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Controlled vocabularies provide a roadmap through complex biological
data. Proteomic data is increasing in volume and is currently poorly
served by public repositories due to the large number of different formats
in which the data is generated and stored. The Human Proteome
Organization Proteome Standards Initiative is establishing standards for
data transfer and deposition. These standards utilize ontologies and
controlled vocabularies to describe experimental procedures and common
processes such as sample preparation This paper will discuss the
development of such ontologies by the user community and their current
utilization in the fields of protein:proein interactions and mass
spectrometry.   



1. Introduction

Ontologies and controlled vocabularies are being established by many groups to
provide roadmaps through the confused mass of data currently being generated
from increasingly large-scale experimental biological experiments. The world of
protein chemistry is no exception to this rule, with GO having lead the field by
providing a framework in which individual molecules and complexes can be
defined by their process, function and subcellular location [1]. The world’s
leading protein sequence database, UniProt [2], whilst incorporating and adding
to the GO annotation of molecules described within UniProt-Swiss-Prot and
UniProt-TrEMBL, also has its own defined keyword section that allows users to
perform searches across the database using a standard nomenclature consistent to
all entries. However, whilst the description of the function of these molecules is
well served by established controlled vocabularies, the experimental techniques
and procedures by which much of the functional information has been generated,
has largely been ignored.

 Proteomics is often described as the study of the protein translation products of
the genome of a given organism but, in reality, this definition should be
expanded to an understanding of the expression pattern and state of all proteins
transcribed under a given set of conditions and the alteration of these parameters
in response to a specific change to these conditions. The proteome of a cell
encompasses the identity, subcellular location, post-translational modifications
and protein:protein interactions made by the spectra of proteins expressed at any
one moment in time and also  how all these effect the function of both an
individual protein and the cell as a whole. In order to map this, a multitude of
experimental techniques have been developed. Proteins have first to be isolated
and separated from a given biological sample, the latter usually either by 2-
dimensional gel electrophoresis or by HPLC. The analytes are then ionized in
the gas phase and the mass of the resulting peptide fragments measured by mass
spectrometry. The resulting spectra are processed and specialized software used
to match these fragments to known proteins. Such analyses will provide an
expression map of the protein content of the cell under the defined experimental
conditions – further techniques have been developed to provide further detail of
the state of these proteins and their actual location within the cell. To fully
understand the biological processes and pathways in which any one protein
molecule may be involved, it is necessary to be aware of the interactions that
molecule makes with other proteins, nucleic acids and small molecules within
the cell. Experimental procedures by which these can be observed have been



established for many years but these too are becoming more high-throughput
and the rate of data generation is rapidly increasing.

The context-sensitive nature of proteomic data necessitates the capture of a larger
set of metadata than is normally required for sequencing, where knowledge of
the organism of origin will suffice. Not only is information of sample source,
handling, stimulation and eventual preparation for analysis required but also the
detail of the analysis itself will need to be recorded. For example, to compare
images of 2D-gels knowledge of their mass and charge ranges are required, and
this information will need to be retrieved by users wishing to perform
meaningful analysis of this experiment. Whilst the results and conclusion drawn
from this data is frequently published in great detail, the underlying data is
often only available as supplementary material, or is stored in author maintained
databases or on websites. These databases and websites tend only to exist for the
lifespan of the underlying project or grant, are often poorly maintained and the
data within is difficult to access for downloading [3]. Published web addresses
may lead nowhere [4]. Even when a stable database has been established,
comparison between different datasets has proven difficult, in part due to the
wide variety of terms and spellings used to describe a common experimental
process. As an example, yeast two hybrid technology is a well known and
widely used methodology for identifying protein interaction partners [5], a
technique which has proved ideally suited to scaling up to increase throughput
and data output. However, there are more than 10 different spellings for this
term, e.g. Y2H, 2H, two-hybrid. While all of these are easily human
understandable, non-standardized use of key terms makes systematic searches in
large databases very difficult. Data interchange between databases sharing a
common philosophy and even common data formats is being hampered by the
lack of common terminology to describe identical processes. Even when a high
level term can be used to describe a technique, for example mass spectrometry,
data exchange and integration may require detail of instrumentation and data
handling in order to give a complete picture of the conditions under which the
data was generated – essential information for a full understanding of the
importance of a particular dataset

