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Exploring PROResources

TheProtein Ontologys a controlled vocabulary of terms to descipbetein classeand

their relationshipsPRO provides a means to refer to a specific protein object. Each
protein class has a distinct PRO ID, therefore a modified and unmodified form of given
protein are twmbjects in the ontologyln this tutorial, you will learn how toavigate

the PRO websitaownloadthe ontology and annotationéPAF).

Downloading the ontolog and annotations

If you want to incorporat®ROontology or annotations in your computatiarork, you
may need to downbd them.

Go to thePROsite: pir.georgetown.edu/pro/
In theleft menu, select Downloads to be directed to the ftp site.

The Current Ontologis available at:
ftp://ftp.pir.georgetown.edu/databases/ontology/pro obo/

PRO file is in OBO 1.2 format and should be opened with OBO Edit 1.1 or higher. Th
editor can be downloaded framitp://www.oboedit.org/indektml.

FTP directory /databases/ontology/pro_obo/ at ftp.pir.georgetown.edu

To view this FIP site in Windows Explorer, click Page. and then click Open FTP Site in Windows Explorer.

Up to ugher level directory

04/02/2009 05:33FM 814,776 ELF.LXT Current AnnOtaon flle
04/01/2009 0&6:51FM 40,122 EAF guidelines.pdf

04,/02/2009 08:16FM Directory PRO mappings

04/02/2009 07:24FM Directory old files i
04/02/2009 06:51PM 1,007,029 pro.cbo Current Ontology file
04/02/2009 05:43FM 2,349 pro readme.txT

04/02/2009 052:20FM 2,024 pro_relesse note.txt

The ontology is also available through the:
OBO Foundry http://www.obofoundry.orgih OBO and OWL formats.
Bioportat http://bioportal.bioontology.org/

Note the flatfile format:

format - version: 1.2

date: 02:04:2009 14:51

saved - by: arighic

auto - generated - by: OBO - Edit 1.101
default - namespace: pro


ftp://ftp.pir.georgetown.edu/databases/ontology/pro_obo/
http://www.oboedit.org/index.html
http://www.obofoundry.org/

remark: release: 5.0, version 1

[Term]

id: PRO:000000001

name: protein

def: "A biological macromolecule that is composed of amino

acids linked in a linear sequ ence (a polypeptide chain) and
is genetically encoded. Proteins descended from a common

ancestor can be classified into families and superfamilies

composed of products of evolutionarily - related genes. The
domain architecture of a protein is described by th e order of
its constituent domains. Proteins with the same domains in

the same order are defined as homeomorphic." [PRO:WCB]

[Term]

id: PRO:000000002

name: E3 ubiquitin ligase SFC complex, Skpl subunit

def: "A protein with a core domain composition consis ting of
an N - terminal Skpl1 family, tetramerisation domain (PF03931)

followed by a Skp1l family, dimerization domain (PF01466).

Skpl proteins bind several F - box - containing proteins, and are
involved in the ubiquitin protein degradation pathway."
[PRO:CNA]

comment: Category=family.
xref: PIRSF:PIRSF028729
is_a: PR0O:000000001 ! protein

[Term]

id: PRO:000000003

name: HLH DNA - binding protein inhibitor

def: "A protein with a core domain composition consisting of
an Helix -loop - helix DNA - binding domain (PF00010) (H LH),
common to the basic HLH family of transcription factors, but
lacking the DNA binding domain to the consensus E box
response element (CANNTG). By binding to basic HLH
transcription factors, Id proteins regulate gene expression."
[PRO:CNA]

comment: Cate gory=family.

synonym: "DNA - binding protein inhibitor ID" EXACT []
synonym: "ID protein" RELATED []

xref: PIRSF:PIRSF005808

is_a: PR0O:000000001 ! protein

After some version information, there is a stanza of information about each term. The
definition istied to the id. Notice that each definition is followed by [ ] in which the
source of the definition is provided.

