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Just a Few Remaining Questions on the 

Role of Genetic Variation in Disease… 

• What GENES contribute? 

• What are the MECHANISMS by which they 
affect risk of disease? 

• For any contributing gene, what is the 
DIRECTION OF EFFECT? 

• For common diseases, WHERE ARE THOSE 
#@!% RARE VARIANTS WITH BIG 
EFFECTS?!?! 



Genomic Discoveries for Common Disease 



Genomic Discoveries for Common Disease 





       Type 1 Diabetes                           Crohns Disease 

Overall     0.48    0.06    0.50  0.07 



A Missing Data Problem? 

• If a substantial fraction of the genome 
variation affecting risk of common disease is 
regulatory, why not alter focus of analyses to 
endophenotypes that are more direct 
measures of what we really want – the 
genetically determined part of protein levels 
(transcript levels) 

• Instead of testing individual variants, 
aggregate variants into SNP-based predictors 
of transcript levels (and ultimately protein 
levels) and test those directly for association 
with disease 

 

 



Figure 1: Regulatory Mechanism Tested by 
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Submitted Nat Genet as GTEx companion paper 



Analogous to Imputation 

Learn relationship of 

genome variation to 

transcriptome in 

reference sample (GTEx) 

Store weights from 

prediction equations 

Apply to any dataset 

with genome 

interrogation 







Prediction in an Independent Sample 

• Significance of correlation between  

  predicted and directly measured 

  expression levels: q-value < 0.05 for 

  40-50% of genes, < 0.1 for 60-70%        

         

We predict only the genetically 

determined part of gene expression 





Replicate predicted 

expression of PSME1 in 

additional RA datasets 



Replicate SNP predictors as 

cis- and trans-eQTLs in 

additional transcriptome 

datasets 



RA GEO 

Replication 



Part of a 20-gene 

expression signature 

for predicting 

osteoarthritis 



Advantages of Framework 

• We iteratively use more and more of 

what we do know to figure out what we 

most want to learn 
– True no matter whether what you most want to 

learn about is transcript (protein) levels or 

genetics of common disease 

– Identifies key read-outs for discovering 

environmental risk factors 

• This sets up a (the?) natural framework 

for the analysis of whole genome 

sequence data 
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