Introduction to the
Gene Ontology

Midori A. Harris
EBI & GO Consortium
EMBRACE Workshop — Applied Gene Ontology
7-9 November 2007




Reasons for GO

® The problem: how to

e ...CcOmmunicate

* ...represent biological knowledge in
databases

* ...query databases — find useful answers
to biological questions like

nat does the gene product do!?
nere and when does it act!?

ny does it perform these activities?




The Challenge of Language:

People call the same thing by different names
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A Common Vocabulary:

GO uses one term and many characterized synonyms

Tactile sense
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GO project aims

® Compile structured vocabularies describing
aspects of molecular biology

® Describe gene products using vocabulary
terms (annotation)

® Provide public resource of data and tools:

* to query and modify the vocabularies and
annotations

* annotation tools for curators




GO Scope: 3 domains

® Molecular Function — elemental activity or task
» nuclease, DNA binding, transcription factor

® Biological Process — broad objective or goal
» mitosis, signal transduction, metabolism

® Cellular Component — location or complex
» nucleus, ribosome, origin recognition complex

* ‘Normal’ functions and processes only:
» No pathological processes
» No experimental conditions




GO term features

[ Term]

id: GO:0046423

name: allene-oxide cyclase activity
namespace: molecular function

def: "Catalysis of the reaction: (9Z2)-(13S)-12,13-
epoxyoctadeca-9,11,15-trienocate = (15Z2)-12-
oxophyto-10,15-dienocate.” [EC:5.3.99.6]

synonym: "(9Z)-(13S)-12,13-epoxyoctadeca-9,11,15-
trienoate isomerase (cyclizing)" EXACT [EC:5.3.99.6]

xref: EC:5.3.99.6
xref: MetaCyc:ALLENE-OXIDE-CYCLASE-RXN
1s a: GO:0009975 ! cyclase activity

1s a: GO:0016860 ! intramolecular oxidoreductase
activity




GO term features

e [unique ID)
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GO Structure: DAG
(cell _ E&at_of

membrane mitochondrion

lysosomal mitochondrial
membrane membrane

GO is a directed acyclic graph (DAG):
a term can have one or more parent(s)




GO relationships

® now in use:
e is_a —subclass;ais a type of b
e part_of
e physical part of (component)
e subprocess of (process)

® to be added:
* regulates




True Path Rule

— is_a
— part_of

chromos@

But what about bacteria??




True Path Rule
@ _ E;Ec_of

Gucleus chromoso@

nuclear cytoplasmic
chromosome chromosome

Resolved structure
(some terms omitted for clarity)




Ontology Rules

(examples)

® Univocity
A term (or relationship) should mean the same
thing every time it’s used
® Positivity
e Complements of classes are not themselves

classes;i.e., terms such as ‘nhon-mammal’ or ‘non-
membrane’ do not designate genuine classes

® Objectivity
*  Which classes exist does not depend on our

biological knowledge; terms such as 'unknown’,
'unclassified' or 'unlocalized' are thus unsuitable




GO

The Challenge of Univocity:

People use the same words to describe different things

bud initiation

bud initiation

bud initiation



O

Bud initiation?
How is a computer
to know!




GO

Univocity:

GO adds descriptors to discriminate among organisms

= tooth bud initiation

cellular bud initiation

= |eaf bud initiation

note: hypothetical examples




The Challenge of Positivity

Pericentriolar
malerial

Cenfrioles

centriole

Microtubule

® Some organelles are membrane-bound.

® A centrosome is not a membrane bound
organelle, but it still may be considered an
organelle.




The Challenge of Positivity:

Sometimes absence is a distinction in a biologist’s mind

Pericentriolar
material

Cenlrioles

Microtubule
vesicle

0.5 em

centriole nucleus

non-membrane-bound membrane-bound organelle

organelle GO:0043228 GO:0043227




The Challenge of Positivity:

Sometimes absence is a distinction in a biologist’s mind

Note the logical difference between

“non-membrane-bound organelle” and
“not a membrane-bound organelle”

The latter includes everything that is
not a membrane bound organelle!

lle




GO Term History
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Why GO Changes

Advances in biology

New groups join, requiring new terms or
different relationships between terms

Update legacy terms

Improve logical consistency




What kinds of changes!

