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1 Introduction

In this position paper, we describe a project for developing
tools to support biologists using bioinformatics programs
and data within a distributed architecture. This architec-
ture relies on the use of Web services as a layer for simple
and interactive pipelines, and as a means to help in ser-
vices discovery. The design of the software is rooted in
a study of biologists’ work practices with bioinformatics
tools that we observed during interviews. A video brain-
storming workshop provided us with information about
critical features of the future system. After a brief intro-
duction about existing e-science projects in bioinformatics,
we describe the outcome of the interviews and workshop
and the challenges to face in the technical architecture we
envision.

2 Distributed in

Bioinformatics

Computing

The development of computing tools for biology and ge-
nomics has increased at a fast pace to deal with huge ge-
nomic data and the need of algorithms to discover their
meaning. A major part of these tools are available on the
Web, either to provide access to a database, or as a con-
venient user interface of a program. This situation leads
to several problems for the biologist, in particular to com-
bine the use of several tools: each requires a different data
format leading to many copy and formatting operations.

2.1 GRID Computing and Web services

Electronic workbenches, such as the NCSA Biology Work-
bench [Sub98] or W2H [SFG98] aim to provide an envi-
ronment to help the biologist maintain his or her data and
to find and combine tools adapted to each type of data.
These tools however do not provide minimal workflow or
pipeline construction.

Important and dynamic projects illustrate the efforts
currently made to provide tools for distributed comput-
ing and integration: biopipe [HRC*03] for building flex-

ible pipelines, bioperl [SBBT02] or biopython [CC00] for
developing components, including remote execution and
parsing ones. [Ste03] describes technological attempts to
integrate various data sources and services on a common
architecture. Likewise, the BioMoby [WL02] and myGrid
[SRGO3] projects aim to develop Web services and ontolo-
gies.

2.2 Mobyle project

Our project, called Mobyle, still in the design phase, relies
both on previous software developments, such as Pise, a
Web interface generator for programs on Unix [Let00] and
on available components, such as bioperl or biopython. In
particular, we intend to integrate the BioMoby project and
to start with G-Pipe, a tool to build workflows, developed
by external contributors on top of Pise.

One of the main objectives of this project is however,
with a participary design approach [GK91], to address the
following issues:

e Do these technologies solve the problems that actually
arise in the combination of tools and in the setting of
software protocols for the biologists?

e Are actual use problems addressed or even identified
at all in these technological approaches?

In the following, we describe the studies, interviews and
workshop, that we have conducted at the Pasteur Institute
in order to get a deeper view on these issues.

3 Interviews

About 20 interviews have been organized during the last
two monthes. We first contacted biologists by telephone to
explain our project. We choosed biologists having used the
Pasteur Institute Web server recently, as well as biologists
having a significant activity in bioinformatics. Interviews
were informal: we just asked the biologists to play before
us a scenario of a recent bioinformatic analysis. All inter-
views have been videotaped. During these interviews, we
made several observations:



e Need for a stable and predictible set of known tools.

Most of the time, biologists prefer to use a technique
or a language that they already know, rather than
a language that is more appropriate for the task in
hand. Since work at the bench can sometimes result
in unpredictable outcomes, biologists generally tend
to prefer tools that they control. For instance, we
observed biologists who:

— use outdated DOS programs, whereas they have
Windows installed, or use outdated bioinformat-
ics package on Unix instead of their improved
version on the Web, not because they don’t like
the Web but rather because they know the Unix
version,

— stay within a given Web server providing an ap-
parently exhaustive set of tools, eventhough bet-
ter tools exist elsewhere.

Moreover, because Web tools tend to evolve unex-
pectedly, some biologists we have met prefer to in-
stall software on their local computer. This way, they
better control the changes.

e Dealing with equivalent objects.

It seems that biologists quite often maintain or have
to use several versions of “equivalent” objects, which
might be difficult to deal with. For instance:

— same data files in different formats: they have
to be kept, because tools for data (e.g sequence)
format conversion change these data (see 4),

— software versions: we discussed with a biologist
who keeps several versions of a phylogeny infer-
ence program, just in case one of the features
of an older version has disappeared in the more
recent one,

— data: one of the biologists we met had to
deal with two versions of an annotated genome
(mosquito); the issue for him was not to lost too
much time in re-analysing the same data,

— file and printout: the same object, either biolog-
ical data, analysis result or software documenta-
tion, is often kept in two (or more) forms, e.g on
the disk and on the paper.

e Interactive nature of some tasks.

Analysis tasks supported by computer tools are not
always automatic. Indeed, the biologist has either to
check the accuracy or significance of a result, such as
a score in a database homology search, and to decide
to carry on an analysis according to complex crite-
ria that are not possible to automate, or to extract
subsets of data before proceeding. Moreover, the bi-
ologist has often to edit intermediate results, that are

produced in a format that is not recognized by other
tools, and automating such edition would require a
little programming.

Anticipating.

Constructing a pipeline is similar to a programming
activity, and programming is by nature anticipating.
Pipeline tools, of course, aim to help users. In spite
of this fact, users are often sceptical regarding sophis-
ticated but difficult to learn systems: they have to be
able to anticipate the benefits that they will draw
from them. Users also need to anticipate their own
needs, in order to perform an action that will help
them in the future.

