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 Übung III

Einführung

GO Klassifikation / Netzwerkanalyse



Gene Ontology
The Gene Ontology (GO) is a controlled vocabulary that 
can be applied to all organisms even as knowledge of  
gene and protein roles in cells is accumulating and 
changing. 

GO is…

 A collaborative effort to address the need for consistent descriptions 
of gene products in different databases

 Three structured, controlled vocabularies (ontologies) that describe 
gene products in a species-independent manner 



GO Categories 
 Molecular Function Ontology

 the tasks performed by individual gene products; 
examples are carbohydrate binding and ATPase 
activity 

 Biological Process Ontology

 broad biological goals, such as mitosis or purine 
metabolism, that are accomplished by ordered 
assemblies of molecular functions 

 Cellular Component Ontology

 subcellular structures, locations, and macromolecular 
complexes; examples include mitochondria, nucleus, 
telomere, and origin recognition complex 



 Genes are linked, or associated, with GO 
terms by trained curators at genome 
databases
 Known as ‘gene associations’ or GO 

annotations
 Multiple annotations per gene 

 Some GO annotations are created 
automatically

GO annotations



GO Software Tools

 GO resources are freely available to anyone without 
restriction
 Includes the ontologies, gene associations and tools 

developed by GO
 Different groups have used GO to create tools for many 

purposes
 http://www.geneontology.org/
 BiNGO plugin for Cytoscape
 DAVID (Database for Annotation, Visualization and 

Integrated Discovery)

http://www.geneontology.org/
http://www.geneontology.org/


GO Software Tools

BiNGO plugin for Cytoscape

 Determine which Gene Ontology (GO) categories are statistically 
overrepresented in a set of genes or a subgraph of a biological 
network.

 Maps the predominant functional themes of a given gene set on the 
GO hierarchy, and outputs this mapping as a Cytoscape graph 

DAVID - http://david.abcc.ncifcrf.gov

 Identify enriched biological themes, particularly GO terms
 Discover enriched functional-related gene groups
 Cluster redundant annotation terms 
 Can do many other tasks

http://david.abcc.ncifcrf.gov/


DAVID

 Functional Classification:

   Grouping genes based on 
functional similarity can 
systematically enhance 
biological interpretation of large 
lists of genes derived from high 

throughput studies.



DAVID

 Functional Annotation Tool 

 provides typical batch annotation
 gene-GO term enrichment analysis
 highlight the most relevant GO terms in a gene list
 extended annotation content coverage:

 currently over 40 annotation categories, including GO terms, 
protein-protein interactions, protein functional domains, 
disease associations, bio-pathways, sequence general 
features, homologies, gene functional summaries, gene 
tissue expressions, literatures, etc. 



Biomolecular Networks

Scale-free networks



Networks
 E.g. Protein-protein interaction networks
 Useful if we don’t know pathways

 Could discover new pathways
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Mapping Biology to a Network
 A simple mapping: Protein-protein interactions

 one protein/node, one interaction/edge
 Edges can represent other relationships

 Physical e.g. protein-protein interaction
 Regulatory e.g. kinase activates target
 Genetic e.g. epistasis
 Similarity e.g. protein sequence similarity, expression profile 

similarity
 

 Critical: understand the mapping for network 
analysis



Examples for networks in Biology
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Why Pathway and Network Analysis?
Intuitive to Biologists

 Provide a biological context for results
 More efficient than searching databases gene-by-gene
 Intuitive display for sharing data 

Computation on Pathway Content
 Visualize multiple data types on a pathway or network
 Find active pathways
 Identify potential regulators



Cytoscape
Cytoscape supports many use cases in molecular and 

systems biology, genomics, and proteomics

  Load molecular and genetic interaction data
 

  Project and integrate global datasets and 
  functional annotations
 

  Establish visual mappings across these data
 

  Perform analysis and modeling using 
plugins
 

  Visualize and analyze human-curated 
  pathway datasets such as Reactome or 
  KEGG. 



Exercise III

1. Create a hypothetical protein-protein interaction network 
in Cytoscape.

2. Create, visualize and analyze a network form gene 
expression data. (Install ExpressionCorrelation plugin)

3. Use the Cytoscape BiNGO plugin to analyze gene 
expression data. (Install BiNGO plugin)

4. Map gene expression data to pathways the that you 
found.
 

5. Homework: Analyze gene expression data using DAVID 
GO tools.



DAVID: functional annotation summary



DAVID: functional annotation chart report



DAVID: functional classification report
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