Bioinformatics as a driver of translational biomedical research

Abstract

The 6™ BeNeLux Bioinformatics Conference (BBC11) held in Luxembourg on 12 and
13 December 2011 attracted around 200 participants, including internationally-
renowned guest speakers and more than 100 peer-reviewed submissions from 3
continents. Researchers from the public and private sectors convened at BBC11 to
discuss advances and challenges in a wide spectrum of application areas. A key
theme of the conference was the contribution of bioinformatics to enable and
accelerate translational and clinical research. The full conference proceedings are
freely avaible at www.bbc11.lu.

Introduction

In a time full of possibilities and expectations for personalised medicine,
bioinformatics represents more than a technological convergence point at the
intersection of various research fields.

Bioinformatics has become a bridge of integration. Continuous integration of
information, insights and teams all over the planet. But it also catalizes the
translation of advances from the computing into the life sciences, and from there to
the clinic, and back. Bioinformatics is gradually expanding its potential to improve the
life of patients everywhere, through the transformation of fundamental discoveries
into adanced approaches to preventing, detecting and treating disease (1, 2).

We met at The 6™ BeNeLux Bioinformatics Conference (www.bbc11.lu, 12 and 13
December 2011, Luxembourg) to review advances, reflect on challenges and
celebrate the contributions of bioinformatics in a "post-genome™ era. The conference
attracted around 200 participants, including internationally- renowned guest speakers
and more than 100 peer-reviewed submissions from 3 continents.

Bioinformatics can answer "when", "what if" and "why" questions

Our programme of guest and selected oral and poster presentations comprised a
diverse range of biological and clinically relevant questions, computing approaches
and applications (3). These sessions were driven also by a significant interest in
discussing challenges and directions for enhacing the impact of bioinformatics in
fundamental and translational biomedical research. These features were specially
reflected in the presentations given by our guest speakers: Burkhard Rost (Technical
University Munich, Germany), Thomas Lengauer (Max-Planck-Institut Informatik,
Germany), loannis Xenarios (Swiss Institute of Bioinformatics, Switzerland), and
Peter van der Spek (Erasmus Medical Center, The Netherlands).

Presentations and discussions addressed applications of significant relevance to the
detection and treatment of cancers, infectious, neurodegenerative and
cardiovascular diseases. The meeting also showcased progress in bioinformatic
infrastructures and enabling technologies. Examples of the latter included next-
generation sequencing tools and applications, complex information integration and



annotation over the Web, and several disease- and organism-specific research
resources.

Among such a diversity of approaches and applications, a crucial pattern can be
discerned. Bioinformatics research is putting a great emphasis on answering "when",
"what if* and "why" questions using different types of biological data. When complex
events at the molecular and system levels are taking place? When specific disease
states are likely to occur?. Thomas Lengauer's talk on translational bioinformatics in
treating HIV Infections represented an instance in this direction. What if specific
perturbations are induced?. Why observed associations or predictions are
biologically meaningful?. loannis Xenarios's talk on gene and cellular regulatory
network models was an example within this research question category.

Different presentations also highligthed opportunities for integrating multiples vistas
of biological phenomena as dynamic webs of interactions. Examples of this included:
"Visualizing genotype-phenotype relationships across cell cycle and evolutionary”
(Maria Secrier and Reinhard Schneider), "Prediction of a phosphorylation network in
Arabidopsis thaliana" (Kris Laukens et al.) and "Interfering with the interaction
network of adenyl cyclase virulence factors" (Therese Malliavin et al.). This and
future contributions would not be possible without advanced capabilities in large-
scale data analysis and interpretation, for example from next-generation sequencing
experiments (Alejandro Sifrim et al.; Tim de Meyer et al.) and from other types of
"omic" data types (Yan Wu et al.; Alexey Stukalov et al.).

Perspectives

Presentations and a panel-driven debate on "Technological and Cooperation
Challeneges in Bioinformatics" offered crucial insights into the state of our field,
including critical research directions and advances to watch in the short and longer-
terms.

The need for cross-disciplinary cooperation in bioinformatics and in its different
application domains is unassailable. If we are to bring new tools to improve human
health in fundamental and clinical routine settings, new ways to share data and
software will be essential. Many of such collaborations will ultimately be benefitted
from different levels of data integration and access to high-performance computing.
The selection of specific tools and approaches will continue being driven by domain-
specific biological questions and computing requirements. For example, the use of
cloud computing technologies cannot be seen as an "one-fits-all" solution in
fundamental or translational biomedical research.

Researchers are incrementally breaking new ground to demonstrate the relevance of
systems biology approaches to transaltional research with stronger couplings
between in silico, in vitro and in vivo models. Although the estimation of the clinical
relevance and utility of the majority of findings reported to date will require significant
efforts, areas such as disease biomarker discovery and drug target prediction offer
fertile ground for progress in the near future. The latter will be greatly facilitated by
better access to carefully annotated sample cohorts (biobanking) and by the
availability of user-friendly bioinformatic infrastructures.



The potential impact of bioinformatics in translational and clinical research will also
depend on our capacity to harmonoise the needs for freely publishing research
outputs and for protecting intellectual property. This is particularly critical taking into
account the advantages and opportunities offered by open-source development and
open-access publishing.

Bioinformatics will be expected to contribute new ways to streamline the discovery
pipeline needed for the development of diagnostics and drugs in the face of high
costs and stringent regulatory standards. This will be possible through advances in
the interrogation and simulation of complex dynamic systems, and based on the
capacity of such models and resulting analyses to be reproduced and independently
validated.

Conclusions

The 6th BeNeLux Bioinformatics Conference discussed advances and challenges in
bioinformatics across a diverse range of applications. A key theme of the conference
was the mission and roles of bioinformatics in enabling translational and clinical
research. Major opportunities and challenges include the extraction of biological
meaning from next-generation sequencing and other high-throuput "omic"
technologies, the development of user-friendly bioinformatic infrastructure and the
demonstration of the clinical relevance of systems-based approaches.
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