Introduction to Proteomics                             European Bioinformatics Institute


Introduction to Genomics and Proteomics

www.ebi.ac.uk/services

The Starting Point – a sequence (peptide or protein)
MSEQSTSLGSRRVGPPLHKKALRVCFLRNGDRHFKGVNLVISRAHFKDFPALLQGVTESLKRHVLLRSAIAHFRRTDGSHLTSLSCFRETDIVICCCKNEEIICVKYSINKDFQRMVDSCKRWGQHHLDSGTLESMKSHDLPEAIQLYIETIEPVEHNTRTLIYRGQTRANRTKCTVKMVNKQTQSNDRGDTYMEAEVLRQLQSHPNIIELMYTVEDERYMYTVLEHLDCNMQKVIQKRGILSEADARSVMRCTVSALAHMHQLQVIHRDIKPENLLVCSSSGKWNFKMVKVANFDLATYYRGSKLYVRCGTPCYMAPEMIAMSGYDYQVDSWSLGVTLFYMLCGKMPFASACKNSKEIYAAIMSGGPTYPKDMESVMSPEATQLIDGLLVSDPSYRVPIAELDKFQFLAL

Feel free to try using your own favourite protein when you are comfortable using the tools!
Notation
( Information about a resource

( Instructions on what to do are in comic sans font, like this.
(Questions to answer are in bold italics, like this
Do you have any questions?

Just ask! (

Section A) Characterising Using InterProScan

We will use InterproScan to assign to family membership, identify functional domains etc.
( Open web address: http://www.ebi.ac.uk/InterProScan/
( Cut and paste the Eukaryotic sequence into InterProScan, add e-mail address and “Submit Job”
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GO Downloads

0OBO Current Ontologies : OBOformat | GOformat | XML | OWL | mySQL | Archives
Current Annotations | Ontologies and Annotations : XML | mySQL (GO Database) | Archives
Terms and IDs | Evidence Codes | Otherfiles | CVS Repository | FTP Site
Open menus
Site map
Home | New | FAQ See the GO Tools section for software downloads.
Downloads

Current Ontologies Ontologies and Definitions

Current Annotations
GO Database

Mappings to GO Format Description Updated
Documentation OBO format GO terms, defiritians and ontolagies in OBO flat ile [text] format. Every 30
GO Tools format guide gene_ontology.obo text file minutes

(@it Current term counts: as of March 29, 2005 at 2:00 Pacific time
About 6O 17677 terms, 83.8% with definifions

Terms of Use

Conact 60 9245 biological_process

1483 cellular_component
6849 molecular_function

Search GO There are 887 obsolete terms not included in the above statistics
= Monthly releases also available by ftp

@ GOterms

© geneorproteinname GO format GO terms, definitions and ontalogies in the old GO flat file [text] format Dally

(deprecated) Note thattis format s ceprecated

format ouide Molecular Function text fle

Search Site Biological Process text file

ao) Cellular Component text file
Term Definitions text file

Monthly releases also available by ftp

XML format see the go_YYYYMM-termdb.rdf-xml.gz and go_YYYYMM-termdb.obo-  Monthly
format guide xml.gz files in the GO Database archives
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This table shows the number of gene products that have been annatated to the gene ontologies by each collaborating group. A gene product can
have one or more molecular functions, be used in one or more biolagical processes and may be associated with ane or more celular cormponents
.o Tab-delimited fles of the associatians between gene products and GO terms made by the member arganizations are available from the FTP site or

"~ from the links in this table. The file format is described in the Annatation Guide. Any errors or omissians in annotations should be reparted by writing

to the GO mailing list: go@ueneantology.org.
Ontology and annatation data is integrated in the mySQL and XML files available from the GO Database site
Notes:

1) The files are compressed using the UNIX gzip utiity, use the *Dawnloa" link to downlaad the compressed file to your disk
2) Where available (e.g. for the Compugen and GO Annotations at EBI files), please also see the appropriate README file

. Biological Molecular Cellular Total Total D.II-ABt "
Process Function Component ngae References Fe“';“(',fe
Products Included Associations
non- non- non-
All IEA All IEA All IEA
o codes codes codes codes codes codes | Associated Ewdence & Last
Update
sep | 6454 6ase 6437 6437 | 437 eaa7 6454 5099 | Downioad
ol Saccharomyces Mar 28, 2005
= cerevisiae
README
in
FiyBase | 9143 5835 9277 7ees | 6447 5108 10374 7022 | Downioad
Drosophila Mar 24, 2005
melanogaster
README
Ll mel | 12577 w37 | 1asse  eras | 12847 oras 16033 5011 | Download
Mus musculus Mar 25, 2005
TaR | 11ees 11862 6234 6234 | 20831 10301 24315 2651 | Download
Arabidopsis thaliana Mar 28, 2005
README
WormBase I 8300 4228 o175 64 | 5183 ese 11808 Download
Caenorhabullis elegans Dec 13, 2004
README
= ___ .= __. .= ... _._.&= .= ._m_
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EBI Home ___ About EBI Groups. Services. Databases___Downloads

