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Gene Ontology Knowledgebase:

Contents and optimization




The Gene Ontology (GO)

Provides a computational model of gene function
at every level:

e molecular activities

e signaling and metabolic pathways

e cellular organism-level systems

Consists of:
1) ontology: a framework to describe the biological concepts
2) annotations: associations between genes and GO terms




Current GO knowledgebase content
January 2026 release

Ontology

38,739 terms

+ 24,547 BP gl NN
. 10,123 MF g B
« 4,069 CC -3
Annotations

« > 1 M annotations based on experimental data
 Millions of annotations by phylogenetic and
electronic methods (800M in QuickGO/UniProt)




The 3 aspects of GO

Cellular Component (CC)

e Cellular location where a gene product

Molecular Function (MF) . .
performs its activity (MF)

e Biochemical activity that a gene product

e Example: nucleus, cytoskeleton, ribosome
performs

e Examples: enzymatic activity, adaptor activity,
transcription factor activity

Biological Process (BP)

e Series of events making up a biological module or
program, accomplished by a specific set of molecular
functions, in a specific order

e Examples: glycolysis, transcription, photosynthesis



Example: function, component and process

acetyl-CoA(4-)

ERG10 acetyl-CoA C-acetyltransferase activity
occurs_in vacuole \
ergosterol

-, biosynthetic process

hydroxymethylglutaryl-CoA synthase activity
ERG13 occurs_in mitochondrion

(8S)-3-hydroxy-3-methylglutaryl-CoA(5-)

MF: hydroxymethylglutaryl-CoA reductase
el e (NADPH) activity

occurs_in endoplasmic reticulum



https://amigo.geneontology.org/amigo/term/GO:0006696
https://amigo.geneontology.org/amigo/term/GO:0006696
https://amigo.geneontology.org/amigo/term/GO:0003985
https://amigo.geneontology.org/amigo/term/GO:0005773
https://amigo.geneontology.org/amigo/term/GO:0004421
https://amigo.geneontology.org/amigo/term/GO:0005739
https://amigo.geneontology.org/amigo/term/GO:0004420
https://amigo.geneontology.org/amigo/term/GO:0004420
https://amigo.geneontology.org/amigo/term/GO:0005783

GO is dynamic

Changes in GO terms between releases
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GO aims to represent the current state of
knowledge in biology

Constantly revised as knowledge evolves
Most change requests come from
biocurators when annotating papers
Large refactorings are made
collaboratively with domain experts in
particular areas of biology



Annotations are added and removed to
represent current state of knowledge

e A GO annotation is a statement that Growth of annotated scientific publications over time
links a gene product and a GO term 190,000

e These are linked via relations from the
Relations Ontology

e GO aims to represent the current state
of knowledge in biology, hence it is
constantly revised and expanded as
biological knowledge accumulates
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GO annotations

e Each gene can have any number of annotations to represent:
o its function(s) and substrates
o the cellular locations where it is active
o the roles it plays in any process
o each paper and evidence

e Both a feature and a limitation

n\v\.



Representing the complexity of
biology:

from lists to models




From function to GO annotation

14 P46934 - NEDD4_HUMAN

Protein! | E3 ubiquitin-protein ligase NEDD4 >  Molecular activity

NEDD4

Gene'l

Function’

E3 ubiquitin-protein ligase which accepts ubiquitin from an E2 ubiquitin-conjugating enzyme in the form of a thioester and then directly transfers the ubiquitin to targeted

substrates. Specifically ubiquitinates 'Lys-63' in target proteins (PubMed:19920177, PubMed:21399620, PubMed:23644597).
Involved in the pathway leading to the degradation of VEGFR-2/KDFR, independently of its ubiquitin-ligase activity. Monoubiquitinates IGF1R at multiple sites, thus leading to

receptor internalization and degradation in lysosomes (By similarity).

Many substrates with roles in various cellular processes

Ubiquitinates TNK2 and regulates EGF-induced degradation of EGFR and TNF2 (PubMed:20086093).
Ubiquitinates BRAT1 and this ubiquitination is enhanced in the presence of NDFIP1 (PubMed:25631046).

Ubiquitinates DAZAP2, leading to its proteasomal degradation (PubMed:11342538).
Ubiquitinates POLR2A (PubMed:19920177).