Small or large scale

Biological or logical/structural motivation




Small-scale Changes

¢ |ndividuals (e.g. annotators) request changes
e Usually one or a few things at a time
 New terms
* Path corrections/additions
e Improved definitions

e Closely coordinated with annotation




Large-scale Changes

* |mprove ontology for a biological topic all at once

Motivation: improve usefulness for biologists,
especially annotators

Usually connected with content meeting

Expert biologists involved

® Apply a logical/structural improvement to entire
ontology at once

* Motivation: improve consistency; enhance
“computability”

* Software developers involved




Applications of GO

® Gene product annotation

* model organism databases
* genome sequence analysis

® Expression data analysis
® Text mining

® More ...




GO Annotation

® What is GO annotation?

* An annotation is a statement that a gene
product ...
» ... has a particular molecular function

» ... is involved in a particular biological
process

» ... is located within a certain cellular
component

* ... as determined by a particular method

* ... as described in a particular reference
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GO Annotation

® What is GO annotation?
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product ... product
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» ... is involved in a particular biological GO
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» ... is located within a certain cellular y
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reference




GO & Text Mining

® GO provides source vocabularies for text
mining and NLP

® Text mining may be able to help GO
annotators




GO & Text Mining

® GO provides source vocabularies for text
mining and NLP

® Text mining may be able to help GO
annotators
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Histone 3 lysine 4 (H3 Lys"' methylation in
Saccharomyces cerevisiae is mediated by the Setl com-
plex (SetlC) and is dependent upon ubiguitinylation of
H2ZE by Radé. Mutually exclusive methylation of H3 at
Lys' or Lys” is central to chromatin regulation; how-
ever, 8. cerevisiae lacks Lys® methylation. Furthermore,
a different H3 Lys* methylase, Set 7/9, has been identi-
fied in mammals, thereby gquestioning the relevance of
the S. cerevisiae findings for eukaryotes in general. We
report that the majority of Lys' methylation in
Schizosaccharomyces pombe, like in S. cerevisiae, is me-
diated by SetlC and is Rad6-dependent. 5. pombe SetlC
mediates H3 Lys* methylation in vitro and contains the
same eight subunits found in S, cerevisiae, including the
homologue of the Drosophila trithorax Group protein,

1 K a1 O1A 0 (] (1L a0 h

ax (4]1), a well conserved 150-amino acid domain found

arvotes, which mediates histone methyltransferase

activity (5, 6). Trx and Ashl both contain a SET domain. There

iz little evidence so far that Trx methylates histones; however,

binding to histones has been documented (7). The third trxG3

member, Ash2, does not contain a SET domain but has a PHD
finger (8) and a SPRY domain (9).

Although budding yeast does not have a Trx homologue, it
has a protein, Setl, with a very similar type of SET domain
(100, For this reason, we determined the composition of the
Setl complex, Set1C, and found that it has H3 Lys* methyl-
transferase activity in vitro (3), Concomitantly, two other
groups have identified most members of Set1C (11, 12), The

complete Set1C and the in vitro specificity for H3 Lys® meth-



GO & Text Mining

® GO provides source vocabularies for text
mining and NLP

® TJext mining may be able to
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Sp_SetlC methyltransferase activity was assayed with Sp_Set1C-TAP-
purified extracts using core histones as substrates in the presence of
["HISAM. Following incubation, the reactions were resolved by SDS-
PAGE followed by Coomassie Blue staining and fluorography. Clrd, the
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Sp_SetlC has a preference for H3 Lys®. The complex isolated from the
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and incorporated “H was determined by scintillation counter.
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Database (and schema)
Perl API

Browsers, e.g. AmiGO
Editing tool: OBO-Edit

Tool collection:
* Microarray analysis tools

e Annotation tools
e others ...

http://www.geneontology.org/GO.tools.shtml



http://www.geneontology.org/GO.tools.shtml?all
http://www.geneontology.org/GO.tools.shtml?all

GO Tools page

ansa GCene Ontology Tools
PR i} e 2 E htp: f fwww.geneontology.org /GO, tools. shtmitall -.1‘-‘-" Q- Google
I |

