Incorporating evolution of transcription factor binding sites into annotated alignments
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Identifying transcription factor binding sites (TFBSs) is essential to elucidate putative regulatory mechanisms. A common strategy is to combine sequence conservation with TFBS annotation to yield conserved TFBSs. Current methods that annotate conserved TFBSs perform an alignment and a TFBS annotation step separately and combine the results in the end. In such a multi-step approach, low sequence similarity or poor quality of binding site description (profile) may lead to ambiguous alignments where gaps might obscure putative conserved sites. Recently, we introduced a novel approach to simultaneously align and annotate for TFBSs in a pair of sequences [1]. Building upon the standard Smith-Waterman algorithm [2] for local alignments, SimAnn [1] introduces additional states for profiles. As output, alignments with parts annotated as "pair-profile" hits are generated. Moreover, the pair-profile related parameters are derived in a sound statistical framework, thus avoiding ad hoc decisions. We demonstrated the advantage of constraining the alignment to showcase conserved TFBS hits through comparisons with multi-step approaches on both simulated and real data. In this article, we extend this approach to incorporate evolution of binding sites. In our approach, a pair of strings (u,v) of length l can be aligned either as l consecutive (mis) matches or as a pair-profile hit of a profile P of length l. Previously [1], we derived the profile related parameters by considering the two strings to be independent samples of P and using a log-likelihood ratio test that compares between the two aligning choices. Here, we wish to extend this to allow evolutionarily related binding sites. The first string is sampled from the profile and evolved to the second using a profile-based evolutionary model. The parameters are again calculated using a statistical testing framework contrasting binding site conservation against background sequence conservation. The explicit inclusion of evolution at the binding sites in the extended approach helps to prevent false predictions arising simply from close evolutionary distances. We present the theoretical motivations for the parameter choice. Additionally, through simulated and real data, we analyze how incorporating evolutionary information for binding sites into alignment generation aids in predictive performance. References: 1. Bais, A.S., Grossmann S. and Vingron, M.: Simultaneous Alignment and Annotation of cis-Regulatory Regions. 5th European Conference on Computational Biology, 2006(accepted). 2. Smith, T.F. and Waterman, M.S.: Identification of Common Molecular Subsequences. J. Mol. Biol., 1981, 147: 195-197.

