovery”

1 - 77 1 '5
for a “typical 1000/1000 ©
common variant “Replication” Lo

— 1.2-fold risk variant}_1909/1000
0 Power to detect le-5x1e-2
— 40% MAF and replicate =le-7

Combined analysis le-7




* Note, for a single gene,

1.0

this level of power (10%) is
poor

e But given >1 gene, power
to detect at least 1 rises

— 1.e. heritable, polygenic
disease

0.6
o

Probability of detecting at least 1
04
(]
(]

0.0

| | |
5 10 15

e A study that finds only 1 or
2 new genes of many, still
probably a big success...

Number of (independent) effects



Observed (-logP)

/!

The “million-dollar plot”

Expected (-logP)

Captures
78.7% of
common
variation

( MAF>=5%,
Including
multimarker tests
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Pre-determined genome-wide threshold
— 1x10% (Risch and Merikangas)
— 5x108 (HapMap, equivalent to 1 million independent tests)

Pre-determined number of SNPs for follow-up
— e.g. fixed by replication study genotyping platform

Various statistical corrections for actual number of (independent) tests,
or alternate metrics

— Bonferroni correction

» not actually that bad, as any one test is uncorrelated with vast majority of other
tests

— Permutation

— False discovery rate

— False positive report probability
— Bayes factor

Incorporation of prior information

— From other studies (WGAS, linkage, candidate genes, expression,
functional)

— From sequence annotation (conserved/genic regions, enhancers,
regulators, etc)



5 % T+

* Problem of false positives:

— Correction for number tests e.g. Bonferroni
 Number of SNPs e.g. 100K or 500K
 Numbers of genes ~26,000
» Brain expressed genes ~15,000

— Permutation test on SNP
— Confirmation in an independent sample

— Biological Plausibility & Implications cannot be avoided
regardless of N



