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Abstract: Experimentation with biological systems produces sources of huge
amounts of biological data. In order to make these heterogeneous data sources easy
to use, several efforts on data representation and integration have been considered
mainly based on XML. In this paper we present the main approaches proposed in

literature and we discuss future research directions.
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1. Introduction

Several research institutions produce huge amounts of biological data coming from the
experimentation with biological systems. The proper exploitation of these data sources
requires great efforts in integrating disparate data structures, protocols and tools.

A standard unified model for the description of data and, consequently, a format for
their exchange and representation that is machine readable may face the heterogeneous data
integration issues. Several data formats intended to represent biological entities and systems
have been reviewed [8] that can be categorized in: textual-based, XML-based, and ontology
based. The main problem of the textual-based proposals is the lack of structure consistency,
whereas the use of XML overcomes this problem by using a standard data format with a
precise structure defined by a DTD or an XML Schema (XSD). Finally, ontology based
formats are arising as a solution to increase the content semantics and to formally represent
the knowledge to be exchanged.

In this paper we present a survey of some XML-based approaches for bio-molecular
data representation and we discuss their main issues and so far proposed approaches for
their integration. Finally, we present future research directions.



2. XML representation of bio-molecular data types

XML-like representations have been so far proposed for the (1) principal bio-molecular
entities (DNA, RNA and proteins) and their structural properties, (2) biological expression
(microarray), and (3) system biology. Initial proposals have been developed within small
groups of institutes with the main aim of having a common representation of data structures
and language to model their own set of bio-molecular data types, whereas nowadays there
are more initiatives to have a wider general agreement by specifying the minimal
requirements that such kinds of data structures and languages should have.

XML representation of bio-molecular entities. The Bioinformatic Sequence Markup
Language (BSML) [5] describes biological sequences (DNA, RNA, protein sequences) at
different granularity levels via sequence data, and sequence annotation. A BSML document
usually contains information about how genomes and sequences are encoded, retrieved and
displayed. ProXML [3] is used to represent protein sequences, structures and families. A
ProXML document consists of an identity section, containing the description of proteins,
and the data section, containing properties of such proteins. RNAML [4] has been proposed
for the representation and exchange of information about RNA sequences, and their
secondary and tertiary structures. A RNAML document can represent RNA molecules as a
sequence along with a set of structures that describe the RNA under various conditions or
modelling experiments.

XML representation of biological expressions. The MAGE project [7] provides a
standard for the representation of microarray expression data to facilitate their exchange
among different data systems. MAGE mainly consists of: a data exchange model MAGE-
OM (Object Model) and a data exchange format MAGE-ML (Markup Language) according
to the standardization project groups responsible of the MIAME (Minimum Information
About a Microarray Experiment) and MGED Ontology projects.

XML representation of system biology. The need to capture the structure and content
of bio-molecular and physiological systems lead to develop SBML (the System Biology
Markup Language), CellML (the Cell Markup Language), BioPAX (the Biological
Pathways Exchange Language) and the set of HUPO-PSI (Proteomics Standards Initiative)
formats [1]. SBML is used to encode models consisting of biochemical entities (species)
linked by reactions to form biochemical networks, whereas, CellML encodes models
consisting of a number of more generic components, each described in their own
component elements. BioPAX and HUPO-PSI formats are examples of standards used to
represent both structure and semantics of biological data based on the use of ontologies as
controlled vocabularies providing a non-ambiguous meaning of the domain.

3. Integration of bio-molecular data

Despite the possibility to use standard approaches for the integration of data [2], specific

approaches based on the employment of XML in bio-informatics have been proposed:

* Automed [12] targets the problem of multiple and incompatible data types and
representation formats by using XML and a simplified version of schema (named



XMLDSS) as a common representation language and a schema type, respectively,
supporting the annotations for each source by suitable ontologies.

e SWAMI [9] defines a rich middleware architecture for the integration of different
databases, formats and computational resources, based on two layers: the presentation
layer which receives user requests, and the workbench core, which processes the
request and returns the result. XML is used as interface among the layers.

* The index-driven integration approach [6] supports queries on several databases
simultaneously, whose answers ‘“can be syntactically and semantically heterogeneous
with each other” so that “some of them can be exact while others are approximate”. The
set of partial results extracted from heterogeneous sources is then merged in order to
obtain an integrated answer.

* B-Fabric system [11] provides abstraction for samples (input data for experiments),
which are catalogued and annotated, and extracts, which are prepared from samples
in the laboratory and subject to measurements. XML is mainly used as a medium for the
specification of each component and its mapping throughout the architecture.

* The Pegasys [10] is a workflow management system that includes and integrates several
tools for different purpose (i.e. sequence alignment, gene prediction, etc.). Pegasys
allows the creation of sequence analysis workflows, described in XML and represented
as a DAGs, and the exportation of computational results in General Feature Format
(GFF) and GAME XML format to use them for further analyses.

4. Future Trends

As we have seen, the only approach which is purely for XML integration purposes is the

index-driven integration approach. In all the other cases, the systems are focused on

computational elements, where XML is used as a sort of interfacing language. Still, XML is
generally used as a common data format, but the actual data integration between
heterogeneous sources is left to hand-coded implementations of ad-hoc components.

Besides this basic limitation, there are some other important issues in data integration which

are not addressed by these systems:

* Data security, as the focus of the reviewed systems seems to be the collaboration
between localized groups. In general, the extension of the proposed architectures to
support distributed teams poses a number of challenges which are not addressed.

* Evolution of data. Given that, in most cases, the underlying data sources are described
by hand-made specifications, any change in the structure or semantics of the sources is
inherently problematic.

» Efficiency. No attempt is made to use any technique to improve the efficiency of
distributed queries, such as maintaining statistics for tuning query execution.

e “Partially incomplete or partially correct” data can still be vital to researchers. The
problem of uncertainty and high source heterogeneity should be further coped with.

It can be noticed that conflicts at physical and syntactic levels are almost solved through

Internet and XML technologies. However conflicts at the semantic layer are still an open

issue for seamless biological data integration. In [6] we have devised some technologies



and experimental systems that try to address some of the shortcomings identified in the
previous section. These include: ontology-based systems, which exploit semantic
characteristics of XML sources to facilitate their integration; multi-similarity systems,
which provide advanced querying systems in the presence of complex sources; grid-based
systems, which allow the collaboration of widely distributed teams and resources.
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