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The promise in the 90s: “In 10 years we will unravel the genetic bases of complex 
diseases!!” ... It was the reason under the Human Genome Project 



There’s plenty of additional information 



Genome Wide Association Studies (GWAS) have unveiled hundreds 
of SNPs associated to complex disease   

–Omics data has gone BIG 
Plenty of risk and protective marker alleles have been identified in more than 2,000 GWAS 
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So there is plenty of info of the genetic basis of disease, 
but… is it reliable? 

Recall debates on lack of replicability and missing heritability 
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Have GWAS been replicated? 

June 2007, publication of the WTCCC 
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Contrary to candidate-gene association studies  GWAS have produced replicable results 

Have GWAS been replicated? 
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And prediction ability from GWAS results (i.e. variance explained ) 
keeps increasing with time  

[here prediction of the original WTCCC cases and controls with newer results] 
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The USA 
solution: 
dbGaP 
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http://www.ncbi.nlm.nih.gov/gap 



The EU 
solution: 
EGA 

14 

http://ega.crg.eu 
http://www.ebi.ac.uk/ega 

http://ega.crg.eu/
http://www.ebi.ac.uk/ega


The EGA in numbers 
• > 700  Studies 

• > 500,000 individuals 

• > 1,200 Datasets 

• > 250 Data providers 

• > 6,000 Data Requesters 

 

 The EGA in volume 
• > 250,000 files 

• > 1,5 Petabytes 
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Data Requesters 
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Last year's approved data requesters 

5877 total requesters 
986 ICGC users (16%) access to 185* datasets 
Most of the users have access to 10 or less 
datasets 
 
*old users do not get access to new ICGC releases automatically 
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Granted datasets per account 
EDU, 1349 

United Kingdom, 
1132 

Company, 603 

Canada, 450 

ORG, 431 

Germany, 264 

Australia, 201 China,, 178 Netherlands, 145 
Japan, 111 

France, 108 
Spain, 106 

Finland, 106 

Italy, 91 
Sweden, 88 

GOV, 81 

Belgium, 58 
South Korea, 48 

Singapore, 47 

Taiwan, 41 Hong, 40 

Norway, 40 

Denmark, 
35 

Israel, 
27 

Austria, 25 Ireland, 25 
European 
Union, 24 

Brazil, 
21 

Switzerland, 18 

New Zealand, 18 

Portugal, 
13 Greece, 12 

India, 10 

Iran, 10 

Iceland, 10 
Turkey, 10 

Luxembourg, 9 
Russia, 9 
Poland, 8 

Catalonia, 7 
Czech, 7 
Estonia, 7 
NET, 7 
Mexico, 6 
Pakistan, 5 
Slovenia, 5 
Thailand, 5 

South Africa, 5 Hungary, 4 Saudi Arabia, 4 
Other, 15 

Otros, 
123 



Data Submitters 
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Number of studies per account* 
Studies: 643 Accounts: 251 

*excluding Sanger 

UK, 62 

USA, 35 

Canada, 18 
Netherlands, 

18 

France, 14 Germany, 11 

Spain, 11 

China, 10 

Australia, 8 

Belgium, 7 

Japan, 7 

Switzerland, 6 

Italy, 5 
South Korea, 4 
Sweden, 4 

Finland, 3 

Korea, 3 

Denmark, 2 
Greece, 2 

India, 
2 

Singapore, 
2 

Others (<1 
submitter), 11 

Submitter by country 



Mostly non-profit projects, but clear transference too 

Companies 
7% 

Research 
Institutions 

93% 

Submitters 
188* 

Companies 
11% 

Other 
89% 

Requesters 
1312* 

 

Company 
Number of 
accounts 

Eli Lilly 54 
Astellas Pharma 25 
Personalis 20 
Pfizer 20 
Merck-Serono 19 
Genentech 18 
Bayer 13 
Astra-Zeneca 12 
Takeda 11 
Bina Techonologies 8 

Top 10 requesting 
companies.  
Based on number of accounts *Figures are based on unique organizations, both public and private. 

Accounts belonging to the same organization are counted only once.  



Summary: 

• Plenty of good data to mine (even if still difficult) 
 
• Plenty of opportunities for accelerating research (even if just starting) 
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Organismic senescence is decay 
 

Deterioration of function, increase in mortality… It is biological ageing and also, among other 
effects, increased disease risk with ageing. 

Late-onset complex diseases ↔Senescence 



Senescence is General… or is it? 
 

Most organisms deteriorate with age, but there are some clear exceptions 

Jordi Hurtado 1980s Jordi Hurtado 1990s Jordi Hurtado 2000s Jordi Hurtado 2014 



Organismic senescence is decay 
 

Deterioration of function, increase in mortality… It is biological ageing and also, among other 
effects, increased disease risk with ageing. 