NEDD4 downregulates FGFR1 signaling

Activation m Downstream
@ (E3 Ligase) %nquitlylation Signaling
'S i s : el

Association *
. vV VY
. :LT’.DDMJQLLLLH 189
y U * Reduced
: Ceo Signaling
Activated  /
FGFR1

Reduced Signaling
Generated by ChatGPT



NEDD4 downregulates Na?* channels

Neddaz

(E3 Ligase)

~ Association Ubiquitylation

; “®
Activated *
. L)
Sodium Channel Reduced Channel
Activity

Generated by ChatGPT



NEDD4 inhibits gene transcription in the
presence of DNA damage

Radiation mg_, ’

(E3 Ligase) Ublquutln

Ubiquitinated RNAPII

, V\‘ RNA Polymerase I N
N AN (RNAPII)

Proteasomal
Degradation

Genera ted by ChatGPT



Standard annotations are unconnected
and lack context

. Cellular Component
Molecular Function

ubiquitin-protein ligase activity e cytosol
sodium channel inhibitor activity * plasma membrane
e nucleus

RNA polymerase binding
fibroblast growth factor binding

Biological Process
e ubiquitin-dependent protein catabolic process
e positive regulation of endocytosis
e negative regulation of sodium ion transport
e cellular response to UV
e negative regulation of transcription from RNA polymerase Il promoter

e negative regulation of fibroblast growth factor receptor signaling
pathway



Dissecting the biology

Molecular function (33 annotations + 75 'protein binding’) substrates

UniProtKB:P46934 NEDD4 enables G0:0061630 ( F e ubiquitin protein ligase activity EC0:0000314 e IDA PMID:17116753 9606 Homo sapiens ARUK-UCL has_input (UniProtKB:Q9NZ52)
UniProtKB:P46934 NEDD4 enables GO0:0061630 ‘\E/‘ e ubiquitin protein ligase activity ECO0:0000314 @ IDA PMID:17996703 9606 Homo sapiens BHF-UCL part_of (GO:0000122) more...
UniProtkB:P46934 NEDD4 enables G0:0061630 \i/ e ubiquitin protein ligase activity EC0:0000314 e IDA PMID:20086093 9606 Homo sapiens BHF-UCL as_input (UniProtkKB:Q07912)
UniProtkB:P46934 NEDD4 enables G0:0061630 \: e ubiquitin protein ligase activity EC0:0000314 e IDA PMID:26006083 9606 Homo sapiens AR has_input (UniProtKB:P08183) more..
UniProtKB:P46934 NEDD4 enables G0:0061630 ( e ubiquitin protein ligase activity ECO:0000314 e IDA PMID:34880843 hiProt has_input (UniProtKB:Q7Z434) more...

Biological process (52 annotations)

UniProtkB:P46934 ~ NEDD4 involved_in G0:0000122 e negative regulation of transcription by RNA polymerase I
UniProtkB:P46934  NEDD4 involved_in G0:0006511 e ubiquitin-dependent protein catabolic process
UniProtKB:P46934  NEDD4 involved_in GO0:0006974 e DNA damage response

UniProtkB:P46934  NEDD4  involved_in G0:0007041 € 1ysosomal transport

UniProtkB:P46934  NEDD4 involved_in GO:0010766 @ negative regulation of sodium ion transport

UniProtKB:P46934  NEDD4 involved_in G0:0016567 @ protein ubiquitination



Early 2000's solution: Precomposition

Precomposed terms aimed to provide more expressive terms

cellular response to UV + negative regulation of transcription
from RNA polymerase || promoter

negative regulation of transcription from RNA polymerase |l
promoter in response to UV-induced DNA damage



Examples obsolete pre-composed terms

e regulation of planar cell polarity pathway involved in axis elongation

e regulation of transcription involved in G1/S transition of mitotic cell cycle

e cell morphogenesis involved in differentiation

e regulation of the force of heart contraction involved in baroreceptor
response to decreased systemic arterial blood pressure

e regulation of cytosolic calcium ion concentration involved in
phospholipase C-activating G protein-coupled signaling pathway



