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Background 

• GWAS   
– demanded large samples with DNA 

• Lethal and uncommon diseases 
– Pancreatic cancer, glioma 

• Uncertainties on vitamin D enrichment 
– Demanded large samples with serum, std. method 

• Controversial effects of obesity 
– Demanded large samples of non-smokers 

• Minority populations 
 

 
 













What questions will sequencing 
answer for this disease or trait? 

• Will it reveal novel genetic influences? 
• Will it reveal how a known or suspected 

exposure fits with a gene to influence risk? 
• Will it implicate a biologic intermediate? 
• Will it bend the risk prediction curve? 
• Will it connect one disease to another? 



Voyage of Discovery: 
Expect the Unexpected 

• Q: Will it reveal novel genetic influences? 
– A: Yes.   
– But will there be many or important hits?  

• Heritability was a good clue to GWAS hits. 
– E.g., Prostate cancer, height 

• Suppose a powerful environmental agent (tobacco, 
nutrition, radiation) affects risk 
– Big E has not predicted how many genetic hits are found 
– Tobacco: Lung, bladder, pancreatic cancer 
– Diet: Menarche, menopause, BMI 

• Are tissue comparisons relevant, available? 



Interlocking Parts:  
Gene and Environment 

 
 

 

• Need big enough for G|E 
• Must have measured E  
• Good to have large range of E 

– General population for tobacco, 
obesity, residence, activity 

– May need specialty cohorts for 
ionizing radiation 

– E.g., 6q21 variants implicate 
PRDM1 in second cancer after 
Hodgkin lymphoma  



Couriers and other middle men  
 Suppose  novel rare variants reveal gene linked to endometrial cancer 

and to CVD. 
• Known: Tobacco strongly linked to CVD, not to endometrial cancer. 
• Serum inflammation markers follow tobacco, precede BMI,  CVD.  
• Serum hormone markers follow weight gain, precede endometrial 

cancer, not CVD.   

 



Bending the Curve 

• We want to have a very 
bent curve. 

• Start with the things we 
know from questions. 

• Predict or explain the 
risk in the population. 

• Add the effects of 
known genetic risks. 

Will sequencing help to 
predict? How much? 
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In Search of a Cohort… 

• Modern (sturdy consent, 
rich biobank, smooth 
access, easy informatics)  

• Mature (we have 
questions to ask now) 

• Large (a million is good) 
• With data on phenotypes, 

behaviors, environments 
at baseline 

 



…With Enriched Subsets 

 
• With later 

questionnaire data 
• With serial samples 
• With all or subset 

already genotyped 
for GWAS 
 



…Or a “Synthetic” Cohort: 
Cohorts Combined for Power 

• Fraction of the cost 
 
• Fraction of the time 
 
• Experience in sharing 
 
• Harmonized data 
 
• We know it works 

 

 



Combined for Larger Base, 
Sampled for Focused Questions 

Subset selected for Sequencing 
  

 
 

Larger subset with GWAS done,  
          or with serum ready, etc. 

 
 

Full set, e.g. 1 million in pooled 
cohort base 

 



Example: Stratified Case-Cohort 
 

• Sample from all cohorts (for cross-sectional 
comparisons now and incident illnesses later ) 

• Sample of cases with disease X 
• Sample of cases with disease Y 
• Sample of obese participants, or heavy smokers 
• Participants with family history 
 
 Piece of cake!  

 



On Balance 
Mature versus new 
• Many events have occurred, time for full spectrum of 

effects of an exposure 
• Cross-sectional analyses of common phenotypes: great 

versus good 
Combined versus single cohort 
• Mosaic versus uniform, harmonized data (and 

investigators) 
• Size requirements vary greatly 
Case-cohort versus other designs 
Taking our best guess on what sequencing will tell us 
 

 
 
 
 



Thank You 
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