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Abgract: Molecular biology data are placed in different databases, repodtories and flat files,
usudly digributed over the web. Didinct data models with schemas that are often changing
implement these heterogeneous data sources. It is very important to gather information about these
data sources, including schemas and ontology. The usud approach to handle this information
integration problem is to use a single model that captures dl the needed deta and related methods.
Instead, this work proposes the use of a doman specific framework for molecular biology data
access and gpplications. This way we can capture multiple schemas and preexisting data sources,
besides having atool for schema evolution maintenance and database instantiation.

1. I ntroduction

The man tools used by researchers in molecular biology are associated to files and databases containing
information on nuclectide sequences, proteins, or on other biologicd data related to one or various organisms
[13, 25, 20, 12, 2, 21, 10, 18]. There are many projects aming to raise the gendtic code of different organisms
This fact has drawn the proliferation of the data sources applied to the molecular biology. An extensve list of
molecular biology data sources aswdll astheir contentsis presented in [3].

Some of these sources of information are specidized, i.e, store data of specific organisms or cells, or even focus
in a particular biological function. Moreover, some try to trace the mutations and differences found in a gene or
group of genes These data sources often differ in the way they dtore data, especiadly sequence, and in the
relevant information considered by a research project. Such data sources are associated to applications that dso
differ in the sarvices offered to the scientific community, such as data visudization (eg., chromosomes,
sequences, other relevant biologica information), search tools, sequences dignments and comparisons, among
others.

Each research group usudly work independently from others, using different data models to represent and
manipulate mostly the same kind of information. There are sysems implementations that store information
rdlated to the genetic code in text files €g. GenBank [13]), in relatiiona databases (eg. Swiss-Prot [25]) and in
object -oriented databases (eg. AceDB [2]).

Since it is a domain in condant evolution, it became important to permit updates on schemas areedy
implemented, suggesting the adoption of more flexible data modes. This happens because new biologica
information and descriptions emerge  frequently and it is essentid that such information be sored and
manipulated in the current data repositories.

Even though it is not clear which data modd is the most adequate to represent the biological information, one of
the most important aspects refers to its flexibility with respect to schema updates. So, implementations that
consider the object-rlationd modd (eg. AaDB [1]) and the semi -structured model, have been suggested [19].

One of molecular biology research gods is to dlow interactions between users and severd data sources, so that
the latter are viewed as a unique repository. User interactions are related to web-based data access and ad-hoc
queriesto specific and complex biologica objects.

The usud approach to handle this information integration problem is to use a single mode (eg., OPM [6]) that
captures al the needed data and, sometimes, rdated methods. Instead, this work proposes the use of a doman
specific framework for molecular biology data access and applications, with the following properties (i) schema
definition rdlated to a specific biology research based on different, preexisting data sources; (ii) schema
evalution maintenance; (iii) definition mechanisms for ontology used in different data sources; (iv) appropriated
tools for data access, (v) database indantigtion related to the defined schema and (vi) data availability for
different applications.

This paper is organized as follows. In the next Section we present some molecular biology applications that will
be integrated within the framework. Then in Section 3 we discuss some of the existing approaches and relaed



work, besdes explaining the underlying idea of an integration approach based on a framework. Section 4 gives
an overview of the proposed framework and we finish with conclusions, ongoing and future work in Section 5.

2. Molecular Biology Applicationsand Tools

There are many tools in the web, for immediate use or even source code download, available to molecular
biology ressarchers and a very extensve lig can be found in [22]. These tools may be organized in depuraion
and sequences submission systems, applications for sequences andysis, databases and forms for use through the
Web.

Some research groups that peform frequent sequencing tasks use sysems for depuration and sequence
submisson (eg. [23]). These systems criticize the output of the sequencers, according to a preestablished
criteria, identify and drop the vectors used in the biologica reaction, and submit the sequences to generic
databases (eg., GenBank [13]) automatically, in order to verify if the sequence obtained dready exists in the
database. If there is a negetive answer, the sequence may be stored in the database. The research group or even
the sngle ressarcher that submitted the sequence becomes responsible for the qudity of the given information.
Otherwise, the sequenceisrejected.

