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Who? 



Introduction 



1. Longish Introduction. Why Genomics? Association studies? 
Genome Wide Association Studies (GWAS)  
 

2. Candidate-Gene studies and their problems 
 

3. Genome-Wide association studies 
 

4. Whatever happened to personalized medicine 
 

What? 



The Human Genome and Disease 

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 
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The promise in the 90s: “In 10 years we will unravel the genetic bases of 
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A deluge of developments since then 

Mainly, we got 1000s of genomes... 



A deluge of developments since then 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!” ... has been the motivation under many advances. 

ED Green et al. Nature 470, 204-213 (2011) doi:10.1038/nature09764 



And what about disease? 

The promise in the 90s: “In 10 years we will unravel the genetic basis of 
complex diseases!!…” 

(1) HapMap & 1000 Genomes Project   Patterns of LD / variation in many  
    human populations 

(2) Genotyping arrays  Dense coverage of human genome 

(3) Large samples    Case-Control or Family Linkage 
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(1) HapMap & 1000 Genomes Project   Patterns of LD / variation in many  
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(2) Genotyping arrays  Dense coverage of human genome 

(3) Large samples    Case-Control or Family Linkage 

The promise in the 90s: “In 10 years we will unravel the genetic basis of 
complex diseases!!…” 

• Prevent disease from occurring 
• Identify the cause of the disease 
• Treat the cause of the disease rather than the symptoms 
• Genomics may identify the cause of disease (“All medicine 

may become pediatrics” Paul Wise, Professor of Pediatrics, Stanford 
Medical School, 2008) 

• Effects of environment, accidents, aging, penetrance … 
• Health care costs can be greatly reduced if 

o invests in preventive medicine 
o one targets the cause of disease rather than symptoms 
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And what about disease? 

The promise in the 90s: “In 10 years we will unravel the genetic basis of 
complex diseases!!…” 

Buchanan AV et al, Int J Epidemiol, June 2006 (35: 593-596) 

http://www.time.com/time/covers/0,16641,19710419,00.html 

(1) HapMap & 1000 Genomes Project   Patterns of LD / variation in many  
    human populations 

(2) Genotyping arrays  Dense coverage of human genome 

(3) Large samples    Case-Control or Family Linkage 



 Polygenic + Environmental  

 High heritability (h2 > 50%) and Familial aggregation (λs >> 1) 

 But lack of Mendelian inheritance (lots of sporadic cases) 

Monogenic diseases Complex diseases 
Manolio et al. (2008) J Clin Invest. 118(5):1590 

COMPLEX GENETIC ARCHITECTURE OF COMPLEX DISEASES 



COMPLEX GENETIC ARCHITECTURE OF COMPLEX DISEASES 

... and people were doing this using diverse approaches. 

 Linkage mapping:   

Select an informative family. 

More than 100,000 papers in 30 years (mostly in OMIM) 

 Candidate genes:   

Select a few variants in one or a few genes. 

More than 84000 papers in 20 years (see the GAD database) 

 Genome-Wide Association Studies:   

Hypothesis-free approach. One looks as as many variables as possible 

More than 1200 papers (see www.genome.gov) 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!”. Everything seemed to go well... 



THE GENETIC ARCHITECTURE OF MENDELIAN DISEASES 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!”. Everything seemed to go well... 

OMIM Home Page 
http:/ / www.ncbi.nlm.nih.gov/ omim/  

http://www.ncbi.nlm.nih.gov/omim/
http://www.ncbi.nlm.nih.gov/omim/


COMPLEX GENETIC ARCHITECTURE OF COMPLEX DISEASES 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!” ... And it seemed  easy to fulfil... 

Odds Ratio: 3.6 
95% CI = 1.3 to 10.4 



Many Candidate Gene Studies 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!” ... And it seemed  easy to fulfil... 

Odds Ratio: 3.6 
95% CI = 1.3 to 10.4 

The Genetic Association Database (GAD) 



(1) HapMap & 1000 Genomes Project   Patterns of LD / variation in many  
     human populations 

(2) Genotyping arrays   Dense coverage of human genome 

(3) Large samples    Case-Control or Family Linkage 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!”. Everything seemed to go well... 

