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Introduction to GO and how to request new GO terms
Information needed for a GO annotation
Annotation methods

Use of evidence codes — part 1 (manual experimental)



Use of evidence codes — part 2 (Manual non-experimental)
Additional information for a GO annotation
- Qualifier codes
- Dual taxon annotations

- Annotation extensions

Getting involved in the GO Consortium
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Certain groups in the GOC are the primary source of annotations for
a particular species.

e.g. MGl is responsible for providing the mouse GO annotation file
(RGD for rat, SGD for yeast etc.)

http://www.geneontology.org/GO.format.annotation.shtml#taxon



The Scope of GO

Insulin

1. Molecular Function | %
e.g. insulin receptor activity 8 20N

2. Biological Process

e.g. cell cycle

3. Cellular Component

e.g. mitochondrion

GO terms aim to describe the ‘normal’ functions/ processes/locations that gene
products are involved in

NO: pathological processes, experimental conditions or temporal information



The Gene Ontology
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Ontology structure

» Terms are linked by
relationships
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part_of
regulates
+ve regulates

-ve regulates
has_part
occurs_in

bialogical
process

biological
regulation

L

regulation of
biological
process

cellular
process

negative

regulation of
biological

process

negative
regulation of

i ‘

S— =

cellular
process A

regulation of

Process

cellu

cell cycle
[ J

gulation of l

See the GO wiki for more details;
http://wiki.geneontology.org/index.php/Category:Relations

Occurs in

-]

Yy
(-]

www.ebi.ac.uk/QuickGO



Ontology relations

|S a ’ amide ‘ 7~ ligase activity,
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regulates _
negatively regulates

‘regulation of immune response’ regulates

‘immune response’ |
regulates B

positively regulates

\

‘immune response’ is positively regulated by
‘positive regulation of immune response’

CO:0050776
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‘immune response’ is negatively regulated by
‘negative regulation of immune response’



. ligase activity,
h aS_p al’t bi am'ﬂf ‘i urea metabalic forming
msr'l!::r;eseslc process carbon-nitroge
P n bonds

urea cycle has_part argininosuccinate synthase activity e —
l.e. the urea cycle always involves argininosuccinate
synthase activity, but if a protein has
argininosuccinate synthase activity it is not necessarily
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Requesting new GO terms (1)

Term Genie http://go.termgenie.org/

Log in

TermGenie

TermGenieGO is a tool for creating new terms | Available TermGenieTemplates * |ldly generate new terms and place them

appropriately within the ontology structure. All to the ontology.
Search | Clear ‘

25,

For more details on how to use and register for

= ) cellular_component

» Step 1: Target Ontology GeneOntol - cc_transport
- cc_transport_from_to
~ Step 2: Templates - chemical_transport_from_to

- part_of_cell_component
=3 chemicals

Once you have selected the ontology, - chemical_binding om a menu.
Select Template | regulation: biologica - chemical_export Tree

- chemical_import

- chemical_response_to

- chemical_transmembrane_transport

After selecting and filling templates, cl -::Remica}_transmembrane_tra nsporter_activity ep.
: - chemical_transport

| Verify Input ‘ chemical_transgor't_from_to

- chemical_transporter_activity

- metabolism_catabolism_biosynthesis

+ Jmetabolic

+ Jmolecular_function

[
[

» Step 4: Final matters El-Dprocesses
[

+ Step 3: Review and Submit

+ regulation
+ Jtransport

Add template Cancel


http://go.termgenie.org/

Requesting new GO terms (2)

SourceForge https://sourceforge.net/tracker

[?group_1d=36855&atid=440764

Gene Ontology

Summary Files Reviews Support Develop Hosted Apps Tracker Mailing Lists Code
Add new Browse Reporting
Tracker: Ontology requests
Browse ontology requests currently under consideration.
Search: Search Advanced
Page:| Page 1 Next —
[8] Summary Status Opened Assignee
Assignee: | Any + |Status: | Any + | Category:| Any + |Group: | Any
Artifact ID: Filter Reset Permalink
3612275 MTR cleavage apparatus septin ring Open 2013-04-30 nobody

3612196 TPV:G0:2000134 negative regulation of G1/S transition of mit

3612188 cell size control checkpoint and children

Open

Open

2013-04-29 nobody

2013-04-29 nobody

Maonitor ¥ Watch ¥

Options RSS

1 - 25 of 10309 Results - Display | 25 #

Submitter

4+ | Submitter:

val_wood

val_wood

val_wood

Resolution Priority

Keyword:
Mone 5
Mone 5
Mone 5



GO Annotation



Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1 ..and also in some cases:
2. GO term ID
e.g. GO:0004674 (protein - Qualifiers available to modify
serine/threonine kinase) interpretation of annotation
NOT
contributes_to
3. Reference ID colocalizes_with

e.g. PubMed ID: 12374299
GO_REF:0000001

- ‘With’ column information, to
4. Evidence code provide further information on the
e.g. IDA method (evidence code)




Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1
2. GO term ID

e.g. GO:0004674 (protein
serine/threonine kinase)