2. The Human Proteome Organization Protein Standards Initiative

The Human Proteome Organisation (HUPO) was formed in 2001 with the
aim of consolidating national and regional proteome organizations into a single
worldwide body. The Proteome Standards Initiative was established by HUPO



with the remit of standardizing data formats within the field of proteomics to
the end that public domain databases can be established where all such data can
be deposited, exchanged between such databases or downloaded and utilized by
laboratory workers [6]. The HUPO-PSI organized a series of meetings at which
it was decided to develop a single data model that would describe and
encompass central aspects of a proteomics experiment. This model would
contain different sub-domains which will allow it to handle specific data types,
for example 2-D electrophoresis gels or HPLC. Common processes would be
described by a number of controlled vocabularies or ontologies. Where these
processes are also relevant to micro-array data, for example in the area of sample
preparation, this could be done in collaboration with the MGED consortium
MGED (the micro-array gene expression data group), thus facilitating the
comparison of proteomic with transcript data. Each sub-domain would then
support a PSI-approved interchange format, which would permit the handling of
data from many different sources. In the interests of making the task more
manageable, the PSI agreed to concentrate their resources on two potential sub-
domains, mass spectrometry and protein:protein interactions, whilst
concurrently developing the encompassing proteomics data model, MIAPE [7].

3. Molecular Interactions and the establishment of Common
Vocabularies

A number of both commercial and academic molecular interaction databases
already exist (IntAct [8], BIND [9], DIP [10], MINT [11], Hybrigencs [12],
HPRD [13], MIPS [14]) which are wholly or partially in the public domain but,
as discussed above, it was previously impossible to download or exchange data
from any two of these databases in a common format. All these database
providers, however, are committed to making their data more easily accessible
and useful to the user community and actively supported the establishment of a
common interchange format.

The HUPO-PSI MI format has been developed using a multi-level approach
similar to that used by the Systems Biology Markup Language (SBML) [15].
Level 1, published early in 2004 [16], provided a basic format suitable for
representing the majority of all currently available protein-protein interaction
data. Level 2, released later in the year, allowed the description of protein
interactions with nucleic acids or with small molecules. It allows the
representation of both binary and n-ary interactions but does not contain detailed
data on interaction mechanisms or full experimental descriptions. While a
common data exchange format is a key requirement for an efficient exchange of



protein interaction data, it does not by itself guarantee data compatibility. It is
essential to ensure standardized use of the data attributes through documentation
and controlled vocabularies. The PSI-MI format contains detailed documentation
within the XML schema itself, which is automatically extracted as an easily
accessible web page and accompanied by detailed documentation on the HUPO-
PSI MI context (http://psidev.sourceforge.net/mi/xml/doc/user/). To standardize
the contents of data attributes, the PSI-MI format makes extensive use of
controlled vocabularies or ontologies. External systems such as the Gene
Ontology and the NCBI taxonomy, are referenced where possible. Detailed
controlled vocabularies have been developed for the PSI-MI format for several
key molecular interaction data attributes, such as the experimental methodology
by which molecules are demonstrated to interact. Since this format already has a
large user-base, it is intended to maintain the ontologies in GO format for the
farseeable future, however it is recognized that, to become incorporated into the
wider aspects of the General Proteomics Standards activities, it may become
necessary to migrate to a more formal ontology language, such as OWL.

The PSI-MI format is designed for data exchange by many data providers. It
is therefore important to ensure that both the data format (syntax) and the
meaning of the data items (semantics) are consistent and well-defined. Without
the standardization of data items as part of a community standard, data sets
which are generated by the combination of data from different sources will
quickly become difficult to search and to use. To address this problem,
controlled vocabularies have been used in place of free text attributes, wherever
possible. Several controlled vocabularies have been developed, including
interaction type, feature type, feature detection method, participant detection
method, and interaction detection method to describe specific aspects of both an
interaction and the experimental methodology used to determine these (Fig. 1).



