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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 a proteome

Obtain functional information for novel gene products

Some examples...
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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
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Analysis of high-throughput genomic datasets
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Toll regulated genes
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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.
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Analysis using GO annotations

GO Galaxy

Analyze Data

Workflow Shared Data

Help

http://galaxy.berkeleybop.org/

User

Tools Tools Options +
Get Data search tools

GOtools Get Data

OBO/OWL To GOtools

Annotation

OBO/OWL Tools
OBO-Format Tools

Annotation

Term Enrichr
Text Manipul|
ﬂ

NIFtools
OBO Diff Too TeXt Manipulation
Annotation (; GFF

OBO/OWL To NIFtools

OBO Diff Tools

Annotation (advanced)
OBO/OWL Tools (advanced)

Term Enrichment

Workflows

Workflow control

Inputs
= |nput dataset

Workflow Canvas | Ontologizer

Input Dataset b4

output

Get test geneset 3%

output (tabular)

Fetch assocations 3¢

output (gaf)

fetch ontology b4

output (oba)

Ontologizer %
Genes in population
Study set genes
Ontology

Gene Association File

img (png)

output (terf)

Options -

Add labels b4
Ontology (source of labels)

Tabular input file

output (tabular)
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Analysis using GO annotations

Many more listed at:

http://neurolex.org/wiki/Category:Resource:Gene_Ontology Tools
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Annotating novel sequences

« Can use BLAST queries to find similar sequences with
GO annotation which can be transferred to the new sequence

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

BLAST2GO — searches the NCBI database

AmiCO @ blast2go
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Annotating novel sequences

e Can use InterProScan
to find GO annotation that is
attributed to protein signatures

Results for job iprscan-120130326-105632-0639-41160384-0y

SIS | Tool Output || Visual Output | Submission Details

IPROD2078 RMA polymerase sigma factor 54 interaction domain
In a submitted protein sequence e e P e
p q PFAM Sigma54_activat 6.699999999999901E-63
[343-507] T
EMBL-EBI FROFILE SIGMAS4_INTERACT 4 0.0 [340-568) T
InterProS -
n er ro Can Children Mo children
I p % Found in IPRO10113 IPRO10114 IPRO12704 IPRO14251 IPRO14252 IPRO14264
nput form : Web servi & ati
npu m : Web servic Help & Documentation IPRO14317 IPRO17183
Tools = Protein Functional Analysis > InterProScan N
InterProScan Seguence Search GOterms GO:0005524 ATP binding
This form allows you to scan your sequence for matches against the InterPro collection of protein signature databases. G0:0008134 transcription factor binding
- IP DMA binding HTH domain, Fis-type
STEP 1 - Enter your input sequence -
Method 4+ |dentifier 4+ Description 4+ Matches ¥
Enter.or paste a PROTRIN sequence in any supported forma: PRINTS PRO1590 HTHFIS 9.000004079572741E-6
MPYVSQSOHIDRVRGAIEGRLPAPGNSSRLYSSWORSYEQYRLDPGSVIGPRVLTSSELR |
) EAFLRASGOCLARLHDMIEMADYCVYMLTDAHGVTIDYRIDRDARGDEKHAGLY] [607-624] T
REEGTICGIASYLIDLARPITVHKTDHERAAFTTLTCSASPIFAPTGELIGVLDAS 9.000004079572741E-6
NADSQRLVEQLYRASAALIEDGYFLNQTAQHWMIEGHASRNEVEAQPEVLIAFD 624-644] T
IAASNAKAQECIAGLNGPRHVDEIFDTSAVHLHDVARTDTIMPLALRAT GAVLYAR [624-644]
RVSRSACAVSPSHSGQGTHDAHNDTMNLDAISRFLHSRDSRIABNAEVALBIAGK
LGETGVGKEVFAQALHASGARRAKPFVAVNC GAIPDSLIESELFGYAPGAFTGA PRAM PF02934 HTH_8 9.100000000000008E-12
GARGKIAQAHGGTLELDEIGDMPLNLOTRLLRVLAEGEVLPLGGDAPVRVDIDVICA \ [605-641] T
Or, upload a file: | Browse... |
Parent
STEP 2 - Select the applications to run Children Mo children
Select All  Clear All Found in IPRO05412 IPRO10113 IPRO10114 IPRO11785 IPR0O12704 IPRO14264
# BlastProDom # FPrintScan o HVMPIR @ HMMPiam IPRO14317
@ HMMTigr # ProfileScan @ HAMAP @ PatternScan .
# SignalPHMM & TMHMM # HMMPanther # Gene3D Contains
[GO terms

KTEP 3 - Submit wour inh
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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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Slimming the GO using the ‘true path rule’

Many gene products are associated with a
large number of descriptive, leaf GO nodes:

[Cene Ontalagy]
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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
APOpTOSTE Tegulation of Tegulation of | [Tegulation of Tegatve fmmunoglobul] [Fypersens it Tegative Tegatve Tegulation of Tegative Tegative
programm ed myeloid ymphoc lation of in pediated ¥ of | | regulation of adaptive regulation of | | reguiation of
cell death 1ufocyte mediate iAnune inflam atary immune daptive Taukocyte
ed I nse respojse to response immune di

UniProt :3
o0

EMBL-EBI




Slimming the GO using the ‘true path rule
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...however annotations can be mapped up
to a smaller set of parent GO terms: i
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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

« AMIGO's GO slimmer

http://amigo.geneontology.org/cgi-bin/amigo/slimmer
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The EBI's QuickGO browser

EMBL-EBI Services | Resean

S

m QuickGO
Help QuickGO

Search GO terms Qi ©)
= [ “lick for example search Ssarch! )
or proteins g I

geneonoyy.urg
UniProt-GOA project
Web Services

(¥ -

i Term éa-éket: 2

T P Sy PR
Web Services

Search and Filter GO annotation sets i

FI n d SetS Of Extensive filters are available from this page to allow the generation of specific subsets of GO

—
G O an n Otatl O n S annotations, mapped to sequence identifiers of your choice.

Investigate GO slims :
g i

GO slims are lists of GO terms that have been selected from the full set of terms available from

M ap_ u p ann Otat| ons the Gene Ontology project.

. . GO slims can be used to generate a focused view of part of the GO, or with annotation data they
W|th G O SI Ims 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

View the history of changes to GO i

This page allows you to view the changes to GO, optichally filtered by date, term identifier, or type
of change.
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Exercise

Using GO slims in QuickGO Exercise 1 (pg.27)

Find protein list at:

ftp://ftp.ebi.ac.uk/pub/contrib/goa/Tutorial _Data
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Precautions when using GO
annotations for analysis

* The Gene Ontology is always changing and GO annotations are
continually being created
- always use a current version of both

- Iif publishing your analyses please report the versions/dates you used

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

« Recommended that ‘NOT’ annotations are removed before analysis
- only ~7000 out of 141 million annotations are ‘NOT’
- can confuse the analysis
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Precautions when using GO
annotations for analysis

 Unannotated is not unknown

- where there is no evidence in the literature for a process, function or
location the gene product is annotated to the appropriate ontology’s
root node with an ‘ND’ evidence code (no biological data), thereby
distinguishing between unannotated and unknown

« Pay attention to under-represented GO terms

- a strong under-representation of a pathway may mean that normal
functioning of that pathway is necessary for the given condition
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