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Abstract. Sequence Alignment is a basic information disposal method
in Bioinformatics. However, it is difficult to deal with multiple sequence
alignment problem(MSA). In this paper, an improved particle swarm
optimization is designed to solve MSA. In the algorithm, each particle
represents an alignment and flies to the particle which has the best so-
lution by some rules. Moreover, in order to expand the diversity of the
algorithm and enhance the possibility of finding the optimal solution,
three operators are designed, that is, gaps deletion, gaps insertion, and
local search operator. Simulation results show that for MSA proposed
algorithm is superior to Clustal X.

Keywords: Multiple Sequence Alignment; Bioinformatics; Particle
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1 Introduction

Multiple alignments of protein sequences are important in many applications,
including phylogenetic tree estimation, secondary structure prediction and crit-
ical residue identification. Sequence alignment is by far the most common task
in bioinformatics. Procedures relying on sequence comparison are diverse and
range from database searches to secondary structure prediction . Sequences can
be compared two by two to scour databases for homologues, or they can be
multiply aligned to visualize the effect of evolution across a whole protein fam-
ily. However, it is difficult to align multiple sequence. A common heuristic is to
seek a multiple alignment that maximizes the SP score (the summed alignment
score of each sequence pair), which is NP complete[l]. Therefore the design of
algorithms for multiple sequence alignment has been a very active research area.

Many efforts have been made on the problems concerning the optimization
of sequence alignment. Needleman and Wunsch [2] presented an algorithm for
sequence comparison based on dynamic programming (DP), by which the op-
timal alignment between two sequences is obtained. The generalization of this
algorithm to multiple sequence alignment is not applicable to a practical align-
ment that consists of dozens or hundreds of sequences, since it requires huge
CPU time proportional to N*, where K is the number of sequences each with
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length N. Stochastic methods such as Gibbs sampling can be used to search for a
maximum objective score [3], but have not been widely adopted. A more popu-
lar strategy is the progressive method [4][5], which first estimates a phylogenetic
tree. A profile (a multiple alignment treated as a sequence by regarding each
column as a symbol) is then constructed for each node in the binary tree. If the
node is a leaf, the profile is the corresponding sequence; otherwise its profile is
produced by a pair-wise alignment of the profiles of its child nodes . Current
progressive algorithms are typically practical for up to a few hundred sequences
on desktop computers, the best-known of which is CLUSTALW [@]. A variant of
the progressive approach is used by T-Coffee [7], which builds a library of both
local and global alignments of every pair of sequences and uses a library-based
score for aligning two profiles. On the BAIBASE benchmark [§][9], T-Coffee
achieves the best results, but has a high time and space complexity that limits
the number of sequences it can align to typically around one hundred. There are
also some non-deterministic approaches using genetic algorithms, such as SAGA
[10], which was reported to find optimal alignments even in search spaces of a
considerable size (more that 10 sequences). The approach is to use a progressive
alignment as the initial state of a stochastic search for a maximum objective
score (stochastic refine refinement). Alternatively, pairs of profiles can be ex-
tracted from the progressive alignment and re-aligned, keeping the results only
when an objective score is improved (horizontal refinement)[11].

In this paper, we developed a method for multiple sequence alignment based
on the particle swarm optimization(PSO). The organization of this paper is
as follows. In Section 2, the sequence alignment problem is introduced. Then,
the outline procedure of the improved particle swarm optimization for multiple
sequence alignment problem is designed in Section 3. To verify the feasibility
and efficiency of the proposed approach, an empirical example is presented in
Section 4. Some concluding remarks are given in Section 6.

2 The Sequence Alignment Problem

In bioinformatics, the most important data sets are biological sequences, includ-
ing DNA sequences and protein sequences. A DNA sequence can be seen as
symbols of the ACGT four strings, a protein sequence can be seen as 20 kinds
of proteins string symbols. In the process of evolution there can insert, delete
or mutate elements of the sequences. Thus, in order to highlight the similari-
ties of the sequences it is often convenient to insert gaps in them, leading to a
higher number of symbol matches. The similarity of aligned sequences is mea-
sured using a scoring function, which is based on a matrix that assigns a score to
every pair of symbols (based on a mutation probability). For proteins, the most
commonly used matrices are PAM(Percent Accepted Mutation) and BLOSUM
(Blocks Substitution Matrix)[I2]. Additionally, a penalization to the insertion
of gaps is required in order to avoid the insertion of an excessive number of
them. The process of finding an optimum (or at least good) match between the
sequences is called sequence alignment.



