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1 Introduction

The requirements for standard formats for functional genonics experiments have been recognised for some
time, leading to the development of a standard microarray fomat, MAGE-ML [9], and a proposal for
a proteome standard called PEDRo [12]. Furthermore, the Préeomics Standards Initiative (PSI) and
the Microarray Gene Expression Data (MGED) society have bee established to manage standards and
ontologies. A critical part of microarray standardisation was the release of a checklist of information that
should be made available to allow a microarray study to be unérstood, known as MIAME [1] (Minimum
Information About a Microarray Experiment). PSlis in the pr ocess of developing various standards including
mzData and mzldent [8] for mass spectrometry, and PSI-OM repesenting a proteome work ow. PSI is also
intending to release a reporting requirements document, kown as MIAPE (Minimum Information About

a Proteomics Experiment). At this stage the metabolomics canmunity is also starting to discuss standard
formats, and several models have been released that desceilmetabolomics data, such as ArMet [4], SysBio-
OM [14] and SMRS [10].

The MGED society is currently developing a proposal for the £cond version of MAGE to solve problems
that have been identi ed with MAGE-OM since its release. MAGE -OM has a fairly generic structure for
several components, using external ontologies to populatéhe format, thereby ensuring that the model can
accommodate a wide range of techniques. For this reason, mgrparts of MAGE-OM could be used to
describe any type of functional genomics experiment as lon@s ontologies exist to describe technology-
speci ¢ details. The new proposal, called FUGE-OM (Functional Genomics Experiment Object Model), is
organised into several parts (hamespaces) to make expliciwhich parts describe microarray experiments and
which parts describe a generic functional genomics experiemt. The purpose of this document is to provide
an early evaluation of using the model to describe proteomie experiments, and to verify if components in
the core of FUGE-OM are truly generic or if changes are requird to manage other types of experiment. In
particular, this document outlines how the current proposas of the PSI (PSI-OM) can be modelled within
the framework of FUGE-OM, and also how the resulting model reates to PEDRo. The model presented



in this document leads on from other evaluations of represding proteomics experimental data within the
MAGE framework [5, 14].

The main purpose for representing di erent 'omes within a shared model is to allow queries and analysis
over parts of experimental annotation that are the same regadless of the techniques used. For example,
the biological samples being studied precede the extractioof mMRNA, proteins or metabolites and therefore
it should be possible to have a single representation for anyf the techniques. A shared description of
biological samples will be particularly useful for laboratories in which a range of techniques is used to study
a sample, as single software applications could be develope¢o manage all laboratory data. Furthermore,
each data standard must capture basic laboratory procedurs (protocols), auditing information, links to
external ontologies, and general descriptions of the purpge of the experiment. Therefore, the shared parts
of experimental annotation could be captured in a single fomat that is independent of the downstream
laboratory technique. Lastly, there is the hope of combinirg the results from various technologies, allowing
systems biology approaches within a single framework.

The generic core of FUGE-OM is divided into two namespaces: F3E.Bio and FUGE.Common. A
FUGE.MAGE namespace is in development for storing microaray-speci ¢ details of the experiment, such as
array layout and design. We propose that proteome-speci ¢ dails could be captured in a fourth namespace,
FUGE.PSI. The rest of this document is structured as follows Section 2 describes the packages within
FuGE.Common, FUGE.Bio and FUGE.PSI, and the correspondene between FUGE.PSI, PSI-OM and PE-
DRo. Section 3 outlines several proteomic use cases, and debes how they can be captured in FUGE-OM.
There is discussion of the issues raised in Section 4, includy the possibility of covering metabolomics in
FuGE with reference to the existing models.

2 The Functional Genomics Experiment Object model (FUGE-OM)

In this section there is an overview of three hamespaces with FUGE-OM: Common, Bio and PSI. Common

and Bio have undergone several rounds of development and tlieare nearing a nal draft stage. We are

proposing the addition of the PSI namespace in this documentalthough several parts of its design require
further discussion.

2.1 FuGE.Common

The Common namespace comprises packages for managing a geméype of functional genomics investiga-
tion. There should be no di erence between the packages redred for microarrays or proteomics, therefore
only a brief description is given of each package, with refemce to how it may be used for proteomics.

