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ABSTRACT. Bioinformatics activities are growing all over the world,
with proliferation of data and tools. This brings new challenges: how to
understand and organize these resources and how to provide interoper-
ability among tools to achieve a given goal. We defined and implemented
a framework to help meet some of these challenges. Four issues were
considered: the use of Web services as a basic unit, the notion of a
Semantic Web to improve interoperability at the syntactic and semantic
levels, and the use of scientific workflows to coordinate services to be
executed, including their interdependencies and service orchestration.
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INTRODUCTION

Bioinformatics activities are growing all over the world. Among the various problems
that this tremendous growth has created, there is the question of providing a framework for
inter-institutional cooperation. One of the directions considered is to use the new service tech-
nologies: Web services (Alonso et al., 2004) and Grids (Foster and Kesselman, 1999).

Web services are a good approach to solve heterogeneity problems. The use of XML
(W3C, 2004) and standard Internet protocols has contributed greatly to the popularization and
dissemination of Web services. Important issues include service and data discovery, as well as
service execution and coordination. Thus, there is a need for management mechanisms for data
and services and for supporting enhanced semantics.

Our main goal was to propose and develop a framework to solve some of these prob-
lems for bioinformatics applications. There are already some incipient proposals that include the
coordination of distributed tasks by using workflows (Meidanis et al., 1996; Hall et al., 2003;
Vouk, 2003; Cannataro et al., 2004) and Web services (W3C, 2003; IBM, 2004) in this specific
application domain. These proposals suffer from problems that have been previously described;
moreover, there is a lack of standards for interfaces among the tools used by end-users. Thus,
besides contributing towards managing data and services, the new framework will contribute to
help tool interoperability.

The expected results are the specification and development of a framework for
bioinformatics applications that is capable of: i) specifying workflows, via composition of Web
services, and storing these specifications; ii) discovering services and workflows of interest, in
a semantic way; iii) managing workflow execution via service orchestration, and iv) auditing
workflow execution.

RELATED WORK
Systems and frameworks

Many projects consider the integration of bioinformatics data and tools. Some empha-
size functionality for a specific research team, whereas others concentrate on supporting coop-
eration via the Web, for teams within a given project. The main goals of these systems (Table 1)
are: 1) to provide a set of bioinformatics tools, ii) to allow data and tool integration, and iii) to build
a framework for one specific bioinformatics project.

Systems that provide a set of bioinformatics tools make their tools available via Web
sites and/or via a local program (Bausch et al., 2002; Eckart and Sobral, 2003; Hall et al., 2003;
Stevens et al., 2003). Usually these tools are developed according to specific standards, ham-
pering the integration of tools built by different groups. The framework of Eckart and Sobral
(2003) employs Web services in the server side and an application at the client side. When the
application is initiated, the list of available services is updated, allowing clients to invoke new
services. Standard inputs and outputs allow the output of a service to be used as the input of
another. This framework does not yet allow automatic integration of tools.

Several systems provide some level of data integration. Some have the goal of integrat-
ing large volumes of available genomic data into one generic data model (Peterson et al., 2001).
Other systems aim at the modeling of any genomic project via a set of basic components (Stein
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Table 1. Some bioinformatics integrating systems and their characteristics.

Characteristic BioOpera Source Hall (Hall CMR GGB myGrid
(Bauschet (Diehnet etal.,2003) (Peterson et (Steinet (Stevens et
al., 2002) al., 2003) al.,2001) al.,2003) al.,2003)
1. Execution of a task in a X X X
distributed environment
2. Maintenance of a repository X X X
of bioinformatics tools
3. Provide some level of tool X X X X X X
integration
4. Modeling workflows of a X X X
complex task
5. Multi-institutional sharing X X X X X X
of resources

6. Multi-institutional
development of tools

7. Coordination of workflow X X X
execution

et al., 2003). Finally, there are systems that link several kinds of services and data to facilitate
the genomic annotation of a specific genome project (Diehn et al., 2003). Some systems handle
the problem of tools integration. The specification of task interactions and interdependency
relations is typically designed using workflows (Bausch et al., 2002; Hall et al., 2003; Stevens et
al., 2003). The problem lies in workflow specification and execution.

