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Learning objectives

What is Enrichment analysis?

Distinguish between different ways to do it.

Challenges and Limitations of methods.



https://doi.org/10.1371/journal.pcbi.1002375

Overview of functional analysis

https://doi.org/10.1371/journal.pcbi.1002375


Fisher’s Exact test

https://doi.org/10.1371/journal.pcbi.1002375

Overview of functional analysis: ORA

https://doi.org/10.1371/journal.pcbi.1002375


GSEA

https://doi.org/10.1371/journal.pcbi.1002375

Overview of functional analysis: FCS

https://doi.org/10.1371/journal.pcbi.1002375


topologyGSA

https://doi.org/10.1371/journal.pcbi.1002375

Overview of functional analysis: PT

https://doi.org/10.1371/journal.pcbi.1002375


https://doi.org/10.1371/journal.pcbi.1002375

Overview of functional analysis: ORA & FCS

https://doi.org/10.1371/journal.pcbi.1002375


Goal: To gain biologically meaningful 
insights from long gene lists



Over-representation analysis (ORA)

Statistically evaluates the fraction of genes in a particular pathway found 
among the set of genes showing changes in expression.

1. Select a list of genes with certain threshold (FDR <= 0.05)

2. For each pathway, count input genes that are part of the pathway

3. Repeat for an appropriate background list of genes

4. Every pathway is tested for over- or under-representation in the list of 
input genes

The most commonly used tests are based on the hypergeometric, chi-
square, or binomial distribution
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Problems with ORA

Cutoff? 0.051?

Treat all genes equally

Each gene is independent of other

Each pathway is independent of each other



Functional class scoring (FCS)

The hypothesis of FCS is that although large changes in individual genes 
can have significant effects on pathways, weaker but coordinated changes 
in sets of functionally related genes (i.e., pathways) can also have significant 
effects

1. Rank the genes

2. Perform gene-level statistics in a pathway

3. Calculate pathway level-statistics: – Kolmogorov-Smirnov statistic
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Functional class scoring (FCS)



Problems with FCS

Each gene is independent of other

Each pathway is independent of each other



Databases and methods



Problems with databases: 

Low resolution

Databases and methods



Gene Ontology: the world's largest source of 
information on the functions of genes

The GO contains many terms that 

are highly similar or overlapping 

in meaning (e.g., "cell cycle" and 

"mitosis").



"exclusively 
inherited" refers to 
the subset of 
shared information 
that is unique to 
the two terms 
being compared
(GOTerm₅ and 
GOTerm₆) and not 
inherited by other 
unrelated terms.

Illustration of Semantic Similarity Measurement for Gene Ontology Terms Using Exclusively Inherited Shared Information

https://www.sciencedirect.com/science/article/pii/S0378111914014887



Making your own database

database_seeds

$paper1_day1
Gene1, Gene2, Gene3, Gene4

$paper2_day2
Gene3, Gene4, Gene5, Gene6



GREAT

https://www.nature.com/articles/nbt.1630

https://www.nature.com/articles/nbt.1630


GREAT

- GREAT helps determine whether these regions are linked to gene 
regulation

- Handles distal regulatory elements: GREAT accounts for long-range gene 
regulation, making it more effective for studying enhancers and other non-
coding regions

- Chromatin conformation capture techniques (e.g., Hi-C, ChIA-PET) that 
reveal long-range interactions between enhancers and promoters.

- Epigenetic markers such as histone modifications (e.g., H3K27ac) that 
indicate active regulatory regions.



GREAT

It mostly works with the mouse and human genome

Annotations are not open access



rGREAT



Example plot



Summary

Three types of methods for enrichment analysis:

1. ORA

2. FCS

3. Pathway Topology

Databases problem

GO semantic similarity

GREAT/ rGREAT for analysis of Genomic Ranges



Exercise 7



Thank you
D A T A  S C I E N T I S T S  F O R  L I F E

sib.swiss
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