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Abstract

After identifying the function of a protein, biologists
produce new useful proteins by substituting some
residues of the identified protein. These new proteins
have high sequence homology (similarity). We define a
sequence cluster as a cluster that is constituted of
similar sequences. As another example of a Sequence
Cluster, we consider a SNP (Single Nucleotide
Polymorphism) Cluster. A SNP is a DNA sequence
variation occurring when a single nucleotide in the
genome (or other shared sequence) differs between
members of a species (or between paired chromosomes
in an individual). We suggest a new compressing
technique for these sequence clusters using a sequence
alignment method. We select a representative sequence
which has a minimum sequence distance in the cluster
by scanning distances of all sequences. The distances
are obtained by calculating a sequence alignment
score. The result of this sequence alignment is utilized
to author conversion information called an Edit-Script
between the two sequences. We only stored
representative sequences and Edit-Scripts of each
cluster into a database. Member sequences of each
cluster can then be easily created using representative
sequences and Edit-Scripts.

1. Introduction

When designing and producing a useful protein,
biologists use a well-know protein which is utilized as
a target and a template protein. After identifying the
function of a protein, biologists produce new useful
proteins by substituting some residues of the identified
protein. In the case of a DNA (Deoxyribonucleic Acid)
sequence, biologists select nucleic acid to substitute.
From this substitution, they then synthesize a new
protein. These new proteins or DNA sequences have
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high sequence homology (similarity). We define a
sequence cluster as a cluster which is constituted of
similar sequences. As another example of a sequence
cluster, we consider a SNP (Single Nucleotide
Polymorphism) Cluster. A SNP is a DNA sequence
variation occurring when a single nucleotide in the
genome (or other shared sequence) differs between
members of a species (or between paired chromosomes
in an individual).

We suggest a new compressing technique for these
sequence clusters using the Smith-Waterman [13]
sequence alignment method. We select a representative
sequence which has a minimum sequence distance (the
Smith-Waterman alignment score) in a cluster by
scanning the distances of all sequences. The distances
are obtained by calculating the sequence alignment
result. Specific substitution matrices for the DNA
sequence and protein sequence are applied to score the
alignment. The result of the sequence alignment is
utilized to make conversion information named the
Edit-Script between the two sequences. We, then, only
store representative sequences and Edit-Scripts for
each cluster into a database. Member sequences of
each cluster are easily created using representative
sequences and Edit-Scripts. This work can be adapted
to any sequence clusters which have a high sequence
similarity.

2. Related work

Sequence alignments are aligning the sequences of
nucleic acid or protein in order to indicate the
relationship among sequences. The homology of
sequences is well presented. These sequences are
classified as having pair-wise or multiple alignments
according to the number of sequences at once. Pair-
wise alignment [8, 10, 13, 17, 18] is aligning two
sequences at once and in case of more than two
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sequences at once, we have multiple sequence
alignment [3, 4, 7, 9, 14, 15, 16], respectively. Also,
sequence alignments are categorized as either global or
local alignment according to the type of homology.
When comparing two sequences such that these
sequences are the same type as the DNA sequences or
amino acid sequences, if we want to get a maximum
homology, then we align two whole sequences. We
could say that this type of homology is that of global
similarity. This alignment is called global alignment
[10, 12]. When predicting 3D structures of unknown
protein from a sequence, global alignment is used to
select the target template of the protein. On the other
hand, if we want to know which part of the sequences
is similar when aligning, local homology is adopted
and we call this alignment local alignment [1, 2, 11,
13]. It is effective to use local alignment when finding
the functional sharing part of sequences.

