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Information on this tutorial

Pre-requisites Ability to use a web browser

Subject area Gene product functional annotation

Biologists: Masters/Ph.D./Post-doc
Target audience
Computer biologists

Resources required Internet browser, preferably Firefox

Approximate time needed 2.5 hours

n Information

Words written in bold are explained in the glossary.

Course learning objectives

The aim of this course is to familiarise users with the Gene Ontology (GO) and
associations of GO terms with gene products (GO annotations). The course will
cover how to retrieve GO annotations from various sources and how to use GO
annotations to provide a link to biological knowledge in large sequence

datasets.

You will learn how to:
e Use the QuickGO tool to view GO data and annotations, filter annotations
to create a tailored set and use GO slims to summarise the attributes of a
gene product
e Use InterProScan to rapidly populate novel sequences with electronic GO
annotation predictions
e Retrieve complete sets of GO annotations

e How to feedback or contribute annotations to UniProt-GOA

Gene Ontology Annotation at the EBI
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An introduction to the Gene Ontology

The Gene Ontology project is a major bioinformatics initiative provided by the

Gene Ontology Consortium (http://www.geneontology.org/) with the aim of

standardizing the representation of gene and gene product attributes across
species and databases. The project provides a controlled vocabulary of terms for
describing gene product characteristics and gene product annotation data from
GO Consortium members, as well as tools to access and process this data.

The Gene Ontology covers three domains: cellular component, the parts of a cell
or its extracellular environment; molecular function, the elemental activities of a
gene product at the molecular level, such as binding or catalysis; and biological
process, operations or sets of molecular events with a defined beginning and
end, pertinent to the functioning of integrated living units: cells, tissues, organs,

and organisms.

Each of the three ontologies is built from GO terms which describe the biological
concepts within each domain. The GO terms are linked to each other using
relationships of which there are seven currently being used within the GO
Consortium; is_a, part_of, has part, occurs_in, regulates, positively regulates
and negatively regulates. For more information on the relationships see the
documentation on the GO Consortium website:

http://www.geneontology.org/GO.ontology-ext.relations.shtml.

GO annotations

Associations between gene products and these terms, termed GO annotations,
are assigned by many biological databases providing detailed functional
descriptions. A single gene product may be annotated to multiple GO terms,
detailing a range of functional attributes, using both manual and electronic

annotation methods.

A GO annotation is the assignment of a GO identifier, e.g. GO:0005737, with a
particular sequence (either a gene or protein database identifier), e.g. UniProtKB
accession Q4VCS5. There are two types of annotation; manual annotations are
created by a curator having directly looked for functional information (either within
published literature or by examining the sequence directly), whereas electronic
annotations are produced by a number of different types of automated methods

that produce high-quality, conservative predictions of GO assignments.
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All annotations must provide both a reference to a source that provides
information either directly for the GO term-gene product assignment or the
method used to create the assignment, and also an evidence code which is a
three-letter acronym indicating the type of evidence that supports the assignment
of the GO term to the gene product.

Manual GO annotation at the EBI

High-quality manual annotations are made directly to the UniProt-GOA database,
using a UniProt developed annotation tool, by over 60 highly trained biological
curators within the UniProt Consortium who are located both internally and
externally to the EBI. In addition, UniProt-GOA integrates manual annotations
from all GO Consortium annotation groups, as well as a number of external
special interest databases (e.g. LIFEdb, Human Protein Atlas, Reactome and the
IntAct protein-protein interaction database). A description of how manual
annotations are made by UniProt-GOA is available on our website;
http://www.ebi.ac.uk/GOA/ManualAnnotationEfforts

Electronic GO annotation at the EBI

UniProt-GOA also provides large-scale assignments of GO terms to UniProtKB
entries through a number of electronic techniques. We use existing information
within database entries, including UniProt keywords (UPKW2GO), UniProt
Subcellular Location (UPSL2GO), UniProt Pathway2GO (Pathway2GO), Enzyme
Commission numbers (EC2GO) and cross-references to InterPro (InterPro2GO)
and HAMAP (HAMAP2GO), which are manually mapped to GO terms.
Electronically combining these mappings with a table of matching UniProtkKB

entries generates a set of GO annotations.

Finally, in collaboration with the Ensembl and EnsemblGenomes teams,
manually annotated GO annotations are projected automatically to a number of

predicted orthologs using the Compara database.

Each of these methods is described in more detal on our website;
http://www.ebi.ac.uk/GOA/ElectronicAnnotationMethods

Practical use of GO and GO annotations

GO is useful in many ways. It can provide a broad overview of the functions of a
proteome or specific set of proteins. It can help to generate hypotheses about

underlying cellular mechanisms in disease states by providing a way to cluster
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subsets of over- or under-expressed proteins according to the GO annotations
they have in common, potentially highlighting particular pathways that may be
affected by the disease. GO can also provide functional data to protein
interactome sets, linking the protein binding network with the activities and
locations of the interacting proteins. Additionally GO can assist researchers who
are refining a particular organelle isolation technique by indicating the subcellular

locations of the proteins that have been isolated.

Chapter 1 — How to view GO data using the
QuickGO browser

GO annotation data is available from a number of different sources and in a
variety of formats. To browse the GO hierarchy or to view annotations for
individual gene products, a number of online tools are available, such as
QuickGO, which has been developed at the EBI to display annotations assigned

to UniProtKB entries.

QuickGO is highly flexible and has a number of unique features, including the
ability to tailor annotation sets using multiple filtering options as well as to
construct subsets of the GO (GO slims) to map-up annotations allowing a general

overview of the attributes of a set of proteins.
QuickGO is available from:

http://www.ebi.ac.uk/QuickGO

For other GO browser tools, please see the ‘Further Reading’ section located at
the end of this tutorial [1].

Chapter 1 - learning objectives
You will learn:

¢ How to search the Gene Ontology for individual GO terms

e How to search the UniProt-GOA database for GO annotation data

Searching for GO terms in the Gene Ontology

The QuickGO home page (Fig. 1.1) provides a text box to start searching for GO

information.
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n Information

There is a search box on every page of QuickGO.

You may search for any aspect of a GO annotation including;

GO term names and synonyms
GO IDs

UniProtKB accessions

InterPro Ids

Enzyme Commission numbers
UniProt keywords.

As QuickGO integrates a large number of symbols and identifier types you can

also query for these, for example; NCBI Gene IDs, RefSeq accessions and

Ensembl IDs.
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= QuickGO

Help QuickGO
Reference

FAQs

Video tutorials z covs) 11 w

e e Quitk  [cicitor sxampie searcn e © 9 9
= Web Services Dataset Term Basket: 2

geneontology.org
UniProt-GOA project

‘Web Servicq
E Search and Filter GO annotation sets D ‘QuickGO News
Extensive filters are available from this page to allow the generation of specific subsets of GO 4,19 August 2011 - Changes to the Term Basket

annotations, mapped to sequence identifiers of your choice.

4,14 June 2011 - New term history displays

Investigate GO slims

Smveall; ate (=L)s Bnis w 4,20 April 2011 - Display improvements
GO slims are lists of GO terms that have been selected from the full set of terms available from
the Gene Ontology project. QuickGO News Archive

GO slims can be used to generate a focused view of part of the GO, or with annotation data they
can be used to see how a set of proteins/genes can be broadly categorized (using annotation
data and the relationships that exist between terms in the ontologies).

Further information on GO slims can be found at the GO Consortium web site 7. % Guick=0Tipe.
View the history of changes to GO D 4 Tutorial

This page allows you to view the changes to GO, optionally filtered by date, term identifier, or type

of change.

Fig 1.1 QuickGO query interface (http://www.ebi.ac.uk/QuickGO)

Figure 1.1

E Notes

[A] The ‘Global Toolbar’ is visible on all pages within QuickGO. From here users can
search QuickGO, access QuickGO Web Services, view the dataset that QuickGO is
currently using and view ‘Term Basket' selection (see Chapter 3 for more information
on ‘Term Basket’.

[B] The entry point for viewing, filtering and downloading annotations from the
UniProt-GOA database.

[C] The entry point for GO slims. See Chapter 3 for more information.

[D] Useful tips for using GO and QuickGO

When searching for a GO term, QuickGO will return any terms relevant to your
input text. The first 20 GO terms are shown by default, to see further terms, click
on ‘more’ at the bottom of the list (Fig. 1.2a). Tabbed sections on this page allow
you to view terms from a particular aspect of the GO, i.e. Molecular Function,
Biological Process or Cellular Component. Note that some terms are retrieved
due to information in their synonym, definition or cross-reference (ID) fields and
this is noted to the right of the term name (Figs 1.2a & b). Obsolete terms are
also retrieved and this is also indicated to the right of the term name (Fig. 1.2a &
b).
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GO
GO (291) Process (273) Function (16) Companent (2)
Aspect Name Other Matches
Proce: apoptotic process @0
Pmceg i
Proce: A 00692
Functionm @ GO:0008188
Function GO:0016329
Function @ GO:0016506 /
Process &5 G0:0097194 execulion phase of apoptosis
Process @ GO:0006918 induction of apoptosis by p53
Process % GO:0008626 induction of apoptosis by granzyme
Process & GO:0008628 induction of apoptosis by hormones
Process &% G0:0039526 1 by virus of host apoplosis
Process & G0:0019050 suppression by virus of host apoptosis
Process & GO:0008627 induction of apoptosis by ionic changes
Process %8 GO:0008631
Process %8 G0:1900117
Process @ GO:0052387
Process @ GO:0052432
Process 5 GO:0008624 ]
Process & G0:0008629 induction of apoptosis by intracellular signals
Process % GO:0008625 induction of apoptosis via death domain receptors.
more....
1.2a
Function & G0:0005035 death receptor activity © Synonym
Process &5 GO:0001783 B cell apoptotic process @ Synonym
Process & G0:0051402 neuron apoptotic process © Synonym
Process &5 G0:0070231 T cell apoplotic process @ Synonym
Process & G0:0006309 apoptotic DNA fragmentation @ synonym
Process \"_w:‘s G0:0033024 mast cell apoptotic process @ Synonym
Process. 3 GO:0070242 thymacyte apoptotic process © synonym
Process i G0:0071887 leukocyle apoplotic process @ synonym
Process % G0:0001781 neutrophil apoptotic process @ Synonym
Process 8 60:0001913 T cell mediated cylatoxicity @ synonym
Process 8 G0:0034349 glial cell apaptotic process @ Synonym
Process 8 G0:0044346 fibroblast apoplotic process @ Synonym
Process 3 G0:0045476 nurse cell apoptotic process @ Synonym
Process 8 G0:0070227 lymphocyte apoptolic process @ Synonym
Process % G0:0071888 macrophage apoptotic process @ Synonym
Process @ G0:0097284 hepatocyte apoptotic process @ Synonym
Process 3 GO:0010657 muscle cell apoptotic process @ synonym
1.2b
Fig. 1.2 A search for ‘apoptosis’ retrieves a choice of GO terms, tabbed sections allow for
a more focused search in a particular ontology. Terms are retrieved if the word
‘apoptosis’ is present in their term name, synonyms, definition or cross-references.
Figure 1.2
E Notes
H ‘
[A] The green plus icons next to GO IDs allow you to add that term to the ‘Term

Basket’ which you can use for comparing multiple terms in an ontology chart or for

creating GO slims (see section 3).

Clicking on the GO ID for a term will take you to a page called the ‘Term
Information page’ (Fig. 1.3a), providing full details of the selected term. Tabbed
pages provide further information about the term such as Ancestor terms (Fig
1.3b), Child terms (Fig. 1.3c) and Protein Annotation to the term.
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EBI > Databases > QuickGO

GO:0006915 apoptotic process

L S — © 6 o ©

Web Services Dataset Term Basket: 2

RCIUBL g EVGL|  Ancestor Chart | Child Terms Protein Annotation | Co-occurring Terms Change Log

D 5 G0:0006915 A
apoptotic process
Ontology | Biological Process
Definition | A programmed cell death process which begins when a cell receives an internal (e.g. DNA damage) or external signal (e.g. an extracellular death ligand), and proceeds through a series of C
biochemical events (signaling pathways) which typically lead to rounding-up of the cell, retraction of pseudopedes, reduction of cellular volume (pyknosis), chromatin condensation, nuclear
plasma blebbing and of the cell into apoptotic bodies. The process ends when the cell has died. The process is divided into a signaling pathway
phase, and an execution phase, which is triggered by the former,

‘Comment
‘Secondary | GO:0008632
IDs

‘GONUTS GO:0006915 Wiki Page
LT Taxon Constraints | Cross-references | Replaces

‘Synonyms are alternative words or phrases closely related in meaning to the term name, with indication of the relationship between the name and synonym given by the synonym scope. Click on the n
icon for more details.

narrow | type | programmed cell death
exact apommin cell death
broad | cell suicide

narrow | apoptosis
related | signaling (initiator) caspase activity

Fig. 1.3a GO Term Information page view

Figure 1.3a

E Notes

[A] A unique, stable identifier for the GO term

[B] The primary GO term name

[C] The term definition, a full description indicating to what concept the term refers
[D] Term synonyms

10
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G0:0006915 apoptotic process

Ouigh (e e e © © 0 9

ces Dataset Term Basket: 6

Term Information Ancestor Chart Child Terms Protein Annotation ‘Co-ocourring Terms

Change Log

TOm008150
process

. Pt of
CO0005887] [ CO:0016265

. Has pare
cellular
process death
Regulates

Co:0008219

smve\v renula(es

A:F cell death .egaﬂ\telyregn\a\&s

L)
CO0012501] Ottursm

programmed
cell death

Fig. 1.3b Ancestor chart view of the GO term page.

his chart is interactive; you can click on the term boxes and legend for more information.