The gpplications for sequences analyss are tools largely spread, and implement important functions such as
sequence compaisons with  BLAST-like (or FAST) dgorithms, sequences dignments, search on genes (Gene
Finder), among others. Severa of these goplications make their source code available. The st of the most used
applicationsisin fact apowerful research support tool.

Molecular biology databases are important tools for storage and query of the data resulting from the research
projects, such as nuclectide sequences, genes, mutations, protein sructures, taxonomy and other relevant
biologicd annotations and experiments conditions. Some of these dadbases use commercid database
management systems (eg. [25, 15]), others are data repositories with their own format €9 GenBank [13]), and
some use databases systems pecificaly developed for agiven genome project (eg. AceDB [2]).

Most of these databases (actualy not always database systems but rather smple data sources) are inserted in a
broader tool that dso makes available to the users some of the previoudy mentioned functiondities, in particular
those for sequences analysis. Particularly, AceDB [2] presents an ad-hoc interface of its own to visudize the daa
through a grephic interface that provides a specid form of presentation of relevant stes of a chromosome
(chromosome map). There is dso a drill down like functiondity where from a smple mouse click in a
chromosome region, the map of rdevant biologicd information Stes inserted in thet region is exhibited, and like
this successively, until one reaches the most basic information, which is the sequenceitsaf.

There are many tools for molecular biology research avalable for use via the Web. In this case the search tools
refer to a database, or even to predefined databases, where a form is exhibited for the definition of particular
queries. These are sent to the databases and the answers are grouped for presenting the find result. Several of
these tools have pre-defined input data format. Thus, if the data set can be converted to the appropriate format,
the tools may be used with no need for changing the source code.

3. Why Integration through a Framework?

The main tools used in molecular biology are associated to files and databases that tore information about
nucleotides, proteins, and other biologica data related to one or many organisms. As trere are multiple projects
in this area, multiple and different deta sources have been crested and it becomes difficult to access dl of this
information.

Existing approaches to integrate molecular biology information are based in specific tools that consider a single
data model and schema There is often a lack of functiondity and/or performance, as only pat of the data and
related functiondities are usualy considered.

Some integration tools dea with hypertext navigetion, that dlow the users to jump through registers of different
data sources ether through existing links among them [9] or navigation sysems tha creste the links among
different data sources [26]. Thus, in a firgs movement, the user accesses a data source register and, in what
follows, the user asks for alink to another data source where the desired information is.



There exig integration tools that implement queries to the different preexising data sources (much like
multidatabases). These queries may be formulated through specid languages [4, 7, 8] that dlow representing
complex data types, with an access driver implemented for each data source to be accessed. Another dtrategy
condsts of usng a mediator tha is responsble for determining the data sources that participate in the query,
cregting an access plan, trandating concepts and syntax, assgning the queries to the distributed environment and
integrating the results [17]. Implementations of these drategies present quite dow results in  distributed
environments such asWWW.

Some integration tools ded with the implementation of a data indtance that collects the biologica information
avalable in severa sources (like data warehouses do) [16]. In this case, there is a good performance for
processng queries; dthough it becomes quite bad in the aspect of auditing the schemas of the data sources. This
happens very often, which demands frequent maintenance of these tools.

We have chosen here an approach that is based on object-oriented frameworks, due to its flexibility and
extensble architecture. A framework is, in a few words, an incomplete software system to be ingantiated. A
framework contains many basic pre-defined components (frozen spots) and other tha must be instantiated (hot
spots) for theimplementation of the desired and particular functionality.

The badc idea for choosng a framework gpproach is tha we have been looking for a single data modd and
architecture that could be adopted in the molecular biology databases context but al possible agpproaches may
fal in data representation. Moreover, it becomes hard to ded with schema evolution and the execution of new
applications and methods. With our framework, it is possble to cepture distinct schemas from different data
sources in order to define a genera schema for specific manipulations. Also, multiple schemas can be created
and the related databases ingtantiated and used in particular applications.