Current sequence alignment algorithms [1, 2, 11] as
well as heuristic approaches to scan whole databases
are fast but these approaches have low accuracy. The
sequence alignment algorithms in an early stage using
dynamic programming [10, 11, 12] and have high
accuracy. These algorithms are not acceptable for
whole database scanning when the database has a large
number of entries. Compression of a sequence cluster
does not need fast response unlike a database search.
The number of sequences in a cluster is significantly
fewer than entries in the whole database. The
algorithms [10, 13] which have higher accuracy can
generate shorter Edit-Scripts. When the sequences in a
cluster are globally similar, however during alignment,
global alignment yields a number of sequence gaps
which makes Edit-Scripts longer because global
alignment has a propensity to make the length of two
sequences the same with many gaps. The character,
hyphen (-), is used to express the gaps. Therefore, the
Smith-Waterman algorithm [13] is quite suitable for a
sequence cluster compression.

3. The proposed method

We suggest a new compression method to reduce
sequence cluster size. To achieve this, we first select
the representative sequence of a cluster. In this
procedure, we calculate the average sequence distance
of all member sequences with a Smith-Waterman
alignment score. The specific substitution matrices for
nucleic acid and amino acid (BLOSUMS62 [6]) are
utilized when scoring. We create an Edit-Script, &,
from the Smith-Waterman alignment results. The
changed information is written as an Edit-Script. Only
a representative sequence of a cluster and each Edit-
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Script of a member sequence are stored into the
database. In this section, we explain these procedures
in detail.

3.1. The representative sequence of a cluster

The purpose for which we select the representative
sequence of a cluster is to find which sequence in the
cluster makes the shortest Edit-Script. For this, we
need to choose the sequence close to the center of the
cluster. This work is achieved by calculating each
distance, d, in Figure 1. We assume that a sequence
cluster consists of genome sequences which have high
sequence similarity (homology). Figure 1 shows an
example of a sequence cluster, SC = {8¢,51,82,53,- - -,51}»
where S, denotes the member sequences of the cluster
and n denotes the number of sequences in the cluster.
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Figure 1. A Sequence Cluster.

We then calculate the average distance of each
member sequence S,. Each sequence in the cluster has
(n-1) distances to other sequences. The average
distance is obtained from a summation of the total
distances of one member sequence by the following
Equation (1) where d;; denotes the distance between
sequences S; and S;, and S denotes the current member
sequence. For simplifying Equation (1), if we
substitute "dg 4" to "dy", we finally get Equation (2).

n—1

Z (dsu .5 +C[sU .5, + ClsU .53 + dso K toet dsu .8 )
(1)
n—1
n—1
2.4,
Average Distance of Sy = = N 2)
n —

The representative sequence of the cluster means
the member sequence Si which has minimum average
distance. A detailed method to calculate the distance
between sequences is explained in the next section.



3.2. The sequence distance

The Euclidean distance is widely used when
calculating distance between objects in a common
cluster. In the case of a genome sequence, applying the
Euclidean distance is not acceptable because sequences
do not have any absolute position. Thus, sequence
alignment methods are employed to calculate the
distance between sequences. We use the Smith-
Waterman alignment score [13] to get sequence
distances. The reason we adopt the Smith-Waterman
alignment method is explained in the related work,
Section 2. Now, we discuss how the Smith-Waterman
alignment method is applied in detail.

Mi—],j—l +S(ai>b_/)
M, -5 , s(a,b)=+2,ifa,=b, (3)
M, ; = max M:jl _s sfai,bj):-l,if a, #b,
: 6=s(a;,-)=s(-,b))=-2
0
Given sequences, S,={GGCTCAATCA} and

S,={ACCTAAGG}, Figure 2(a) shows the alignment
matrix with dynamic programming. Each value of the
cell, M;; is obtained from Equation (3). Here, each cell
has three candidate values: the score from above, the
left and the diagonal. Figure 2(b) denotes these three
candidate values. The scores, s(a;,b;), for matches and
mismatches are +2 for a match and -1 for a mismatch,
respectively. The gap penalty score J, s(aj,-), and s(-,b;)
are the same, -2, when the score comes from above or
the left cell value. If a cell value. M;;, falls below zero,
the score is replaced by zero.
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Figure 2. The smith-waterman algorithm.
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For example, cell M;¢ has three candidate values
where 4 + 2 = 6 from the diagonal, 5 - 2 = 3 from the
left, and 3 - 2 = 1 from above. Among these three
values, the value from diagonal (6) is assigned because
it is maximum. Every cell value in Figure 2(a)
memorizes the direction where the cell value comes
from. The directions of M;; are displayed in Figure
2(a) as arrows. For clarity, we have included only the
arrows around the highest-scoring path. These arrows
are mandatory when tracing the alignment path. The
best local alignment is the one that ends in the matrix
element having the highest score (M;s=6). Arrows
from the left or above denote gaps (insertion and
deletion) which are represented by a hyphen (-) in
Figure 3. The highlighting areas, Sy, {CTCAA} and
S;D{CT-AA}, are locally similar. Calculating the
score for this alignment is shown in the next section.