Annotations: The annotations to PRO are in the PAF.txt distribution Slendicated

above. Opethe README fileand the PAF guidelinesdpto learn about the structure of
this file. PAF is a tab delimited file that tries to follows gene ontology association (GAF)
file as much as possible to facilitate interoperability. The object of annotation is a PRO
term. However, PRO annotates the Pefn using others ontologies on top of GO. Then
the PAF file has to accommodate for this requirement.



Here is an example of some of the information in this file.

Homepage:

PRO_ID Object_term Modifier |Relation Ontology_ID |Ontology_term Evidence_sourcgEvidTaxon DB_ID Modified_residue, MOD_ID
PRO:00000053¢c-myc isoform 1 glycosylated 1| has_function GO:0003700 |transcription factor activity |PMID:11904304 [IDA [TaxID:9606 |UniProtKB:P01106-Thr-58, MOD:00806
PRO:00000053¢c-myc isoform 1 glycosylated 1] participates_in  |GO:0006357 ?ﬂﬁé‘f;ﬁlﬁ;’;ﬁ?ﬁ?ﬁﬁlﬁ; PMID:11904304 [IDA | TaxID:9606 UniProtKB:POllOG-}lIhr-SS, MOD:00806
PRO:00000053¢c-myc isoform 1 glycosylated 1 has_modification|MOD:00806 toh'r(e’\;:‘ifsy'ami"Og'”cosy')' PMID:11904304|  [TaxID:9606 |UniProtkB:P01106-{Thr-58, MOD:00806
PRO:00000053gc-myc isoform 1 phosphorylatefNOT has_function G0:0003700 |transcription factor activity [PMID:7623799 (EXP|TaxID:9606 [UniProtkB:P01106 z;&%;élgD:OOOAGlThr-SS,
PRO:00000053§c-myc isoform 1 phosphorylate)l 2 located_in GO:0005634 |nucleus PMID:14563837||IDA |TaxID:10090 UniProtKB:POllOS-ﬁ%'g:zdo"ggD:oome|Thr.58'
PRO:000000538c-myc isoform 1 phosphorylategl 2 has_modification|MOD:00046 |O-phospho-L-serine PMID:14563837 TaxID:10090 [UniProtkKB:P01108- zgﬁ%;élgD:OOOAGlThr-sS,
PRO:00000053§c-myc isoform 1 phosphorylate)l 2 has_modification|MOD:00047 [O-phospho-L-threonine PMID:14563837 TaxID:10090 UniProtKB:POllOS-ﬁ%ﬁ%ohggD:oome|Thr-58'

The menu on the left links to several documents and information pages. Ttee link
download is there as welthe functionalities in thipageare: (i) Browsing, (ii)PRO

entry retrieval(iii) text search, anfiv) annotation.
| HOME ! Protein Ontology

relationships between them.

= Consortium Retrieve a PRO enfry (entsr a PRO ID): Se

PRO is a formal representation of protein objects, providing both descriptions of these objects and the

earch PRO (enter text or ID):

=Dissemination | | - |

=PRO Wiki

= Documentation

iki
L) Browse PRO &5 Annotation:

RACE-PRO PRO tracker

= Downloads

PRO encompasses a sub-ontalogy of proteins based on evelutionary relatedness [ProBve) and a sub ontalogy of the
multiple protein forms produced from a given gene (ProFerm). PRO is interoperable with other | oundry entologies--
such as the Sequence Ontology (SO} and the Gene Ontology [GO)--that provide representations ofproteln qualities. This
interoperability facilitates cross-species comparisons, pathway analysis, disease modeling, and the generation of new
hypotheses through data integration and machine reasoning,

