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Gene Ontology Background

As genome sequencing began on a large scale, huge amounts of
genomic data and annotation, began pouring into public databases.

All of this annotation was made using different systems and different
methods.

It became clear that the organization of this data, although a huge
challenge, was critical for the effective use of the annotation data.

What was needed was a system to organize all annotation data from all
organisms under one system.

With one system, there is one set of standards, one set of tools.

Thus the GO was born. It began as a collaboration between the
databases for mouse, By, and yeast, but has since grown to include
virtually all model organism databases and several sequencing centers.

GO offers a system for the unambiguous communication of annotation
Information in a format amenable to computer searching and easy
exchange.



What i1s GO?

¥ Three controlled vocabularies

B molecular function
¥ hatGa gene product does

b biological process
¥ vhyQa gene product does what it does

b cellular component
¥ QwvhereQa gene product does what it does
¥ A data repository
b annotation data sets
b reference library

¥ A set of rules and guidelines for annotation
and data exchange .
b evidence storage
b annotation Pe formats



GO term composition

¥ GO terms have 4 required parts
D ID number B unique stable ids
b Name
b Debnition Dthe part of the term that the id number actually refers to, if
the name is changed but the debnition remains the same Dthe id stays
the same, but if the debnition changes B a new GO term must be made,
and the old one made obsolete (more on this later)

b Relationship to parent term (required for all terms accept the root terms)

¥ Other info connected to GO term

b comment
¥ gives additional information for proper annotation, tells users why terms
were obsoleted
P cross reference
¥ ex. EC numbers
b synonyms
¥ alternate enzyme names

¥ abbreviations (TCA)
¥ there are several synonym types: exact, narrower than, broader than



GO term relationships

¥ Each GO term has arelationship to at least one other term
process/function/component are roots
terms always have at least one parent (accept the root terms)

a term may have children terms, children terms are more specikc than
their parents

a term may have sibling terms, siblings share the same parent

as one moves down the tree from parents to children to grandchildren
to great-grandchildre, the functions, processes, and structures become
more specibc (or granular) in nature

¥ GO is a DAG (directed acyclic graph)
b a term can have many parents (as opposed to a hierarchical structure)
b Required to model the complex relationships found in biological systems
¥ relationship types
b isa
¥ ribokinase Qs aCkinase
b part of

¥ periplasm is @art ofCa cell
b (regulates - arriving soon)

O ©OoOOO



Example GO term

¥MD number : GO:0004076
¥Name: biotin synthase activity

¥Debnition : Catalysis of the reaction\: dethiobiotin +
sulfur = biotin.

¥omment : none

Ycross reference . EC:2.8.1.6

¥ynonyms : none

Yoarent term : sulfurtransferase activity (GO:0016783)
¥elationship to parent : @ aO



Example Tree from Manatee

+Ontology (TI:0000001)[R)3695 [add]
+Gene_Ontology (GO:0003673)([P]3695 [add]
+molecular function (GO:0003674)[P]3693 [add]
+catalytic activity (GO:0003824)[I]1593 [add]
+transferase activity (GO:0016740)([I]373 [add]
+transferase activity, transferring sulfur-containing groups (GO:0016782)[I]8 [add]
+sulfurtransferase activity (GO:0016783)[I]4 [add]
biotin synthase activity (GO:0004076)[I]2 [add]
3-mercaptopyruvate sulfurtransferase activity (GO0:0016784)[I]1 [add]
tRNA sulfurtransferase activity (GO0:0016227)[I] [add]
thiosulfate-~thiol sulfurtransferase activity (GO0:0050337)(I) [add)
thiosulfate-dithiol sulfurtransferase activity (G0:0047362)([I] [add]
thiosulfate sulfurtransferase activity (G0:0004792)[I]) [add)
+transferase activity, transferring alkylthio groups (G0O:0050497)(I] [(add]
+CoA-transferase activity (GO:0008410)([I]3 [add]
+sulfotransferase activity (GO:0008146)([I]1 [add]
pyruvyltransferase activity (GO0:0046919)(I) [add]
trichothecene 3-0O-acetyltransferase activity (GO0:0045462)(I) [add)
+transferase activity, transferring phosphorus-containing groups (G0:0016772)([I]135
CDP-alcohol phosphotransferase activity (GO0:0008414)[I)] [add]
+transferase activity, transferring alkyl or aryl (other than methyl) groups (GO:00
+transferase activity, transferring glycosyl groups (GO0:0016757)[I]39 [add]
+transferase activity, transferring one-carbon groups (GO0:0016741)([I)60 [add])
+2'-phosphotransferase activity (GO:0008665)[I] [add]
cobinamide phosphate guanylyltransferase activity (GO0:0008820)(I)1 [add]
+glucanosyltransferase activity (G0:0042123)(I] [add)]
lipoyltransferase activity (GO0:0017118)(I] [add]
+transferase activity, transferring aldehyde or ketonic groups (GO:0016744)(I)8 [ad:
+transferase activity, transferring selenium-containing groups (G0:0016785)[I]1 [ad:
+transferase activity, transferring nitrogenous groups (GO0:0016769)([I)13 [add])



