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Abstract. Given the sheer number of existing analysis tools and data
sources, defining and running bioinformatics analyses is often challeng-
ing. We present here the Mobyle framework, a web-based environ-
ment to access such resources. It enables the use of local and remote
bioinformatics services, seamlessly integrated within a homogeneous and
web-accessible environment that focuses on usability. This framework of-
fers the possibility of integrating a wide range of services that span from
the traditional server-side command-line based programs to workflows
and client-based visualization tools. By abstracting whenever possible
the user from the details of syntactic compatibility and providing multi-
ple classification tools, Mobyle provides an efficient web-based solution
to run and chain bioinformatics analyses. The MobyleNet project pro-
motes an organization that federates a network of small resources that
shares its expertise within a community that spans various complemen-
tary domains of bioinformatics. Its most tangible expected result is the
integration of the bioinformatics tools of the different nodes, provid-
ing interoperability, user assistance and quality management between its
members.

Keywords: Web services, user interface, bioinformatics, metadata, workflow,
service publication

1 Background

Performing bioinformatics analyses requires the selection and combination of
tools and data to answer a given scientific question. Many bioinformatics ap-
plications are command-line only and researchers are often hesitant to use



them based on installation issues and complex command requirements. Some
projects such as the EMBOSS package[19] have offered solutions to standardize
the syntax and description of command-line based tools. Despite their success,
such solutions are limited by their lack of adoption as a development frame-
work by external programmers and by the reluctance of many biologists to use
command-line based software. Furthermore, while dedicated communities help
with the distribution of bioinformatics packages in specific operating systems[13]
that tackle the issue of installation and maintenance of such software, they do
not address issues such as user interface complexity.

A common workaround to these problems is to run programs on remote public
web servers. However the cost of the development of custom web interfaces
for bioinformatics programs, as well as maintenance and usability problems[20],
reduce significantly the efficiency of this solution. . The rapid development of new
tools and their continual improvement with new releases can make it difficult for
research laboratories or institutes to choose the most suitable programs for their
analyses without the help of computational experts. This can lead researchers
to use outdated versions of software, based on their sole familiarity with them.

When considering web-based solutions, the dispersion of the services requires
an additional effort to discover the services. Service providers who wish to fa-
cilitate the discovery of the resource can, in addition to traditional scientific
communications and submission to generic web search engines and directories,
consider domain-specific registration tools. Existing initiatives have recently
focused on providing registries that enable the exploration of public bioinformat-
ics web services such as the EMBRACE[17] and BioCatalogue[3] registries. The
discovery in such systems is completely separate from the execution environ-
ment that will be used to define and run the analyses. Such systems delegate the
solution for compatibility issues between different services (data formats, pro-
tocols) to the client layer. Additionally, being focused on public web resources,
they cannot offer a solution that spans both public and restricted resources. The
BioMOBY framework [24], in addition to a registry that stores the services, pro-
vides a standardized protocol to register, discover and run bioinformatics web
services, solving the problem of syntactic compatibility by providing a way to
describe the expected format of the required and produced data. However, the
current registry has serious limitations, such as inconsistent service descriptions
(mostly due to its public nature) and a lack of isolation between the logical
(concepts) and the physical (formats) levels of the ontology. These limitations
hinder the discovery possibilities it provides to client tools such as Remora [4] or
MOWServ[14]. These issues, as well as a curation mechanism for the ontologies,
have been discussed elsewhere [10].

The use of the metadata provided by web service registries or the publisher
itself provides the required information for web-enabled bioinformatics service
clients to enable the search for the most suitable tools to execute an analy-
sis. Many existing systems have been developed over the last decade to exploit
such resources, enabling the execution of remote or local services, either as local
clients (e.g., Taverna [16], Kepler [2] or BioSide [9]) or web-based systems them-



selves (e.g., Galaxy [7][8], GenePattern[18]). These client systems offer powerful
discovery and execution capabilities. A more detailed comparison of Mobyle with
such solutions has already been published[15]. However, none of them succeeds
in guiding the user in connecting semantically compatible tools that may require
data format conversions.