Sequence S,: GG/CTCAATCA
Sequence S;: ACCT-AAGG -

Figure 3. The result of smith-waterman algorithm
3.3. The soring matrix

We have used alignments of nucleic acids as
examples. One very important application of alignment
is protein alignment. The scoring matrix for amino
acids is much more complicated than that of nucleic
acids (DNA : 4 characters, Protein : 20 Characters).
Figure 4 indicates the scoring matrix for a DNA
sequence. This scoring matrix contains the assumption
that aligning A with G is not just as bad as aligning A
with T because studies of mutations in a homologous
gene indicate that transition mutations (A>G, G>A,
C>T, or T>C) occur approximately twice as
frequently as do transversions (A>T, T>A, A>C,
G—>T). Thus, the alignment score for the Figure 3
alignment is 0.5 (-0.5-1+2+2-2+2+2-1-1-2) whereas
the score for the match is +2. The score for the gap is -
2 and the score for the mismatch is -1 or -0.5 shown in
Figure 4. In our proposed method, this score is called
the sequence distance.

b;:
A C G T
Al 2 -1 0.5 -1
a: C| -1 2 -1 -0.5
G| -05 -1 2 -1
T -1 0.5 -1 2

Figure 4. The scoring matrix for DNA sequence



Figure 5 denotes the BLOSUMSG62 substitution
matrix for amino acids which is commonly used.
BLOSUM (BLOcks SUbstitution Matrices) matrices
[6] are based on aligned protein sequence blocks
without assumptions about mutation rates. Different
levels of the BLOSUM matrix can be created by
differentially weighting the degree of similarity
between sequences. For example, a BLOSUMO62
matrix is calculated from protein blocks such that if
two sequences are more than 62% identical, then the
contribution of these sequences is weighted to sum to
one. In this way, the contributions of multiple entries
of closely related sequences are reduced. We applied
BLOSUM 35, 45, 62, and 80 matrices in selecting a
representative  sequence, but the representative
sequence was not changed according to the types of
BLOSUM matrix.
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The BLOSUMSG62 substitution
3.4. The Edit-Script, €

In this section, we will describe how to create an
Edit-Script from a given alignment such as Figure 6.
The information we extract from an alignment
corresponds to the following definitions. Starting
Index in Figure 6 is an index that starts a matched
sequence in sequence S,. The Ending Index indicates
an index that ends the matched sequence S,. Prior
MatSeq denotes a prior sequence of the matched
sequence in sequence Sy. Posterior MatSeq describes
the posterior sequence of the matched sequence in
sequence S,. Finally, Matched Sequences mean the
locally similar area between Sequence S, and S,

Starting Index Matched Sequences Ending Index
Sequence S,: RN[MK-GITATYL S
Sequence S,: TIMKRGIIA-YLSWP