A Method for Multiple Sequence Alignment Based on PSO 967

3 Improved Particle Swarm Optimization for MSA

3.1 Particle Swarm Optimization

Particle Swarm Optimization (PSO) was first introduced by Kennedy
and Eberhart [I3][14] in 1995 and partly inspired by the behavior of large ani-
mal swarms such as schooling fish or flocking birds. PSO conducts search using
a population of a random solutions, corresponding to individual. In addition,
each potential solution called particles is also assigned a randomized velocity.
Each particle in PSO flies in the hyperspace with a velocity which is dynami-
cally adjusted according to the flying experiences of its own and its colleagues.
Each particle adjusts its position according to their own and their neighboring-
particles experience, moving toward two points: the best position so far by itself
called Pbest and by its neighbor called Gbest at every iteration. The particle
swarm optimization concept consists of, at each time step, changing the velocity
each particle toward its Pbest and Gbest.

Suppose that the search space is D dimensional, then the ith particle of the
swarm can be represented by a D dimensional vector X; = (21, %2, ..., %ip) .
The particle velocity can be represented by another D dimensional vector V; =
(vi1, V42, ..., v;p)". The best previously visited position of the ith particle is de-
noted as P; = (pi1,pi2,---,pip) . Defining g as the index of the best particle
in the swarm, and let the superscripts denote the iteration number, then the
position of a particle and its velocity are updated by the following equations :

k k ko ok k ki k k
vid+1 = wuy + 17y (Pig — Tig) + c275 (Pgd — Tig) (1)

k41l _ ok, o ktl
Tig = Tig T Vg (2)

where d = 1,2,...,D,4i=1,2,...,N, and N is the size of swarm; w is called
inertia weight: ¢1, co are two positive constants, called cognitive and social pa-
rameter respectively; 71, 72 are random numbers, uniformly distributed in [0, 1];
and k = 1,2, ... determines the iteration number.

3.2 Improved Particle Swarm Optimization

The sequence alignment problem can be considered as an optimization problem
in which the objective is to maximize a scoring function. Thus, the PSO algo-
rithm was adapted to be used with biological sequences. In the adapted PSO
algorithm, a particle represents a sequence alignment. Thereby, as the main
mechanism of the PSO algorithm is the movements of the particles towards
the leader, suitable operators to implement this mechanism are proposed. The
general algorithm is shown as follows[I5]:

PSOMSA ()

1. Generate a set of initial particles

2. Determine the leader particle gbest

3. Repeat until the termination criterion is met
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a. Measure distance between gbest and every particle
b. Move every particle towards gbest
c. Determine the leader partic

The termination criteria can be a maximum number of iterations, or a number
of iterations after which the best score do not improve. The implicit idea of the
PSO algorithm is that a set of particles that are randomly sparse over a search
space will progressively move to regions which will provide better solutions to
the problem, until the swarm finds a solution that it cannot improve anymore.

Next, some implementation details will be discussed, such as the particle rep-
resentation, scoring function and the implementation of the particle movement
mechanism.

Data Representation. In general, a swarm is made up by a set of particles,
and a particle of the swarm is designated as the leader (gbest).Additionally,
each particle preserves a memory with its best historical location (pbest). As
mentioned above, in the adapted PSO algorithm, a particle will correspond to
a sequence alignment. An alignment is then represented as a set of vectors,
where each vector specifies the positions of the gaps for one of the sequences
to be aligned. Thus, a coordinate of the particle corresponds to a sequence to
be aligned, and is represented with a vector of size s, where s is the maximum
allowed number of gaps, which may be different for each sequence. Therefore, a
set of n sequences to be aligned correspond to an n-dimensional search space.

Initialization. The size of the swarm (i.e., the number of particles) is deter-
mined by the user. Additionally, the length of the alignment has a minimum
value given by the length of the largest sequence, and a maximum length given,
for instance, as twice the length of the largest sequence. The initial set of parti-
cles is generated by adding gaps into the sequences at random position, thus all
the sequences have the same length L (the typical value of L is 1.4 times of the
longest sequences).

Scoring Function. The global alignment score is based on the score of the
alignment of each pair of sequences. Thus each sequence should be aligned with
the every other sequence. In general, the score assigned to each particle (align-
ment) is the sum of the scores(SP) of the alignment of each pair of sequences.
The score of each pair of sequences is the sum of the score assigned to the match
of each pair of symbols, which is given by the substitution matrix. This matrix
includes all the possible symbols, including the gap and the related penalization.
The score of a multiple alignment is then:

k-1 &
SP — Score(A) = Z Z s(Ai, Aj) 3)
i=1 j=i+1

where the s(A;, A;j)is the alignment score between two aligned sequencesA;
and A;.
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Speed Update. In the PSO algorithm each particle moves towards the leader
at a speed proportional to the distance between the particle and the leader. In
this paper, the speed is defined:

vt = ek (phy — aby) + car§ (P]ng -z (4)

where ¢; and co are the weights. If the value of vfdﬂ is not an integer,
rounded it.