The Mobyle framework[15] aims at providing a usable interface that of-
fers access to many bioinformatics tools within a single integrated environment.
It includes a complete set of tools that cover the description, publication, and
execution of bioinformatics software in a ”full web” environment. Additionally,
as of version 1.0, Mobyle and MobyleNet extend the range of integrated services
from traditional web-wrapped programs to workflows and web-enabled client
tools such as data viewers. Recognizing that usability of such systems is often
limited by factors such as service discovery, format compatibility, or documen-
tation, we designed and improved the the Mobyle system based on on extensive
user studies as well as experience from the maintenance of the PISE[11] and
RPBS[1] systems over several years.

As an alternative to the numerous problems generated by the use of dis-
tributed resources, a traditional approach is to setup centralized resource centers
that aggregate all tools and data. However, such a strategy does not scale well
with the growing diversity of the methods to operate, which can exceed the skills
of the staff attached to such centers. The MobyleNet project is an initiative to
create a network of smaller platforms with specific skills. The services are pub-
lished on a framework that favors interoperability between the sites, enabling
the seamless integration of resources to run cross-domain protocols.

In the following section, we describe the service discovery mechanisms in
Mobyle. We then discuss the benefits of the MobyleNet approach over service
publication, and conclude with the future work that focuses on improvement of
the existing implementation.

2 Mobyle service discovery

The key element in the architecture of Mobyle is the description of the services.
It covers multiple aspects of the tool or service, describing (1) the scientific task
it performs, (2) how to use it, (3) the user interface of the submission form and
the presentation of the results, (4) how to call it. This description, stored for each
service as an XML file, provides an abstract description of what it achieves, us-
ing both natural language descriptions and controlled vocabularies that provide
the required metadata which is exploited to facilitate service discovery. Mobyle
provides an integration layer for different types of services, including:

1. Programs: software executables which run on the server side, are callable in
a shell command line and return some results, which are stored as files.

2. Workflows: definitions for the coordinated execution of multiple tasks, using
different services to process data.

3. Viewers: type-dependent visualization components for the data displayed in
the Mobyle Portal. These custom interfaces can incorporate HT ML-embeddable



components such as Java or Flash applets of Javascript code. For instance,
using viewers, we can automate the inclusion of the Jalview[23] component
to visualize multiple alignments wherever it is relevant in the portal, such as
the results of multiple alignment programs like ClustalW or MUSCLE.

2.1 Services description and classification

The first access key within the portal to the different services is their classifi-
cation. This classification is specified by categorization elements which describe
the task performed, as well as the software package they belong to and their
"type” (command line-based program or workflow, see figure 1). Furthermore,
this tree can be searched on a list of relevant description elements which enables
to filter it. This double discovery mechanism enables a fine selection of the ser-
vices. In addition to generating this human-readable interface, these files provide
a way to expose the capabilities of the server (i.e., which are the tools that can
be used) to remote APIs as well as to provide them as relevant site maps ! to
search engines. From this perspective, they serve as a source to generate a list
which is equivalent to what is found within public web registries mentioned in
the previous section. This possibility has been used to develop the playMOBY
plug-in? that automates the publication of BioMOBY services using the service
descriptions provided by Mobyle.

An aspect that should be noted is the relationship between the service which
is published and the available ”interfaces“: given the fact that many programs
do not perform one specific task, but rather offer multiple options that execute
different operations, it is more relevant to separate these different tasks into sep-
arate program descriptions that may share common elements, but are presented
as separate interfaces to the user. For instance, the ClustalW[22] program pub-
lished on the Mobyle server of the Institut Pasteur is separated into (1) clustalw-
multialign that performs sequence multiple alignments, (2) clustalw-profile that
merges two multiple alignments by profile alignment, and (3) clustalw-sequence
that sequentially adds the sequences of a profile to the multiple alignment of
another profile.

2.2 Compatibility, data formats, chaining and reuse

A most common problem of bioinformatics resources is the availability of data in
diverse formats to represent the same information [21]. The multiplicity of these
formats, combined with the limited compatibility of the different tools, results
in additional difficulties for users in service discovery and workflow composition:

1. The chaining of successive services, either interactive or predefined, is based
on the compatibility between the types of an actual or expected result and

! see http://www.sitemaps.org/
2 the playMOBY plug-in is available at http://lipm-
bioinfo.toulouse.inra.fr /biomoby/playmoby/
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Fig.1: Mobyle Portal overview.

