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Functional enrichment data analysis  

CENTER FOR RESEARCH INFORMATICS

BIOINFORMATICS CORE

Bioinformatics Workshop Learning Series

Yan Li, Ph.D.

Bioinformatics Core

CRI, University of Chicago

November 19th, 2025

➢Prerequisite Preparation
• xQuartz installation (mac user)
• access to randi
• initiate rstudio for last hands-on section

➢ Input test data (e-mail): download & unzip 
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Outline

➢ Overview of Functional Enrichment Analysis Concepts
• over-representation analysis (ORA) 

• gene set enrichment analysis (GSEA)

 Hands-on: Using the Functional Enrichment Analysis 
Application

• https://biocoreapps.bsd.uchicago.edu/gsea_shiny/

    Gene Sets Over Representation (GSOR) Analysis

• https://biocoreapps.bsd.uchicago.edu/feavisapp/ 

    enrichment analysis results visualization application

 Hands-on: Implementing GSOR via rstudio on Randi 
• Single gene list

• Multiple gene lists

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
https://biocoreapps.bsd.uchicago.edu/feavisapp/
https://biocoreapps.bsd.uchicago.edu/feavisapp/
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Bioinformatics Workshop Series 2025

➢ Target: 1-2 workshops each quarter semester 

➢ Winter Quarter
❖ February:  Bulk RNA-seq Pipeline Hands-on Training

➢ Spring Quarter 
❖ April: Introduction to Spatial Transcriptomics

❖ June: 10x Genomics scRNA-seq data analysis workshop

➢ Summer Break

➢ Autumn Quarter 
❖ October: Bulk RNA-seq Pipeline Hands-on Training

❖ November: Functional Enrichment Analysis workshop

➢ workshop github: https://github.com/CRI-Biocore/

https://github.com/CRI-Biocore/
https://github.com/CRI-Biocore/
https://github.com/CRI-Biocore/
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Bioinformatics Workshop Series 2025

➢ Target: 1-2 workshops each quarter semester 

➢ Winter Quarter
❖ February:  Bulk RNA-seq Pipeline Hands-on Training

➢ Spring Quarter 
❖ April: Introduction to Spatial Transcriptomics

❖ June: 10x Genomics scRNA-seq data analysis workshop

➢ Summer Break

➢ Autumn Quarter 
❖ October: Bulk RNA-seq Pipeline Hands-on Training

❖ November: Functional Enrichment Analysis workshop (Today)

➢ workshop github: https://github.com/CRI-Biocore/

➢ feedback: https://mycri.cri.uchicago.edu/educations/trainings/79/survey/

https://github.com/CRI-Biocore/
https://github.com/CRI-Biocore/
https://github.com/CRI-Biocore/
https://mycri.cri.uchicago.edu/educations/trainings/79/survey/
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Why Functional Enrichment Analysis? 

Spatial Transcriptome Single cell RNA-seqBulk RNA-seq

Group Comparisons
Groups Ctrl, KO1, KO2

Comp1. DEGs
Ctl vs KO1

Comp2. DEGs
Ctl vs KO2

Comp1. DEGs
KO1 vs KO2

Functional Enrichment Analysis

Single set analysis
Multiple sets comparisons

Data base usage
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Functional Enrichment Analysis Overview
A. B.Gene Sets Over Representation (GSOR) Gene Sets Enrichment Analysis (GSEA)

Pics. source
A). Nature communication, Weigert M., Li Y, et al. (2025) at https://www.nature.com/articles/s41467-024-55440-2

B)& C). BMC, Zhang L et al. (2022) at https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w

C.

https://www.nature.com/articles/s41467-024-55440-2
https://www.nature.com/articles/s41467-024-55440-2
https://www.nature.com/articles/s41467-024-55440-2
https://www.nature.com/articles/s41467-024-55440-2
https://www.nature.com/articles/s41467-024-55440-2
https://www.nature.com/articles/s41467-024-55440-2
https://www.nature.com/articles/s41467-024-55440-2
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
https://bmcmedgenomics.biomedcentral.com/articles/10.1186/s12920-022-01375-w
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Gene Sets Over Representation (GSOR)

➢ Hypergeometric Test 

➢ P-value is calculated by: 

➢ For each functions in your functional database, you are checking 
whether your input gene list is over-represented or not?