3. Reference ID
e.g. PubMed ID: 12374299
GO_REF:0000001

4. Evidence code
e.g. IDA



Isoform annotation

It Is also possible to annotate isoform-specific functions

“The thapsigargin-insensitive ability of each of the transiently
overexpressed SPCAl isoforms to actively transport Ca2+ Into a
membrane-delineated Ca2+ store was assessed following expression in
COS-1 cells as previously described... the level of 45Ca2+ accumulated
In the presence of oxalate by SPCAla, SPCAlb, and SPCAld,
respectively, was 2.8-, 2.9-, and 4.0-fold increased relative to that of
control cells....” PMID:16192278

SPCAla calcium-transporting ATPase activity IDA
SPCA1lb calcium-transporting ATPase activity IDA
SPCA1d calcium-transporting ATPase activity IDA



Feature chain (cleavage product) annotation

UniProt also has identifiers for cleavage products

P09040 (DSK_DROME) T Reviewed, UniProtkKBfSwiss-Prot
Last modified Septernbar 21, 2011, Yersion 108, £ This entry in the past...

5 % Clusters with 100%, 90%, 50% identity | Docurents (21| [ Third-party data

Molecule processing

Names and origin O signal peptide 1-33

O  Propeptide 34 -73
Protein names Recommendead name:

o Peptide 76 —82
Drosulfakinins )
. . . O Propeptide g5 -11
Cleaved into the following 3 chains e 1412
1. Drosulfakinin-0 aptide =

Short name=DSK-o/' O Peptide 126139
2. Drosulfakinin-1
Alternative narme(s):
Drosulfakinin |
Short name=psk

3. Drosulfakinin-2
Alternative narmels]:
Drosulfakinin Il
Short name=pskenl

33 (Fotential) ———

10 — ——  PRO_0000010666
7 Drosulfakinin-0 (Potential ———————  PRO_0000010667
2% ———————==—  [pRO_00000106638
3 Drosulfakinin-1 (Potential ————%— PRO_0000010869
14 Drosulfakinin-2 [F=i5 ———————™  PRO_ 0000010670

Col.2 (DB identifier) Col. 4 (GO ID)
P09040:PRO_0000010667 |GO:0006939

Col.6 (reference)
PMID:17632121

Col.7 (ev.)
IMP

Drosulfakinin-0 involved in smooth muscle contraction




Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1
2. GO term ID

e.g. GO:0004674 (protein
serine/threonine kinase)

3. Reference ID
e.g. PubMed ID: 12374299
GO_REF:0000001

4. Evidence code
e.g. IDA



Growth of GO
Jan. 200 | -August 2007

B cbsolete terms B undefined terms | iotal
258,000

Currently: 38,137 terms 18.750

... and increasing daily
12,500

5,250

0

o ddddEEPPPPPIPPIEEERPRS S
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GO reflects the current knowledge of biology - therefore is constantly changing due to
* Advances in biology
* New groups join, requiring new terms or different relationships between terms

+ Update legacy terms
* Improve logical consistency



Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1
2. GOterm ID

e.g. GO:0004674 (protein
serine/threonine kinase)

3. Reference ID
e.g. PubMed ID: 12374299
GO_REF:0000001

4. Evidence code
e.g. IDA



References

Manual annotations use PubMed identifiers to provide
support for an annotation.

Protein GO term identifier
AOA181 GO:0007165 signal transduction

 Although there are occasions where a certain type of manual
annotation will require a GO Reference (for instance for ND or ISS-
evidenced annotations)



References

Every electronic annotation cites a GO reference, which
describes the type of method applied to generate a particular
annotation (a GO_REF);

Example:

Protein GO term identifier
AOAO000 GO0:0030170_pyridoxal phosphate binding

http://www.geneontology.org/cgi-bin/references.cqi


http://www.ebi.ac.uk/ego/Selection?id=GO:0003870

Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1
2. GOterm ID

e.g. GO:0004674 (protein
serine/threonine kinase)

3. Reference ID
e.g. PubMed ID: 12374299
GO_REF:0000001

4. Evidence code
e.g. IDA
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Evidence Codes

IEA Inferred from Electronic Annotation
IDA Inferred from Direct Assay >

IMP Inferred from Mutant Phenotype

IP1 Inferred from Protein Interaction
IEP Inferred from Expression Pattern

|Gl Inferred from Genetic Interaction

IDA:
* Enzyme assays

* In vitro reconstitution
(transcription)

* Immunofluorescence

e Cell fractionation

ISS Inferred from Sequence or Structural Similarity

IGC Inferred from Genomic Context

RCA Reviewed Computational Analysis
TAS Traceable Author Statement —
NAS Non-traceable Author Statement

IC Inferred from Curator judgement

ND No Data available

TAS:

* |In the literature source
the original experiments
are referenced.

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




Two methods of annotation

Electronic Annotation

Manual Annotation

* Both these methods have their advantages

* They can be easily distinguished by the evidence
code used.



