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Genetics of complex metabolic traits 

Saltiel and Kahn (2001) Nature 414:799 



Two applications	
  

Genome-wide association studies 
 

Laboratory studies to identify 
functional variants at GWAS loci 



Shungin, Winkler, Croteau-Chonka, Ferreira, Locke, Magi et al, GIANT consortium 

Example GWAS meta-analysis study design 



Mohlke and Scott (2012) Curr Diabetes Rpts 12:643  

Imputation for GWAS meta-analysis 



Novel loci identified using 1000 
Genomes imputation 



Novel adiponectin signal at ADIPOQ 

                       Position on chr3 (Mb) 
METSIM study of ~10,000 Finns; Cassandra Spracklen 

Multiple known signals 
shown in dark blue 

Novel signal minor allele frequency < .05; 
variants not present in HapMap 

1KG LD 



•  Variants have a lower allele frequency 
  
•  Imputation is more accurate across 

studies in a meta-analysis 

•  (Increased sample size because  
meta-analyses are larger) 

Novel loci identified using 1000 
Genomes imputation 



GWAS for HDL and LDL Cholesterol 
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Willer (2008) Nat Genet 40:161 
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Chromosome 



8 

Candidate variants 

HapMap: 8 candidate variants based on LD (r2>.8, CEU) 
 



Identify more candidate variants 

HapMap: 8 candidate variants based on LD (r2>.8, CEU) 
1000 G:  24 candidate variants based on LD (r2>.8, EUR) 



Strawbridge (2011) Diabetes 60: 2624     

~2.3 M markers in HapMap 
Log-transformed proinsulin levels adjusted for fasting insulin, sex, and age.  
Discovery set of 10,701 subjects and replication set of 16,378 subjects.  

GWAS meta-analysis for proinsulin	
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Chromosome 



ARAP1 locus – HapMap variants 
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Discovery: P = 3.3 x 10-38 

Replication: P = 3.2 x 10-102 

Which genes and variants are responsible? 
Strawbridge (2011) Diabetes 60: 2624     

HapMap LD 

Position on chr11 (Mb) 



rs202137453 

Conditioned on rs11603334 

Imputation based on2,737 central-northern European samples 
sequenced within the Genetics of Type 2 Diabetes (GoT2D) study 

Kulzer (2014) AJHG 94:186 

ARAP1 locus – 1000 Genomes variants 
1KG LD 

Position on chr11 (Mb) 
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18 non-coding SNPs  



HapMap	
  &	
  1000	
  Genomes;	
  Human	
  islet	
  data	
  from	
  ENCODE	
  &	
  Human	
  Epigenome	
  Atlas;	
  UCSC	
  Genome	
  Browser	
  

18 non-coding SNPs r2 ≥ 0.8 with index SNPs 

Variants tested for differential 
transcriptional activity 



HapMap	
  &	
  1000	
  Genomes;	
  Human	
  islet	
  data	
  from	
  ENCODE	
  &	
  Human	
  Epigenome	
  Atlas;	
  UCSC	
  Genome	
  Browser	
  

18 non-coding SNPs r2 ≥ 0.8 with index SNPs 

Variants tested for differential 
transcriptional activity 



ARAP1 T2D risk alleles affect transcription 
factor binding and transcriptional activity 

Kulzer (2014) AJHG 94:186 

Electrophoretic mobility shift assay 
rs11603334 



ARAP1 T2D risk alleles affect transcription 
factor binding and transcriptional activity 

1357 nt element; 832/13 rat beta cell line,  
n ≥ 3 independent clones per haplotype 

Kulzer (2014) AJHG 94:186 

Transcriptional reporter assay 
rs1552224 – rs11603334 

Electrophoretic mobility shift assay 
rs11603334 



ARAP1 T2D risk alleles affect transcription 
factor binding and transcriptional activity 

1357 nt element; 832/13 rat beta cell line,  
n ≥ 3 independent clones per haplotype 

Kulzer (2014) AJHG 94:186 

Transcriptional reporter assay 
rs1552224 – rs11603334 



Conclusions 
•  In genome-wide association studies 

–  Identify loci when variants were not 
genotyped or included in HapMap 

–  Improved detection of signals 
– Future: trans-ancestry meta-analyses 

•  In laboratory studies of GWAS loci 
–  Improved linkage disequilibrium measures 
–  Identify the fuller set of variants that may 

have a functional consequence 
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