Position Update. After the update of speed, each particle updates its coordi-
nate(x) according to:
k+1 k k+1
i = T+ Uy ()
When the position updated, the sequence may become illegal(Figure [l shows an
example).

the sequence after updated

Fig. 1. An example of illegal update. The location of residue C and N is changed after
update and the sequence is illegal.

An adjustment must be done in order to eliminate such illegal sequence. The
adjustment is using

if xiq < Zi(d—1); then x;,q= Tia—1) T 1 (6)

An example is depicted in Figure 2

Operators. According to the traditional PSO, three types of operators are
represented in PSOMSA: the insertion, deletion and local search.

1)Gaps Deletion

After a number of iterations, some columns may only have gaps. They not
only useless, but also extended the length of alignment. Therefore, we remove
them from the alignment.It is shown in Figure [3

2) Gaps Insertion
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the sequence after adjusted

Fig. 2. An example of the adjustment of illegal sequence. The location of residue C is
updated according to Bl and the residue of N is adjusted according to
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Fig. 3. An alignment with gap columns

The gaps insertion operators are added in order to avoid the PSO converge
into a local optimal solution. We insert some gap columns into the current best
alignment by a probability m. For example, we insert L columns into the align-
ment. The location to insert is defined in two ways as follows:

Insert L gap columns into a random location in the alignment
or
Insert one gap column into the alignment at L random locations.

One of the operators is randomly selected by the program when it is running.
Because the gap columns do not change the score of alignment, the gaps insertion
operators do not help to improve the result of alignment. But the operators
will affect the other particles, all particles’ gaps will to be increased; thereby
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increasing the diversity of the algorithm and avoiding the algorithm converge
into a local optimal solution.

3) Local Search Operator

In this paper, we use a local search to enhance the search performance. As-
suming the count of gaps in the sequence which has the least gaps is L, we remove
some gaps ranged from 0 to L from all the sequences. After that, we compute
the score of the alignment. If the score is higher than before, the alignment is
reserved; otherwise, we resume the alignment.

4 Simulation Experiments and Discussion

The proposed algorithm, called PSOMSA, was implemented in order to test
its performance. The number of particles is determined taking into account the
length of the sequences and the number of sequences to align. In order to test
the algorithm, eight protein families of different length and different percentages
of sequence identity were selected from the alignments database BALIBASE,
available in [I6]. One protein family was selected from each length category
(short, medium and large), and one from each range of identity percentage (less
that 25%, between 25% and 40% and greater that 35%). Table [Il presents the
protein families used in the experiments. These protein families were previously

Table 1. Protein families used in the experiments

Reference Name Length Identity%
1r69 repressor Short <25
1tgxA cardiotoxin Short 20-40
1fmb hiv-1 protease Short > 35
1mrj alpha tricosanthin ~ Medium  20-40
lezm elastase Medium > 35
lcpt cytochrome p450 Large <25
lach b-galactoxidase Large 20-40

lad3 aldehyde dehydrogenase Large > 35

aligned using the well known algorithm Clustal X 2.0. The alignment obtained
using Clustal was evaluated using a PAM250 matrix. The alignment was obtained
using a penalty of 10 for each open gap and a penalty of 0.3 for each expend
gap. The algorithm stopped after 10 gaps insertion operators without improving
the quality of the solution. Table [2] shows the results of the experiments.

It can be found from the results that the PSOMSA algorithms has supe-
rior performance when compared to Clustal X, especially when the data has
smaller sequences and shorter length. However, when the data has a longer
length, the results is similar. There are still many enhancements that must
be done to PSOMSA in order to achieve satisfying results. Also, new fitness
functions based on different scoring methods are possible straightforward
developments.
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Table 2. Experimental results

Reference Number of Sequences Length Clustal X Score PSOMSA Score

1r69 4 63-78 2.7 287.9
1tgxA 4 57-64 447.9 890.7
1fmb 4 98-104 1513.4 1578
1mrj 5 247-266 2361.1 2367.9
lezm 4 297-380 8223.8 8628.8
lept 5 378-434 1267.2 1795
lach 4 421-485 2814.5 3105.6
lad3 4 424-447 5710.6 5726.8

5 Conclusions

In this work an algorithm based on the PSO algorithm, was proposed to address
the multiple sequence alignment problem with SP score. The proposed approach
was tested using some protein families and compared with the alignments gen-
erated by the Clustal X 2.0 algorithm. From simulation results, it is shown that
the proposed PSOMSA algorithms has superior performance when compared to
Clustal X .

In future work, additional experimentation should be performed, including
experimentation with sequences of nucleic acids, the use of other algorithms to
find initial sequence alignments , the use of other scoring schemes based on PAM
or BLOSUM matrices and improving the speed of PSOMSA.
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