There are two main kinds of frameworks for bioinformatics projects. In the first kind,
all tools are developed for a specific project (LBI, 2004). Whenever a new genome project is
started, the scientists need to adapt the entire framework. The second kind contains frame-
works formed by basic components (Stein et al., 2003). The framework of each new genome
project is constructed by combining components with low-configuration costs. Both kinds of
framework are especially good for genomic assembly and annotation of specific genomes, but
their tools cannot be accessed by other projects.

Our framework differs from the surveyed related work in the following ways. First, it
integrates all seven characteristics of Table 1. Second, it allows user interaction while tools are
executing. Third, it focuses on the multi-institutional development of tools using Internet stan-
dards. This means that these tools are available, not only for one project, but also for any project
that complies with these standards. Finally, the tools are managed via service orchestration.

Related issues

Related work involves research on Web services and their orchestration, scientific
workflows and bioinformatics tools and data.

A Web service is “a software application identified by a URI, whose interfaces and
bindings are capable of being defined, described, and discovered as XML artifacts. A Web
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service supports direct interactions with other software agents using XML-based messages
exchanged via Internet-based protocols” (W3C, 2004). Some open topics are how to discover
adequate services and service providers, how to automate Web service integration, how to
minimize semantic ambiguity in service specifications and how to assign information about qual-
ity and reliability of the services offered by a provider (Alonso et al., 2004). We have concen-
trated on the specification of interfaces for bioinformatics services and their orchestration.

Service orchestration is a centralized mechanism that describes how diverse services
can interact. This interaction includes message exchange, business logics and order of execu-
tion. The most important works in the coordination of Web services involve BPEL4AWS (IBM,
2003), OWL-S (The OWL Service Coalition, 2003) and WSCI (W3C, 2002). We have adopted
BPEL4WS as a basis for specifying service orchestration.

A workflow denotes the controlled execution of multiple tasks in an environment of
distributed processing elements. Workflows represent a set of activities to be executed, their
interdependency relations, inputs and outputs (Seffino et al., 1999).

Bioinformatics workflows are scientific workflows, i.e., they differ from a usual workflow
because they have some additional characteristics, such as a high degree of flexibility, uncer-
tainty and existence of exceptions (Wainer et al., 1996).

Our work is concentrated on the execution of scientific workflows through the orches-
tration of Web services and user interaction. Open problems that have been attacked include
communication protocols and interfaces among services to specify a workflow.

There are many tools and databases for bioinformatics. Samples of tools include BLAST
(Altschul et al., 1997), Phred (Ewing and Green, 1998) and Consed (Gordon et al., 1998). These
tools are geared towards sequence comparison, analysis and visualization. Other complex prob-
lems with dedicated tools involve fragment assembly of DNA (alignment and consensus), phy-
logenetic trees, database search, etc. Our research concentrates on the applications for assem-
bly, annotation and comparison of genomes. The choice of these applications was based on prior
experience of the Laboratory for Bioinformatics (LBI) at UNICAMP in assembly and genomic
annotation. This choice is also common to several bioinformatics efforts using workflows (Meidanis
etal., 1996), clusters (Bausch et al., 2002) and grids (Stevens et al., 2003).

THE PROPOSED FRAMEWORK

The framework manages the design and execution of scientific workflows that will
support the execution of distributed bioinformatics applications on the Web.

One problem faced by scientists in such a context is integrating these procedures via
adequate interfacing among the various tools. Our approach handles this problem by encapsu-
lating data and tools by Web services. Figure 1 shows how the framework will support the main
user activities in the assembly of genomic data. There are three kinds of users that interact with
our framework: software developer, user-developer and end user. Software developers design
Web services and subscribe these services to the Service catalog. Users-developers use our
framework to design workflows that determine how complex tasks must be composed and
executed. End users invoke a Web service or a Workflow designed by a user-developer. For
instance, software developer 1 develops a phred Web service that is stored in the Service
catalog. User-developer 1 specifies an assembly workflow that invokes this phred service and
is stored in a specific repository. When end user 1 requests execution of some assembly task,
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the Service discovery module will inform the user that there are two available workflows, and
the user can then choose which workflow to execute. Workflow activities embed tools that are
executed via services; data are also made available via services.
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Figure 1. User interaction overview.

