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PHGA-COFFEE: Aligning Multiple Sequences
by Parallel Hybrid Genetic Algorithm

LIU Li-Fang HUO Hong-Wei WANG Bao-Shu

(School of Computer Science and Technology . Xidian University . Xi'an 710071)

Abstract A parallel hybrid genetic algorithm and an associated software package called PHGA-
COFFEE are presented. The COFFEE function is used to measure individual fitness, and six ge-
netic operators are designed, especially two novel mutation operators are proposed, one is de-
signed based on the COFFEE’s consistency information that can improve the global search abili-
ty, and another is realized by dynamic programming method that can improve individuals locally.
Experimental results of the 144 benchmarks from the BAIIBASE show that the proposed algo-
rithm is feasible, and for datasets in twilight zone and comprising N/C terminal extensions, PH-
GA-COFFEE generates better alignment as compared to other methods. At the same time, the
computation time of PHGA-COFFEE is remarkably reduced due to the parallel algorithm.

Keywords  bioinformatics; multiple sequence alignment; parallel hybrid genetic algorithm; dy-
namic programming
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Procedure PHGA-COFFEE
Begin
1. Build pairwise library.
2. Initialize population.
s 1 ’

PHGA-COFFEE ,

2]

BLOSUM

BLOSUMS0, 60~79%
BLOSUMS62, 30~59%

BLOSUM45, 0~

While (Generation<<gu.. and
Zeurrent— unimproved “< Gunimproved ) dO
Begin
3. Keep 10% parents to next generation,
While (children number = population size) do
Begin
4.  Tournament selection (parentl,parent2).
5. Crossover.
If (random(O)<P,)
If (randomO<<P.,)
Two point crossover.
Else

One point crossover.
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End
End
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Background

Multiple sequence alignment is a basic tool in various as-
pects of molecular biological analyses ranging from detecting
key functional residues to inferring the evolutionary history
of a protein family. Genetic algorithm (GA) based methods
have been used successfully as a practical way to solve the
problem. When used alone, however, GA-based methods
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This paper presents a new GA-based method for more effi-
cient multiple sequence alignment. First, an appropriate cost
function is used for the method. Next, dynamic program-
ming method is investigated and incorporated into the algo-
rithm. Finally, the algorithm is parallelized to reduce its run
time. Extensive simulation results prove the feasibility of the

algorithm.