2]

Display

Figure 1.3b

E Notes

the selected term.

[A] A graphical display of the part of the Gene Ontology containing ancestor terms to

[B] A colour-coded key to the relationships between each of the terms in the chart.

Gene Ontology Annotation at the EBI
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> [ >

G0:0006915 apoptotic process

% [Click for example search Q w Q"‘) o

Web Services Dataset Term Basket: 6

Term Information Ancestor Chart Child Terms Protein Annotation Co-occurring Terms Change Log

This table lists all terms that are direct descendants (child terms) of GO:0006915:
Relationship To GO:0006915 Child Term Child Term Name

Isa 3 G0:1900204 | apoptotic process invgived in metanephric collecting duct development
Is a 3 G0:1900205 | apoptatic pr@i Ived in metanephric nephron tubule development
Isa ‘Qﬁ G0:0071839 | apoptotic proced_one marrow

Is a &8 G0:0043276 | anoikis

Isa % GO:0060561 | apoptotic process involved in morphogenesis

Isa ‘Qﬁ G0:0061364 | apoptotic process involved in luteclysis

Regulates 3 GO.0042981 | regulation of apoptotic process

Positively regulates 3 G0:0043065 | positive regulation of apoptotic process

Negatively regulates 3 G0.0043066 | negative regulation of apoptatic process

Part of QS G0:0006919 | activation of cysteine-type endopeptidase activity involved in apoptotic process

Part of 3 G0:0006921 | cellular component disassembly involved in apoptotic process

Part of 3 G0:0008633 | activation of pro-apoptotic gene products

Part of 3 G0:0008637 | apoptotic mitochondrial changes

Part of 3 G0:0097190 | apoptotic signaling pathway

Part of 3 G0:0097194 | execution phase of apoptosis

Part of 3 600043154 | negative regulation of cysteine-type endopeptidase activity involved in apoptatic process
Part of 5 G0:0043280 | positive regulation of cysteine-type endopeptidase activity involved in apoptotic process
Isa 3 G0:0097285 | cell-type specific apoptotic process

Part of 3 GO:0043281 |1 ion of cysteine-type endopeptidase activity involved in apoptotic process

Part of % G0:0097153 | cysteine-type endopeptidase activity involved in apoptotic process

Fig. 1.3c Child term view of the GO term page.

Figure 1.3b

E Notes

[A] A list of direct children of the selected term, which can be used to browse ‘down’
the GO hierarchy to find more descriptive child terms.

Searching the UniProt-GOA database for GO annotations

The UniProt-GOA database contains annotations made not only by curators
within the UniProt Consortium, but also by specialist groups and by members of
the GO Consortium. Therefore, the UniProt-GOA database provides the most
comprehensive set of GO annotations for over 390,000 species within
UniProtKB.

QuickGO is linked from the UniProt website, which provides a condensed,

representative set of GO annotations within UniProt records.

QuickGO can be used to search for annotations to single proteins or a group of
proteins, for example a list of proteins obtained from a proteomics experiment.
GO annotations for a single protein can be viewed in QuickGO by searching for

various identifiers, e.g. UniProtKB accession number, NCBI Gene ID, RefSeq

12
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accession, Ensembl ID, or a protein name (e.g. Exportin-1) in the search box of
QuickGO. A summary of the matching accessions/protein names will be
returned, by clicking on the UniProt accession of the protein you would like to
view the protein annotation page of the chosen protein will be displayed, as
shown in Fig. 1.4. Clickable links to more detailed information on GO terms and

references etc. are provided within the data displayed on this page.

A summary table of evidence codes is provided in the Glossary (see Table 1). In
addition, further information on evidence codes and qualifiers can be located in

the GO Consortium documentation pages:

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

Qualifier usage: http://www.geneontology.org/GO.annotation.shtml#qual

THOC4 Homo sapiens Q86Y81

o"mk Click for example search m} U U U "
?G‘Q> Weh Gerices Dataset YourTerms: 16
Accession | Q8EVA]

Gene | THOC4
Taxonomny | Homo sapiens
Description | THO complex subunit 4

Annotation

Results: 110 27 of 27 % =0 Page size:| 26 | (Show Al Additional filters: None =
. o 0 VYo o °

Display 1D Mapping  Filter Statistics Download
Database ID Symbol Qualifier GO \I]Er'mE Term MName Aspect Evidence Reference Taxon Date A .
Process
UniProtkB @BGVE1 THOCS GO0008380YRNA splicing F IEA Swiss-Prot Keywords2G0  KW-0508 9606 20101009 UniPratkB
UniProtkkB QBEvE1 THOCSH G0O.0046784 intronless viral mRMNA export from hostnucleus P DA FMID:1897 4867 9606 20090819 UniProtkB
UniProtkB QBEVE1 THOCA 500008380 RMA splicing P EXP PMID:1 2226669 9608 20091130 Reactome E
UniProtkB QBEvE1 THOC4 G00051028 mRMNAtransport P IEA Swizs-Prot Keywords2GO  KiW-0509 9806 20101009 UniProtkB
UniProtkB Q8BYE1 THOCA GO0006397 mRMA processing P IEA Swiss-Prot Keywords2GO  KW-0507 9606 20101008 UniProtk8
UniProtkB Q8BYE1 THOCA 50.0044419 interspecies 1 hetween organisms P IEA Swiss-Prot Keywords2GO  KW-0945 9606 20101008 UniProtka
UniProtkkB QBEYE1 THOCA GOO00G406 mRMNA export from nucleus P ImpP FMID:1 7180602 9606 20090807 UniProtkB
UniProtkB QBEVE1 THOC4 GON00REBT0 transport P IEA Swiss-Prot Keywards2G0 KW-0813 9606 20101009 UniProtikke
Function
UniProtkB QBEVE1 THOC4 GO0000166 nucleotide hinding F IEA InterPro2GO IPRO12677 9606 20101009 InterPro
UniProtkB QBEVE1 THOC4 GO.0005515 pratein binding F IPI PMID:15047253 BAT1 {JAPSE_HUMAR) 9606 20050412 UniProtkB
UniProtkB QBEVE1 THOC4 GO.0003723 RMNA binding F IEA Swiss-Prot Keywards2G0  KWW-0694 9606 20101009 UniProtkB
UniProtkB QBEVE1 THOC4 G0.0005515 pratein binding F IPI PMID:17190602 MNCBP1 (MCEP1_HUMAN) 3606 20090807 UniProtkB
UniProtkB QBEVE1 THOC4 G0.0005515 pratein binding F IPI PMID:19165146 PF A (REF1_HUMAR] 9606 20090819 UniProtkB
UniProtikB QBEVE1 THOC4 G0.0005515 protein binding F IPI PMID:15047253 DDX39 (DDXIG_HUMAN) Q806 20050412 UniProtikB
UniProtkB QBEVE1 THOC4 GO.N005515 protein binding F 1P PMID:19165146 THOCS (THOCS_HUMAM) 9808 20090819 UniProtkB
UniProtkB QBEVE1 THOC4 GO0003676 nucleic acid hinding F IEA InterPro2GoO ==q00504 9806 20101009 InterPro
UniProtkkB QBEYE1 THOCA 500005514 protein hinding F IP1 FMID:1 4667819 (UAPAE_HUMAR) 9606 20101009 IntAct
Component
UniProtkB Q8BYE1 THOCA 500000346 transcription export complex (o 1DA PMID:15833825 9606 20090819 UniProtk8
UniProtkB QBEVE1 THOC4 GO:N005634 nucleus c IDA PMID:18029348 9606 20100326 HPA
UniProtkB Q86! pc4 NOT GO:N005730 nuclealus o3 DA PMID:13029348 9606 20100326 HPA
UniProtkB Q86 oy GO:0005681 spliceosomal complex s IEA Swiss-Prot Keywords2G0  KW-0747 9606 20101009 UniProtkB
UniProtkB Q86! pc4 GO:0005634 nucleus o3 IEA Subcellular Location2G0  SL-0191 9606 20101009 UniProtkB
UniProtkB QBEVE1 THOCA GO.0005737 cytoplasm c IEA Subcellular Location2G0  SL-0026 9606 20101009 UniProtkB

Fig. 1.4 Protein Annotation page: manual and electronic GO annotations are displayed
for a queried protein together with supporting evidence codes, literature or electronic
source.
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Figure 1.4

E Notes

[A] The Annotation Toolbar: buttons on this toolbar allow you to (i) customise your
display of the annotation table, (ii) map between gene product identifiers, (iii) filter the
annotation set, (iv) view the statistics associated with the annotation set, and (v)
download the annotation set.

[B] Names and identifiers of GO terms that have been associated with the protein.

[C] Qualifier statements, which can alter the interpretation of the GO annotation.

[D] The reference cited as evidence to support the GO annotation. May be a literature
reference (e.g. PubMed ID) or a database record (e.g. InterPro).

[E] Name of the database providing the annotation.

[F] Acronyms of GO evidence codes used to broadly categorise the types of evidence
that have been found to support the association of the protein with the GO term. ‘IEA’
is the only electronic evidence code, all other codes are manually assigned (see Table
1 in the Glossary).

[G] ‘With’ data. Added to certain types of annotations to provide further information
(e.g. for an InterPro2GO electronic annotation the InterPro domain that was mapped
to GO is cited here).

14
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Chapter 1: How to view GO data using the QuickGO browser -

exercises

These exercises will familiarise you with the searching functionality of QuickGO.

Exercise 1 — searching for GO terms in QuickGO

1. Open QuickGO at http://www.ebi.ac.uk/QuickGO (see Fig. 1.1).
2. To begin, try searching QuickGO by entering into the text box a biological

process name, such as ‘apoptosis’. Click ‘Search’.
Click on one of the GO IDs listed.
Click through the green tabs to see what information each of them

contains.

Question 1: In the term page for ‘apoptotic process’ how many databases have
cross-references for this term?

Question 2: How many ‘part_of child terms does ‘apoptotic process’ have?

Exercise 2 — searching for protein annotation in QuickGO

1. Open QuickGO at http://www.ebi.ac.uk/QuickGO (see Fig. 1.1).

Enter into the search box the UniProt accession Q86V81.

3. You should see a page listing the matching protein, click on the UniProt

accession to open the protein annotation page.

Question 1: How many annotations in total does human THOC4 have? Clue:
Look for the ‘Results’ display.

Question 2: What is the parent term of ‘RNA splicing’? Clue: Click on the GO ID
accompanying this term.

Question 3: What is the name of the InterPro domain that is the reference for the
annotation to ‘nucleotide binding’? Clue: Follow the links.

15
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Chapter 2 - Using QuickGO to create a

tailored set of annotations

It is possible within QuickGO to custom generate a set of annotations tailored to
your specific requirements using extensive filtering options. Several aspects of
GO annotation can be filtered such as taxonomic group, evidence code, GO ID
and protein identifier, this makes QuickGO a uniquely powerful tool for biologists

wishing to analyse specific sets of targets.

Chapter 2 - learning objectives

You will learn:

e How to filter annotations in the UniProt-GOA database to create a custom set
of annotations

e How to view the statistics associated with a set of annotations

Filtering sets of annotations in QuickGO

The starting point for creating a subset of annotation is from QuickGO’s home
page www.ebi.ac.uk/QuickGO (Fig. 1.1). Click on the link ‘Search and Filter GO

annotation sets’, this takes you to the Annotation Download page containing all

available GO annotations in the UniProt-GOA database. The table displays only
the first 25 annotations by default, you can either page through the results using
the arrows at the top of the table or increase the sample size using the box also
located at the top of the table. All filtering options are located in the ‘Filter’ button
on the Annotation Toolbar (Note [A] Fig. 2.1).

