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A Fast Algorithm for Sequence DB Refinement

TAKAHIRO YOSHIDAt and AKIFUMI MAKINOUCHTIt

The sequence alignment, which is the technique to find homology sequences from the gene
and protein sequence database, is one of the most important techniques for Bioinformatics.
The sequence alignment based on dynamic programming method is the most widely used
method. If high-speed algorithm is offered, the application of Bioinformatics will spread
further.

We propose a new algorithm of sequence alignment based on dynamic programming. In
our experiments, this algorithm outperforms Gotoh’s algorithm and Myers-Miller’s algorithm,
both of which are the most famous algorithm of global alignment based on dynamic program-
ming. For local alignment, tests were made the result which shows usefulness of our algorithm,

too.
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Fig.1 Divide-and-conquer procedure
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Fig. 2 The memory space allocation by Gotoh’s algorithm
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Fig.3 The memory space allocation by Myers-Miller’s
algorithm
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Fig.4 The memory space allocation by Yoshida-

Makinouchi’s algorithm
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procedure ComputeScore(
input : A[1..M1, B[1..N]
output : RouteTable[1..M, 1..N])
{
D[0..N], F[O..N]

c, d, e, i, j :

: vectors;
scalars;

D[0] = 0;
F[0] = 0;
for j =1 to N do
{
D[j] = ALPHA + BETA*(j-1);
F[j1 = ALPHA + BETA*(j-1);
¥
for i =1 to M do
{
c = D[0];

D[0] = ALPHA + BETA*(i-1);
e = ALPHA + BETA*(i-1);
for j =1 to N do
{
e = max{ e-BETA, D[j]-ALPHA };
F[jl = max{ F[j1-BETA, D[j]-ALPHA };
d = max{ c+Score(A[i], B[jl), e, F[jl };
switch d {
case c+score(A[i], B[jl) :
save the symbol 'mo in/del"
into RouteTablel[i,jl;

case e : save the symbol '"insert"
into RouteTablel[i,jl;
case F[jl : save the symbol "delete"
into RouteTablel[i,jl;
}
¢ = D[jl;
D[j1 = d;
}
}
¥

R5 a7 25T 585

Fig.5 Procedure computing the optimal score
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procedure TraceRoute(
input : A[1..M1, B[1..N],
RouteTable[1..M, 1..N]
output : TraceResult[1..ResultSize])

{
i, j : scalar
i=M;
i=m

ResultSize = 0;

while (i >= 1) and (j >= 1)
{
switch RouteTablel[i, j]
{
case the symbol 'no in/del" :
{
save the symbol "no in/del"

into TraceResult[ResultSizel;

case the symbol "insert" :
{
save the symbol "insert"
into TraceResult[ResultSize];
J==s
¥
case the symbol "delete" :
{
save the symbol 'delete"
into TraceResult[ResultSize];
i==;
H
K
ResultSize++;
¥
}
B6 Ry IA Ay beRbIROREE - & 5B
Fig. 6 Procedure tracing the optimal path
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eResult IZPRFET 5. ResultSize 1& TraceResult D&
ITH5.

mainProcedure YoshidaMakinouchi(
input : A[1..M], B[1..N]
output : AlignmentResult)

/* Compute the optimal score. #*/
ComputeScore (A[1..M], B[1..N1);

/* Trace the array 'RouteTable'. #/
TraceRoute (A[1..M], B[1..N],
RouteTable[1..M, 1..N]);

/* Align sequences with the vector '"TraceResult". #/
Alignment(A[1..M], B[1..N],
TraceResult[1..ResultSizel);

B 7 HH-HZAOTNTY XL
Fig. 7 Yoshida-Makinouchi’s algorithm
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TROER T T4 v AV N el bR OREERD, T
DFEER %2 AW TR Alignment TIHWRT T4 R
Y hERDB.
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Fig.8 The execution time of global alignemt
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Fig. 9 The execution time of local alignemt(1)
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Fig. 10 The execution time of local alignemt(2)
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