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Abstract 

The aim of this paper is to present main aspects 
related with the Genome-Wide Association Study 
commonly known as GWAS, which over last ten 
year become powerful tool in genomic research. 
That type of study is based on genome analysis for a 
large set of data (e.g. genotypes of single nucleotide 
polymorphisms), where the main goal is to find 
correlation/interaction between genomic differences 
and common diseases (like Alzheimer) or health 
issues (like response to radiation). To obtain reliable 
results the mathematical analysis has to be perform 
and its basic rules are include at this work. 

1. Introduction 

 Nowadays, after huge progress in computer 
science and genomic knowledge, in one experiment 
we are able to asses hundreds of thousands potential 
effectors to commonly known diseases. Genome-
Wide Association Study that analyzes DNA 
sequence variations from across the human genome 
in an effort to identify genetic risk factors for 
diseases that are common in the population. The 
final aim of GWAS is to use genetic risk factors to 
make predictions about who is at risk. Such 
approach not only allow for better understanding the 
disease and its prevention but GWAS make and 
important role in developing new pharmacologic 
therapies. Additionally, today Genome-Wide 
Association Study is not only used for investigation 
the risk factor in common diseases but it start to 
explain many social issues e.g. alcoholism, drug 
addiction or sensitivity to the sunlight.  
 However, first GWAS occur in 2005 at Science 
magazine, when the Klein et al. published work 
about Age-related Macular Degeneration (AMD) and 
proved that occurrence homozygote "CC" at 
polymorphism rs380390 increase the risk of AMD 
(OR=4.7)[1]. After 2005 the number of GWAS grew 
up every year and become more significant to 
biological knowledge. In January 2008, NIH 
(National Institute of Health) decided to create the 
catalogue of GWAS studies to organize all research 
and increase their usefulness in public health [2].  In 
their database they weekly screen PubMed to find 
and catalogue new Genome-Wide Studies. Now they 

label as a GWAS 1695 publications, which include 
11342 interesting polymorphisms. Fig.1 present the 
number of published works from 2005 to 2012.  

 
Fig.1. View to the number of published GWAS from 2005 

to 2012 [3]. 

 The research is approved as a GWAS when it 
meets several criteria. First of all it have to 
investigate more than 100,000 polymorphisms 
(SNPs) at first stage of study. Second statistical 
significance for SNP is p<1.0*10-5 in initial and 
replication stage (If a study does not include a 
replication stage, significant SNPs from the 
discovery stage will be reported). Third, research has 
to be published in English and available in PubMed 
resources [3]. 
 As every bioinformatics research the GWAS need 
the specific approach in analysis. The goal of this 
paper is to introduce and review GWAS technology, 
study design and analytical strategies.  

2. GWAS - General information 

2.1 Single Nucleotide Polymorphisms 

 The basic part of genome, which are use in 
Genome-Wide Association Study, are called single 
nucleotide polymorphisms (SNP). SNPs are point 
base-pair changes in the DNA between members of 
a biological species or paired chromosomes in a 
human with minor allele frequency>1% (What 
distinguishes it from mutations). Each individual has 
many single nucleotide polymorphisms that together 
create a unique DNA pattern for that person.  SNPs 
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can occur in every region, within coding sequences 
of genes, non-coding regions of genes, or in the 
intragenic regions between genes. All of those 
positions can have functional consequences from 
causing amino acid changes (nonsynonymous SNP), 
changes to mRNA transcript stability, and changes 
to transcription factor binding affinity, which make 
SNPs by far the most abundant form of genetic 
variation in the human genome [4-5].  

2.2 Common disease, common variant 

hypothesis 

 The main hypothesis in GWAS study says that 
common diseases are likely caused by genetic 
variation that is also common in the population. By 
common it is understand that >1-5% must have the 
genetic variant. This statement led to important 
conclusions, which have to be considering in 
GWAS. First says that if SNP has only a small effect 
it explains only a small proportion of all genetic 
variance in disease but if SNP is heritable then 
common alleles multiply the risk of common disease. 
Second consequences say that by definition common 
alleles cannot have high effect to disease [6]. Fig.2 
present graphical interpretation of above statements.  

 
Fig.2. View to the number of published GWAS from 2005 

to 2012 [6]. 

 All this information has to be considered in 
construction of study group which size have to be 
large to get statistical significances. 

2.3. Study Designs in GWAS 

 In GWA Study, three types of population under 
investigations are popular. For the most common 
belong case-control study, where two groups are 
required, first with recognitions of interest disease or 
health issue (case) and control, population where 
investigated problem do not occur. Very similar to 
case-control is cohort study, where population under 
investigation at the beginning of research is uniform 
and then under some stimulation (e.g. radiation) the 
disease outcomes are investigated against normal. 
Fig. 3 present difference between above mention 
studies. 

 
Fig.3. Interpretation of difference between case-control 

and cohort study. 