[ELIELN Sequence Search
InterPro|

This form allows you to query your sequence against InterPro. For more detaled information see

* InterPro home the documentation for the perl stand-alone InterProScan package (Readme file or FAQ's), o the.
[ — InterPro user manual or help pages.

 Iteproscan [®)] pownioad Softvare

- Databases YOUR EMAIL RESULTS

* Dosumentaton

<P sie

APPLICATIONS TORUN O Clearall © Check all
« InterProScan Help *

BlastProDom FPrintScan HUMPIR HMPTam HMSmart

HMMTigr ProfileScan

« InterProScan
Programmatic Access

SuperFamiy [ SignalPHti

ThHuM HMMPanther

TRANSLATION TABLE (DNARNA only) MIN. OPEN READING FRAME SIZE
« Database Information

> UnProt
> UniParc

Enter or Paste a| PROTEIN v | Sequence in any format: Help

MSEQSTSLGSRRVGPPLHKKALRVCFLRNGDRHFKG
VNLVISRAHFKDFPALLQGVTESLKRHVLLRSAIAHFR

RTDGSHLTSLSCFRETDIVICCCKNEEIICVKYSINKDFQ
RMVDSCKRWGQHHLDSGTLESMKSHDLPEAIQLYIET
IEPVEHNTRTLIYRGQTRANRTKCTVKMVNKQTQSNDR
GDTYMEAEVLRQLQSHPNIELMYTVEDERYMYTVLE
'HLDCNMQKVIQKRGILSEADARSVMRCTVSALAHMH

QLQVIHRDIKPENLLVCSSSGKWNFKMVKVANFDLAT
YYRGSKLYVRCGTPCYMAPEMIAMSGYDYQUDSWS.
LGVTLFYMLCGKMPFASACKNSKEIYAAIMSGGPTYP
< | >

Upload a file [(Browse... ] ‘Submit Job ] [ Reset ]





[A “Your job is running” screen will appear until the job completes.  This may take a few minutes to finish.]
( Looking at the results from InterProScan

InterPro is an integrated documentation resource for protein families, domains and sites. InterPro combines a number of databases (referred to as member databases) that use different methodologies and a varying degree of biological information on well-characterised proteins to derive protein signatures. By uniting the member databases, InterPro capitalises on their individual strengths, producing a powerful integrated diagnostic tool. 
InterPro unifies: 
· PROSITE regular expressions and profiles 

· Pfam, SMART, TIGRFAMs, PIRSF, PANTHER, Gene3D and SUPERFAMILY hidden Markov models (HMMs) 

· PRINTS, provider of fingerprints (groups of aligned, un-weighted motifs)

· PRODOM who use Clustr analysis to group sequences
Signatures describing the same protein family, domain repeat or site are grouped into unique InterPro entries. Each combined InterPro entry has a unique accession number, an abstract describing the features of proteins associated with the entry and literature references and has links to the relevant member database(s). All UniProt protein sequences that have matches to a particular InterPro entry are listed in the Match Table associated with that entry. There are also links to the InterPro graphical views. The graphical views, which can be sorted by UniProt accession number, structure or taxonomy, show the position of the signatures on the protein, mousing over the signature brings up a pop-box, giving the accession, name and position.

InterPro graphically represents the location of a protein domain and information pertaining to the origin of that domain and the proteins that contain it. Families are also defined and may contain several InterPro domains which are often, but not always, in the same order.  Through the InterPro Domain Architecture view, the composition and order of the different domains within a family are clearly displayed for easy comparison, as well as for simple navigation between the entries for individual domains. 

InterPro and InterProScan are accessible for interactive use over the EBI web server (http://www/ebi.ac.uk/interpro/), they are distributed as stand-alone copies by anonymous ftp.

InterPro entries are linked to one another through PARENT/CHILD and CONTAINS/FOUND IN relationships. PARENT/CHILD relationships indicate superfamily/family/subfamily relationships, as well as domain hierarchies, where sequences can be subdivided into more specific sub-sets. CONTAINS/FOUND IN relationships apply to domains, repeats and sites within families, and are used to describe the composition of protein sequences.
When the program has finished running…
( Mouse over the signature to bring up a pop-box on the scroll bar, giving the accession, name and position (IE-only).