...However… 

As a consequence, there were (are?) LACK OF REPLICATION problems!! 

Statistical Problems Sample size = Power 
Multiple testing 

Genetic problems  Ascertainment bias 
Locus & Allelic heterogeneity 
Population substructure 

Candidate Gene Association Studies 



Candidate Gene Association Studies and Lack of Replication 



More than 100,000 papers registered in the GAD…but… 
the field is dominated by false positives (getting better recently) 

 
The precision of many old papers is similar to this: 

So the BULK of old candidate gene associations are not good 

"I have nothing to offer but 
blood, toil, tears and sweat.“ 

 
Mahatma Gandhi 



Candidate Gene Association Studies and Lack of Replication 

But not everything was bad... 
What about focusing on patters of lack of replicability rather than on good replications? 



Candidate Gene Association Studies and Lack of Replication 

But not everything was bad... 
Increased inconsistency of replicability (ϕ) with increased FST (i.e. higher consistency 

between Europe and Asia with lower genetic distance) 

Correlation between discordance in replicability 
and FST for the 37 associations from the 

Continental Set. 



WORLD COLONIZATION BY HUMANS (last ~100 kyears) 

Human population differences in the genetics of disease 

Small, but still there!!! 



COMPLEX GENETIC ARCHITECTURE OF COMPLEX DISEASES 

The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!” ... And it seemed  easy to fulfil... 

Odds Ratio: 3.6 
95% CI = 1.3 to 10.4 



The promise in the 90s: “In 10 years we will unravel the genetic bases of 
complex diseases!!” ... And it seemed  easy to fulfil... 

Plus many GWAS 



31 

2005 2006 2007 first quarter 2007 second quarter 2007 third quarter 2007 fourth quarter 
2008 first quarter  2008 second quarter  2008 third quarter  

Manolio, Brooks, Collins, J. Clin. Invest., May 2008 



NHGRI GWA Catalog 
www.genome.gov/GWAStudies 

www.ebi.ac.uk/fgpt/gwas/  

Published Genome-Wide Associations through 12/2012 
Published GWA at p≤5X10-8 for 17 trait categories 





The missing heritability problem 

Problem. Where did the heritability go? 

Nature Feature Nov 2008 Manolio et al Nature October 2009 



The missing heritability problem 

Problem. Where did the heritability go? 



Consequences of the “missing heritability” problem 
 
 
  
 
 
 
 
 
 
 
 
 

Part of the heritability has been discovered…but most remains “missing”! 
 

Does this challenge the CV/CD paradigm? 
Are they rare variants? Are GWAS results artifacts? 

Nature Review  
Nov 2008 

Manolio Review 
Oct 2009 

Problem. Where did the heritability go? 



How to explain all this? 

Think Complex Diseases: 

 Common Disease – Common Variant hypothesis 



© Francis Collins, 2008 © Francis Collins, 2008 



How to explain all this? 

 Rare Variants, rare CNVs, epigenetics….? 



... but the signal may be there!! Heritability may be Hidden, not Missing 



From 2009 to 2012 (Manolio et al to Visscher et al) 

From almost no heritability to a lot in a 3 years! 



GWAS across Time: increasing replication 

June 2007, publication of the WTCCC 



GWAS across Time: increasing replication 



GWAS across Time: increasing replication 



GWAS across Time: increasing replication 



GWAS across Space: must be Shared Variants 

We just proved high correlation between European / East Asian variants 
Marigorta and Navarro, Plos Genetics 2013 



And that effective replicability depends on statistical power 
Marigorta and Navarro, Plos Genetics 2013 

GWAS across Space: must be Shared Variants 



A raging debate!! 

Which means that GWAS result so far must be due to high-frequency 
disease variants that are shared by all humankind 

CD Bustamante et al. Nature 475 (2011) Casals and Bertranpetit Science 6090 (2012) 

• Common variants are (usually) shared among continental populations (MAF > 0.1) 

• Rare variants are mostly population-specific (MAF < 0.01) 



But the raging debate is still open in many aspects!! 

