Construction of Ortholog/P aralog Group T able for PTS T ak eaki T aniguc hi Minoru Kanehisa takeaki@kuicr.kyoto-u.ac.jp kanehisa@kuicr.kyoto-u.ac.jp Institute for Chemical Researc h, Ky oto Univ ersit y Gok asho, Uji, Ky oto 611-0011, Japan 1 In tro duction The iden ti�cation of the functions for all proteins in the genome is imp ortan t to understand the features of the organism. With the increasing amoun t of complete genome sequences, the approac hes based on comparativ e genomics ha v e b ecome particularly useful. There are attempts to automatically construct the ortholog table con taining orthologous relations of genes in di�eren t organisms, but the complexit y of organisms often requires man ual e�orts to add or remo v e sp eci�c cases and to impro v e the qualit y of data. In order to facilitate the pro cess of constructing ortholog tables w e ha v e b een fo cusing on sp eci�c asp ects of protein functions [1, 2] rather than trying to co v er the en tire sp ectrum. Here w e presen t a new addition of the ortholog/paralog group table for PTS. The phospho enolp yruv ate:carb oh ydorete phosphotransferase systes (PTSs) are b oth transp ort and sensing systems in gram-negativ e and gram-p ositiv e bacteria. They tak e in and phosphorylate a large n um b er of carb oh ydrates, and pla y as signal transducers to mo v e to these carb on sources. In general they ha v e unique gene structures in the genome. The PTS comprises 5 or 6 comp onen ts (EI, HPr, EI IA, EI IB, EI IC, EI ID) where EI and HPr are common comp onen ts and there are m ultiple comp onen ts (paralogs) of EI Is dep ending on substrates. The EI I comp onen ts often form gene clusters in the genome and some of them (EI IA, EI IB, EI IC) sometimes fuse in to one protein. There are man y v ariations in the order of the comp onen ts and the fusion protein in the gene cluster. In con trast to the bacterial ABC transp ort system [1], the PTS con tains a large n um b er of \fusion of comp onen ts" that mak es it di�cult to cluster genes for functional grouping and to p erform m ultiple alignmen t for iden tifying functional residue. In order to cop e with this di�cult y , the fusion proteins w ere divided in to the comp onen ts b y the homology searc h against our collection of kno wn comp onen ts. 2 Metho d (1) The sequences of PTS enzymes w ere extracted from SWISSPR OT. (2) Then the database of the sequences of eac h comp onen t (EI, HPr, EI IA, EI IB, EI IC, EI IAB, EI IABC, EI IBC) w as constructed. (3) The fusion sequences of EI IAB,EI IABC,EI IBC w ere aligned as queries with the sequences of EI IA,EI IB,EI IC b y ssearc h3 and the lo cally aligned regions w ere tak en as candidates of the comp onen ts. (4) Eac h comp onen t region in (3) w as con�rmed whether correct or not with a to ol that visualizes the alignmen t (Fig. 1). The criterion to determine a comp onen t region is based on the o v erlap lengths, the alignmen t scores, and the existence of PTS motifs. After man ual insp ection, the comp onen t sequences w ere in the database of EI IA, EI IB, EI IC. (5) All the protein sequences of the complete genome in KEGG [3] w ere used as queries to searc h the sequences of EI IA,EI IB,EI IC b y ssearc h3. T o the candidate sequences obtained b y this query the steps (3) and (4) w ere applied again. 296

Figure 1: The visualizing of the results of homology searc h for Escherichia c oli. The b old lines are aligned regions and the n um b ers o v er them are the scores of the homology searc h. The darkness indicates the kinds of the comp onen ts. (6) The clustering of the sequences in the EI IA,EI IB,EI IC database w as done for eac h comp onen t. (7) According to the grouping from the result of the clustering and b y examining the gene clusters and fusion proteins, the ortholog/paralog group table w as constructed. 3 Result The n um b er of PTS proteins extracted from SWISSPR OT w as: 17 for EI, 15 for HPr, 27 for EI IA, 13 for EI IB, 12 for EI IC, 4 for EI ID, 1 for EI IAB, 24 for EI IBC, and 21 for EI IABC. In the complete genomes in KEGG the n um b er of PTS proteins found w ere: 53 in Escherichia c oli , 6 in Haemophilus in uenzae , 30 in Bacil lus subtilis , 5 in Myc oplasma genitalium , 8 in Myc oplasma pneumoniae , 13 in Borr elia bur gdorferi , and 1 in Methanob acterium jannaschii . As the result of the clustering EI and HPr fall in one group, EI IA in 3 groups, EI IB in 5 groups, and EI IC in 6 groups. Ac kno wledgemen ts This w ork w as supp orted in part b y the Gran t-in-Aid for Scien ti�c Researc h on the Priorit y Area ‘Genome Science’ form the Ministry of Education, Science, Sp orts and Culture in Japan. The compu- tation time w as pro vided b y the Sup ercomputer Lab oratory , Institute for Chemical Researc h, Ky oto Univ ersit y . References [1] T omii, K. and Kanehisa, M.,A comparativ e analysis of ABC transp orters in the complete micro- bial genome, Genome R ese ar ch , in press, 1998. [2] Bono, H., Goto, S., F ujibuc hi, W., Ogata, H. and Kanehisa, M., Systematic prediction of orthol- ogous units of genes in the complete genomes, Genome Informatics 1998 , Univ ersal Academ y Press, 1998. [3] Kanehisa, M., A database for p ost-genome analysis, T r ends in Genetics , 13:375{376, 1997. 297