PRO [Pfam Domain
T [proenoman |
Roof Levei o has part
Family-Level Distinclion - GO Gene Ontology
= In common: specific ancestor s : _ molecular function
- Source: PIRSF family translation product of an evolutionarily-related gene I M

is_a T

translation product of a specific gene |

=

biological process
participaies in

Gene-Level Distinclion
* In common: specific gene
= Sources: PIRSF subfamily, Panther subfamily

cellular component

{

Segquence-Leve! Dishinclion

part_of (for complezes)
* In common: specific allele or splice variant | translation product of a specific mRNA I i Jocxind_tn (for coepartmanis)
- Soures et =af | pomm Disesse

Modificalion-Level Distinclion disease

= In commeon: specific translation product
« Source: UniProtkB

| cleavedimodified transiation product | /

|SO Sequence Onlology
Example
Modification Lavel [ ) TGF-£receplor phnsph_n rylated smad2 isoform1 9?‘1"’"“:“’"99
ProForm isa phosphorylated smad2 isoform1 ] uence c]
By agend_of{aifeet on nuﬂm)
Sequence Level |: isa smad2 isoform 1 .
Gane Level l: isa smadl ) MOD:’MI Madification
) isa TGF-f receptorrequlated smad
ProEvo Family Level [ isa smad jprotein modification
i Teas_meodification
Rooi|Level E fsa protein lacks_madification




(i) PRO Browser:
A tool that is used to explore the structure of RfROis thePROBrowser
> PRO Hierarchy

t rooT
=]

PRO:000000001 protein
E  PRO:000000002 EF ubiguitin ligase SFC complex Skpl subunit
E PRO:000000003 HLH DNA-binding protein inhibitor
El  PRO:000000004 RING-box protein
El  PRO:000000005 TGF-bets receptor type-2
El  PRO:000000006& TGF-beta superfamily receptor type-1
E PRO:000000007 TGF-beta superfamily receptor type-2 with activin receptor domain
Fl  PRO:000000008 TGF-beta-like cystine-knot cytokine
El  PRO:000000009 anti-Muellenian hormone fype-2 raceptor
= PRO:000000010 chordin
E  PRO:000000011 class i small leucine-rich protecglycan
[ PRO:000000012 creb-binding protein/zinc finger protein HRX chimera
o] PRO:000000013 cullin
El  PRO:000000014 cyclin-dependent kinase inhibitor
El  PRO:000000015 follistatin
E  PRO:000000016 HECT-domain-containing E3 ubiquitin-protein ligase with WW domains
E PRO:000000017 interferon gamma
El  PRO:000000018 latent TGF-bets-binding protein
E  PRO:00000001% mitogen-activated protein kinase
El  PRO:000000020 myc protein
= PRO:00000002 1 neggin probein
El  PRO:000000022 ptx homeobox procein
El PRO:000000023 retinoblastoms-like protein
E  PRO:000000024 rho-sssociated protein kinase
E  PRO:000000120 rho-asseciated protein kinase 1
E  PRO:000000307 rho-associated protein kinase 1 isoform 1
E PRO:000000460 rho-sssocisted protein kinase 1 isoform 1 clesved form
PRO:000000563 rho-associated protein kinase 1 isoform 1 cleaved 1
PRO:000002529 rho-associated protein kinase 1 isoform 1 unmodified form

[ PRO:000000121 rho-associated protein kinase 2

PRO:000000025 ribosomal protein 56 kinase beta

PRO:000000026 smad anchor for receptor activation

PRO:000000027 smad protein

PRO:000000028 small GTPase

PRO:00000002% chrembesoondin subarouo A

HEEEE

Thefirst thing you find is & that can be used to expand a node, showing all the children
of the selected terrn=] can be used to deselect a term, closing the node. The next thing on
each line is a PRO ID, the implicit relationiss a After the PRO ID theerm name is

shown.If you click on the PRO ID, the PRO entry is opdn

(i) PRO entry
Each PRO entry represents the information for a given PRO Roate.the homepage
usefiretrieve PRO entiyto go directly to a PRO entrfyou know the PRO ID.
Alterndively, you can open an entry by clicking on the PRO ID in other pages (search,
browser, etc)The arrow next to the entry title takes you back to the homepage.
The entry had sections:
1- Ontology information: this section displays the information fromathi®logy
(obo file). This part should be present in all entries.
2- Information about the entities that were use to create the PRO Emigysection
list the sequences (in the case of a gene, sequence and modification categories) for
which some experimentaiformation exists. In many cases, for modified forms,
the modifications sites are unknown and therefore only the modification is listed,
in others, the modifications sites are known in one species, but not in the other
although it is known to be modifieth the case of category=family, this section
provides a croseeference to the database that is the source of the class.



