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Summary

Protein domains are the structural, functional and evolutionary units of proteins. A useful

way to predict the function and structure of a new protein coding gene, or one which is poorly

genetically or biochemically characterised, is to identify the domain architecture on the basis

of the amino acid sequence, and then infer function and structure from other proteins with

similar domain architectures.

The first part of my thesis concerns improving techniques for identification of protein

domains from amino acid sequence. I investigate the application of language modelling tech-

niques from speech recognition to integrate contextual information into domain prediction.

This takes advantage of the observation that certain combinations of domains are more likely

to occur than others. I also investigate using knowledge of the species in which the protein

occurs to improve domain prediction, and develop an integrated model of species and domain

context. Lastly, I investigate the degree to which protein domains can be identified on align-

ments of homologous proteins, rather than on the sequences taken individually. This method

relies on the development of models of evolution which reflect the structural and functional

constraints of conserved sites in the protein domain and using these models to calculate the

likelihood that the given protein cluster has been evolving within these structural and func-

tional constraints. I have tested each of these approaches on proteins of known structure, and

demonstrated improvements in domain identification in each case.

The second part of my thesis concerns using annotated protein domains to understand

the evolution of gene families. I look for cases in which the gene family unambiguously

contains a particular protein domain, but also contains proteins which are diverging away

from the domain. Using evolutionary models developed in the first part of my thesis which

reflect functional/structural constraints at conserved sites, I develop a technique for scoring

the degree to which evolution along a branch in the gene tree is constrained by the need to
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maintain the structure and function of the protein, and conversely, the likelihood that it is

not evolving under these constraints. I have used this approach as the basis of a test for

pseudogenes, which has been tested against standard methods for identifying pseudogenes on

the manual annotation of human chromosome six. I have also used this approach to develop

a test for positive selection, and characterised positive selection in several gene families.
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