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1 Introduction

In recent years, the number of bacteria whose entire genomic sequence is determined is growing rapidly.
However, the information which can be derived from computer analyses of them is still limited although
the predictive identi�cation of coding regions is performed with relatively high accuracy (see [4], for
example). Therefore, we have studied ways to interpret the regulatory information coded in genomic
sequences [5, 6]. In this work, we report our �rst e�ort to integrate the models for detecting various
signals (e.g., promoters and terminators) with our previous model of coding regions, aiming at the
recognition of transcriptional units in bacterial genomes.

2 Model

Roughly speaking, our model consists of the parts which recognize encoded signals (i.e., promoters,
terminators, and ribosome-binding sites), the part which recognizes coding regions, and the parts which
models the spacer regions between these elements. The entire model is constructed by the scheme
of hidden Markov model (HMM). One minor exception is the treatment of terminators because the
stem-loop structure of rho-independent terminators is di�cult to directly represent in HMM. To avoid
this di�culty, we calculated the probability that rho-independent terminators exist at each position
before the parsing. We used the genome sequence of E. coli by Blattner et al. [1]. For the model of
promoters, only the ones which are dependent on sigma 70 are considered in this stage. The model was
derived from the multiple alignment of 441 promoters compiled by Ozoline et al. [3]. For terminators,
we have only implemented the model which are independent from the rho-factor. It was built using
the 145 positive data compiled by Carafa et al. [2], and arbitrarily compiled 4176 negative data.
To construct the model of ribosome-binding site, the upstream 25 bp segment from the start codon
was taken from each of the 4287 coding regions and they were subsequently aligned. The model of
coding regions was built based on the di-codon statistics of all coding regions and the control data
of non-coding regions. The model of spacer regions is constructed using the length distribution and
base contents between two neighboring elements. Finally, our HMM tries to �nd the most consistent
model in terms of spacers, logical orders and likelihood of three signals, and the probability of �nding
coding regions.
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3 Results and Discussion

To assess the plausibility of our model, a collection of E. coli annotated operon structures by Blattner
et al. [1] was used. As the control of our model, a simple prediction scheme was introduced; that
is, given the complete set of coding sequences, a set of consecutive coding sequences all of which
are on the same strand and all neighboring pairs do not have an inter-coding region exceeding the
cuto� length. By varying the cuto� value, we obtained its optimum value, about 30 bp, and the
corresponding recognition accuracy was 53.3%. On the contrary, our model showed a rather poor
value, 43.3%. Of course, it is a very preliminary result and we are optimistic in beating the control
result. In this stage, it should be noted that the prediction of operon structure is not trivial at all. We
plan to add the model of rho-dependent terminators, soon. Later, we should also add the knowledge of
various transcription factors including sigma factors and compare the results with experimental data
produced from post-sequencing projects.
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