( Click on IPR000719 to see what information you can gain about this domain.

( Choose one GO term and copy/paste the GO ID into the text search box at the top of the InterPro entry page to list all the InterPro entries associated with this GO term.

(What GO terms can you assign to your protein on the basis of InterPro signature recognition?
( Returning to the IPR000719 entry page and view the PARENT/CHILD tree.

(What relationships does this entry have with other InterPro entries?
( Look at the ‘Overlapping InterPro Entries’ for IPR000719, and find the data for its overlap with IPR008271, the entry for the active site contained within this domain.  

(How many proteins that contain the IPR00719 kinase domain also contain the IPR008271 serinine/threonine active site?  Are all the amino acids from this active site contained within the IPR00719 domain?

( At the top of the InterPro entry page are a number of different views possible for the proteins within this entry.  Follow the link to ‘of known structure’  under the ‘Detailed’ view.  Find the protein CHK1_HUMAN (O14757) in the list, , which has a PDB structure (green striped bar) for its kinase domain. Notice that the classification of this domain differs in CATH (pink striped bar) and SCOP (black striped bar).  Use the links to the domain classifications in CATH and SCOP to explain why the classification differs in these two databases.
(Have a look at the structure of the kinase domain using Astexviewer®, by clicking on the [image: image2.jpg]


 symbol adjacent to the first CATH domain (3.30.200.20.1). Notice that the selected CATH domain is highlighted in yellow, with the remaining region of the PDB being in green. Scroll along the sequence to residue 42 (K - lysine) and click on ‘K’.  This will zoom in and identify the residue on the structure; then click ‘zoom out’ to view the entire structure with the residue highlighted. 

(Is this residue buried or on the external surface of the protein?  

( Click on the adjacent residue, but this time clicking on the structure itself. 

(What residue is the lysine adjacent to?  

(Now zoom out again, and have a look at the structure using the ribbon view by clicking on ‘ribbon’.  

(note:  you can depress your left mouse button whilst moving the mouse to rotate the structure to any angle you want in order to get a better view of the structure).
(What is the predominant topology of this protein, alpha helix or beta sheet? 
( Returning to the InterProScan results page, click on IPR003533 

(What additional information can you gain about this protein?

(Move down to the taxonomy wheel and open the other fruit fly sequences which contain this domain.

(Is this domain only present in kinases?

Other Examples (Microbial)
1) Simple example of proteins which hits a family and contains N and C terminal domains that back up the function. Look at the family hierarchy and GO terms in the entry for additional information.
MINNSNDIGFIQDIAGLDKLRQKAVNGDENAGQSALTAAARQFESIFTSMMLKSMRDANS

DFKSDLMSSQNEDLYRQMLDEQDASEFSSSGSLPLADMIVAQLSTGQTASEQKGEDGFQE

AMRRVEHARKTAVERSNEDLVAAVYPLRKTQAVLSTQFDSRHSFVTKLKPYADKAARMLG

VDSSLLIAQAALETGWGQKMVKNARGNSNNLFNIKADRSWQGDKVATQTLEYHNNVPVVE

KAAFRSYASFDESFNDYVRFLENNPRYTNALDHGGNSERFIHGIHRAGYATDPQYADKVL

RVKAQIDQMNLYKSPAGIFRRHSFSSSIFSAYQS

And/Or
MKNVGFIGWRGMVGSVLMQRMVEERDFDAIRPVFFSTSQLGQAAPSFGGTTGTLQDAFDLEALKALDILVTCQGGDYTNEIYPKLRESGWQGYWIDAASSLRMKDDAIIILDPVNQDVITDGLNNGIRTFVGGNCTVSLMLMSLPPLFANDLVDWVSVATYQAASGGGARHMRELLTQMGHLYGHVADELATPSSAILDIERKVTTLTRSGELPVDNFGVPLAGSVIPWIDKQLDNGQSREEWKGQAETNKILNTSSVIPVDGLCVRVGALRCHSQAFTIKLKKDVSIPTVEELLAAHNPWAKVVPNDREITMRELTPAAVTGTLTTPVGRLRKLNMGPEFLSAFTVGDQLLWGAAEPLRRMLRQLA

