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Ontologies for Molecular Biology

“Ontologies provide controlled,
consistent vocabularies to describe
concepts and relationships, thereby
enabling knowledge sharing” (Gruber 1993)

Gene Ontologies (GO)
- Ontologies for molecular biology domains
developed and supported by the Gene
Ontology Consortium for gene and gene
product annotations for all organisms
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Support Complex Queries

Show me all genes involved in cell adhesion
that are expressed in the somites.

Show me all genes involved in mesoderm
formation in fly and mouse  that also show
cytokine activity.
For this set of genes, what aspects of
function and/or cellular localization do they
share
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Objective:
Facilitate the use of the mouse as a model for human biology by
furthering our understanding of the relationship between genotype
and phenotype.

Mouse Genome Informatics (MGI)
the community informatics resource for the laboratory mouse

Genotype PhenotypeExpression

Function
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Common Issues
for Model Organism Databases

Data Integration of Heterogeneous Data Sets
• From Genotype to Phenotype
• Experimental and Consensus Views

Incorporation of Large Datasets
• Whole genome annotation pipelines
•  Large scale mutagenesis projects

Computational vs. Literature-based Data
Collection and Evaluation
Data Mining and Hypothesis Generation
• extraction of new knowledge
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Data Integration for Objects

Integrate
Factor out
common
objects
Assemble
integrated
objects

Gather data
from multiple
sources

Within MGI
• Genes
• Sequence
• Expression
• Literature
• Alleles
• Phenotypes

Between MGI and others
•  Via shared sequence

annotations……SwissProt
, LocusLink, RIKEN

• Via shared semantic
conceptualizations
……Drosophila,
Arabidopsis, etc.
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MGI

QC !

Evaluation of
Equivalency/Novelty/Redundancy

Sources of New Genes and Loci For MGI

Literature
(including QTLs)

Mutagenesis NCBI/LocusLink

HUGO/
Gene Family/
Community

TIGR/DOTS

MGSC v3

MGC/RIKEN

ESTs
(Lucy Load; Literature
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Bmp4:bone morphogenetic protein 4
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Semantic Integration
of Shared Concepts

• Uniform Data Encoding

• Searchability

• Analysis and Comparison

• Complex Queries

Controlled Vocabularies
for Annotation and
Queries of Alleles
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Multiple Keyword (C.V.) Sets in MGI

Gene Nomenclature
Gene/Marker Type
Allele Type
Assay Type
• Expression
• Mapping

Molecular Mutation
Inheritance Mode

Evidence Codes
Tissue Types
Cell Lines
Units
• Cytogenetic
• Molecular

ES Cell Line
Strain Nomenclature
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Gene Names
keyword list

Unique, rule-based names with synonyms
Flat file
Structure embedded in symbol / name
Gene grouping by name not consistent

•  Primary for communication

• Strong community input

• Shared with Human and Rat

Where’s Cct1 ??

Cat2, chaperonin subunit 2

Cat3, chaperonin subunit 3

Cat4, chaperonin subunit 4

Cat5, chaperonin subunit 5

Cat1, current symbol Tcp1
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But, keyword lists are not enough

Sheer number of terms too much to remember
and sort
• Need standardized, stable, carefully defined terms
• Need to describe different levels of detail
• So…defined terms need to be related in a hierarchy

 With structured vocabularies/hierarchies
• Parent/child relationships exist between terms
• Increased depth -> Increased resolution
• Can annotate data at appropriate level
• May query at appropriate level

All model organisms database and genome
annotation systems have same issues

organ system

embryo

cardiovascular

heart

… …

… …

… …

… …

Anatomy Hierarchy

Organ system

Cardiovascular system

Heart

Anatomy keywords
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And thus, ‘we’ started the GO

Formed to develop a shared language adequate for
the annotation of molecular characteristics across
organisms.

Seeks to achieve a mutual understanding of the
definition and meaning of any word used. thus we
are able to support cross-database queries.

Members agree to provide database access via
these common terms to gene product annotations
and associated sequences.



TJL-2004 14

describing molecular
    biology of  genes &
    gene products

 practical solution for
   implementation & use

 unifying, expandable,
   organism independent
   vocabularies

aa

www.geneontology.org

GO began with recognized common need
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http://www.geneontology.org
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The GO vocabularies

Molecular Function:
   What a product ‘does’, precise activity

Biological Process
   Biological objective, accomplished via
    one or more ordered assemblies of

 functions
Cellular Component

    ‘is located in’ (‘is a subcomponent of’ )
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 1. Design structured vocabularies
describing aspects of molecular biology

 2. Support annotation of gene products
using vocabulary terms

 3. Provide database access via these
common terms to gene product annotations
and associated sequences

GO Project Goals:
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The Key Decisions:

The vocabulary itself requires a serious
and ongoing effort.
Every concept must be carefully defined.
The minimal data structure is a directed
acyclic graph.
All resources and annotations will be made
publicly available to the community in a
variety of formats (open source)