Annotation download ! !

e 8 @ o 0 © VO ¥
¥ )ataset YourTerms: 5 Display ID Mapping Filter Statistics Download C

4 4 Results: 110250166,339,471 B % Pagesize: 25 v Additional filters: None

Database ID Symbol Qualifier GO Identifier GO Term Name Aspect Evidence Reference With Taxon Date Assigned  Product Form
D
UniProtkB ADADO0 moeAS GO:0033014 tetrapyrrole biosynthetic process P IEA InterPro2G0 IPR010961 35758 20100911 InterPro
UniProtKB ADADDD moeAS 50:0009058 biosynthetic process P IEA InterPro2G0O IPR004839 35758 20100911 InterPro
UniProtKB ADADD0 moeAS GO:0016769 activity, aroups F IEA InterPro2GO IPR004839 35758 20100911 InterPro
UniProtiB ADAOOD moeAS 50:0003824 catalytic activity F IEA InterPro2G0 IPRO15421 35758 20100911 InterPro
UniProtkB ADADDD moeAS G0.0030170 pyridoxal phosphate binding F IEA InterPro2GO IPR004839 35758 20100911 InterPro
UniProtkB AGADD0 moeAS G0:0030170 pyridoxal phosphate binding F IEA InterPro2GO IPR015421 35758 20100911 InterPro
UniProtkB ADADDO moeAS G0:0030170 pyridoxal phosphate binding F IEA InterPro2GO IPR0O10961 35758 20100911 InterPro
UniProtkB AJADO0 moeAS 50:0003870 5-aminolevulinate synthase activity F IEA InterPro2G0 IPRO10961 35758 20100911 InterPro
UniProtkB A0ADO1 moeD5 500000166 nucleotide binding F IEA Swiss-Prot KW-0547 3575820100911 UniProtkB
Keywords2G0

UniProtkB A0ADD1 moeD5 GO.0016887 ATPase activity £ IEA InterPro2G0O IPRO0D3439 35758 20100911 InterPro
UniProtkB ADADD1 moeD5 G0:0005524 ATP binding F IEA InterPro2GO IPR017871 35758 20100911 InterPro

Fig. 2.1 Annotation Download page in QuickGO, the starting point for creating custom
sets of GO annotations. Filtering options [A] and statistics [B] for the annotation set can
be accessed via the Annotation Toolbar [C].
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Figure 2.1

E Notes

[A] Annotation sets can be filtered by clicking on the ‘Filter’ button. Filters include
taxon, evidence code, GO ID and protein identifier.

[B] Statistics for the annotation set can be viewed by clicking the ‘Statistics’ button.
Statistics are provided for counts of annotations and proteins for individual GO IDs,
evidence codes, taxon IDs and sources of annotation as well as the number of unique
protein accessions.

[C] The Annotation Toolbar.
[D1 The total number of annotations in the set.

Clicking on the Filter button opens up a lightbox with the filtering options
arranged as tabs in the window. Figure 2.2 shows the filter tab for Taxon, to
retrieve annotations to a particular taxon you can either select one of the
common taxon IDs from the list or enter an NCBI taxonomic identifier in the text
box. Figure 2.3 shows the filter tab for Evidence where you can choose to see
annotations made using certain evidence codes. For instance, it is quite common
for users to remove annotations created using electronic methods, in which case
you would select either ‘Manual Experimental’ or ‘Manual All' from this filter tab.
Further filtering can be done by selecting a relevant tab and entering your
requirements. When you have chosen all your required filtering options, click on
‘Submit’ at the bottom of the window and the annotations will be retrieved.

Filter Annotations

Summary | Gene Product ID L Ll Qualifier | GO Identifier Reference Evidence | With Aspect | Assigned By | Advanced

Currently selected additional filtering parameters:

None

To filter by speciesftaxonomic group, list taxon identifiers in the text box or select one or more of the pre-defined taxonomic groups below.

9606 Human
10080 Mouse

40674 Mammalia

3398 Magnoliophyta (flowering plants)
2759 Eukaryola

1117 Cyanobacteria

Visit UniProt Taxonomy i to find identifiers for other taxonomic groups

Submit || Reset || Cancel

Fig. 2.2 Filter by ‘Taxon’ tab. Users can specify which taxon(s) they would like to see
annotations for either by entering a list in the text box, or by selecting from the list.
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Filter Annotations.

Summary | GeneProductiD | Taxon | Quaiifier | GO identifier | Reference [N with | Aspect | AssignedBy | Advanced

Currently selected additional filtering parameters:
None

A full description of evidence codes and their usage can be found here (7.

IMP,IGLIPLIDA,IEPEXP Manual Experimental
IMP,IGLIPLIDA,IEP.EXPISS, TAS NAS,ND,IC,ARCA,IBA,IBD,IKR,IRD, ISA,ISM,1S0,IGC Manual All

IMP Inferred from Mutant Phenotype
Gl Inferred from Genetic Interaction
1Pl Inferred from Physical Interaction
1GC Inferred from Genomic Context
188 Inferr
DA Inferr
IEP Inferre Of

IEA Inferred from Electronic Annotation
TAS Traceable Author Statement

NAS
ND
ic Inferred by Curator

raceable Author Statement

RCA Reviewed Computational Annotation
ISA Inferred from Sequence Alignment
EXP Inferred from EXP

Submit || Reses

Fig. 2.3 Filter by ‘Evidence’ tab. Users can choose to see annotations that use only
certain evidence codes by for either by selecting one or more from the list.

Viewing the statistics for a set of annotations in QuickGO

QuickGO calculates statistics for annotation sets ‘on-the-fly’ so are recalculated
to reflect any filtering performed on the annotation set. Statistics are accessed
from the ‘Statistics’ button on the Annotation Toolbar (Note [B] Fig. 2.1). Statistics
can be obtained for counts of annotations and proteins for individual GO IDs,
evidence codes, taxon IDs and sources of annotation, as well as the number of
unique protein accessions, by clicking through the green tabs. N.B. The total
number of annotations in the set is shown in the ‘Summary’ tab of the statistics

section or, alternatively, at the top-left of the annotation table (Note [D] Fig. 2.1).

Clicking on the ‘Statistics’ button opens up a lightbox with the statistics options
arranged as tabs in the window. Figure 2.4 shows the statistics for GO ID; on the
left is the count of annotations per GO ID and on the right is the count of proteins
per GO ID. The GO IDs are arranged in order of most used in the annotation set,
e.g. in Fig. 2.4 the GO ID associated with the highest number of proteins in this
set is G0O:0016020 ‘membrane’, totalling 18.25% of the proteins represented in
this set. Figure 2.5 shows the statistics for evidence codes used in the set of
annotations. In general, for most sets of proteins, the most common evidence
code is Inferred from Electronic Annotation (IEA) simply because there are so
many more electronic compared with manual annotations (139 million electronic

compared with 1.25 million manual; April 2013).

The statistics are downloadable as an Excel file by clicking on the ‘Download’
button in the Statistics view. A bar chart is a common way of displaying the

number of proteins associated with the GO IDs in an annotation set. This can be
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done by using the statistics for percentage of proteins per GO ID to make a bar

chart.

h

Annotation Statistics
GO Identifier
[_Count of per GO Identifier ) Count of Proteins per GO Identifier

Statistics fortop 80 of 17741 distinet GO 1Ds Statistics for top 80 of 17751 distinct GO Ds
Code Name L Count Code Name % Count
GO:0005524 | ATP hinding 402 | 2363428 . GO:0016020 | membrane 18.25 1562241
GO:0016020 | membrane 261 | 2573403 . GO:0016021 | integral to membrane 1392 | 1328461
GO0:0055114 | oxidation reduction 309 | 2198508 . GO:0003824 | catallic activity 1465 | 1254215
GO0:0016021 | integral to membrane 2689 | 1914096 l GO:0016491 | oxidoreductase activity 1224 | 1047752
GO:0003824 | catalytic activity 267 | 1898836 l GO0016740 | transferase activity 11.582 | 1011670
GO:0016491 | oxidoreductase activity 2551817531 l GO:0008152 | metaholic process 1167 | 999140
GO:0003677 | DNA hinding 244 | 1738160 GO:0005524 | ATF hinding 1{.46 | 950888
GO:0005737 | cytaplasm 232 | 1650046 600055114 | oxidation reduction 17.24| 8961808
GO0:0008152 | metabalic process 2211571180 GO:0006810 | transport 17.23| 8961378
GO:0000166 | nucleatide binding 18213652149 GO:0000166 | nuclectide hinding 10.35| B86335
GO:0006810 | transpart 1.52 1298480 GO:0003677 | DNA hinding 10.26| 878172
GO:0016740 | transferase activity 1.52 [ 1078627 GO:0046872 | metal ion binding 9.33| 798886
GO:0016787 | hydrolase activity 136 971431 GO:0016787 activity 9.22| 789220
GO regulation of transcription, DNA-dependent 1.26 | 900501 GO:0005737 | cytoplasm 771| BEO1SZ
GO:0046872 | metal ion hinding 1.24| 883887 GO regulation of transcription, DMNA-dependent 6.12| 524088
GO:0006412 | translation 1.156| 843425 GO:0005622 | intracellular 6.04| 516848
GO:0003723 | RMA hinding 1.15| 817269 GO:0003723 | RNA hinding 6.02| 515115
60:0005622 | intracellular 105| 749338 G0:0005488 | hinding 8925 | 449439
G0:0019031 | viral envelope 089 | B33411 GO transcription 823 | 447877
GO protealysis 085 601984 GO electron carrier activity 521 | 445304
G0:0003700 squemne-spemﬁn DMNA binding transcription factor os¢| so1382 I GO:0005739 | mitachondrion 5.08| 435189

Sctity/ . GO:0045449 | regulation of transcription 483 413720
= ST [commna] e v i | v e
GO plasma membrane 079 561066 GO, plasma membrane 4.37| 389381
G0:0045449 | regulation of franscription 072 515980 G0:0022900 | electron transport chain 4.13| 353658
G0:0005488 | binding 070 500504 600003676 | nucleic acid hinding 407 | 348778
GO:0003676 | nucleic acid hinding Q.70 497931 GO:0070469 | respiratary chain 382 | 326746

Fig. 2.4 GO ID statistics tab. Only the first 80 of the most common GO IDs are shown.

Annctation Statistics

Currently selected additional filtering parameters:

[tax

[606

| evidence [ IMP,IGI,IPI,IDA,IEF,EXF,ISS,NAS, TAS ND,IC,RCA,IBA, IBD,IKR,IRD,ISA,ISM,ISO,IGC |

A full description of evidence codes and their usage can be found here.

[ Count of Annotations per Evidence

|(Count of Proteins per Evidence

Statistics for all 20 distinct Evidence Codes

Statistics for all 20 distinct Evidence Codes

Code — % Count

EXP | 010 188 EXP | 068| 117]]

BA | 1.66| 323z ||| iBA | 299| s12|f

Ic 060 1162 [] Ic 429] 734 |

0A_| 2652 | 51579 | I 0A_| 6417 10062 | I
IEA | 000 0 IEA | 0.00 ]

IEP | 044 851]] IEP | 283 48[

IGC | 000 0 IGC | 0.00 0

IGI 028| 551 || [l<]] 146 250 |(]

KR | 001 21 IKR | 009| 15

mp | s02| o7es |l mp | 16.87| cse7 | [

Pt | 14.02 | 27268 | [ ip | 3331 seeo | [
IRD | 003| 52 IRD | 0.12| 20

ISA | 000 0 1ISA | 0.00 0

ISM | 0.00 0 ISM [ 0.00 0

IS0 | 0.00 0 IS0 | 0.00 ]

—— - an N - | —— - R

Cownload Cancel

Fig. 2.5 Evidence code statistics tab. Displays the percentage and count of annotations
and proteins for each evidence code used in the current set of annotations.
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Chapter 2: Using QuickGO to create a tailored set of

annotations - exercises

These exercises will demonstrate how to find GO annotations for a list of protein
accessions, for example those obtained from a proteomics or microarray

experiment, and to view the statistics of the final set of annotations.

Exercise 1 — Finding annotations for a list of protein accessions

The list of proteins used for this exercise constitute a subproteome of a Jurkat (T-
cell leukaemia) cell line, originally published by Bantscheff et al. [2].

1. Go to the Annotation Download page in QuickGO
(http://www.ebi.ac.uk/QuickGO/GAnnotation).

2. Paste the ‘quickgo _query.txt’ list of UniProt accession numbers into the
‘Gene Product ID’ filter box. (This list can be found at the following URL.:
ftp://ftp.ebi.ac.uk/pub/contrib/goa/Tutorial_Data) N.B. Do not tick any of
the boxes below the text box.

3. Click on ‘Submit’ to view the annotations to this list of proteins. N.B. You

may have to wait a few seconds for it to load.

Question 1: For this list of proteins, how many annotations are there using both
manual and electronic evidence codes together? Clue: See figure 2.1 [D].

4. Now filter these annotations to view only those made with a manual
experimental evidence code using the ‘Evidence’ (evidence code) filter
box.

