In vited T alk Comparativ e Genomics: Is It Changing the P aradigm of Ev olutionary Biology? Eugene V. Ko onin koonin@ncbi.nlm.nih.gov National Cen ter for Biotec hnology Information, National Library of Medicine National Institutes of Health Bethesda MD 20894, USA Ab out 20 complete genome sequences of cellular life forms | bacteria, arc haea an euk ary otes | are curren tly a v ailable, and man y more are in the pip eline. Considerable comparativ e analysis of these genomes has already b een p erformed, and while ev en more c hallenging w ork lies ahead, it is fair to ask at this juncture, what is the impact of this researc h on biology in general. In m y opinion, comparativ e analysis of complete genome has already a�ected our ideas of what biological ev olution is to suc h an exten t that it is appropriate to claim a paradigm shift in ev olutionary biology . Computer analysis of complete genomes of unicellular organisms sho ws that protein sequences are in general highly conserv ed in ev olution, with at least 70% of them con taining ancien t conserv ed re- gions. This allo ws us to delineate families of orthologs across a wide ph ylogenetic range and in man y cases, predict protein functions with reasonable con�dence. Once a robust set of suc h orthologous families is established, it is p ossible to examine the pattern of ph ylogenetic represen tation (or for brevit y , simply ‘ph ylogenetic pattern’) for eac h of them. Suc h an examination readily sho ws that for the great ma jorit y of orthologous families, the ph ylogenetic distribution is quite patc h y and in man y cases unexp ected. Only � 100 families, the ma jorit y of them including comp onen ts of the transla- tion mac hinery , are univ ersally conserv ed in all sequenced genomes. These observ ations indicate that horizon tal gene transfer and lineage-sp eci�c gene loss are not inconsequen tial ev olutionary quirks but rather prev ailing forces of ev olution, at least in the prok ary otic w orld. On man y o ccasions, in detailed studies of protein sup erfamilies and ev en en tire functional systems, suc h as those for DNA repair and programmed cell death, it is no w p ossible to reconstruct detailed ev olutionary scenarios that accoun t for a n um b er of distinct ev en ts of horizon tal gene transfer and gene loss. These detailed studies sho w that at the lev el of individual genes, horizon tal gene transfer and gene loss are complemen ted b y n u- merous recom bination ev en ts that manifest in domain rearrangemen t at the protein lev el. Previously , suc h rearrangemen ts w ere asso ciate primarily with exon sh u�ing but the analysis of complete genomes sho ws that they are critically imp ortan t also in the prok ary otic w orld where this mec hanism is not op erativ e. Examination of ph ylogenetic patterns for families of orthologous proteins also results in more sp eci�c conclusions some of whic h ma y ha v e far-reac hing consequences. In particular, it is no w clear that the basic DNA replication mac hineries (that is, the replicativ e DNA p olymerases, primases, helicases, and sev eral other proteins) in bacteria and in arc haea/euk ary otes are not orthologous and ma y ha v e ev olv ed indep enden tly . This is in a sharp con trast with the remark able conserv ation of the comp onen ts of the translation apparatus and the core transcription mac hinery . The simplest, ev en if uncon v en tional in terpretation of these observ ations is that the common ancestor of all extan t cellular life forms actually had an RNA genome that, ho w ev er, enco ded an adv anced translation mac hinery , the main proteins curren tly used for transcription (whic h at that time migh t ha v e b een in v olv ed in 218 genome replication) and probably a considerable rep ertoire of metab olic enzymes. T aking in to accoun t the common c hemical kno wledge that long RNA molecules are quite unstable and the conclusions on the ma jor role of gene sampling discussed ab o v e, w e arriv e to an unexp ected, sp eculativ e but not unplausible picture of the common ancestor of all kno wn life (the so-called cenancestor). The cenancestor migh t not ev en ha v e had a de�ned genome in the sense all mo dern organisms ha v e it but rather could b e a lo ose collection of a large n um b er of relativ ely small, in a sense virus-lik e, RNA-based genetic elemen ts. F urther genome sequencing, particularly of genomes of deep-branc hing organisms will put these concepts to test and in an y case, will add more substance for critical analysis. This m ust b e comple- men ted b y further dev elopmen ts of metho ds for theoretical and ultimately exp erimen tal analysis of ev olution on the basis of m ultiple genome comparison. Ac kno wledgemen ts I thank L. Ara vind for n umerous stim ulating discussions, without whic h these ideas could not ha v e b een dev elop ed in a clear form. I am a w are and appreciativ e of the ma jor con tribution of Carl W o ese to our understanding of the p ossible nature of the Univ ersal Ancestor [5]. References [1] Mushegian, A.R. and Ko onin, E.V., A minimal gene set for cellular life deriv ed b y comparison of complete bacterial genomes, Pr o c. Natl. A c ad. Sci. U.S.A. , 93:10268{10273, 1996. [2] Ko onin, E.V., Mushegian, A.R., Galp erin, M.Y., and W alk er, D.R., Comparison of arc haeal and bacterial genomes: computer analysis of protein sequences predicts no v el functions and suggests a c himeric origin for the arc haea, Mol. Micr obiol. , 25:619{637, 1997. [3] T atuso v, R.L., Ko onin, E.V., and Lipman, D.J., A genomic p ersp ectiv e on protein families, Scienc e , 278:631{637, 1997. [4] Huynen, M.A. and Bork, P ., Measuring genome ev olution, Pr o c. Natl. A c ad. Sci. U.S.A. , 95:5849{ 5856, 1998. [5] W o ese, C. The univ ersal ancestor, Pr o c. Natl. A c ad. Sci. U.S.A. , 95:6854{6859, 1998. 219