GO Electronic Annotation methods

1. Mapping of external concepts to GO terms

InterPro2GO (protein domains) | maintained by InterPro
SPKW2GO (UniProt/Swiss-Prot keywords)
SPSL2GO (Swiss-Prot subcellular locations)

maintained by UniProt-GOA

UniPathway2GO (Biochemical pathways)
HAMAP2GO (Microbial protein annotation)

maintained by UniProt

EC2GO (Enzyme Commission numbers) | maintained by GOC

Automatic transfer of annotations to orthologs

Ensembl Compara projections between orthologs



1. Mapping of external concepts to GO terms

UniProt vocabularies to GO

KW-0131: Cell cycle — > GO:cell cycle
(GO:0007049)

SL-0156: Lysosome lumen — GO:lysosomal lumen
( GO:0043202)

« a manually produced translation table is run over UniProt entries

« currently mapping external identifiers to GO has resulted in over
137 million annotations



2. Automatic transfer of annotations to

orthologs
e.g.
- B - Sy
Human Mouse Zebrafish ~ Xenopus  Arabidopsis Rice

Currently provides over 2.1 million GO annotations
for over 288,000 proteins from 107 species

(April 2013 release)

Macaque Chlmpanzee ﬁ m h ‘

8

u Human Human g{
Guinea Pig Rat Mouse
Tetraodon
Rat Mouse ‘(

Chicken Fugu




Manual annotation

High—quality, specific annotations made
using:

* Full text peer-reviewed papers
* Arange of evidence codes to

categorise the types of evidence found in
a paper e.g.IDA, IMP, IPI



Inferred annotations created via
Inter-ontology links

Function-Process links

m

]
transferase
phosphorylatio activity,

n transferring
phosphorus-c

e i

« Kinase activity is always part of phosphorylation
« Curator annotates to ‘kinase activity’
* An annotation to ‘phosphorylation’ is automatically created




Inferred annotations created via
inter-ontology links (cont’d)

Process-Component links

——

signal
transduction

i o Occurs_in

Intracellular signal transduction always occurs in the
Intracellular compartment

Curator annotates to ‘intracellular signal transduction’
An annotation to ‘intracellular’ is automatically created

intracellular




Annotation Extensions

» Allows for addition of cross references to other ontologies that can be

used to qualify or enhance the annotation

» The cross-reference is prefaced by an appropriate GO relationship

e.g. ASCL1 protein is present in the nucleus of neuroendocrine cells

/ =

\

Col.2 Col. 4 Col.6
P50553 [ GO:0005634 | PMID:12858003

Col.7
IDA

Col.16
part_of (CL:0000165)

More detail in “Annotation Extensions” presentation




Annotation data is exchanged using files in the following formats

Gene Association File (GAF);

e 17 column tab-delimited file

« Contains information about the protein (e.g. primary accession,
synonyms, taxon)

« Contains information about the annotation (GO:ID, evidence code,
source, date etc)

http://www.geneontology.org/GO.format.gaf-2 0.shtml

Gene Product Association Data file (GPAD);

* 12 column tab-delimited file
« Contains information about the annotation (protein accession, GO:ID,
evidence code (ECO), source, date, extension etc.)

Gene Product Information file (GPI);

* 9 column tab-delimited file
« Contains information about the protein (e.g. primary accession,
synonyms, taxon etc).

http://www.geneontoloqy.org/specifications/gpad/gpad-1.html



http://www.geneontology.org/GO.format.gaf-2_0.shtml
http://www.geneontology.org/GO.format.gaf-2_0.shtml
http://www.geneontology.org/GO.format.gaf-2_0.shtml
http://www.geneontology.org/specifications/gpad/gpad-1.html
http://www.geneontology.org/specifications/gpad/gpad-1.html
http://www.geneontology.org/specifications/gpad/gpad-1.html

1
UniProtkB
UniProtkB
UniProtkB
UniProtkB
UniProtkB
UniProtkB
UniProtkB

Example of Gene Association File (GAF) contents;

2 3
AZABK2 NELFE
AZABKA NELFE
AZABKA NELFE
ASYKKE CNOT1
ASYMT2 CARNS1
ABBM72 MEGF11
Q4VCss AMOT

4 5 &

NOT | GO:0005730 GO_REF:0000052
GO0:0005634 GO_REF-0000052
G0:0034244 GO_REF:0000019
GO:0005515 PMID: 17452450
GO:0005575 GO_REF-0000015
G0:0010842 GO_REF:0000024
GO:0001725 PMID: 16043488

7
DA
DA

IEA | Ensembl:ENSMUSPO0000094956

IPI
HND
155
DA

UniProtkB:Q96LIS

UniProtkB:Q80TS1

O©CoO~NO UL WNEPE

PR RPRRPRRPRRRE
N~No oA WNRO

10 11 12
Megative elongation factor E A2ABK2 HUMAN|MELFE protein
Megative elongation factor E | A2ABK4 HUMAN |NELFE | protein
Megative elongation factor E | AZABK4_ HUMAN |MELFE | protein
CCR4-NOT transcription comp CNOT1_HUMAMN | CNOT1 | protein
Carnosine synthase 1 CRNS1_HUMAMN |CARNSL protein
Multiple epidermal growth fa MEG11_HUMARN | MEGF1! protein
Angiomotin AMOT_HUMAMN | AMOT | K protein