Search

the Gene Ontology ————

Close menus

Home Gene Ontology Tools

Downloads

Ontologies

Annotations Consortium Tools
Non-Consortium Tools

Database
Mappings to GO
Teaching Resources

Monthly Reports @ . B R
: —
GO Tools v/ . I8

Key

e

Browsers web-based tool downloadable tool compatible 0Ss
Microarray tools (for downloadable tools)

Annotation tools

Other tools Consortium Tools

Submit New Tools
Documentation

FAQ
Introduction The tools on this page are free to academics.
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Component Ontology AmIGO allows you to search for a GO term and view all gene products annotated to it, or search for a
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between terms as well as the number of gene products annotated to a given term. AmiGO accesses the
GO mySQL database (see below); the browser and documentation are available from
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GO Consortium
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Citation Policy DAG-Edit (also known as OBO-Edit)

AmiGO uses the GO database, which is updated monthly.
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viscous liguid, widely distributed in nature as a constituent of many lipids. [source: GOC:ai, ISBN:019B50&732]
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Comment None

. Term Lineage

Filter tree view K
rFilter Gene Product Countsy ~Term View Options——
Data source @ Term ancestors C Term
All =
CGD o

dictyBase

FlyBase

AmiGO

BLAST search Browse Help

all : all [219941]
€@ G0:0008150 : biclogical_process [140556]
@ GO:0009987 : cellular process [71496]
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s[0 kb] -- pellet_report(0 kb] -- oba.html[0 kb] --
obo_xmi[18 kb] -- obo[10 kb] -- go_ont[2 kb] -- owl[54 kb] -- chadoxml[47
kb] -- godb_prestore[37 kb] -- rdf[20 kb] -- tbl[6 kb] -- prolog[18 kb] --
validation_report[0 kb] -- stats[2 kb] -- pellet_report[14 kb] -- obo.htmi[44
k] --
obo_xmil[351 kb] -- obo[200 kb] -- go_ont[66 kb] -- owl[783 kb] --
chadoxml[978 kb] -- godb_prestore[830 kb] -- rdf[409 kb] -- tbi[102 kb] --

biclogical_process:Biological process GO

obofoundry.org

caro:Common Anatomy Reference Ontology
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Cross-products in GO

® Explicit links between one GO term and
another ontology term




Many GO terms are implicitly
composite

cysteine biosynthesis

myoblast fusion

ATP synthesis coupled proton transport (ChEBI)

snoRNA catabolism

wing disc pattern formation

epidermal cell differentiation
regulation of flower development
interleukin-18 receptor complex

B-cell differentiation
dorsal ectoderm

slide credit: Chris Mungall, BBOP




Opaque references to other
OBO ontologies

cysteine biosynthesis (ChEBI)
myoblast fusion (Cell Type Ontology)

ATP synthesis coupled proton transport (ChEBI)

snoRNA catabolism (Sequence Ontology)
wing disc pattern formation (Drosophila anatomy)

epidermal cell differentiation (Cell Type Ontology)

regulation of flower development (Plant anatomy)
interleukin-18 receptor complex (not yet in OBO)

B-cell differentiation (Cell Type Ontology)

dorsal ectoderm (Spatial Qualifiers)

slide credit: Chris Mungall, BBOP




Methodology

* Make opaque references explicit

* Use OBO ontologies
— ChEBI
— Cell
— PATO (qualities)
— Anatomy/CARO

slide credit: Chris Mungall, BBOP




slide credit: Chris Mungall, BBOP




GO+ChEBI: now

GO

slide credit: Chris Mungall, BBOP




GO+ChEBI: now

slide credit: Chris Mungall, BBOP




Linking GO to ChEBI




Linking GO to ChEBI

slide credit: Chris Mungall, BBOP




Can we find missing links?

slide credit: Chris Mungall, BBOP




Can we find missing links?

