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What i1s GO?
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The Gene Ontology
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Insulin

1 MOlecular Function ‘\ « protein kinase activity

Insulin %& « insulin receptor activity

An elemental activity or task or job Receptgs
N

2. Biological Process

A commonly recognised series of events

« cell division

» mitochondrion

 mitochondrial matrix

3. Cellular Component

Where a gene product is located
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Anatomy of a GO term

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

_| Unique identifier

ID 3 GO:0005634
Name nucleus ﬁ#l Term name I

Ontology | Cellular Component

Definition | A membrane-bounded organelle of eukaryotic cells in which chromosomes are housed and replicated. In most cells, the nu
organellar chromosomes, and is the site of RNA synthesis and processing. In some species, or in specialized cell types, BRI

GONUTS | GO:0005634 Wiki Page _| Definition
Synonyms Taxon Constraints GO Slims Cross-references

Synonyms are alternative words or phrases closely related in meaning to the term name, with indication of the relationship betwee:

scope. Click on the 0 icon for '
j Synonyms
exact ‘ cell nucleus \

Database D

InterPro IPRO28782
InterPro IPR028785 .
NIF_Subcellular | 5201702920020 Cross-references
UniProtkB-KW Mucleus
UniProtkB-SubCell | Nucleus
Wikipedia Cell_nucleus
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Ontology structure

e Hierarchical
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Why do we need GO?
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GENEONTOLOGY
Unifying Biology

Reasons for the Gene Ontology

* Inconsistency in English language

www.geneontology.org EMBL-EBI



Inconsistency Iin English languauge

- Same name for different concepts
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* Different names for the same concept

Same for biological concepts

— Comparison is difficult — in particular across
species or across databases

Just one reason why the Gene Ontology (GO) is
is needed...
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Reasons for the Gene Ontology

* Inconsistency in English language

* Increasing amounts of biological data available

* Increasing amounts of biological data to come

www.geneontology.org EMBL-EBI



Increasing amounts of b

= NCBI

Resources [+ How To (¥

ological data available

Publfed ;.

| PubMed : ||DNA repair

US Mational Library of Medicine
Mational Instiutes of Haalth

'-,_,] RS5 Save search Limits Advanced

Display Settings: [v] Summary, 20 per page, Sorted by Recently Added

Results: 1 to 20 of 64637

Germline Stem Cell Gene PIWILZ Mediates DNA Repair through Relaxation of Chromatin.

Send to:

Page |1 |of3232 MNext> Last=>>

PLoS One. 2011;6(11):e27154. Epub 2011 Nov 16.
PMID: 22110608 [PubMed - in process]

An MSI Tumor Specific Frameshift Mutation in a Coding Microsatellite of MSH3 Encodes
Epitopes.

Garbe Y, Maletzki C, Linnebacher M.

PLoS One. 2011;6(11):e26517. Epub 2011 Nov 14.

PMID: 22110587 [PubMed - in process]

¥in DT, Wang Q, Chen L, Liu MY, Han C, Yan Q, Shen R, He G, Duan W, Li JJ, Wani A, Gao JX.

Search on ‘DNA repair’...
get almost 65,000 results

A Review of ERCC1 Gene in Bladder Cancer: Implications for Carcinoge
Kawashima A, Takayama H, Tsujimura A.

Nunber of entries in UniProtKB/TrEHBL

Adv Urol. 2012;2012:812398. Epub 2011 Oct 26.
PMID: 22110495 [PubMed - as supplied by publisher]

Polymarphisms in DNA Repair Gene XRCC1 and Skin Cancer Risk: A M

Zhang H, Li W, Franklin MJ, Dudek AZ.
Anticancer Res. 2011 Now;31(11):3945-52.

