
Scripting Pathway 
Analysis and Data 

Overlays in R

Workshop



✦10/26-27 - Introduction to RNA-Seq Analysis
✦11/9 - Single Cell Analysis
✦11/19 - Machine Learning

Join Gladstone Bioinformatics Core on Slack ✦

Upcoming Workshops  

https://join.slack.com/share/zt-i7rwji0k-ppYtQo60IKjJ22XujhT_gA










Functional Enrichment Analysis
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= GO Analysis

= Pathway
   Analysis

GO Term or Pathway Ratio P-Value Z-Score List of Genes

Cell Cycle 9/45 4.2E-12 2.5 MDM2, ABL1, RB1, ...

DNA Repair 9/52 2.6E-10 3.2 MDM2, ABL1, RB1, ...

TNF Signaling 8/40 1.1E-10 2.4 CDK2, TNFA1, ABL1, ...



1. Overrepresentation Analysis (ORA)
● Pick cutoffs
● Apply Fisher’s Exact Test 

or Hypergeometric Test

2. Gene Set Enrichment Analysis (GSEA)
● Rank all genes
● Apply GSEA method

Functional Enrichment Analysis



1. Overrepresentation Analysis (ORA)

Pick cutoffs
● Log2FC 
● Adjusted p-value 

● Upregulated
● Downregulated
● Significantly changed



Apply statistical test
● Fisher’s exact test or Hypergeometric test
● See detailed descriptions and comparisons

Important factors
● Source of ontology and pathways sets
● Pre-filtering
● Post-filtering
● Use of background or reference set

1. Overrepresentation Analysis (ORA)

https://www.pathwaycommons.org/guide/primers/statistics/fishers_exact_test/
http://mengnote.blogspot.com/2012/12/calculate-correct-hypergeometric-p.html


2.  Gene Set Enrichment Analysis (GSEA)

Rank all genes
● sign(log2FC) * -log(Pvalue)

 



2.  Gene Set Enrichment Analysis (GSEA)

Appy statistical test
● Subramanian, et al. PNAS 2005

Important factors
● Source of ontology and pathways sets
● Pre-filtering
● Post-filtering

Advantages
● No arbitrary cutoffs
● Background is built into ranked gene set 

https://www.pnas.org/content/102/43/15545


Which method should I use?

Both!



Survey of Tools
● Enrichr - simple test of 154 resources (ORA only)

■ Paste in human or mouse symbols
■ Browse and export results
■ Can’t provide background set
■ See documentation

● WebGestalt - advanced test on select resources
■ Paste in symbols or identifiers ~15 species
■ Specify background set
■ Advanced options; advanced data visualizations
■ See Wang, et al. NAR 2017

http://amp.pharm.mssm.edu/Enrichr/
http://amp.pharm.mssm.edu/Enrichr/help#background
http://webgestalt.org/option.php
https://academic.oup.com/nar/article/45/W1/W130/3791209


Survey of Tools
● clusterProfiler - R package 

■ ORA and GSEA
■ Advanced input and configuration options
■ Built-in GO analysis; expansion options 
■ Build-in data visualization; expansion options
■ See documentation

https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html
https://yulab-smu.github.io/clusterProfiler-book/chapter2.html


Which tool should I use?

Multiple!



Additional Reading

● Huang 2009 
● Tipney & Hunter 2010 
● Kelder, Pico, et al. 2010
● Nguyen, et al. 2019

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2615629/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3525973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2930872/
https://genomebiology.biomedcentral.com/articles/10.1186/s13059-019-1790-4








Drug-Target Interactions









Let’s Get Started
1. Launch RStudio
2. Open Pathway Analysis Vignette

a. Download .Rmd

https://raw.githubusercontent.com/wikipathways/rWikiPathways/master/vignettes/Pathway-Analysis.Rmd