2.1.1 Common.Audit

The Audit package captures audit trails, such as changes to the documeand it can be linked to the contact
details of the operator (Figure 1). Neither the current verson of PSI-OM, nor PEDRo, have any features
for auditing, therefore this package would give additional capabilities for managing proteomics laboratory
data.
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Figure 2: The Description package in FUGE-OM.

2.1.2 Common.Description

At the top level of the Description package is the abstract chssDescribable (Figure 2). The purpose of
the package is to allow other classes in the model to inheritrbm Describable thereby allowing links to
external URIs, the Security class, Audit (see above) and a textual description to be added. There are
various proteomics classes that could inherit fromDescribable giving additional features to these classes.

2.1.3 Common.Reference

The Reference package allows relationships to thBatabaseEntry and BibliographicReference  classes for
any subclasses of the abstract classlentifiable , which also allows a hame and an identi er to be supplied.
There are various proteomic concepts that should be subclags ofldentifiable , such as protein records.
In PEDROo there are several specic places in which an externadatabase identi er can be entered, and a
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Figure 3: The Reference package.

similar model is likely to be developed for PSI-OM, thereforeif such classes are speci ed aklentifiable
the functionality of FUGE.PSI, PSI-OM and PEDRo will be simil ar.

2.1.4 Common.Ontology

The Ontology package contains only the clasOntologyTerm (Figure 4), which is intended for importing
terms from a controlled vocabulary or ontology, and many clases in other packages have associations to
OntologyTerm with a de ned purpose. OntologyTerm is Identifiable and therefore can be linked to a
database entry to specify the source of the term.OntologyTerm has an attribute called \value" because many
ontology terms require a user-de ned value to complete the otology concept. There is also a self-association
on OntologyTerm to allow nested terms to be imported. For example, the term A is de ned in the MGED
Ontology (MO) [11], with two associations: one to a Measurenent entry and one to an InitialTimePoint
entry. Measurement requires a value to be completed by the s (in the \value" attribute of OntologyTerm),
and it has another association to Unit. The concept \three days after planting” is expressed in the object
model (Figure 5) by using several instances ofOntologyTerm: Age references InitialTimePoint (linked to
OntologyTerm \planting") and references Measurement (value = 3); Measuiement references Unit (linked
to OntologyTerm \days"). It is planned that the MGED Ontology [11] and a PSI-de veloped ontology
will converge at some point in the future and therefore it woud be advantageous if both technologies
had a single referencing mechanism within the model. PEDRo antains several speci ed relationships to
an OntologyEntry class. In practice the ontology package in FUGE will functin in a similar manner to
PEDRo, but FUGE-OM gives the additional ability to specify a d atabase entry for the ontology term to
allow users to verify the source of the term. The possibilityof including nested terms in FUGE-OM is also
advantageous because it allows complex concepts to be regented. It is intended that ontologies will be
used fairly extensively in conjunction with PSI-OM but as the structure of the PSI ontology has not yet
been nalised, there is no formal proposal within PSI-OM for the representation of ontologies.
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2.1.5 Common.Protocol

The Protocol package allows experimental procedures to bepgci ed as instances ofProtocol (to capture
standard protocols) and ProtocolApplication (to capture speci ¢ instances of a protocol). The package
de nes three general types ofProtocolApplication s (Figure 6):

1. Protocols that take a physical substance as input and prodce a new type of substance as output
(MaterialTreatment , discussed in Section 2.2.1).

2. Protocols that take a physical substance as input and prodce data, either destroying the input
substance or leaving the material to undergo further assay¢DataAcquisition , Section 2.1.6).

3. Protocols that take data as input and transform it to produ ce new types of data, such as converting
binary data (images) to discrete data (mMRNA or protein abundance values) PataTransformation
Section 2.1.6).

Figure 7 displays the classes in the Protocol package that deribe a standard protocol, parameters
and default parameter values. The clasfrotocol has references tdEquipment and Software . Protocol
Equipment and Software are all subclasses oParameterizable , allowing a set of parameters and a default
value (as a measurement inOntologyTerm) to be captured. There is also a classAction referenced from
Protocol that stores an ordered list of simple actions that occur within a protocol. Action s can be ordered
within a protocol and an Action can have either a textual description or import a standard term from a
controlled vocabulary (example: \incubate"). If an action within a protocol must capture a complex concept,
this is encoded using the association fromAction back to Protocol to allow protocols to be nested, such
that an Action step becomes a protocol itself.