GO

slide credit: Chris Mungall, BBOP




Simple DAGs are not enough

We want to define GO terms using ChEBI
terms

DAGs give necessary conditions

We want to give necessary and sufficient
conditions

Solution:
— Genus-differentia definitions
— Aka cross-products, aka intersections

slide credit: Chris Mungall, BBOP




Example genus-differentia
definition

+ A GABA metabolic process is:

— A metabolic process
* That has_participant GABA

* This is saying more than simply adding a DAG

link between GABA metabolic process and
GABA

— It allows us to do powerful reasoning
* Keeps ontologies in sync

slide credit: Chris Mungall, BBOP




[ Term]

id: GO:0009447

name: putrescine catabolic process

intersection of: GO:0009056 ! catabolism

intersection_of: results in division of CHEBI:17148 ! putrescine

[ Term]

id: GO:0009448

name: gamma-aminobutyric acid metabolic process

intersection of: GO:0008152 ! metabolism

intersection_of: has participant CHEBI:16865 ! gamma-aminobutyric acid

[ Term]

id: GO:0009449

name: gamma-aminobutyric acid biosynthetic process

intersection of: GO:0009058 ! biosynthesis

intersection_of: results in change to CHEBI:16865 ! gamma-aminobutyric acid

[ Term]

id: GO:0009450

name: gamma-aminobutyric acid catabolic process

intersection of: GO:0009056 ! catabolism

intersection_of: results in division of CHEBI:16865 ! gamma-aminobutyric acid

slide credit: Chris Mungall, BBOP




GO and Phenotypes

® Phenotype annotation uses GO — and other
OBO ontologies — in combination with
qualities from PATO

® An entity (GO, anatomy, etc. term) has a
quality (PATO term)

® Example: decreased rate of sucrose synthesis




GO and Phenotypes

® Phenotype annotation uses GO — and other
OBO ontologies — in combination with
qualities from PATO

® An entity (GO, anatomy, etc. term) has a
quality (PATO term)

® Example: decreased rate o@se synt@

\
GO:0005986




GO and Phenotypes

® Phenotype annotation uses GO — and other
OBO ontologies — in combination with
qualities from PATO

® An entity (GO, anatomy, etc. term) has a
quality (PATO term)

o Example@eased rate o@se synt@
/ \

PATO:000091 | GO:0005986




Phenote

® |ava application for annotating phenotypes
using biological ontologies

® Uses any ontology in OBO format




Phenote

Phenote 1.4

Pub example
Genotype |

Gent ALL  ext
FMA

2 o ol

cL L

Quality | sp Z]
CHEBI -

Add'l Entity |t )

Time

Count

; ting phenotypes

Abnormal

Description

® Uses any ontology in OBO format




Pub

Cenotype

Cenetic Context

Entity (GO 3] |

Quality | ALL -3:
Add'l Entity [ALL 5]
Time

Count

Unit

Abnormal

Description

enote

Phenote 1.4

example

s

sucrose biosynthetic process

t} ( Comp )
sucrose 1F-fructosyltransferase activity .
sucrose 6F-alpha-galactotransferase activity m
sucrose alpha-glucosidase activity -
sucrose biosynthetic process
sucrose catabolic process
sucrose catabolic process, using beta-fructofuranos...
sucrose catabolic process, using glucoside 3-dehydr...

sucrose catabolic process, using invertase or sucros... |«

™
=)

| Comp 3 -

Term Info
sucrose biosvnthetic process

ONTOLOGY biological_process
1D GO05986
Exact sycrose anabolism
Synonyms: g.rnce hinsynthesis
sucrose formation
sucrose synthesis
K-refs MetaCyc: 14466
Definition The chemical reactions and pathways
resulting in the formation of sucrose, the
disaccharide
fructofuranosyl-glucopyranoside.

Superclass disaccharide biosynthetic process
sucrose metabolic process

Pub Cenotype

example

Cenetic Context Entity

sucrose biosynthetic pr...

Quality

3

(New ) ( Duplicate ) ( Delete )

[ Save Data ) Filter:

N~ S

(" Undo )

Add'l Entity




enote

Phenote 1.4

Phenote 1.4

Term Info

decreased rate

Pub example

Cenotype

ONTOLOGY qua]_ﬁ}
Cenetic Context ID PATO:000091 1

Entity ' co = sucrose biosynthetic process « . Hmmh;:::: slow rate

Quality | PATO "H decreased ratel Definition A rate which is relative low.
- decreased penod
Add'l Entity  ALL F5| decreased permeability
decreased photosensitivity
decreased position
decreased pressure
Count decreased radioactivity

it

decreased relaxation -

Abnormal | ™

Time

Description

Pub Genotype Genetic Context Entity Quality Add'l Entity
example sucrose biosynthetic pr... decreased rate

='

[ NEH:l I’: Duplicate:} (Delete :]I ( Undo ) ( Save Data ) Filter:
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