➢ This small p-value indicates the observed enrichment is unlikely 
to have occurred by random chance 

Gene no interest Genes in interest Row sum

In function category M-k k M (known functional genes)

Not in function category N-M-(n-k) n-k N-M

Col sum N-n n (input) N

N: total number of genes in the background distribution
M: the number of genes within that distribution that are annotated to the 
gene set of interest
n: the size of the list of genes of interest
K: the number of genes within that list which are annotated to the gene set
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Gene Sets Over Representation (GSOR) cont.

➢ 

➢ As n increases, do we have higher chance to find more enriched 
functions to be over-represented?
❖ Shall we use the balanced/same number of gene sets as input for 

comparison?

❖ DEGs with larger and small difference?

❖ Any test does not rely on the size of input gene list?

Gene no interest Genes in interest Row sum

In function category M-k k M (known functional genes)

Not in function category N-M-(n-k) n-k N-M

Col sum N-n n (input) N

N: total number of genes in the background distribution
M: the number of genes within that distribution that are annotated to the 
gene set of interest
n: the size of the list of genes of interest
K: the number of genes within that list which are annotated to the gene set
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Gene Sets Enrichment Analysis (GSEA)

➢ Utilize the entire gene sets

➢ ES (enrichment score) is calculated for each function category

➢ The set of genes in a function is ranked based on the ES trend

➢ A set of leading genes are positively (top list of genes) or 
negatively (bottom list of genes) corelated with the function of 
interest

➢ p-value of ES is based on permutation test
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Gene Sets Enrichment Analysis (GSEA)

➢ Utilize the entire gene sets

➢ ES (enrichment score) is calculated for each function category

➢ The set of genes in a function is ranked based on the ES trend

➢ A set of leading genes are positively (top list of genes) or 
negatively (bottom list of genes) corelated with the function of 
interest

➢ p-value of ES is based on permutation test

➢ Multiple test correction (FDR correction)
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Gene Sets Enrichment Analysis (GSEA)

Citation: google AI comparison 
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Functional Enrichment Analysis Databases

➢ Gene Ontology DB (GOs)
➢https://geneontology.org/docs/ontology-documentation/

❖ Biological Processing (BP)

❖ Cellular Component (CC)

❖ Molecular Function (MF)

➢ KEGG DB (KEGG)
❖ https://www.genome.jp/kegg/pathway.html

➢ reactome 
❖ https://reactome.org/

➢ Broad MSigDB (molecular signature databases)
❖ https://www.gsea-msigdb.org/gsea/msigdb

https://geneontology.org/docs/ontology-documentation/
https://geneontology.org/docs/ontology-documentation/
https://geneontology.org/docs/ontology-documentation/
https://geneontology.org/docs/ontology-documentation/
https://www.genome.jp/kegg/pathway.html
https://reactome.org/
https://www.gsea-msigdb.org/gsea/msigdb
https://www.gsea-msigdb.org/gsea/msigdb
https://www.gsea-msigdb.org/gsea/msigdb
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Functional Enrichment Analysis Databases

Pic. source: https://www.gsea-msigdb.org/gsea/msigdb
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Functional Enrichment Analysis Reference Genome

➢ Input gene list
❖ human, mouse, rat, warm et al.

❖ ensemble id, entrez id or gene symbol

❖ gene lists vs ranked gene lists 

➢ Functional category
❖ human specific databases?

➢ IPA (licensed tool)
❖ functional enrichment analysis, network drawing etc.