On top of that, the “Missing 
heritability” may be just non-existent. It 
may be “Phantom heritability” caused 
by ignoring epistasis, which inflates 
family based estimates of heritability 

 

Missing heritability Explained by GWAS 

• If real heritability = estimated heritability: 

Estimated 
heritability 

• If real heritability < estimated heritability: 

Overestimation Explained by GWAS Missing heritability 

Real 
heritability? 



A raging debate!! 

IN SUMMARY: 
As to risk prediction: 

(1)Missing heritability 

(2)Hidden heritability 

(3)Phantom heritability 

(4) ... 

As to the causal variants: 

(1)Common variants 

(2)Rare variants 

(3)Epigenetics 

(4) ... 



(1) New information about variants 

 

 

 

 

(1) Larger sample sizes and families. Increasing 
pressure for a 

Global Alliance for Genomics and Health 

 

 

(2) New arrays and/or NGS sequencing 

 (Human Omni5_Quad and/or Hiseq2500) 

So the information is there. What to do now? 



Sequencing Evolution/Revolution 

1990: thousand bases/day 

2000: million bases/day 

2010: billion bases/day 

The current SOTA is either large samples or exomics 



The current SOTA is either large samples or exomics 



The current SOTA is either large samples or exomics... or other designs 



The current SOTA is either large samples or exomics...or other designs 

Or some ingenious 
comparisons 



Personalized Medicine: 
Vision   vs.   Reality 

• Disruptive developments in science and 
technology 

• Convergence of molecular biology, genetics, 
advanced technology, bioinformatics, 
broadband 

• “Team science” 
• Transformational changes in medicine 

– Molecular-based products and services 
– Shift towards prevention  
– Reclassification of disease  
– Integration and coordination 
– IT solutions; Interoperability  
– Consumer-centered 
– Premise that knowledge will change behavior 

• Huge public & private investments in R&D 
• Health as a national asset 
• Ethical, legal and policy issues addressed in 

parallel with the science 
 

 
 

• Healthcare delivery focused on “sick care” 
– Standardization for quality improvement 

• Fragmented, lack of coordination 
• Costs growing and unsustainable 

– Pressures of expensive new technologies 
– Aging population in search of new services 
– Millions of Americans under- or uninsured  
– Employer-based system tenuous 
– No evidence of healthier citizenry 

• Inefficient use of information 
– Lack of IT investment, connectivity 

• Evidence base for medicine inadequate 
– Continuing debate about role of cost-effectiveness 

• Huge provider knowledge gaps re genomics 
• Complicated regulatory framework 
• Reimbursement hurdles and uncertainties 
• Powerful stakeholders in current system resist 

change 
 
 

And this is only the scientific part of the problem 



 
Discoveries 
(e.g. genetic 
risk factor) 

 

Promising 
Application 

(e.g. genetic test)  

 
Practice & 

Control 
Programs  

 

Reducing the   
Burden of  
Disease 

Evidence based 
Guideline or  

Policy 

Only starting 
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Where do we stand? 

http://www.navigenics.com/


Where do we stand? 

Biomarker Application 
Her-2/neu receptor Select Herceptin (trastuzumab) for breast cancer 

BRCA1/2 Breast and ovarian cancer inherited risk, prophylactic tamoxifen 
and surgery 

Transcriptional profile – 21 genes  Avoid use of chemotherapy in breast CA patients with low risk of 
recurrence 

CYP2D6/CYP2D19 Guide prescribing/ adjust dose of ~25% of commonly used drugs 

VKOR/CYP2C9 Dosing of warfarin 



Where do we stand? 



© Francis Collins, 2008 © Francis Collins, 2008 



Where do we stand? 

Nic Volker and the XIAP gene (Worthey et all. Genetics In Medicine 2011) 

Examples of going from 
individual genome-wide 

analyses to treatment are 
accumulating (e.g., Nic 

Volker, the Beery twins, Mike 
Snyder, John Lauerman). 

 
Editorial, Molecular Systems Biology 9. January 2013 

Science Transl Med 87 June 2011 



Take home message: 
 
 
 
 
 
 
 
 

Lots to do that we MUST be doing!!! 

Gene 
Discovery 

Population
Health  Closing the Gap 
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