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Motivation



Motivation 1: Comparison between Conditions



• GSEA (https://www.gsea-
msigdb.org/gsea/msigdb/human/annotate.jsp)

• EnrichR (https://maayanlab.cloud/Enrichr/)

Motivation 1: Comparison between 
Conditions

https://www.gsea-msigdb.org/gsea/msigdb/human/annotate.jsp
https://www.gsea-msigdb.org/gsea/msigdb/human/annotate.jsp
https://www.gsea-msigdb.org/gsea/msigdb/human/annotate.jsp
https://maayanlab.cloud/Enrichr/


Motivation 2: Sample/Cell Annotation/Featurization



Motivation 2: Sample/Cell Annotation/Featurization



Motivation 2: Sample/Cell Annotation/Featurization

Li, et al. Cell. 2019



Motivation 2: Sample/Cell Annotation/Featurization

Tirosh et al. Science. 2016





irGSEA Aggregates 6 Methods



irGSEA Aggregates 6 Methods



irGSEA Aggregates 6 Methods

Binomial Distribution PMF



Module Score



Module Score



Module Score



Module Score



Module Score

1. Average expression of gene set
2. Binning gene expression
3. Average expression of control gene set
4. Gene set score – control gene set score

https://www.waltermuskovic.com/2021/04/15/seurat-s-addmodulescore-function/



Module Score Depends on Dataset Composition

https://www.waltermuskovic.com/2021/04/15/seurat-s-addmodulescore-function/



AUCell



AUCell



AUCell



AUCell
• 1. Build gene-expression rankings for each cell
• 2. Calculate enrichment for the gene signatures (AUC)
• 3. Binarize (Optional)

https://scenic.aertslab.org/scenic_paper/tutorials/AUCell.html



UCell



UCell

U’j Ucell score for cell j
Uj Mann-Whitney U statistics
n number of genes in the gene set
r’i,j rank of gene i in cell j

Smin : The Smallest possible sum of ranks

Smax: The largest possible sum of ranks



UCell Performance does not depend on dataset 
composition and is more efficient than AUCell



4 Gene Sets for CD8 T Cells



Exhaustion Module Score



Results are consistent across methods



Exhaust VS Effect
Module Score

AUCell

UCell



Clustering with gene sets



single sample gene set enrichment analysis 
(ssGSEA)/GSVA



single sample gene set enrichment analysis 
(ssGSEA)/GSVA



Kernel Density Estimation (KDE)

https://en.wikipedia.org/wiki/Kernel_density_estimation



Step 1: gene level statistic

Microarray: Gaussian Kernel

RNA-seq: Poisson Kernel

a matrix X={x i j }p×n
x i the expression profile of the i-th gene
x i j the specific expression value of the i-th gene in the j-th sample
γ k the subset of row indices in X such that γ k⊂{1,… p} defines a set of genes forming a pathway or some other functional unit
|γ k | be the number of genes in γ k



Step 2: Rank order per sample

Convert z i j to ranks z(i)j for each sample j and normalize 
further r i j=|p/2−z(i)j|

a matrix X={x i j }p×n
x i the expression profile of the i-th gene
x i j the specific expression value of the i-th gene in the j-th sample
γ k the subset of row indices in X such that γ k⊂{1,… p} defines a set of genes forming a pathway or some other functional unit
|γ k | be the number of genes in γ k



Step 3: KS like random statistic

a matrix X={x i j }p×n
x i the expression profile of the i-th gene
x i j the specific expression value of the i-th gene in the j-th sample
γ k the subset of row indices in X such that γ k⊂{1,… p} defines a set of genes forming a pathway or some other functional unit
|γ k | be the number of genes in γ k



Step 4: Scoring

Max deviation from zero

Difference between positive and negative



GSVA performs better than the other methods



GSVA performs better than the other methods



GSVA performs comparably in microarray 
and RNA-seq



Questions
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