IR IGIRIEIRIGH

Columns:

Database

DB Object ID

DB Object Symbol
Qualifier

GO ID

Reference

Evidence Code
With/From

Aspect

DB Object Name

DB Object Synonym
DB Object Type
Taxon(s)

Date

Assigned By
Annotation Extension
Gene Product Form ID

13
taxon-9606
taxon:9606
taxon:9606
taxon:9606
taxon:9606
taxon:9606
taxon:9606

14
20101115
20101115
20130720
20130722
20100428
20120321
20051207

15 16 17
HPA
HPA
Ensembl
IntAct | occurs_in(GO:0005737)
UniProt
UniProt
UniProt UniProtkB:04WCS5-1



Status of GO Annotation

Evidence Source Annotations Proteins
Electronic annotations 168,202,464 26,460,814
1,401,393 262,426

Manual annotations

July 2013 Stats

Each annotating group regularly provided annotation files to the GO Consortium
and these are available from the GO ftp/website

Annotations released into AmiGO and QuickGO weekly

Various databases (UniProt, Ensembl, NCBI etc.) integrate and display annotations



Evidence Codes



GO Evidence Code Decision

Experimental
{wet lab)

Is annotation based on genetic
mutations or allelic variation?

no *}'35

Is a single gene being
mutated or compared to other
alleles of the same pene?

foo

Is more than one gene
being mutated in
the same strain?

Y —

Is annotation based on a
direct | to | physical interaction
with another gene product?

+ﬂl'.'l

[s annotation based on a direct
assay for the function, process,
or component of the gene product?

yoo

Is annotation based on
the expression pattern
of the gene product?

Tree
( What type of evidence is the annotation based on? j
Computational method Anthor Sm. . t No evidence is available
from publication

Will each annotation be individually
reviewed and confirmed by a
human annotator?

o o
yes

Is the computation based purely on
the sequence of the gene product
(or sequence-based mapping files)?

M ves
no

Dioes the computation include
consideration of the genomic
context of the gene?

M ves
no

Is the computation an integrated
analysis, typically including

experimental data sets, and often
including multiple data types?

=@

Is annotation based on an
author statement that
cites a published reference
as the source of information?

N ves
no

Is annotation based on an
author statement that does not
cite a published reference
as the source of information?

=@

O Curator reviewed an  notations

Is there a GO annotation in another
aspect that allows yvou to make an
inference based on that GO term for
an aspect without evidence?

N
no

Have you been able to find any
evidence to support 4 GO
annotation in a given GO aspect?

[see note on use of NI

=@

O Annotstions NO T reviewed by a curator

Note on use of ND evidence code:

Unlike the ather evidence codes, the NI} code does not indicate a method from a specific
reference. Rather, it indicates that the annotator looked at the available information and
determined that nothing is known about the gene product for a given aspect of GO
(molecular function, biological process or cellular component). The annotator will always
look at all available literature for the gene. Depending on the resources and the annotation
philosophy of the annotating group, the annotator may also look &t sequence comparison
data to determine if any predictions may be made based on the sequence.



Annotations created from published experimental data are
considered the most valuable in the GO Consortium.

IDA (Inferred from Direct Assay)

IMP (Inferred from Mutant Phenotype)

IPI (Inferred from Physical Interaction)

|Gl (Inferred from Genetic Interaction)

IEP (Inferred from Expression Profile)



Inferred from Direct Assay (IDA)

- Indicates a direct assay was carried out in the referenced
paper, to determine the function, process, or component
Indicated by the GO term.

* Enzyme assays

* In vitro reconstitution (e.g. transcription)

* Immunofluorescence (for cellular component)

» Cell fractionation (for cellular component)

 Physical interaction/binding assay (sometimes appropriate for cellular
component or molecular function)

When the author is using an expression system as a way to
Investigate the normal function of a gene product, IDA Is
appropriate.

http://www.geneontology.org/GO.evidence.shtml?all#ida



IDA annotation examples:

" “Immunofluorescence microscopy showed that BCSI1L-3FLAG was A
localized to the mitochondria, as was endogenous BCS1L (Fig. 7Ca,v).”
L BCSI1L GO:mitochondrion IDA PMID: 16930574 y

/“Enzyme activity in the supernatant of cells treated with non-fused PNR
remained relatively constant, between 928 * 42 and
84.5 £ 8.5 nmol/mg/min during the first 48 h of incubation, indicating that
the supernatant does not cause significant PNP degradation...”

\PNP GO:purine-nucleoside phosphorylase activity IDA PMID:16930574 /

ﬁBound fractions were extracted with phenol/chloroform and analyzed by
denaturing gel electrophoresis and ethidium bromide staining (load was 1/25
of the starting material and 1/3 of the bound fractions). Note that tRNA bound
to exportin-t from the HelLa extract and from the RNA fraction.”

Exportin-t GO: tRNA binding IDA PMID:9660920

/




Inferred from Mutant Phenotype (IMP)

e mutations resulting in partial/complete impairment of gene
 polymorphism or allelic variation

* procedures that disturb the expression/function of gene, including
RNAI, anti-sense RNAs, antibody depletion, inhibitors, blockers,
antagonists, temperature jumps, changes in pH

The IMP code is used for cases where one allele may be designated 'wild-
type' and another as 'mutant’. It is also used in cases where allelic
variation occurs naturally and no specific allele is designated as wild-type
or mutant.

