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Abstract

TheHUPO ProteomicsSandar dsinitiativehasdedicated thelast 6 year stothedesign and implementation of common datareportingand
exchangestandar dsenablingthetransfer of proteomicsdatafrom originator to collaborator toafinal publicrepository immediately
prior to publication. Theuser community isnow benefiting from thiswork, with XML formatsto exchangeand import datainto
databases, allowing dir ect accessand compar ability irrespective of theoriginatinginstrumentation. Public repositoriesnow allow
resear cher stoview and sear ch published experimental dataand r efer encedatasetsar ebecoming availablefor benchmarking pur poses.
Collaborationsbetween databasesar eexposing thesedatasetsto an ever increasing audienceand enabling exciting new sciencetobe

derived from existing data.

I ntroduction

Five years ago, the nascent field of proteomics was in a state of
relative chaos, with ever growing amounts of data being gener-
ated from increasingly high throughput machines but no down-
stream repositoriesin place to capture thisinformation. The only
option availableto the researcher wasto publish the cream of the
resultsinajournal article, with protein listslargely available only
in Supplemental Information and no access for the reader to the
raw data from which these lists were generated. Any data not
includedinthisarticlewasthen lost, and researcherswere unable
to track individual proteins across these datasets to obtain a pic-
ture of their expression profile. To add to this confusion, raw data
generated by different mass spectrometers and by each peptide
search engine was available only in the manufacturer’s propri-
etary format and comparison of such data was impossible, even
wheﬂ. generated within the same laboratory but by using diverse
machines.

The amount of data which has effectively been lost during this
period is incalculable. As the breadth and quality of protein se-
guence databases such as UniProtKB improves (The UniProt
Consortium, 2008), previously unidentified spectracould now be
assigned asnovel proteinsif only theoriginal datawerestill avail-
able. Improved algorithms and the recognition of protein-specific
signature peptides may now allow what was previously regarded
as poor quality data to be seen as atrue protein identification, if
mass spectra produced some years ago were to be rerun in the
current implementations of the search engines. The deposition of
raw data into public domain repositories will not only have al-
lowed such exercisesto be undertaken but also allow comparison
of datasets generated by different research groups —for example
protein sets from diseased tissue against reference sets gener-
ated in normal, healthy tissue or the potential contaminating ef-

fects of the known plasma proteome accounted for when examin-
ing the proteome of tissues such as the heart or liver.

HUPO and the ProteomicsSandar dsl nitiative

The Human Proteome Organi sation (HUPO) wasformed in 2001
to consolidate national and regional proteome organisationsinto
asingleworldwide body. The Proteome Standards Initiative (PSI)
was established by HUPO with the remit of standardising data
representation within the field of proteomicsto the end that pub-
lic domain databases can be established where all such data can
be deposited, exchanged between such databases or downloaded
and utilised by laboratory workers. The Proteomics Standards
Initiative (HUPO-PSI) have concentrated on bringing data stan-
dardization and common data reporting standards to a limited
number of fieldswithin the globa umbrellaof Proteomics; to date,
protein/peptide separations, mass spectrometry and molecular
interactions.

For each of these areas Minimum | nformation About aProteomics
Experiment (M1APE) documents have been devel oped, analogous
tothe MIAME (Minimum Information About aMicroarray Experi-
ment) guiddines(Brazmaet d., 2001) for DNA microarray experiments,
to definethose dataitemsthat should minimally be reported about
aproteomicsexperiment to allow critical assessment of the experi-
ment. Thisisasimpletextual representation, independent of any
formal dataformat. MIAPE guidelines consist of ageneral “par-
ent document” (Taylor et al., 2007) and workgroup-specific mod-

ules, thefirst of which hasrecently been published (Orchard et .,

20074d). These guidelines summarise what could be considered
“common sense” and what the community has agreed should be
present in each and every paper, but isal too often not appropri-
ately reported in publications — the precise identification of a
protein entity and the species from which it originated being a
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simple example of data often missing from articles. To facilitate
data management and exchange, each domain area has also de-
veloped data exchange formatsfor which can minimally represent
the data items specified in the MIAPE guidelines, but usually
additionally allow amuch more detailed representation. Normally,
the data exchange format is specified as a fully annotated XML
schema. HUPO-PSI schemas are devel oped to facilitate data ex-
change between databases as well as databases and end users.
They explicitly do not propose any internal data representation
for databases or tools. As XML isinherently verbose, standard
compression algorithmsare used to reduce thefile size by 50-90%
of the original, and such compression typically isnot thelimiting
factor on modern computer systems. On the plus side, XML is
well supported by standard mechanismsfor querying, native XML
databases, and automated mappings to both relational databases
and object models. The semantics of dataelementsexchanged are
described by a series of controlled vocabularies, either by refer-
encing external resources such as the NCBI taxonomy or devel-
oped internally, for exampleto describe the details of mass spec-
trometry or molecular interactions. The combination of reason-
ably stable XML schemas and regularly maintained controlled
vocabularies alows a quick adaptation to new terms and tech-
nologies, while providing the stability required for database and
software development.