With respect to anticipation, we observed several type
of behaviours about:

— anticipating the utility of a software for use or
reuse,

— bookmarking: biologist we met often decide not
to bookmark an online tool - they seemed to be
confident about the retrieval of the site,

— saving: biologists often save temporary results,
or alternative data formats,

— customization: some bioinformatics tools, such
as SeWer [Bas01], enable the users to easily cus-
tomize Web forms; however, very few biologists
actually use them.

Constructing and organizing results: annotation,
classification, naming, assemblies.

The vast majority of biologists we observed maintain
a quite organized record of their analyses. Their files
are carefully named after their content, the directo-
ries are often organized in accordance with species,
genes and experiments names. The data, parameters
and results that matter for the research activity are
often assembled not only in the notebook, but also
in Word files. Biologists also annotate printouts and
keep them in classified folders.

Data flows.

General flows of data belong to diverse categories: in-
put to output of a program, piping of an output to the
input of another program, reformatting, transform-
ing, filtering, extracting [SGBBO01]. The most often
used flow of data we observed is however by copy-and-
paste, and this is not really supported by any smart
tool [PK97].

Search and Retrieval.

Usually biologist do bibliographic work on a regular
basis, but this is not the case with bioinformatics
tools. One would expect that biologists, belonging



to a fast evolving field, would try to discover the lat-
est new tools in order to improve their work. Only
one or two of the people we discussed with did a tech-
nological survey, about 3 or 4 times a year.

However, this does not mean that search and discov-
ery tools, such as Google or Web service directories
are not needed: they are. But they tend to be rather
used to find an object (data or program) that has
already been used.

4 Video Brainstorming Workshop

There were four groups of six biologists, and four design-
ers. Among biologists, half were trained bioinformaticians,
having a significant knowledge in computing. The work-
shop was co-organized with the leader of a project to build
an augmented laboratory notebook [MPL*02], which has
several issues in common with our project: organisation
of work, building of protocols, just to name a few.
Participants first freely put ideas on large paper sheets.
Then, 8 rough paper prototypes of selected ideas were
videotaped. The main topics developed by biologists were:

e reusing executed commands as a script: all groups
played with the idea of reusing executed commands
either as an history, a macro or a script, although in a
different way. The history or macro was either a sim-
ple text file, or a colored list, where the user can re-
move, edit or re-order commands, and attribute colors
to them, according to their importance. One group
envisioned a kind of temporal strip where icons rep-
resenting data and programs appeared as the actions
actually occurred.

e using and defining a pipeline: ready-to-use analysis
pipelines are a popular idea among biologists, similar
to their bench protocols. Two groups, rather com-
posed of bioinformaticians, were interested in the defi-
nition of pipelines by the end-user. One of them built
a prototype of a visual bench where programs and
input data types were connected together in a graph-
ical editor. After execution, clicking on a program’s
outgoing link enabled the user to access intermediate
results. Like several existing tools, such as the Bi-
ology Workbench [Sub98], Pise [Let00], or BioMoby
[WL02] this pipeline editor is data type oriented: the
user does only see compatible programs or data types.

So, unlike the biologists interested in editable histo-
ries of commands, this group prefer to anticipate the
definition of a sequence of command by using a so-
phisticated editor.

o dealing with unwanted data transformation:

[SGBBO1] explains that bioinformatics tools can be
classified either as: filters, transformers, collections

or forks. Unfortunately, transformers or filters often
produce results that are not convenient for the biol-
ogists. For instance, they truncate data names - and
names are very important for organisation and scien-
tific matters - or they remove part of the transformed
data without any notice. Two prototypes addressed
this problem. One of them showed how to deal with
name truncation by means of menus to select among
alternative names produced during the various steps.
In this prototype, tags on a phylogenetic tree replac-
ing the original names of species could be changed at
will by the user. Another prototype dealt with the
unwanted removing of a part of a database entry.

o dealing with desirable data transformation:

As exemplified by a prototype showing the extraction
of a subpart of a sequence alignment, and as we ob-
served during interviews, interactive manipulations,
on the other hand, are also necessary and cannot be
automated.

o need of a global synthetic view on analyses: the op-
tion to visualize several related analyses’ results in
a coherent way has been proposed. This meets our
observation of assemblies of analysis data during the
interviews. In a similar category, one group proposed
the idea of visualizing the state of parallel analyses
in a global window, in order to compare results: for
instance the user would clone a subwindow to start a
fork to explore an equivalent analysis.

5 Conclusion: Challenges

The observations made during interviews and the features
highlighted during this first workshop raise several issues.
Simple problems related to the data and programs’ re-
sults seem to be more important for biologists not having
much training in computing than sophisticated tools. Al-
though apparently humble, these problems are however
not so simple on the computing side. Another important
aspect is the need for the user to be able to interact with
the system at any step, in order to be able to visualize, se-
lect and edit intermediate results. Annotation is critical:
at which level should it happen, could it be supported by
workflow tools without loss of information? How to sup-
port different flow levels: Web, computer, printout, paper
or electronic notebook [MPL*02]? Discovery and search
of new tools: this is maybe not that much needed, al-
though a support has to be provided to restrict discovery
according to available data. An important challenge is
that very few standard although low usable browsers are
omnipresent. Biologists often complain about: weak in-
teractivity, less controls when errors, data security, speed,
unexpected changes, limited size for data and analysis re-
sults by email. But tools are available on the Web.
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