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What is the Gene Ontology?

« An introduction to the Gene Ontology

« What are annotations?

o Ten quick tips for using the Gene Ontology |
« Gene Ontology tools

« Enrichment analysis

 Downloads

Recent news

Ten Quick Tips for Using the Gene Ontology

RNA-Seq or ine NextGeneration

Bv] f

Highlighted GO
term

Representing "phases" in GO biological
process

The GOC has recently introduced a new
term biological phase (GO:0044848), as
a direct subclass of biological process.
This class represents a distinct period or
stage during which biological processes
can occur.

more

Random FAQs

o How do | query, access,
install/mirror the GO database?

o Whatis a GP| file?

o Can aterm that is listed two places
in an ontology file have children in
one place but not the other?

View all FAQs

On the web

Available pipelines for functional
annotaiton (COG, KEGG, GO) of
genomes

Tool: dcGOR: an R package for analysing
ontologies and protein domain
annotations

Hnw tn prnalize fwn vertar lennthe?



Ontologies

The GO (Gene Ontology) project has developed three
structured, controlled vocabularies (ontologies/lists of terms)
that describe gene products.

GO terms are sets of keywords used to describe in a species-
independent manner the properties of a gene and its protein(s)
in terms of their associated

|. Cellular component (C)
2. Molecular function (F)
3. Biological process (P)
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Ontology terms versus protein domains

The GO terms are used during genome annotations to group
proteins based on either of the three categories. This is different
from protein families. In a sense much broader.

For example all these proteins, Shh (Sonic Hedgehog), Wnt (say
"wint”), FGF (Fibroblast Growth Factor), RAR (Retinoic Acid
Receptor) would all have shared GO terms such as P: cell
communication, C: extracellular. However in terms of protein
domains they are completely unrelated.
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GO: biological process

Examples of terms used for grouping proteins based on

biological processes

m defense response

B immune response

B homeostatic process

W oxidation reduction

® chemical homeostasis

m cellular ion homeostasis

® cellular chemical homeostasis

® ion homeostasis

» cellular homeostasis

W response to wounding

H response to inorganic substance

» inflammatory response

® cellular cation homeostasis

B cation homeostasis

» female pregnancy

® muscle contraction

» muscle system process

u circulatory system process
blood circulation
cellular di-, tri-valent inorganic cation homeostasis
di-, tri-valent inorganic cation homeostasis
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GO: cellular components e

Examples of terms
used for grouping
proteins based on

cellular

components

RNA-Seq for the N@XT e sa s crvrnsns

(structures)

N GOo:0000228 nuclear
chromosome
W GO:000022% cytoplasmic

chromosome
GO:0005576 extracellular
region
GO:0005615 extracellular
space

W GO:0005618 cell vall
GO:0005622 intracellular

W GO:0005623 cell
GO:0005634 nucleus

W GO:0005635 nuclear envelope
GO:0005654 nucleoplasm
GO:0005694 chromosome
GO:0005730 nucleolus
GO:0005737 cytoplasm
GO:0005739 mitochondrion
GO:0005764 lysosome
GO:0005768 endosome

W GO:0005773 vacuole
' GO:0005777 peroxisome
GO:0005783 endoplasmic
reticulum
GO:0005794 Golgi apparatus

W GO:0005811 lipid particle

W GO:0005815 microtubule
organizing center

W GO:0005829 cytosol

W GO:0005840 ribosome

M GO:0005856 cytoskeleton

W GO:0005886 plasma
membrane

M GO:0009536 plastia

W GO:0009579 thylakoid

M GO:0016023 cytoplasmic



GO: molecular function

Molecular function
W Catalytic activity 2% 3%
o L 100% Lyases
S L Sctty E B Enzyme Inhibitors
O Structural molecule
O Transporter 80% 0O Transferases
e ‘ B Oxyreductases
B Enzyme regulator activity < @ Hydrolases
Translation regulator 60%
>
40%
17%
20%
0%
28% Proteins with

catalytic activity

Notice how broads these functions are. They all refer to
the protein activity within a cell. It does not consider the
species, organ, place in the body, development, pathologies,

etc...
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GO exclusion (from consortium webpage)

