Multiple Alignmen t of Biological Sequences

Containing T andem Rep eat

Hidetoshi Kitada

1

Kazuhiro T ono

1

Masahito Y amamoto

1

kitada@huie.hokudai.ac.jp herzen@huie.hokudai.ac.jp masahito@huie.hokudai.ac.jp

T amotsu Mitamura

1

Azuma Ohuc hi

1

mitamura@huie.hokudai.ac.jp ohuchi@huie.hokudai.ac.jp

T oshio ohy anagi

2

Norio Matsushima

2

ohyanagi@shs.sapmed.ac.jp matusima@shs.sapmed.ac.jp

1

Division of Systems and Information Engineering, F acult y of Engineering,

Hokk aido Universit y

Kita 13, Nishi 8, Kita-ku, Sapp oro, Hokk aido 060, Japan

2

Scho ol of Health Sciences, Sapp oro Medical Universit y

Minami 1, Nishi 17, Chuou-ku, Sapp oro, Hokk aido 064, Japan

Abstract

Multiple sequenc e alignment c an b e a useful te chnique for studying mole cular evolution

and analyzing sequenc e-structur e relationships. The multiple sequenc e alignment problem

may be formulate d as an optimization problem and various appro aches to solving it have

be en applied in the past. But when the se quenc e c ontains tandem r ep e at, the conventional

methods c annot yield the biolo gic al ly signi�c ant alignment. We present a method for the

multiple alignment of se quenc es containing tandem rep e at.

1 Intro duction

Recently

, it was shown that many protein sequences contain subsequences which display sim-

ilarity

. The similarities b etween the subsequences are a result of gene duplication of some

subsequence and/or insertion, deletion and substitution of a base. Similar subsequences con-

tinuously rep eated is called a \tandem rep eat". A basic pattern of tandem rep eat is called a

\repeat unit". T andem rep eats in biological sequences represent a signi�cant fraction of the to-

tal sequence database. F or analyzing these tandem rep eats, multiple sequence alignment is very

helpful. How ever, the conven tional metho d cannot yield the biologically signi�cant alignment

for sequences with tandem rep eats. W e presents a multiple alignment metho d for biological

sequence containing tandem rep eat.

2 Metho d

T andem rep eats are considered as the result of gene duplication of some subsequence. Some

repeat unit forms a tertiary substructure. In consideration of them, the frame of rep eat unit

must not b e divided in the pro cess of an alignment. F or example, when S

1

= ABCDABCDABCEAFCD

, S

2

= ABCDABCDABCDABCE and the consensus rep eat unit (although not p erfectly conserved in

any p osition) should b e ABCD, then an alignment of S

1 and S

2 by the conventional metho d is

shown as a follow.

ABCD ABCD ABCE- AF-CD-

ABCD ABCD ABC-D A-BC-E

But the ab ov e alignment is not suitable from the biological p oint of view. The biologically

signi�cant alignment can b e obtained by comparing each of the rep eat units. An example of

such an alignment is shown as a follow.

ABCD ABCD ---- ABCE AFCD

ABCD ABCD ABCD ABCE ----

T o obtain such an alignment, our prop osed metho d takes the following steps. 1) search

the sites of rep eat units, 2) calculate the cost function comparing each of the rep eat units, 3)

treat rep eat units as single characters and align sequences.

In Step 1, the start and end sites of all rep eat units in all input sequences are sp eci�ed.

In Step 2, The cost function r sub(A; B ) of substituting a rep eat unit B for a rep eat unit A is

calculated. r sub(A; B ) is de�ned by an optimal alignment cost of A and B . r sub is calculated by

the metho d based on Dynamic Programming [1]. In addition, the cost function of substituting

a rep eat unit for a single character is also calculated by the function, that is, A is a rep eat

unit and B is a rep eat unit whose length is 1. In Step 3, all rep eat units is replaced single

characters. F or example, in the sequence S

1

= a

1 a

2

:::a

i�1 a

i a

i+1 a

i+2 a

i+3 a

i+4 a

i+5 a

i+6

:::, let a

subsequence a

i a

i+1 a

i+2 b e a rep eat unit r

1;1 and a

i+3 a

i+4 a

i+5 b e a rep eat unit r

1;2

. Then an

ordinary alignment algorithm can b e applied to a sequence a

1 a

2

:::a

i�1 r

1;1 r

1;2 a

i+6

::: by use of

rsub. This pro cedure can also apply to sequences whose some di�erent tandem rep eats are

located at interv als.

References

[1] S. B. Needlemann, C. D. W unsch, \A general metho d applicable to the search for similar-

ities in the amino acid sequences of two proteins." Journal of Molecular Biolo gy, V ol. 48,

pp. 444-453, 1970.