Prior MatSeq Posterior MatSeq

Figure 6. The compositions of Edit-Script
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In order to create an Edit-Script we more need three
operators which transform the Matched Sequence of S
into the Matched Sequence of S,. Focusing on
Matched Sequences, there exist three kinds of events
such as insertion, deletion, and substitution. A specific
position on which an event occurs in a Matched
Sequence, and changed residue (or nucleic acid) are
inputted as parameters of these operators. Now, we can
simply express the Edit-Script, € = { {Prior MatSeq},
Starting Index, {operatorl, operator2, operator3, ... },
Ending Index, {Posterior MatSeq}. For example, the
Edit-Script for Figure 6 is € = { {TI}, 2, { ins(2,R),
sub(5,1), del(7,T) }, 12, {WP} }. With this Edit-Script,
we can transform Sequence Sy into Sequence S,. Here,
Sequence S, indicates a representative sequence of the
cluster. Sequence S, means a member sequence of the
cluster. In this example shown in Figure 6, the
sequence length of the two sequences looks quite short
for charity of explanation, but the real length of the
DNA sequence reaches to thousands of nucleic acids
and hundreds for amino acids respectively.

3.5. Creating a member sequence from a
representative sequence

The information which is stored into the database is
a representative sequence of cluster and Edit-Scripts of
each member sequence. When users want to show the
member sequence, our system retrieves the
representative sequence and Edit-Script of the member
sequence upon a user's request. Figure 7 describes this
procedure in detail. First, a user gets the representative
sequence of the cluster and the Edit-Script of the
member sequence where the user wants to create the
sequence cluster from database searching. Next, the
system extracts the Matched Sequence of the
representative sequence with starting and ending
indices in the Edit-Script. Then, the Matched Sequence
of the representative sequence is transformed into a
matched sequence of the member sequence using
Change Operators. Finally, Prior MatSeq and
Posterior MatSeq are added into the Matched
Sequence of the member sequence. Then the gaps in
the member sequence are removed.

MSud RS Change ( peratars

: y | Matched Sequence Member

Matched Sequence 0 :
of MS

G0 | ot (B S

= .|}.Il:l]\.1!k. o of RS

e L
RS of Cluster
Edit-Scrmpts of MS

(Starting, Ending Index )

Prior MaiSeq
Postenor MatSeq

Figure 7. Creating a member sequence from a
representative sequence



4. Evaluation

In this section, we estimated the compressed size
using our method. Estimating compressed size between
two DNA sequences was performed in two ways. One
way was the compressed size by sequence length such
as 2KB, 4KB, and 8KB. Another way was by sequence
identity such as 40%, 50%, 60%, 70%, 80%, and 90%.

20

——90%

—=—80%

——70%
60%

—=50%

——40%

—— total size

Data Size(KB) .

.///

2KB

4KB 8KB

Length of Sequence

Figure 8. Compressed cluster size by sequence length
and similarity.

In Figure 8, the total size (indicate by —+—) denotes
the total size of two sequences without applying any
Edit-Script. The size reduction was discovered when
the homology (sequence identity) between sequences
was over 50% for 2KB, 55% for 4KB, and 52% for
8KB. The data reduction rate got better when the
sequence identity was higher. Generally speaking in
this experiment, the size of the applying Edit-Script

was reduced when the sequence identity was over 55%.

The size was somewhat increased when the sequence
identity was lower than 50%. This is because the Edit-
Script was longer than the sequence when the sequence
identity was lower than 50%. In order to store the
information that a nucleic acid was changed, the Edit-
Script needed 3 Bytes (type of event, the position, and
nucleic acid)

5. Conclusion

In this paper, we suggest a new compression
method to reduce sequence cluster size. To achieve this
reduction, we first select the representative sequence of
a cluster. In this procedure, we calculate the average
sequence distance of all member sequences using the
Smith-Waterman alignment score. The specific
substitution matrices for nucleic acid and amino acid
(BLOSUMBS62 [6]) are utilized when scoring. We create
an Edit-Script, €, from the Smith-Waterman alignment
result. The changed information is written in Edit-
Script. Only a representative sequence of the cluster
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and each Edit-Script of the member sequence are
stored into the database. Through experimental results,
the size reduction is achieved when the sequence
identity (homology) is over 55%.

Not only sequences in the SNP cluster and results
of protein engineering which makes useful protein
from well-known protein, but also any sequence
clusters which have high sequence similarity are good
examples to apply our work to. In going work, we are
extending our method to manage versions of sequences
using temporal concepts.
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