➢ shiny applications 
❖ GSOR analysis: https://biocoreapps.bsd.uchicago.edu/gsea_shiny/

❖ GSOR results visualization: 
https://biocoreapps.bsd.uchicago.edu/feavisapp/

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
https://biocoreapps.bsd.uchicago.edu/feavisapp/
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GSOR analysis application
➢https://biocoreapps.bsd.uchicago.edu/gsea_shiny/

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
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GSOR visualization application
➢https://biocoreapps.bsd.uchicago.edu/feavisapp/

https://biocoreapps.bsd.uchicago.edu/feavisapp/
https://biocoreapps.bsd.uchicago.edu/feavisapp/
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 Hands-on: GSOR analysis application
➢https://biocoreapps.bsd.uchicago.edu/gsea_shiny/

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
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 Hands-on: GSOR analysis application
➢  Input gene lists download via e-mail or zoom chat

❖  test_data_input.zip

➢ A molecular atlas of the human postmenopausal fallopian tube and ovary 
from single-cell RNA and ATAC sequencing, Lengyel E, Li Y et al., Cell Reports 
2022

https://www.cell.com/cell-reports/fulltext/S2211-1247(22)01044-3
https://www.cell.com/cell-reports/fulltext/S2211-1247(22)01044-3
https://www.cell.com/cell-reports/fulltext/S2211-1247(22)01044-3
https://www.cell.com/cell-reports/fulltext/S2211-1247(22)01044-3
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 Hands-on: GSOR analysis application
➢  ovary scRNA-seq data

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/

https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
https://biocoreapps.bsd.uchicago.edu/gsea_shiny/
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 Hands-on: GSOR analysis application

➢  Do not close the application

➢  Take several minutes to run
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 Hands-on: GSOR analysis application

➢  Red: analysis results to download

➢  Green: ‘generate results string’ button click for visualization application
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 Hands-on: GSOR analysis application

➢  Red: analysis results to download

➢  Green: ‘generate results string’ button click for visualization application
➢ Red color string is your token used for visualization application at 

https://biocoreapps.bsd.uchicago.edu/feavisapp/

https://biocoreapps.bsd.uchicago.edu/feavisapp/
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 Hands-on: GSOR visualization application
➢https://biocoreapps.bsd.uchicago.edu/feavisapp/

https://biocoreapps.bsd.uchicago.edu/feavisapp/
https://biocoreapps.bsd.uchicago.edu/feavisapp/
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 Hands-on: GSOR visualization application

➢Select type of results (token)
❖  GSEA App results (delete after application close)

❖  upload your own (delete after application close)

❖  CRI-BIO project results (token is kept after application close)
• MZCpXyDW_GO, yxKBqMDN_Hallmark, V6br7IZP_KEGG
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application
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 Hands-on: GSOR visualization application

➢Select type of results (token)
❖  GSEA App results (delete after application close)

❖  upload your own (delete after application close)

❖  CRI-BIO project results (token is kept after application close)
• MZCpXyDW_GO, yxKBqMDN_Hallmark, V6br7IZP_KEGG
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 Hands-on: GSOR analysis randi
➢ Instruction: https://github.com/CRI-

Biocore/functional_enrichment_analysis_2025_workshop/blob/main/docs/rstudio_randi_quickstart.md

https://github.com/CRI-Biocore/functional_enrichment_analysis_2025_workshop/blob/main/docs/rstudio_randi_quickstart.md
https://github.com/CRI-Biocore/functional_enrichment_analysis_2025_workshop/blob/main/docs/rstudio_randi_quickstart.md
https://github.com/CRI-Biocore/functional_enrichment_analysis_2025_workshop/blob/main/docs/rstudio_randi_quickstart.md
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi 

Note: You can skip this step, this step is more for troubleshooting. 
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi
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 Hands-on: GSOR analysis randi
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Take Home Message

➢ GSOR vs GESA usage

➢ results interpretations

➢ submit project request to run GSOR for visualizations
❖https://biocore.cri.uchicago.edu/

https://biocore.cri.uchicago.edu/
https://biocore.cri.uchicago.edu/
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Genomics and proteomics 
data analysis

BiCF applies appropriate and 
state-of-the-arts statistical and 
bioinformatic methodologies to 

analyze genomics data generated 
from standard and emerging 

assays.

