Comparative Genomics Review
Comparative genome analysis of related species based on motif conservation provides a powerful and general approach for identifying functional elements without previous biological knowledge, and the results show comparative genome analysis of a handful of related species has substantial power to identify genes, define gene structure, highlight rapid and slow evolutionary change, recognize regulatory elements and reveal combinatorial control of gene regulation. In addition, the approach can increase its power by simply increasing the number of species studied.

Take motif identification in genome-wide scale for example. 

The methodology for genome-wide motif discovery involves two steps: 

1. Identify conserved ‘mini-motif’.

Conserved ‘mini-motif’ is defined according to 3 conservation criteria: (1) intergenic conservation (CC1), the mini-motif shows a significantly high conservation rate in intergenic regions; (2) intergenic–genic conservation (CC2), the mini-motif shows significantly higher conservation in intergenic regions than in genic regions; (3) upstream–downstream conservation (CC3), the mini-motif shows significantly different conservation rates when it occurs upstream compared with downstream of a gene.


2. Use them to construct full motifs.

(1) Selected mini-motifs using each conservation criterion; (2) Extended mini-motifs with additional conserved bases; (3) Generated mega-motifs by merging mini-motifs with similar extension; (4) Merged mega-motifs that frequently co-occur in the same intergenic regions. 
Those motifs with MCS(Motif Conservation Score) >= 4 are retained.

      
Based on this method, 2400 out of 45,760 mini-motifs show high score by one or more of these criteria. For a catalogue of 55 known regulatory sequence, the comparative analysis, giving rise to a list of 72 full motifs based on the mini-motifs, identified closely related motifs that have higher conservation scores than the other known motifs and occur largely at the same genes (overlap with 28 of 33 known motifs with MCS>=4 and 8 of 22 known motifs with MCS<4); these may represent a better description of the true regulatory element. 36 motifs with matches to most of the known motifs (65% of the full set, 85% of those with high conservation) are discovered. 42 additional ‘new’ motifs not found in our list of known motifs are also identified.

Finally, the candidate function of the genome-wide motif could be inferred from the function of the genes, with known category, adjacent to its conserved occurrence by CCS (category correlation score) which is used to measure how strongly the conserved occurrence correlated with the regions upstream/downstream of a particular gene category. As a result, most of the 36 discovered motifs that correspond to known motifs showed strong category correlation. Of the 42 new motifs, 25 show strong correlation with at least one category and thus can be assigned a suggestive biological function.

For combinatorial control, there are already some groups of motifs showing clear correlation on the basis of Cross-species analysis, which may suggest a possible link between similar biological reactions, ie various stress responses and adaptive changes. These correlations can be used construct comprehensive co-occurrence networks which can hopefully provide valuable to decipher biological pathway. More generally, the comparative analysis is a very powerful and precise tool for genes and regulatory elements identification. 

