Application of machine learning and statistical methods for analyzing complete sequences of genomes and proteomes
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The objectives of deciphering complete genome sequences were to open new avenues for identifying and developing anti-infectives and for improving our knowledge on the workings of life in the three primary Kingdoms. To this end, tools were developed by our group using both machine learning and statistical methods. SPAAN was developed to predict adhesins and adhesin-like proteins by employing 105 compositional properties. Because these proteins mediate the essential interaction between pathogens and their hosts, SPAAN has enabled us to identify top targets from all bacterial pathogens and even some viruses whose complete genome sequences are available. Similarly, the role of (TG/CA)n repeats functional elements in Human gene regulation was addressed. Analysis of the entire Human genome sequence revealed that, Signaling and communication genes were repeat rich whereas, 'Immune and related functions' and 'Information' genes were repeat poor. Repeats modulate transcription of 'Signaling and communication' genes. 'Information' genes are poor in repeats due to their short gene lengths, higher expression and fundamental role in cellular physiology. 'Immune and related functions' genes are repeat poor due to short gene length and to maintenance of the directional nature of the recombinogenic processes. By using two independent microarray datasets, we noted that highly transcribed genes were poor in repeats and conversely, weakly transcribed genes were rich in repeats. Strikingly, the inverse correlation between repeat abundance and transcriptional levels appears to be a global phenomenon encompassing all genes regardless of their breadth of transcription. This selective pattern of exclusion of repeats in highly transcribed genes acts in addition to cost minimization and elevated GC. Repeat poor characteristic of 'Information' genes perhaps occurred early in evolution to aid phylogenetic conservation of high expression. Therefore, the pattern of microsatellites evolution was controlled by gene function in addition to intron length. While these developments are illuminating, we need to transit from reductive to integrative approach in the direction of Systems Biology.