2) A more difficult example.  Can you figure out the specific function of this protein? (Clue: look at the un-integrated hits).  
MSAVALPRVSGGHDEHGHLEEFRTDPIGLMQRVRDECGDVGTFQLAGKQVVLLSGSHANEFFFRAGDDDLDQAQAYPFMTPIFGEGVVFDASPERRKEMLHNAALRGEQMKGMAATIEDQVRRMIADWGEAGEIDLLDFFAELTIYTSSACLIGKKFRDQLDGRFAKLYHEHERGTDPLAYVDPYLPIESFRRRDEARNGLVALVADIMNGRIANRPTDKSDRDMLDVLIAVKAETGTPRFSADEITGMFISMMFAGHHTSSGTASWTLIELMRHRDAYAAVIDELDELYGDGRSVSFHALRQIPQLENVLKETLRLHPPLVVLMRVAKGEFEVQGHRIHEGDLVIASPAISNRIPEDFPDPHDFVPARYEQPRQEDLLNRWTWIPFGAGRHRCVGAAFAIMQIKAIFSVLLREYEFEMAQPPESYRNDHSKMVVQLAQPACVRYRRRTGV

Section B) Inference Using Homology
Homology to other related proteins is another powerful tool for information on a particular protein.

(Return to www.ebi.ac.uk/services 

( Alignments and Search algorithms
BLAST (Basic Local Alignment Search Tool), finds regions of sequence similarity and gives functional and evolutionary clues about the structure and function of your novel sequence. WU-BLAST 2.0 and NCBI BLAST2 are distinctly different software packages, although they have a common lineage for some portions of their code, so the two packages do their work differently and obtain different results and offer different features. You can also check for vector contamination with Blast2 EVEC.

Fasta can be very specific when identifying long regions of low similarity especially for highly diverged sequences. You can also conduct sequence similarity searching against complete proteome or genome databases using the Fasta programs.
MPsrch – Smith and Waterman algorithm, capable of identifying hits in cases where Blast and Fasta fail and also reports fewer false-positive hits.  

For this exercise, we will use MPsrch:
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EBI Home  About EBI Databases___Downloads __ Submissions

© EpmE BE(EN Submission Form
« General Help
« Formats MPsrch is a biological sequence sequence comparison tool that implements the
true Smith and Waterman algorithm. It runs a search on a HPICOMPAQ cluster,
- Em using single and parallelised versions of the software. It allows an rigorous search
- Matrix in a reasonable computational time. MPsrch utilises an exhaustive algorithm, which
s recognised as the most sensitive sequence comparison method available, whereas Biast and
- TEmEE Fasta utilise a heuristic one. As a consequence, MPsrch is capable of identifying hits in cases
« WPsrch Help where Blast and Fasta fail and also reports fewer false-positive hits
YOUREMAL | SEARCHTITLE |  RESULTS DATABASE PROGRAN
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OSTIEATRIETS ANNOTATION STILE SORT ‘SUMMARY & ALIGNHENTS
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Enter or Paste a Protein Sequence in any format: Help
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WAKVVENDREITMRELTPAAVIGTLTTEVGRLRKLNMGPEFLSAFTVGD(
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( Paste the sequence into MPSrch, check that the Database = UniProt and click “Run”
Scores should suggest a 100% match to Q9VCL7_DROME and a 38% identity to Q8N568 (DCAK2_HUMAN)

( Click on “Show Alignments” to display aligned sequences 
( UniProt

The UniProt Consortium is comprised of the European Bioinformatics Institute, the Swiss Institute of Bioinformatics and the Protein Information Resource. The UniProt consortium aims to support biological research by maintaining a high quality database that serves as a stable, comprehensive, fully classified, richly and accurately annotated protein sequence knowledgebase, with extensive cross-references and querying interfaces freely accessible to the scientific community.
UniProt can be accessed via http://www.uniprot.org/
All data stored in UniProt can be downloaded from the Download Centre at http://www.uniprot.org/database/download.shtml. 

( Click on the hyperlink Q9VCL7_DROME in the results table to open the UniProt entry.
This is a UniProt/TrEMBL entry.  i.e. It has been translated from the nucleotide sequence and only automatic annotation and additional cross-referencing have been added.

N.B.  If Gene Name=Orf name, it will probably change when protein is characterised

Tax ID as supplied by the NCBI 

( Click on the taxonomy link in the “From” field and open NEWT.
( Newt

The NEWT database is a compilation of the information within the NCBI Taxonomy database together with proteins found in the Swiss-Prot and TrEMBL section of UniProt.  It is maintained by the SwissProt group in Switzerland. For each species, NEWT displays the following taxonomy data: Swiss-Prot scientific name, Swiss-Prot common name and Swiss-Prot synonym, lineage, number of protein sequence entries in Swiss-Prot and TrEMBL.