Precomposition

cellular response to UV + negative regulation of trans
from RNA pol

-induced DNA damage



Annotation extensions

e AE provide additional context for annotations by linking MF, BP, CC
annotations, as well as inputs/substrates, cell types and anatomical

structures
Gene/product Annotation GO class Annotation
(J Gene/product name qualifier (direct) extension
J NEDD4 E3 ubiquitin- ubiquitin part of negative
protein ligase protein regulation of
NEDD4 ligase transcription by
activity RNA polymerase ||
part of DNA

damage response

Huntley et al. 2014 BMC Bioinformatics



https://link.springer.com/article/10.1186/1471-2105-15-155

Annotation extensions

o AE provide additional conte



Annotation extensions # pathways

(J Gene/product name

(J NEDD4

Gene/product Annotation
qualifier

E3 ubiquitin-

protein ligase

NEDD4

allowed extension

disallowed extension
(logic too complex for format)

GO class
(direct)

ubiquitin
protein
ligase
activity

Annotation
extension

part of negative
regulation of
transcription by
RNA polymerase Il
part of DNA
damage response

negatively regulates RNA
polymerase activity

negatively regulates RNA
polymerase activity of POL2A



GO causal activity models (GO-CAMSs)

Provides a system to extend GO annotations

("4 provides context

e CC:inwhich cellular component, cell, tissue the function/process take place
e MF: capture substrates

e BP:which BP is a MF part of

e BPscan also be part of broader BPs

("4 defines causal connections between activities (MFs)

e allows network representation

e enables pathway visualization & analysis

Published in Thomas & al, Nat Genet. 2019
See also GO documentation



https://www.nature.com/articles/s41588-019-0500-1
https://geneontology.org/docs/gocam-overview/

GO-CAM model specifications




GO-CAM model specifications

context

context




GO-CAM model specifications

E [ / '
. causal link to the next activity ‘ ‘
Part of Occurs during ,

process

N/

Part of




Causal relations

e Linka MF toa MF
e Can be positive or negative



GO-CAM causal relations

Relationship

Constitutively § Provides § Removes
upstream input for input for

Connect via Chemical Intermediate

Effect direction Effect direction

positive /

direct / \ir:direct direct / \ir:direcl

directly indirectly directly indirectly
positively positively § negatively | negatively

Regulation Undetermined

positive negative

negative

causally upstream causally upstream
of, positive effect of, negative effect

regulates regulates regulates regulates

See also the Noctua User Guide



https://docs.google.com/document/d/1a5YZBJrnJ9LKJxPVpXk62dJJGpHB2b9zH8-xr_Rm1Vs/edit?tab=t.0#heading=h.xipi5c2ijypw

directly negatively
regulates

directly positively

regulates

indirectly negatively
regulates

indirectly positively
regulates

provides input for

removes input for

constitutively
upstream of

Links two activities when the upstream activity has a negative causal effect (decreasing or inhibiting) on an immediately downstream
activity. Immediately means there is no intervening activity. The mechanism by which the upstream activity controls the downstream
activity must be known.

Links two activities when the upstream activity has a positive causal effect (increasing or activating) on an immediately downstream
activity.

Links two activities when the upstream activity has a negative regulatory effect (decreasing or inhibiting) on the downstream activity
via a larger process (e.g. proteasome-mediated protein degradation) that is reused in many contexts and the curator does not want to
reproduce that process in the GO-CAM. The mechanism by which the upstream activity controls the downstream activity must be
known.

Links two activities when the upstream activity has a positive regulatory effect (increasing or activating) on the downstream activity via
a larger process (e.g. transcription) that is reused in many contexts and the curator does not want to reproduce that process in the
GO-CAM. The mechanism by which the upstream activity controls the downstream activity must be known.

Links two successive activities when the product (output) of the upstream activity is the substrate (input) for the downstream activity,
and the product is a macromolecule (i.e. DNA, RNA, protein).

Links two activities when the upstream activity has a negative causal effect (decreasing or inhibiting) on the downstream activity and
the two activities act on or modify the same molecular target at the same site(s).

Links two activities when the upstream activity is required for the downstream activity, but does not regulate the downstream activity.

causally upstream
of, negative effect

causally upstream
of, positive effect

Links two activities when the upstream activity has a negative causal effect (decreasing or inhibiting) on the downstream activity but
the mechanism is not known.

Links two activities when the upstream activity has a positive causal effect (increasing or activating) on the downstream activity but the
mechanism is not known.



