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In the formulas below, i is the running index from 1 to the end of the gene list (N),  Ih is a membership indicator function, equal to 1 if gene h is a member of the gene 
set or 0 otherwise. The multiplicative term provides a weight that increases the enrichment at the top (or bottom) of the gene list where the differences between the 
distributions are more biologically meaningful and represent the degree of over and underexpression of relevant genes.            (           ) is the cumulative probability 
distribution of gene rankings for the genes that are members (not members) of the gene set, the cumulative probability distribution of gene rankings for the rest of the 
genes in the list: 

The distributions are estimated by running sums in the order of increasing rank from the top of the gene list. In this expression, I
h
 is a membership indicator function, 

equal to 1 if gene h is a member of the gene set or 0 otherwise. The multiplicative term provides a weight that increases the enrichment at the top (or bottom) of the 
gene list where the differences between the distributions are more biologically meaningful and represents over and underexpression of relevant genes. We are 
developing a new version of GSEA based on an Information-Theoretic statistics such as the symmetrized generalized Jensen-Shannon (JS) divergence where the 
running enrichment is computed using the Kullback-Leibler distances between         ,          and a reference distribution that is computed as a weighted mixture of 
both distributions:

Introduction The New GSEA Algorithm Benchmarking
Gene set enrichment analysis (GSEA) is now standard practice for 
interpreting global transcription profiling experiments and elucidating 
the biological mechanisms associated with phenotypes of interest. It 
revolutionized the analysis of global mRNA transcriptional profiles by 
introducing a pathway- and biological process-centric view that has 
significantly contributed to the study of important questions in 
biology and medicine across many domains.

The traditional GSEA algorithm uses a weighted version of the 
Kolmogorov-Smirnov statistic. We are developing and testing a new 
approach, based on an information-theoretic enrichment statistic, to 
increase the sensitivity of GSEA for the extraction of patterns in 
biological data. The new algorithm will preserve operational similarity 
and performance with respect to the original method, including the 
generation of enrichment plots and a variety of additional measures 
and statistics for each gene set. 

We plan to make the new GSEA method available to the community 
as a collection of robust, user-friendly, executable electronic 
notebooks for the multiple application modalities of the algorithm, 
e.g., two-phenotype, pre-ranked, single sample, microarray and 
RNA-Seq versions. 

New GSEA MethodStandard GSEA Method

We have collected over 650 instances of known enrichment results from over 250 datasets and papers from 
the literature and experimented with several variants of the Information-Theoretic GSEA algorithm. The new 
GSEA algorithm consistently overperforms the standard GSEA method as can be seen below.
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Results over the blue line 
indicate the new GSEA 

method outperforms the 
standard one

In the Radial Enrichment Plot shown on 
the right, the radial distance is 
proportional to the gene ranking, and the 
angular proximity represents the degree of 
association of the gene expression 
profiles as measured by their mutual 
information. If the genes in a gene set 
represent a coherent biological process, 
their profiles are more likely to cluster in 
the angular direction as it is in this case. 

Most of the genes in the MYC activation 
gene set are significantly enriched not 
only with respect to the MYC activation 
phenotype but also cluster in the angular 
direction indicating additional evidence 
for meaningful biological enrichment.

We will use the enrichment of a MYC activation gene set 
(COLLER_MYC_TARGETS_UP from MSigDB) to show 
the differences between enrichment plots of the 
standard and new GSEA methods.

The pictures on the right show the two enrichment plots 
corresponding to the standard GSEA and the new GSEA 
method. The new GSEA method results in greater 
sensitivity, sharper enrichment peaks, and improved 
FDRs.
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