The first part of the left menu is a searchable and configurable service tree. This
tree can be configured to sort services based on their classification or on their
software package, and to either mix or separate the different types of server-
side services it displays (programs and workflows). Additionally, the search box
provides a way to filter this tree based on keywords.

The user workspace (data bookmarks and jobs) can be navigated using the two
menus located below the services tree.

The central part of the portal is organized using tabs which let users navigate
between the different services and their personal workspace. The current view
shows the form used to compute a multiple alignment using MUSCLE.



a “target” parameter belonging to another step. This compatibility includes
the data formats: the provided format of a source step has to be accepted
by the service which executes the target step. This “direct compatibility”
offers a very small base to guide users, because it is based on the syntactic
compatibility of the programs.

2. A common solution is to use one of the many existing data format conversion
tools. However, the need for the user to define this step, which does not
carry any scientific value, is time consuming and reduces the readability of
the workflow.

The description of services and data within the Mobyle environment com-
prises description of their type, including semantic and syntactic level elements.
The semantic level elements, formed by a datatype and a biotype, describe the
nature of the information conveyed by the data or processed by the parameter
and thus determine the compatibility of the information, whereas the syntactic
level elements determine the compatibility of the formats. Mobyle thus offers
a workaround to the limitations of direct compatibility suggestions by allow-
ing automatic data format conversion when needed. This solution significantly
enhances the scope of the “chaining suggestion“ mechanism.

A concrete illustration of the use of these mechanisms in the user interface
can be found in figures 2 and 4:

E
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Fig.2: chaining suggestions on the result of a MUSCLE job in the Mobyle
Portal

— the chaining suggestion option in figure 2 represents the result from MUS-
CLEI5] , a multiple sequence alignment program, in ClustalW format. The
user is offered to directly chain this result to otherwise incompatible pro-
grams such as the protdist and protpars programs of the PHYLIP[6] pack-
age, which accept only the PHYLIP format. The Mobyle framework in the
server is configured to perform this format conversion automatically prior
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Fig.3: Jalview viewer. Any compatible multiple alignment displayed in the
portal can be accessed using this applet.

to the start of the next job. Additionally, direct access to a relevant viewer,
Jalview, is automatically displayed (see figure 2).

— the history reload suggestions (see figure 4) offers the user to load data
that have been previously bookmarked in his workspace into a new program
that processes such data. Similarly, if the configuration allows the appropri-
ate conversion, data bookmarks incompatible in their native format with the
program can be directly and seamlessly loaded.

Input section
* Sequence option 2
EDIT_|[CLEAR

~|| select
my muscle alignment

my muscle alignment first line: CLUSTAL W (1.81) multiple sequence
alignmenttriQ

Similarity scoring matrix file 2 [ None ~

Fig. 4: history reload suggestion in a program (EMBOSS:showalign) form in
the Mobyle Portal

The result of these implicit mechanisms is that the semantic compatibility,
which defines an "abstract” level of the analysis chain, is only accepted if an



executable format conversion component is available. This can be very helpful
to identify relevant service composition patterns.

The chaining suggestion mechanism is also used within the BCBB Mobyle
Workflow Interface (see figure 5) to guide users during the construction of a
predefined workflow. By clicking on the result/output of a given task in the graph
representation of the workflow definition, users are presented with a filtered list
of the available next steps in the left menu. Dragging and dropping the selected
program will automatically link the result to the next step.

Fig.5: program filter in the BCBB Mobyle Workflow Interface. Here we
get the list of programs that can process the alignment produced by the first
task, a MUSCLE job.

Here are the most prominent benefits of this mechanism:

1. For users, the didactic value represented by filtering only the relevant op-
erations on a given data type helps to identify all the applications that are
associated with that data type.

