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Background

 Genome Wide Association Studies (GWAS)

What is a genetic pathway?

 Challenges in the analysis of complex diseases
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GWAS?

 A genome wide association study (GWAS) 
examines genetic variation across a given genome.

 Designed to help identify genetic associations with 
an observable human trait or disease.
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GWAS?

 Typically >1 million single nucleotide 
polymorphisms (SNPs) are genotyped.

 Cost of genome-wide genotyping has dropped 
dramatically in the last few years.

 Number of studies utilizing GWAS has increased 
and is now relatively common.
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What is a genetic pathway?

 A genetic pathway is a summary of our current 
understanding of how a particular set of genes 
interact with one another within a biological 
process.

 Commonly, pathways are shown using the same 
graphical conventions as graph theory. 
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The asthma pathway
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Challenges in the analysis of complex 
diseases

 In most complex diseases, genes don't function 
alone. Instead, genes may interact to increase or 
decrease disease susceptibility.

 Unfortunately, the vast majority of diseases fall 
into this category (asthma, Alzheimer's disease, 
Parkinson's disease, etc.,).

 Most GWAS focus on single SNP association with 
disease and have had limited success.
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Real World Example 

 Amundadottir et al. (2009) measured >500,000 
SNPs in 1896 patients with pancreatic cancer and 
1939 controls.

 A simple logistic regression analysis only identified 
a single SNP (in the ABO blood group gene) with 
an odds ratio of 1.2. 

 This association was already reported over 50 years 
ago!
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http://www.ncbi.nlm.nih.gov/pubmed/19648918


Real world example 

 The failure to identify new susceptibility genes for 
complex diseases using GWAS in large sample 
sizes highlights some of the limitations of the 
single SNP at a time analysis approach.
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Multiple testing problem

 In a GWAS study, a brute force search of all 
possible combinations of SNPs associated with 
disease is inefficient.

 It also results in a multiple testing paradigm 
whereby larger and larger samples sizes are needed 
to maintain statistical power.

10



The idea behind Path
 Use existing biological knowledge to prioritize 

which genetic variations to analyze for gene–gene 
interactions. 

 For any given disease there are often multiple 
pathways that have been experimentally confirmed 
to play an important role.

 Genes in these pathways can be selected for gene–
gene interaction analysis, thus significantly 
reducing the number of tests performed.

 Can also look at smaller additive effects of genes 
that work together in a pathway.
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The Path software application

 Designed to help researchers interface their data 
with biological information from several online 
bioinformatics resources.

 Help identify SNP-SNP interactions to test.

 Help store, retrieve, and visualizing results of a 
GWAS. 
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Path software

 Path software is freely available and may be 
downloaded at:

http://genapha.icapture.ubc.ca/PathTutorial
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Path homepage
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SNP function and gene it belongs to.

Biological pathways and diagrams each gene is 

involved in.
Links to results of published association studies.



Path Application

Path is split up into two applications:

1. Java application that sets up a database housing 

your data and stores bioinformatics information 

downloaded from online resources.

2. Web browser based application that allows you 

to explore and view your data and analysis 

results.
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Some tools provided by Path

Search your database for genes or SNPs that match a 
criteria (i.e. found on a specific chromosome or 
involved in a specific pathway).

Search your database for association results that match 
a criteria (i.e. P-values less than or equal to a given 
threshold).

Conduct pathway-driven gene-gene interaction 
analyses.
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Association Search Tool
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SNP summary page
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Pathway Analysis Tool
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Gene-gene analysis results
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Summary

Automatically generate a database for your genomic 
data.

Interface your data with information from online 
bioinformatics resources.

Explore your data with simple point and click query 
tools and interactive plots.

Perform pathway-driven gene-gene interaction 
analyses.
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