Hidden Mark o v Mo dels with Multiple Streams for Gene Annotation Kiy oshi Asai 1 Y utak a Ueno 1 Katunobu Itou 1 T etsushi Y ada 2 asai@etl.go.jp ueno@etl.go.jp kito@etl.go.jp yada@ims.u-tokyo.ac.jp 1 Genome Informatics Group, Electrotechnical Lab oratories, 1-1-4 Umezono, Tsukuba, 305-8568, Japan. 2 Human Genome Cen ter, T oky o Universit y . 1 In tro duction In order to annotate DNA sequences automatically , it is necessary to integrate information of v arious t ypes. Hidden Marko v Mo dels (HMMs) can in tegrate those parameters into a score, the probability , b y using multiple stream for their output sym b ols. W e prop ose gene annotation using HMMs with m ultiple streams, whic h com bine the sequence information and other pre-pro cessed information. 2 Multiple Stream and DNA Annotation The output sym b ols of HMMs are the signals whic h we can observ e. In the �eld of bioinformatics, the output symbols of the HMMs are mostly the four letters of nucleotide acids [1, 6] or the tw en t y letters of amino acids [4, 3]. Ho w ev er, the output symbols can b e an ything, as far as we can attach probabilit y distributions of them. They can b e discrete sym b ols, real v alues, real v alued v ectors, and m ulti streams of those v alues[5, 2]. W e can assign a prepro cessor for eac h stream of HMMs, and integrate these streams in to a prob- abilit y by the multiple stream HMM. F or example, we can use, as symbols, triplets or an y length of the sequences, F ourier transform of the sequences, scores of homology search, etc. It is known that those v alues are imp ortant in gene identi�cation from DNA sequences. The parsing of the m ulti-stream HMM is straight forward b ecause the logarithm of joint output probabilities are calculated as the sum of the logarithm of output probabilities of the streams. By doing so, w e can combine di�erent types of evidences hidden in the DNA sequences into the sto chastic parsing and �nd the most probable understanding of the DNA sequences. W e hav e implemen ted multiple stream HMMs to our gene �nding system, GeneDeco der ( http://genedecoder.etl.go.jp/GeneDeco der ). References [1] Asai,K. et al: Recognition of Human Genes by Sto chastic P arsing, PSB98 [2] Burge,C. and Karlin S.: \Prediction of Complete Gene Structures in Human Genomic DNA," J.Mol.Biol. 268 , 78-94 (1997). [3] F ujiw ara,Y. et al: \Sto c hastic Motif Extraction Using Hidden Marko v Mo del," ISMB94 [4] Haussler,D. et al: \Protein mo deling using hidden Mark o v Mo dels: Analysis of globins," 26thHIC- SS [5] Kulp,D. et al: \In tegrating Database Homology in a Probabilistic Gene Structure Mo del," PSB97 [6] Y ada,T. et al: \Extraction of Hidden Marko v Mo del Represen tations of Signal P atterns in DNA Sequences," PSB96