216 No. 107 F ukuda et al. Comparativ e Study of Ov erlapping Genes in Bacterial Genomes Y ok o F ukuda 1 ; 2 T ak anori W ashio 1 ; 2 yfukuda@sfc.keio.ac.jp washy@sfc.keio.ac.jp Y oic hi Nak a y ama 1 ; 3 Masaru T omita 1 ; 3 ynakayam@sfc.keio.ac.jp mt@sfc.keio.ac.jp 1 Lab oratory for Bioinformatics, Keio Univ ersit y , 5322 Endo, F ujisa w a, Kanaga w a 252-8520, Japan 2 Graduate Sc ho ol of Media and Go v ernance, Keio Univ ersit y 3 Departmen t of En vironmen tal information, Keio Univ ersit y Keyw ords: o v erlapping gene, comparativ e genomics, n ucleotide substitution 1 In tro duction Ov erlapping genes are de�ned as a pair of adjacen t genes whose co ding regions are partly o v erlapping. Man y o v erlapping genes ha v e b een iden ti�ed in the genomes of pro cary otes, bacteriophages, viruses, and mito c hondria, but their ev olutionary origins, i.e. ho w they ha v e emerged, is not clearly understo o d. In a previous w ork, a comparativ e study in Myc oplasma genitalium and Myc oplasma pneumoniae , careful comparisons w ere made of homologous genes that w ere o v erlapp ed in one sp ecies but not in the other. It seems that the o v erlapping genes w ere generated primarily due to the loss of a stop co don in either gene, the absence of whic h resulted in elongation of the 3’end of the gene’s co ding region. The loss of the stop co don w as, in most cases, result of one of the follo wing ev en ts: deletion of the stop co don (64.4%); p oin t m utation at the stop co don (4.4%); or frame shift at the end of the co ding region (6.7%) [1]. In this w ork, w e analyzed o v erlapping genes in genomes of Haemophilus in uenzae and Salmonel la typhimurium b y comparing them with the genomes of Escherichia c oli , usinf the metho d describ ed in the previous w ork. 2 Metho d There w ere 237 o v erlapping gene pairs in the genome of H. in uenzae , and 806 gene pairs in the genome of E. c oli . Of those, 108 adjacen t gene pairs are conserv ed in these t w o sp ecies. Among those adjacen t gene pairs, 42% are o v erlapp ed in b oth sp ecies; 45% are o v erlapp ed only in E. c oli ; and 13% are o v erlapp ed only in H. in uenzae . The 57 gene pairs that are o v erlapp ed only in either sp ecies w ere aligned for further in v estigation. 3 Results and Discussion Of the 57 gene pairs, 20 o v erlapping gene pairs w ere presumably caused b y loss of the stop co don at the 3’ end of either gene. Fifteen o v erlapping gene pairs, on the other hand, w ere presumably caused b y sim ultaneous loss of the start co don at the 5’end of either gene (Fig. 1a). Eigh teen pairs seem to ha v e b een caused b y sim ultaneous loss of the start co don in one gene and the stop co don in the other (Fig. 1b). W e could not determine the cause of o v erlapping for 7 gene pairs based on their

No. 107 F ukuda et al. 217 sequences. These �ndings are summarized in Fig. 2, along with the previous result with M. genitalium and M. pneumoniae . W e also analyzed o v erlapping genes in the genome of S. typhimurium , whose sequence is only partly a v ailable at presen t. There are 135 o v erlapping gene pairs in S. typhimurium . Among those, 31 homologous gene pairs w ere found in E. c oli . There are only 3 gene pairs that are o v erlapp ed in S. typhimurium but not in E. c oli . Tw o w ere caused b y loss of the start co dons, one b y loss of the stop co don. Ov erlapping genes in m ycoplasmas w ere generated primarily due to the loss of a stop co don in either gene. On the other hand, o v erlapping genes in H. in uenzae and E. c oli w ere due not only to loss of the stop co dons but also to loss of the start co dons. Biological and ev olutionary signi�cance of this di�erence is curren tly under in v estigation. Figure 1: Cause of o v erlapping genes in E. c oli and H. in uenzae . Figure 2: Mutations causing o v erlapping genes. References [1] F ukuda Y., W ashio T. and T omita M., Comparativ e study of o v erlapping genes in the genomes of Mycoplasma genitalium and Mycoplasma pneumoniae, Nucleic A cids R es. , 27(8):1847{53, 1999.