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What and What Isn’t GWAS? 

 

Supposedly genome-wide, but, due to constraints, not 100% 
 

Generally contains common polymorphisms 
 

Most results (~95% in autoimmune disorders) are non-causal  
 

Results need to be followed up to identify causal variants 
 

Most causal variants correlate with expression levels of their 

target genes (not necessarily the nearest gene)  
 

HLA region is the most difficult region to work with and  

requires special attention 
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GWAS Results 

http://www.cell.com/cell/abstract/S0092-8674(13)01072-6
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GWAS Results 

Lead SNP and 
perfect proxies 

eQTLeffect 
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GWAS Results 
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What have we learned from GWAS in AID? 
 

The lead SNP reported in GWAS has only 5% chance of being 

the causal SNP 
 

Lead SNPs are typically some distance from the causal SNPs 
(median~ 14kb) 

 

Lead SNPs and causal SNPs are not necessarily in tight LD  

(r2 = 0.50 is not unusual)  
 

Almost all causal SNPs map to enhancers and promoters 
 

GWAS Results 

http://www.nature.com/nature/journal/v518/n7539/pdf/nature13835.pdf
http://castiga-viata.ro/


HLA Region: Unique Features 

• Most gene dense  
• Extremely polymorphic 
• Paralog regions and genes 
• CNV and structural variation 
• Very high linkage disequilibrium over very long range 
resulting from conserved extended haplotypes (CEH) 
• Greatest trans-eQTL density 
• Very strong selective pressures 
• Extreme geographical, racial and ethnic differential in 
allele frequencies  
• So many lineages and groupings of alleles & haplotypes  
• So many functional dimorphisms or supertypes with no 
single corresponding SNPs 

http://www.well.ox.ac.uk/julian-knight
http://castiga-viata.ro/


Transplant Outcomes: Markers 

 

HLA mismatching 

mH mismatching  

Donor or recipient genotype 
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Genetic Prediction of Transplant Outcomes  
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Interpretation of GWAS Findings: Individual SNPs  

The GVHD risk markers are also associated with RA, T1D, MS, PSS 
and idiopathic membranous nephropathy 

(rs2075800, rs394657, rs3132486, rs2859091/rs2859100) 

http://castiga-viata.ro/
http://grasp.nhlbi.nih.gov/Search.aspx
http://grasp.nhlbi.nih.gov/Search.aspx


Interpretation of GWAS Findings: Individual SNPs  

A large number of non-coding genes are eQTL targets, but 
not the nearest gene HLA-C! 
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The GVHD risk markers are mainly acting as eQTLs  
 

Their target genes are more commonly the genes other than  
the nearest gene 

 

The target genes include pseudogenes and ncRNA genes 
 

(rs2075800, rs394657, rs3132486, rs2859091) 
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Descriptive data, including HapMap frequencies, provided 
 

Polyphen score for the HSPA1L nsSNP is 0.001 (benign) 
 

None of the SNPs are in conserved transcription factor binding 

sites nor in miRNA sequences/miRNA binding sites  
 

None of the SNPs are in CpG islands 
 

None of the SNPs are in enhancers  
 

Interpretation of GWAS Findings: Individual SNPs  
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Interpretation of GWAS Findings: ssSNP Sets  

… can be very large and may span a very large distance. 

Average number of perfect proxies for AID-associated lead SNPs = 7.6 

http://castiga-viata.ro/


rSNPBase informs about the presence of a regulatory SNP among 
the statistically similar SNP set. 

Interpretation of GWAS Findings: ssSNP Sets  



rs2395185 is a 
marker for the  
HLA-DR53 lineage, 
which has unique 
immunological 
characteristics. 

GWAS Results and HLA Types 



GWAS Results and HLA Types 

rs6923504 



HLA Region SNPs and HLA Types 

ASHI 2015 

This resource is available on request and will be online in 2016 



We do not yet  know the SNP equivalents of these functional groupings 

HLA Region SNPs and HLA Types 
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Existing GWAS results: What to do with them? 
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Existing GWAS results: What to do with them? 
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Existing GWAS results: What to do with them? 

 

Functional annotations and pathway analysis 

******** 

Impute missing SNPs 
 

Impute HLA types 
 

Infer HLA functional groupings  
 

Repeat association analysis for all SNPs, HLA types, 

supertypes, epitopes, dimorphisms and lineages 
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> Besides mismatches, there are also associations of donor or 

recipient genotypes with transplant outcomes 
 

> Reported associations should be combined with their 

statistically similar SNP sets (proxies) for functional 

annotations 
 

> The nearest genes are not always the target genes for SNP 

effects 
 

> The most common intermediate phenotype is gene 

expression changes (eQTL effects) between SNPs and their 

effect on phenotypes 
 

> GVHD-associated SNPs are also associated with autoimmune 

disorders as previously suspected 
 

> There is much more work to do with the HLA region results 

CONCLUSIONS 
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