Caution should be used when making annotations from gain-of-function
mutations — may not be ‘normal’ activity.

http://www.geneontology.org/GO.evidence.shtml?all#imp



IMP annotation examples:

/“12-LOX inhibitor baicalein.... murine bladder cell line (MBT-2) cell )
proliferation was inhibited by the LOX inhibitors concentration-
dependently....” (PMID:15161019)

P12-LOX GO:cell proliferation IMP Y,

\

“The results from this study demonstrate that mice deficient in GTP-CH1/BH4
display the structural and hemodynamic features of pulmonary hypertension. All 3
structural characteristics of pulmonary hypertension (RV hypertrophy, increased
smooth muscle wall area of resistance arteries, and extension of muscle into
normally nonmuscular arteries) were present in hph-1 mice, and RV pressures

were elevated.” PMID: 15824199

\CHl/BH4 GO:reqgulation of lung blood pressure IMP /




Inferred from Physical Interaction (IPI)

° 2-hybrid interactions

* Co-purification

* Co-immunoprecipitation

° lon/protein binding experiments

* Covers physical interactions between gene product and another
molecule (such as a protein, ion or complex).

° IPI can be thought of as a type of IDA, where the actual binding
partner or target can be specified, using "with" in the with/from field.

http://www.geneontology.org/GO.evidence.shtml?all#ipi



I[Pl annotation examples:

ﬁl’ o provide further evidence that MTMRZ interacts with NF-L we performed\
co-immunoprecipitation experiments using transfected cells...the co-
localization observed in neurons where both proteins are highly expressed
supports interaction of these proteins in vivo at physiological concentrations.”

MTMR2 GO:protein binding IPI ‘with’ NF-L
\ NF-L GO:protein binding IPI ‘with’ MTMR2 /

Note: we recommend using a more specific term than ‘protein binding’
wherever possible, e.g. if the binding partner is known to be a
transcription factor, use GO:transcription factor binding



Inferred from Genetic Interaction (IGl)

Inference about the activities of one gene drawn from the phenotype of
a mutation in a different gene

Includes:

"Traditional" genetic interactions such as suppressors, synthetic
lethals, etc.

Functional complementation or rescue experiments

Any combination of alterations in the sequence (mutation) or
expression of more than one gene/gene product.

This code covers any of the IMP experiments that are done in a non
wild-type background

If there Is a single mutation or difference between the two strains
compared, use IMP. If there are multiple mutations or differences
between the two strains compared, use IGI.

http://www.geneontology.org/GO.evidence.shtml?all#igi



|Gl examples:

ﬁhe ability of fly L23a to replace the role of yeast L25 in ribosome \
biogenesis was determined by creating a yeast strain carrying an L25
chromosomal gene disruption and a plasmid-encoded FLAG-tagged L23a
gene. Though affected by a reduced growth rate, the strain is dependent on

fly L23a-FLAG function for survival and growth, demonstrating functional

compatibility between the fly and yeast proteins.” PMID: 17584789

\ L23a  GO:ribosome biogenesis [e] with:L25 /

/ “ siRNA against Hic-5 was able to downregulate Hic-5 mRNA levels by \
at least 60% (Fig. 5A) and had an even greater effect on the level of

Hic-5 protein (Fig. 5A, inset). ... these loss-of function data, using both

a dominant-negative allele of Hic-5 and Hic-5-specific SIRNA, indicate

that Hic-5 and PPARY cooperate specifically to induce multiple genes
characteristic of gut epithelial differentiation.” PMID: 15687259

\ PPARy  GO:epithelial cell differentiation 1GlI  with: Hic-5 J



http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=546514&rendertype=figure&id=fig5
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=546514&rendertype=figure&id=fig5
http://www.ebi.ac.uk/citexplore/citationDetails.do?dataSource=MED&externalId=15687259

Inferred from Expression Pattern (IEP)

 Transcript levels or timing (e.g. Northerns, microarray data)
 Protein levels (e.g. Western blots)

Where the annotation is inferred from the timing or location of expression
of a gene

Use this code with caution! It can be difficult determine whether the
expression pattern really indicates that a gene plays a role in a given
process

IEP evidence code is usually used with high level GO terms in the
biological process ontology.

