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ABSTRACT

The HUPO Proteomics Standards initiative has designed and imple-
mented common data reporting and exchange standards to enable the
transfer of proteomics data from originator to collaborator to a final
public repository immediately prior to publication. This work has been
undertaken with extensive community involvement at every stage of
the process to ensure that the end product fulfils the users’ needs. The
scientific community is already benefiting from this work, with XML
formats to exchange and import data into databases, allowing direct
access and comparability irrespective of the originating instrumenta-
tion. Public repositories allow researchers to access and search pub-
lished experimental data with the result that reference datasets are
becoming available for benchmarking purposes. Collaborations be-
tween databases are exposing these datasets to an ever increasing
audience and enabling exciting new science to be derived from existing
data.

INTRODUCTION

Since 2002, the Human Proteome Organisation Proteomics Standards Initiative (HUPO-PSI)
have worked towards producing standards formats by which proteomics data can be col-
lected, transferred from application to application, and finally submitted to a repository
where it becomes available to the user community [1]. Within the field of proteomics, the
ever-increasing amounts of data generated by mass spectrometers with ever-faster cycle
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times, high sensitivity and high quality MS spectra required a move beyond the traditional
route of printed publication. Whilst journal articles may still be the most practical method for
disseminating the conclusions drawn from such experiments, they display only a small
proportion of the actual results and almost none of the underlying data, such as peptides
or spectra, from which this data was generated. When mass spectrometry data has been made
available, for example via an author’s website, it is generally only provided in vendor-
specific formats. In most cases, the sheer size of the data files generated by a typical mass
spectrometry experiment, result in raw data being erased once published, with only the final
processed protein lists being retained and published.

To enable the community to effectively mine an increasingly rich data source, the experi-
mental data needs to be collected in central repositories, in a single common format, from
where it can be searched, and researched. As protein sequence databases, such as UniProtKB
[2], improve in both coverage and sequence quality, high quality spectra produced at an
earlier point in time can be rerun, and protein assignments made to previously orphan
spectra, provided these spectra have been retained. To maximize the value which can be
extracted from each experiment, the metadata needs to be both well annotated, and consis-
tently annotated across different datasets. The aim of the work of the HUPO-PSI is to make
it possible for labs across the world to run experiments and combine results, to distribute
workloads, to enable the user to select the best tools for specific tasks rather than be forced
to use only those which use a very specific format, and to derive new methodologies by
comparing results. To this end a four-fold approach was taken, for each aspect of the
potential workflow within a proteomics experiment:

1. Formal requirements specification with use cases submitted as many users as
possible.

2. A checklist of minimum information with which each experiment should be
annotated.

3. The development of an XML interchange format to enable data transfer which
can be used by instrumentation, tools and repositories.

4. Controlled vocabularies to enable a rich annotation of the data within the schema.

Each of these have now been developed and released for gel electrophoresis, chromato-
graphic techniques, mass spectrometry, protein identifications and molecular interactions.

FORMAL REQUIREMENTS SPECIFICATION — STANDARDS AS A
COMMUNITY EFFORT

The best standard in the world will be of limited use if it is not adopted and employed by the
majority of the community, it is not designed with ease of use and accessibility in mind and
is not accompanied by a suite of tools which maximize its use. With that in mind, all
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workgroups within the PSI have actively sought the input of as broad a group as possible,
including hardware manufacturers, software developers, data producers, data repositories
and bioinformaticians. Standards developments have centered around (bi-)annual work-
shops, which have been widely advertised and made freely available to all to attend.
Development continued between workshops using all possible means of communications,
including discussion groups, mailing lists and telephone conferences. All discussion docu-
mentation was made publicly available on the HUPO-PSI website (http://www.psidev.info/).
Completed work enters a formal documentation process designed to ensure a good balance
between expert design and public scrutiny [3]. Documents are first subjected to anonymous
review followed by a set period of time in which the document is put forward for public
comment. At all points, any feedback is responded to and, if appropriate, standards are
updated and the document resubmitted into the review process. Any documents which are
formally published are then additionally subject to standard journal review processes —
Nature Biotechnology also established a community review page which provided further
opportunity for potential users to comment on the standards prior to final publication. The
PSI review process has also been used for the validation of documents not directly produced
by the HUPO-PSI, for example the FuGE data model was reviewed through this proves prior
to journal publication [4].

