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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, ßy, 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 is GO?

¥ Three controlled vocabularies
Ð molecular function

¥ ÒwhatÓ a gene product does
Ð biological process

¥ ÒwhyÓ a gene product does what it does
Ð cellular component

¥ ÒwhereÓ a gene product does what it does

¥ A data repository
Ð annotation data sets
Ð reference library

¥ A set of rules and guidelines for annotation
and data exchange .
Ð evidence storage
Ð annotation Þle formats



GO term composition

¥ GO terms have 4 required parts
Ð ID number Ð unique stable ids
Ð Name
Ð DeÞnition Ð the part of the term that the id number actually refers to, if

the name is changed but the deÞnition remains the same Ð the id stays
the same, but if the deÞnition changes Ð a new GO term must be made,
and the old one made obsolete (more on this later)

Ð Relationship to parent term (required for all terms accept the root terms)
¥ Other in fo connected to GO term

Ð comment
¥ gives additional information for proper annotation, tells users why terms

were obsoleted
Ð cross reference

¥ ex. EC numbers
Ð synonyms

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



GO term relationships

¥ Each GO term has a relationship  to at least one other term
Ð process/function/component are roots
Ð terms always have at least one parent (accept the root terms)
Ð a term may have children terms, children terms are more speciÞc than

their parents
Ð a term may have sibling terms, siblings share the same parent
Ð as one moves down the tree from parents to children to grandchildren

to great-grandchildre, the functions, processes, and structures become
more speciÞc (or granular) in nature

¥ GO is  a DAG (directed acyclic  graph)
Ð a term can have many parents (as opposed to a hierarchical structure)
Ð Required to model the complex relationships found in biological systems

¥ relationship  types
Ð is a

¥ ribokinase Òis aÓ kinase
Ð part of

¥ periplasm is Òpart ofÓ a cell
Ð (regulates - arriving soon)



Example GO term

¥ID number :  GO:0004076
¥Name:  biotin synthase activity
¥DeÞnition :  Catalysis of the reaction\: dethiobiotin +
sulfur = biotin.
¥comment :  none
¥cross reference :  EC:2.8.1.6
¥synonyms :  none
¥parent term :  sulfurtransferase activity (GO:0016783)
¥relationship to parent :  Òis aÓ



Example Tree from Manatee



A Multi-parent term

¥ID number :  GO:0015424
¥Name:  amino-acid transporting ATPase activity
¥DeÞnition :  Catalysis of the reaction:  ATP + H2O +
amino acid (out) = ADP + phosphate + amino acid (in)
¥comment :  Consider also annotating to the molecular
function term ÒATP-bindingÓ; GO:0005524
¥cross reference :  none
¥synonyms :  amino acid ABC transporter (narrow)
¥parent term :  amine-transporting ATPase activity
(GO:0031263)
¥relationship to parent :  Òis aÓ
¥parent term :  amino acid transporter activity
(GO:0015171)
¥relationship to parent :  Òis aÓ



Tree view in AmiGO of a multi-parent term:



True Path Rule

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

cell
   organelle
      mitochondrian
         proton-transporting ATP synthase complex

Wrong for bacteria

cell
   intracellular
      proton-transporting ATP synthase complex
         proton-transporting ATP synthase complex (sensu Bacteria)
         proton-transporting ATP synthase complex (sensu Eukaryota)

NOTE: this term has other
parents - Òprotein complexÓ
and Òplasma membraneÓ

Right for Bacteria



ÒsensuÓ terms

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

ÒsensuÓ is latin for Òin the sense ofÓ - 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 Þle format

[Term]
id:  GO:0045174
name:  glutathione dehydrogenase
xref_analog:  EC:1.8.5.1
def:  ÒCatalysis of the reaction:  2 glutathione + dehydroascorbate = glutathione 
disulÞde + ascorbate.Ó [EC:1.8.5.1]
synonym:  dehydroascorbate reductase
is_a:  GO:0009055
is_a:  GO:0015038
is_a:  GO:0016672

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

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



¥ 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 Þle.  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
Ð new terms
Ð changes to existing terms

¥ SourceForge site
Ð tracker for requests for changes
Ð https://sourceforge.net/tracker/?func=add&group_id=36855&atid=440764
Ð more on this later

GO is a work in progress



¥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 difÞcult ontology questions,
attendance by invitation, held as needed, so far, once per year

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

GO meetings



Annotating with GO

¥ the manual annotation process is the same with or without
GO

¥ using GO to categorize proteins allows the capture of
information 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 speciÞc 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).