The following areas are outside the scope of GO, and terms in these
domains will not appear in the ontologies:

Gene products: e.g. cytochrome c is not in the ontologies, but
attributes of cytochrome c, such as oxidoreductase activity, are.
Processes, functions or components that are unique to mutants or
diseases: e.g. oncogenesis is not a valid GO term, as "causing
cancer" is the result of reprogrammed, not normal cells and thus it
is not the normal function of a gene.

Attributes of sequence such as "intron" or "exon" parameters
belong in a separate sequence ontology

Protein domains or structural features.

Protein-protein interactions.

Environment, evolution and expression.

Anatomical or histological features above the level of cellular
components, including cell types.
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Uses of GO terms

Initial gene annotation during genome analysis: will provide a
description of the “proteome” and allow a comparative analysis

U P ] (B':hadnnel and recepto; activity : ;
o . . . ® Binding, transporters/carriers (ions, organic, receptors
D |ffe re n tl al t ra n S C rl Ptl O n o Cataly%c activity (oxidoreductase, h%grolase. etc) MOIec.u lar
o (E)nﬁyme regulator activity function
m Others

@ Metabolism (cofactors, carbohydrates, lipids, etc)

m Localization and homeostasis (ions, vesicles, others) Biological
o Cell adhesion process

m Cell communication (synapse, signalling)

m Others

0 Mitochondrion

o Extracellular and plasma membrane Cellular
m Vesicles

m Lytic organelles component
m Others

analysis: will provide a
global identification of
cellular processes affected
by specific treatments,

@ Binding (DNA, RNA, others)
m Transcription and translation regulation activity Molecular

d I S eas e S ’ etc R O Catalytic activity (nuclease, helicase, polymerase) function
O Others
m Metabolism and biogenesis (nucleic acid, ribosome)
RNA transport Biol Ogi cal
m Cell cycle and death

process

0 Neural development
m Response to stimulus
@ Others
0 Nucleus (chromosome, transcription, splicing, others) Cellular
o Ribosome component
m Others
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The proteome of pooled islets of Langerhans.
A >10 fold enriched in pancreas, 141  >10 fold enriched in islets, 181

(A) CIaSSIflcatlon Of Purlfle.d ISIet 4—10fo|denrichedinp(ac:cr;tezzi;g];tS)
proteome versus pancreatic

proteome, based on protein ratios
between the two samples. After

SUbtraCting Pancreas Contaminants total 7014 proteins
R . . inislet & pancreas
(141),a high confidence list of 6,873 [ "

islet proteins was obtained. Note that integaltomembrane, 225
for proteins with less than three

4-10 fold enriched in islets, 952

\ 6873 proteins in islet

nucleus, 249
transcription factor
T~ complex, 14

peptides and close to the limit of extracellulas region, 134 NS endopleomic rescaum, 51
detection, accurate ratios and hence . .22, \\‘Tnatochondﬁomm
classification were not assigned (“not el o Lboned "
classified”). (B) Proteins enriched c |

more than 4-fold (total I,133) were oo

cytoskeleton biogenesis, 50 /. _.G-protein coupled receptor
/ 33 protein signaling pathway, 20

compartmentalization and (C) GO exocytosh, 17 b <
. . . . vesicle mediated transport, ;
biological process. Numbers indicate 53 '4‘

response to stimulus, 95
‘\response to stress, 53

intracellular signaling cascade, 94

. lipid metabolic process, 60 cell communication, 161
Catego r|Zed by G O ce I I u Ia_ r microtubule-based process, 31 ’

ion transport, 30

proteins per category in the enriched wasitiononadepend.s

phosphorylation, 58

data's_et‘ , Waanders L F et al. PNAS 2009;106:18902-18907 E |: | fi S
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