Figure 8 displays the classes that capture instances of a ptocol, including ProtocolApplication
SoftwareApplication  and EquipmentApplication . These classes store particular parameter values where
they di er from a generic Protocol . ProtocolApplication is linked to Person (for the operator) and the
source Protocol . The Protocol package could be used in proteomics for captimg various details about
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sample preparation, protein separation or digestion, proessing performed by software such as gel image
analysis, along with details of the instrument used and setf parameters.

Certain protocol types in the proteomics domain can fall into both categories 1 and 2, such as gel
electrophoresis in which the gel spots can undergo furtherreatments in preparation for mass spectrometry
and the gel can be scanned ataAcquisition ) to produce binary data. The model accounts for this
possibility as aMaterial can have further treatments speci ed (MaterialTreatment ) and DataAcquisition
can be associated to the same instance dflaterial .

2.1.6 Data

Figure 9 displays the package capturing data in FUGE-OM. Data can be obtained from two sources:i)
DataAcquisition  which is performed on aMaterial orii) from a DataTransformation which takes another
instance of Data as its source. FUGE takes a very generic approach for represténg data from functional
genomics experiments. Essentially @Data object represents a container for a set of multidimensionabata
matrices, and the coordinate set found in each of the dimensns. This type of exible and self-describing
data structure has been used successfully by other computend data intensive domains [3, 7].

Data has associations toMatrix and Dimension. Matrix will capture the actual data values in a multi-
dimensional matrix. This class can be extended for use in a p#cular functional genomics domain. The
association fromData to the Dimension class captures the type of each dimension of the matrix. Dimesions
designate the value instances or value types of the dimensidy an ordered association taDimensionElement.
An example would be a locations on a 2D gel, where th®imension represents the concept of a coordinate
spot (x,y) on the gel and a DimensionElement would be a single location, or spot, on that gel.

The FUGE.Data package will model raw image data and processkdata arising from image analysis, such
as uorescence scanning of a microarray. This kind of data a&o arises in proteomics, from images of two
dimensional gels and quanti cation data from di erential | abelling experiments, such as ICAT [2]. There
is further discussion of the application of FUGE.Data to model proteome data in the use case descriptions
(Section 3).

2.2 FuGE.Bio

The FUGE.Bio namespace is intended to be used in conjunctiorwith FUGE.Common for describing the
overview of an experiment and laboratory work ows that arise in functional genomics investigations, using
ontologies to populate the format with technology-speci ¢ details.

2.2.1 Bio.Material

All biological and physical materials involved in an experimental work ow are modelled as a generic class,
Material . A Material has two references toOntologyTerm to describe the type of material and a set
of characteristics. EachMaterial can comprise several sub-components, for instance to desoe the wells
within a PCR plate or the separate lanes within a one-dimensioal gel, which are modelled by the self-
reference onMaterial called Components. MaterialTreatment takes instances ofMaterial as input (via
MaterialMeasurement ), and produces new types ofMaterial as output. MaterialTreatment is a subclass
of ProtocolApplication  to allow the description of the protocol employed by the treament. The source
of material for the investigation is implicitly de ned by be ing the rst type of Material in a treatment
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Figure 9: The Data package in FUGE-OM.

work ow. The Material package is not only intended for describing the manipulation of samples in the
laboratory but can also be used for describing treatments towhole organisms or populations of organisms.
For example, two di erent drug treatments to mice can be captured by describing each mouse as Klaterial ,
which is combined with another Material that describes the drug compound (using the relationships ¢
OntologyTerm to characterise the instances ofMaterial ). A liver sample could be extracted from the
mouse (a sub-componenMaterial ) which could be analysed by microarray or proteomic technigies (further
MaterialTreatment s).

The Material package can be used in proteomics for giving a stictured description of sample prepa-
ration, protein extraction, and solubilisation procedures when a PSI ontology has been developed, using
the associations toOntologyTerm from Material , and from Action in the Protocol package (Figure 7).
The Protocol package also allows information about laborabry procedures MaterialTreatment ) to be de-
scribed as a series of steps de ned with user-entered text, ahg with the associated equipment and software
details. This use of the Protocol package does not require anntology yet still enables the user to report
the procedures that were carried out in a usable format. The ge of the Material package for proteomics is
discussed further in Section 2.3.1.

