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Què podem esperar dels estudis de 
genètica de malalties complexes i de la 

seva aplicació en psiquaitria?
Jaume Bertranpetit 

Universitat Pompeu FabraUniversitat Pompeu Fabra
Barcelona

The revolution in the Life Sciences

Living organisms may be viewed as 
the only part of the natural world 
whose members contain internal 
description of themselves.
This is why the whole biology must 
be rooted in the DNA, and our task is 
still to discover how these DNA 
sequences arose in evolution andsequences arose in evolution and 
how they are interpreted in to build 
the diversity of the living world, 
including disease.

Sydney Brenner, dec 2012, Science
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GENOTYPE
VARIATION

Linking genomic and phenotypic variation

PHENOTYPE

VARIATION
Genetic Epidemiology,
Statistical Genomics,

Systems Biology...

PHENOTYPE 
(Disease)

VARIATION

Sequence

• Single base-pair changes – point mutations (SNPs, Single 
Nucleotide Polymorphisms: 3Mb diff between any two genomes)

Forms of genomic variation

• Small insertions/deletions

• Variable number of tandem repeats (microsatellite, 
minisatellite

• Mobile elements—retroelement insertions (300bp -10 kb in size)

• Large-scale genomic variation (>10 kb)

L l D l i d A lifi i

Cytogenetics

– Large-scale Deletions and Amplifications

– Segmental Duplications / Copy Number Variation (CNVs, Up 
to 15Mb diff. between any two genomes)

• Chromosomal variation—translocations, inversions, fusions. 
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SNPs in the Human Genome
• Normally biallelic (two variants)

• Allelic frequencies present differences between 

Forms of genomic variation

populations.

• Non human specific

• Phenotypic effect: normally without effect

P bli d t b f SNP ( ill i th• Public databases for SNPs (you will see in other 
lessons)

http://www.nhgri.nih.gov,  http://www.snp.cshl.org

- High prevalence

Complex diseases

Disease

-Cardiopathy
-Reumatoid Arthritis
-Aunoimmune disease
-Psichiatic diseases 
-Cancer

- Relevant genetic component 
- No simple mendelian inheritance pattern
- Several genes with small contrintion (susceptibility)
- Multiple alleles interacting among themselves and with 

the environment. 
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Statistical genetic methods for disease gene identificationStatistical genetic methods for disease gene identification

Genes + Environment

Manolio, el al. J. Clin. Invest. (2008) 118:590-1605 

Enfermedades monogénicas Enfermedades complejas

Heritability is the proportion of 

Heritability

Phenotypic Variance that is 
accounted for by Genomic 

variance

h2= VA/VPh VA/VP
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Heritability is usually misinterpreted

Heritability

h2 = 1 VA/VP = 1

h2 = 0 VA/VP = 0

Monozygotic (MZ) or identical twins:

Heritability estimations:
Twin classification

Heritability

Monozygotic (MZ) or identical twins:
Share 100% of their genes and 100% 
of E (assumed)

Dizygotic (DZ) or fraternal twins:
Share 50 % of their genes 100% of 
environment (assumed)

Twins

•Prevalence: 1/80 births approx.
•1/3 MZ
•1/3 same sex fraternal
•1/3 opposite sex fraternal
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Unlikely to exist

Statistical genetic methods for disease gene identificationStatistical genetic methods for disease gene identification

Ef
fe

ct
Ef

fe
ct Linkage analysis

Association studies

Very difficult

FrequencyFrequency
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Linkage studies

Fishing associations with genetic markers

Linkage analysis works best with relatively
rare, highly-heritable, well-defined phenotypes

... that is, Mendelian traits

Association studies

Fishing associations with genetic markers

Odds Ratio: 3.6
95% CI = 1.3 to 10.4
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1. Sample collection

2. Marker selection

Association Studies Design Steps

3. Genotyping

4. Quality control

5. Analysis

6. Follow up

1. Sample collection

2. Marker selection

Association Studies Design Steps – Sample Collection

3. Genotyping

4. Quality control

5. Analysis

6. Follow up
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CONTROLS:CONTROLS:CASES:CASES:
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Association Studies Design Steps – Sample Collection
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The most popular design for studying genetic association between a disease and a 
marker is to compare a set of cases with a set of controls (case-control design) collected 
from the same population. It is important to collect data on exposure to potential non-
genetic (environmental) risk factors

Population structure in genetic association studies

Association Studies Design Steps – Sample Collection
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Association Studies Design Steps – Sample Collection

BUT
In general populations there is a big problem with heterogeneity:

• Ambiguous phenotypes
• Multiple target genes in a functional unit
• Multiple target sites in a gene
• Multiple alleles in a site (recurrent mutations)

BUT

Solutions:
• Phenotype stringency
• Extreme phenotypes
• Big numbers

More benefits from HapMap and related projects

Association Studies Design Steps – Sample Collection

Population structure 
within Europe.