GO-CAM model view fo regulation of
RNA polymerase by NEDD4

BP

<, NEDD4 Hsap

ubiquitin-protein transferase :: < RNA polymerase I, core ...
activity
hasinput POLR2A Hsap —haspart POLR2A Hsap

ubiquitin-dependent directly negatively regulates RNA polymerase Il activity
pREe protein catabolic process —{ J_’

atof transcription by RNA

—partof  DNA damage response £ polymerase Il
occimml niicleus occursin  nucleus



GO-CAM impact on the

ontology




Ontology refactoring

Started a major ontology refactor in 2019 to address issues caused by
old ontology practices

e Proactive introduction of terms to anticipate potential curator needs
(but never used)

Excessive intermediate-level grouping terms

Precomposed terms

Single step reactions in the BP aspect of the ontology

Terms that refer to more than one ontological aspect

Experimental assays and non-physiological substrates



Examples obsoleted terms

Reason for obsoletion

Examples

Phenotype of perturbation
experiments
BP terms that represent a MF

Pre-composed terms that are

now represented by GO-CAMs

Sub-reaction and reaction
mechanisms

Substrates beyond the specificity
of known enzymes or not
physiologically relevant

negative regulation of necrotic
cell death (GO:0060547)
histone H2A acetylation
(GO:0043968)

histone H4 acetylation involved
in response to DNA damage
stimulus (GO:2000776)
formation of peptidyl-cystine
persulfide by sulpbur transfer
from free cysteine
(GO:0044526)

4,4’ -diapophytoene desaturase
(4,4'-diapolycopene-forming)
(GO:0140868)

The Gene Ontology Consortium 2026, NAR Database issue



https://doi.org/10.1093/nar/gkaf1292

Number of GO terms by aspect
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WELCOME TO NOCTUA

Noctua is a web-based, collaborative Gene Ontology (GO) annotation tool developed by the GO Consortium to create standard GO
annotations as well as GO-CAMs (Gene Ontology Causal Activity Models).




Noctua allows to view, create and edit GO annotations

Pascale Gaudet
Noctua o Help it . GENEONTOLOGY
Filter by Clear
Annotations [[] Exact Term

WELCOME TO NOCTUA

Noctua is a web-based, collaborative Gene Ontology (GO) annotation tool developed by the GO Consortium to create
standard GO annotations as well as GO-CAMs (Gene Ontology Causal Activity Models).

Filter by Any Ontology Term

Filter by Obsolete GO Term

—— HELP —

Filter by Gene Product

STANDARD ANNOTATIONS GO-CAM VISUAL PATHWAY
EDITOR EDITOR

USER GUIDE

Filter by Chemical

; Filtered By:
Filter by Reference =
Results: 54720 Q GO CAMs per page: 50 v 1 - 50 of 54720 > >l
L
Title Saved State Date Modified Contributors
Vesicle fusion in cytotoxic T cell = a
Contributor @ Y= Production O 2026-02-04 LB Lionel Breuza Actions

degranulation (Human)

CD36 transport to the plasma
Filter by Contributor membrane for muscle @ Y= Production B 20260204 LB Lionel Breuza Actions
regeneration (Human)

NMDAR-triggered AMPAR

recruitment to AP2/PICK1 @
machinery enables clathrin-

mediated endocytosis and LTD

Filter by Group

Y= Development B 2026-02-04 JB  Job Berkhout Actions

Date last modified [] Date Range




Two main workbenches

Standard Annotations Editor (SAE)

STXBP2 Hsap enables protein-macromolecule adaptor direct assay evidence used in PMID:28265073
activity manual assertion
SNARE complex enables fusogenic activity direct assay evidence used in PMID:28265073

manual assertion

has input
SNARE complex

occurs in

immunological synapse

part of
SNARE complex assembly

occurs in
immunological synapse

part of
vesicle fusion

Feb 4, 2026

Feb 4, 2026

Visual Pathway Editor (VPE)

