A Metho d for Querying Complete Genomes b y Viewing Them as Structured Do cumen ts Aaron J. Stok es Hideo Matsuda Akihiro Hashimoto stokes@ics.es.osaka-u.ac.jp matsuda@ics.es.osaka-u.ac.jp hasimoto@ics.es.osaka-u.ac.jp Departmen t of Informatics and Mathematical Science Graduate Sc ho ol of Engineering Science, Osak a Univ ersit y 1-3 Mac hik aney ama, T o y onak a, Osak a 560-8531, Japan 1 In tro duction Recen tly , database to ols for manipulating structured do cumen ts ha v e attracted m uc h atten tion. The application of database tec hnology to querying structured do cumen ts mak es it p ossible to retriev e suc h do cumen ts not only b y con ten t but also b y structure using the structural comp onen ts of the do cumen ts. In this pap er, w e presen t a metho d for querying information on complete genomes (i.e., whole DNA n ucleotide sequences con tained in organisms) that ha v e b een determined recen tly . In our metho d, genomes, accompanied b y the genetic information enco ded on them, are mo deled as structured do cumen ts: for example, genes are mo deled as w ords, while sets of consecutiv e genes are mo deled as sen tences since man y functionally-related genes tend to b e neigh b ors on genomes. W e prop ose a data mo del for represen ting the structure of a genome as a structured do cumen t. 2 Genome Language F or describing complete genomes, w e designed a sc hema based on the ODMG standard. Our sc hema consists of three ob ject-t yp es, Genome, Strand and Gene, whic h describ e biological en tities; and one ob ject-t yp e, Region, whic h represen ts a region on a particular strand in a genome. W e in tro duce sev eral notations based on r e gion algebr as [1]. F or example, Fig. 1 illustrates some of the notations used to describ e a circular genome. Note that dist represen ts the shortest of the t w o p ossible circumferen tial distances b et w een the genes. 3 Exp erimen tal Results Based on our query language, w e ha v e implemen ted a protot yp e system for querying complete genomes, using the P erl language. In our implemen tation, w e extracted gene data on complete genomes from GenBank Release 104. W e then computed the distance and similarit y b et w een all pairs of the extracted genes. Sequence similarit y w as computed using the F AST A program. In our exp erimen t, w e p erformed sev eral test queries. One of these queries demonstrates ho w our query language can b e used to explore functionally-related genes on a single genome, using sequence similarit y . The query can b e expressed in natural language in the follo wing w a y: \Giv en t w o neigh b or genes phoP and phoQ on the Escherichia c oli genome, retriev e all pairs of t w o neigh b or genes p 1 and p 2 on the same genome where p 1 and p 2 are paralogous to phoP and phoQ , resp ectiv ely ." Here, w e consider t w o genes to b e paralogous if they are lo cated on the same genome and their m utual similarit y is at least 200. 314

Figure 1: Notations used for describing Figure 2: Results for the test query . ob jects on circular genomes. In our query language, the query can b e expressed as follo ws. { Gene g1, Gene g2, Gene p1, Gene p2 : p1.name, p2.name ; g1.name = "phoP" & g2.name = "phoQ" & g1.genome.name = "Escherichia coli" & g2.genome.name = "Escherichia coli" & g1.region.dist(g2.region) < 100 & p1.genome = g1.genome & p2.genome = g2.genome & g1.similarity(p1) >= 200 & g2.similarity(p2) >= 200 & p1.region.dist(p2.region) < 100 } As sho wn in Fig. 2, w e obtained 10 pairs of neigh b or genes as a result of the test query . The fact that these gene pairs are paralogous suggests that they ma y b e functionally-related. W e con�rmed this in biological literature [2], where the same 10 pairs w e obtained are rep orted to b e functionally-related as cognate sensor/regulator pairs. Our system w as th us able to obtain a result that accurately suggests a functional relationship b et w een gene pairs. F urther, the fact that the genome in v olv ed w as circular p osed no obstacle to obtaining this result. The computation time required w as only 2.5 seconds. This and other results sho w that our metho d is e�ectiv e in retrieving information on complete genomes b y mo deling them as structured do cumen ts. Our curren t researc h topics include the further enhancemen t of the mo deling capabilit y of the language. Ac kno wledgemen ts This w ork w as supp orted in part b y a Gran t-in-Aid for Scien ti�c Researc h on Priorit y Areas, ‘Genome Science’, from the Ministry of Education, Science, Sp orts and Culture of Japan. References [1] Consens, M.P . and Milo, T., Algebras for Querying T ext Regions, A CM Symp osium on Principles of Datab ase Systems (PODS’95) , 11{22, 1995. [2] Mizuno, T., Compilation of All Genes Enco ding Tw o-comp onen t Phosphotransfer Signal T rans- ducers in the Genome of Esherichia c oli , DNA R ese ar ch , 4:161{168, 1997. 315