Central to structure analysis is “How does a structure evolve?” and we propose a simpler topological model where the structure has been reduced to a description of secondary elements, their relationship and length.   The topological model will also lead to hard problems, but is more akin to well explored models, where good approximations can be found. 

  Such evolutionary models can be used either just to explore the probability of observed structures and the frequency  with which different structures evolve into each other.  This of interest since the existence of such a process can shed light on problem on whether the distribution observed among existing protein structures are an evolutionary accident or a structural necessity.  

  Now the probability of a structure and the probability that a given structure evolves into another structure must be evaluated.  The probability of a structure can be approximated, the corresponding probability from the simpler topological model could be used or one could focus the analysis of the sequences only on the dynamic part of evolution – the evolutionary paths leading from one structure into another.

Stochastic Model of Protein Structure Evolution: Secondary Structure: 

Using a stochastic model of structure evolution to more distantly related proteins introduces the possibility that elements of secondary structure may be inserted, deleted, or changed. To deal with these larger structural changes, we plan to incorporate a higher level representation of structure called the topological level. In this representation, the overall fold of the protein will be encoded in a symbolic description. Changes in the fold will be modelled by transitions in a network of labelled nodes, representing the secondary structure elements, and edges, indicating contacts interactions. For a given set of secondary structure elements, an exhaustive listing can be given of the possible structure topologies. Such topologies are well defined combinatorial object and can enumerated using standard combinatorial techniques. Similar structures will have similar structure topologies. As one structure evolves into another, the corresponding structure topologies will similarly evolve. The comparison of combinatorial objects has been much explored answering question such as what is the shortest distance in terms of some basic events (removing/adding/relabelling). (Waterman et al.(1976), Semple and Steel (2003))  The computational method would be very similar to the method developed by the principal investigator (Song and Hein, 2003), that allows us to rapidly answer a number of fundamental questions. What are the most distant objects of a given size? How many neighbours does an object have in terms of these basic events? The answers to these questions depend upon the relative probabilities of these various events. These probabilities are a priori unknown, but can be estimated based on the results of the previously-defined MCMC calculations. In addition, given any set of such probabilities we can calculate the likelihood of the observed structures resulting from the structural evolution process. Standard comparison of likelihood values can then be used to adjust these probabilities. 

