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We have developed a new method for the
analysis of DNA sequences, The method con-
sists of the Hidden Markov Model (HMM) [1]
and Genetic Algorithm (GA) |2], and can iden-
tify conserved patferns, can estimate the dis
tances between the patterns and can classify
the sequences. We have applied the newly de-
veloped method to the extraction of conserved
patterns in the vicinity of the 5" end of yeasl
intron DMNA sequences, and lave obtained pre-
liminary results.

MM is a kind of stochastic model that
is defined as a nondeterministic Hnite state
antomalon represented by a Markov process,
Since il has been shown that IIMM s capa-
ble of representing the characteristic leatures
in DNA and protein sequences [3], there are
some activities for analyzing the sequences us-
ing HMM. In such an anulysis, obtaining an op-
timal topology of the HMM netwark for given
sequences is an important problem. On the
other hand, our current knowledge of the se-
quences 15 not enough for Lhe ellicient design of
the topology. In this case, the problem can be
regarded as a kind of combinational problem
with discrete variables in which a “combina-
torial explosion” frequently occurs. Although
suime methods [4, 5] have hoen propased for the
problem, there are some problems with compu-
tational time and constraints of the Lopology
growth.

The main purpose of the present study is
to develop a generating method for preferable
HMM network topology. Therefore, to increase
the efficiency of the lopology generalion, we
have adopted (AL [t is a kind of stochastic
search method du\-‘oluy:—!:l nrig'l rmll}-' in a field of
mathematical biology and simulates the evalu
tion of a population,

A schematic diagram of the method is
shown in Figure 1. Input data 15 a set of

DNA sequences which belongs to a category.
The method scarclies an optimal topology of
the HMM network for the data set, while re-
peating the efficient generation and evaluation
of the topalopy. At the begining of a search,
HMMs are generated randomly, and each of
them evolves according to the manner of GA.
In general, the likelihood of HMM for given sc-
gquences increases with the complexity of the
topology. However, 1t 1s known that over rep-
resenlation is frequently observed as the com-
plexity inereases [6]. Therefore, in order to bal-
ance the likelihood and the complexity, we have
adopted artificial fitness based on Akaike Infor-
mation Crilerion (AIC) [7]. The fitness W; of
the ith IIMM in an artificial HMM population
is given by the following equation:

Wi = [=2log Li(8; ) +22pd " (1)
where log Li(#; £} is a maximum logarithm like-
lihood of the vih HMM which is obtained asing
the Baum-Weleh algorithm, p; is the number of
free parameters which exist in the ith HMM,
wnid A is the balancing factor.

The topology is encoded into an artifi-
cial chromosome using the strong specification
method [8], and the growth and contraction
of the topology ocenr by artilicial insert and
delete mitations, respectively. In order to
avoid converging in the local maximum, we
have adopted coding technigues 9] and medels
[10] based on population genetics. Moreover,
paramelers specilying an HMM, which are ini-
tial values of state transition probabilities and
output symbol distribution at each state, are
cncoded into artificial chromosomes, as well as
the topaology.

We liave applied the newly developed
method to the extraction of conserved patterns
in the vicinity of the 5 end of yeast intron
DNA sequences {11]. Each sequence consists
of 25 base pairs. The arlilicial population at



the initial state of a search consisis of two
state HMMs generated randomly. We have per-
formed computer experiments under the follow-
ing conditions. {1} the population size is 50.
{2) the number of scarch generations is 100. (3)
the balancing factor A is 1.0. As a rvesult, we
have obtained an HMM with the maximum ar-
tificial ilness, which consists of six states. The
TIM & i= shown in Figure 2, and implies that a
GTATG pattern is a consensus sequence of the
3" end of yeast introns, and A'l'-rich sequences
locate downstream of the pattern. GT at the §'
end of the pattern corresponds to the (3] din-
ucleotide of the GT-AG rule. The results indi-
cate that the method is capable of the efficient
generation of HMM network topology, and the
extraction of conserved pattorns in DNA se-
fuenees.

Our plans for Mture study are to apply
the newly developed method 1o the analysis of
E.coli mRNA promoter sequences [12), and to
Turther investigate the effciency of the method
for sequence analysis,
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Migure 1: Schematic diagram of the method
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Iigure 2: An HMM obtained using the method