TJL-2004 19

 Not a way to unify biological databases

 Not a dictated standard

 Not a database of gene products, protein
domains, or motifs

 Does not define evolutionary relationships

What GO is NOT:
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a. Directed acyclic graph(DAG): each child may have one or more parents
b. Relationships between terms defined
c. All terms are defined, accession ID associated with definition
d. True Path, all attributes of children must hold for all parents

1. Build Vocabularies (ontologies)
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An example of molecular function
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The Ontology
Terms <string>

Synonym (s)

ID <tied to
definition, not
term>

Definition

Paths
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A “female
germ cell
nucleus” is-a
instance of a
nucleus

The “nuclear
matrix” is
part-of  the
nucleus



TJL-2004 24

Every path from a node back to the
root must be biologically accurate

The True Path Rule



TJL-2004 25

chitin metabolism: before revision

chitin biosynthesis

cuticle synthesis

chitin catabolism

cell wall biosynthesis

chitin metabolism

The True Path Rule

X



TJL-2004 26

chitin metabolism: after revision

cuticle synthesiscell wall biosynthesis

chitin metabolism

cell wall chitin metabolism cuticle chitin metabolism

The True Path Rule
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Current GO  Projects

Build Vocabularies
• > 17,500 terms, 95% defined
• ‘Interest Groups’  (cell motility, protein modification)

Update Vocabularies
• Add to UMLS / MeSH system

• ‘activity’ term for function
• SourceForge site for community input and tracking

 Add attributes (slots) for terms
• Ex. ‘DNA-binding with ……..

Implement in DAML + OIL/OWL, etc.
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GO Web Site:www.geneontology.org
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GO SourceForge Site
(for suggestions, corrections, interest groups)
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Use mouse (domain) biological expertise
(literature)
For each GO association provide

• Evidence statement
• Citation/attribution

Annotate to finest granularity known
experimentally
Annotate ‘NOT’ value when determined

GO Goals - 2
Annotate genes & gene products to GO

• Committed to GO repository weekly
• Committed to MGI ftp site nightly
• Incorporated into NCBI/LocusLink daily
•(Human_GO now in LL from EBI_SP_GOA)
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Manual Curation
• Emphasis on Primary

Literature
• Over 80,000  references
• Five curators

Computational
• Collaborations between

InterPro and SwissProt
to integrate objects and
assign GO terms

• E.C. mappings
• RIKEN pipeline

GO Curation Strategies in MODs
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ISS: Inferred from sequence or structural similarity
IDA: Inferred from direct assay
IPI: Inferred from physical interaction
TAS: Traceable author statement
IMP: Inferred from mutant phenotype
IGI: Inferred from genetic interaction
IEP: Inferred from expression pattern
ND: no data available

IEA: Inferred from electronic annotation

GO term associations supported by evidence
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12,893 genes
30,308 annotations

Acetyl-CoA CoA-SH

Citrate synthase

Function 

11,460 genes
20,049 annotations

Cellular Component

Biological Process 

11,262 genes
21,895 annotations

TCA
Cycle

August 2004
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1. Annotate at appropriate level, query at appropriate level

2. Queries for higher level terms include annotations to lower
level terms

General Implementations for Vocabularies

organ system

embryo

cardiovascular

heart

… …

… …

… …
… …

Hierarchy DAG

chaperone regulator

molecular function

chaperone activator

… enzyme regulator

enzyme activator… …

Query for this
term

Returns things annotated
to descendents
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416 genes 495 annotations

Search
returns
children

Sum of
MGI
data
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Returns set
of genes

annotated
to this term

New Genes
with

functional
annotations
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Model Organism Database

Computational rather than experimental
annotation
Dependent on existing knowledge and
accuracy of existing annotations

Sequence-Computational Sets

Annotated to finest level of knowledge
 Public representation specific to database
 Regular contribution of GO annotations to
common resource
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Contribution of data files and documentations to GO
site
www.geneontology.org
Bibiography: 60 annotation papers, 12 statistics
pubs, 9 browsers
Development of curation tools and browsers
Cross-species search tools
All Open Source, publicly available

3. Implement and Support
          Common GO Resource
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How do I use the GO

Getting the GO and GO_Association Files
Data Mining
• My Favorite Gene
• By GO
• By Sequence

Analysis of Data
• Clustering
• Binning

Other Tools
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GO Web Site:www.geneontology.org
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TIGR microbes

Sanger Pathogens

ZFIN
 Gramene

GO Repository

 MGI
FlyBase
SGD

  WormBase
RGD

TAIR

GO at EBI

Getting the GO and GO:Association Files
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The GO Database
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http://www.godatabase.org/cgi-bin/amigo/
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Querying the GO
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Query GO – by concept
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Select sequence
based on
functional
annotation

Filter queries
by organism or
evidence
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Using GO…my favorite Gene

Bmp4
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Data Mining by Sequence
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Data Mining by Concept-Sequence
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Other GO Browsers
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Pax3

Gene
Product

Species:
Mus
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GO Tools
14 applications contributed
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Analysis of Data: Clustering

GO Term Finder
• Searches for significant shared GO terms
• Gavin Sherlock, Stanford Microarray Database

VLAD
• Web interface for clustering DNA microarray

data
• Limited organismal coverage

• Human, mouse, fly, worm, yeast

MAPPFinder
• Accessory program for GenMAPP

(MicroArrayPathwayProfiles)
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GO Term Finder
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GO Tools at MGI
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http://proto.informatics.jax.org/prototypes/vlad/

Using the GO for data
analysis…is there a
functional “theme” in
your set of genes?
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Compare annotations
associated with the test
set to the entire
universe of GO
annotations….
DNA Repair seems to
be a common theme.