A Multi-parent term

¥MD number : GO:0015424
¥Name: amino-acid transporting ATPase activity

¥Debnition : Catalysis of the reaction: ATP + H20 +
amino acid (out) = ADP + phosphate + amino acid (in)

¥comment : Consider also annotating to the molecular
function term ATP-binding® GO:0005524

Ycross reference : none
¥Ysynonyms . amino acid ABC transporter (narrow)

Yoarent term . amine-transporting ATPase activity
(G0:0031263)

¥elationship to parent : @ aO

Yoarent term . amino acid transporter activity
(G0O:0015171)

¥elationship to parent : @ aO



Treeview in AmiGO of a multi-parent term:

Hall:all (166769 ) & Graphical View
@ GO:0008150 : biological_process ( 118683 )
@ GO:0005575 : cellular_component ( 104309 )
@ GO:0003674 : molecular_function ( 114803 )
® GO:0003824 : catalytic activity ( 38998 )
@ GO:0016787 : hydrolase activity (13114 )
@ GO:0016817 : hydrolase activity, acting on acid anhydrides (4109 )
H® GO:0016820 : hydrolase activity, acting on acid anhydrides, catalyzing transmembrane movement of substances ( 2006 )
@ GO:0042626 : ATPase activity, coupled to transmembrane movement of substances ( 1999 )
@ GO:0031263 : amine-transporting ATPase activity (65 )
EH® GO:0015424 : amino acid-transporting ATPase activity (65)
EH® GO:0016818 : hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides (4103 )
@ GO:0016462 : pyrophosphatase activity (4065 )
@ GO:0017111 : nucleoside-triphosphatase activity ( 3882 )
@ GO:0016887 : ATPase activity ( 3252 )
@ GO:0042623 : ATPase activity, coupled (2786 )
@ GO:0043492 : ATPase activity, coupled to movement of substances ( 1999 )
H® GO:0042626 : ATPase activity, coupled to transmembrane movement of substances ( 1999 )
@ GO:0031263 : amine-transporting ATPase activity (65 )
@ GO:0015424 : amino acid-transporting ATPase activity (65)
@ GO:0005215 : transporter activity ( 10313 )
@ GO:0005275 : amine transporter activity (691 )
@ GO:0031263 : amine-transporting ATPase activity (65 )
EH® GO:0015424 : amino acid-transporting ATPase activity (65)
@ GO:0015171 : amino acid transporter activity ( 570 )
@ GO:0015424 : amino acid-transporting ATPase activity (65)
@ GO:0043492 : ATPase activity, coupled to movement of substances ( 1999 )
@ GO:0042626 : ATPase activity, coupled to transmembrane movement of substances ( 1999 )
@ GO:0031263 : amine-transporting ATPase activity (65 )
@ GO:0015424 : amino acid-transporting ATPase activity (65)
@ GO:0005342 : organic acid transporter activity ( 786 )
@ GO:0046943 : carboxylic acid transporter activity ( 774 )
EH® GO:0015171 : amino acid transporter activity ( 570 )
@ G0:0015424 : amino acid-transporting ATPase activity (65)



