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Overview
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1 Rstudio & Rmarkdown

2 Count Matrix & Normalization

3 Exploratory Analysis

4 Differential Expression

5 Functional Analysis



Enrichment Analysis (EA):

• Identify groups of genes that are over-
represented within a larger set of genes

• Enriched sets of genes may be associated 
with biological pathways and processes

• Returns scores/ranks and p-values

• Some types are:
• SEA (Singular EA)
• GSEA (Gene Set EA)
• MEA (Modular EA) https://doi.org/10.1016/j.coisb.2019.04.002
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Enrichment analysis

https://doi.org/10.1016/j.coisb.2019.04.002


• Are my differentially expressed genes enriched for Kinases-related ontology term(s)?

• Create a contingency table where:

• Perform a Fisher’s exact test to check if there is enrichment → p-value

• There are thousands of GO sets, so multiple testing correction is needed

Kinase-related otology Other ontology

DE 30 120

Not DE 40 960
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All genes

DE Genes Kinases

A C

B

D

Is the overlap (A) of these two gene 
sets higher than what we would 
expect if they were independent?
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Kinase Not kinase

DE A B

Not DE C D



Quiz: Enrichment Analysis on a kinase screen

• Our experiment returns a list of kinases which were regulated.

• We perform EA on this list and use the whole proteome (transcriptome) as the background. 

• What do you expect to see enriched? 
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Kinase Not kinase

Regulated A B

Not Regulated C D

Enrichment analysisEnrichment analysis



Quiz: Enrichment Analysis on a kinase screen

• Change the gene background!

• Instead of all genes, use a custom background: only kinase-ome

• What do we achieve by doing this?

Kinase 
subclass

Other  
kinases

Gene list A B

Not gene list C D
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You investigate differential gene expression in mouse liver tissue response to a 
kinase inhibitor. You have obtained a list of DEGs. 
What is the most appropriate background to find overrepresented GO terms 
involved in the drug response?

A. All mouse proteins (genes) that are phosphorylated
B. Genes (proteins) in mouse liver kinase-ome
C. Genes expressed in your experiment

How would you produce this list?
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Example: GSEA or class scoring

• Are my DE genes enriched for Kinases 

(Gene Ontology)?

• Rank my DE results by log2FC 

• Running enrichment score

• Test significance of max enrich. score
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GSEA



DOI: 10.1073/pnas.0506580102

10

GSEA

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


• Web Resources: KEGG, PANTHER, DAVID, DO

• R packages: clusterProfiler, GOSemSim
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Enrichment analysis Tools
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CUSTOM PLOTS

• R packages: igraph, visNetwork, ggnetwork, ggnet, circlize

https://www.nature.com/articles/s41598-021-84338-y 

https://www.nature.com/articles/s41598-021-84338-y


• Identify clusters of correlated genes, based on 
expression across samples within a condition

• Couple these to clinical variables and patient metadata

• Co-expression clusters can be used for enrichment -and 
pathway analysis.

• Tools: 
• DGCA (Differential Gene Correlation Analysis)
https://doi.org/10.1186/s12918-016-0349-1

• WGCNA (Weighted Gene Co-expression network Analysis)
https://doi.org/10.1186/1471-2105-9-559 
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Co-expression Analysis

https://doi.org/10.1186/s12918-016-0349-1
https://doi.org/10.1186/1471-2105-9-559


Genes of interest can be used to construct networks

Network: set of interconnected nodes
• Nodes: items we want to connect (genes, proteins, etc)

• Edges: relationship between nodes (correlation, score)

Attributes: Information about the network
• Color and shape: e.g. differentiate genes from diseases

• Arrow head: direction of the relationship

• Edge thickness: strength of relationship

Node

Edge
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Networks Analysis



• Gene correlations for differential changes between 
conditions

• Annotation of the network:

• diseases or drugs (Clinical Knowledge Graphs)

• protein interactions

• transcription factors, etc.

• Tool interaction networks:
• Mining Interactions:                      https://string-db.org/ 

• Network Visualization:                          https://cytoscape.org/   
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Interaction Networks

https://string-db.org/
https://cytoscape.org/


Let’s do some Functional Analysis!

• Notebooks:
• 08b_FA_overrepresentation.Rmd
• 08c_FA_GSEA.Rmd
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Exercise
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How to convert gene IDs

problem: genes have ensembl IDs (ENSG…)  but we need entrez IDs 

Solution1: swap rownames from ensembl to entrez
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