Question 2: For this list of proteins, how many annotations are there using only
manual experimental evidence codes?

Exercise 2 — Viewing the annotation statistics for a list of protein

accessions

1. Use the set of annotations, filtered for manual experimental evidence
codes, generated in Chapter 2, Exercise 1 to view the annotation

statistics.

Question 1: What is the GO term associated with the most proteins?

Question 2: What is the top three evidence codes used in the annotations?
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Question 3: Which two annotation groups have made the most annotations
for this set?

Question 4: How many proteins have electronic annotations only? Clue:
Compare total number of proteins for this set with that for the set without the
manual experimental evidence filter selected.

Chapter 3 — Using GO slims in QuickGO

GO slims are cut-down versions of the GO ontologies containing a subset of the
terms in the whole GO. They give a broad overview of the ontology content
without the detail of the specific fine-grained terms.

GO slims are particularly useful for giving a summary of the results of GO
annotation of a proteome, list of genes from a microarray, or cDNA collection

when broad classification of gene product function is required.

GO slims can be created by users according to their needs, and may be specific
to species or to particular areas of the ontologies. There are several pre-defined
GO slims available, for example a generic GO slim provided by the GO
Consortium, a plant-specific slim provided by TAIR and a yeast-specific slim
provided by SGD. These are available from the GO Consortium website

(http://www.geneontology.org/GO.slims.shtml) or from  within  QuickGO.

Alternatively, users can create their own GO slims.

Chapter 3 - learning objectives

You will learn:

¢ How to slim-up annotations to a subset of GO terms using QuickGO
e How to view the statistics associated with a slimmed set of annotations

¢ How to compare GO terms in an ontology view

Obtaining annotations to a GO slim

QuickGO allows users both to create their own GO slim by entering a list of GO
IDs or by collecting GO terms whilst browsing the GO, and to use/modify the pre-
defined GO slims.

The starting point for using or creating GO slims is from QuickGO’s home page

www.ebi.ac.uk/QuickGO (Fig. 1.1), by clicking on the link ‘Investigate GO slims’.
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From the GO slim page (Fig. 3.1) you can either select a particular pre-defined

GO slim or enter a list of GO IDs to create a custom GO slim.

GO Slims and GO Term Comparison

g_uick\ AT — Soxrcn | U . U ngm -

introduction [ICRE Rl Fefine Selection | Comparison Chart | Find Annotations

Predefined GO Term sets

The predefined GO slims listed below have been created by groups in the GO Consortium; you can use them directly, or adapt them to your own requirements.
To use the terms from one of these GO slims, click on the [+ button next to its name.

The colour associated with each predefined GO slim can be used to identify slim terms when viewing the ontology in the Ancestor chart view.

Slim
Number of terms /0

Slim name

< | goslim_candida a1

< goslim_plant 100

+ | goslim_pir 464 A
<+ | goslim_generic 148

<+ | goslim_yeast 167

<+ | goslim_pombe 44

4 | goslim_aspergillus 87

+ | goslim_metagenomies | 118 -

Add Terms

If you have selected one of the predefined GO slim sets above, you can use the text box below to add additional GO identifiers to create a customised version of the slim.
Alternatively, if you have decided to create an entirely new GO slim, you can just add GO term identifiers into this text box.
1

18]

Add terms

Term Basket
You can add terms from your Term Basket to the slim; click on the 555 icon for more details.

Term Basket

@G0:0006917 | induction of apoptosis
@G0:0008626 | induction of apoptosis by granzyme
@GO‘OODESZE induction of apoptosis by hormones

(©G0:0097194 | execution phase of apoptosis

+ b ||+ +
(| el @l & f &

Fig. 3.1 GO Slims and GO Term Comparison page in QuickGO. From here you can
create a custom set of GO terms or use a pre-defined set.

Figure 3.1

E Notes

[A] To use a pre-defined set of GO terms, click on a green plus.

[B] Alternatively, GO IDs can be typed/pasted into the text box and added by clicking
on ‘Add terms’.

[C] Terms can also be added from the Term Basket by clicking on the green plus next
to the term in the ‘Choose Terms’ tab of the GO Slims and GO Term Comparison
page.

Another way of producing a set of GO terms that you would like to use as a GO
slim is to collect terms as you browse QuickGO. Wherever you see the basket
icon next to a term (see Note [A] Fig. 1.2a) you can use it to add the term to the
Term Basket (Fig. 3.2), which is accessed from the Global Toolbar (Note [A] Fig.
1.1). Your collection of terms can then be used to either create a GO slim, to
view/download annotations to those terms or to compare the terms in an ontology

chart.

22
Gene Ontology Annotation at the EBI




EMBL-EBI i www.ebi.ac.uk

Term Basket
Your basket contains the following term(s) (2 Bookmarkable link):
@ GO:0008917  induction of apoptosis
(@ GO:0008626  induction of apoptosis by granzyme

(© GO:0008628  induction of apoptosis by hormones
(©GO0:0097194  execution phase of apoplosis

Enter a list of terms 1o be added to your basket:

| Add terms |

| Use terms || Display terms in Ancestor Chart || Find || Export terms || Empty | Close || Hide Help |

How to use the Term Basket
You can add a GO term to the Term Basket by clicking on the % icon that appears next to its identifier in QuickGO.

“You can also add them by typing or pasting a list of identifiers into the text box above and clicking on the "Add terms”
ton.

‘You can use the terms that you collect in the Term Basket in several ways, for example:

« generate a view of how they relate to each other
« use them as a GO slim

Further information on GO slims can be found here

Fig. 3.2 The Term Basket contains the GO terms you have collected whilst browsing
QuickGO. These can be used to create a GO slim, download annotations to these terms
or compare the terms in an ontology chart.

Whether you select a predefined term set, add your own terms to the slim page
or use your collection of terms, you will be directed to the ‘Refine Selection’ tab of
the GO Slims and GO Term Comparison page (Fig. 3.3). Within this tab you can
view the list of terms and add or remove terms as necessary. Once you have a
finalised list of terms you can slim-up annotations to these terms by moving to the
‘Find annotations’ tab. The resulting table will contain all annotations mapped-up
to the list of GO terms (Fig. 3.4). The usual procedure now would be to filter
these annotations using a list of protein accessions that you are interested in.
This procedure is detailed in Exercise 3.1. The GO ID statistics for protein count
are useful for creating graphs or bar charts to represent the data as these tell you
how many unique proteins in your list have annotations to the individual GO IDs

represented in the annotation set.
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GO Slims and GO Term Comparison

% Click for example search ] U w Q

Web §én.-'ces Da-:_a-éet Term Basket: 2

Introduction Choose Terms Refine Selection Comparison Chart Find Annotations —E

Your selected terms [
‘You can remove a GO term from the set you have chosen by clicking on the
| % | button next to it in the list below; to remove all terms in a particular

category, click on the [El button in the category header.
You can add extra terms to your selection by going back to the Choose Terms
tab.

Click on | <% |in the list below to add a GO term (or category) to the
comparison chart, or | <& | to remove it.

3
| IXI | Iy | | Biological Process Terms

A:|-1» K ||| s | | €8 cO:0008150 | biological_process

IRIE AN i | % GO:0034641 | cellular nitrogen compound metabolic process

| e ||n.IITerms

[ % ||| «= | | %% c0:0009058 | biosynthetic process

[ ¥ ||| s= || % co:n008810 | transport

[ ¥ ||| s& || % c0:0044281 | small molecule metabolic process

[ ¥ ||| s& || %2 c0:0055085 | transmembrane transport

[ ¥ ||| &= || % c0:0009058 | catabolic process

[ ¥ ||| s» || % GO:0008520 | cellular amino acid metabolic process

[ X ||| s= | | ¥ co:0007165 | signal transduction

Fig. 3.3 GO Slims and GO Term Comparison page. GO terms can be either added to this
list from ‘Term Basket’ selection or removed from the list, which can then be used in
various ways such as slimming-up annotations (GO slim), finding proteins annotated to
these terms or their descendents or, alternatively, comparing multiple terms as an
ontology chart (see Fig. 3.7).

Figure 3.3

E Notes

[A] To remove terms from the list, click on the red cross.

[B] To slim-up annotations to the terms in your list, click on the ‘Find annotations’ tab.
This will result in a table of all the annotations in the UniProt-GOA database slimmed
up to the selected terms (Fig. 3.4).
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Introduction | Choose Terms | Refine Selection | Comparison Chart [Nt ra]

, i o 1
= SEECTTT ey Y © ©
— Web Services Dataset Term Baskat: 2 A

0 © 0 0 v 9
Display 1D Mappin: Filter Statistics Download
| Displaying annotations 1 to 25 of 179,721,538 for 21,499,260 proteins B 1| Pagesize:| 25 - | Additional filiers: a=(148 terms) @e Bookmarkable link
Database Gene Symbol Qualifier GO GO Term Name Aspect jinal GO Or [clo] Evidence Reference With “Taxon Date Assigned Product
roduct Identifier ‘Term Name By Form
D D
UniProtkKB AOADOQ moeAS GO:0003674 molecular_ GO.0003824 catalytic activity |EA InterPra2GO InterPro:IPRO154211InterPro:IPRO15422 35758 20130406 InterPro
UniProtKB AOAODO moeAS B0:0008150 biological, GO:0003824 catalytic activity |1EA InterPro2GO InterPro:IPRO154211InterPro:IPRO15422 35758 20130406 InterPro
UniProtKB ADADOQ moeASs G 46 transferase activity, F GO.0003870 lir {o] 'l 35756 20130406 InterPro
transferring acyl synthase activity
UniProtKB ADADDO moeAS B0:0009058 biosynthetic GO:0009058 biosynthetic IEA InterPro2GO InterPro:IPRO04839 35758 20130406 InterPro
process process
UniProtkKB ADADOQ moeASs G0:0043167 ion binding GO:0030170 pyridoxal IEA {o] 'l | | '58 20130
phosphate
binding
UniProtKB ADAODO moeAS B0:0009058 biosynthetic P GO:0033014 tetrapyrrole IEA InterPro2GO InterPro:IPRO10961 35758 20130406 InterPro
process biesynthetic
Lot
UniProtkKB AOADOQ moeAS 80:0034641 cellular nitrogen P GO:.0033014 tetrapyrrole IEA InterPra2GO InterPro:IPRO10961 35758 20130406 InterPro
compound biosynthetic
metabolic process process
UniProtKB AOAOO1 moeD5 GO:0003674 molecular_function F GO:0000166 nuclectide IEA InterPro2GO InterPro:IPRO03593 35758 20130406 InterPro
binding
UniProtkB AOADO1 moeD5 GO:0003674 molecular_function F GO:0000166 nuclectide IEA UniProt UniProtKB-KW KW-0547 35758 20130406 UniProtKB
binding Keywords2GO
(UniProtKB/TrEMBL
entries)

Fig. 3.4 Annotation table containing annotations mapped-up to the terms in the GO slim
list.

Figure 3.4

E Notes

[A] The ‘Filter’ button is highlighted with a red circle indicating a filter has been
activated. If you click on the filter button and select the ‘GO Identifier’ tab (Fig. 3.5) you
will see that the option to ‘Use these terms as a GO slim’ is selected by default.

[B] The ‘Statistics’ button. This provides statistics on the current annotation set and is
updated with each filtering action. Statistics include counts of annotations and proteins
for individual GO IDs, evidence codes, taxon IDs (Fig. 3.6) and sources of annotation,
as well as the number of unique protein accessions.