True Path Rule

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

Wrong for bacteria

cell
organelle
mitochondrian
proton-transporting ATP synthase complex

Right for Bacteria NOTE: this term has other
cell parents - drotein complexO
_ and (plasma membraneO

intracellular

proton-transporting ATP synthase complex
proton-transporting ATP synthase complex (sensu Bactett
proton-transporting ATP synthase complex (sensu Eukaryota)



QensuCterms

GensuOterms are introduced when the same text string is used in
different organisms to mean different things, or when the item in
guestion has different structures/locations/roles in different
organisms

QensuQis latin for Gn the sense ofO- it does not mean that the term
IS restricted for use in only the named taxon (or taxa) but just that
the term is meant to be used in organisms like the mentioned
taxon (or taxa).

Some common examples:
sensu Bacteria

sensu Archaea

sensu Eukaryota

sensu Magnipholyta

sensu Fungi

sensu Insectae



OBO ble format

Information about terms is contained in GtanzasQ with one stanza per term.

[Term]

id: GO:0045174

name: glutathione dehydrogenase

xref _analog: EC:1.8.5.1

def: (Tatalysis of the reaction: 2 glutathione + dehydroascorbate = glutathione
disulbde +ascorbate.OJEC:1.8.5.1]

synonym:. dehydroascorbate reductase

iIs_a: G0O:0009055

iIs_a: G0:0015038

Is_a:. GO:0016672

Extensive documentation on this ble format is available at the GO site.



GO is awork in progress

Obsolete terms - if a term is found to be incorrect, it is made obsolete, it gets the tag
Is_obsolete yes in the GO ontology He. Obsolete terms should not be used for annotations.

Secondary ids - if two terms are found to mean the same thing, they are merged, and
one is made secondary to the other. The primary term should be used in annotations.

as the ontologies change annotations must be changed too - in particular
annotations to terms that have become obsolete

The GO actively requests user participation in ontology development
b new terms
b changes to existing terms

SourceForge site

b tracker for requests for changes
b https://sourceforge.net/tracker/func=add& group _id=36855& atid=440764
D moreon thislater




GO meetings

¥Consortium meetings - open to consortium members only, GO
Associates will attend per invitation, generally held once per year. (see
http://www.geneontology.org/GO.consortiumlist.shtml)

¥User meetings - open to anyone interested in GO, once per year

¥Content meetings - to resolve particulary difbcult ontology questions,
attendance by invitation, held as needed, so far, once per year

YAnnotation Camp - to introduce new people to GO annotation and train
them, open to any interested in attending, once per year
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Annotating with GO

the manual annotation process is the same with or without
GO

using GO to categorize proteins allows the capture of
iInformation that would otherwise be lost

Our goal is to determine the function of the protein through
literature curation or sequence similarity tools

assign annotation inlcuding: common name, gene symbol,
EC number, GO terms, comments as needed

store evidence for the annotation

annotation should only be as specibc as evidence supports,
err on the side of undercalling rather than overcalling



Annotating with GO (#2)

¥ Decide what annotation the protein should have (by curation of the literature
or by analysis based on sequence similarity tools).

¥ bnd the terms which capture the information you have found for the protein

b Your favorite tree viewing tool
¥ Manatee
¥ Amigo
P Mapping Hes (egE .)
¥ ec2go - a list of EC numbers and corresponding GO terms
¥ Tigrfams2go - GO terms assigned to TIGR HMMs
b Search against proteins already annotated to GO
¥ GOst (at GO web page)
¥ Manatee searches

¥ Tryto get a term from every ontology at the level of specikcity you are
conbdant of. If function/process/component are unknown annotate to the
roots.

¥ Assign as many terms as are appropriate to completely describe what is
known about the protein (you can have multiple terms from each ontology)

¥ Send annotation to GO to be placed in the repository of annotated genes to
be a resource to the community



Functional conbdence captured with GO

Here is the available

evidence for 3 genes

#1

-good match to an HMM(*) specibc
for OibokinaseO

-a high-quality Blast-type match to
an experimentally characterized
ribokinase

*HMM = Hidden Markov Model These are
statistical models of the patterns of amino
acids found in a group of functionally related
proteins.

