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Genome biology aims at using the complete genome sequences to reconstruct all metabolic and signaling pathways that could 
operate in the target organisms and identify the likely regulatory hubs and potential drug targets. Such analysis requires 

comprehensive functional annotation of all proteins encoded in each sequenced genome. Standard sequence analysis typically fails 
to provide (confident) functional assignment for at least a third of the genes even in the relatively small prokaryotic genomes. As a 
result, comparative genomics has to deal with the constantly growing numbers of "hypothetical" proteins whose functions remain 
unknown. This talk will discuss using comparative genomics to improve our understanding of microbial metabolic and signaling 
pathways, including some recent examples of identification of "missing" enzymes and prediction of alternative enzyme variants. 
It will show that the number of truly enigmatic "conserved hypothetical" proteins is relatively small, particularly in the reduced 
genomes of pathogenic bacteria, which suggests that most of their cellular functions are already accounted for. In contrast, the 
number of uncharacterized genes in free-living organisms remains quite large and their functions remain obscure. Our current 
hypothesis is that many of these genes have “house-cleaning” function, which is almost as important as house-keeping, particularly 
for aerobic bacteria and for eukaryotic cells. We shall also briefly discuss how comparative genomics could be used for identification 
of priority targets for future research and the challenges in characterization of their functions.
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