PMID: 22110224 [PubMed - in process]

R IR I IR I IR

Expansion of sequence

996

Information

1998 2808 2082 2804 2886 2088 2818 2012
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Reasons for the Gene Ontology

* Inconsistency in English language

* Increasing amounts of biological data available

* Increasing amounts of biological data to come

 Large datasets need to be interpreted quickly

www.geneontology.org EMBL-EBI



GO provides a way of consolidating all the
seguence and experimental information into one
easily accessible resource
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Who I1s GO?
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Aims of the GO project

* Compile the ontologies

- currently over 38,000 terms
- constantly increasing and improving

* Annotate gene products using ontology terms

- around 40 groups provide annotations

* Provide a public resource of data and tools

- regular releases of annotations
- tools for browsing/querying annotations and editing the ontology
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GO Annotation
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UniProt-Gene Ontology Annotation
(UniProt-GOA) project at the EBI

 Largest open-source contributor of annotations to GO

* Provide annotation for more than 441,000 species

EMBL-EBI



A GO annotation is ...

...a statement that a gene product;

1. has a particular molecular function
IS involved in a particular biological process
IS located within a certain cellular component
2. as determined by a particular method
3. as described in a particular reference
Accession | Name GO ID GO term name Reference Evidence code
PO0505 |GOT2 | GO:0004069 | aspartate transaminase activity | PMID:2731362 IDA

EMBL-EBI



@@W& Annotation Extensions

Allows curators to combine GO terms with:
 other GO terms
» terms from external ontologies

» database identifiers representing genes or their products

“Papl is a transcription factor that regulates transcription of several

oxidative stress response genes, including trrl, pmdl, obrl, bfrl and cttl”

“TMEM115 is located in the nucleus that is part of an epithelial cell that is
part of the cervix epithelium”

Simple GO annotation Extended GO annotation

EMBL-EBI




UniProt-GOA incorporates
annotations made using two methods

Electronic Annotation

» Quick way of producing large numbers of annotations
« Annotations use less-specific GO terms
» Only source of annotation for ~438,000 non-model organism species

Manual Annotation

« Time-consuming process producing lower numbers
of annotations (~2,800 taxons covered)

« Annotations tend to use more specific GO terms

« Manual annotation is essential for creating predictions

EMBL-EBI



Broad taxonomic coverage

We have annotations for species that may not have a dedicated
curation effort;
e.g. for 1,400 Solanacae species’ we have
~360,000 annotations for ~64,000 proteins

denitr ross-Fefersnce il

UniProtkB UniProtkB I mapping | Beadme
Human UniProtkB ID mapping | Readmea
. . . Mouse UniProtkB ID mapping | Readmea
We provide annotation files for s UNProWB D mapang | Reams
. . Arabldapsis Gene association UniPretkB ID mapping | Beadme
We”-StUd Ied SpeCIeS . Zebrafish Gene association UniProtkB ID mapping | Readme
Chicken UniProtkB ID mapping | Readmea
Cow Gene associatior UniProtkE 1D mapping | Beadma

Proteomes Gene association Browse nfa

FDB Gene associatior nfa

..as well as less

UniProt-GOA Proteome Sets 10-Dec-2013
weII studied species that have,

Tax ID Organism File Total  Entries GO Percentage
entries Annotated Annotations coverage

11791 AKV murine leukemia virus 78984.A_murine_leukemia_virus.goa 3 3 66 100%

10498 ASFB7 31679.A.90a 149 89 533 59.7%
« Complete proteome ,

10816 Abutilon mosaic virus 71348.A_mosaic_virus.goa 7 3] 76 85.7%

(isolate West India)

« >25% GO annotation coverage

329726  Acaryochleris marina 8172 3581 20689 43.8%
522306 Accumulibacter phosphatis 4438 2811 18693 63.3%
634452  Acetobacter pasteurianus 2906 1837 12764 66.7%
931626 Acetobacterium woodii 271017.A_woodii_DSM_1030.goa 3445 2449 16324 71.1%
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Electronic annotation methods

1. Mapping of external concepts to GO terms
e.g. InterPro2GO, UniProt Keyword2GO, Enzyme Commission2GO

Advanced || Q

UniProt 3

S

Help Contact

BLAST Align Retrieve/ID Mapping o
—

M PO00519 _asL1_HumaN

; Protein Tyrosine-protein kinase ABL1
m

=]

ABL1, ABL, JTK7
E Gene « ABL,
Organism Homao sapiens (Human)
Status '_‘i Reviewed - ®@®@®® - Experimental evidence at protein level*

D|Sp|ay All None “, BLAST |=Align | &1Format | Add to basket| @ History £ comment (0) “® Feedback B Help video