3- Synonymous mappings: these are mappings to databases that contain an object
that is described in the class. For example, in thedigelow, Reactome has
object which represents theman entity of this class.

4- Annotation: This section shows the annotation of the term with the different
ontologies.

%> Protein Ontology report for entry - PRo:000000363  http://pir.georgetown.edu/cgi-bin/pro/entry_pro2id=PRO:000000563

Ontology Information

PRO 1D PRO:000000563 Fr‘om

PRO name tho-associated proten kinase 1 isoform 1 deaved 1

Synoayms constRutively active ROCK-1 [EXACT]

Deflalion A ho-ass0aated protein kinase 1 isoform 1 deaved form that has been processed by caspase-3 downstream the noucnumodoem remo wm-morw On‘rology
C-tarminus. This form has been found signficantly elevated in mouse myopathy model and human heart fadure patients. (P

Comment Category =moddication ( h f . I

Hierarchical relationshlp  Parent: PRO.000000460 rho-assoaated proten knase 1 1 daxad b = aono Tile )

Indicates that the protein object is a subsequence
(underlmed) of the sequence displayed _

S PSS, ol — = =/ =

This PRO entry has been created based on the following ﬂ“”““l

DB name: 1D 101 VXNSOASEY ROEESDIAX AR - EOOALDALE
01 PEMMLLCKSEC HAKIADFCTC CRTAVCTIOY METOVTANE MANCCTRINA QELVCTOSI
9% COMOLEAXAN MAICAILTLS EVELGNCE wmmmnmmm
BSEEVLSSAN PMCNRTSSNA CRIAGEILOY TOONMLEQW NDQUIDE
BALJQOUON INSKVETLN DQUEDUOYE ONSCIANIXL SQIOKDLEIA MULAATEICT AVRALMINNTE MEKIISQUES WMMKLCKNNA ILEMEKICTD
ERNLETES RN
2 IERARS PELEEAFERD L BATAQLESES MELLLONEL KTCAIEACHL
BEQIARCALE EQTRLTORS EXAMIZNECE LTUALETVER CIRUZRANE KATERAZIAL KIOUJREEER LSNu2AILE WINTERTMAT
Taxon 1D GAVIGLARIN MEADMKICAK EANTORLREX EEREEKIE theati it F[‘om
= T Drirsry Sty LOSIeT Seast SISt SoAL LS
= eV Mo
s Annotation
e sy T A s e s Rp— .
: e b 5 PAF fil
D8 name: 1D UProtsiP70335-1 0L WANSIASRT ANIDCORMT S ALLALE ' e
301 POMMLLCESC NAKLADICTC MAAGEQOE COTAVCTION ISPEVAESQC CROUICRICD WMNIVOVILIE MAYCRTPINA RESERILTIR
301 CRRDIEREAN MAICATLIES EVRALENCYE EINLITR COOMNETLNG TYARCROLE SQISTRNTO ALCECELDERT FRIPEANGGN QUESITOl
P BREUFIN ASRRSINN URIAGEILCE TIGALIQW SRQUIRE
3 = MCLLATRICT =
EORMGAYE EALRCRAGED SRGLOAY ITILGIINN MORGEXEC
F2IRULTE Hedsaldald WaZhandiEe PTLAILALNL
BT INTAIANRL WEIRLASLTE XLATIOSY MRIRXTLIT
AEQLARCIE AR LIN LinLraner AIDUANR
Taxon 10 SARAL mun BANLLL LIRS
ITOSIPAAD EIDGNLITIZ IDOWLIVINE CUINKATONXX QUVVVESEXI LT (“‘1! CEIIMONLIT DNLIWIRIVT QEOVYIAITE RIFRIFQILY
ul LC3IDT VRSN -nm ME FIPTLYNFPA NCEACANILN NVTKSOPALE CROCHVECHA DMLDEFEOLI SPORVETINT SASIMLLIAL
ST VI POOTAAS TLsTASTING STARWINTS CFES
Synonym Based Mappings Cross-Ref to other databases representing this protein
Db identifiers Reactome 1
object
Annotation
Modifier  Relation Ontology 1D Ontology Term Interaction With Evidence Source Evidence Code Taxon 1D Inferred From
1y DIOYEIN Sernefthreonine B
ncreased has_funchon | GO0004674 anase actnity 104
’ £ san  DEOREIN 20 204
_ partiopates_in| G0:0006468 | Z1C R FRIR 104
Functional Annotation actin cytoskeleton
particpates_n| G0.0030030 | o0 SR £07 104

