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SUbiECt description (two pages maximum including biblio)

The successful candidate will join the Laboratory of Fundamental and Applied Computer
Science of Tours (LIFAT) (EA 6300, ERL-CNRS 7002). LIFAT's scientific concerns are to
design and develop models, methods and algorithms, and to provide resources and software
for extracting information, deriving knowledge from data, integrating human-machine
interaction and solving combinatorial optimization problems with the desire to achieve good
results in good computation time. The unit is currently organized into 3 research groups:
Databases and natural language processing (BDTLN), Operations research, scheduling and
transport (ROOT, ERL CNRS 7002), and Pattern recognition and image analysis (RFAI). Due
to regional specificities, the preferred fields of application are Digital human sciences and
Health and disability.

As part of a previous thesis, in partnership with the University of Nouakchott, Mauritania, we
have worked in recent years on the implementation of solving methods for the comparison
of heterogeneous graphs, with applications in bioinformatics. We believe that continuing this
work is of scientific interest: on the one hand to develop new efficient resolution methods
and test them on real data; on the other hand, to improve our understanding of the
underlying biological issues.

The problem dealt with here, known to be strongly NP-hard, is defined as follows. Let D be a
directed graph (representing a metabolic network) and G a non-oriented graph (representing
the proximity of the genes producing the proteins involved in these reactions), both defined
on the same set of vertices.

Metabolic graph (D) Proximity graph (G)
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The problem is to find a longest path or trail in D, such that the subgraph of G generated by
the vertices of this path or trail is connected. We are therefore looking for a longest metabolic
pathway involving proteins produced by neighboring genes. These paths and trails constitute
markers of the species and can be used for their comparison.

The thesis will focus on:

(1) Improving methods developed so far (such as mathematical and constraint-based
formulations), proposing new methods (e.g. using decomposition techniques), and
applying these new methods to real datasets.

(2) Better modeling criteria used for comparing species in the longest path and longest
trail problems, in order to find a family of paths or trails more suitable for this
comparison. It is envisaged that two criteria will be considered simultaneously
(length and disparity of the paths or trails for example).

(3) Open this work to other problems concerning metabolic networks modeled by
graphs. Initial contacts have been established with colleagues from the
Biomolecules Biotechnologies Vegetables laboratory) working on these problems.
Contacts have also been established with research teams from the Pasteur Institute
(Paris). The problem of enumerating minimal precursor sets in genome-wide
metabolic networks will be considered.
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