O FuNCTION Names & Taxonomy

INOI .
. ol Protein names® Recommended name:

[ SUBCELLULAR LOCATION Tyrosine-protein kinase ABL
Alternative name(s):

[ PATHOLOGY & BIOTECH « Abelson murine leukemia vjral oncogene homolog 1

* Abelson tyrosine-protein Kinase 1

» Proto-oncogene c-Abl

[ pTM / PROCESSING

[ exprESSION s p150

O INTERACTION Gene names'  Name:ABL1

nonyms:ABL, JTK

O strRucTURE
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Electronic annotation methods

2. Automatic transfer of manual annotations to orthologs

'mc VI

m Ensemblcompara Macaque Chimpanzee GuineaPig Rat

...and more
e.g. Human B ’ " 1 ! !

Mouse Chicken

...and more

Grgpe
Rice
Annotations are high-quality and have an explanation of the method (GO _REF)
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3. Propagation of GO annotations to protein groups

MNGTEGPNFYVPFSNKTGVVRSPFEAPQYYLAEP
WQFSMLAAYMFLLIVLGFPINFLTLYVTVQHKKLR

ITPLNYILLNLAVADLFMVFGGF LYTSLHGYFVF
GPTGCNLEGFFATLGGEIALWSLVVLAIERYVVVC
KPMSNFRFGENHAIMGVAFTW)| y

Family

Malate dehydrogenase, type 1, bacterial (IPR023958)

Family relationships

Malate dehydrogenase, type 1

Add your annotation

Contributing signatures

Signatures from InterPro
member databases are used
to construct an entry.

1ain relationships

Lactate/malate dehydrogenase, C-terminal (IPR022383)

Contributing signatures

Signatures from InterPro

r databa:

to construct an

HH:
Plam
@ # Pro286

HH: prediction
» Malate dehydrogenase, type 1, bacterial e 01516
(Malate_dehydrog_1)

Description

lactate to pyruva!
bird
catal

glycoly
hydroxyisocaprt

This enzyme catalyzes the reversible oxidation of malate to It exist as a
superfamily,specifically to the MDH type 1 family

and belongs to the LDH/MDH

malate to oxaloa

This entry repres

GO terms v repreee

Biological Process: 3 GO:0006099 tricarboxylic acid cycle GO terms
GO:0055114 oxidation-reduction process Biological Process:

Molecular Function:  # G0:0030060 L-malate dehydrogenase activity Molecular Function: » Gt

n the CH-OH group of donors, NAD or NADP as acceptor

Biological Process

055114 oxidation-reduction process
006099 tricarboxylic acid cycle

Molecular Function

# GD:0016616 oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor
# CO:0030060 L-malate dehydrogenase activity

Source of ~170 million GO mappings for ~50 million distinct
UniProtKB sequences
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Considerations for mapping GO terms

GO mapping to domains:

Function of domain may not be function of protein

Family members can be experimentally characterised as lacking function:
P14210 - a serine protease homologue with no proteolytic activity
(proteins are reported to GOA to be blacklisted)

Broad families that are functionally diverse:
The GHMP kinase superfamily includes
- Galactokinases (EC=2.7.1.6)
- Homoserine kinases (EC=2.7.1.39)
- Mevalonate kinases (EC=2.7.1.36)

- Diphosphomevalonate decarboxylases (EC
4.1.1.33)
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Number of annotations in UniProt-GOA

database
Electronic annotations 367,330,906
Manual annotations* 1,553,980

Sept 2014 Statistics

* Includes manual annotations integrated from external model organism
and specialist groups

EMBL-EBI



Manual annotation by UniProt

High—quality, specific annotations made using:
 Full text peer-reviewed papers

* Arange of evidence codes to categorise
the types of evidence found in a paper

e.g. Inferred by Direct Assay (IDA),

Inferred by Mutant Phenotype (IMP),
Inferred from Physical Interaction (IPI)

http://www.ebi.ac.uk/GOA EMBL-EBI




How to access and use
GO annotation data

EMBL-EBI



Search Blast * Align * Retrieve 1D Mapping *

Search in Query

.
| ' n I P r Ot K B [Protein knowledgebase (UniProtkE) v | | | Seq Gene Ontology (GO)
Biological process DMA damage response, signal transduction resulting in induction of apoptosis