Title: Vesicle fusion in cytotoxic T cell ... #" ‘

TOOLBOX

(€9

ACTIVITY UNIT

Q
o\,

PROTEIN COMPLEX

\ /

CHEMICAL

Automatic Layout Layout Detail :  Default v

< STXBP2Hsap

protein-macromolecule adaptor
activity

hasinput  SNARE complex

SNARE complex
partef Hssembly
e cytotoxic T cell

degranulation

occursin - immunological synapse

—partof  cytotoxic T cell

directly positively regulates |

« SNARE complex
—haspat  SNAP23 Hsap
—haspart  STX11 Hsap
—haspat  VAMP8 Hsap
fusogenic activity

partof vesicle fusion

cytotoxic T cell

ghr degranulation

occursin  immunological synapse

—partof  cytotoxic T cell

%= Production

Spacing




Standard Annotations Editor - creating annotations

[ NOT
Gene Product GP to Term Relation v GO Term
Evidence
Evidence Reference With/From
[+
Extensions

Add Extension

Comments

Add Comment




Visual Pathway Editor - new annotation

>
™ “@ STXBP2Hsap 4
G ]
BP -
ACTIVITY UNIT activity
hasinput  SNARE complex
‘ SNARE complex
© (") partof assembly
PROTEIN COMPLEX —part of C'ytOtOxiC T cell Ac“v“y Unit Form X e

degranulation
Gene Product
—_ occursin - immunological synapse

\ / enabled by (GP) +
—partof  cytotoxic T cell

CHEMICAL
Function Description ;] [:]
directly positively regulates
Molecular Function Evidence Reference With :
= =
w
..« SNARE complex
(MF) part of (BP) Evidence Reference With :
—haspart  SNAP23 Hsap = =
—haspat  STX11 Hsap
(MF) oceurs in (CC) Evidence Reference With :
= =

—haspat  VAMP8 Hsap

fusogenic activity

partof vesicle fusion

cytotoxic T cell

—partof :
partol degranulation

occursin - immunological synapse

—partof  cytotoxic T cell




GO-CAM status

e ~ 2,000 models (‘production’)
e > 10,000 distinct genes
e 5 major contributing groups: UniProt, PomBase, FlyBase, SGD, MGl



GO-CAM model availability

e GO-CAM model in OWL-type formats (ttl)
e conversion to standard annotations, with extensions if appropriate

Gene/product Annotation GO class Annotation

(J Gene/product name qualifier (direct) extension
(O NEDD4 E3 ubiquitin- ubiquitin part of negative
protein ligase protein regulation of
NEDDA4 ligase transcription by
activity RNA polymerase |l
part of DNA

damage response



GO-CAM Pathway Viewer widget

e Widget can be embedded in any website
e Availablein AmiGO, Alliance of Genomes, UniProt, PomBase, FlyBase

N4BP3

nnnnnnnnnnnnnnn



GO-CAMs are also available at NDEx

About

Report Bug Contact Us FAQ

Login/Register

Latest Networks

Featured Networks ~

Search Examples v

.

() Perform Search Term Expansion (Genes and Proteins only) @

Featured Content N

NDEx IQuery: a multi-method network gene
set analysis leveraging the Network Data

Exchange >
NDEX IQuery is a new web tool for network and
o hasad :

4P
NDEXx Integrated Query

Powered by NDEx and integrated with Cytoscape, IQuery
uses selected pathway and a variety of interactome
networks to power gene set analysis. The networks come
from many different sources and new networks will be
continuously added.

By doing many simultaneous queries, we present the
biologist with a Google-like experience and immediate
actionable results; any IQuery hit can be seamlessly
opened in Cytoscape for additional analysis or saved to
NDEX for later use. Alternatively, users can explore the
master networks that originated those results and perform
additional queries or other operations.

T Enter your gene set here... Q

Examples: Death Receptors PTC Beta Cell

Enter vour gene set in the text box above or use one of the

GO-Causal Activity Models

0«m @O—=m

O—=m .
O0—x=x=

[ B cou, ]
’.
== — Q===

GO-Causal Activity Models (GO-CAMSs) use a defined
“grammar” for linking multiple GO annotations into larger
models of biological function (such as “pathways”) in a
semantically structured manner. GO-CAMs are created by
expert biocurators from the GO Consortium, using the
Noctua Curation Platform. GO-CAMs can be used as
“pathway diagrams” that can be browsed and visualized, as
full GO-CAM graphs that can be downloaded or as
“reduced” pairwise GO annotations, included in the GO
annotation files for backward compatibility with the broader
GO communities Human GO-CAMs are available in NDEx

https://www.ndexbio.org

“The NDEX Project provides an
open-source framework where
scientists and organizations can

«| store, share, manipulate, and publish
biological network knowledge.”