Progressin developing Data | nterchange
Standards

Molecular Interactions

TheMolecular Interaction workgroup lead thefield in publishing
and implementing these standards, with Level 1.0 of the XML
schema, and accompanying controlled vocabularies, published
in 2004 (Hermjakob et al., 2004) and Leve 2.5 currently the stable
implementation, described in 2007 (Kerrien et a., 2007). All mgjor
interaction databases now make adatadownload availablein this
format and it has also been used by high throughput data genera-
torsfor datadeposition. |n responseto arequest from the biologi-
cal community, dataisalso madeavailableinasimpler tab-delimi-
tated format (MITAB2.5), making theinformation suitablefor im-
mediate upload into an Excel worksheet. The adoption of this
format, and the communi cation between several interaction data-
bases during its development, resulted in the formation of the
IMEX consortium, with several databases now agreeing to regu-
larly exchange data and act as common portals for data deposi-
tion (Orchard et al., 2007b).

M ass Spectrometry

The mass spectrometry workgroup published the mzData XML
format in 2004, which allowed the storage of proteomic-related
mass spectral data, ranging from basic details about the sample,
instrument details and data processing steps, through to the ac-
tual spectral lists of mass-to-charge values and intensities, using
base64 encoding to represent the floating point mass-to-charge
(m/z) andionintensity (Orchard et a ., 2005). Theformat wasrap-
idly implemented by several manufacturers of both mass spec-
trometers and search engines and files containing spectral data
were soon being generated by several large groups, most notably
the HUPO tissueinitiatives.

The PRIDE ‘PRoteomics IDEntifications database’ (http://
www.ebi.ac.uk/pride) was the first PS|-standards compliant
relational databaseto beimplemented (Joneset a., 2008). PRIDE
holds the protein and peptideidentifications from an experiment
along with accompanying details of the experimental protocol,
mass spectrometry run conditions and search engine algorithm(s)
used and the spectra from which theseidentificationswere made.
Data from experiments performed in awide range of organisms,

tissues, cells and disease-states are already held in the database,
including the reference datasets from the HUPO plasma, liver and
brain tissue initiatives.

However, in 2004 a second, generic XML representation of MS
data, was published by the Institute of Systems Biology, mzXML
(Pedrioli et al., 2004). Whilst this was originally designed to be
work-flow specific, other workers began to find wider usesfor the
format with the result that manufacturers were faced with the
prospect of having to implement two separate open-source
formats. To avoid user confusion, in 2006 the two groups decided
to mergethetwo formatsinto asingle, and much improved, XML
schemaand by 2007 thiswork had matured into the current mzML,
currently available in beta format (www.psidev.info/
index.php?g=node/80) and dueto beformally rel eased Spring 2008.
Databases such as PRIDE already using the mZData or mzXML
formats have committed to upgrading to the new format as soon
as possible after thisrelease.

Separation Techniques

Methods for the separation of complex protein mixtures prior to
identification of the individual components by mass spectrom-
etry areanintegral part of any proteomicsworkflow, and will influ-
ence the spectra of proteins identified in any particular experi-
ment. Theactivitiesof theHUPO-PS! includethefield of 1- and 2-
D ge dectrophoresis, column chromatography and ageneric model
has been developed to describe other separation techniques. An
XML interchange format (GelML 1.0) with accompanying con-
trolled vocabularies has been developed to enable exchange of
this data and was released as a stable version 1.0 the end of 2007
(Www.psidev.info/index.php?g=node/83). Work isnow progress-
ing inthe areas of column chromatography and capillary electro-
phoresis. Themodel for gas chromatography will be completedin
conjunction with the Metabolomics Standards Initiative (http:/
msi-workgroups.sourceforge.net/) since thisis a technique used
by both communities.

Theultimateaim of the PS| isto make more proteomicsdataeasily
accessible in the public domain. Deposition of datain the public
domain isnow becoming more common practise, with anincreas-
ing number of journals now requesting this as part of the manu-
script submission process. Previously deposited datasets, such
asthat published by the HUPO PlasmaProteome Project (Omenn
et al., 2005), are now regularly cited in the literature as producers
of new data compare their work to the growing body of previ-
ously published experiments, both to confirm their observations
and to highlight novel observations and subsequent reanalyses
of datasets are starting to appear in the literature increasing au-
thor visibility (Klie et a., 2008). Manufacturers are increasingly
offering the ability to download datain HUPO-PS| XML formats
from their instrumentation, and tools enabling datavalidation and
aiding deposition are being released. The community is already
benefiting from these common formats and thiscan only increase
astheir acceptance and implementation becomes morewidespread.
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