Consulting, grant writing 
and training

BiCF provides consulting services for 
experimental design or data analysis; 

grant writing assistance, including 
bioinformatics development, cost 

analysis, and documentation of tools 
to complete the research.

Data management 
system development

BiCF offers enterprise 
solutions for project and study 

management, for data 
production , sharing and 

integration .

Contact us: bioinformatics@bsd.uchicago.edu
Submit a project request: https://biocore.cri.uchicago.edu/

OUR AWESOME TEAM

Wenjun Kang, 
MS

Technical Director

Yan Li, PhD

Associate 
Director

Mengjie 
Chen, PhD

Faculty 
Director

Bioinformaticians

Jason Shapiro,

PhD Evan Wu

Houxiang Zhu, 
PhD

Diana Vera Cruz, 
PhD

Zhongyu Li, 
MS

Qiaoshan Lin, 
PhD

Yildiz Koca, 

PhD

Geetha Priyanka,

 MS

David Tieri, 

PhD
Katie Aracena, 

PhD
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➢ NGS sequencing data analysis
❖ bulk sequencing data analysis 

•  bulk RNA-seq , bulk ATAC-seq, Cut&Run, Library screen CRISPR etc.

•  standard 10 hours workflow analysis 

•  2 weeks results turn around time 

❖ single cell data analysis 
•  scRNA-seq, scATAC-seq, OMICS etc.

•  standard 50-60 hours workflow analysis 

•  4-6 weeks results turn around time 

❖ spatial data analysis
•  visium, xieunm, GeoMx, spatial data deconvolution 

➢ Grant writing assistance: Aims, power computation etc.

➢ Consultation: free 1hr consultation for analysis, in person office 
hours

➢ Application development Ent

Services

Contact us: bioinformatics@bsd.uchicago.edu
Submit a project request: https://biocore.cri.uchicago.edu/
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➢ HPC system team to maintain randi HPC

➢ HPC: Franck segbedji to reserve the computational nodes

➢ HPC: Mike Jarsulic to reserve the computational nodes

➢ My colleague: Wenjun Kang to coordinate today’s zoom Q&A

➢ My colleague: Diana Vera Cruz to test the workshop code usage

➢ My colleague: Zhongyu Li
❖ Developer of GSOR shiny application

➢ Biocore shiny application feedbacks

Acknowledgement
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➢ HPC system team: Randi Support
   Every Tuesday afternoon 12:00 PM – 2:30 PM

•    Location: Peck Pavilion N161

 Slack Group: https://join.slack.com/t/criscientific-
dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g

➢ In-person office hours bioinformatics
  Every Tuesday afternoon 12:30 PM – 3:30 PM

•    Location: Peck Pavilion N161

•    Bioinformatics related questions

•    Experimental design questions

➢ Biostatistical Questions
  First Tuesday of Each Month 12:30 PM – 3:30 PM

•    Location: Peck Pavilion N161

In Person Free Consultation 

https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
https://join.slack.com/t/criscientific-dzi9891/shared_invite/zt-2kghy4392-1ELPfgn8pL5BcXk4oF9D4g
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Thanks for your attention!

CENTER FOR RESEARCH INFORMATICS

BIOINFORMATICS CORE

Bioinformatics Workshop Learning Series

Yan Li, Ph.D.

yli22@bsd.uchicago.edu

bioinformatics@bsd.uchicago.edu

Workship feedback survey: 
https://mycri.cri.uchicago.edu/educations/trainings/79/survey/
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