Filter Annotations

Summary Gene Product ID | Taxon GO Identifier Reference Evidence y | Advanced

Currently selected additional filtering parameters:

: {148 terms)

Select the terms that you wish to use

148 terms selected:

GO:0061024 GO:0085003 GO:0071554 GO:0071341
Select how you want to use the terms that you have chosen

@Usethese terms as a GO slim

(_)Find annotations to descendanis of these terms (annotations will display the original GO terms applied)
Select which relationship an annotated term should have fo the terms above:

() Default behaviour (is_a, part_of and occurs_in relationships only)
_exact match
(Jis_a only
(_Jis_a, part_of, occurs_in, regulates, positively_regulates and negatively_regulates
() Use all relationships @

(_)Custom |IPOR+-7= [}

Submit || Reset | Cancel

G0:0000003 GO:0000228 GO:0000229 GO:0000802 GO:0000988 GO:0001071 GO:0002376 GO:0003013 GO:0003674 GO:0003877 GO:0003723 GO:0003729 GO:0003735 GO:0003924 GO:0004386 GO:0004518
G0:0004871 GO:0005198 GO:0005575 GO:0005576 GO:0005578 GO:0005615 GO:0005618 GO:0005622 GO:0005623 GO:0005634 GO:0005635 GO:0005654 GO:0005684 GO:0005730 GO:0005737 GO:0005739
GO0:0005764 GO:0005768 GO:0005773 GO:0005777 GO:0005783 GO:0005794 GO:0005811 GO:0005815 GO:0005829 GO:0005840 GO:0005856 GO:0005886 GO:0005929 GO:0005375 GO:0006091 GO:0006259
GO:0006397 GO:0006399 GO:0006412 GO:0006457 GO:0006461 GO:0006464 GO:0006520 GO.0006605 GO:0006629 GO:0006790 GO:0006810 GO:0006913 GO:0006950 GO:0007005 GO:0007009 GO:0007010
G0:0007034 GO:0007049 GO:0007058 GO:0007067 GO:0007155 GO:0007165 GO:0007267 GO:0007568 GO:0008092 GO:0008134 GO:0008135 GO:0008150 GO:0008168 GO:0008219 GO:0008233 GO:0008283
G0:0008289 GO:0008565 GO:0009056 GO:0009058 GO:0009536 GO:0009579 GO:0009790 GO:0015979 GO:0016023 GO:0016192 GO:0016301 GO:0016491 GO:0016746 GO:0016757 GO:0016765 GO:0016779
GO:0016791 GO:0016798 GO:0016810 GO:0016829 GO:0016853 GO:0016874 GO:0016887 GO:0019748 GO:0019843 GO:0019899 GO:0021700 GO:0022607 GO:0022618 GO:0022857 GO:0030154 GO:0030198
G0:0030234 GO:0030312 GO:0030533 GO:0030555 GO:0030674 GO:0030705 GO:0032182 GO:0032196 GO:0034330 GO:0034641 GO:0034655 GO:0040007 GO:0040011 GO:0042254 GO:0042393 GO:0042592
G0:0043167 GO:0043226 GO:0043234 GO:0043473 GO:0044281 GO:0044403 GO:0048646 GO:0048856 GO:0048870 GO:0050877 GO:0051082 GO:0051186 GO:0051276 GO:0051301 GO:0051604 GO:0055085

Fig. 3.5 The GO Identifier filter box. The two main options in this filter are to use the
selected GO terms as a GO slim or to find annotations to the selected terms or their
descendants. More advanced options for choosing which types of ontology relationships
to use are also available.
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P

Annotation Statistics

Summary G0 dentifier Evidence
[ Count of Annotations per Taxon ][ Count of Proteins per Taxon

Statistics for top 80 0f 221156 distinct Taxon Ds Statistics for top 80 0f 221156 distinct Taxon Ds

Code  Name % Count Code  Name %  Count
11676 | Hurman immunadeficiency wirus 1 354 | 3272577 . 11676 | Human immunadeficiency virus 1 387 | 338637 .
9606 Horo sapiens 1.08 1001200 9606 Homo sapiens 085| 73124
10090 | Mus musculus 081 | 839948 10090 | Mus musculus 081 | 52357
39947 | Oryza sativa subsp. japonica 036| 3348389 39947 | Oryza sativa subsp. japonica 50| 427M
11103 | Hepatitis C virus 038| 354513 11103 | Hepatitis C virus 50| 425T1
10407 | Hepatitis B wirus 0.33| 308860 10407 | Hepatitis B wirus 045| 41183
77133 [ uncultured bacterium 0.24| 224695 77133 [ uncultured bacterium 044 | 37983
3702 Arabidopsis thaliana 0.33| 305634 ‘ 3702 Arabidopsis thaliana 0.35| 32220
29760 | Vitis vinifera 022| 202295 29760 | Vitis vinifera 0.33| 27845
3694 Populus trichocarpa 0.20| 185858 3694 Populus trichocarpa 029 | 24881
10116 | Ratlus norvegicus 040| 373702 \ 10116 | Rattus norvegicus 0.29| 24475
4577 Zra mays 048] 170249 4577 Zra mays 0.27| 22835
7955 Danio rerio 023] 208751 7955 Danio rerio 026| 22273
7227 Crosophila melanogaster 0.27| 252489 \ 7227 Crosophila melanogaster 0.26| 21967
39946 | Oryza sativa subsp. indica Q47| 154060 39946 | Oryza sativa subsp. indica 0.24| 20387
88036 | Selaginella moellendorffii 05| 143244 88036 | Selaginella moellendorffii 0.23| 19378
4558 Sorghum hicolor 044 | 133992 4558 Sorghum hicolor 0.21| 18155
9913 Bos taurus 0.24| 220769 9913 Bog taurus 021 17843
7739 Branchiostoma foridae 0.73| 123002 7739 Branchiostoma foridae 021 | 17692
305 Ralstonia solanacearum 0.18| 168004 305 Ralstonia solanacearum 0.20| 17533
81972 | Arabidopsis lyrata subsp. rata O.{4| 133281 81972 | Arabidopsis lyrata subsp. lyrata 020 17386
3988 Ricinus cammunis 0.15| 134304 3988 Ricinus cammunis 099 | 16347
99883 | Tetraodon nigraviridis O.f4| 127840 99883 | Tetraodon nigraviridis 49| 15914
5888 Paramecium tetraurelia 0.15| 134757 5888 Paramecium tetraurelia 018 | 15739
11723 | Simian immunodeficiency virus (isolate CPZ GABT) 0.{2| 107896 11723 | Simian immunodeficiency virus (isolate CPZ GABT) 0.{8| 15379
6239 Caenorhabditis elegans 047 | 158062 6239 Caenorhabditis elegans 0.{8| 15002
45351 | Mematostella vectensis 55 98134 45351 | Mematostella vectensis 096 | 13634
145481 | Physcomitrella natens subsn. patens 0471 106037 145481 | Physcomitrella natens subsn. patens 0961 13491

Download || Cancel

Fig. 3.6 The statistics for the taxon column. The count and percentage for both
annotations and proteins per taxon is displayed. All of the statistics for the annotation set
are downloadable in a text file format using the ‘Download’ button.

Comparing multiple terms in an ontology view

Another feature of the GO Slims and GO Term Comparison page is the ability to
compare terms within the context of the GO hierarchy. Any GO term that is
displayed on this page can be view in ontological context with any of the other
terms on the page. To compare terms, you can either add the GO IDs to the text
box in the ‘Choose Terms’ tab (see Fig. 3.1 Note [B]) or select terms you have
collected in the Term Basket, which are also displayed in this tab (Fig. 3.1 Note

[CD.

In the ‘Refine Selection’ tab of the GO Slims and GO Term Comparison page
(Fig. 3.7), click on the chart icon next to each term (Fig. 3.7 Note [A]) to add the
terms to the chart view, a larger version of which is available in the ‘Comparison
Chart’ tab (Fig. 3.7 Note [C]). To remove terms from the chart, click again on the

chart icon next to the term (Fig. 3.7 Note [B]).

When collecting terms in the Term Basket, click on the ‘Display terms in Ancestor
Chart’ button that appears in the Term Basket lightbox (see Fig. 3.2) and you will

be taken directly to the Ancestor Chart view with the chosen terms highlighted.
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GO Slims and GO Term Comparison

Ohlaly [0 o i ea © v 0 @

Term Baskat: 4

Introduction Choose Terms Refine Selection Comparison Chart Find Ann

Your selected terms C i Term Comparison
You can remove a GO term from the set y{ b chosen by clicking on the [%¢]  Click on the thumbnail below (or on the Comparison Chart tab) to display a
butten next to it in the list below; to removeaTTEIMS in a particular category, click full-sized term comparison chart.

on the [%¢] button in the category header.
You can add extra terms to your selection by going back to the Choose Terms
tab.

Click on |_s% | in the list below to add a GO term (or category) to the comparison
chart, or | = | to remove it.

(% ][ 5 || A Terms ‘

[ 3 ||| «% || Biological Process Terms

| 0 || % co:0008150 | bislogical_process
| il % GO:0034641 | cellular nitragen compound metabolic process
—— % G0:0009058 | biosynihetic process
A\ | 8 co000s810 | ransport
L1 % Go:0044281 | small molecule metabolic process

x| x

x

| s | | 2 GO:0055085 | transmembrane transport

% GO:0009056 | catabolic process
% G0:0007165 | signal transduction
B % GO:0006520 | cellular amino acid metabolic process

) x| x| x

>

pe

Fig. 3.7 Edit Terms tab of the GO Slims and GO Term Comparison page showing your
selection of terms that may be viewed together in ontological context.

Figure 3.7

E Notes

[A] To compare terms with each other as an ontology chart, click on the chart icon ==
next to each GO ID you would like to compare. The chart containing the chosen terms
will appear to the right of the page (a larger version can be seen in the ‘Comparison
chart’ tab [C]) and the terms selected will be highlighted.

[B] To remove terms from the chart, click on the chart icon <= again.

[C] Comparison chart tab. A larger ontology view of the selected terms from [A].

Chapter 3: Using GO slims in QuickGO - exercises

Exercise 1 — Using QuickGO to slim-up annotations to a list of protein

accessions

1. Go to the GO slim entry page in QuickGO by clicking on the ‘Investigate
GO slims’ link on the front page.

2. In the ‘Choose Terms’ tab, select the pre-defined ‘goslim_generic’ by
clicking on the green plus next to its name
Click on the ‘Find annotations’ tab and wait for the results to load.
The resulting table contains all the annotations in the GOA database

slimmed-up to the 148 terms in the GO slim. Go to the ‘Filter’ box in the
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Annotation Toolbar and ensure the ‘Gene Product /D’ tab is selected.
Paste the ‘quickgo_query.txt’ protein list into the text box and click on
‘Submit’ to view the results. (This list can be found at the following URL;
ftp://ftp.ebi.ac.uk/pub/contrib/goa/Tutorial_Data)

5. The table now shows the annotations to the list of proteins slimmed-up to
the 148 slim terms. Use the statistics calculated for this set to answer the

following questions.

Question 1: What are the GO terms associated with the most proteins in this
set?

Question 2: Which evidence codes are the majority of annotations in this set
made with?

Question 3: Which annotation groups have made the majority of annotations in
this set?

Chapter 4 — How to retrieve bulk sets of GO

annotations

While online browsers like QuickGO do provide detailed views for GO
annotations to single or groups of proteins, many people like to computationally
use the source data to provide a biological interpretation of large sets of genes or
proteins to determine whether there is a common theme to a group of

sequences, which will help in interpretation of an experiment.

Chapter 4 - learning objectives
You will learn:

e Where to retrieve complete GO annotation files (Gene Association Files) from
all groups that produce them

e The format of the Gene Association File

e Where to find additional resources and files for computational analysis of GO

annotations, e.g. identifier mapping files.

Each GO Consortium annotation group provides a file of annotations (called
‘Gene Association Files’) which are available to download from the GO

Consortium site: http://www.geneontology.org/GO.current.annotations.shtml
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This is the primary source of GO annotation and most annotation groups update
their files monthly. There are two types of gene association file available on the
GO Consortium website; filtered and unfiltered. The major difference between
these is that filtered files are taxon-specific and provide comprehensive, non-
redundant annotation files for a single organism. The unfiltered files can contain
annotations for more than one taxon. There is further explanation of the filtering

on the Gene Ontology Current Annotations website.

Gene Association Files can also be obtained from the websites of the groups

that create them.

Web links to the current members of the GO Consortium can be found here;

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

UniProt-GOA provides species-specific, non-redundant gene association files
to various species including human, mouse, rat, Arabidopsis, chicken, cow and

zebrafish  (http://www.ebi.ac.uk/GOA/downloads) as well as further annotation

files for over 2000 proteomes (http://www.ebi.ac.uk/GOA/proteomes).

In addition to these files, we also provide a UniProt gene association file, which

contains GO annotation to proteins from all species present in the UniProtKB.

In total, UniProt-GOA currently provides over 140 million annotations to over
390,000 species (April 2013 release).

Gene Association File Format

Gene Association Files have a simple, common format of 17 columns of
annotation data that are tab-delimited (Fig. 4.1). The contents of the columns are
described in Table 4.1.

