146 No. 73 Uc hiy ama Hierarc hical Clustering Pro cedure for Grouping Orthologous Domains in Multiple Genomes Ikuo Uc hiy ama uchiyama@nibb.ac.jp National Institute for Basic Biology , Ok azaki National Researc h Institutes, Nishigonak a 38, My o daiji, Ok azaki 444-8585, Japan Keyw ords: ortholog iden ti�cation, clustering, homologous domains 1 In tro duction Iden ti�cation of orthologous genes, whic h are de�ned as homologous genes deriv ed from sp eciation in the history of ev olution [1], is a crucial step for comparativ e analysis of m ultiple genomes. Basically , evidence to iden tify orthologs includes: i ) highest lev el of similarit y , ii ) conserv ation of gene arrange- men t on the c hromosome, iii ) consistency b et w een gene ph ylogen y and sp ecies ph ylogen y . Ho w ev er, b ecause of v ery large ev olutionary distances as w ell as complex ev olutionary ev en ts suc h as genome re- arrangemen ts and horizon tal gene transfers, ortholog iden ti�cation among v arious microbial genomes is not so trivial task. Man y of the previous w orks (e.g. [2, 5]) mainly relied on the b est hit relationships among all-against-all protein sequence comparisons b et w een t w o genomes, but generally they required sev eral additional pro cedures suc h as domain splitting, gene order comparison and ph ylogenetic con- sideration. On the other hand, n umerous clustering pro cedures ha v e b een dev elop ed for homology domain iden ti�cation (e.g. [4]), but generally they are not suitable for ortholog grouping. Here, I prop ose a hierarc hical clustering approac h whic h is exible enough to incorp orate man y of the ab o v e ortholog criteria. Esp ecially , the pro cedure is suitable for splitting genes in to homologous domains minimally required for ortholog grouping. 2 Ov erview of the Metho d The pro cedure tak es as input results of all-against-all protein sequence similarit y searc h including similarit y scores and matc hed regions, and at �rst constructs a graph of similarit y relationships (Fig. 1 A). The clustering pro cedure is basically successiv e con traction of this graph based on UPGMA [3]. In eac h iteration, t w o no des, or op erational taxonomic units (OTUs) [3], connected with the b est similarit y relationship are merged and similarit y score on eac h merged edge is assigned a v eraged score of all relationships con tained in it. When some OTUs are connected only one of the b est scoring OTUs, a �xed score (parameter) w orse than a giv en clustering cuto� is assigned for the missing relationship. The pro cedure is rep eated un til the b est similarit y score b ecomes w orse than the cuto�. This basic pro cedure w orks w ell for single domain proteins but not for m ulti-domain proteins. T o treat m ulti-domain proteins, the pro cedure is further extended (Fig. 1). In eac h iteration, merged OTU is split in to at most 5 no des according to the matc hed region of the b est scoring edge: the matc hed region itself and left and righ t o v erhangs of the �rst and the second OTUs. Edges connected to the merged OTUs are appropriately reconnected to one or more of the new OTUs according to the matc hed regions of them (Fig. 1 B), and matc hed lengthes as w ell as scores of merged edges connected to the merged OTU are a v eraged o v er all relationships con tained in them. In addition, the no des newly created are connected eac h other b y neigh b oring links (brok en lines in Fig. 1 B), whic h are also merged through the clustering pro cess.

No. 73 Uc hiy ama 147 Figure 1: Basic strategy . A,B) Similarit y graph b efore and after merging t w o no des (OTUs) connected with the b est similarit y relationship (b old line). The alphab ets A � F denote (priorly unkno wn) homologous domains and the n um b ers in paren theses are the b eginning and ending p ositions of the matc hed regions. Brok en lines indicate neigh b oring links. C) Resultan t hierarc hical clustering graph. Resultan t structure created b y this pro cedure is a hierarc hical clustering graph that consists of o v erlapping trees as sho wn in Fig. 1 C. F rom this structure, one can easily iden tify homologous clusters in domain lev el b y tra v ersing it from top to b ottom. Moreo v er, the history of domain splitting of eac h gene can b e traced b y tra v ersing it in rev erse direction. Th us, one can split genes in to domains minimally required for ortholog grouping, b y sp ecifying some appropriate in ternal no des as ro ots. Ro ot no de of eac h orthologous cluster is determined b y another pro cedure, ph ylogenetic-cut, where eac h original ro ot no de is recursiv ely cut un til t w o clusters merged at that no de share no or little in trasp ecies paralogous genes. Note that the pro cedure has also abilit y to incorp orate the information of gene orders when neigh b oring genes are priorly connected with links and appropriate scoring sc heme is in tro duced, although details are no w under in v estigation. Of course, obtained structure lik e Fig. 1 C do es not alw a ys coincide with the exact ev olutionary history , nev ertheless in man y cases classi�cation is w ell consisten t with the previous ones lik e COG [5]. Moreo v er, the pro cedure is rapid enough to b e executed rep eatedly with c hanges of parameters or datasets. Th us, it is useful for the task of grouping a large n um b er of genes in m ultiple genomes, when com bined with an appropriate gene classi�cation w orkb enc h suc h as MBGD [6]. References [1] Fitc h, W.M., Distinguishing homologous from analogous proteins, Syst. Zo ol. , 19(2):99{113, 1970. [2] Huynen, M.A. and Bork, P ., Measuring genome ev olution, Pr o c. Natl. A c ad. Sci. USA , 95(11):5849{5856, 1998. [3] Sneath, P .H.A. and Sok al, R.R., Numeric al T axonomy , F reeman, San F rancisco, 1973. [4] Sonnhammer, E.L. and Kahn, D., Mo dular arrangemen t of proteins as inferred from analysis of homology , Pr otein Sci. , 3:482{492, 1994. [5] T atuso v, R.L., Galp erin, M.Y., Natale, D.A. and Ko onin, E.V. The COG database: a to ol for genome-scale analysis of protein functions and ev olution, Nucleic A cids R es. , 28:33{36, 2000. [6] h ttp://m bgd.genome.ad.jp/.