2. For administrators, the reduction in time needed to identify errors caused
by the submission of badly formatted data to the services. Given the lack
of stability and continuous improvement of bioinformatics tools, this can
prevent painful maintenance operations caused by inappropriate data types.

3 MobyleNet resource sharing

A traditional approach to the need for access to bioinformatics services is to setup
centralized resource centers that aggregate all tools and data. However, such a
strategy does not scale well with the growing diversity of methods to operate,
which can exceed the skills of the staff attached to such centers. Service providers
such as Mobyle administrators are often asked to integrate new programs very
quickly, in addition to answering the specific needs of a user. Issues related to
the installation, maintenance, and scientific support for such programs are thus
very commonplace.



As an alternative, the MobyleNet organization promotes a network of smaller
platforms. These platforms contribute their computing resources as well as their
scientific expertise to ensure user support. The services are published on a frame-
work that favors interoperability between the sites, enabling the seamless inte-
gration of resources to run cross-domain protocols. MobyleNet is a federation of
web portals running the open-source Mobyle framework. Its goals are:

— to integrate into a single framework (Mobyle) the services located on different
nodes.

— to initiate a large application spectrum framework, covering complementary
aspects of bioinformatics.

— to guarantee the interoperability of the services.

— to setup a confidence network, spanning over the specific skills of each plat-
form, by enabling quality management.

The technical basis of the MobyleNet initiative is the Mobyle Network func-
tionality. It provides Mobyle server administrators the ability to share resources,
by exporting and importing programs between servers: while users still access the
same portal, the jobs corresponding to some programs can be remotely executed
and stored. The administrator of a server can:

— import programs from other servers, allowing these programs to be displayed
as available (through remotely-executed programs). A user can submit jobs
to execute this program, and the jobs will be seamlessly forwarded to the
remote server which hosts the program.

— export programs. This allows administrators from other Mobyle servers to
import these programs into their portal, hence forwarding the corresponding
jobs to the execution server.

Within this configuration, help requests for a given program are sent to the
”service publishing“ platform which actually runs it, contributing to the above-
mentioned sharing of expertise.

The MobyleNet currently comprises nine sites. Participating sites are either
providers of services and/or developers of the core MobyleNet framework. These
platforms are distributed throughout France. Their areas of expertise include
genomics, microarrays, sequence analysis, phylogenetics, structural bioinformat-
ics and chemoinformatics, with diverse focuses such as microorganisms, plants,
pharmacology, or cancer. This network is also open to international contribu-
tions.

4 Conclusion

We presented here the Mobyle software suite, and its derived project, the MobyleNet
initiative. Both provide solutions to the question of resource integration in bioin-
formatics, including mechanisms that facilitate the discovery of new services,
which is a key element to address when publishing bioinformatics resources to



biologists. The development and the evolutions of the Mobyle system are based
on a user-centered approach, which has already been discussed in detail [15,12],
and has largely contributed to the wide adoption of the platform by both users
and portal administrators.

It should be noted that, for Mobyle as for most of the other existing bioinfor-
matics resources integration portals, the most costly task remains the description
of the resources, i.e., the authoring of service descriptions. The existence of ser-
vice description metadata in some software suites, such as ACD files in EMBOSS,
allows the automation for some steps of these tasks. However, in the absence of
a widely-adopted standard to describe the integrated resources, this description
remains an almost, if not an entirely, manual work. Recent works to establish
such standards, such as the EDAM ontology[17], could however provide a very
valuable information source for this process.

Integrating other types of services in Mobyle, such as web-based external
resources, is another evolution we hope to implement, with the development of a
client layer for BloMOBY or web services. Finally, our current work also focuses
on the extension of the workflow authoring system, and its integration into the
Mobyle portal to enable the creation of workflow definitions using the history of
the user.

5 Availability

The Mobyle system is distributed under the terms of the GNU GPLv2 on the
project website (https://projets.pasteur.fr/projects/show /mobyle). It is already
available on many public servers.

The currently developed BCBB Mobyle Workflow Interface is available as a
prototype on http://exon.niaid.nih.gov/mobyleWorkflow /.

More information about the MobyleNet project can be found on
http://mobylenet.rpbs.univ-paris-diderot.fr.
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