MINIMUM INFORMATION ABOUT A PROTEOMICS EXPERIMENT
(MIAPE)

Proteomics data should therefore ideally be accompanied by contextualizing metadata,
making explicit both where samples came from and how analyses were performed. To that
end, the Proteomics Standards Initiative develops guidance documents specifying the data
and metadata that should be collected from various proteomics workflows, known collec-
tively as the ”minimum information about a proteomics experiment” (MIAPE) guidelines
[5]. These consist of a series of documents, linked by a single parent which makes explicit
the scope, purpose and manner of use of the modular MIAPE guidelines that accompany it,
and lay out the principles underlying module production. The first of these modules has
already been published, the Molecular Interaction guidelines MIMIx [6], with those for gel
electrophoreses and column chromatography to follow. Broadly speaking, MIAPE docu-
ments require that any description of a proteomics experiment should allow the user to
understand, qualify and reproduce the work described in that paper. Each document provides
a checklist of information and data to provide when an experiment is reported and acts as an
aid to assessing quality control but does not attempt to tell a scientist how to run an
experiment, or how to represent the final data and does not state how any quality judgment
should be made. It is envisaged that these requirements will eventually be adopted and
enforced by journals, repositories and funding agencies. Finally, these documents will ensure
that the presentation of the information published will be in a style compatible with the
HUPO-PSI data formats.
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An increasing number of minimum requirements documents have now been produced, since
the original, MIAME [7], produced by the micro-array community covering a broad range of
biological disciplines. Such *minimum information’ checklists are usually developed inde-
pendently, from within particular biologically- or technologically-delineated domains. Con-
sequently, the full range of checklists can be difficult to find without intensive searching;
they are also inevitably partially-redundant one against another, and where they overlap
arbitrary decisions on wording and sub-structuring make integration difficult. This presents
significant difficulties for the users of checklists; for example, in the area of systems biology,
where data from multiple biological domains and technology platforms are routinely com-
bined. A common portal to such MI checklists; to act as a ‘one-stop shop’ for those
exploring the range of extant projects, foster collaborative development and ultimately
promote gradual integration, MIBBI (http://mibbi.sourceforge.net/, http://www.mibbi.org/)
has now been developed. All MIAPE modules are submitted to MIBBI, on publication.

XML INTERCHANGE STANDARDS

To facilitate data management and exchange, the HUPO-PSI has developed data exchange
formats for proteomics. For each work group/domain, these can minimally represent the data
items specified in the MIAPE guidelines, but usually allow a much more detailed represen-
tation. Normally, the data exchange format is specified as a fully annotated XML schema.
PSI schemas are developed to facilitate data exchange between databases as well as data-
bases and end users. They explicitly do not propose any internal data representation for
databases or tools. While XML is inherently verbose, standard compression algorithms
typically reduce the file size by 50 —-90% of the original, and such compression normally
is not the limiting factor on modern computer systems. On the plus side, XML is well
supported by standard mechanisms for querying, native XML databases, and automated
mappings to both relational databases and object models.