¥ Þnd the terms which capture the information you have found for the protein
Ð Your favorite tree viewing tool

¥ Manatee
¥ Amigo

Ð Mapping Þles (egÉ .)
¥ ec2go - a list of EC numbers and corresponding GO terms
¥ Tigrfams2go - GO terms assigned to TIGR HMMs

Ð Search against proteins already annotated to GO
¥ GOst (at GO web page)
¥ Manatee searches

¥ Try to get a term from every ontology at the level of speciÞcity you are
conÞdant 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 conÞdence captured with GO

Function
  catalytic activity
    kinase activity
      carbohydrate kinase activity
        ribokinase activity
        glucokinase activity
        fructokinase activity

Process
  metabolism
    carbohydrate metabolism
      monosaccharide metabolism
        hexose metabolism
          glucose metabolism
          fructose metabolism
        pentose metabolism
          ribose metabolism
Component
   cell
      cytoplasm

Here is the available
evidence for  3 genes
#1
-good match to an HMM(*) speciÞc
for ÒribokinaseÓ
-a high-quality Blast-type match to
an experimentally characterized
ribokinase
#2
-good match to an HMM modeling
ÒkinaseÓ (more general)
-high-quality Blast-type matches to
an experimentally characterized
Òglucokinase! AND a "fructokinase!
#3
-good match to an HMM for
ÒkinaseÓ (same as above, more
general

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



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

¥ Assign ÒEvidence CodeÓ - evidence codes tell users what kind of
evidence was used

¥ Òinferred from sequence similarityÓ = ISS
¥ Various experimental characterizations - IMP, IDA, etc.
¥ Òinferred from electroinic annotationÓ = IEA - immediately allows users to tell

manual curation from automatic

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

¥ ModiÞer column
¥ Òcontributes toÓ - use this modiÞer 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
¥ Òco-localizes_withÓ - gene product transiently or peripherally associated



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

Òdatabase:accessionÓ

where ÒdatabaseÓ is an abbreviation deÞned at GO for the
database housing the object, and ÒaccessionÓ is the
accession number or other identiÞer for the object

Examples:

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

Accession Format



¥ IDA inferred from direct assay - Enzyme assays
    - In vitro reconstitution (e.g. transcrip tion)
    - Immunoßuorescence (for cellular component)
    - Cell fractionation (for cellular component)
    - Physical interaction/b inding
¥ IEP inferred from expression pattern
    - Transcrip t levels (e.g. Northerns, microarray data)
    - Protein levels (e.g. W estern b lots)
¥ IGI inferred from genetic interaction
    - "Traditional" genetic interactions such as
      suppressors, synthetic lethals, etc.
    - Functional complementation
    - Rescue experiments
    - Inference about one gene drawn from the
       phenotype of a mutation in a different gene.
¥ IMP inferred from mutant phenotype
    - Any gene mutation/knockout
    - Overexpression/ectop ic expression of wild-type or mutant genes
    - Anti-sense experiments
    - RNAi experiments
    - SpeciÞc protein inhib itors
¥ IPI inferred from physical interaction
    - 2-hybrid interactions
    - Co-puriÞcation
    - Co-immunoprecip itation
    - Ion/protein b inding experiments
¥ ISS inferred from sequence or structural similarity
    - Sequence similarity (homologue of/most closely related to)
    - Recognized domains
    - Structural similarity
    - Southern b lotting
¥ IEA inferred from electronic annotation ¥ IC inferred by curator
¥ NAS non-traceable author statement   ¥ ND no b iological data availab le
¥ TAS traceable author statement        ¥ NR not recorded

GO Evidence codes
http://www.geneontology.org/GO.evidence.html



Annotation (or Association) Þle format
The annotation Þle consists of 15 tab-delimited columns:

DB - the database submitting the annotation
DB_Object_ID  - unique identiÞer for the object being annotated
DB_Object_Symbol  - gene symbol or other symbol for the gene product
QualiÞer  - 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. ÒribokinaseÓ)
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



Association Þles at GO



SourceForge Requests - an easy one



SourceForge Requests - another easy one



SourceForge tr acker  - some harder  ones:

1. Polyhedral organelles
https://sourceforge.net/tracker/index.php?func=detail& aid=1217195&group_id=36855&atid=440764

2.  ABC transporters
https://sourceforge.net/tracker/index.php?func=detail& aid=932425&group_id=36855&atid=440764

3. PAMGO terms
https://sourceforge.net/tracker/index.php?func=detail& aid=965023&group_id=36855&atid=440764



PAMGO plan for term creation

?