2.2.2 Bio.BioSequence

The BioSequence package (Figure 11) allows groups of biolimgl sequences to be de ned. The package is
general enough to encode nucleic and amino acid sequencesdahence could be used for proteomics for
specifying protein or peptide sequences identi ed by masspectrometry. Protein modi cations could be

captured as instances of the clasSegFeature. The mzldent proposal (Section 2.3.2) is at an early stage of
development but part of the format will describe proteins, peptide sequences and modi cations which could
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be mapped toBioSequence when the proposal is nalised.

2.2.3 Bio.Experiment

The Experiment package captures a summary of the intention & the investigation. Each instance of
Experiment has an association toExperimentDesign that captures a description of the design in terms
of quality control, replicates performed and normalization. These are part of the MIAME reporting require-
ments, and it is highly likely that similar requirements wil | be released as part of the minimum information
about a proteomics experiment (MIAPE) document. The experimental designs for other types of functional
genomics investigations should also be adequately desced by this model. Each ExperimentalFactor
corresponds to the classi cation of the type of factor beingcompared, such as dosage or growth condition,
and the di erence between the factors is captured inFactorValue and the association toOntologyTerm. If
the factors are time points in a time course, the value and urts are captured in OntologyTerm, for example
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using the Measurement part of the MGED Ontology. There is a rdationship from FactorValue to the
instance of Material that captures the source of biological material used in the mvestigation. This relation-
ship is redundant because the source material is also captad by tracking back from a data value via the
treatments that created it in the Material package. However, the direct association from FactorValue to
Material exists because the purpose of the Experiment package is to pture the intent of the investigation
and to summarise the critical parts of the annotation. The saurce of biological material is one of the most
important parts of annotation and it will be queried frequently. Multiple sources of material can be speci ed
for each factor value to account for biological replicates.Di erent instances of FactorValue can reference
the same sample flaterial ) because theFactorValue may correspond to a di erent kind of treatment that
occurs downstream in a work ow (captured in the Material package).

The part of PSI-OM that corresponds to the Experiment package has Study, StudyGroup,
StudyGroupDescription and BioSource, which describe similar concepts (Figure 13).Study is the equiv-
alent of ExperimentDesign and ExperimentalFactor ; StudyGroup and BioSource (in PSI-OM) corre-
sponds to FactorValue and Material . However, PSI-OM is focussed on studies in which the di erene is
between two starting samples (such as wildtype versus genenkckout mice, captured as di erent instances
of StudyGroup and BioSource). The FUGE-OM model allows both this kind of investigation, and investiga-
tions where the main comparator is the di erence in a treatment performed on a sample or organism (such as
di erent responses to a drug treatment), to be described wih high level concepts. The principle comparator
in a study could also be a technical factor, such as testing tb di erence between two types of microar-
ray or mass spectrometer. Experimental factors corresponidg to di erent kinds of treatments or assays
can be accommodated in the following way. An instance ofExperimentalFactor (example \hardware-
Variation") is linked to instances of FactorValue (and OntologyTerm) for each technical factor, capturing
the di erences between the factors using terms from a contrbed vocabulary. The dierent instances of
ExperimentalFactor  will reference the same instance oMaterial (for the source of material). If a sample
has been analysed with both microarrays and proteomics, thelivergence between the techniques is captured
in Bio.Material rather than in the Experiment package.

There is a relationship from FactorValue to DimensionElement in the Data package. In eect, a
FactorValue corresponds to a single cell within the data matrix, and the @mplete set of FactorValue s
correspond to one entire dimension of the data matrix. Thereis also a relationship from Experiment to
HigherLevelAnalysis , which represents domain speci ¢ processing events that @tr on data. Dierent
domains must extend HigherLevelAnalysis by creating subclasses. There is an association to data from
HigherLevelAnalysis representing the parts of a data set on which the analysis is &sed. In the proteomics
domain, a possible kind of analysis is re-processing mass sp@metry data originally used for protein
identi cation, to generate information about post-transla tional modi cations.

2.3 FRuGE.PSI

This section contains a brief description of how current prgosals of the Proteomics Standards Initiative
could be mapped to FUGE-OM, and the advantages of representip proteomics experiments within the
model.
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Figure 13: The representation of an experiment in PSI-OM.

