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1 Introduction

The conventional multiple sequence alignment algorithms are classified into two categories: iterative
improvement strategies (e.g., [1]) and simulated annealing methods (e.g., [6]). Recently, a genetic
algorithm has been used in computational molecular biology as a powerful combinatorial optimizer.
A genetic algorithm has been applied to the problem of multiple sequence alignment on a parallel
computer (e.g., [7]).

In a simple genetic algorithm [3], a solution of a given problem is represented as “chromosomes”
which consists of bit strings of 0’s and 1’s. The genetic operations, such as reproduction, crossover and
mutation, are applied to a population of chromosomes to create a new population of chromosomes.
This process is repeated many times so that we can obtain a nearly optimal alignment.

Here, we propose a improved method to apply a genetic algorithm to the problem of multiple
sequence aligment. The processing was performed on a Fujitsu SPARCstation 20 and NEC UP4800.

2 Methods

We applied a genetic algorithm to the problem of multiple sequence alignment based on Goldberg’s
simple genetic algorithm. We define a chromosome as a N x M bit matrix [8] of which elements are
strictly 0 or 1. A sequence, including gaps, in an alignment is represented as a bit string which consists
of 0 and 1. In this bit string, ‘1’ corresponds to a gap, with the total number of ‘0’s being exactly the
length of the sequence. The alignment is expressed with a matrix, which is a vertical arrangement of
the bit strings.

Bit matrices as the first population are prepared in a random way: an element in each bit matrix is
randomly determined to 0 or 1. The next population is generated by applying three genetic operations:
reproduction, crossover and mutation.

The reproduction operation creates the next population from the matrices in the first population
with use of tournament selection [4] and similarity score [2]. Next, “window-frame” crossover operation
as shown in Figure 1 exchanges partly the information between two parent matrices selected randomly:
the correspondence of each amino acid residue is strictly conserved in this operation. Then, “island-
shift” mutation operation as shown in Figure 2 is applied to bit matrices in the next population: in



this operation the resulted disorders in the amino acid residue correspondence are limited only in small
regions of the bit matrix, i.e. “islands”.
These processes are carried out repeatedly to obtain a nearly optimal alignment.
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Figure 1: The “window-frame” crossover Figure 2: The “island-shift” mutation

3 Results and Discussion

We prepared two test sets which consist of 4 and 5 amino acid sequences in the database of SWISS-
PROT release 30. The amino acid sequences were aligned with procedure described above. The
alignment results are comparable to those obtained by CLUSTAL [5] which is the typical software
for multiple sequence alignment based on the tree-based algorithm. In the case of alignment of short
amino acid sequences, our method showed rather better quality results with high scores compared to
CLUSTAL. It is also found that nearly optimal alignments could be obtained with this method.

The future objectives are to solve the problem of dependence of the genetic operations on random
number sequence, to shorten the running time and to improve the quality of alignment further.
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