1 2 3 4 5 E 7 2 9 10
Database |Object D |Object Symbol | Qualifier| G0 1D Reference Evidence | With' Column Aspect| Object Name
UniProtKkB |035245 |Pkd2 GO:0DDEETY PMID: 12874107 [IMP P Polycystin-2
UniProtkB |P83194 |ATP2C1 NOT GO:0005388 PMID:16192278 [IDA F Calcium-tranzpo
UniProtKB | ADADYS | ADADYS G0:0004634 GO_REF:0000002 IEA InterPro:|PROCOS41 F Enolaze ADADYE
UniProtkB 029460 |PAFAHLB3 GO:D05515 PMID: 11522326 [IPI UniProtkB:P&E401 |F Platelet-activatii
UniProtKkB (015459 |SF3Al GO:00P0388 PMID:S721528 |IC 500005681 P Splicing factor 32
UniProtKB |QENFPS |NBEA G0:0012505]G0_REF.0000024 |55 UniProtKB:QSEPNL |C Neurgbeachin
UniProtKB |QA8BTEE |1100001G20Rik GO:005087 2| PMID:18492766 | IDA P Novel protein

Gene Ontology Annotation at the EBI
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11 12 13 14 15 16 17
Object Synonym |Object Type | Taxon D Date Source DB | Annotation Extension |Gene Product Form 1D
Pkd2|IPIZ03143Y protein taxon:10090 | 20031014|MGI
ATP2C1|HUSSY-2| protein taxon: 9606 20061124 | UniProtkKB UniProtkB:P231594-2

protein taxon:405230 20101016|InterPro
PAFAH1B3 | PAFAN protein taxon:9913 20101013 | IntAct
SF3A1|5AP114|If protein taxon: 9606 20060220|HGNC
NBEA|BCLBR| KIA|protein taxon: 9606 20041006 | UniProtKB
RP23-430121.5-0{ protein taxon: 10090 | 20090316 |MGI occurs_in(CL:0000001)

Fig. 4.1 Gene Association File format. Columns in blue are required information.
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Table 4.1 Gene Association File format. Description of columns.

1. Database

The database from which the Object ID is drawn.

2. Object ID

A unique identifier in the database for the item being annotated.

3. Object Symbol

A unique symbol to which the Object ID is matched.

4. Qualifier

Flags that modify the interpretation of an annotation, e.g. NOT, contributes_to,
colocalizes_with

5.GO ID

The GO identifier for the term attributed to the Object ID.

6. Reference

The source cited as an authority for the attribution of the GO ID to the Object ID, e.g. PubMed
ID or a database record.

7. Evidence

The evidence code indicates the type of evidence that supports the GO annotation.

8. With or From

Required only for some evidence codes, can be, e.g. a database gene ID, sequence ID or GO

9. Aspect

One of P (Biological Process), F (Molecular Function) or C (Cellular Component).

10. Object Name

Name of gene or gene product.

11. Object
Synonym

Any synonym of a gene or gene product.

12. Object Type

The entity that is being annotated, e.g. protein, gene.

13. Taxon ID

The ID of the species encoding the gene product. In certain cases, such as interaction
between organisms, two taxon IDs can be piped.

14. Date

The date on which the annotation was made.

15. Source DB

The database which made the annotation.

16. Annotation
Extension

Contains 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.

17. Gene Product
Form ID

Identifier of the specific variant of the DB Object ID in Column 2, e.g. a protein isoform.
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Additional resources to help users

1. A public GO MySQL Mirror now offers a remote connection to a regularly
updated mirror of the GO schema, so via the command line it will be:

$ mysqgl —hmysql.ebi.ac.uk —ugo_select —pamigo —P4085

latest_go
To see when it was last built:
SELECT * FROM instance_data

There are example SQL queries on the GO Consortium website:

http://wiki.geneontology.org/index.php/Example Queries

2. UniProt provides a number of different services to help users map

between different database identifiers.
A number of different identifier mapping tools are available:

¢ PICR - Protein Identifier Cross-Reference Service

http://www.ebi.ac.uk/Tools/picr/

e The UniProt website now also offers database identifier mapping, go to:
http://uniprot.org/ and click on the ‘ID Mapping’ tab.

Database identifier mapping files are also available:

e Between UniProtkKB and NBCI’s UniGene identifiers:

ftp://ftp.ebi.ac.uk/pub/databases/GO/goa/gp2protein/gp2protein.unigene.qz

e Between UniProtKB and NCBI's EntrezGene identifiers:

ftp://ftp.ebi.ac.uk/pub/databases/GO/goa/gp2protein/gp2protein.geneid.gz

o Between UniProtKB and NCBI's RefSeq identifiers:

ftp://ftp.ebi.ac.uk/pub/databases/GO/qgoa/gp2protein/gp2protein.refseq.qz

If you require any more information on these files you can mail goa@ebi.ac.uk.

The readme for these files can be found at:

http://www.ebi.ac.uk/GOA/goaHelp
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3. File giving details on the annotation methods that have not been referenced
in the annotations with public paper identifier such as PubMed identifiers (GO
References):

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

4. File to map between GO identifiers and GO term names:

http://www.geneontology.org/doc/GO.terms and ids

Chapter 5 — Using InterProScan to rapidly
populate novel sequences with electronic

GO annotation predictions

http://www.ebi.ac.uk/Tools/pfa/iprscan/

Chapter 5 - learning objectives

You will learn:

e How to use the InterProScan service from InterPro to find GO annotations to

novel sequences

The InterPro2GO mapping provides the highest electronic annotation coverage,
supplying over 60% of UniProtKB proteins with electronic GO annotation [3].

InterPro curators create GO mappings by manually assigning GO terms to those
InterPro identifiers that can correctly describe the function of all proteins in the
UniProt/Swiss-Prot database that possess the same InterPro domain. GO
annotations are then automatically applied to all UniProtKB proteins possessing

the same InterPro identifier. The InterPro2GO mapping file is available at:

http://www.geneontology.org/external2go/interpro2go

The InterProScan service (Fig. 5.1) applies the protein signature recognition
methods from InterPro member databases to user-provided genomic or protein
sequences. This service also provides a quick way of obtaining electronic GO
annotations to novel sequences, from the integrated InterPro2GO mapping data.
This is useful for those species that do not have a dedicated Model Organism

Database or group to provide manual annotations to these gene products. This
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service is free to all academic and commercial users and offers interactive or e-

mail job submissions.

InterProScan

Input form | Web services | Help & Documentation

Tools > Protein Functignal Analysls > InterPraScan

InterProScan Sequence Search

This form allows you to scan your sequence for matches against the InterPro collection of protein signature databases.

STEP 1 - Enter your input sequence

Enter or paste a PROTEIN sequence in any supported format:

Or, upload a file: | Browse... |

STEP 2 - Select the applications to run

Select All - Clear Al

@ BlastProDom @ FPrintScan # HMMFIR & HMMPfam & HMMSmart
& HMMTigr ™ ProfileScan & HAMAP ™ PatternScan @ SuperFamily
 SignalPHMM o TMHMM @ HMMPanther o GenedD

STEP 3 - Submit your job
(] Be notified by email (Tick this box if you want to be notified by email when the resulls are available)

Fig. 5.1 InterProScan home page (http://www.ebi.ac.uk/Tools/pfa/iprscan/)

Chapter 5: Using InterProScan to rapidly populate novel sequences with

electronic GO annotation predictions - exercises

Exercise 1 — Using InterProScan to find GO annotations for a novel

seqguence

1. Copy and paste the protein sequence provided in the file
‘interpro_query.txt’ (also available from

http://www.uniprot.org/uniprot/B2JN45.fasta) into the InterProScan input

box and click ‘Submit’.
2. On the results page, click on the ‘Summary Table’ button to show the GO
annotation suggested by each match.

Question 1: What functional annotation does InterProScan predict for this
protein sequence?
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Chapter 6 — Using GO annotation data to link

biological knowledge to a set of proteins

Chapter 6 - learning objectives

You will learn:

¢ What to consider when choosing a suitable GO analysis tool

e Basic GO term enrichment analysis using g:Profiler

The use of high-throughput technologies, such as gene expression and systems
biology as investigative tools is gaining momentum, and many users of GO are
interested in evaluating a list of genes to test for the statistically significant over-
or under-representation of particular pathways and functions. Such enrichment
analysis often relies on the availability of gene function, process and subcellular
location annotations produced by the Gene Ontology Consortium. See example

case study: http://www.geneontology.org/GO.immunology.casestudy.shtml

Groups of sequences may show a correlation between their expression profiles
and the GO category they are annotated to for several reasons. They may
represent close family members with similar functions, genes in the same
pathway or genes in alternative pathways that perform the same type of

biological function.

A wide range of tools are available to analyse lists of sequence identifiers. The

majority of GO tools have been developed by third parties.

A good GO tool should, at the very least:

Be actively maintained/developed

Provide reproducible results

Take into account the GO Directed Acyclic Graph (DAG)

Consider evidence codes

Consider the importance of the ‘NOT’ qualifier in GO annotations

Provide details on the version of the GO used (and carry out frequent

data updates).

e Provide details on the source of the GO annotation set used (and carry
out frequent data updates).

e Provide good documentation

The GO Consortium maintains a list of analysis tools in association with Neurolex

(http://neurolex.org/wiki/Category:Resource:Gene _Ontology Tools) that satisfy
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most of these requirements and a recent review of tools is also available to help

users [4].

Analysis with g:Profiler

http://biit.cs.ut.ee/gprofiler/

g:Profiler [5] is a public web server for characterising and manipulating lists of
sequence identifiers. The tool is developed and maintained by researchers at the

Institute of Computer Science, University of Tartu, Estonia.

If you have any questions about the tool, please contact the developers through

their website: http://biit.cs.ut.ee/gprofiler/welcome.cgi?t=contact

g:Profiler consists of four interactive modules, however this tutorial will only use
the g:GOSt module for functional profiling of a list of UniProtkKB accessions with
terms from the GO Molecular Function, Biological Process and Cellular
Component ontologies, KEGG and Reactome pathways. The g:GOSt tool was
chosen for this tutorial as it fulfils the GO tool requirements listed above, and can
very quickly provide a highly informative visual presentation of the profiling
results. Numerous GO tools exist which are freely available that provide users
with different analyses, input and output options (see the Neurolex tools page
http://neurolex.org/wiki/Category:Resource:Gene_Ontology_Tools and 4 in the

‘Further Reading’ section).

Lists of gene, protein or probe identifiers can be entered into the Query box on

the front page of g:Profiler (Fig. 6.1).

Chapter 6: Using GO annotation data to link biological

knowledge to a set of proteins - exercises

Exercise 1 — Using g:Profiler to perform GO term enrichment analysis on a

list of protein accessions

1. Copy and paste the Ilist of human protein accessions in
‘gprofiler_query.txt’ file provided into the Query box.
(This list can be found at the following URL;
ftp://ftp.ebi.ac.uk/pub/contrib/goa/Tutorial_Data)

2. As all of the accessions provided are human select ‘Homo sapiens’ in the

organism box.
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3. To see the most significant terms in order of P-value, de-select the

‘Hierarchical sorting’ button, if this button is selected the results will be

shown sorted by GO domain.

Leave all other options as the provided default.

5. Click ‘g:Profile!’

I —

g:Cocoa Compact Compare of Annotations

J.Profiler=—=

g:Convert Gene ID Converter

g:Sorter Expression Similarity Search

|We|mmel | About

Contact |

g:0rth Orthology search

1. Reimand, M. Kull, H. Petersan, J. Hansen, J. Vila: g:Prafiler -- 2 web-based toolset for functional profiing of gene lists from large-scale experiments (2007) NAR 35 W183-W200 [PDF]

[7] Organism
| Homo sapiens K|
[ 7] Query (genes, proteins, probes)

Output options

(7] I significant only

(7]  Hierarchical sorting

[?] [1.00 User p-value

[?7] Output type

| Graphical (PNG) |
Input options

(7] I Ordered query

171 I Ignore unknown entries

Show advanced options |

[?] or Term ID:

I g:Profile! | Clear

Welcome to g:GOSt!

Intreduction | Quick-start | Examples | Tips&Tricks | Help

& Bl 7] Direct assay [IDA] / Mutant phenotype [IMP]

ﬂ EGenetic interaction [IGI] / physical interaction [IPI]

M BMExpression pattern [IEP] / Reviewed computaticnal analysis [RCA]
|:| DSequence or structural similarity [IS5] / Genomic context [IGC]
ﬂ nTraceabIe author [TAS] / Inferred by curator [IC]

[l  Non-traceable author [NAS]

B Electronic annotation [IEA]

B Multiple GO evidence codes

[71[7Ino data [ND] / Not annotated

[ B KEGG/REACTOME pathway

E| [ 7] TRANSFAC regulatory motifs

[+  mirBase microRNAs

g:GOSt retrieves most significant Gene Ontology (GO) terms, KEGG and
REACTOME pathways, and TRANSFAC motifs to a user-specified group of genes,
proteins or microarray probes. 9:GOSt alse allows analysis of ranked or ordered
lists of genes, visual browsing of GO graph structure, interactive visualisation of
retrieved results, and many other features. Multiple testing corrections are

applied to extract only statistically important results.

Fig. 6.1 The g:GOSt query interface from g:Profiler.