he controlled vocabularies are provided in Gene Ontology format and are
available from the Open Biological Ontologies (OBO,
http://obo.sourceforge.net/) site. The namespace used as a prefix for the OBO
identifiers is “MI”. All terms have definitions and, whenever appropriate, are
supported by literature references. The controlled vocabularies have a hierarchical
structure, higher level terms being more general than lower level terms. This has
advantages for both annotation and querying of the data. Annotation can be done
on the desired level of detail, a phosphorylation can be annotated as
“phosphorylation” (MI:0170), or if known, as the detailed type of
phosphorylation, for example using the subterm “3'-phospho-L-histidine”
(MI:0175). A querying tool can take advantage of the hierarchical structure of
the controlled vocabularies, and return all protein objects that contain the term
“phosphorylation” or any of its sub-terms annotated to it.

The controlled vocabulary interaction type describes the type of connection
between molecules. As PSI-MI Level 1 was restricted to protein-protein physical
interactions, this controlled vocabulary was initially populated only by a single
term, “aggregation”. In release 2, this term was deemed to be too non-specific
and as such was made obsolete, being replaced by three new parent terms;
physical interaction, genetic interaction and colocalization. New terms to both
describe protein-nucleic acid and protein-small molecule interactions and their
experimental determination have also been added throughout the expanded
vocabularies.

The feature type contains four main protein sequence properties that are
relevant for the binding of the interacting proteins: binding site, post
translational modification (PTM), mutation, and hot spot. 66 residue specific
post translational modifications have been included which are cross-referenced
with the RESID database [17]. To describe the method by which a feature has
been detected, a  feature detection  method term can be used.

The feature detection method is the first of the 3 controlled vocabularies
concerning experimental technologies. If an experimental method is used in
more than one context, it is only defined once. For instance, the term “X-ray” is
part of both the interaction detection method and feature detection method
controlled vocabularies.

To model the experimental procedure that supports the interaction itself two
attributes are used, the interaction detection method and the participant
detection method. The interaction detection method controlled vocabulary lists

Fig. 1  Controlled vocabularies to describe experimental methodologies developed
for use with the PSI-MI XML interchange format



technologies that can be used to infer that two or more proteins form a
molecular aggregate. This vocabulary of more than 80 terms has a hierarchical
structure based on a limited number of high level terms that group similar
methods and reflect commonly used classifications and technical distinctions.
As one method may be a specialization of more than one technology, a term
may have more than one parent. For example, the “colocalization by fluorescent
probes cloning” method (MI:0021) is both a fluorescence technology (MI:0051)
and an imaging technique (MI:0428) The participant detection method
controlled vocabulary lists more than twenty methods commonly used to
establish the identity of the interacting partners, for example peptide mass
fingerprinting (MI:0082).

The controlled vocabularies described here are not static; they will be
maintained and updated by the HUPO PSI workgroup to reflect new
experimental methodologies, or requirements from the community, in a manner
similar to the maintenance of the Gene Ontology.  This will ensure consensus
on the inclusion of new terms by the user community, a high degree of
flexibility to define terms when they are needed, and the avoidance of vague or
ambiguous categories such as "other methods". In accordance with the GO
model, an editorial team has been appointed [7] and requests for new terms dealt
with via a SourceForge tracker system. Anyone interested in becoming more
directly involved in the process is directed to the mailing list psidev-
vocab@lists.sf.net.

Major interaction data providers are currently establishing the “International
Molecular-Interaction Exchange (IMEx)” collaboration, in which they will
regularly exchange user-submitted data, using the HUPO-PSI data exchange
format. This will operate on similar principles to the EMBL/GenBank/DDBJ
collaboration, thus providing a synchronized, stable, reliable resource for
molecular interaction data. The success of this approach, with several of the
above databases, for example IntAct, DIP. MINT and HPRD providing some or
all of their data in PSI-MI format and others planning to follow suit in the near
future, has provided encouragement for the progress of the related HUPO-PSI
sponsored projects which are at an earlier stage of development due to the more
complex nature of the data which they have to deal with.



