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Our “engine” 



Revolu'on	  in	  Medicine	  

•  Advances	  in	  technology	  

•  Deep	  learning	  of	  human	  biology	  



Modified from Dermitzakis Nat Genet 2008 
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HapMap Consortium Nature 2005 

HapMap:	  cataloguing	  “common”	  
gene'c	  varia'on	  



1000	  genomes:	  cataloguing	  “all”	  
gene'c	  varia'on	  



Genome-Wide association studies (GWAS) 



Gene expression as a key molecular 
phenotype – expression QTL (eQTL) analysis 
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Func'onal	  varia'on	  to	  organismal	  phenotype	  

Mechanistic 
insights to 
Genetic 
variation 
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Interpretation of GWAS 
using molecular QTLs 
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GENETIC ASSOCIATION IS A CAUSAL LINK 



Genome-wide association studies (GWAS) have identified 
hundreds of common DNA variants associated with 
multiple complex diseases and traits. 
 
~90% of GWAS SNPs lie in noncoding regions (e.g. 
intergenic, introns). 

*	  
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Associated	  (tag)	  SNP	  (*)	  

Chr	  

Causal	  mechanism?	  
Causal	  gene/s?	  

Genes	  

Background Rationale 



LCL 
eQTLs	  

Peripheral blood 
monocyte, liver and 
adipose eQTLs 

LCL 
eQTLs	  

Many studies show trait-associated SNPs 
enriched for eQTLs 



 
- Measuring eQTLs in disease-relevant tissues 
or cell types 
 
- Most human tissue types are hard to obtain 
 
- Large sample sizes are required for 
statistical power 

Challenges in using eQTLs to interpret 
disease associations 



Causal	  'ssue	  inference	  
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GTEx	  GOALS:	  
•  Atlas	  (database)	  of	  gene	  

expression,	  regulaCon,	  and	  eQTLs	  
from	  a	  wide	  range	  of	  non-‐diseased	  
human	  Cssues	  

•  Biobank	  of	  Cssues,	  DNA,	  RNA	  
	  
ULTIMATE	  STUDY	  SIZE	  (by	  1/2016):	  
-‐	  900	  Postmortem	  Donors	  
-‐	  Whole	  exome	  sequencing	  
-‐	  Whole	  genome	  sequencing	  
-‐	  RNA-‐Seq	  of	  ~30	  Cssues/donor	  
(>20,000	  Cssues)	  
PILOT	  PHASE	  (in	  2010):	  
-‐	  175	  Postmortem	  Donors	  
-‐	  1641	  RNA-‐Seq	  of	  ~28	  Cssues/donor	  



GTEx	  eQTL	  discovery	  



Link eQTLs to GWAS 



Tissue	  ac'vity	  of	  GWAS	  in	  mul'ple	  'ssues	  
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ovarian carcinoma
squamous cell carcinoma
immune system disease
acute lymphoblastic leukemia
lupus nephritis
conduct disorder
hypospadias
Behcet's disease
eosinophilic esophagitis
mucocutaneous lymph node syndrome
testicular carcinoma
bladder carcinoma
pancreatic carcinoma
intelligence
sudden cardiac arrest
narcolepsy
large artery stroke
graves disease
longevity
sporadic amyotrophic lateral sclerosis
allergy
mental or behavioural disorder
lung carcinoma
obesity
biliary liver cirrhosis
stroke
hypertension
chronic lymphocytic leukemia
alcohol dependence
metabolic syndrome
celiac disease
chronic obstructive pulmonary disease
venous thromboembolism
chronic kidney disease
psoriasis
coronary artery calcification
migraine disorder
colorectal cancer
parkinson's disease
type i diabetes mellitus
asthma
unipolar depression
attention deficit hyperactivity disorder
systemic lupus erythematosus
prostate carcinoma
ulcerative colitis
alzheimer's disease
breast carcinoma
inflammatory bowel disease
type ii diabetes mellitus
coronary heart disease
anthropometry
multiple sclerosis
bipolar disorder
crohn's disease
rheumatoid arthritis
schizophrenia
lean body mass
body weight
body mass index
body height
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Type	  II	  Diabetes	  'ssue	  ac'vity	  
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Use	  of	  GTEx	  as	  reference	  

Cohort 

GTEx 

Multiple tissues (>50) 
Clinical phenotypes 

Imputation of expression values 

Blood, skin etc 



So what’s next? 
-  Learning human biology 
-  Implementing in Medicine 



From Population and Personal 
Omics to Personal Biology 

Key components missing: 
-  Interpretation of the non-coding genome 
-  Rare and private variants 
-  Rare and private environments 
-  Context dependence 

Molecular phenotype context: 
 
-  Tissue 
-  Time 
-  Disease 
-  Sex 
-  Genotype 
-  Environment 



New discoveries: 
 
-  New drugs 
-  New drug combs 
-  New biomarkers 
-  Knowledge of 

lifestyle effects 

Research 

Clinical Trials 

Learning Human Biology – Implementing in Medicine 
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Research 

Clinical Trials 

Patient 1 Patient 2 Patient 3 

Patient 4 Patient 5 Patient i 

Each patient a research project 



Relative investment of resources over time 



Revolution in medicine 

Deep understanding of the 
variability of the human body 
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