Question 1: What term(s) appear to be over-represented within the queried

protein set? Clue: See Fig. 6.2 for the output from this query.
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J.Profiler=—=

_s__m_oo_jm__ About _ Oojﬁmnﬁ_

1. Reimand, M. Kull, H. Pel=isan, 1. Hanzan, 1. %ia: g: Pl --

[?] Organism

[ Homo sapiens v|
[ 7] Query {genes, proteins, probes)
P45984 )|
P46939 M_
P47513 b
P47597

P45730

P49759

P49760

P49840

Pd0E41 b

[#] or Chromosome region

[1 <__m.nm2 __m:n_

[?] or Term ID:

ﬁ q:Profile! : Clear _
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Fig. 6.2 Output of the g:GOSt analysis, showing enriched functional terms from GO and
other relevant biological databases for the queried proteins. GO terms are shown in a

tree-like top-down group order, grouped either by domain or ranked by statistical
significance. Each term is accompanied by the size of the query and term gene lists,

their overlap and the statistical significance (p-value) of such enrichment. The column

numbers are explained in the section entitled ‘g:GOSt output explained’.
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g:GOSt output explained

1. The rows of boxes indicate what annotation data is available for each
queried protein. If a box is coloured, this indicates that annotation(s) have
been found to link the protein and the GO term in the corresponding row.
Boxes are coloured differently depending on the evidence category that
the supplied annotation was found to have. Where multiple annotations
were found to support the association between GO term and protein, 3/4
of the square is filled with the colour representing the highest quality

evidence code, and 1/4 with second-best evidence code ‘colour’.

2. P-value. The statistical significance of a GO term being associated with
the set of identifiers queried. The accompanying red horizontal bars
represent the p-value strength. The darker red the lines, the stronger the

p-value evidence.

3. Term size: the total number of sequences that have been annotated to
the corresponding GO term displayed to the right of the screen. This
number is used as the background count for p-value calculation. In this
worked example, these values will be the total number of human
sequences annotated to the represented GO terms, as obtained by the

tool’s analysis of the human gene association file.

4. Query size: the number of sequence identifiers being analysed by the
user (with an ordered query, these Q values represent the number of
queried proteins in a group which provide the best p-value).

5. The number of genes from the query that have been annotated to the

corresponding term.

6. The proportion of the query annotated with a given term. This
corresponds to the value in column 5 divided by column 4. This value is

called the precision, or positive prediction value.
7. Proportion of all genes annotated to a given term (sensitivity).
8. GO stable term identifiers.

9. Domain of a term group, either MF (molecular function), BP (biological

process), CC (cellular component) for GO.

10. Name of term and a number displaying the term’s depth in local hierarchy.
In case of hierarchical sorting, terms are preceded with spaces according
to their relative depth in the hierarchy. The displayed section of the GO
hierarchy is always relative to p-value threshold, and terms with p-values

above the threshold are not shown.
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Chapter 7 — Case study for the course

Case study 1 — How to find GO annotation in a particular area

of biology using QuickGO

Many users of the GO are research scientists interested in a certain area of
biology. One common question is “How do | find the gene products that are
involved in a particular process?”. The following case study is taken from a user

query that was sent to the UniProtKB-GOA group.

Topics covered include:

e Customizing a set of annotations by filtering on GO term and taxonomic
identifier.

e Mapping annotations to a different sequence identifier.

e Reviewing a filtered annotation set using QuickGO's annotation statistics.

o Downloading a filtered protein list.

Scenario:

“I'm currently working on zebrafish, and | would like to get a list of all genes
implied in the development. What is the easiest way to get that list? The best for

me would be to get Ensembl IDs of the genes, but other IDs would be ok.”

The user may find that he has to go to several different resources to find the
information he requires; however, this question can be answered completely and
very easily with QuickGO alone by utilizing its filtering and identifier mapping
capabilities. Here, users can choose to see annotations with identifiers such as
UniProtkB, Ensembl, RefSeq, FlyBase, etc.

Here is how to obtain these results with QuickGO:

() The starting point for obtaining a custom set of annotations is the

Annotation Download (http://www.ebi.ac.uk/QuickGO/GAnnotation) page.

This page displays a table of an initial set of all GO annotations available
from UniProt-GOA (Fig. 2.1). This page is also accessed from the ‘Search
and Filter GO annotation sets’ link on the front page of QuickGO. The
annotations in this table can be filtered according to your needs by using the
‘Filter’ button on the Annotation Toolbar (see Fig. 2.1 Note [A]).
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(i) To obtain the set of annotations the user requires, the annotations must
be filtered by database identifier, taxon and GO term. First, click on the ‘Filter’
button on the Annotation Toolbar, select the ‘Taxon’ tab and type ‘7955, the
taxon identifier for Danio rerio, into the text box. Then select the ‘GO
Identifier tab and type ‘G0:0032502' the GO identifier for ‘developmental
process’ into the free text box, ensuring the option to ‘Find annotations to

descendants of these terms’ is selected.

(iii) Click on ‘Submit’ to load the set of annotations to ‘developmental process’

or its child terms for zebrafish.

(iv) To map the UniProt accessions, which are displayed by default, to
Ensembl identifiers click on the ‘ID mapping’ button on the Annotation
Toolbar. Select which type of Ensembl identifier you require (either gene,

protein or transcript ID) and click on ‘Submit’ to load the annotations.

(v) Note that there are likely fewer annotations in the mapped set because
not all of these UniProt accessions can be mapped to Ensembl. Initially, only
the first 25 annotations will be displayed in the table, to see more annotations
you can either page through or increase the number of annotations per page
using the drop-down menu at the top of the table. Additionally, the whole set
of annotations can be downloaded in various formats by using the ‘Download’
button on the Annotation Toolbar (Fig. 2.1 Note [C]); when downloading,
always ensure that you have increased the download limit to equal to or

greater than the number of annotations in the set.

(vi) To view or download the annotation or protein statistics associated with
the annotation set, use the ‘Statistics’ button located on the Annotation
Toolbar. From here you can see the most common GO terms appearing in
the set (Fig. 7.1), how many distinct proteins are represented in the set (Fig.

7.2) and what types of evidence codes were used for the annotations.

(vii) In the original query the user required a list of Ensembl identifiers. A list
of unique identifiers present in this annotation set can be downloaded by
selecting the ‘proteinList’ download option. To ensure the entire list of
sequence identifiers is included in the download, increase the Download ‘limit’
to the number of distinct proteins in the set; this number is shown in the

dialog of the Download box.
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Annotation Statistics
GO Identifier
[ Count of Annotations per GO Identifier ][ Count of Proteins per GO ldentifier
Statistics fortop 80 of 465 distinct GO IDs Statistics fortop 0,07 468 distinct GO IDs
Code Name %  Count it Hane i
GO:0007275 | multicellular arganismal development i693] 518 60:0007 275 imutiicelMarjorganiemd[dexslogment sgs0| vz | I
GO:0030154 | cell differentiation 22| a6l CO:003M15 1T [Collld morent adon oz az |
GOW0007368 | determination o lefight symmetry 255 79|l G0:N007507{{heariievelonmant so2| sz |
GO:D009953 | dorsalventral patter farmation 222| #3 IHIPALL) || RERHS Sy G mEN 425 /M
GO:0007507 | heart development 203 52 GO:0007368 | determination of leftiright symmetry 425 44 .
GO:0001525 | angiogenesis 177 54 GO:0009953 | darsaliventral pattern formation 405 47 .
GO:0007399 | nervous system developrment 167 51 LR Pl R e TN 396 41 .
GO:0001756 | somitogenesis 167] 51 GO:00015250anaiggencsis ECI |
GO:0009790 | ermbiryo developrient 1.4 I G0:0042074 | cell migration invalved in gastrulation 257 37 .
GO:0001947 | heart looping 1.4 " G0:0001756 | somitogenesis 247 36 .
GO:0042074 | cell migration involved in gastrulation 1.31 40 LSRR LR 1S LIl S 328 L .
GO:0051216 | carlilage development 145 38 60:000/8208ibiai dey B0 pmE EREINEE]] |
GO:0007420 | brain development 114 35 G0:0051216 | cartilage development 3.09 32 .
GO:0060041 | retina development in camera-type eye 1.08 32 GO:0060041 | refina development in camera-type eye 250 20 .
GOD048793 | pronephios development sl @ G0:0035050 | embryonic heart tube devalopment 232] 2|l
GO:0035162 | embryonic hemopoiesis 085 26 GO0:0007517 | muscle argan development 203 21 I
GO smiryanic hear tubs development 05| 26 GO:0060027 ;g';‘{f;lg;i”nfm”s‘”” eI 193 20|l
GO:0007517 | muscle organ development 083 36 GO:0043010 | camera-type aye development 103 20
GG Ry || REWERAEEIS - @2 25 G0:0035118 | embryonic pectoral fin marphogenesis 193 20
GOA0060027 g”ag‘{furlg;";‘:’de"s'”” ke ars| 23] GO:0009952 | anteriariposteriar pattern formation 163 18
GO:0035118 | embryonic pectaral fin morphogenesis 072 22 LR VLR el Rl 1.83 18
GO:0009952 | anteriorposterior pattern formation .72 22 60:0031290 | refinal ganglion cell axon guidance 1.74 18
GO:0043010 | camera-type eye development .69 21 60:0030902 | hindbrain developrment 1.74 18
GO:0030902 | hindbrain development 06g| 2 G0:00487930 oronephiosTdevelopment 12
GO:0031290 | retinal ganglion cell axon guidance Q.65 20 60:0035162 | embryonic hemopoiesis 1.64 17
GO:0007411 | xon guidance 0es| a0 CO:0030N978 e mOROIcSTS 1G] I
arennnasaa | hinnd vacsal dewslanment nAs n G0:0030900 | farebrain develapment 1.54 18

Fig. 7.1 The GO Identifier statistics associated with the set of annotations to
developmental processes for zebrafish Ensembl identifiers

Surmmary

—

Annotation Statistics

Number of annot: s
Number of distinct proteins | 1038

Fig. 7.2 The summary statistics for the set of annotations to developmental processes for
zebrafish Ensembl identifiers, showing total number of annotations and number of distinct
protein identifiers.

Therefore, in these few simple steps we have been able to retrieve a set of

annotations that would have either taken several resources to obtain or more

advanced computing knowledge to extract the information from a gene

association file.
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Chapter 8 — Programmatic access to GO
terms and annotations

QuickGO can supply GO term information and GO annotation data via REST

web services.

Documentation and example client code is available at;
http://www.ebi.ac.uk/QuickGO/WebServices.html

GTerm webservice

To access GO term information as a web service, the URI template is;
GTerm?id=term|D&format=format

Format Description

mini Mini HTML, suitable for dynamically embedding in popup boxes
obo OBO format snippet

oboxml OBO XML format snippet

Example:

#!/usr/bin/perl

use LWP::UserAgent;

use XML::XPath;

use XML::XPath::XMLParser;

my $ua = LWP::UserAgent->new;

my $req = HTTP::Request->new(GET =
‘http://www.ebi.ac. uk/chkGO/GTerm’?ld G0:0003824&format=oboxml’);

my $res = $ua->request($req, "term.xml");
my $xpath = XML::XPath->new(filename => "term.xml");
my $nodeset = $xpath->find("/obo/term/name");
foreach my $node ($nodeset->get_nodelist) {
print XML::XPath::XMLParser::as_string($node) . "\n
}

exit;
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GAnnotation webservice

To access GO annotation information as a web service, the URI template is;

GAnnotation?format=download-format&limit=max-number-of-
rows{&gz}{&field=value{,value}}

The description of the field names and acceptable values are available at;
http://www.ebi.ac.uk/QuickGO/WebServices.html

Example:

#!/usr/bin/perl

use LWP::UserAgent;

my $ua = LWP::UserAgent->new;
my $req = HTTP::Request->new(

GET =
'http://www.ebi.ac.uk/QuickGO/GAnnotation?protein=P12345,Q4VCS5&format=g
af&limit=-1");

my $res = $ua->request($req, "gene_association.example");
open (GAF, "gene_association.example");
while (<GAF>) {

next if /N/;

chomp;

my (

$db, $db_object_id, $db_object_symbol, $qualifier, $go _id, $reference,
$evidence, $with_string,

$aspect, $db_object name, $synonym, $db_object type, S$taxon_id,
$annotation_date, $assigned_by,

$annotation_extension, $gene_product_form_id
) = split(At/);

print "$db_object id => $go_id $evidence $reference $with_string
$assigned_by\n";

}
close GAF;

exit;

Chapter 8: Programmatic access to GO terms and annotations - exercises

Exercise 1 — Using QuickGO web service to find specific annotations
1. Using the QuickGO web services, retrieve the following;

Annotations to the GO term ‘kidney development’ (GO:0001822)
for human proteins (taxon = 9606) that use the evidence codes
‘IDA’ and ‘IMP’.
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Question 1: How many annotations were retrieved?

Whole course summary

After completing this course you should be familiar with the content and structure
of the Gene Ontology and how GO terms are associated with gene products.
You should understand the composition of a GO annotation and the different
methods by which they are created. You should be able to retrieve GO
annotations from several sources and have a basic understanding of the use of
GO in a biological context.