November et al Nature 456, 98-101 (6 November 2008)
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A posteriori control of stratification (brute force!!)

The WTCCC case: non-fitting subjects just removed

1. Sample collection

2. Marker selection

Association Studies Design Steps – Marker selection

3. Genotyping

4. Quality control

5. Analysis

6. Follow up
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Different genotyping strategies are available…
The Hapmap Project allows proper WGASs

The HapMap Project

• Candidate Gene 
Approach. You select TestTest TestTest

tag-SNPs from a set of 
genes or regions of 
interest.

• Whole Genome Scans.
You use an pre-designed, 
commercial array Up to

DNA 1DNA 1 DNA 2DNA 2

commercial array. Up to 
more than 2.5 million 
SNPs.

1. Sample collection

2. Marker selection

Association Studies Design Steps – Genotyping

3. Genotyping -sequencing

4. Quality control

5. Analysis

6. Follow up
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Different genotyping technologies are available…

The Hapmap Project allows proper WGASs

The HapMap Project

GATTTAGATCGCGATAGAG
GATTTAGATCTCGATAGAG

Association Studies Design Steps – Genotyping

GATTTAGATCTCGATAGAG
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Enrichment

Whole genome / exome shotgun sequencing
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Genotyping Arrays

Technology moves fast….

1. Sample collection

2. Marker selection

Association Studies Design Steps – Quality control

3. Genotyping

4. Quality control

5. Analysis

6. Follow up
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Association Studies Design Steps – Quality control

Once we have our genotypes we have to clean our data from possible errors that could 
lead us to false positives or to losing power:

• technical genotyping errors
• cnv, segmental duplications interactionscnv, segmental duplications interactions
• sample contaminations
• sample degradations
• populations structure 

¿How to detect genotyping errors?

Mendelian errors - Replicates
For Pedigree data

Mendelian errors  Replicates
Controls
X chromosome
Hardy-Weinberg

1. Sample collection

2. Marker selection

Association Studies Design Steps – Analysis

3. Genotyping

4. Quality control

5. Analysis

6. Follow up
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Contingency Table:

Yes No
Risk factor

d ith th di

Association Studies Design Steps – Analysis

Yes No

Cases n11 n12 n1.

Controls      n21 n22 n2.

n.1             n.2             n..

n11= exposed with the disease
n21= exposed without the disease
n12= not exposed with the disease
n22= not exposed without the disease

n1.= total number with disease
n2.= total number without disease

n1.= total number of exposed
n.1.= total number of non-exposed

1
2 =  (O-E)2

E

Test of independence:

Statistic used to test for the  
significance of any differences

The association strength between a marker and the disease status is usually 
measured by odd-ratio (OR)

Yes     No

Risk factor
Odds-ratio (OR) =          

n11 * n22

n21* n12

Association Studies Design Steps – Analysis

OR=1
OR>1
OR<1

No difference in risk of exposed 
Increased risk of exposed to the risk factor
Lower risk (“protective”) of exposed to the risk factor

 The 95% confidence interval (CI) of OR contains both information on “strength”

Cases n11 n12 n1.

Controls      n21 n22 n2.

n.1           n.2       n..

21  12

 The 95% confidence interval (CI) of OR contains both information on strength  
and “significance”

 When the sample size is increased, typically the p-value can become even more 
significant, whereas OR usually stays the same (but 95% CI of OR becomes 
more narrow).
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Association Studies Design Steps – Analysis

1. Sample collection

2. Marker selection

Association Studies Design Steps – Follow up

3. Genotyping

4. Quality control

5. Analysis

6. Follow up



20

Association Studies Design Steps – Follow up

Association Studies Design Steps – Follow up

We have found an interesting association of some of our SNPs.  What 
else should be done?

• Functional characterization. Looking around the place if there are 
genes microRNA’s CNV’s etc (remember that SNPs are nothinggenes, microRNAs, CNV s etc... (remember that SNPs are nothing 
more than markers)

• High density genotyping

• Resequencing

• Expression studies

• Replication (without replication there is no publication)
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WTCCC

The Wellcome Trust Case Control Consortium (WTCCC) is a UK wide 
collaboration of over 50 research groups (clinical, experimental and 

analytical) aiming for a better understanding of common human 
diseases.

A combined genome wide association (GWA) study of 7 common g ( ) y
diseases with British samples. 2,000 cases from each of seven diseases:

bipolar disorder (BD)
coronary artery disease (CAD)
Crohn’s disease (CD)
hypertension (HT)
rheumatoid arthritis (RA)
type 1 diabetes (T1D)
type 2 diabetes (T2D)
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Published Genome-Wide Associations through 07/2012
Published GWA at p≤5X10-8 for 18 trait categories. End 2012

Published GWA at p≤5X10-8 for 18 trait categories. End 2012. 
Filtered for schizophrenia. 13 hits
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Published GWA Reports, 2005 – 6/2012
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GWAS diagram July 2012, SNP-trait associations 
with p-value ≤ 1×10-11, PNG (left) and p-value ≤ 
1×10-5 (right)
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In spite of the great success….
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In spite of the great success….