The NEWT data is available from the European Bioinformatics Institute

( Go back to the UniProt entry and click on the IntAct accession hyperlink to open the protein’s IntAct entry (it’s found in the database cross reference section).
( Cross-references

Nucleotide Database – original submission data, identical underlying information stored in EMBL, Genbank and DDBJ but slightly different views.

HSSP – Swiss Homology Model. For proteins lacking a PDB entry, gives most similar UniProt entry with a 3D structure.
BioCyc – Enzyme and Pathway database
IntAct – Molecular Interaction Database

IntAct is a freely available, open source database system and also provides analysis tools for protein interaction data. All interactions are derived from literature curation or direct user submissions and are freely available.
InterPro – Link to InterPro entries (see Section A)

Etc. 
(Click on the links in the field titles for more information).
If a protein has interaction with annotated protein of known function – further details of the interaction could tell you more about your protein.

(Which proteins does your sequence interact with? 

IntAct stores an interaction in the context of the experimental method which described this interaction. If an interaction has been described several times using different methodologies, this will increase the “Number of Interactions” and also our confidence in the veracity of the interaction.

( Click on Experimental detail to see details of experimental methodology

( Check the box to select a protein and then click “Graph” to see graphical view. (see next page for a screen grab of the results page)
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0OBO

open biomedical ontologies

Open Biomedical Ontologies is an umbrella web address for well-structured controlled vocabularies for
shared use across different biological and medical domains.

This site contains ontologies and points to some other efforts within the community. Ideally we see a range of ontologies
being designed for biomedical domains. Some of these will be generic and apply across all organisms and others will be
more restricted in scope, for example to specific taxonomic groups.

View the OBO ontologies in table form
Browse the OBO ontologies

OBO Inclusion Criteria

1. The ontalogies must be open and can be used by all without any canstraint ather than that their origin must be acknowledged
and they cannat be altered and redistributed under the same narme.

The OBO ontologies are for sharing and are resources for the entire community. For this reason, they must be available to all without any constraint
or license on their use o redistribution. Howsver, it is proper that their original source is atways credited and that after any external alterations,
they must never be redistributed under the same name or with the same identifiers.

2. The ontalagies are in, or can be instantiated in, a common shared syntax. This may be either the GO syntax, extensians of
this syntax, ar OWL.

The reasan for this i that the same tools can then be usefully applied, This facilitates shared software implementatians. This criterion i not met in
all of the antalogies currently listed, but we are warking with the antology develapers ta have them available in a common OBO syntax,

3. The antalagies are orthogonal ta other antologies already lndged within OBO.

The major reason for this principle is to allow two different ontologies, for example anatomy and process, to be combined through additional
relationships. These relationships could then be used to constrain when terms could be jointly applied to deseribe complementary (but

distinguishable) perspectives an the same biolagical or medical entity.

& a corollary to this, we would strive for community acceptance of a single ontology for one domain, rather than encouraging rivalry between

ontologies. -
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Main Ontologies

Browse Project CVS Subscribe Contact

These are the ontologies currently ladged within OBO. Click on the column heading to sort the table and click on the ontology name for

further information on the ontology.

A subset of the 0BO antalogies have the designatar Gene Ontalogy Consortium core ontalogy. This designates a subset of ontologies
that are intended to be used in combination with each ather for the generation of campound antalogies using cross-praducts.

Show only Gene Ontology Consortium core ontologies

Domain
Animal natural history and life history.
Arabidopsis gross anatomy

Arabidopsis development

BRENDA tissue / enzyme source

Cell type

Cereal plant gross anatomy.

Cereal plant development

Cereal plant trait

Chemical entities of biological interest
Protein covalent bond

Protein-protein interaction

Maize gross anatomy

Dictyostalium anatomy
Drosophila gross anatomy
Drosophila development
Habronattus courtship
Loggerhead nesting
Evidence codes

€¥0C (Expressed Sequence Annotation for

I

Prefix
40w
THR
THR
870
o
RO
RO
To
CHEBI
ov
m

A

DDANAT
FBbt
FBdv
[none]
[none]

ECO

Ev

Files
protege source
arabidopsis anatomy.ontology and arabidopsis anatomy.definitions

arabidopsis development.ontology and arabidopsis development.definitions

Brenda Tissue and Brenda Tissue Definitions
cellobo

anatomy gramene.ontology and anatomy gramene.definition
temporal gramene.ontology and temporal gramene.definition
trait ontology and trait definition

ontology.obo

[none]

psi-mi.dag and psi-mi.def

Zea mays anatomy ontology.txt and Zea mays anatomy ontology
definitions.txt

anatomy.ontology and anatomy.definitions
fiy anatomy.obo

fly development.obo

protege source

protege source

evidence code.obo

ontology downloads

yes

yes

ves

yes

yes

ves

yes

ves

yes
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About GO
Terms of Use
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Search GO
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Search Site
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GENE ONTOLOGY