(iif) Searching PRO

From the homepage you can direatiytera textin the sears boxor ID, and submitor
you can click on the seartitle to access to the advance search.

The text search allows BooleatAND, OR, NOT) searches as well as null (not
present)/null (present) searches.

You have several fields available to search. Barshing some of your interest.



Any field '|AND V| Any field Y| + add Input box

Any field | — del Input box
PRO ID

Category

Child ases | Search/Analysis | Download | Support

DB ID 2009 Protein Information Resource

Evidence source
Evidence code
Gene Name

HGNC ID
Interaction with
Inferred from

MGI ID

Modified residue 1D
Ortho isoform
Ortho modified form
Ontology 1D
Ontology term
PAMNTHER. 1D

Parent

PIRSF ID

PMID

PRO Term Definition
PRO Mame

PRO Mame Synonyms
Protein region
Reactome ID
Relation

Modifier

Taxon

UniProtkB 1D

Some clarifications:
1) Search for category has the following options: family, gene, sequence,
modification.
2)Search for ortho isoform and ortho modified form is a null/not null type of search.
3)DB ID, Modifiers and relatins refer to the ones listed in PAEidelines

AND/NOT/OR searches:

1-
Search for PRO terms that are modified forms that are annotated
with GO term nucleus

*Booleansearches: AND, OR, NOT

Category ¥ AND ¥ Ontology term V: + add Input box
— del input box

<) (search ») - .
modification |nucleus

This should retrieve all PRO entriedhich are modified forms and contain annotafion


ftp://ftp.pir.georgetown.edu/databases/ontology/pro_obo/PAF_guidelines.pdf

geneontology termmucleus.
Null/Not null searches

U/l = absent: not null = bresent

Reactome ID ¥ | AND ¥ | Any field ¥ [+ add Input box

=
(search ») — del Input box

not null

The search above should retrieve only PRO entries that contain a reference to Reactome.
The search below should retrieve only PRO entries that have the ortho isoform tag (this
information is derived im those PRO entries with isoform name, Category:sequence
AND which entry contains more than one protein sequence.

Ortho isoform || AND # | Any field ¥ [+ add Input box

] (search »)
not null — del Input box

Result table: The default display in the result table includes the PRO ID, PRO name,
PRO term definition, the category, the parent tébrand the matched field. However,
this display can be changed using the display options (see below)
i. Clicking on the PRO ID opens the entry report
i. The™ icon show the term in the hierarchy, i.e., opens the browser.
iii. You can save your table as a-#dimited file using the save as table option