 Third type of study is cold Trio or case + parents, 
where biological material from investigated group 
and parents is genotyped. Such kind of study allows 
to assessment the frequency, which an allele is 
transmitted to an affected offspring from 
heterozygous parents. in assumptions disease-related 
alleles are transmitted in excess of 50%. 
Disadvantage of this study is highly sensitivity to 
genotyping errors. 
 In constriction of high quality GWA Study there 
is need to remember about ethnical differences, sex, 
age etc. Under those issue GWA Study are mostly 
performed on one ethnical group, with equal 
proportion of male and female and uniform age 
distribution. Also to obtain high statistical power 
large population are used, where the biggest research 
for now were performed on 100,000 persons [7]. 

3. Mathematical aspects 

3.1 Hardy-Weinberg principle 

 Before starting every analysis in GWAS Hardy-
Weinberg equilibrium (HWE) should be test.  The 
principle states that allele and genotype frequencies in a 
population will remain constant from generation to generation 
in the absence of other evolutionary influences [8]. If we 
assume that allele "A" frequency is equal to p, and 
allele "a" frequency is equal to q, then according to 
HWE, genotype frequencies look as follow: AA=p2, 
Aa=2pq ans aa=q2 (Fig.4). To assess the HWE the 
X2 test, Fisher exact test or G test could be used. 
When the ratios of homozygous and heterozygous 
genotypes significantly differ from Hardy-Weinberg 
Equilibrium assumptions, it can indicate genotyping 
errors, batch effects or population stratification. In 
GWAS analysis SNPs, which do not follow Hardy-
Weinberg equilibrium should be excluded from 
analysis. 
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Fig.4. Interpretation of Hardy-Weinberg Equilibrium [9]. 

3.2 Linkage Disequilibrium (LD) 

 During the GWA Study, two significant SNPs 
findings are possible. First is when genotyped SNP is 
statistically significantly to phenotype of investigated 
disease - direct assassination or commonly named 
functional SNP. Second option is when the 
influential SNP is not directly genotyped, but instead 
it lay in high LD region with the influential SNP that 
is typed and statistically associated to the phenotype 
- indirect association (Fig.5). 

 
Fig.5. Presentation of direct and indirect association 

[10]. 

 The indirect association is observed under 
Linkage Disequilibrium condition. By definition LD 
is situation where alleles laying nearby each other are 
non-independence because of a lack of 
recombination, which make their association non-
random. In GWA Study such situation helps to find 
new significant SNPs even if they are not genotyped. 
To assess the linkage disequilibrium, two measures 
are used. First define as a capital D', describe 
recombination events between investigated SNPs.  
D' have range from -1 to 1 and if it is equal to 0 then 
we observe linkage equilibrium and cannot conclude 
about significance of discovered SNP. Second 
measure is defined as r2 that is statistical measure of 
correlation of investigated locus. The range of r2 is 
from 0 to 1 and the zero value states that locus is 
under linkage equilibrium [11]. 
 

3.3 Methods of analysis 

 Different study designs require various methods 
of analysis. In this paragraph method for case-
control study will be present. 
 There are two most popular methods, first use 
the contingency table and second is based on logistic 
regression. To more conservative method belongs 
the contingency table that in example constructed as 
follow (tab.1): 
Tab.1. Contingency table to case control study, where 

a,b,c and d are counts of alleles. 

 Allel A Allel B 
CASE a b 

CONTROL c d 

 To assess the significance of investigated SNP, 
chi-square test can be performed. Additional in 
GWA Study the odds ratio (OR) is measured as a 
effect size. The OR is a probability of occurrence the 
investigated event divided by not occurrence. Which 
in this case could be present like in formula 1. 

bc

ad
OR =  (1) 

 The value of OR=1 indicate no association to the 
diseases, OR > 1 show increase the risk of allele A, 
OR<1 increase the risk to allele B. However, the OR 
confidential interval (CI) cannot include 1. 
 Other method to analysis the case-control study 
is logistic regression, which use the binary outcomes. 
Let assume that Yi have to values, 0 for control and 
1 for case. Then Xi has 0 for AA allele, 1 for AB 
allele, and 2 for BB allele. In this conditions 
logit(pi)=loge[pi/(1-pi)]~β0+β1Xi. The value of β1 will 
estimate the significance of association with disease, 
which could be test e.g. by Wald Test (H0: β1=0). 
Also the CI of β1 and β1 alone are base to get the 
odds ratio that is estimate as follow (formula 2): 

1βeOR =  (2) 
 Advantage of logistic regression is possibility of 
adding confounders like age, ethnic etc., which are 
define as other conditions in probability of logit 
function. 

3. Summary 

 Above presented methods end problems are only 
a small part of what can be done in Genome-Wide 
Association Study. However in each analysis they 
should be consider and are base to more 
sophisticated solutions.  
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