Introduction to Pathway
Analysis
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Why pathway analysis?

“..one may be left with a long list of statistically significant genes without any
unifying biological theme. Interpretation can be daunting and ad hoc, being
dependent on a biologist's area of expertise.”

- Subramanian et al. PNAS. 2005.



https://doi.org/10.1073/pnas.0506580102
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https://doi.org/10.1371/journal.pcbi.1002375

Today we'll cover three types of pathway analysis

Over-representation analysis (ORA)

| have alist of genes from my analysis and I'm
interested in if genes from a pathway are
represented in that list more than | would
expect by chance.

Pros
e Simple
e Computationally inexpensive to compute
p-values

I\ Cons

e Requires arbitrary thresholds and ignores any
statistics associated with a gene

e Assumes independence of genes and pathways
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Gene Set Enrichment Analysis (GSEA)

| have a gene-level statistics from a two-group
comparison, and | would like to know if there
are coordinated changes in pathway that are
unlikely to be detected by looking at
differentially expressed genes alone.

Pros
e Includesall genes (no arbitrary threshold!)
e Attemptsto measure coordination of genes
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)\ Cons

e Permutations can be expensive

e Does not account for pathway overlap

e Two-group comparisons not always
appropriate/feasible
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https://doi.org/10.1073/pnas.0506580102
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Gene Set Variation Analysis (GSVA)

GSVA Algorithm
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Hanzelmann, Castelo, and Guinney. BMC Bioinformatics. 2013.



https://doi.org/10.1186/1471-2105-14-7
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https://towardsdatascience.com/decoding-gene-set-variation-analysis-8193a0cfda3
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Pros A Cons
e Does not require two groups to compare e Scores are not a good fit for gene sets that contain
upfront genes that go up AND down
e Normally distributed scores e Method doesn’t assign statistical significance itself

e Recommended samplesizen > 10

Hanzelmann, Castelo, and Guinney. BMC Bioinformatics. 2013.



https://doi.org/10.1186/1471-2105-14-7

Resources

Guangchuang Yu. clusterProfiler: universal enrichment tool for functional and
comparative study.

Harvard Chan Bioinformatics Core Training. Intro to DGE: Functional analysis.

Saksham Malhotra. Decoding Gene Set Variation Analysis.

refine.bio examples includes pathway analysis examples for microarray and
RNA-seq

Molecular Signatures Database (MSigDB)



https://yulab-smu.github.io/clusterProfiler-book/index.html
https://yulab-smu.github.io/clusterProfiler-book/index.html
https://hbctraining.github.io/DGE_workshop/lessons/09_functional_analysis.html
https://towardsdatascience.com/decoding-gene-set-variation-analysis-8193a0cfda3
https://alexslemonade.github.io/refinebio-examples/01-getting-started/getting-started.html
https://www.gsea-msigdb.org/gsea/msigdb/index.jsp