2.3.1 PSl.Assay

It is intended that the classes de ned in Bio.Material can be used for constructing laboratory work ows,
which could be used for describing proteomic experiments s as gel or column separations. However, the
use of Bio.Material relies on ontologies supplying well dened terms to be used in the format. At present,
there are no established ontologies for proteomics, althagh a PSI-developed ontology is planned, and may
be developed in conjunction with the MGED Ontology. Until th e PSI-Ontology is in place, it will not be
possible for developers to use Bio.Material on its own to costruct standardised proteome work ows and
using the free text part of the Protocol package would resultin variability in the representations developed
by di erent labs. Therefore, we have attempted to map the PSI-OM proposal onto FUGE by extending
Bio.Material classes using inheritance, and the new classehave been included in the PSIl.Assay package.
Figure 14 demonstrates three types of proteome work ows: te-dimensional gel electrophoresis Gel2D),
1-D gel (GellD), and a liquid chromatography (Columr) experiment.

The top diagram on Figure 14 displays a 2-D gel experiment repgsented in FUGE-OM. Gel2Dwill contain
the attributes of the 2-D gel, and is a subclass oMaterial . GelSeparation will have attributes describing
the process of electrophoretic separation and has associans, via MaterialMeasurement (not shown), to
two inputs: the instance of Gel2D, and the instance of Material that represents the protein mixture to be
separated. As described for the Bio.Material packageMaterial can specify the set of treatments that created
it, such as a protein extraction and solubilisation procedue. The cycle of Material , MaterialMeasurement
and MaterialTreatment can capture gel staining procedures. An instance oSpotPicking (a specialised
subclass to capture the coordinates of gel spots) producesautput of another Material which can undergo
further treatments, such as analysis by mass spectrometry. The middle diagram on Figure 14 displays a
1-D gel experiment, in which proteins are separated in indivilual lanes of a 1-D gel. The entire gel is
represented byGellD and individual lanes asGellDLane and the two are related as both are subclasses of
Material which can specify components, allowing an association to bereated from GellDto the instances
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Figure 14: The proposal for representing protein separatin techniques in FUGE-OM. Classes will be assigned
speci ¢ attributes as the proposals from the Proteomics Stadards Initiative develop further.
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of GellDLane GelSeparation species two inputs: the lane in which the separation takes pace and an
instance of Material to describe the protein mixture. A column separation is repesented in the bottom
diagram and functions in a similar way to a gel separation. Tke product of each technique is a new instance
of Material which can be speci ed as the input for any other type of treatment, allowing complex proteome
work ows to be constructed. DataAcquisition events can be performed on any type oMaterial , therefore
scans can be performed on stained or labelled gels to produckata sets, modelled in the Data package.

Both PEDRo and PSI-OM have a similar structure to FUGE.PSI.Assay for generating proteome work-
ows (Figure 15) where the product of a separation techniquecan become the input for any other type of
treatment. However, there is a di erence between the way in viich associations between a treatment and
its product are encoded in FUGE.PSI and PSI-OM. Separation tehniques in PSI-OM (and PEDRo) are
modelled as subclasses (e.gsel2Dor ColumnRupof AnalyteProcessingStep and materials are subclasses
of Analyte (e.g. Fraction or Gelltem). In PSI-OM, there is a direct relationship between subclasss, such
as from ColumnRurto Fraction . In FUGE.PSI, the relationship between technique and prodict is speci ed
by relationships between the superclassesMaterialTreatment and Material ). This design is preferable
to having relationships between both the superclasses andubclasses, which would create variability in how
work ows were constructed. The inclusion of strictly typed relationships in PEDRo (and PSI-OM) has the
advantage that tools can be created based on the model in whiicthere is explicit prompting of which classes
should be used to construct a work ow, which may be more dicult to achieve in FUGE. However, the
PSI-Ontology could incorporate rules as to which classes caform associations, such aspotPicking should
occur on aGel2D (and not a Columr), and the rules could be used to drive work ow generation tods.

A second di erence between FUGE.PSI and PEDRo/PSI-OM is that in FUGE.PSI a type of material
does not capture any properties of how it was generated, urite Fraction in PEDRo that has attributes
\startPoint" and \endPoint". FUGE.PSI captures the starta nd end points using the clasCollectFraction
The model employed in FUGE.PSI should allow for more exibility in the kinds of proteome work ow that
can be generated, which is essential, as one of the probleméntlering standards creation in proteomics is
the rate at which new types of technique are developed.