What is the Gene Ontology? Download the Onfologies

The goal of the Gene Ontology project s to produce a controlled vocabulary that can be applied to all organisms
even as knowledge of gene and protein roles in cells is accumulating and changing. GO provides three
structured networks of defined terms to describe gene product attributes. GO is one of the controlled
vocabularies of the Open Biomedical Ontologies

 Submit new GO term suggestions via the Curator Requests Tracker at SourceForge. Help with new term subrnission
is available.

o Send comments and questions to g@geneontology.org.

Search GO ] ol

@GOterm € gene or protein name

This search uses the browser AmiGO. See the GO tools section for other GO browsers.

What's New?

« Forthose users of GO who would rather not view eukaryote-specific terms (such as mitochondrial and nuclear terms),
we now have available as part of the OBO format ontology file @ new category of GO terms: a prokaryotic subset used
to filter out eukaryotic terms. For more information see the README . (posted Febuary 8, 2005)

« We are pleased to annaunce that the four currently maintained GO slims, those for plant, yeast, GOA and the generic
GO slim, have now been incorporated into the OBO format fiat fle. These GO slims will continue to be supplied in the
old format for those who have not yet canverted to the new OBO farmat. See the GO Slim Guide for mare information
on GO slims. (posted July 21, 2004)
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Dniproc. 054259 vL_RaT 00005529 PmID:7604013 DA C Von Hippel-Lindau disease tumor suppressor TPTO0210924  prot.
ENSEIEL BNSRNOPOOOD0034095  ENSRNOPO0000034055 ©0:0005198  Cok:incerpro IEA ¥ IPT00362775  protein
ENEEIEL ENSRNOPOOO00034095  NSRNOPO0000034055 ©0:0007L65  Cok:incerpro IEA » IPT00362775  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 ©0:0004742  COk:incerpro IEA ¥ IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00004812 COk:incerpro IEA ¥ IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00005515 Cok:incerpro IEA ¥ IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00005524  Cok:incerpro IEA ¥ IPIO0476762 provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00008415 COk:incerpro IEA ¥ IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00006096  Cok:incerpro IEA » IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00006415 COk:incerpro IEA » IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  NSRNOPO0000034056 00008152 Cok:incerpro IEA » IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034096  ENSRNOPO0000034056 00045254  Cok:incerpro IEA c IPIO0476762  provein
ENEEIEL ENSRNOPOOO00034095  ENSRNOPO0000034055 00016491  Cok:incerpro IEA ¥ IPI00476415  protein
ENEEIEL ENSRNOPOOO00034100  ENSRNOPO0000034100 ©0:0003524  Cok:incerpro IEA ¥ IPI00400509  protein
ENEEIEL BNSRNOPOOOO0034104  ENSRNOPO0000034104 010003910 Cok:incerpro IEA ¥ IPIO0S88619  provein
ENEEIEL BNSRNOPOOOO0034104  ENSRNOPO0000034104 00005524  Cok:incerpro IEA ¥ IPTO0S88619  provein
ENEEIEL BNSRNOPOOOO0034104  ENSRNOPO0000034104 010006260  Cok:incerpro IEA » IPTO0S88619  provein
ENEEIEL BNSRNOPOOOO0034104  ENSRNOPO0000034104 ©0:0006251  Cok:incerpro IEA » IPTO0S88619  provein
ENEEIEL ENSRNOPOOOO0034104  ENSRNOPO0000034104 010006310 Cok:incerpro IEA » IPIO0S8861  provein
ENEEIEL BNSRNOPOOOO0034106  ENSRNOPO0000034106 010004571  Cok:incerpro IEA ¥ TPTOOSSSEZL  provein
ENEEIEL BNSRNOPOOOO0034106  ENSRNOPO0000034106 00005509 Cok:incerpro IEA ¥ TPTO0SSSEZL  provein
ENEEIEL ENSRNOPOOO00034106  ENSRNOPO0000034106 0:0006487  Cok:incerpro IEA » TPTO0S8SEZL  provein
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( Centre the graph by clicking on ARF2_DROME – 

( Which processes does GO annotation suggest this protein is involved in?