[nF e

5

inty

genes, and explore the different biological processes they
participate in to enable hypothesis generation and drive
experimental validation.

However, LLMs can make mistakes, so we recommend
users to perform their due diligence and always verify the
results.

For additional information GSAl ie deceribed and


https://www.ndexbio.org

NDEx GO-CAM pathway viewer

(/) e ; . ergothioneine biosynthetic process
(GO:0052699)
Network

Network Size:

Query External Database
Network information

Owner geneontology
Created 11/25/2025 10:25:04 PM
egtl met17 egtl his2 Last modified 11/25/2025 10:25:04 PM
uuID 356fd168-ca45-11f0-a218-005056ae3¢c32

gt2
Visibility Public (searchable)
Description

hercynylcysteine L . et
Eliioaa iy N(alpha),N(alpha),N(alpha)-trimethyl-L-histidine L-histidine
Sl 2witterion (alpha),N(alpha),N(alpha) Yl itisrion

e

complex

causally upstream of, positive effect
causally upstream of, negative effect

constitutively upstream of

LE]

~ directly negatively regulates;
is small molecule inhibitor of

directly positively regulates;
is small molecule activator of

I

has input



NDEX IQuery

A NDEx Integrated Query

CIONDEx ©

One search finds a variety of pathways and interaction networks relevant to your set of
genes. Powered by NDEx and integrated with Cytoscape.

O NDEX Inte

[ ]}

Query gene set examples:

PANCREATIC BETA CELL DEATH RECEPTORS COMPLEMENT

nd us feedback

NDEX Integrated Query uses selected pathway and interactome networks in NDEx to power gene set analysis. The
networks come from many different sources and new networks will be continuously added. Do you have a pathway

https://www.ndexbio.org/iquery

|Query provides a form of gene set
enrichment analysis by indexing certain
NDEXx network sets and allowing users to
find networks by searching over Human
gene sets



https://www.ndexbio.org/iquery

NDEX IQuery tests pathway representation for
lists of genes

A NDEx Integrated Query

CURATED PATHWAYS

@ sortby (O Similarity (@) p-Value

®

® ® @

@

=8 1

APAF1 BCL2 BID BIRC2 BIRC3 CASP10 CASP3 CASP6 CASP7 CFLAR CHUK DFFA DFFB FADD GAS2 | Q

%)NDEX o

PATHWAY FIGURES INDRA GO

O overlap

of CASP7 in its by initiator caspases
(CASP8, CASP9 and CASP10) and regulation by XIAP and PAK2 (Human)
3/ 6 unique genes

Similarity: 0.32 p-Value: 8.95e-4

CASP10 CASP7 XIAP
SFL
DFF, F FAC

Poxvirus-CRMB inhibition of TNF signaling pathway (Human-Poxvirus)

3 /5 unique genes Similarity:0.33  p-Value: 8.95e-4

FADD TRADD TRAF2

TRAIL/TRAILRT interaction leading to apoptosis
3/ 6 unique genes Similarity: 0.33 b-Value: 8.95e-4

FADD TNFSF10 TRADD

TRAIL/TRAILR2 interaction leading to apoptosis
3/ 5 uniqu

genes Similarity: 0.36  p-Value: 8.95e-4

FADD TNFSF10 TRADD

TRAF7 modulation of NF-kappa-B via IKBKG and NEMO K-29 ubquitination
(Human)
3/7 unique genes

Similarity: 0.23 p-Value: 1.23e-3

CHUK NFKB1 RELA

Cleavage and inactivation of PARP1 by CASP3 and/or CASP7 during the

avaritian nhaca af anantacic (Himan)

Layout ——
GO-CAMs: Involvement of CASP7 in apoptosis, its acti [ﬂ .