Save results as
tab delimited
file
Indicate level in
the hierarchy
Display Options o Help?
42 entries | 1 page | 50 / page | e |7 Save Result As:  ~TaBLE
[J proID PRO it Category Parent Matched Fields
[]PRO:000000173 & Show the term in the hierarchy D-2 that is a translation product of a mature sequence |PRO:000000040(Ontology
il that contains a HLH domain and a C-terminal term=>nucleus
TIOCTE AT EXpPOTT SIgTTar. TS 1o is represented by the human sequence
UniProtkB: Q02363-1. [PRO:CNA]
[] PRO:000000174 & | DNA-binding protein A DNA-binding protein inhibitor ID-3 that is a translation product of a mature sequence |PRO:000000041|Ontology
inhibitor ID-3 isoform 1 transcript of the ID3 gene represented by the human sequence UniProtkKB: 002535~ term=snucleus
1. [PRO:CNA]
[] PRO:000000177 & RING-box protein 1 A RING-box protein 1 that is a translation product of a mature transcript of the sequence |PRO:000000043|Ontology
isoform 1 RBX1 gene, comprising the core domains. This form is represented by the human term=>nucleus
sequence UniProtkB:P62877-1. [PRO:CNA]
[] PRO:000000178 & RING-box protein 2 A RING-box protein 2 that is a translation product of a mature transcript of the sequence |PRO:000000044(Ontology
isoform 1 RNF7 gene, comprising the core domains. This form is represented by the human term=>nucleus
sequence UniProtkB:QOUBF6-1. [PRO:CNA]
[] PRO:000000228 & c-myc protein isoform 1 | A c-myc protein that is a translation product of a mature transcript of the MYC sequence |PRO:000000084|Ontology
gene comprising the first ATG-initiated open reading frame extending from exon 2 term=>nucleus
through exon 3. [PMID:3277717]
[] PRO:000000265 &  creb-binding protein A creb-binding protein that is a translation product of a mature transcript of the sequence |PRO:000000030(Ontology
isoform 1 CREBBP gene. This form is represented by the human sequence UniProtkB:Q92793- term=>nucleus
1. [PRO:CNA]

Use display optionsthe display options allows you to select or remove columns for the
table.Use >to addor > to removeitems from the listbut always select apply for the
changes to take effect. In this case have removed the definitions and the annotation
has been added (only the later procedure is shown here).



Use Display Option to add/remove columns Click apply to

see the new
column(s)
Fields Not in Display Fields In Display Fields Not in Display  Fields In Display
Annotation ~ Category Child - 5 | Annotation
i . DB ID Categonr
Page Size gg”IdD I:l ERO Ntame > g Sire Gene Mame < Matc%e:‘lfFle\ds
; 3 [Jlparent | orc ] 50 items/page V| |none 1o v
50 items/page Gene Name v Matched Fields

Annotation column added

How to link to PRO from your database/ontology:

Once you have fouhthe appropriate level to link then use fegsistent

URL:

http://purl.obolibrary.org/obo/PRO _ XXXXXXXXX where PROXXXXXXXXX is the
corresponding RO ID with an underscore () instead of semicolon (:)

Example:link to PRQ00000044 &vould be
http://purl.obolibrary.org/obo/PRO_000000447

How to request or contribute to the annotation:

You can request a term or set of terms by selecting PRO tracker in the homepage. This
opens the sourceforge page from OBO. You will need to provide the protein, gene name
or identifier for the objects you request the terms for.

Alternatively, you can submitqur request and/aontributewith the annotation directly.

This is the purpose of tHRACE-PROpage.

What for?

xObtain a PRO ID for the protein objects of interdsor example, if you are
modding pathways you would like to be able to represamd refer toall the
different forms of a given protein order to describe the various reactiomshe
pathway. Each of these forms is a protein object in RROwill have a distinct
ID (e.g. PRO ID for smad2 isoform 1 and a PRO ID for smad2 isoform 1
phosphorylated in a given residuBy creating a RACEPRO entry, you araot
only requesting a PRO ID for a specific protein forbut also assisting in the
curation process

xDefine a protein objedbased on literature and/or experimental datdde literature