Exogenous expression or over-expression of a gene should be not

annotated using IEP; only the normal expression pattern should lead to an
IEP annotation.

http://www.geneontology.org/GO.evidence.shtml?all#iep



IEP annotation examples

To determine whether tetranectin synthesis was correlated with \
osteogenesis in mammals, we examined the expression of tetranectin
during bone development using immuno- histochemistry and Northern
blot analysis. Sections of a limb with bone formation in a newborn
mouse are demonstrated in Fig. 1, A-C. Tetranectin immunoreactivity
was found at locations of the newly formed woven bone.
PMID:7798325

K Tetranectin GO: ossification IEP /




Dual Taxon Annotations - Annotating gene
products that interact with other organisms

« Used when characterizing gene products encoded by one
organism that act on or in other organisms
e.g. from obligate parasitic species

(interactions may be between organisms of the same or different species)

* There is a special set of biological process terms in the GO to
describe such activities (child terms of ‘multi-organism process’
GO: 0051704 or ‘host’ GO:0018995)

» The second species taxon ID in the interaction is recorded in
the annotation file in the same column as the primary taxon ID,
separated by a pipe (|)



Dual taxon annotation examples:

/1. Bacteria living as endosymbiont in plant cell; secretes protein espl into ho%
cytoplasm (where the Host taxon: 123)

Annotation of esp1l:

S espl GO:host cell cytoplasm IDA dual taxon:123
/

2. Bacteria secretes protein badl which kills the host cell A

Annotation of bad1l:

L badl GO: killing of host cells  IDA dual taxon:123 y

/3. Bacterial protein ligl (taxon: 666) interacts with rec5 from bacteria of \
taxon 999, enabling them to form a biofilm

Annotation of ligl and rec1l:

ligl GO:multi-species biofilm formation IPlI ‘with’ rec1 dual taxon:999
\Lecl GO: multi-species biofilm formation IPl ‘with’ lig1 dual taxon:666 /




IGC
RCA
TAS
NAS
IC
ISS

Inferred from Genomic Context
Reviewed Computational Analysis
Traceable Author Statement
Non-traceable Author Statement
Inferred from Curator judgement

Inferred from Sequence or Structural Similarity

ISA, ISO, ISM, IBA, IBD, IKR, IRD are child codes of ISS, most
are used by PAINT (annotation transfer by orthology)

ND

No Data available



Inferred from Genomic Context (IGC)

* operon structure

* syntenic regions

 pathway analysis

» genome scale analysis of processes

Genomic context includes: the identity of the genes neighboring the gene product in
guestion (i.e. synteny), operon structure, and phylogenetic or other whole genome
analysis.

IGC may be used in situations where part of the evidence for the function of a
protein is that it is present in a putative operon for which the other members of the
operon have strong sequence or literature based evidence for function.

It is encouraged that when using this code with operon structure that the id numbers
for the genes in the operon be put in the with/from field.

The IGC evidence code can also be used to annotate gene products encoded by
genes within a region of conserved synteny.

http://www.geneontology.org/GO.evidence.shtml?all#igc



|GC annotation examples

KThe putative operon begins with orfl, whose predicted protein product shov@
strong sequence identity to methyl-accepting chemotaxis proteins (MCPs), followed
by orf2, cheYl, cheA, cheR, cheB, cheY2, orf9, orfl0. All of the identified
homologues show a high degree of sequence conservation with their counterparts in
the che operons from Sinorhizobium meliloti and Rhodobacter sphaeroides, and are
arranged in a similar order...”

@eA GO:chemotaxis on or near host during symbiotic interaction IGC /




Inferred from Reviewed Computational Analysis
(RCA)
Used for annotations made from predictions based on

computational analyses of large-scale experimental data sets, or
on computational analyses that integrate multiple types of data

Into the analysis.

Acceptable experimental data types include:

* protein-protein interaction data
* synthetic genetic interactions
 sequence-based structural predictions

http://www.geneontology.org/GO.evidence.shtml?all#rca



RCA example:

ﬁmouse kinome: discovery and comparative genomics of all \
mouse protein kinases PMID:15289607

‘Our use of multiple sequence sources, multiple prediction methods,
homology to the human kinome, and manual curation enabled the
discovery of previously unreported mouse kinase genes and the
extension or correction of >150 known kinase sequences....Catalytically
Inactive Kinases. Several kinases are known to lack catalytic function
and instead serve as scaffolds or kinase substrates. .. The mouse

kinome shows an almost identical set of predicted inactive kinases
(Table 6)’

QGI:2445052 NOT  GO:protein kinase activity RC)




Inferred from Traceable Author Statement (TAS)

Any statement in an article where the original evidence
(experimental results, sequence comparison, etc.) is not
directly shown, but is referenced in the article and
therefore can be traced to another source.

The TAS evidence code covers author statements that
are attributed to a cited source.

Caution! be aware that authors often cite papers dealing
with experiments that were performed in organisms

different from the one being discussed in the paper at
hand.

http://www.geneontology.org/GO.evidence.shtml?all#tas



TAS example:

/‘Interestingly, CK1 was recently cloned from a human endothelial \
cell library and identified as a kininogen binding protein,-13,
suggesting that endothelial cytokeratins may function as
extracellular binding proteins™ PMID:11549596

\CKl GO:kininogen binding TAS PMID:11549596 /

Note: we would always recommend going to the original experimental data
wherever possible



Non-traceable Author Statement (NAS)

Statements in papers (abstract, introduction, or discussion)
that a curator cannot trace to another publication

The NAS evidence code should be used where the author
makes a statement that a curator wants to capture but for
which there are neither results presented nor a specific

reference cited in the source used to make the annotation.

The source of the information may be peer reviewed papers
Or reviews.

http://www.geneontology.org/GO.evidence.shtml?all#nas



NAS annotation example:

.