The molecular interaction interchange format, PSI-MI XML 2.5, is now used by all interac-
tion databases and an increasing number of graphical visualisation and analysis tools. The
mass spectrometry standard, mzData, was released in 2004 and was well accepted by many
users. The format 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
actual spectral lists of mass-to-charge values and intensities, using base64 encoding to
represent the floating point mass-to-charge (m/z) and ion intensity. Following some refine-
ment in response to their feedback, the format was rapidly implemented by several of these
manufacturers and files containing spectral data were soon being generated by several large
groups, most notably the HUPO tissue initiatives. A standards compliant repository, PRIDE
(http://www.ebi.ac.uk/pride) was also established. However, in 2004 a second open, generic
XML representation of MS data, was published by the Institute of Systems Biology,
mzXML [8]. Whilst this was originally designed to be work-flow specific, other workers
began to find wider uses for the format with the result that manufacturers were faced with
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the prospect of having to implement two separate open-source formats. Rather than loose the
initial good-will with which the manufacturers had entered this project, and to avoid user
confusion, in 2006 the two groups decided to merge the two formats into a single, and much
improved, XML schema was released in June 2008, mzML with full vendor support was a
critical part of the design process and many open-source implementations.

Accompanying an XML representation of MS data, there is a need for a corresponding
representation of the peptide and protein identifications made in any experiment to capture
results from MS search engines and represent the input parameters for analysis algorithms,
thus unifying results from different search engines. The development of AnalysisXML has
proven far from straightforward, partly because the scope of the project has changed often in
a fast moving field however Version 1.0 will be submitted to the PSI documentation process
summer 2008. Quantitation will not be addressed until version 2.0, however version 1.0
documents will be backwards compatible with the 2.0 schema.

GelML, designed for the interchange of protocols and image data from 1D- and 2D-gel
electrophoresis, completed the PSI document process and was released as a stable version 1.0
late in 2007. The interchange format for non-gel based separations, spML, is in develop-
ment.

CONTROLLED VOCABULARIES

While XML schemas provide a syntax for data exchange, they do not specify the semantics
of data elements exchanged. As an example, the yeast two-hybrid technology might be
designated by many different terms, most of which are sufficiently distinct to make auto-
matic recognition impossible. Thus, the PSI either references external controlled vocabul-
aries (CVs) or ontologies such as the NCBI taxonomy where possible, or develops its own
controlled vocabulary, for example for protein interaction detection technologies, where
necessary. The combination of reasonably stable XML schemas and regularly maintained
controlled vocabularies has proven to allow quick adaptation to new terms and technologies,
while providing the stability required for database and software development. All PSI CVs
are written in OBO format and maintained at the Open Biomedical Ontologies website
(http://www.obofoundry.org) and can be viewed using the Ontology Lookup Service
(http://www.ebi.ac.uk/ontology-lookup/"\t" parent ) [9].

INTERACTION WITH THE PUBLISHING COMMUNITY

The need for underlying experimental data to be available to the reader has long been
recognised by the scientific publishing community, and this has been addressed in many
ways — from the mandated submission of nucleotide and protein sequences to public domain
repositories, with accession numbers then being given in the article, to the provision of
Supplementary Material held by the journal itself. As the volume of data increases, the
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journals will become more reliant on external repositories to collect and manage this data
and, in recognition of this, are actively supporting the implementation of the required
standards needed to enable deposition. Several journals have already published their own
guidelines as to how proteomics data should be represented and these requirements have
been incorporated in the MIAPE guidelines [5]. Increasingly, journals are starting to request
data deposition: Proteomics, and Nature Biotechnology [10] and Nature Methods [11] have
recently started to request that authors deposit proteomics and interaction data in HUPO-PSI
standards-compliant databases prior to publication and it is anticipated that this trend will
increase as both standards and databases mature.

SUMMARY

The HUPO-PSI have produced a range of standards allowing the user to describe all aspects
of a proteomics experiment, to exchange and compare data across collaborating groups, or
use established datasets as standards, and to deposit the final results into standards-compliant
repositories. All of these have been written in full consultation with an extensive user
community to ensure as much by-in as possible. Where an existing standard, be it an
interchange format or CV the PSI have strived to work with that facility rather than replace
it or produce a redundant application. Cross-community efforts are actively supported to
ensure that users working in multiple “omics”, for example analysing the same sample by
both transcriptomic and proteomic techniques can find the tools to assist in the data handling
and resorting processes. The emphasis now is on developing the tools to make these
standards usable and accessible to the bench scientist and to encourage the direct deposition
of data into public domain repositories.
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