. . Traceable author statement. Source: Protine
PO0S19 (ABL1_HUMAN) 7 Reviewed, UniProtkB/Swiss-Prot

actin cytoskeleton organization

Last modified October 5, 2010, Version 162. B History... Inferred fram sequence ar structural similarity. Source: UniProtkB
. cell adhesion
« = Clusters with 100%, 90%, 50% identity | ' Documents (7] | () Third-party data Infarred fram electranic annatation. Source: UniPratkB-kyw

mismatch repair
Traceable author statement. Source: Prating

peptidyltyrosine phospharylation
Inferred from direct assay (B2f12) Source: UniProtkB

Names and origin positive regulation of oxidoreductase activity
Inferred frorn direct assay. Source: BHF-UCL

Protein names Recommended name. regulation of transcription invalved in S phase of mitotic cell cycle
Tyrosine-protein kinase ABL1 Traceabla author statement. Source: Pratine
EC;2'7'1D'2 signal transduction
Alternative name(s) Inferred from electronic annotation. Source: InterPro

Abelson murine leukernia viral oncogene hormolog 1
Proto-oncogene c-Abl
p150

Gene names MName: ABL1
Synonyms:ABL, JTK?

Transcript-based displays | Transcript: ABL1-001 (ENST00000318560)

l: Transcript surmmary

Supaorting evidence (24) c-abl oncogene 1, receptor tyrosine kinase [Source: HGNG Symbal;Acc:7E]

B Sequence Location Chrorosore 90 133 710 453-133 763 052 forward strand

E n S e I I I b I E ES;'LS i Gene = This transcript is a product of gene ENSGO0000037007 - There are B transcripts in this gene
cf
Fratein
B External References I Showshide columns - «Oligo probes | Gene ontology help
General identifiers (105) 4

Qlign probes (38) Hame Transcript ID Lg The following GO terms have been mapped to this entry via UniProt and/or RefSeq:
o iGenElnnin g y(R) ABL1001 | ENSTOO00OHBI60 GO GO Term Evidence Annotation Source
Genetic Variation ABL1002 | ENSTO0000572348 | | |Accession

Population comparisan
Compatison image ABL1.003 | ENSTO00003593253 (500000115 regulation of transcription invalved in S-phase of mitotic cell cycle TAS

I n t r eZ e n e = Protein Infarmation ABL1.201 | ENSTO0000426772 GOrO0D016G nucledtide hinding IEA.
Frotein summary ABL1-202 | ENSTOO000435426 GO:0000287 magnesium ion binding DA,
Domaing & features (43)

“ariations (43) ABL1-203 | ENSTO0000444970 GO:0003677 DMA binding NAS

GO0004672 protein kinase activity IEA

Gene Ontology provided by GOA

Entrez Gene Search Limits Advanced search  Help
Evidence

Genes and mapped Function
phenotypes ‘ ‘ Evidence Code Puhs
ATP hinding DA Publted
Display Settings: (] Full Report I ARG s EUuMEd
SH3 domain binding IFI PubMed
ABL1 c-abl oncogene 1, non-receptor tyrosine kinase [ Homo sapiens] [mAgnesium ion binding DA Publed
Gene |D: 25, updated on 5-0ct-2010 manganese ion hinding IDA Publed
non-membrane spanning protein terosine kinase activity IEA
“| Summal
v nucleotide binding IEA
Official Symbol - ABL1 provided by HGNG proline-rich region binding IPI Fubhed
Official Full N\ame c-abl oncogene 1, non-receplor tyrosine kinase provided by HGNC atein O-terrminus bindin ol PubMen
protein C-terminus binding