In spite of the great success….
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In spite of the great success….

A good idea to check this review

52
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A metanalysis on heigh

Metananalysis of human heigh.... From 1.9k to 19k...
And nothing until 18k individuals!!! 

And not what we expected!!!

But GWAS are not free of problems
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Issues generating false associations:
Population stratification

– Need to be careful.

Multiple Comparisons

– Need smarter ways of analyzing data.

Rare variantsRare variants

– Need to get more data…

Allelic heterogeneity

– When multiple disease variants exist at the same gene, a single marker may not 
capture them well enough.

– Haplotype-based association analysis is good theoretically, but it hasn’t shown its 
advantage in practice.

Locus heterogeneity

– Multiple genes may influence the disease risk independently.  As a result, for any 
single gene, a fraction of the cases may be no different from the controls.

Effect modification (interaction) between two genes may exist with weak/no marginal 
effects.

– It is unknown how often this happens in reality.  But when this happens, 
analyses that only look at marginal effects won’t be useful.

– It often requires larger sample size to have reasonable power to detect 
interaction effects than the sample size needed to detect marginal effects.

Replication Studies are a must

Replica>500,000 Tag SNPs

Replication is necessary

Replica

Replica

~24,000 SNPs

ep ca

Hirschhorn & Daly Nat. Genet. Rev. 6: 95, 2005
NCI-NHGRI Working Group on Replication Nature 447: 655, 2007

~1,500 SNPs

25-50 Loci
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And lots of information has accumulated

Many more GWAS

57

NCBI created database (2007!....well, december 2006)

The main aim is to uniformely store primary data from published studies 

http://www.nature.com/ng/journal/v39/n10/abs/ng1007-1181.html

Other genetic elements

- Chromosome deletions

- Copy number variantsCopy number variants

- Micro RNA

- Metilation

- Rare variants

-…….

58
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Rare vs. Frequent variants

Rare variants and CNVs
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Rare variants may add noise

PLoS Biol January 2010  8(1): e1000294

Phenotyping & GW-Genotyping or 
Metaanalysis. 1000s of samples

Causal Computational Analysis:

Replication & Validation
- Fine Mapping in same samples.
- Fine Mapping of Associated regions in 
independent cohort.

What can be done?

Careful Quality Control. HW, 
stratification, etc…

Association Analysis:
- Imputation
- Allelic tests
- Several Genotypic models tested

Causal Computational Analysis:
- Check LD in region (of similar pop)
- Look for candidate functional elements 
(genes, non-synonimous SNPs, CNV 
regions, miRNAs….)

Functional Analysis:
- Resequenciation to get rare variants.
- Expression in different tissues 
(experimental or database search)
- Directed mutagenesisyp

- Interactions with 2dary variables?
- Additivity of different markers?
- Pariwise interactions tested
- Haplotypes tested

Comparative Study:
- Distribution of associated variants in 
human populations?
- Differences with primates?

CNVs:
- From array data only
- From other experiments
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…and the goals…

63
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b | Allelic spectrum of schizophrenia (SCZ). The inset is a conceptual schematic from a 2008 
Nature Reviews Genetics article10 The lower part of the figure depicts empirical results for SCZNature Reviews Genetics article10. The lower part of the figure depicts empirical results for SCZ. 
The x-axis is log10(allele frequency (AF)) in controls. The y-axis is the point estimate for 
log10(genotypic relative risk (GRR). For clarity, confidence intervals are not shown. There are no 
known Mendelian variants for SCZ (AF << 0.0001, GRR >> 50). There are no known common 
variants (AF > 0.1) with GRR > 1.5, and these can be excluded with >99% statistical power. Nine 
structural variants associated with SCZ are shown as light blue diamonds (TABLE 2; 1q21.1– is the 
deletion and 1q21.1+ is the duplication). If AF in controls was 0, AF was set to 0.0001. These 
structural variants do not have a corresponding region in the inset. Seventeen common variants 
have been associated with SCZ (red circles; TABLE 3). SNPs contributing to the Psychiatric 
Genomics Consortium SCZ risk profile score59 
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The emerging picture

-Multiple high confidence structural variants

-Rare exonic variants

-Increasing number of robustly significant and replicated 
common variants

Novel biological hypothesis

-Cholesterol metabolism in Alzheimer disease

Reinforce previous hypothesisReinforce previous hypothesis

-- synaptic biology for schizophrenia or autism 
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