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We created a set of specialized, high-level, and semantically sound tools with the capability to

·  Identify “Time/Frequency” features of a data set (Multi-resolution Time/Frequency analysis, such as Wavelet bases)

· Reformulate the results of the analysis tools in a biologist-friendly way.


Our approach uses various Time/Frequency analysis techniques to detect hidden features of  biological systems  and to reformat the data in order to facilitate its  detailed analysis.   We have applied our tools to some time-course data sets to better understand multi-statitcity and metastability in biological processes. We concentrated on three biological examples.

1. Analysis of the bistable MAPK*/PKC/Ras pathway data (data sets described in Bhalla and Iyengar’s 1999 Science paper “Emergent properties of networks of biological signaling pathways”).  After performing a cross-validation of the model, we processed the simulation data with Time/Frequency techniques. We were able to characterize the two interesting transient dynamics of the system modulated by the levels of initial EGF concentration in a rigorous automated manner.

2. Analysis of data from an Immune System model (data generated by the IMMSIM system – Seiden and Celada). We were able to discriminate between the Immune System primary and secondary responses elicited by two subsequent injections of an antigen. We discovered that the learning behavior of the Immune System is reflected in a specific variation of the Time/Frequency profile of the evolution of the system components.

3. Analysis of the Cell Cycle. We studied the bistability profile of the Cdh1 data trajectories in the Cell Cycle model developed by Tyson’s Lab at Virginia Tech. Their Time-Frequency features were analyzed for varying cell mass.  We also considered Yeast Microarray data published by Spellman et al (1998). Three different synchronization methods for Yeast Cell Cycle were used: Alpha factor, elutriation and Cdc15 temperature-sensitive mutant. The gene expression levels alone do not allow to distinguish between the different synchronization methods, while our Time/Frequency analysis algorithm clearly separates the trajectories corresponding to the elutriation method from the others, therefore showing the connection between the Alpha factor and Cdc15 temperature-sensitive mutant method.  The robustness of our technique with respect to noise perturbations was also demonstrated.