Primary source HGMHC:TE
Locustag RP11-83J21.1 protein binding Pl Publted

Seerelated EnsemblENSG00000097007; HPRD:01809; MIhi:1 88820

Gehetype  protein coding




Annotation Files

Contain all information for each annotation

the Gene Ontology

Search | |

gene of protein name ¥

Open menus

Horme

Fag

Downloads
Ontologies
Annotations
Database
Mappings to GO

Teaching Resources

UniProt-GOA website

Numerous species-specific files —

Annotation Details and Downloads

Filtered files
Unfiltered files
gpZprotein files

Filtered Annotation File Downloads

Species, Database

Anaplasma phagocytophium HZ
JCHT

Agrobacterium tumefaciensstr. C58
PAMGO

Arabidopsis thaliana
TAIR

Aspergifius ridulans
AspGD

Bacilfus anthracis Ames
JCYI

http://www.ebi.ac.uk/GOA/downloads.html

Current Annotations

GO Consortium website

Gene Products Annotated Annotations Submission date MM/DD/YYYY Download filtered files

1289 3471
{3471 non-1EAY

8/27/2010

annotations 1) [39.7 kb]
README [

SR MBL-EB) (3 CEEEEEC (find| e Feedoack
Databases | Tools | Research | Training | Industry | About Us | Help | Site Index BN
31339
UniProtkB-GOA Home EBl > D :B Onitolagies » KB-GOA » ratkB-G v
New to | Search QuickGO |

11268  WUniProfKB-GOA?
Who uses GO7
= Downloads

Searching
UniProtKB-GOA

Query axamples - apopt G0:0006315, tropomyosin, POBF27.

5280

UniProtKB-GOA - Downloads

Set of Proteins Gene Association File Identifier Cross-Reference File

UniProtkB UniProtkB ID mapping | Beadme
Human UniProtkB ID mapping | Beadme
Mouse UniProtkB ID mapping | Beadme
Rat UniProtkB ID mapping | Beadme
Arabldapsis Gene association UniProtkB ID mapping | Beadme
Zobrafish Gene association UniProtkB ID mapping | Beadme
Chickan Gene association UniProtkB ID mapping | Beadme

Gene association UniProtkB ID mapping | Beadme
Protecmes Gene association Browse n/a

FDB Gene associatior nia

EMBL-EBI



the Gene Ontology

rch Br

SearchGo[ ] Oterms O

T  More Tools

genes or proteins  [exact match

Help

ABL1

Tyrosine-protein kinase ABL1

protein from (human)

Term associations #  Gene product information =

Peptide Sequence = Seguence information =

AmiGO

GO browsers

Term Associations

Cownload all association information in: [1 gene association farmat [ RDF-xML

\ Perform an action with this page's selected terms... v |

Accession, Term

[ Go:0020036 ¢ actin cytoskeleton arganization

O Go:noo0715s

nsduction resulting in induction of

[ 00008630 : DNA damage response, sign

145 gene products

Ontology Qualifier Evidence

pro 1SS

vigw infree

IEA

apoptosis,

wiew in tree

[ Go:nooezos

EBI * Databases * GuickGO

ABL1 Homo sapiens P00519

G il Databases

~ | Enter Text Here

ut Us Help

e 9 Y

POO518
ABL1
Homo sapiens

Accession

Gene
Taxonomy
escription

| € Results: 110219 0f 219 2

UniProt

UniProtkB PODS19 ABLA

UniPratikB POD519 ABL1
UniPratikB POD5S13 ABL1
UniPratikB POD513 ABL1
UniProtikB POD513 ABL1
UniProtkB POD519 ABLI
UniProtkB PODS19ABLA
UniProtkB PODS19 ABLI
UniProtkB PODS19 ABLA
UniProtkB POD519 ABLI
UniProtkB PODS19 ABLA
UniPratkB POD519 ABL1

UniPratkB POD519 ABL1
UniPratkB PO0519 ABL1

[ ] ¢
% |CI|ck for example search

Web Services Dataset Your Terms: 16

Tyrosine-protein kinase ABL1

~  addiional filters: Mone =

2 Page size

Process

00000115 regulation of transcription invalved in S phase of mitotic cell P
cyele

G0:0007165 signal transduction

GOi0051 353 positive regulation of oxidoreductase activity

GO000G4GRE protein arning acid phosphorylation

500018108 peplidyHyrosine phosphorylation

00006464 protein modification process

00030036 actin evtoskeleton arganization

G 00006355 regulation of transcription, DNA-dependent

00006468 protein amino acid phosphorylation

000018108 peplidyl-yrosine phosphorylation

000018108 peplidyl-yrosine phosphorylation

GC0006468 protein amino acid phosphorylation

GCe0006298 mismatch repair

GO:0002630 DMA damage response, signal transduction resulting in
induction of apoptosis