CANCER CELL MAP INITIATIVE

CASP10

GO-CAMS

CASP8

INTERACTOMES

=>)

PAK2

CASP9

N/ —

CASP7

[ Legend j
Show

XIAP

Query set: NDex 'Death
receptor' test list
Over-represented
GO-CAMs show up on
the left

For each model, hits are
highlighted



Exploring Al to enhance GO




GO tasks

e Ontology development
o create new terms, obsolete terms
o fix hierarchy to align with external resources (EC, RHEA, etc)
o apply design patterns

e Annotation

add new annotation

remove incorrect annotations

annotation reviews

new GO-CAMs

review GO-CAMs

O O O O O



Al-generated annotation review

Gene Annotation Review Browser

GENE: APO1
REVIEW: Review

LINK: Link
ID: QOXIR4
GENE PRODUCT TYPE: PROTEIN

REVIEW STATUS: COMPLETE

GO TERM:  regulation of gene expression

GoID:  GO:0010468 GO term & evidence

EVIDENCE: [IMP

PATHWAY: Pathway

ORIG REF:  PMID:21421812

ORIG TITLE: APO1 promotes the splicing of chloroplast group Il introns and harbors a plant-specific zinc-dependent RNA binding domain.

SUMMARY: Too general - should use more specific RNA processing term
ACTION: MODIFY

REASON: APO1 regulates gene expression through RNA splicing, not transcriptional regulation. The more specific term "chloroplast group Il J u Stlfl Catl 0 n
intron splicing" (GO:0000373) better captures the mechanism

REF TEXT:  APO1 promotes the splicing of chloroplast group Il introns and harbors a plant-specific zinc-dependent RNA binding domain.

REFIDS: PMID:21421812

REPLACEMENTS: G0:0006397:mRNA processing S u g g eSted G O te rm




Al-generated new annotation suggestions

Gene Annotation Review Browser

Browse Al reviews

GENE: ELF4
REVIEW:  Review
LINK: Link
ID: 004211

GENE PRODUCT TYPE: PROTEIN

REVIEW STATUS: DRAFT
GO TERM: transcription regulator complex

GO ID: G0:0005667

EVIDENCE: IDA
ORIG REF:  PMID:21753751

ORIG TITLE: The ELF4-ELF3-LUX complex links the circadian clock to diurnal control of hypocotyl growth.

SUMMARY: ELF4 is a component of the Evening Complex (EC), a tripartite transcriptional repressor complex. This is documented in
ComplexPortal (CPX-1291) and demonstrated experimentally by co-immunoprecipitation and ChIP experiments.

ACTION: NEW

REASON: This annotation captures ELF4's role as part of the Evening Complex, which is central to its function. The EC is a well-characterized
transcription regulator complex that represses target genes.

REF TEXT:  Here we identify a protein complex (called the evening complex)--composed of the proteins encoded by EARLY FLOWERING 3
(ELF3), ELF4 and the transcription-factor-encoding gene LUX ARRHYTHMO (LUX; also known as PHYTOCLOCK 1)--that directly regulates plant
growth | We found that ELF4-HA could co-immunoprecipitate both ELF3 and LUX

REFIDS: PMID:21753751; PMID:21753751

ISOFORM:  false

TAGS:

GO term & evidence

Justification



Conventional workflow for ontology editing

e GO uses Protégé as ontology editing tool, hooked to GitHub actions for QC

@ go (http://purl.obolibrary.org/obo/go.owl) 4 Create anew Class add nameSpaCe

occurrent ) process ) molecular_function ) catalytic activity Name phycoerythrobilin synthase activity

Active ontology x Entities x  Annotation properties x Individuals by class

add cross-reference #1

lasses = Object prop: Data i Annotation i Dataty

=

http://purl.obolibrary.org/obo/GO_0140386

- - %) New entity options...

fully formed stage

add cross-reference #2

) larval stage Cancel _

late embryonic stage a d d Syn O n y m
life cycle

neurula stage

organogenesis stage

pharyngula stage

5gztff$:rm:n;§:f??fage J ‘phycoerythrobilin synthase activity' !

process e MO Litoral Entity IRl IRl EditorProperty values

biological_process = date_retrieved
molecular_function . e cpden Catalysis of the reaction: (32)-phycoerythrobilin + oxidized ferredoxin = .