Our proposed framework may be considered specific to the application domain, in our case, the one reated to
molecular biology and genome projects [5, 11]. In the next section we will briefly describe and discuss the
framework functionalities and architecture.

4, Framework Overview

This section describes the main characteristics of the proposed framework, besdes its generd architecture.
Frameworks offer an adequate infrastructure to fulfill the requirements of integrating the data sources and
making them available to the different applications. Since a framework is a semi-complete software system, it is
aested with the am of being indantiated. A framework defines an architecture for a family of systems, and
provides predefined basic components, together with others that must be ingantiatled to reach the desired
functionality.

Our proposed framework mey be described (due to space limitations) through its main functiondities. We can

start with the ability of capturing distinct schemas from severa of the existing molecular biology data sources, so
to give an integrated view of al theinformation requi red.
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Figure 1— Capture of Schemas

The basic idea is shown in Figure 1, where there is a repodtory/schemas database to sore the desired
information. There we give as examples 3 wel known data sources GeneBank (text, semi-structured), AceDB
(object-oriented) and Swiss-Prot (relational). This process is supported by a basic ontology, adso available, that is
stored and added to the terms used in each distinct data source whose schema is captured. The representation of
the schemas is based on the XML Schema pattern language. This choice is quite immediate due to the known
advantages of XML and semi-gtructured data modelsin this context [14].
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Figure 2 — Definition, manipulation and instantiation of awork database

With these schemas, it becomes posshble to the users to define a work database which is specific for ther
rescsarch and goas. Once defined, the ingtantiation of the work database is done with data coming from the pre
exisent data sources that are relevant to the particular applications. This work database may suffer schema
updates that are originated at the data sources that are part of the integrated schema, as well as from new
knowledge informed by the users (Figure 2). The data in the work database is stored in XML format. The work
database schema definition, as well as its updates, is supported by the ontology that is being crested and
manipulated by the users.
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Fgure 3 - Access and visudization of the data
The framework may create many interfaces between the work base and the multiple applications used in
molecular biology. An gpplication layer is made avalable for the users as each application request a proper
interface (Figure 3). For ingance, the FASTA forma is needed if one will be executing the FAST or BLAST



smilarity search family of agorithms. Transformations are then performed in the work database data, which are
thendraw to availability in order to feed the different applications.

The framework being proposed is divided in four modules Administrator, Captor, Driver and Converter. Their
relationship and an overview of the framework architectureis given in Figure 4:
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Figure 4: Framework architecture overview

The Biology Modd and Algorithms, Wrappers associated to biology deta sources and Application Drivers are
the framework hot spots. When ingantiated, they implement a particular functiondity of the architecture,
defining an gpplication over the molecular biology application domain.

The Administrator module performs the interface with the users in a way to provide management of the
biologicd data modd; request for capturing schemas and/or data; and permit the execution of the agorithms
ingantiated in the framework itsdf. Therefore, this module contains a biology class mode that is committed
with the existent data sources, as well as with the methods that are associated to these classes.

The Captor module is respongble for the data and architecture schemas repostory. The Converter implements
the access to the biology data sources, making the trandation of the data sources schemas to XML Schema and
data for XML. The Drivers implement the interface generation between the biology applications and the
framework A more detailed presentation of our framework can befound in [24].

5. Conclusions
The framework proposed here is ill under development. Some issues il remain to be solved, as wel as many

details concerning its implementation and its effective use. A prototype will be soon avalable with complde
functionality, although with restricted access to data sources.



The proposed architecture helps the molecular biology research in the following aspects provide access to a
heterogeneous  environment of data sources, in which heterogeneity occurs in saverd  leveds enable the
representation of frequently changing data sources schemas that demand complex data; permit the execution of
gpplications without depending on their associsted database;, and meke the incrementd integration of the
information availeble in the data sources feasible.

Moreover, our framework deds with the schema evolution based on a metamodd, ie, its evolution is
independent of each distinct datamodel used by the data sources. Thisissueis further investigated in [24].

Beddes implementing the framework discussed here, we ae currently working with the definition and
representation of an specific ontology for the molecular biology area, effectivdly used in the exising data
SOUrces.
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