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2. Gene Set Enrichment Analysis

One of the main uses of the GO is to perform enrichment analysis on gene sets. For 
example, given a set of genes that are up-regulated under certain conditions, an 
enrichment analysis will find which GO terms are over-represented (or under-
represented) using annotations for that gene set.

http://geneontology.org/docs/go-enrichment-analysis/
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example, given a set of genes that are up-regulated under certain conditions, an 
enrichment analysis will find which GO terms are over-represented (or under-
represented) using annotations for that gene set.
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Interpretation:  

Background frequency is the number of genes annotated to a GO term in the entire 
background set. 

Sample frequency is the number of genes annotated to that GO term in the input list.  

Overrepresented (+) or underrepresented (-) 

P-value is the probability or chance of seeing at least x number of genes out of the total n 
genes in the list annotated to a particular GO term, given the proportion of genes in the whole 
genome that are annotated to that GO Term.

http://geneontology.org/docs/go-enrichment-analysis/
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3. Tools to analyse GO Terms.

There are different tools to perform a GO term enrichment analysis. Some popular 
ones such as Blast2GO runs on a standalone software and run these analysis as a 
part of a bigger pipeline. 

Tools can be divided as: 

• Web applications. 

• Standalone applications. 

• R (and other programs) packages.
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 3.1. Web based tools

Most of the web tools are quite intuitive but the lack in the flexibility that it is needed to 
analyse non-model organisms. The have the “universe” pre-set, so the identifiers 
should be the same that the gene_ids of these pre-sets. 

Some examples are: 

• BINGO (https://www.psb.ugent.be/cbd/papers/BiNGO/Home.html). It is a Java-
based tool implemented as a plugin of Cytoscape. 

• GeneWeaver (https://www.geneweaver.org/). Web application for the integrated 
cross-species analysis of functional genomics data from heterogeneous sources. 

• gProfiler (http://biit.cs.ut.ee/gprofiler/gost). Web application with ENSEMBL 
genomes, including several plants. 

• Ontologizer (http://ontologizer.de/). It is a Java Webstart application. 

• GOrilla (http://cbl-gorilla.cs.technion.ac.il/). Web application with most of the 
classical models. 

• Gene Ontology (http://geneontology.org/). 

https://www.psb.ugent.be/cbd/papers/BiNGO/Home.html
https://www.geneweaver.org/
http://biit.cs.ut.ee/gprofiler/gost
http://ontologizer.de/
http://cbl-gorilla.cs.technion.ac.il/
http://geneontology.org/
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 3.2. R packages

Most of the R packages used for the GO term analysis can be found in Bioconductor.

http://www.bioconductor.org/
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 3.2.2. TopGO

R Command example: 
## 1- UPLOAD THE ANNOTATION (UNIVERSE) 

geneID2GO <- readMappings(file =“Genes.GOTerms.txt")

GO2geneID <- inverseList(geneID2GO)

## 2- SELECT THE GROUP OF TARGET GENES 

DEG_GeneIDList = DEG[DEG$qval < 0.05,2]

## 3- GENERATE THE GO DATA OBJECT 

geneNames = names(geneID2GO)

geneList = factor(as.integer(geneNames %in% DEG_GeneIDList))

names(geneList) = geneNames

GOData4_BP = new("topGOdata", ontology = "BP", allGenes = geneList, annot = 
annFUN.gene2GO, gene2GO = geneID2GO)

GOData_CC = new("topGOdata", ontology = "CC", allGenes = geneList, annot = 
annFUN.gene2GO, gene2GO = geneID2GO)

GOData_MF = new("topGOdata", ontology = "MF", allGenes = geneList, annot = 
annFUN.gene2GO, gene2GO = geneID2GO)



 3.2.2. TopGO

R Command example: 

## 4- RUN THE TEST

resultFis_IAC_BP <- runTest(GOData4_BP, algorithm = "classic", statistic = 
"fisher")

resultKS_IAC_BP <- runTest(GOData4_BP, algorithm = "weight01", statistic = 
"fisher")

resultWeight_IAC_BP <- runTest(GOData4_BP, algorithm = "elim", statistic = 
“ks")

## 5- PRESENT THE RESULTS INTO A TABLE

allRes_IAC_BP <- GenTable(GOData4_BP, classic = resultFis_IAC_BP, KS = 
resultKS_IAC_BP, weight = resultWeight_IAC_BP, orderBy = "weight", ranksOf = 
"classic", topNodes = 30)



 3.2.2. TopGO

R Command example: 

## 6- VISUALIZATION (e.g. using GGPLOT)

pVals_Fis_BP = score(resultFis_IAC_BP)[score(resultFis_IAC_BP) <= 0.05]

GOData4DE = termStat(object = GOData4_BP, whichGO = names(pVals_Fis_BP))

GOData4DE$DEG = GOData4DE$Significant

GOData4DE$pValue = pVals_GSEA

GOData4DE$Term = Term(rownames(GOData4DE))

ggplot(GOData4DE, aes(x = DEG/Expected, y = Term)) + 
geom_point(aes(color=pValue, size=DEG)) + scale_color_gradient(low="blue", 
high="yellow")



 3.2.2. TopGO

R Command example: 

## 6- VISUALIZATION (e.g. using GGPLOT)

allantoin catabolic process

auxin transport

carbohydrate phosphorylation

carbon utilization

defense response to bacterium

defense response to fungus

dTDP biosynthetic process

G1/S transition of mitotic cell cycle

glycolytic process

photosystem I assembly

protein catabolic process

proteolysis involved in cellular protein catabolic process

pyridoxine biosynthetic process

response to light intensity

retrograde vesicle−mediated transport, Golgi to ER

transcription initiation from RNA polymerase III promoter

tRNA thio−modification
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 3.2.4. GOSim