2.3.2 PSl.mzData and PSl.mzldent

PSl is in the process of developing two formats for mass speacmetry used in the context of proteomics,
called mzData and mzldent. The rst version of the mzData format has recently been released to store the
output from mass spectrometers. The mzldent proposal is sti in development but is planned to cover the
output (and input parameters) from database searches with nass spectrometry (MS) data to identify proteins
or quantify protein abundance. The raw data from an MS experment is a peak-list, which is captured in
mzData in base64-encoded binary to reduce the le sizes. It stuld be possible to represent raw MS data
as subclasses oMatrix in the Data package, usingDimension to describe the components of the matrix.
The mzData proposal also captures details about the instrunent, links to ontologies, contact information
for the operator, the software package used to produce the m-list and various user-de ned data types.
Components of FUGE.Bio and FUGE.Common could be used captur details of the instrument, software, data
processing and so on. At this stage we suggest that FUGE shadilbe used to describe the sample processing
stages prior to MS, such as protein extraction from a sourceNlaterial ) and the hypothesis (in Experiment,
ExperimentDesign and ExperimentalFactor ). The biological sample on which MS is performed is current}
captured in mzData by specifying only a name and a textual desription which will not be adequate for
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Figure 15: Protein separation techniques represented in PISOM.
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Figure 16: The mzData model can be integrated into FUGE-OM by pecifying the top-level as a subclass of
DataAcquisition

complex queries. The mzData format will be mapped back into aUML representation by PSI (as it is
only represented as an XML Schema at present). The top-levellass of the mzData model could be set
as a subclass oDataAcquisition (as it a process that generates data and is destructive of théiological
material), allowing the source of material to be speci ed usng the Bio.Material package (Figure 16). This
mechanism allows a simple integration between mzData and FBE-OM, which will make the FUGE.Bio and
FuGE.Common packages available to developers using mzDatér adding more detailed annotation about
the experiment. An alternative system would be for mzData to reference a FUGE document which describes
the experimental setup and sample generation stages, usiran XLink [15] which allows parts of other XML
resources to be referenced, such that integration occurs dnat the level of XML.

The mzldent format is still being developed and therefore itis di cult to predict how it will be integrated
into FUGE. A mechanism must exist for integrating mzldent with mzData because it is expected that mzData
les will be used in conjunction with mzldent for constructi ng software work ows for managing MS data
and database searches. The mzldent proposal is being devpled as an XML Schema and could be reverse
engineered to a UML representation to facilitate understarding the model. We will therefore integrate
mzldent into FUGE using the same mechanism that links mzlden to mzData, which is likely to be that
mzldent speci es the source le (mzData) from which a peak-list has been derived for searching a database.
The integration can occur either at the object model level orusing XLink as described above. When a
data model for FUGE-OM and mzldent are nalised, it will be possible to map mzldent to other FUGE
components to make use of the Bio and Common packages.

3 Use cases

In this section there is a description of three typical proteome use cases with diagrams that display how
classes in FUGE-OM can represent the experimental work ows.
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Figure 17: 2D-LC (MudPIT) Use case.

3.1 Chromatographic protein separation

The use case illustrated in Figure 17 shows a 2D LC-MS (two dimesional liquid chromatography-mass
spectrometry) experiment, such as demonstrated in Linket al. [6]. The starting sample is a yeast cell
culture to which various manipulations occur to extract proteins, and digest the proteins into a set of
peptides in solution. Sample preparation procedures are nuelled as instances ofMaterialTreatment
Bio.Material. The sample undergoes two sequential stagesf@.C. The separations are modelled as subclasses
of MaterialTreatment , with the details of the setup of the column in a bespokeColumnclass in FUGE.PSI.

