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1.1. Introduction



Databases are sources 

of Biological Annotation

Pathway databases
(KEGG, Reactome, Wikipathways)
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Gene set databases
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A biological pathway is a series of interactions or 

chemical reactions among molecules that leads to 

one or more products.

http://wikipathways.org/index.php/Pathway:WP1772



The most studied types of biological 

pathways are: Metabolic pathways, signal 

transduction pathways, and gene regulation 

pathways.



Metabolic pathways: Glycolysis

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



Signaling pathways: MAPK/ERK 

pathway

https://en.wikipedia.org/wiki/MAPK/ERK_pathway



https://en.wikipedia.org/wiki/MAPK/ERK_pathway



A precise definition of a pathway?: The definition of 

a pathway is a little subjective. Three problems:

• Where to start and where to end

• Level of detail (intermediate reactions)

• Pathway cross-talk

Therefore, pathways may look slightly different 

according to the source.



Ontologies

An ontology is a way of organizing the 

knowledge in a field. Knowledge is organized 

in terms of all of the concepts involved, and a 

graph of the way in which such concepts 

relate to each other.



Gene sets

Essentially, any set of genes that can be grouped for some 

reason.

Gene Sets

Pathways
Disease

-related

Drug-

response

-related

Co-

expression

Co-

regulation Others



1.2. Pathway databases.



KEGG

Reactome

Wikipathways

Pathway Commons

Biocyc

Panther Pathway



Pathway databases: KEGG

Search



Pathway databases: KEGG



Pathway databases: Reactome



Pathway databases: Reactome



Pathway databases: Wikipathways



Pathway databases: Wikipathways



Pathway databases: Reactome vs Wikipathways



Pathway databases: Pathway Commons

Search for pathways in multiple 

pathway databases



Be aware of... Pathway database identifiers

Identifiers (IDs) are ideally unique, stable names or numbers that help track 

database records. For example, your wechat ID, Entrez Gene ID 41232, etc. 
Each DB has its own type of identifier.



Be aware of... Pathway file formats

• Simple graphical file (png, jpeg, etc)

• SBML (Systems Biology Markup 

Language): Popular in Systems 

Biology (mathematical models of 

pathways). Databases of models such 

as “BioModels”.

• BioPax (Biological Pathway 

Exchange).

You will need tools that can read the 

pathway format you choose. Many 

graphical tools can read SBML and 

BioPax files.



How many Pathway databases are out there...?



1.3. Pathway visualization



Pathway visualization: PathVisio



Pathway visualization: R / pathview



Pathway visualization: Reactome Library of Icons



Pathway visualization: Reactome Library of Icons



1.4. The Gene Ontology (GO)



What is the Gene Ontology (GO)?

CAN YOU PLEASE SUMMARIZE ALL 

CONCEPTS IN THIS BIOLOGY BOOK AND 

TELL ME HOW THEY RELATE TO EACH 

OTHER? SURE! BASICALLY, THERE ARE 3 BASIC 

THINGS HERE: BIOLOGICAL PROCESSES, 

MOLECULAR FUNCTIONS, AND CELLULAR 

COMPONENTS. NOW, THE BIOLOGICAL 

PROCESSES CAN BE DIVIDED INTO…

WOW! HE ORGANIZED 

ALL BIOLOGICAL 

KNOWLEDGE IN AN 

ONTOLOGY!!

https://www.freepik.com/



What is the Gene Ontology (GO)?

ALSO… CAN YOU FIND A WAY TO TELL 

ME ALL THE BIOLOGY CONCEPTS 

RELATED TO A GIVEN GENE? SURE! WE BUILT THIS DATABASE 

CALLED “GO” WHERE EVERY 

GENE IS RELATED TO EVERY 

CONCEPT IN OUR ONTOLOGY

WOW! HIS ONTOLOGY 

IS ANNOTATED!!

https://www.freepik.com/



What is the Gene Ontology (GO)?