Function
catalytic activity

ribokinase activity
glucokinase activity
fructokinase activity

Process

carbohydrate metabolism
monosaccharide metabolism

glucose metabolism
fructose metabolism
pentose metabolism
ribose metabolism
Component
cell
cyt



GO Evidence

A vital element of a good annotation system is the storage of evidence:

¥ Assign (Evidence CodeO- evidence codes tell users what kind of
evidence was used
¥ Qnferred from sequence similarityO= 1SS
¥ Various experimental characterizations - IMP, IDA, etc.

¥ Onferred from electroinic annotationO= IEA - immediately allows users to tell
manual curation from automatic

¥ Assign QReferenceO- describes source of the annotation
¥ PMID of paper describing characterization or method used for annotation

¥ Standard GO reference set - submitted by various groups, text descriptions of their
methods - TIGR has submitted two (HMM, pairwise match)

¥ Assign QvithQ(when appropriate)
¥ Used with ISS to store the accession of the thing the sequence similarity is with
¥ Used with IP1 /IGI (inferred from physical interaction/genetic interaction)

¥ Modibker column

¥ @ontributes toO- use this modiPer when you assign a function term representing
the function of a complex to proteins that are part of the complex but can not
themselves carry out the function of the complex

¥ NOT - went you want to assert that a gene product should NOT get an annotation
¥ @o-localizes_withO- gene product transiently or peripherally associated



Accession Format

All objects (papers, proteins, etc.) used in evidence must be
represented according to GOl!s format:

atabase:accessionO

where @atabaseQOis an abbreviation debned at GO for the
database housing the object, and @ccessionOs the
accession number or other identiber for the object

Examples:

1. Protein sequence from UniProt --> UniProt:P12345
2. TIGR HMM --> TIGR_TIGRFAMS:TIGR01234
3. Publication describing experiments --> PMID:12345678



¥IDA inferred from direct assay - Enzyme assays
- Invitro reconstitution (e.g. transcrip tion)
- Immunof3uorescence (for cellular comp onent)
- Cell fractionation (for cellular comp onent)
- Physical interaction/b inding
¥|EP inferred from expression pattem
- Transcript levels (e.g. Northems, microarray data)
- Protein levels (e.g. Westem blots)
¥1Gl inferred from genetic interaction
- "Traditional" genetic interactions such as
sup pressors, synthetic lethals, etc.
- Functional comp lementation
- Rescue experiments
- Inference ab out one gene drawn from the
p henotyp e of a mutation in a different gene.
¥IMP inferred from mutant phenotype
- Any gene mutation/knockout
- Overexpression/ectopic expression of wild-type or mutant genes
- Anti-sense experiments
- RNAiexpernments
- Specibcprotein inhibitors
¥ 1Pl inferred from p hysical interaction
- 2-hybrd interactions
- Co-purbation
- Co-immunop recip itation
- lon/protein binding exp eriments
¥ISS inferred from sequence or structural similarity
- Sequence similarity (homologue of/most closely related to)
- Recognized domains
- Structural similarity
- Southem blotting

GO Evidence codes

http ://iwww.geneontology.org/G O .evidence.html

¥|EA inferred from electronic annotation ¥|C inferred by curator
¥NAS non-traceab le author statement ¥ND no biological data availab le
¥TAS traceable author statement ¥NR not recorded



Annotation (or Association) Ple format

The annotation Ple consists of 15 tab-delimited columns:

DB - the database submitting the annotation

DB_Object _ID - unique identiber for the object being annotated

DB _Object_Symbol - gene symbol or other symbol for the gene product
Qualiber - one of: NOT, contributes_to, colocalizes_with

Goid - the GO id number for the term annotated to the gene product
DB:Reference - the reference which describes the annotation source
Evidence Code - ISS, IEA, IMP, etc.

With/From - accession number of item with sequence similarity, or physical
interaction, etc.