(Highlight “Add a network” and click on ARF2_DROME

We will return to IntAct later but for now we will continue adding information to our existing Drosophila sequence.

(Return to the UniProt entry.
(Scroll to the top of the entry and click on “Extended View”

This adds automatic annotation (in Green)- in this case adds Similarity Statement and keywords.

( What additional information has this added to our protein of interest?

Section C) Searching UniProt

In the previous section, we have accessed UniProt by searching it with a sequence using MPsrch.  Now we will search using text-based querying.
Firstly we will do a simple text search

(Return to http://www.ebi.ac.uk/services
(Select UniProt Search -> Text Search 

( Do a search for the words ACEK  and COLI.  You should get a list of about 9 hits.  Find the entry with accession P11071 and click on it.
( Scroll down to the cross-reference section.  

( Using HAMAP, which are the closest orthologs to the E coli protein you searched with?
(HAMAP

HAMAP stands for High-quality Automated and Manual Annotation of Proteomes.  HAMAP families are a collection of orthologous microbial protein families, generated manually by expert curators. They are used for the high-quality automatic annotation  of microbial proteomes in the framework of the UniProtKB/Swiss-Prot protein knowledgebase.
Now let’s ask a more complicated question…
( Are all Arf family members regulated by phosphorylation?

We need to search in UniProt for Arf family members
(Return to http://www.ebi.ac.uk/services
(Select UniProt -> Text Search -> UniProt text query

(Select Power Search

( Find all entries where species=Drosophila melanogaster
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( Select all entries containing the word “arf”
( Select Dataset manager

( Use pull down menus and Venn diagram to select set where “species=Drosophila melanogaster” and “entry contains text=arf”
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You should end up with a set of approximately 20 proteins
( Click on query to view set.

( Open Q9NGC3 (CEG1A_DROME) – this is a fully annotated UniProt/Swiss-Prot entry.

( UniProt Entry Comments

If and when the entry contains several merged TrEMBL entries which have been curated at the sequence level – errors may have been seen and corrected in the sequence (“Comments – Caution”). The cross-reference to the nucleotide entries have been tagged to show there is an error.

Comments – interaction. Derived from IntAct, usually chosen by Interaction Detection Method, for example X-ray crystallography (no. interactors=2) gives high confidence of a binary interaction and would be exported to this line.

Additional annotation added by curators reading journal articles and adding information to entry.

Compare our TrEMBL entry to Q8N568 DCAK2_HUMAN (38% similarity by alignment) 
( Could annotation be transferred from human -> fly?

( Return to www.ebi.ac.uk/services, select UniProt and type Q00987 into Text Search.  This is an example of a fully annotated protein with plenty of information known about it.
( IntAct
Intact is the database of protein interactions maintained at EBI.
We have already accessed IntAct from within UniProt to access information on individual proteins – we will now use the Advanced Search to find more complex datasets.

( Select IntAct from Protein Databases

( Click on Advanced Search (currently in “News”)

Use Advanced search to look for interactions associated with leukaemia

( Under “Topic” select “Disease” on the pull down menu

( Type “Leuk*” in the free-text box below (this by-passes the difference between UK and US spellings).

Search for any experiments where the interaction was identified using fluorescent resonance energy transfer (FRET) technology.

( Check “Experiment”

( Scroll down to Interaction Detection and select “fluorescent resonance” in the pull-down menu 

( Click on “wigelsworth-2004-2” to confirm result.
Note that mutations and binding sites on the interacting molecules are listed under “Sequence Features”
Section D) Gene Ontology (GO) Tutorial

In this tutorial you will:

· Visit the Gene Ontology (GO) site and see the principal components available to GO users
· Visit the Open BioMedical Ontologies (OBO site) and see the other ontologies which are being developed.
· Search for GO terms within the Official GO Consortium GO Browser – AmiGO
Visiting the Gene Ontology (GO) site

( Go to the GO site: www.geneontology.org
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(to view the expanded table of contents, click on the ‘Open menus’ option)

The table of contents on the left links to three objects of particular interest here:

· Current Ontologies

· Current Annotations

· Documentation

NOTE: 

It is important to distinguish the ontologies (developed as organism-independent structured vocabularies) from the annotations (organism-specific and describing gene product molecular function, biological process and cellular component using the GO). In some sense, the GO provides the tree on which biologists can hang their organism’s gene products.

Exploring the GO documentation

( Have a look at:   http://www.geneontology.org/doc/GO.doc.html 

These pages provide further information on the GO consortium.
An important aspect of the GO Consortium is that it has grown to include many databases, including several of the world's major repositories for plant, animal and microbial genomes: 

http://www.geneontology.org/doc/GO.consortiumlist.html
(you can find further documentation on the use of the GO at many of these member database sites)

( How many organizations make up the GO Consortium?