'All of the CELF proteins contain multiple potential protein kinase C and casein
kinase Il phosphorylation sites. All are predicted to have predominantly nuclear
localization, and CELF3, CELF4, and CELF5 each possess a consensus

nuclear localization signal sequence near the C terminus." PMID:11158314

\ CELF3 GO:nucleus NAS

~




Inferred by Curator (IC)

The IC evidence code is to be used for those cases where an
annotation is not supported by any direct evidence, but can

be reasonably inferred by a curator from other GO
annotations, for which evidence is available.

Note that the with/from field must always be filled in with a
GO ID when using this evidence code.

http://www.geneontology.org/GO.evidence.shtml?all#ic



|C annotation example:

Koel et al. 1998 (PMID:9651335) provides evidence that the proteiN
encoded by the S. cerevisiae UGA3 gene has the function specific RNA
polymerase Il transcription factor activity.

From this, the curator deduces it is located in the nucleus and thus
makes an annotation to the cellular component term

nucleus; GO:0005634 with the GO ID for the function term in the ‘with’
field, to provide further support for the annotation

UGA3 GO: specific RNA polymerase Il transcription factor activity IDA

&33 GO: nucleus IC ‘with’=GO:specific RNA polymerase Ily




Inferred from Sequence Similarity (ISS)

Used when a sequence-based analysis forms the basis for an
annotation and review of the evidence and annotation has been done

manually.

If the annotation has not been reviewed manually, the correct
evidence code is IEA

http://lwww.geneontology.org/GO.evidence.shtml?all#iss



|ISS annotations

Curators currently have three annotation options:

1. ISS by curator judgement

- where the curator decides (e.g. By BLAST search) whether two proteins
are similar enough for annotations to be transferred

2. ISS by original PMID

- where the author presents data on sequence homology/orthology in the
same paper as the original annotation

2. 1SS by second PMID

- Where the sequence homology/orthology data is reported in a different
paper

Only annotations with an experimental evidence code and which do not
have the 'NOT' qualifier are transferable.



ISS annotation example

1. An experimental annotation is made;

HLA-Cwl GO:peptide antigen binding IDA PMID:22031944

2. The curator determines sequences that are similar to HLACw 1,
e.g. using BLAST, Align

1 MEVMAPRALLLLLSGGELALTETWACSHESMEYFOTAVERPGRGEPEF ISWGYVDDTQEFVEF 60 Pl0321 1C07_ HUMAN
1 MEVMEPRTLILLLSGALALTETWACSHESMEYFFTSVERPGRGEPRF ISWGYVDDTQEVEEF 60 P30499 1C01 HUMAN

e A U e e e e e e e e U U e e e e e e e e e e e e

3. Annotations are made to similar sequences using ISS by curator judgement

HLA-Cw7 GO:peptide antigen binding 1SS GO_REF:0000024 ‘with’ HLA-Cwl1

N\

reference describes the method the
curator used to determine sequence similarity




No Data (ND)

» Can only be used with 3 GO terms:

molecular_function GO:0003674
biological process G0O:0008150
cellular_component GO:0005575

* ND should be used when you have exhausted the literature search and can
find no annotation.

*The reference should be GO_REF:0000015

http://www.geneontology.org/GO.evidence.shtml?all#nd



Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1 ..and also in some cases:
2. GOterm ID
e.g. GO:0004674 (protein - Qualifiers available to modify

interpretation of annotation
NOT
contributes_to

serine/threonine kinase)

3. Reference ID
e.g. PubMed ID: 12374299
GO_REF:0000001

colocalizes_with

- ‘With’ column information, to
4. Evidence code provide further information on the
e.g. IDA method (evidence code)




The ‘Qualifier’ Column

The Qualifier column is used to modify the
Interpretation of an annotation.

Allowable values are: NOT
colocalizes_with

contributes_to

http://www.geneontology.org/GO.annotation.conventions.shtml



\0 o wo
no Wo nNo

A The ‘NOT’ qualifier

h-

 'NOT" is used to make an explicit note that the gene product is not
associated with the GO term.

... particularly important when associating a GO term with a gene
product should be avoided (but might otherwise be made, especially by
an automated method).

e.g. This protein does not have ‘kinase activity’ because it has been
found that this protein has a disrupted/missing an ‘ATP binding’ domain.

Also used to document conflicting claims in the literature.

NOT can be used with ALL three GO Ontologies.



NOT examples:

/“Topoisomerase lIB ... was most dense in peri-nucleolar regions, but it
was clearly always excluded from the interior of the nucleoli (Fig. 4 ¢).”
PMID:9049244

TOP2 GO: nucleoplasm IDA

\TOPZ NOT GO: nucleolus IDA

ﬁseveral properties of the cloned SATT transporter, as expressed In
the Hela cell, distinguish it from the generically described System
ASC. These include: 1) the lack of L-cysteine transport....”
PMID:8340364

\SATT NOT GO:L-cystine transport IDA

AN

/

N.B. NOT ‘qualifies’ the GO term; it does not take into account any values in the ‘with’
column, i.e. it cannot specify the inability to bind to a specific protein in ‘protein binding’

annotations.


http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2132491&rendertype=figure&id=F4

The ‘colocalizes with’ gualifier

» Gene products that are transiently
or peripherally associated with an
organelle or complex may be
annotated to the relevant cellular
component term, using the
‘colocalizes _with' qualifier.