We have shown how to search for both GO terms and GO annotations using
the EBI's GO tool QuickGO. In addition, you should be able to use QuickGO
both to make a custom set of annotations using the extensive filtering options
built into QuickGO, and to slim-up a set of GO annotations for a particular set of
protein identifiers.

We have hopefully shown that QuickGO is a simple, yet powerful tool for viewing
and querying GO annotations associated with the hundreds of thousands of
species in the UniProt Knowledgebase.

We have shown how you can use InterProScan to populate novel sequences
with GO annotation, which is useful for species which do not have a dedicated
manual GO annotation effort, and have introduced you to one of the many GO
analysis tools that are available to researchers who would like to characterise
discrete sets of genes or proteins.

Finally, we have demonstrated how to programmatically access GO term and

annotation data via QuickGO web services.

Glossary

GO annotation

A GO annotation is the assignment of a GO identifier with a particular sequence
(either a gene or protein database identifier). Manual annotations are created by
a curator having directly looked for functional information (either within published
literature or by examining the sequence directly), whereas electronic annotations
are produced by a number of different types of automated methods that produce

high-quality, conservative predictions of GO assignments.
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All annotations must provide both a reference to a source that provides
information either directly for the GO term-gene product assignment or the

method used to create the assignment, and also an evidence code (see below).
GO term

The Gene Ontology is a controlled vocabulary of GO terms which describe a
particular attribute of a gene product within three categories; Molecular Function,
Biological Process and Cellular Component (Subcellular Location). Each GO
term has a unique, computer-readable ID and has a definition. GO terms may
also have cross-references to external databases that describe an identical or

similar concept, e.g. the Enzyme Commission.
QuickGO

The Gene Ontology browser developed by the UniProt-GOA group at the EBI.
Within QuickGO the user is able to view GO terms and all associated term
information and protein annotation, view GO annotations for single or lists of
proteins, customise sets of GO annotation using extensive filtering options and
use pre-existing or create new GO slims for use in summarising the functional
information for a list of proteins. Sets of annotations and their associated
statistics are available for download.

Evidence codes

Every GO annotation must indicate the type of evidence that supports it; these
evidence codes correspond to broad categories of experimental or other support.
The codes are listed in Table 1 together with some examples (not exhaustive

lists) of the kinds of experiments that each code covers.

Full information on evidence codes can be found on the GO Consortium website;

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

Full Name

Examples of Usage in Annotations

IDA

Inferred from Direct Assay

Enzyme assays
In vitro reconstitution (transcription)
Immunofluorescence or cell fractionation (for cellular component)

Physical interaction/binding assay

IEP

Inferred from Expression Pattern

Transcript levels (e.g. Northern blotting, microarray data)

Protein levels (e.g. Western blotting)

1GI

Inferred from Genetic Interaction

‘Traditional' genetic interactions such as suppressors, synthetic
lethals

Functional complementation
Rescue Experiments

Inference from the phenotype of a mutation in a different gene.

IMP

Inferred from Mutant Phenotype

Any gene knockout/mutation
Overexpression/ectopic expression of a wild-type or mutant gene
Anti-sense experiments

Specific protein inhibitors

IPI

Inferred from Physical Interaction

Immunoprecipitation
Binding assay (ion/protein)
Two-hybrid interactions
Co-purification

Co-immunoprecipitation

ISS

Inferred from Sequence Similarity

Sequence or structural similarity

Recognised domains

RCA

Inferred from Reviewed

Computational Analysis

Predictions from large-scale experiments (e.g. genome-wide
two-hybrids, genome-wide synthetic interactions) or text-based
computation (e.g. text mining)

IGC

Inferred from Genomic Context

Operon structure
Syntenic regions
Pathway analysis

Genome-scale analysis of processes

TAS

Traceable Author Statement

Referenced statement on experimental findings which is
traceable to a primary paper (e.g. a review paper)

NAS

Nontraceable Author Statement

Author statement that is not supported by any references, such
as a hypothesis by the author or information from a paper's
abstract.

ND

No Biological Data available

Where no biological data found (this is only used with 'unknown’
GO terms).

IEA

Inferred from Electronic Annotation

Computational techniques (e.g. GO mappings, function
prediction based on sequence similarity or pattern matching).

Table 1. GO evidence codes.

Descriptions of a selection of GOC-agreed evidence

codes, which describe the broad categories of evidence found to support a GO term-gene
product association. Apart from the ‘IEA’ code, all others are used in manual annotation.
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Gene association file

A file representing annotation data using a tab-delimited format, where each line
represents a single association between a gene product (protein, gene,
transcript, etc.) and a GO term with a certain evidence code and the reference to
support the association. A guide to the format of gene association files can be
viewed on the GO Consortium website:

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

Further reading

1 Alternative, major GO browsers:

AmIGO (official GO Consortium browser):
http://amigo.geneontology.org/cgi-bin/amigo/go.cqi

Ontology Lookup Service:
http://www.ebi.ac.uk/ontology-lookup/

OBO-Edit:
https://sourceforge.net/project/showfiles.php?group id=36855&package id
=192411

2 Bantscheff M, Eberhard D, Abraham Y, Bastuck S et al. (2007)
Quantitative chemical proteomics reveals mechanisms of action of
clinical ABL kinase inhibitors. Nat. Biotechnol. 25, 1035-1044.

3 Quevillon, E, Silventoinen, V, Pillai, S, Harte, N, Mulder, N, Apweiler, R
and Lopez, R (2005) InterProScan: protein domains identifier. Nucleic
Acids Res. 33, W116-W120.

4 Khatri, P. and Draghici, S. (2005) Ontological analysis of gene
expression data: current tools, limitations, and open problems.
Bioinformatics 21, 3587-3595.

5 Reimand, J., Kull, M., Peterson, H., Hansen, J. and Viol, J. (2007)
g:Profiler — a web-based toolset for functional profiling of gene lists
from large-scale experiments. Nucleic Acids Res. W193-W200.

6 Lomax J, The Gene Ontology Consortium (2005) Get ready to GO! A
biologist's guide to the Gene Ontology. Brief Bioinform. 6: 298-304.

7 Barrell D, Dimmer E, Huntley RP, Binns D, O'Donovan C, Apweiler R
(2008) The GOA database in 2009--an integrated Gene Ontology
Annotation resource. Nucleic Acids Res. 37, D396-403.

8 Dimmer EC, Huntley RP, Barrell DG, Binns D, Draghici S, Camon EB,
Hubank M, Talmud PJ, Apweiler R, Lovering RC (2008) The Gene
Ontology - Providing a Functional Role in Proteomic Studies.
Proteomics. Jul 17 [Epub ahead of print].

9 Huntley RP, Binns D, Dimmer E, Barrell D, O'Donovan C, Apweiler R
(2009) QuickGO: a user tutorial for the web-based Gene Ontology
browser. Database. Sep 29. doi: 10.1093/database/bap010
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Where to find out more

UniProt-GOA: http://www.ebi.ac.uk/GOA/

GO Consortium: http://www.geneontology.org/

UniProt: http://www.uniprot.org/

InterPro: http://www.ebi.ac.uk/interpro/

How to feedback or contribute annotations

If you find that the Gene Ontology is missing terms that fall within the ontology’s
scope, you can contribute GO content by entering suggestions into the GO

ontology tracker on the SourceForge site:

http://sourceforge.net/tracker/?group id=36855&atid=440764

Any guestions concerning the GO should be e-mailed to: go-helpdesk@ebi.ac.uk

Regarding GO annotations:

1. if you have found that your protein set has not been fully
annotated

2. you would like to contribute annotation data
3. you would like to be added to UniProt-GOA’s expert panel for
reviewing final sets of annotations,
then you can let us know by either emailing us at goa@ebi.ac.uk or alternatively
fill in the GOA web form, at: http://www.ebi.ac.uk/GOA/contactus

A manual GO annotation project is underway in the area of cardiovascular
processes. To find out more, please see the wiki;

http://wiki.geneontology.org/index.php/Cardiovascular
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‘Gene Ontology Annotation at the EBI’ course
exercise answers

Chapter 1. How to view GO data using the QuickGO

browser - answers

Exercise 1 answers: searching for GO terms in QuickGO

(correct at time of writing: April 2013)

Question 1: In the term page for ‘apoptotic process’ how many databases have
cross-references for this term?

Answer 1: Three; InterPro, UniProtkKB and Wikipedia
Question 2: How many ‘part_of’ child terms does ‘apoptotic process’ have?
Answer 2: Eight

Exercise 2 answers: searching for protein annotation in
QuickGO

(correct at time of writing: April 2013)

Question 1: How many annotations in total does human THOC4 have? Clue:
Look for the ‘Results’ display.

Answer 1: 64 annotations

Question 2: What is the parent term of ‘RNA splicing’? Clue: Click on the GO ID
accompanying this term.

Answer 2: ‘RNA processing’.

Question 3: What is the name of the InterPro domain that is the reference for the
annotation to ‘nucleotide binding’? Clue: Follow the links.

Answer 3: IPR012677 Nucleotide-binding, alpha-beta plait.

Chapter 2: Using QuickGO to create a tailored set of

annotations - answers

Exercise 1 answers: finding annotations for a list of protein

accessions

(correct at time of writing: April 2013)

Question 1: For this list of proteins, how many annotations are there using both
manual and electronic evidence codes together?
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Answer 1: 16,354 annotations

Question 2: For this list of proteins, how many annotations are there using only
manual experimental evidence codes?

Answer 1: 4,140 annotations

n Information

From these answers you can see that the majority of annotations for this set of
proteins (and generally for most sets of proteins) are produced through electronic
methods. Therefore this is a very powerful type of method of creating high-quality

GO annotations in a short amount of time.

Exercise 2 answers: Viewing the annotation statistics for a list

of protein accessions

(correct at time of writing: April 2013)

Question 1: What is the GO term associated with the most proteins?
Answer 1: GO:0005515 protein binding

Question 2: What are the top three evidence codes used in the annotations?
Answer 2: IDA, IPl and IMP

Question 3: Which two annotation groups have made the most annotations for
this set?

Answer 3: IntAct and UniProt

Question 4: How many proteins have electronic annotations only? Clue:
Compare total number of proteins for this set with that for the set without the
manual experimental evidence filter selected.

Answer 4: 29 proteins

Chapter 3: Using GO slims in QuickGO - answers

Exercise 1 answers: Using QuickGO to slim-up annotations to a

list of protein accessions

(correct at time of writing: April 2013)
Question 1: What are the GO terms associated with the most proteins in this
set?

Answer 1: Biological process, molecular function and cellular modification
process

Question 2: Which evidence code(s) are the majority of annotations in this set
made with?
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Answer 2: IEA: Inferred from Electronic Annotation

Question 3: Which annotation groups have made the majority of annotations in
this set?

Answer 3: UniProt and Reactome

Chapter 5: Using InterProScan to rapidly populate novel
sequences with electronic GO annotation predictions -

answers

Exercise 1 answers: Using InterProScan to find GO annotations

for a novel sequence

Question 1: What functional annotation does InterProScan predict for this
protein sequence?
Answer 1: ATP binding, transcription factor binding and sequence-specific DNA

binding transcription factor activity, nucleotide binding and nucleoside-
triphosphate activity (snippet shown below)

Results for job iprscan-120130410-115511-0093-59477693-e5
Teool Qutput | Visual OQutput | Submission Details

RMA polymerase sigma factor 54 interaction domain

Method & Identifier # Description & Matches L]

PFRAM FFO0158 Sigmab4_activat 6.699999905999901 E-63
[343-507] T

PROFILE PS50045 SIGMAS4_INTERACT 4 0.0 [340-558] T

Parant IPRO03SS3
Childran No children

IPRO10113 IPRO10114 IPRO12704 IPRO14251 IPRO14252 IPRO14264
IPRO14317 IPRO17183

Found in

Contains M0 entries
GOwerms ©0:0005524 ATP binding

[!I8134 transcription factor binding
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Chapter 6: Using GO annotation data to link biological

knowledge to a set of proteins - answers

Exercise 1 answers: Using g:Profiler to perform GO term

enrichment analysis on a list of protein accessions

(correct at time of writing: April 2013)

Question 1: What term(s) appear to be over-represented within the queried

protein set?

Answer 1:

Molecular Function: GO:0004672 protein kinase activity;
Cellular Component: GO:0005829 cytosol;
Biological Process: G0:0044267 cellular protein metabolic process

Chapter 8: Programmatic access to GO terms and

annotations - answers

Exercise 1 answers — Using QuickGO web service to find

specific annotations

(correct at time of writing: September 2012)
Question 1: How many annotations were retrieved?

Answer 1: 38 annotations

Contributors

Rachael Huntley, UniProt-GOA group
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