4. Mass Spectrometry and the Establishment of Controlled
Vocabularies

The HUPO-PSI mass spectrometry work group (PSI-MS) is working to
develop a common data repository for the deposition of mass spectrometry data
generated by proteomics groups and data standards accepted by both the user
community and by instrumentation manufacturers. To this end, the group has
produced the mzData format, a vendor-independent representation of mass
spectra, providing a unified format for data archiving, exchange, and search
engine input [7]. It has been jointly developed by academic users, commercial
users and instrument vendors, among them Eli Lilly, EBI, Bruker Biosciences,
Shimadzu, MDS Sciex, Agilent, and Thermo Electron. Controlled vocabularies
will be used throughout mzData., in particular for the description of source
detection methods, instrument parameters and analysis techniques. It has been
proposed that the current ASTM mass spectrometry standard data dictionary be
adopted, and updated, for use as a controlled vocabulary within this model, with
eventual ownership of this dictionary potentially passing to the American
Society for Mass Spectrometry (ASMS) so that it could be used to support both
the HUPO-PSI and the ASTM’s raw data standardization efforts. Users will also
have the ability to develop their own vocabularies to allow for the specific needs
of individual laboratories and maximum flexibility in experimental design.
Work is currently ongoing to create and expand these vocabularies, in line with
the final development of a beta version of mzData, a final release of which is
planned for the HUPO world congress in Beijing, October 2004.

The mzData model will also act as the mass spectrometry component of the
MIAPE data model and top level processes such as sample identification will be
better dealt with through the development of this model than independently by
the mass spectrometry group. The design of specifications for a spectral analysis
format (mzAnalysis) is underway, and also that of a common syntax for the
identification of proteins and peptides (mzProtID), which must also have the
ability to describe post-translational modifications.

5. General Proteomics Standards and the Establishment of
Controlled Vocabularies

As already stated, it is intended that all efforts within the remit of the
HUPO-PSI will be coordinated and united within a framework provided by the
establishment of standards for the representation of a full proteomics
experiment, the Global Proteomics Standards (GPS). Based on the PEDRo



schema [18], this work group is tasked with developing the “Minimum
Information About a Proteomics Experiment (MIAPE)” document analogous to
the MIAME requirements for a micro-array experiment [19], and both an object
model (PSI-OM) and XML format (PSI-ML) to fully represent a proteomics
experiment. PSI-GPS will use the modules such as the more specific mzData
format as components of a full experiment description, comprising sample
preparation, analysis technologies, and results. To fully delineate these
processes, controlled vocabularies are currently being written and appropriate
terms will be contributed to the MGED Extended ontology under the “PSI”
namespace. The MGED ontology is being written to support the micro-array
object model, MAGE. The extended version adds further associations and
classes to the core ontology which is intended to be stable and fully in synch
with MAGE.

6. Summary

The design and use of controlled vocabularies to describe experimental data
and enable the storage and exchange of proteomics data in a format that allows
subsequent users a clear and comprehensive understanding of the conditions in
which the experiments were performed, has only recently been tackled by
workers in the field. The success of the HUPO-PSI MI format which uses a
series of controlled vocabularies to describe molecular interactions, the features
on a molecule responsible for such interactions and the experimental methods by
which both interaction and features were determined suggests that ongoing work
to describe detection of the proteome content of a sample by mass spectrometry
will be equally successful. All these efforts should be seen in the wider
framework of the GPS which is tackling more top level issues as sample
description, acquisition and handling in conjunction with the MGED
consortium, with the eventual aim of having a single combined ontology, with
which to describe any experiment investigating the transcriptome and/or
proteome content of a cell.  This degree of cooperativity will ensure that these
ontologies remain non-redundant and that the user community can access a
single, common ontology suitable for describing complex experimental
procedures.

It is always an issue, when launching a new standard, that this be seen as a
fulfillment of a genuine need within the scientific community, rather than the
bureaucratic imposition of unnecessary extra work without any perceived benefit.
To this end, the HUPO-PSI proteomic standards are being written jointly by as



wide a cross section of the perceived end users as can practicably be achieved,
with consultation at all stages of the process being an absolute requirement. The
strides made within the protein:protein interaction community as a result of the
publication of these standards and ontologies only a few months ago, lead us to
hope that extending this process to cover the wider field of experimental
proteomics will be equally productive and be of great benefit to an increased
understanding of the proteome across all species and cell types.
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