• Set of words / phrases (called GO terms) which are 
related to genes. For example: “protein kinase”, 
“glycolysis”, “nucleus”.

• It is a Dictionary: Term definitions

• It is an Ontology: A formal system for describing 
knowledge

• It is Annotated: Genes linked to GO terms



The Gene Ontology (GO)

Signal transduction



The Gene Ontology (GO)

Description (Name, Ontology, GO Term, Synonym, Definitions):



The Gene Ontology (GO)

Annotations:



Ontology tree:

Parents and chlidren



Ontology relationships:

• Terms are related within a hierarchy

• Describes multiple levels of detail of gene 
function

• Terms can have more than one parent or child





GO Terms and GO Annotations

• GO terms are added by editors at EBI 

• Some terms may be added by request

• Genes are associated with GO terms either by trained 
curators or created automatically (without human 
review)

• Multiple annotations per gene

• Manual annotation is considered of higher quality but it 
is time-consuming.

• Electronic annotation may have variable quality.



Evidence Types
• Experimental Evidence Codes

• EXP: Inferred from Experiment

• IDA: Inferred from Direct Assay

• IPI: Inferred from Physical Interaction

• IMP: Inferred from Mutant Phenotype

• IGI: Inferred from Genetic Interaction

• IEP: Inferred from Expression Pattern

• IEA: Inferred from electronic annotation

• Author Statement Evidence 
Codes

• TAS: Traceable Author 
Statement

• NAS: Non-traceable 
Author Statement

• Curator Statement Evidence 
Codes

• IC: Inferred by 
Curator

• ND: No biological 
Data available

• Computational Analysis Evidence Codes

• ISS: Inferred from Sequence or Structural 
Similarity

• ISO: Inferred from Sequence Orthology

• ISA: Inferred from Sequence Alignment

• ISM: Inferred from Sequence Model

• IGC: Inferred from Genomic Context

• RCA: inferred from Reviewed Computational 
Analysis

http://www.geneontology.org/GO.evidence.shtmlKey point: be aware of annotation origin 



Hierarchical
annotation

• Genes annotated to 
specific term in GO 
automatically added 
to all parents of 
that term

AURKB



1.5. «Gene set» databases



From pathways to «gene sets»

From pathway databases to “gene set” databases, such as 

GeneSetDB (Araki, 2012) and MSigDB (Broad Institute), 

which include pathways, phenotypes, GO, and others.
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GeneSetDB



MSigDB



But pathways in gene set 

databases are gene-sets

A B C
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C

A pathway

A gene set



1.6. Automatic reconstruction of pathways



Final remark: Automatic reconstruction of 

pathways

Pathway databases follow two main strategies: Either a curator 

team, such as in KEGG or Reactome, or open to public 

submission, such as in Wikipathways.

However, there are huge amounts of pathway information in the 

scientific literature that would take many years to human beings to 

process it. Therefore, we need text mining methodologies to 

automatically extract pathway knowledge from the literature.



Final remark: Automatic reconstruction of 

pathways

One example of this is MELODI, a text mining tool that extracts 

mechanisms of disease based on subject-predicate-object triples 

from SemMedDB (Semantic Medline Database).

For example, the sentence “We used hemofiltration to treat a 

patient with digoxin overdose that was complicated by refractory 

hyperkalemia” produces the following four triples:

• Hemofiltration-TREATS-Patients

• Digoxin overdose-PROCESS_OF-Patients

• Hyperkalemia-COMPLICATES-Digoxin overdose

• INFERENCE: Hemofiltration-TREATS-Digoxin overdose



Final remark: Automatic reconstruction of 

pathways

Building a database of triples for all PubMed, we can let 

computers link information from different papers and reconstruct 

the pathway for us!



Final remark: Automatic reconstruction of 

pathways



What have we learned today?

What are biological pathways

Where and how to find biological pathways

Pathway database formats and identifiers

How to use the Gene Ontology

What are the main Gene Set databases




