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What is Ontology?

1700s

* Dictionary:A branch of metaphysics
concerned with the nature and relations
of being.

» Barry Smith:The science of what is, of
the kinds and structures of objects,
properties, events, processes and
relations in every area of reality.

Molecular Function
GO term: Malate dehydrogenase.

The Gene Ontology (GO) is
actually three Ontologies

GO id: GO:0030060
(S)-malate + NAD(+) = oxaloacetate + NADH.

NADH + H+

/e EN
Cellular Component
. . |- GO term: mitochondrion

Biological Process e s} i GO id: GO:0005739
GO term: tricarboxylic acid ! Definition: A semiautonomous, self
cycle replicating organelle that occurs in
Synonym:  Krebs cycle varying numbers, shapes, and sizes in
Synonym:  citric acid cycle Mtss the cytoplasm of virtually all eukaryotic
GOid: GO:0006099 _—\{ - -/6 cells. It is notably the site of tissue

LA e e respiration.

Seven Healthy Habits of Highly
Effective Ontology Construction

Univocity

Positivity

Objectivity

Single Inheritance

Create Good Definitions

Distinguish Between Types & Instances
Basis in Reality




GO Definitions: Each GO term has 2
Definitions

A definition written by
a biologist:
necessary & sufficient
conditions
written definition

7 Gene Ontology Browser
- Tesm Detail
GO tenm: cell differentiation
GO GO0020154
Defintion The process whereby rélatively unspacialized cells, &.g. embryenic
regenarative cells, acquire specialized structural and'er functional
features that characterize the cells, tissues, or organs of the mature
organism or some cthar ralatively stable phase of the organism's life
histary.

necessary
conditions
formal

B0 'R0 varsion 1.100-erall: Gene oRociogy_eeiobs.

Terms are defined graphically relative to other terms

Appropriate Relationships to

Parents

» GO currently has 2 relationship types
—lIs_a
* An is_a child of a parent means that the child is a
complete type of its parent, but can be

discriminated in some way from other children of
the parent.

— Part_of
* A part_of child of a parent means that the child is
always a constituent of the parent that in

combination with other constituents of the parent
make up the parent.

Placement in the Graph:

Selecting Parents

* To make the most precise definitions, new
terms should be placed as children of the
parent that is closest in meaning to the
term.

* To make the most complete definitions,
terms should have all of the parents that
are appropriate.

* In an ontology as complicated as the GO
this is not as easy as it seems.




True Path Violations Create Incorrect

the pathway from a child term all the way up to its top-level parent(s) must always be true".

B = GO term C part_of
El EmER GO term B

Definitions

B GO term A
nucleus

Part_of relationship

chromosome

True Path Violations

the pathway from a child term all the way up to its top-level parent(s) must always be true".

B = GO term C part_of
El EmER GO term B

EmE GO term A

chromosome

Is_a relationship

Mitochondrial
chromosome

True Path Violations

"the nathwav from a child term all the wav un to its top-level parent(s) must always be true".

B mmmE GO term C part_of
O = GO term B

EmE GO term A

nucleus

Part_of relationship

chromosome

A
Is_a relationship

Mitochondrial
chromosome

A mitochondrial chromosome is not part of a nucleus!

True Path Violations

.."the pathway from a child term all the way up to its top-level parent(s) must always be true".

nucleus ‘ ‘chromosome‘ mitochondrion
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Gene Product

= : IAnnotating Gene Products using GO

P05147 G0O:0047519 IDA PMID:2976880

GO Term Evidence 13

GO
_l Annotations are assertions

* There is evidence that this gene product
can be best classified using this term

* The source of the evidence and other
information is included

* There is agreement on the meaning of
the term

GO
i I Annotations are assertions
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Annotations for : amyloid beta (A4) precursor protein

GO . .
2 We use evidence codes to describe

the basis of the annotation

IDA: Inferred from direct assay

IPI: Inferred from physical interaction Direct Experiment in organism
IMP: Inferred from mutant phenotype

IGI: Inferred from genetic interaction

IEP: Inferred from expression pattern

IEA: Inferred from electronic annotation

ISS: Inferred from sequence or structural ) )
similarity NO Direct Experiment

TAS: Traceable author statement Inferred from evidence
NAS: Non-traceable author statement

IC: Inferred by curator

RCA: Reviewed Computational Analysis

ND: no data available




o 3 | GO Annotation Stats:

GO Annotations

Total manual GO annotations - 388,633

Total proteins with manual annotations — 80,402

Contributing Groups (including MGI): - 19
Total Pub Med References — 346,002

Total numberl predicted annotations — 17,029,553
Total number taxa — 129,318

Total number distinct proteins — 2,971,374
April 24, 2007

Annotations of gene products to GO are genome specific
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Now we can query across all annotations based on shared biological actilfty.

S: cerevisiae: GO DAG of the BP ontology

1074 GO classes (nodes) connected by 1804 edges (TAS evidence only)

GO is a functional annotation
system of great utility in
computational biology
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’”—_‘ GO enables genomic data
analysis

* Microarrays allow biologists to
record changes in gene
function across entire
genomes

* Result: Vast amounts of gene
expression data desperately
needing cataloging and

tagging

* Many data analysis tools use
GO graph structure to
statistically evaluate clusters of
co-expressed genes based on
shared functional annotations
— 680 pub (of 1517) on GO list 21
— 46 microarray tools contributed

I GO supports functional classifications
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Nature: January 2007

Genome-wide atlas of gene expression in
the adult mouse brain
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FIGURE 3. Representative cell-type-specific genes and corresponding molecular functions.
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Cancer Genome Projects 22
e i

AN Comprehensively annotate

Reference Genomes

= Human m Saccharomyces cerevisiae

= Mouse u Schizosaccharomyces pombe

= Fly » Arabidopsis thaliana

= Rat ‘IP:/

= Chicken
= Zebrafish
= Worm

= Dicty

u E.coli
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GO
AN I Reference Genome Annotation Project

* Priority genes: those
implicated in human

diseases \
DNA.-directed X
DNA polymerase h
+ Determine ] e
orthologs/homologs in e

reference genomes |

» For these genes,
comprehensively curate
biomedical literature

Mary Dolan
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GO .
e | Reference Genome Development Projects

« Shared annotation focus = Coordinated attention to

ontology structure

+ Orthology/homology set across primary model organisms

» Reference ID mappings including associations of

sequences, gene/proteins, and human diseases

» Ultimately, transparent access to comprehensive

information about genes among the primary data
providers
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Gene Ontology
www.geneontology.org

Mouse Genome Informatics
www.informatics.jax.org
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