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3. The first sub-project resulted in an original probabilistic model allowing
assignment of a likelihood value to an arbitrary molecular-interaction network for
a set of proteins that had known amino-acid sequences. The model was
polished and improved over a series of published studies (e.g., lossifov et al,
2004; Gomez at al. 2002). The main assumptions of this set of models is as
follows: Information on molecular networks, such as networks of interacting
proteins, comes from diverse sources that contain remarkable differences in
distribution and quantity of errors. We developed a probabilistic model useful for
predicting protein interactions from heterogeneous data sources. The model
describes stochastic generation of protein-protein interaction networks with
real-world properties, as well as generation of two heterogeneous sources of
protein-interaction information: research results automatically extracted from the
literature and yeast two-hybrid experiments. Based on the domain composition of
proteins, we used the model to predict protein interactions for pairs of proteins for
which no experimental data are available. We further explored the prediction
limits, given experimental data that cover only part of the underlying protein
networks. This approach can be extended naturally to include other types of
biological data sources.

The second sub-project (see Cavelier & Anastassiou, 2004, 2005) started with
assumption that finding the causality and strength of connectivity in
transcriptional regulatory networks from time-series data will provide a powerful
tool for the analysis of cellular states. We developed the design of tools for the
evaluation of the network's model structure and parameters. The most effective
tools are found to be based on evolution strategies. We evaluated models of
increasing complexity, from lumped, algebraic phenomenological models to Hill
functions and thermodynamically derived functions. These last functions provide
the free energies of binding of transcription factors to their operators, as well as
cooperativity energies. Optimization results were based on published
experimental data from a synthetic network in Escherichia coli are presented.
The free energies of binding and cooperativity found by our tools are in the same
physiological ranges as those experimentally derived in the bacteriophage
lambda system. We also use time-series data from high-density oligonucleotide



microarrays of yeast meiotic expression patterns. The algorithm appropriately
finds the parameters of pairs of regulated regulatory yeast genes, showing that
for related genes an overall reasonable computation effort is sufficient to find the
strength and causality of the connectivity of large numbers of them.

The third subproject was associated with analysis and processing of text-mined
data: The immense growth in the volume of research literature and experimental
data in the field of molecular biology calls for efficient automatic methods to
capture and store information. In recent years, several groups have worked on
specific problems in this area, such as automated selection of articles pertinent to
molecular biology, or automated extraction of information using natural-language
processing, information visualization, and generation of specialized knowledge
bases for molecular biology. GeneWays is an integrated system that combines
several such subtasks. It analyzes interactions between molecular substances,
drawing on multiple sources of information to infer a consensus view of molecular
networks. GeneWays is designed as an open platform, allowing researchers to
query, review, and critique stored information (Rzhetsky et al. 2004).

These studies add to our current understanding of complex molecular networks,
their dynamic properties, and uncertainty associated with individual statements.

4. The aims of the project were met in full.

5. The activities regarding hypotheses, methods, and tests associated with our work
are documented in publications listed in 6a.
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6¢: We fostered collaboration with Professor Dimitris Anastassiou’s group (Department
of Electrical Engineering, Columbia University).

6d N/A
6e N/A
6f N/A

7. We developed and implemented mathematical models (differential equation-based)
for analysis of transcriptional regulatory networks (e.g., see Cavelier & Anastassiou,
2004, 2005), and Bayesian data integration (e.g., lossifov et al 2004). The models
were implemented in MatLab, and tested through cross-validation (probabilistic
modeling) or comparison with real data (dynamics modeling).