Late-onset complex diseases ↔Senescence 



A growing public health issue: 

Mme Jeanne Calment, died 1998, aged 122 



With plenty of scientific implications 

Senescence 

Demography 

Ageing-related disease  
cardiovascular  

disease, Alzheimer’s, cancer, 
diabetes, etc 

Evolution theory 

Biochemistry Genetics Cell biology 

Bioethics 

Endocrinology 

Comparative 
biology 

Regenerative 
medicine  

stem cells 26/44 



But in short, senescence is the leading 
cause of death and thus it is... 

a public health issue: an evolutionary question: 

• What can we expect in the near 
future? 

• How to pay for it? 

• How do we decay with age? 
 

• Why are we senescent? 



The antagonistic pleiotropy theory 
o Pleiotropic  →  mutations having effects on more than one trait 
o Antagonistic → mutations having both, beneficial and harmful effects on the  

      organism. 

The pleiotropic theory of senescence 
An evolutionary theory of senescence (not the only one) 



Putting this theory in terms of health… 

● Do we get sick when old because natural selection favoured 
health when young? 
 

● That is, are there age-related antagonistic pleiotropies that link 
late onset disease and natural selection? And, if so: 

o Up to which point?  
o Which diseases and genes are involved? 



The GWAS catalogue informs about the 
effects on complex disease of SNPs whose 

p-value is <10-5 

Some freely accessible (i.e. non EGA) data:  
tapping only about 1/100,000th of the SNPs available in the EGA  

The HapMap and the 1000 Genomes Project 
inform us about population-specific allele 

frequencies and Linkage Disequilibrium patterns 



According to the info on the GWAS paper or Medscape or the WHO. For instance: 
 

Early Onset (=< 25 years)   n = 43 diseases 
Late Onset  (> 25 years)  n = 83 diseases 
 

Of course, the definitions of what are evolutionary relevant early and late onsets 
diseases is uncertain, so we try several thresholds 

We first classify each disease  
according to its age of onset 



If they increase risk of two diseases:  Agonist 
 
If increasing the risk of a disease while protecting from another: Antagonist 

Then we classify variants unveiled by GWAS 
according to their effect in pairs of diseases 
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A clear excess of Early-Late Antagonistic pleiotropies 
R2 ≥ 0.8 

46 years thr. 
X² pv: 0.0001 

ANTAGONIST AGONIST 

EARLY-EARLY / LATE-
LATE 46 167 

EARLY-LATE 26 27 

Total 72 194 

Comparing classes of pleiotropies: same period vs. different periods 



A clearly relevant threshold around age ~45 

Distribution of X² pvalues depending 
on the age threshold 

0.05 significance 



But… is this solid? 
 

After all, it is just data mining and hand waving!! 



Independently ascertained “Ageing” genes harbor an excess of 
pleiotropies 

135 genes from Sousa et al. 2014 Nature 506: 316–321 

 
298 genes from Magalhaes et al., 2009 Bioinformatics 25: 875-881  
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Full Genome 
135 genes from 

Sousa et al (2014) 

Disease associated 
SNPs  2,666 78 

Pleiotropies 266 34 

p-val = 1.69·10-14 

Full Genome 
298 genes from 
Magalhaes et al 

(2009) 
Disease associated 

SNPs  2,666 156 

Pleiotropies 266 55 

p-val = 1.9·10-15 



SNPs and diseases involved in the 26 Antagonistic Pleiotropies 
EARLY DISEASE LATE DISEASE 

Multiple sclerosis Age-related mac. degeneration 
Duodenal ulcer Bladder cancer 

Bipolar dis. and schizophrenia Breast cancer 
Restless legs syndrome Breast cancer 

Type 2 diabetes Breast cancer 
Celiac disease Colorectal cancer 

Duodenal ulcer Coronary heart disease 
Glioma Coronary heart disease 

Graves' disease Coronary heart disease 
Migraine Coronary heart disease 

Ulcerative colitis Dupuytren's disease 
Type 2 diabetes Endometrial cancer 

Multiple sclerosis Hepatocellular carcinoma 
Crohn's disease Hypothyroidism 
Thyroid cancer Hypothyroidism 

Glioma Idiopathic pulmonary fibrosis 
Lung cancer Idiopathic pulmonary fibrosis 
Lung cancer Melanoma 

Vitiligo Melanoma 
Bipolar disorder Osteoarthritis 

Meningioma Ovarian cancer 
Duodenal ulcer Pancreatic cancer 
Graves' disease Pancreatic cancer 

Lung cancer Pancreatic cancer 
Psoriasis Parkinson's disease 

Type 2 diabetes Prostate cancer 



SNPs and diseases involved in the 26 Antagonistic Pleiotropies 

Consistent with 
comorbidity analysis, 

but some of these 
relationships never 

revealed by it 
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• George G. Williams was right (as usual): there is an excess of putative 
antagonistic pleiotropies that fits the pleiotropic theory of ageing 

• Age ~45 seems has been relevant in the evolution of our species 
• Plenty of unobvious relationships between diseases 
• We are just beginning…  
 

     … imagine if we had used full datasets!!! 

In conclusion… 
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