( How would you go about requesting a GO term?

( What e-mail address would you use to send any questions or comments about the GO?
Exploring the Gene Ontologies

( Have a look at the Current Ontologies available at: 
http://www.geneontology.org/GO.downloads.shtml#ont

( What are the formats that GO is available in and which is the recommended format?

(Note that some of the content may vary slightly since these files are frequently updated by different sources but not on the same schedules.)

GO annotations

There are 13 groups that regularly submit annotations to the GO Consortium. 

( Have a look at the page containing the Current Annotations available to use in conjunction with the ontologies:

http://www.geneontology.org/GO.current.annotations.shtml

( Notice that the total number of gene products associated varies significantly from organism to organism.  Why do you think this is?

( GOA
One set of gene association files available to download from the GO site is the  ‘GO Annotations @ EBI’ (GOA) files (also available from the EBI ftp site: ftp://ftp.ebi.ac.uk/pub/databases/GO/goa/).

These include a UniProt file, which contains all GO annotations to proteins present in the UniProt knowledgebase (GOA provides over 5.5 million annotations to over 1.2 million proteins, covering over 84,000 species). 

In addition, GOA provides a number of species-specific gene association files that provide GO annotation to human, mouse, rat, Arabidopsis and zebrafish non-redundant proteome sets (built from the UniProt, Ensembl, TAIR, RefSeq and H-Invitational databases).

GOA integrates manual annotations from other model organism databases (including FlyBase, GeneDB, HGNC, MGI, RGD, SGD, TAIR and ZFIN) to ensure GOA files remain a key reference.

( If you have time, have a look at one of the smaller gene association files (such as the GO Annotations @ EBI Rat, or Zebrafish files). These files can be opened up in any text editor (e.g. WordPad) or into Excel.
The Annotation Guide provides further details on the layout of gene association files.  It is available at: http://www.geneontology.org/GO.annotation.shtml?all


 (extract from the GO Annotations@EBI non-redundant Rat gene association file).
GO Tools 

The GO Consortium has built up a repository of tools designed by members of the Consortium and outside groups to aid in searching, browsing and manipulating of GO, annotating to GO, as well as tools for the analysis of results from high throughout experiments e.g. gene expression/microarray analysis.

 (Go to the pages describing the GO tools: http://www.geneontology.org/GO.tools

Have a look at the different tools available.

(  Name a tool that mines text to locate possible GO terms 
Open Biomedical Ontologies (OBO) site

( Go to the OBO site to view other ontologies which are being developed to describe other areas of biology:
http://obo.sourceforge.net/

(  What are the criteria for an ontology’s inclusion into the OBO site?

( Click on ‘View the OBO ontologies in table form’ to view all the ontologies that have been submitted to OBO.

NOTE:

You will find that some ontologies are in early stages of development, whereas others, like GO, are being developed and used by a number of large databases.
This is the end of the short tour of some of the resources available at the EBI. Perhaps you might like to try it again with a more relevant sequence. Remember that all this information is at your disposal and much of the data can be downloaded and installed in-house.
Transferring Data from IntAct to Cytoscape 2.1

Cytoscape is an ongoing, open-source community software program which is useful for biological data integration in the context of a network, and for visualizing and performing calculations on biological networks. Many useful capabilities are built into the platform's core, and plug-ins can be developed by those who know the Java programming language to add new features.

( Open www.ebi.ac.uk/intact (or access via the Services page)

( Perform a simple search for yeast lsm7 (P53905).

( Highlight the yeast protein and open the graphical view by pressing “Graph”

( “Download” the PSI file. Open Cytoscape 2.1 with the PSI-MI Import/Export Plugin (Version 2) loaded in place. Click on “Plugins” -> “PSI-MI Import/Export” and then you can either import a saved PIS_MI XML file or load from the web by just pasting in the URL of your download from IntAct. 

( To reshape the graph, press “Layout” -> “y-files” -> “organic” (try other formats to see the difference.

( Press on the blue cross icon – this fills the screen and adds the proteins IDs as labels.

( Select a subset of data to indicate as a discrete sub-complex. Mouse over one protein, right-click and select “Node-editing” and customize shape and colour. Repeat over entire sub-complex.

( Select your sub-complex (Click on each protein whilst holding down the Shift key) and then move to a distinct location on the screen.

( Zoom in on the sub-complex by pressing the pink cross/blue ball icon (Zoom selected regions).
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