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Background

Associations of several Single Nucleotide Polymorph-
isms (SNPs) with common diseases like Coronary Artery
Disease (CAD), Crohn’s Disease (CD), Hypertension
(HT), Bipolar Disorder (BD), Type 1 Diabetes (T1D),
Type 2 Diabetes (T2D) and Rheumatoid Arthritis (RA)
were identified in a study conducted by the Wellcome
Trust Case Control Consortium (WTCCC) (1). WTCCC
study compared the effects of genetic variations in
14,000 cases and 3000 shared controls and identified 24
independent associations with the diseases mentioned
above using the genotype information of approximately
500,000 directly genotyped SNPs and genotype informa-
tion simulated at 2.8 million loci studied by the Interna-
tional Hapmap Project(2). We hypothesize that there are
more chances of finding association of rare SNPs with
diseases by refined analysis of non-synonymous SNPs
(nsSNPs) in genome wide association studies. In the
present study we analyzed the association of 12,660
nsSNPs using a case control study in the WTCCC
population.

Materials and methods

We simulated the genotypes at 10,798 nsSNP loci
studied by the Stage 2 HapMap project using the
genotype information from WTCCC for all 14,000
individuals studied for seven diseases and in 3000 con-
trols. These simulations were done using the genetic
recombination map of the respective regions obtained
from the haplotypes of Hapmap European population.
We performed these simulations or imputations using
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two widely used programs called IMPUTE(3) and
MACH. All the genotyped SNPs used to impute miss-
ing genotypes passed quality control tests for Hardy
Weinberg equilibrium (p<10-2), Minor allele frequency
(MAF<10-2), missing genotypes per marker (more
than 10%) performed using programs in PLINK gen-
ome wide analysis package. Subsequent case control
association of 10,798 imputed nsSNPs and 1,862 geno-
typed nsSNPs was performed using an additive model
and genotype model in a frequentist and bayesian
framework.

Results

We found 2 nsSNPs associated with BD, 2 with Coronary
Artery Disease, 7 with CD, 1 with HT, 22 with RA, 17
with T1D and 2 with T2D. In total, 53 new associations
with the seven diseases (p < 5 x 10-6) studied by WTCCC.
We also developed a pipeline which summarizes quality
control measures which should be considered to minimize
false associations in genome wide association studies. In
any such large scale genome wide association studies,
there are chances of getting false positives which show
association at loci imputed using genetic information from
Hapmap. This can arise due to the genotype quality of tag
SNPs which are in high linkage disequilibrium (LD) in the
region where the missing genotype is simulated. Such false
associations can be ruled out by visually inspecting the
cluster plots of genotyped SNPs which are in high LD in
respective regions. A comprehensive quality control will
be performed at this stage by visually inspecting cluster
plots of all genotyped SNPs which are in high LD with the
imputed SNPs associated with each disease which will
count out any such influences on new associations identi-
fied in our study.
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