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Gene Set Enrichment analysis

Adopted from Alice Mouton’s presentation (Co-teaching by Trent Su)



Gene Ontology - ontologies

Adopted from Alice Mouton’s presentation (Co-teaching by Trent Su)



http://amigo.geneontology.org/amigo

http://amigo.geneontology.org/amigo


Gene Set Enrichment analysis

Adopted from Alice Mouton’s presentation (Co-teaching by Trent Su)



Gene Ontology analysis using GOrilla
http://cbl-gorilla.cs.technion.ac.il/

http://cbl-gorilla.cs.technion.ac.il/


Gene Ontology visualization by GOrilla

What is the proper background gene list to use when performing pathway analysis?

Ø The conclusion is that we should use a list of background genes that are expressed in the samples but not using the entire mouse genes in the mouse
genome [a list of genes whose average expression (raw counts) is greater than 10 in at least one of the two groups, that you will be comparing].

Choosing your final gene set for GO analysis:
1. p-value
2. Logfoldchange
3. Association with your condition



Gene Ontology analysis using GOrilla



Results for “DOWN”-regulated genes - GOrilla

”GO” terms can 
be very broad,
But it gives a “big 
picture”, but 
interpreting 
some particular 
can be difficult, 
not so easy



Results for “DOWN”-regulated genes - GOrilla



Results for “DOWN”-regulated genes - GOrilla



Results for “DOWN”-regulated genes - GOrilla



Results for “DOWN”-regulated genes - GOrilla



Results for “UP”-regulated genes - GOrilla



Results for “UP”-regulated genes - GOrilla



Results for “UP”-regulated genes - GOrilla



Results for “UP”-regulated genes - GOrilla



Example 1

Functional analysis

Description of data:
1. Condition: pain versus healthy
2. Sample: saliva
3. Human genome 



DAVID database 

KEGG database

GoMiner

MiR-4513……… more than 3000 target genes

Functional analysis for miRNAs

Find miRNA gene targets 
[Mirbase & TargetScan]



David



Mir-4513





Mir-4513



Tobacco Use Disorder
29%

Schizophrenia
7%

Cholesterol, LDL
5%

Myocardial Infarction
5%Type 2 Diabetes| edema | 

rosiglitazone
17%

Body Height
5%

Echocardiography
4%

Bipolar Disorder
4%

Body Weight
4%

Triglycerides
4%

Blood pressure
4%

Alcoholism
4%

Body Mass Index
4%

Stroke 
4%

DISEASES
Mir-4513























KEGG PATHWAY analysis













KO (KEGG Orthology Database)









GOMiner















inositol triphosphate (IP3) and diacylglycerol (DAG)/ These nerves release acetylcholine and substance P, 
which activate the IP3 and DAG pathways respectively. 

DAG Pathway

Link: CNS – Salivary content



Example 2

Functional analysis:

Description of data:
1. Condition: chronic kidney disease versus healthy
2. Sample: plasma
3. Mouse genome 



Mouse mine
(underexpressed)



inflammatory genes
function



Phenotype ontology

inflammatory genes (top 30) function



Phenotype ontology



David
(underexpressed)



Genes underexpressed in 4 vs. 3 group and overexpressed in 3 vs. 1 group

KEGG PATHWAY ANALYSIS



PI3K- Akt signaling pathway 

ENSMUSG00000029304, ENSMUSG00000031502, 
ENSMUSG00000028364, ENSMUSG00000022146, 
ENSMUSG00000027995, ENSMUSG00000006728, 
ENSMUSG00000027852, ENSMUSG00000020108, 
ENSMUSG00000018965, ENSMUSG00000000555, 
ENSMUSG00000053007, ENSMUSG00000026043, 
ENSMUSG00000026042, ENSMUSG00000027859, 
ENSMUSG00000059552, ENSMUSG00000023067, 
ENSMUSG00000022346, ENSMUSG00000006445

18 genesSpp1
Col4a1
Tnc
Osmr
Tlr2
Cdk4
Nras
Ddit4
Ywhah
Itga5
Creb5
Col3a1 
Col5a2
Ngf
Trp53
Cdkn1a
Myc
Epha2





TNF signaling pathway ENSMUSG00000052684, ENSMUSG00000029380, 
ENSMUSG00000053175, ENSMUSG00000034394, 
ENSMUSG00000027962, ENSMUSG00000000957, 
ENSMUSG00000037405, ENSMUSG00000053113, 
ENSMUSG00000035385, ENSMUSG00000021367, 
ENSMUSG00000053007

11 genes

Jun
Cxcl1
Bcl3
Lif
Vcam1
Mmp14
Icam1
Socs3
Ccl2
Edn1
Creb5





Mouse mine
(overexpressed)



genes involved in kidney function function

Phenotype ontology



genes involved in kidney function function
Phenotype ontology



genes involved in kidney function functionPhenotype ontology



genes involved in kidney function function
Phenotype ontology



genes involved in kidney function function
Phenotype ontology



genes involved in kidney function function
Phenotype ontology



David
(overexpressed)



KEGG PATHWAY ANALYSIS



Vasopresin-regulated water re-absorption signaling pathway 

ENSMUSG00000024411, ENSMUSG00000028435, 
ENSMUSG00000000711, ENSMUSG00000023013 

4 genes
Aqp4
Aqp3
Rab5b
Aqp2

Vasopresin-regulated water re-absorption signaling pathway 







gProfiler  (online tool)
https://biit.cs.ut.ee/gprofiler/gost

Downregulated genes

https://biit.cs.ut.ee/gprofiler/gost
https://biit.cs.ut.ee/gprofiler/gost


gProfiler online
https://biit.cs.ut.ee/gprofiler/gost

https://biit.cs.ut.ee/gprofiler/gost
https://biit.cs.ut.ee/gprofiler/gost


gProfiler online
https://biit.cs.ut.ee/gprofiler/gost

https://biit.cs.ut.ee/gprofiler/gost
https://biit.cs.ut.ee/gprofiler/gost