TUWTODTWTOTTODTUTOTTOTTOTO

With UniProtkBiPOOSZ0

with SPKWiKW-0130

Qﬂ

Reference

REF: 0000004

Inc,

Give us
feedback

Site Index B

TAS PMID:8242748

IEA InterPro2G0
DA FMID:12853824
IEA InterPro2G0

DA PMID: 7530236
MAS FMID:8242745
IS8 GO_REF:0000024
TAS FMID: 8242745
InterPro2Ga
InterPro2Go
FMID:S9144171
InterPro2Go
FMID:10391248
PMID:10391248

Assigned by
UniProtke

UniProtkB

Proteome

g;_)o

Q0 © v 9

Display 1D Méppmg Filter Statistics Download

YE06 20030904 PINC

IPROZO700 9606 201010049 InterPro
GA06 20071108 BHF-UCGL
IPRO0T 245 9A06 2010710049 InterPro

9606 20100505 LUniProtkB
9606 20040707 UniProtkkB
9606 20061011 UniProtkkB
9606 20030904 PING
20101009 InterFro
20101009 InterPro
20061004 UniProtkB
20101009 InterPro
20030904 PING
20030904 PING

Abl (ABLT_MOUSE)

IPRO0G266
IPRO20700

IPROOO719



The UniProt QuickGO browser

. # "
:$ saarg Al Databhases w | Enter Text Here GO rced Search  feedback

| Tools | EBI Graoups | Training | Industry | Ahout Us | Help | Site Index [ &5
L] QUiCkGO EBl > Databases * GuickG0
“Help QuickGO

“Reference
FAQs

Search GO terms__,
or proteins

“Weh Services

1 Search and Filter GO annotation sets QuickGO Tips
Find sets o o

Extensive filters are available from this page to allow the generation of specific subsets of GO s QuickGO can help make customized GO slims, which can be

G O t t' annotations, mapped to sequence identifiers of vour choice. used to ‘map up'your genelfprotein identifiers to hroadly
anno a |OnS categorise their functions or subcellular locations. Click here far
mare information.

QuickGO is a fastweb-hased hrowser for Gene Ontolody terms and annotations, which is provided by the UniProtkB-GOA group atthe EBI

2 ,.".'= e o
% |Clickf0rexample search | J U U Q_—_’

ek S-énfices Dataset Your Terms: 16

Investigate GO slims o s QuickGO's search facility can be used to find information on GO

terms as well as infarmation on annaotation to distinct proteins.
G0 slims are lists of GO terms that have heen selected fram the full set of terms available fram the Justtype a partial GO term namelsynonym of a gene symbol,
Gene Ontology project. protein name or sequence identifier into the Search box.

G0 slims can be used to generate a focused view of part ofthe GO, arwith annotation data they
can be usedto see how a set of proteinsigenes can he 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 Consorium web site. } ) Tutorial
Try an interactive dema

Example gqueries
QuickGO can be gueried for hoth GO terms and proteins:

= Search for terms by keyword or ID: apoptosis, GOCO0069145
= Search for proteins by name ar accession: fropomyosin, POET 27
» List allterms in an antalogy: Biological Process, Malecular Function, Cellular Companent

http://www.ebi.ac.uk/QuickGO EMBL-EBI




Uses of GO annotation
data
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How scientists use the GO

Access gene product functional information

Analyse high-throughput genomic or proteomic datasets

Validation of experimental techniques

Get a broad overview of the functions of a proteome

Obtain functional information for novel gene products

Some examples...

EMBL-EBI



Term enrichment

» Most popular type of GO analysis

» Determines which GO terms are more often associated
with a specified list of genes/proteins compared with a
control list or rest of genome

« Many tools available to do this analysis

» User must decide which is best for their analysis

EMBL-EBI



Numerous Third Party Tools

Statistical analvsis: Table View

] Is part of DefiningCitation Examplelmage

Resource: Avadis Strand Life Sciences http:/ /www.avadis-ngs.com avadis ®

Access Visualize, Analyze, Discover

Resource: Babelomics 4: Gene Resource:CIPF http: //babelomics.bioinfo.cipf.es E’AE’::L.GMIC‘:—é
—
Expression and Functional Bioinformatics and

Profiling Analysis Suite Genomics Department

Resource: BINGO: A Biological Ghent University; Ghent: http://www.psb.ugent.be/chd /papers/BiNGO .

