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TRANSCRIPTOME 2005 will highlight the transition from Functional Genomics to
Integrative Systems Biology for Health, after the successful meetings held in Paris (2000),
Seattle, (2002) and Tokyo (2003) which led to a shared vision of Systems Biology as an
integrative and iterative process based on interdisciplinarity and networking, and the
formation of the SYSTEMOSCOPE International Consortium with Pr. Leroy Hood and Zhu Chen
(Auffray et al., 2003a, b). We proposed as a working hypothesis that self-organization of
living systems results from a conjunction of a stable organization with chaotic fluctuations
(Auffray et al, 2003b), and recognized the need to measure small variations of a large number
of weak signals with high throughput technologies developed under quality assurance.

To tackle the complexity of biological systems, and stimulate applications in
preventive and predictive medicine, it appears necessary to integrate analytical approaches of
discovery with systems theories and non-linear dynamics. The members of the French
SYSTEMOSCOPE Consortium have endeavoured to develop a trans-disciplinary research and
training program in systems biology, based on their extensive experience in mathematics,
informatics, physics, biology and medicine.

We are designing and implementing a systems biology demonstration pilot project to
measure dysfunctions of energy metabolism and modulations of gene expression profiles in
skeletal muscles of patients with pulmonary diseases or cardiac failure, before and during
rehabilitation of systemic myopathy. To ensure reliable experiment description and data
integrity, and obtain the accurate and consistent data required to capture the multiple
moderate but biologically important fluctuations which escape meta-analyses, we will use
standardized measurement, annotation and biovalidation technologies. We intend to identify
underlying functional and regulatory networks, to measure influence of the immune and
nervous systems through genetic polymorphism studies, to formulate working hypothesis and
test them, to iterate the process and assess improvement of models and methods.

We are using mathematical and computational tools to infer, model and simulate
functional networks from large-scale expression datasets combined with genetic and
phenotypic data, and to develop robust measures for biological functions and complexity. We
are also simulating cellular differentiation with a selective model of stochastic gene
expression regulated by dynamic constraints and epigenetic modifications, and constructing a
theoretical framework to model attractors with variable numbers of dimensions in biological
systems. Finally, we are combining the elements of modeling of scale relativity (Nottale,
1993) to describe the effects induced by non-linear scale laws, in order to relate properties of
complex biological systems to underlying physical first principles.

The principle underlying scale relativity is to introduce at the most fundamental level
the observation scales in the description of natural laws, and to found this description on the



principle of relativity extended to these new variables. It allows to construct scale laws which
satisfy this principle, and to articulate them with the laws of motion, leading to a generalized
quantum mechanics. This conceptual framework transcends classical and quantum physics to
provide models for self-organized structures and behaviours which have already proved
extremely valuable to describe evolving living systems (Nottale, 2004).
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