Only used with GO Component Ontology



Colocalizes with example:

/ “Interestingly, in quiescent cells, centrosomes are not stained\
by topoisomerase lla specific antibodies, indicating that the
localization of topoisomerase lla to the centrioles is restricted
to cycling cells.”

\ TOP2 colocalizes_with GO:centrioles IDA /




The ‘contributes to’ qualifier

_Individual gene products that are part of a
5 complex can be annotated to terms that

l.e. annotating 'to the potential of the complex’

» distinguishes an individual subunit from complex functions
All gene products annotated using 'contributes _to' must also
be annotated to a cellular component term representing the

complex that possesses the activity.

Only used with GO Function Ontology



Contributes_to example:

ﬁsubunits (elF-alpha, elF-beta and elF-gamma) of the elF2 complex: \

ALL: eukaryotic translation initiation factor 2 complex (G0O:0005850 ) CC term
ALL:

as all three subunits are required for the ribosome binding activity of the complex:
ALL: contributes_to

Then each of the subunits provides their own defined molecular functions:

elF-alpha:
eiF-gamma:




Core information needed for a GO

annotation
1. Gene or gene product identifier
e.g. Q9ARH1 ..and also in some cases:
2. GOterm ID
e.g. GO:0004674 (protein - Qualifiers available to modify
serine/threonine kinase) Interpretation of annotation
NOT
contributes_to
3. Reference ID colocalizes_with

e.g. PubMed ID: 12374299
GO_REF:0000001

- ‘With’ column information, to
4. Evidence code provide further information on the
e.g. IDA method (evidence code)




The ‘With/From’ Column

* Provides additional evidence for an annotation
« Mandatory for some evidence codes

Examples

The IPI evidence code requires an entry in the ‘with/from’ field to indicate the binding partner

HLA-A GO:receptor binding Pl PMID:19124746 ‘with’ LILRB1

The ISS evidence code requires an entry in the ‘with/from’ field to indicate the gene product that
has sequence or structural similarity to the one being annotated

Mouse Amot GO:actin flament ISS GO_REF:0000024 ‘with’ human AMOT




Ways to get involved with the GO Consortium

°* GO emall lists:

http://www.geneontology.org/GO.mailing.lists.shtml

* Join the GO Friends emall list

http://www.geneontology.org/GO.mailing.lists.shtml#gofriends



http://www.geneontology.org/GO.mailing.lists.shtml
http://www.geneontology.org/GO.mailing.lists.shtml#gofriends

GO wiki: http://wiki.geneontology.org/

- developments in the GO, discussion points
- get involved in developing the GO or the annotation guidelines

Gene Annotation

Annotation_pipeline
By Judy, Suzi, Michael

Annotation Quality control

= Annaotation GC
= Annotation completion Source Forge tracker [hitp Ysourceforge. netdracker?group id=36855&atid=1040173 &)
= Reference_Genome_Database_Reports. Those reports are generated with the GOOSE S0OL interface and provide lists of potentially mis-annotated genes.

Annotation Consistency Issues

= Annotation consistency: [EA, 1SS, IC Usage Discussion: Tanya Berardini, Emily Dimrer, Pascale Gaudet, Dawid Hill, Chris Mungall, Kimberly YanAuken

= Annotation consistency: DA or |C for processes: Tanya Berardini, Emily Dimmer, Pascale Gaudet, David Hill, Chris Mungall, Kimberly “anAuken, Ruth Lovering

= Annotation consistency: HTP Annotation of high throughput experiments, including microarray data SGD GO HTP guidelines : Stacia Engel, Emily Dimmer, %al Yoo

= Annaotation consistency: Using IEP, including microarray data, and heat shock protein example: Emily Dimmer, Stacia Engel, Pascale Gaudet, Ruth Lovering, “arsh
YWood

= Annotation consistency: x protein binding and with © Becky Foulger, David Hill

= Annotation consistency: o binding in the context of gene product: exarmple is ‘co-enzyme binding' from electronic jambores | Pascale Gaudet, David Hill, Victoria Pe

® Ennotation consistency: ‘Response to' terms: Check that all databases use evidence codes correctly for those terms. Tanya Berardini, Emily Dimmer, Pascale Gaud

Improving GO terms and definitions

= Annotation consistency: Clarification of oligomerization, dimerization, protein complex assembly: Debby Siegele
= Annotation consistency: chaperone activity definition: clarify the definitions of unfolded/misfolded protein binding and add chaperone activity as a synonym to both of 4
'de novo' synonym to 'unfolded protein binding'. “ictoria Petri

Misused terms

This page provides a list of often misused terms and (hopefully) an explanation as ta how ta use the term properly. This information should also be included in the ‘comm
file.




If you have any questions on this presentation or about GO
annotation in general, please contact us at:

go-helpdesk@geneontology.org