Networks Gene Ontology tool Belgium fHome. html B I N G O

Resource: Bioconductor Resource: Fred http: //www.bioconductor.org/ ".'.'"-.'.-_'."'
Hutchinson Cancer Bi OCO nd U cto r
H.E'SE'e'J'l'(.‘h Center DPEM SDUACE SOFTWARE FOR BI0INFORMATICS

Resource: BlastaGO Resource:Principe Felipe  http://www.blast2go.com/b2ghome
Research Centre; blastzgo

Valencia; Spain

Resource: CLASSIFI - Cluster Resource: UT http: / fwww.utsouthwestern.edu/education

Assignment for Biological Southwestern Medical /medical-school/departments fpathology

Inference Center Department of /pathdb/classifi.html
Pathology

Resource: CLENCH Resource:Stanford Center  http://www.stanford.edu/~nigam/cgi-bin CLENCH
for Biomedical fdokuwiki/doku.php?id=clench

Informatics Research

Resource: CateGOrizer Resource: NAGRP http:/ fwww.animalgenome.org/bioinfo,/tools C, [ - ‘r— r
Bioinformatics featego/ d c rl.{cr

Coordination Program
Resource: ClueGO National Institute of http: / fwww.ici.upme.fr/cluego/
Health and Medical
Research; Rennes;
France

http://neurolex.org/wiki/Category:Resource:Gene _Ontology_ Tools




Analysis of high-throughput genomic datasets

mm Defense response
Immune response
Response to stimulus
Toll regulated genes
JAK-STAT regulated genes

Puparial adhesion } ]
Molting cycle MicroArray data analysis
Hemocyanin

Amino acid catabolism
Lipid metobolism

Peptidase activity
Protein catabolism
Immune response

Immune response
Toll regulated genes

¥ | Bregje Wertheim at the Centre for Evolutionary Genomics,
Department of Biology, UCL and Eugene Schuster Group, EBI.
attacked control P gy J P
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Validation of experimental techniques

(b) BPlasma membrane (67.1%)
BMEndoplasmic reticulum (11, 2%)
BMitochondrion (6.3%)
BCytoplasm (4.6%)

ENucleus (4.2%)

BRibosome (1. 6%) Rat liver plasma membrane isolation

Ooth (1. 9%)
2= (Cao et al., Journal of Proteome Research 2006)

EMBL-EBI



Annotating novel sequences

 BLAST can be used to find similar sequences with
GO annotation which give an indication of the functional
roles of the new sequence

 Two tools currently available;
AmiGO BLAST — searches the GO Consortium database

BLAST2GO — searches the NCBI database

AmiCO @ blast2go

* Note BLAST alone is not considered reliable enough to make automated functional predictions
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Annotating novel sequences

« InterProScan for matching domains that are mapped to GO
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Using the GO to provide a functional
overview for a large dataset

« Many GO analysis tools use GO slims to give a broad
overview of the dataset

GO slims are cut-down versions of the GO and
contain a subset of the terms in the whole GO

» GO slims usually contain less-specialised GO terms
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Many gene products are associated with a
large number of descriptive, leaf GO nodes:

[Cene Ontalagy]

I
Bialogical

Slimming the GO using the ‘true path rule’
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process stimulus process
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differentiation waunding cellular multicsliular regulation of | |developmental| | requiation of | | response to cell killing immune
process arganishal biological process biological stimulus response
pr process process
Te Teukocyte TrfTam m atory positve Tegulation of negatve TeguTation of pos v Tegative Teukocyte adapiive
development mediated response regulation of immune regulation of responseto | | regulation of | | regulation of mediated immune
imm unity cellular system multicellular external developmental| | response to cytatoxicity response
process pracess arganismal stimulus process stim ulus based an
cell death Tyelord Tymphotyte acute Tifammatory | [Tegulation of | [Fegulation of Tegative Tegative Tegulation of
leukocyte mediated inflammatory | | response to immune inflam m atary regulation of | | regulation of immune
mediated immunity response antigenic effector response efense response resppnse
immunity stimulus process sponse external
Frogranme Tegulation of | [Ecell mediated TCute FEguTatian of Fegulatian of TEgative TEgarve TeguTation of | [Tegulaton of
cell death Teukocyte immunity inflam m atary acute inflammatory | | regulation of | | regulation of leukocyte adaptiye
mediated responge to inflamm atary response to | | inflammatary immune mediged immu
immunity antiglnic response antigenic respanse response e i res
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Slimming the GO using the ‘true path rule’