A further treatment, CollectFraction , captures the parameters that specify how a fraction was cdécted,
and the fraction itself is modelled as aMaterial . The fraction undergoes mass spectrometry to identify the
proteins present from the mass of peptides. MS data is modeadtl using the classes de ned in the mzData
and mzldent formats that must be integrated into FUGE. The level of integration of these formats is an
open question at this stage, as discussed above.

in

3.2 Quantifying protein abundance by di erential labellin g

Figure 18 displays a di erential labelling experiment represented in FUGE-OM. The experimental methodol-
ogy is as follows. The proteins from one sample are labelledith an isotopically heavy reagent, and proteins
from another sample are labelled with an isotopically light reagent. The proteins from the two samples are
pooled and digested into peptides. The mixture undergoes anity chromatography to extract only labelled
peptides that are analysed by mass spectrometry. Mass speacimetry detects a pair of peaks for each pep-
tide, corresponding to the light and heavy isotope and the rdio in peak height gives an indication of the
relative abundance of the protein in the two samples [2]. Theattachment of ICAT labels, sample pooling
and protein digestions are modelled by classes in Bio.Maté&l as shown in Figure 18. The isolation of pep-
tides by a nity chromatography is modelled by MaterialTreatment . If an additional column separation is
performed, this is modelled in the same way as the LC-MS expament above. Mass spectrometry data is
handled by the mzData and mzldent formats.
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Figure 18: An ICAT experiment represented in FUGE-OM. Italic s are used to demonstrate superclasses that
are being used in conjunction with the subclass that is written in plain text below.

3.3 Dierence gel electrophoresis

Di erence gel electrophoresis allows two or more samples tbe analysed on a single gel by labelling proteins
from di erent samples with di erent uorescent labels [13] . Figure 19 displays how a work ow for a di erence
gel experiment could be modelled in FUGE-OM. The use case is dugly of the di erence in the proteome
of two life cycles stages (bloodstream versus procyclic) ahe parasite Trypanosoma brucei Proteins are
extracted from the two samples and labelled with a particular Cy dye. Part of the protein mixture from
both samples is pooled and labelled with a third uorescent d/e as an internal standard. The three labelled
samples are pooled and separated on a two dimensional gel matbd by classes in Bio.Material. The gel
separation is modelled by a subclassGelSeparation ) of MaterialTreatment , attached to a speci ¢ class
in the PSI namespace capturing the details of the gel setup&el2D). Image analysis can be performed over
this gel to determine the ratio of uorescent dyes at every gé spot which indicates the relative abundance of
each protein in the two samples. This is modelled by an instane of DataAcquisition  with an association
to Material representing the DIGE gel. The spots from the di erence gelshave not at this stage been
identi ed as particular proteins. In this use case, there isa separate part of the protein mixture that is
not labelled with Cy dyes but undergoes standard gel electrphoresis. Spots from this gel are extracted
for mass spectrometry to identify proteins. Image analysissoftware determines the spots on the standard
gel that are in the same position as spots on the di erence geland correspond to the same protein. In
this way, the protein identi cations can be linked to the abu ndance data detected by ratios of uorescence.
In FUGE, the Data class must be extended using inheritance (creating subclaes of Matrix and possibly
Dimension or DimensionElement) to create a standard representation of 2-D gel and DIGE data. It has
been anticipated that spots identi ed on gels (instances of DimensionElement) should also correspond
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Figure 19: A dierence gel electrophoresis experiment modéed in FUGE-OM. Note: example classes are
shown to represent image data and processed data although #se classes must be developed by extending
the model in the Data package.

to instances of Material (representing the physical spot on the gel for example to undrgo spot picking
and preparation for mass spectrometry). These instances oMaterial (gel spots) are sub-components of
the Material that represents the entire gel. Both Material and DimensionElement are Identifiable
therefore the identi er given to the spot by image analysis ©ftware must be entered as the identi er for
both the Material and the DimensionElement to allow the data and the spot material to be linked. This
avoids the requirement for a direct association betweerDimensionElement and Material which would be
open to misuse.

4 Discussion

The purpose of this document is to provide an initial assessmnt of using FUGE-OM to capture proteomics
data. At this stage, PSI-OM has not been nalised and therefore we cannot predict if all possible proteome
models can be accommodated in FUGE-OM. However, we have demsinated that proteome work ows can
be encoded in FUGE-OM and there will be advantages if microaray and proteome experimental annotation
can be encoded in the same format. The structure of FUGE.Comimon is nearing a working draft stage, and
we believe that several of the packages (in particular Audit Protocol and Description) will give additional
annotation capabilities to the proteomic models. The frameavork for a data model has been developed (in
Common.Data) but it is expected that extensions to this package must be developed for microarray or
proteomics data. The use of a self-describing format for regsenting microarray data is currently being
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discussed, and given that protein abundance data is highlyimilar (such as analysis of scanned images), the
format may also be able to represent proteome data. A possibl PSl.Data package can be created as the
proposals for proteome data models become more re ned.