Figure 2 shows our system architecture, which supports the integration of the tasks
shown in Figure 1.

The Service layer manages the bioinformatics Web services that must provide basic
operations, such as assembly, matching and consensus, creation of descriptors, and genomic
annotation. They are amenable to compositions to provide more sophisticated functionalities -
e.g., genomic comparison and gene family operations. We started by transforming modules
already available in LBI into services.

The Service catalog layer is responsible for storing Web services’ syntactic and seman-
tic descriptions, as well as the URI where each service can be found. This layer will utilize a
schema of subscription/unsubscription to register the services. It must maintain a history of
service availability and allow the reuse of workflows.

Service discovery can be accomplished in several ways. Our framework will allow
search by functionality, context and syntax. Search by functionality and context will be done
based on semantic data (metadata) assigned to the services. Search for a compatible syntax will
be based on the parameters of the service interface. These search methods will use techniques
already discussed in the literature (Cardoso and Sheth, 2003; Sycara et al., 2003) about syntac-
tical, ontological and semantic matching.

The Service request layer will be responsible for the management of each Web service
solicitation. This layer communicates with the Web service provider, sending input data and
receiving results. It is responsible for detecting service failure, such as unavailable service or
time limit violation.
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Figure 2. Framework architecture.

The Workflow engine layer is responsible for the controlled execution of all workflow
tasks, via orchestration. The operation functions provided by the Workflow engine are interpre-
tation of the process (or task) definition, creation and management of process instances, naviga-
tion between activities and supervisory and management functions (WFMC, 1999).

The Workflow design layer must support workflow specification and edition. The facili-
ties provided are: graphical interface for workflow edition, service list, interface description of
selected services and syntactical check. It will use the scientific workflow editing tools devel-
oped at UNICAMP (Seffino et al., 1999).

Our framework is being specified and developed using a bottom-up approach. We started
with the specification and development of bioinformatics basic services, encapsulating LBI
tools into services, e.g., genomic annotation and comparison tools. This stage is also establishing
the metadata types that must be associated with the services. The strategy for this stage re-
quires initial definition of some basic bioinformatics services.

The second stage will be the study and development of techniques for service discov-
ery and request, using syntactic and semantic search mechanisms.

The following step involves the specification and development of methods for workflow
design and execution. Each workflow activity is a service or a bioinformatics application. This
stage will make use of existing work on management of scientific and distributed workflows
(WEMC, 1995; Kim, 2003) and tools developed at UNICAMP (Seffino et al., 1999). Here it will
be necessary to specify and to implement an orchestration mechanism for these kinds of ser-
vices (specific to workflows). Workflow data sources and providers will be encapsulated by
services.

System tests will be based on large volumes of real data from LBI.
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CONCLUSIONS AND ONGOING WORK

The main contribution of this work is the framework itself. It will allow multi-institu-
tional cooperation via data, tools and workflow sharing. Various kinds of users will be able to
interact with our system and with each other to achieve a given goal. Other contributions lie in
the solution of open problems in scientific workflow specification via composition of Web ser-
vices and semantic specification of bioinformatics tasks. Another important contribution is the
methodology for integration of these solutions for bioinformatics.

The work accomplished so far can be divided into research and practical work. The
research was concentrated on the analysis of related work and tools utilized by bioinformatics
research centers. The practical work was concentrated on development and utilization of LBI
assembly and annotation genomic systems. Furthermore, we modeled and implemented a com-
parative genomic system (Digiampietri et al., 2003). These activities allowed the understanding
of bioinformatics applications in terms of types of data and applications involved. At this mo-
ment, we are specifying the Web service semantic description and encapsulating LBI tools.
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