nnnnnnnnnnnn

...however annotations can be mapped up
to a smaller set of parent GO terms: i

process simus [ | system
sssssss

eeeeeeee

2.0 SH SN ¢
% ok *x %
* ok ok gk dk K M e x *k
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GO slims

Custom slims are available for download:

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

Or you can make your own using;

» QuickGO

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

« AMIGQO's GO slimmer

http://amigo.geneontology.org/cgi-bin/amigo/slimmer

generation of symbiosls,
precursor
nucleotide and derivative metabolites el @iz
and energy
electron
ransport chain| EEE
ry




The UniProt QuickGO browser

o &
s‘é'lfg &)l Databases v | Enter Test Here e feedback

earch
Indus =
L] QUiCkGO EBl > Databases * GuickG0
H QuickGO
“Reference

“FAQs

. Questions on how to use QuickGO?
or proteins

“Yieh Services

Flnd Sets Of Search and Filter GO annotation sets o QuickGO Tips
Extensive filters are available from this page to allow the generation of specific subsets of GO QuickGO can help make customized GO slims, which can be

GO annotatlons annotations, mapped to sequence identifiers of vour choice. usedto 'map up'your genefprotein identifiers to broadly

categorise their functions or subcellular locations. Click here for
mare information.

Contact goa@ebi.ac.uk

QuickGO's search facility can be used to find information on GO

- - -
Map-up annotatlons mvestiuzte GO Slms n terms as well as infarmation on annotation to distinct proteins.

G0 slims are lists of GO terms that have heen selected fram the full set of terms available from the Justtype a partial 3O term namelsynonym or a gene symbal,

Wlth G O SI I mS Gene Ontology project protein name ar sequence identifier into the Search hox.

G0 slims can be used to generate a focused view of part ofthe GO, arwith annotation data they
can be usedto see how a set of proteinsigenes can he 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 Consorium web site. } ) Tutorial
Try an interactive dema

Example gqueries
QuickGO can be gueried for hoth GO terms and proteins:

= Search for terms by keyword or ID: apoptosis, GOCO0069145
= Search for proteins by name ar accession: fropomyosin, POET 27
» List allterms in an antalogy: Biological Process, Malecular Function, Cellular Companent
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UniProt-GOA

Curators:  Rachael Huntley
Prudence Mutowo

Aleksandra Shypitsyna

Software developers: Tony Sawford
Carlos Bonilla

Team leaders: Claire O’ Donovan
Maria Martin

Email: goa@ebi.ac.uk

http://www.ebi.ac.uk/GOA EMBL-EBI



UniProt
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The mission of UniProt is to provide the scientific community
with a comprehensive, high-quality and freely accessible
resource of protein sequence and functional information.

EMBL-EBI



Acknowledgements

Members of;
InterPro
IntAct
HAMAP
Ensembl

Ensembl Genomes

***EBI train online****
http://www.ebi.ac.uk/training/onlin

Funding

Additional support for the EBI's involvement in UniProt comes from the NIH grant 2P41 HG02273, British Heart Foundation grant
RG/13/5/30112 and EMBL.

Swiss-Prot activities at the SIB are supported by the Swiss Federal Government through the The State Secretariat for Education,
Research and Innovation SERI and the European Commission contracts Gen2Phen (200754) and MICROME (222886).

PIR's UniProt activities are also supported by the NIH grants 5R01GM080646-07, 3R01GM080646-0751, 5G08LM010720-03, and
8P20GM103446-12, and the National Science Foundation (NSF) grant DBI-1062520.

EMBL-EBI