etc

Value

antioxidant acti = dcitite biliverdin IXa + reduced ferredoxin.
= ATP-dependent activity = dcterms:conformsTo
binding = dcterms:contributor

save

i = dcterms created
cargo receptor activity = determs:creator
catalytic act dcterms:date
determs description
determsiicense

determssource

defaul-namespace

commit, push

catalytic activity, acting on a rRNA
=) catalytic at ty, acting on a tRNA
catalytic activity, acting on DNA
catalytic activity, acting on RNA

reate pull request, merge

cyclase activity = external class
) deacylase activity . chis b
demethylase activity = foaf:depiction Language Tag
hydrolase at - gene
: = has broad synonym
isomerase activit, = has cross-reference e
ligase activity mmhas exact synonym P e
= xsd:strin

lyase activity 9

= il peptide sy activity

H f Cancel

oxidoreductase activity ST

peptidoglycan muralytic activity —
) polyketide synthase activity
transferase activity



Agentic workflow

User request in GitHub

NTR: Phycoerythrobilin synthase [Rhea:25359], EC 1.3.7.6 #31443
Fo #31452

AndreaAuchincloss opened last week Member

Hello,

This reaction is missing from GO, can it be made please?
[Rhea:25359], EC 1.3.7.6

Label:

Phycoerythrobilin synthase

Description:
Catalysis of the reaction: (3Z)-phycoerythrobilin + oxidized ferredoxin = biliverdin IXa + reduced ferredoxin.

PMIDs 18356052, 18662988 and 21050180 show the reaction, the last one in particular shows the product is the 3Z isomer of
PEB.

Cyanobacteria do this reaction with 2 proteins (PebA 1.3.7.2 GO:0050617 Q02189) and (PebB 1.3.7.3 G0:0050618 Q02190), but
there are a number of viruses (including characterized Q58MUB) that have a protein that does it all in one swoop.

It is a child of GO:0016636.

Editor asks agent to do the task

2 g raymond91125 5 days ago Member

@dragon-ai-agent please add the new term phycoerythrobilin synthase activity. Use RHEA:25359 and PMID:18662988, and
no others, as the definition references. Add RHEA and EC as exact match general cross references.

@ 091




Agentic workflow - new term created !

(Q dragon-ai-agent 5 days ago Member
| have created the new term phycoerythrobilin synthase activity (GO:7770044).

Term Summary

ID: GO:7770044
Name: phycoerythrobilin synthase activity

Parent: GO:0016636 (oxidoreductase activity, acting on the CH-CH group of donors, iron-sulfur protein as acceptor)

Definition: "Catalysis of the reaction: biliverdin IXalpha + 2 reduced ferredoxin + 4 H+ = (3Z)-phycoerythrobilin + 2
oxidized ferredoxin."
Definition references: PMID:18662988, RHEA:25359
Cross-references: EC:1.3.7.6 (exactMatch), RHEA:25359 (exactMatch)
Synonyms:
o "(3Z)-phycoerythrobilin:ferredoxin oxidoreductase activity" (RELATED)
o "PebS" (RELATED)

Background

Phycoerythrobilin synthase (PebS, EC 1.3.7.6) is a ferredoxin-dependent bilin reductase found in marine cyanophages. The
enzyme performs a four-electron reduction of biliverdin IXalpha to (3Z)-phycoerythrobilin in a single step, combining the
activities of PebA (EC 1.3.7.2) and PebB (EC 1.3.7.3) that are required in cyanobacteria.

The reaction direction in the definition follows the biosynthetic (physiological) direction, consistent with the enzyme's name as
a synthase.

PR: #31452

-

raymond91125 5 days ago Ed|tor aSkS agent to make

@dragon-ai-agent please remove the synonyms. They are not required. corre Ct|0 ns |f n eed ed
@ oK |

L



Summary

e GO is a computational model of gene function that aims to be
comprehensive, species-agnostic and current

e The ontology is continually updated, with recent major updates to better
capture biology rather than experimental results

e Annotations exist in both standard and GO-CAM flavors

e GO-CAMs are now disseminated across various resources

e GO strives to be efficient and accurate



Ressources

e GO Handbook
GO-CAM paper (2019)
e Gene Ontology website
o General ontology documentation
o General annotation documentation
e Annotation Relations documentation
EB| Gene Ontology tutorial on YouTube (general)



https://link.springer.com/book/10.1007/978-1-4939-3743-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7012280/
https://geneontology.org/
https://geneontology.org/docs/ontology-documentation/
https://geneontology.org/docs/go-annotations/
https://wiki.geneontology.org/Annotation_Relations
https://www.youtube.com/watch?v=6Am2VMbyTm4
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