Example of VLAD Output
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Color
indicates
up/down
regulation

GoMiner Tool, John Weinstein et al,
NCI: Genome Biol. 4 (R28) 2003

Apotosis Regulator

Red: up by 1.5 fold

Blue: down 1.5 fold
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Analysis of Data - Binning

GO_Slims
• High-level sets of terms
• Can be specific for specific datasets

Comparative GO_Slims
• Data analysis
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Molecular Function Bins
(MGI-RIKEN example)

1.)  defense/immunity protein: defense/immunity protein
2.)  cytoskeletal protein: cytoskeletal regulator OR motor OR
structural constituent of cytoskeleton OR structural constituent of
eye lens OR structural constituent of muscle OR cytoskeletal binding
protein
3.)  transcription regulator: transcription regulator
4.)  cell adhesion molecule: cell adhesion molecule
5.)  ligand binding or carrier: ligand binding or carrier
6.)  ligand: ligand
7.)  receptor: receptor
8.)  other signal transduction molecule: signal transducer
EXCLUDING (ligand OR receptor)
9.)  enzyme: enzyme
10.) transporter: transporter
11.)  enzyme regulator: enzyme regulator
12.)  other molecular function: NOT (1-11)
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Molecular Function Ontology
(MGI annotations)

other 
molecular 
function

enzyme 
regulator

transporter

enzyme

receptor

other signal 
transduction 

molecule ligand

transcription 
regulator

cytoskeletal 
protein

cell 
adhesion 
molecule

ligand 
binding or 

carrier

defense
/immunity
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0
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translation
regulator and
RNA binding

transcription
regulator and
DNA binding

ligand,
receptor

kinase,
phosphatase

other enzyme transporter chaperone
and regulator

structural
function

other
molecular
function

2-cell stage expressed genes

MGI (whole genome)
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Molecular functions: 2 cell stage expressed genes

Evsikov, et al.,2004. Cyto & Gen Res
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Other GO Tools

Indices of other Classifications to GO
Manatee
• Web-based gene annotation tool for prokaryotic and

eukaryotic genomes
• TIGR genome annotation group

Genes2Diseases
• Database of candidate genes for human diseases
• Based on GO/RefSeq/PubMed logic inference program
• Bork Group at EMBL-Heidelberg

Many others posted on GO web site
Open Biological Ontologies (OBO)
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OBO – Open Biological Ontologies
-Open and are in GO syntax or DAML+OIL
-Orthogonal to existing ontologies to facilitate
combinatorial approaches
-Share unique identifier space
-Include definitions

Extending the paradigm

•Anatomies
•Cell Types
•Sequence Attributes
•Temporal Attributes
•Phenotypes
•Diseases
•More….http:obo.sf.net
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Open Biological Ontologies - OBO
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Sequence Ontology - SO
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Sequence Ontology (SO)

A structured controlled
vocabulary for the description
of primary annotations of
nucleic acid sequence

Can provide structured
representations of these
primary annotations within
genome and model organism
databases

Supports exchange and
comparative analysis between
information systems
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Structured Vocabularies in MGI

Gene Index (nomenclature)

Anatomies

GO:

• Molecular function,

• Biological process,

• Cellular component

SO – Sequence Ontology

Phenotypes – MP

Disease Models
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Mouse Anatomies
hierarchies

Developmental and Adult
Core Vocabularies for Biology
Incorporate time and lineage components



Mammalian Mutant Phenotype: A
controlled, defined vocabulary of
anatomical, behavioral and physiological
traits used to describe mouse mutant
phenotypes.

Phenotypes and Diseases
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Mammalian Phenotype Ontology

DAG-Edit Tool
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Vocabulary Implementation in MGI

DAGs

Definition
Synonyms

GO:54321

Terms

…

Transcription factor

DNA  binding

Protein  binding

Ligand binding

Vocabulary

Annotations

…

J:65378TAS

J:62648IDA

J:60000IEA
Ahr

Edr2

Genes

Synonyms

Name MGI:105043
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Summary

 Ontologies support semantic integration for
functional genomics and promote broader access to
knowledge

 The Gene Ontology project precipitated a
generalized implementation for ontologies for
molecular biology

  Bio-ontologies and other annotation standards
facilitate development of logic inference systems
for hypothesis generation in biological systems
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