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Abstract. In some areas of bioinformatics (like protein folding or se-
quence alignment) the full alphabet of amino acid symbols is not nec-
essary. Often, better results are received with simplified alphabets. In
general, simplified alphabets are as universal as possible. In this paper
we show that this concept may not be optimal. We present a genetic
algorithm for alphabet simplifying and we use it in a method based on
global sequence alignment. We demonstrate that our algorithm is much
faster and produces better results than the previously presented genetic
algorithm. We also compare alphabets constructed on the base of univer-
sal substitution matrices like BLOSUM with our alphabets built through
sequence alignment and propose a new coefficient describing the value of
alphabets in the sequence alignment context. Finally we show that our
simplified alphabets give better results in a sequence classification (us-
ing k-NN classifier), than most previously presented simplified alphabets
and better than full 20-letter alphabet.
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1 Introduction

Proteins are represented by 20 symbols, usually each symbol is a letter of the
English alphabet and corresponds to one amino acid. However, in some cases, a
simplified alphabet can be more convenient. In a simplified alphabet there are
less than 20 symbols - each symbol from the simplified alphabet replaces a set
of symbols from the original alphabet. In general, a simplified alphabet is built
by grouping sets of symbols from a starting alphabet together - each group is
represented by a new symbol. In this paper we consider if a simplified alphabet,
which is as universal as possible, is the best choice for sequence alignment and for
classifying a new protein. We propose a fast genetic algorithm for finding simpli-
fied alphabets and compare it to previously presented methods, where standard
substitution matrices like BLOSUM are used. Next, we present a method of cre-
ating simplified alphabets with no substitution matrices based on the presented
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genetic algorithm and sequence alignment. We compare simplified alphabets us-
ing a new proper alignment coefficient. We also show that simplified alphabets
can improve the correctness of amino acid sequence classification with respect
to the full alphabet.

2 Previous Work

Simplified alphabets are used in several fields of bioinformatics. In sequence
alignment (for protein classification), using simplified alphabets can provide
more reliable results (see [I]) because it is often possible to change one amino
acid to another in a protein sequence without any changes of the protein’s prop-
erties. There are also some works ( [3], [6], [II]) pertaining to how many amino
acids are needed to fold a protein properly and whether all 20 amino acids are
necessary to build all proteins that occur in Nature. There is a previously pre-
sented genetic algorithm proposed in [I0] and a branch and bound algorithm
designed in [2]. We compare produced alphabets to those based on the residue
pair counts for the MJ and BLOSUM matrices ( [7]), and to those based on the
correlation coefficient ( [9]).

3 Methods

It has been shown (see [2]) that alphabet simplifying can be related to the
problem of set partitioning. The purpose is to divide an original set into disjoint
subsets which completely cover the initial set. For example we can join any
two symbols together and replace them by one new symbol. Starting from an
original 20-letter amino acid alphabet we can repeat this operation as long as
the alphabet has at least two symbols. It has also been shown that the problem
of set partitioning is a hard computational problem because of the number of
possible ways to create k subsets from a set of n elements can be calculated
recursively following this expression:

Sn,k)=k+«S(n—1,k)+Snh—-1,k—1),2<=k<=n-1 (1)
where S(n,1) = S(n,n) = 1.

For a 20-letter alphabet and any count of subsets, there are more than 51x10*2
possible simplified alphabets. When we consider, for example, only 8-letter sim-
plified alphabets, there are more than 15x10'? such alphabets. The question is,
which alphabet is the best and whether such an optimal alphabet exists.

3.1 Simple Rating Schema

One of the simplest ways to rate a reduced alphabet is to use one of the popular
substitution matrices, like BLOSUM. In [2] a method has been proposed based
on counting the total score for an alphabet. When we choose a substitution



