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1. Overrepresentation analysis (ORA), mathematical formulation

2. enrichR: online tool for ORA

3. Critical evaluation of enrichR, pros and cons

4. Alternative: clusterProfiler

presentation inspired by
https://www.pathwaycommons.org/guide/primers/statistics/fishers_exact_test/

Outline

https://www.pathwaycommons.org/guide/primers/statistics/fishers_exact_test/


Task:

Check if a tested gene set shares an ‘unusual large number of genes’ with a reference
gene set.
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a simple case:

30 genes expressed in total (background)

15 genes are DE (tested gene set)

12 genes overlap with a reference gene set (transcription/elongation GO term)
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null hypothesis H0: The two gene sets are independent

Establish the p value for our observation.

Fisher’s exact test



The number of possible
configurations

(contingency tables) is
finite but not all are

equally probable

Fisher’s exact test
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Hypergeometric distribution
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) for x = 0, 1 . . . r

x : random variable (overlap), N:
background size, r : size of the tested gene
set, n: size of the reference gene set

Fisher’s exact test



One-sided (directional) test:

pval = 1.33× 10−2 + 7.11× 10−5

+ 1.45× 10−6 + 6.45× 10−9

= 0.001407159

probabilities:

Fisher’s exact test









enrichR: not adjustable



Effect of the background
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Alternative: clusterProfiler
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Comparison



enrichR is quite widely used mainly for its userfriendliness

Impressive collection of databases, updated

Biggest problem: not adjustable (background!!!), apparently very broad
 false positives

There are alternatives but not so easy to use. However, more contralable
(clusterProfiler)

Despite the test being exact, different implementations (packages) give somewhat
different results

Summary
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