Aspect - one of: process, function, component stored as P, F, or C
DB_Object_ Name - common name of gene product (eg. @ibokinaseQ
Synonym - any alternate names for the gene product, can put gene symbol
here too

DB _Object _Type - what type of thing is being annotated (protein, gene, etc.)
Taxon - the NCBI taxon id for the organism from which the gene product
came

Date - date the annotation was made

Assigned_by - the database that made the annotation (same as the
submitting db in most, but not all cases



Assoclation bles at GO

Current Annotations

Vwhat are IEA Codes? |

View the Terms and Annotations

This table shows the number of gene products that have been annotated to the gene ontologies by each collaborating group. A gene

product can have one or more molecular functions. be used in one or more bioclogical processes and may be associated with one or more

cellular components. Tab-delimited files of the associations between gene products and GO terms made by the member organizations
are available from the FTP site or from the links in this table. The file format is described in the Annotation Guide. Any errors or
omissions in annotations should be reported by writing to the GO mailing list: go@geneontology . org.

Notes:

1) The files are compressed using the UNIX gzip utility: use the "Download”™ ink to download the compressed file to your disk.

2) Where avadable (e.g. for the Compugen and

GO Annotations at EBI fies). please also see the appropnate README fie

Biological Molecular Cellular Total D -::A.Bt d
Process Function Component Total Gene | References f:.'lm' ":
Products Included Assolc‘?aotions
All non-1EA All non-l1EA All non-l1EA | Associated as R Last
codes codes codes codes codes codes Evidence Upd
pdate
TIGR
; ; ; Download
Arabidopsis thaliana 9638 9638| 24945 24945 5835 5835 25701 13653 S NATEOBC
README :
TIGR
Bacillus anthracis 4414 4414 4416 4416 200 200 4417 6 Download
Mar 12, 2004
Ames
TIGR
Coxiella burnetii RSA 1359 1359 1349 1349 176 176 1365 a Lrpilnan
Aar 12, 2004
493
TIGR Download
Gene Index 80031 o] 100151 o 78400 o 126557 1 sy
README prae.
TIGR
Geobacter 2800 2800 2800 2800 195 195 2800 5 Lopnibos
r12, 2004
sulfurreducens PCA
TIGR
Listeria Download
Monooytogenes 4b 2680 2680 2680 2680 917 917 2681 4 AT .
F2365
TIGR
Pseudomonas 2941 2941 3101 3101 263 263 3137 a Soenlzad
. r12, 2004
syringae DC3000
TIGR
Shewanella oneidensis 3696 3696 3696 3696 241 241 3696 5 Soedload
MR-1 r12, 2004
TIGR
Trypanosoma brucei Download
plewit 291 291 289 289 278 278 292 55 s
README
WRESER 2923 2923 2728 2728 191 191 2924 o Download
Vibrio cholerae Mar 12, 2004




SourcelForge Reguests - an easy one

Summary: (?)

new term: protein unfolding

Hi,
| would like to request a new term:

name: protein unfolding

def: The process of assisting in the disassembly of
non-covalent linkages in a protein or protein
aggregate, often where the proteins are in a
non-functional or denatured state.

parent: cellular protein metabolism (GO:0044267)

For an example of a protein that does this see
Swiss-Prot:P63284

Thanks,
Michelle
Use Canned Response: (?7)
None —3? (admin)
AND/OR Attach A Comment: (?7)

Followups:

Comments

Date: 2005-03-10 11:29

Sender: j124219
Logged In: YES
user id=451873

Added new term "'protein unfolding ; GO:0043335" as
child of
cellular protein metabolism (GO:0044267) .




SourceForge Requests - another easy one

Summary: (?)

new synonym: ATP hyrolysis

Hello,

| would like to request the exact synonym "ATP
hydrolysis" for GO:0006200 (ATP catabolism).

Thanks,
Michelle
Use Canned Response: (7)
None —3‘ (admin)
AND/OR Attach A Comment: (?)

Followups:

Date: 2005-03-10 11:06

Sender: j1242//"
Logged In: YES
user_ id=451873

Done.




Sour ceForgetr acker - some harder ones:

1. Polyhedral organelles

https.//sourcsforge ne/tracker/index.phpXfuncddail& aid=1217195&8roup d=36855&atid=440764

2. ABC transporters

https.//sourceforge nd/tracker/index.phpfuncddail& ad=932425&group d=368558atid=440764

3. PAMGO terms

https.//sourceforge nd/tracker/index.phpfunc=ddail& ad=965023&group d=36855&8atid=440764



PAMGQO plan for term creation