The FUGE.Bio namespace includes packages for capturing theverview of the Experiment, laboratory
work ows and information about biological sequences. The Bo.Material package provides support for ex-
pressing laboratory work ows, which can be used in the contgt of microarrays, proteomics or metabolomics.
If ontologies exist containing terms to describe experimetal procedures for particular domains, the Material
package allows standard, highly structured representatiaos of lab procedures to be represented. Even in the
absence of the ontologies, the Material package can be used ¢onjunction with the Protocol package allow-
ing users to report the experimental procedures, the equipmnt and software used, thus ful lling the MIAME
(and MIAPE) requirements. The Experiment package allows a simmary of a proteomics experiment to be
described and BioSequence could be applied to represent figin modi cation data.

It is our intention to create an XML Schema representing the model at an early stage in the development,
prior to release of the complete object model. This will enake the generation of test data sets to verify that
concepts are correctly represented in the object model. If mblems arise generating test data, the model
can be revised to re ect the new requirements. We have restdted our e orts to analysing how proteome
experiments could be represented in FUGE, however, in the ftowing section there is brief discussion of the
relationship between metabolomics proposals and FUGE-OM.

4.1 Metabolomics

There have been several recent proposals for metabolomicath standards, including ArMet, SMRS and
SysBio-OM. One of the goals of FUGE is to provide a framework inwhich any kind of functional genomics
experiment can be represented, using core classes for expeental annotation and by extending core classes
using inheritance to give other models additional functiorality. At this stage it is important to identify
what are the main uses for the data format, and what would be thke possible advantages of encoding parts
of experimental annotation for transcriptomics, proteomics and metabolomics in a shared format. There
are clear advantages to representing the biological sampteused in a shared format because the same source
of material could be analysed by more than one technique. In &GE, the material must only be specied
once, as the initial Material in a work ow, and information about speci ¢ types of assays can be entered
in FUGE.PSI or a future FUGE.Metabolome namespace. Anotheradvantage is that abundance data (for
MRNA, proteins or metabolites) represented in the same formt should also be capable of analysis by
standard packages allowing comparison of data values fromi@rent techniques.

SysBio-OM models metabolome data, utilising many classes dm MAGE-OM to represent the shared
parts of the experimental annotation, similar to the conceg behind FUGE, and therefore could be used as
a framework for the development of a metabolome namespace. HE ArMet model has been developed for
storing metabolite data from plants although there are many classes covering metadata, such as growth
conditions. Given that much of the metadata required is the @ame regardless of the whether mRNA,
proteins or metabolites are analysed, the annotation packges in ArMet could be mapped to FUGE.Bio
and FUGE.Common. Furthermore, the data model in ArMet covers the output from mass spectrometry
and therefore parts of mzData may be applicable for metabolmics because the structure of the peak-list is
highly similar for peptide masses or metabolite masses.

The SMRS (Standard Metabolic Reporting Structure) policy document [10] speci es that the following
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must be captured about a metabolome experiment: the data vales (estimates of metabolite concentration),
the source of material (origin, species, growth conditionsetc.), experiment design, sample storage and
preparation to allow experiments to be compared. The policydocument also states that the organisation is
open to collaboration with standardisation groups for other ‘omics technologies. The types of information
that must be captured about a metabolomics experiment have many similarities with transcriptomics and
proteomics, therefore the Bio and Common namespaces of FUGEM could provide a suitable framework
for the development of a metabolome data standard.

5 Conclusions

This is a working draft document intended to highlight the issues involved with developing a shared data
standard for microarrays and proteomics. It will be revisedas the FUGE-OM and PSI-OM proposals develop
further. The Common and Bio namespaces are unlikely to undego major revisions and therefore we can
demonstrate that several packages give additional functioality on top of the existing proteome models.
We have proposed that a FUGE.PSI namespace could be designéd make explicit the proteome concepts
that must be captured. There are several issues that must sli be resolved, most importantly a standard
representation of data must be agreed. There are clear advaages to having a shared data format for
di erent types of functional genomics experiment and FUGE-OM may provide a platform through which
this can be achieved.
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