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Abstract. Multiple Alignment (MA) is a particularly important tool for studying the viral
genome and determine the evolutionary process of the specific virus. Application of MA in the
case of the spread of the Severe acute respiratory syndrome (SARS) epidemic is an interesting
thing because this virus epidemic a few years ago spread so quickly that medical attention in
mara:ountries, Although there has been a lot of software to process multiple sequences, but
the use of pairwise alignment to process MA is very important to consider. In previous
research, the alignment between the sequences to process MA algorithm, Super Pairwise
Alignment. but in this study used a dynamic programming algorithm Needleman wunchs
simulated in Matlab. From the analysis of MA obtained and stable region and unstable which
indiﬂes the position where the mutation occurs, the system network topology that produced
the phylogenetic tree of the SARS epidemic distance method, and system area networks
mutation.

1. Introduction

Multiple alignment (MA) is the alignment of multiple (more than two) sequences simultaneously.
One of the main purposes of a MA is to form a phylogenetic tree, a topology tree that describe the
kinship among multiple sequences. In this study, MA 1s developed from sequence alignments by using
the algorithm of Needleman Wunchs. one of the main dynamic programming algorithms that applies
the principle of global alignment for pairwise alignment.

There are several kinds of analysis that can be applied in MA, but in general, all analyses are used
to determine the network mutation from MA to network decomposition of orthogonal alignment itself.

Although SARS epidemic has long appeared, the spread pattern is still interesting to be studied,
especially from mathematical side which is supported by matlab software with its simulation
capabilities to allign MA. The pattern of the spread of the SARS virus during the winter and spring of
2003 can be described as a tree forming a network connectivity that branches out as an epidemic is
transmitted from one individual to another. Along with technological advances in DNA sequencing, it
1s concluded that phylogenetic tree diagram is closely related to DNA analysis which is based on
whole genome comparisons between different SARS viruses and it will show mutafhn traces in these
individuals [2]. This study used distance method in the process of phylogenetic tree formation.
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2. Methodology

2.1 é)ara Preparation

1

The data used in this study were 6 DNA sequences of patients infected by SARS virus and one
EEBA sequence of Palm Civet (in 7th sequence) known as the host of SARS epidemic [3]. DNA
sequences were retrieved from GenBank (www.ncbi.nlmnih.gov). Fortunatelly the research used
balance data, so it is in the preprocessing not necessary to integrate data and machine learning[5].

2.2 Analysis of Multiple Alignment Procedires

Sequence Alignment is a comparison between two biology sequences. It 1s an important method in
analysis of position and type of mutation. The most important thing in sequence alignment is to
determine mutation displacement [6]. Given two sequences A and A, which are defined as:

A =(a ,aj3,..,a ,,)and A, = (a31,a25, .., Gzp,) (1)
The elements of the sequence A and A, representing the DNA sequence have a range Vg =
{0,1,2,3,4} or {a,c, g, t, —}. While Multiple Sequence is a collection of sequences expressed as:

A= {Ay, Ay, A} )
For every A, A; is a separated sequence defined on 1, and expressed as :
As = (as_l.asz.......ams ). s=12,....,m 3)

where ng is the length of sequence A and m is the number of sequences in each group.

Multiple Alignment (MA) is the alignment performed on multiple sequences. Suppose A is a
multiple sequence consisting of 7 sample data and A’ is the result of MA. According to [6]. the
procedures for the analysis of MA output are as follows: First, penalty matrix
W = (Ws,t) is calculated based on A", and then the minimum distance of G, tree is corfffiructed.
After that k-order graph G and k-order network mutation Gy (W )are constructed. Finally, based on
the mimimum distance of G tree and mutation region of matrx A, network 1s orthogonalized and the
appropriate graph for the network of orthogonal decomposition is formed.

2.3 Penalty Matrix

Penalty Matrix is defined by [6]. e.g. C is an alignment matrix induced by multiple sequence A. If
penalty function IW=w(a,b) is defined on a given I, for any s,t € M, there are two expansions Cs
and Cy ¢ based on the sequence A and A,. Penalty score for pair Cg, and Cy ¢ 1s defined by:

Mgt

Wer (E) = W(Cs.t* CE.S) = Z W(CS.t;J" Ct.S;J’) 4

=
While the matrix

W(C) = [Ws, (O)] (5)

. s5t=1.2,..m
5

1s a penalty matrix induced by pairwise alignment of multiple sequences .4 and simplified as a penalty
matrix.

2.4 Distance Method

Distance method is one of methods for tree formation from a set of distance between each pair of
sequences that has been aligned. The set of distance is written in matrix form so-called distance matrix

Lz
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[1]. Formally, a distance matrix is formed based ongstance function defined as follows [4]:
Suppose M is a set and d: MxM — R is a function, d is said to be a distance function on M if

(1) d(u,v) > Oforevery u,v € M,u+ v,

(1) d(u,u) = 0forevery u € M,

(1) d(u,v) = d (v,u) forevery u,v € M,

(iv) Meets the triangle inequality d(u, v) < d(u,w) + d (w,v) forevery u,v,w € M
If d is the distance function on M, then for u,v € M, numbers d(u, v) is referred to as @fjdistance
between u and v. Distance matrix is obtained based on distance function, My = (di j) with i, j = 1,2,3,
“““ N and N is the number of sequences involved. From the definition, if a penalty matrix meets a
function of distance, then the penalty matrix is also referred to as a distance matrix.

2.5 Graph Theory

Graph theory, a part of mathematics studying the graph, is used to mo the relationship of
ordered pairs of a particular set of objects. Graf () 1s written with the notation G = (1, E) where (') 1s
not an empty set of points and (£) is the set of edges connected pair of points [7]. In an undirected
graph, there is no difference in the direction at two points connecting each side. While in a directed
graph, its side points towards one of the main points. Graf with weight is called a weighted graph, in
which each connected pair represents a specific numerical value (weight). A directed graph with
weighted side is called a Networt.

3. Results and Discussion
3.1 Analysis cﬁ' opological Network System

Topology network system generated by MA output is G (W) = {M, I, W} where IV is a penalty
function of the output MA. By following the alignment of multiple analysis procedures and
implementing algorithms Wunch Needleman alidfent for either pairwise alignment or the MA
simulated in Matlab, the penalty matrix obtained is as follows:

A BCDE F ©
0 8 9 12 12 11 39 A
8 01 4 4 3 7| B
9 10 3 3 2 8| C
W(€)=|[12 4 3 0o 2 1 11| D
12 4 3 2 0 1 11| E
11 3 2 1 1 0 10| F
3 78 11 11 10 0d G

where A represents the sequence of Guangzhou 16/12/02, B represent the sequence of Guangzhou
Hospital, C represent the sequence of Metropole 02/21/03, D represents the sequence of Hanoi
02/26/03, E represents the sequence of Toronto 27/02/03. F represents the sequences of Singapore
01/0/03, and G represent sequences of Palm Civet. Palm Civet is a ferret alleged as host of SARS
epidemic [3]. Sequence of palm civet is shown to know which DNA sequences that is closer to the
host. A sequence closest to the host means the beginning point of the spread of SARS epidemic. The
analysis of topological network system also results in a stable area showing the same nucleotide
position in the multiple alignment and unstable regions showing different nucleotide positions. In this
unstable region. mutation between sequences is located. Below is a table of unstable regions and
position of each nucleotide in the MA of SARS epidemic:
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Table 1. The number of nucleotides in the unstable region and their position.

No.  Position of
nucleotide

Amount of nucleotide

230
654
716
731
931
1026
1031
1502
1729
2332
2380
3075
3381
3487

EaR oY ® o wnds W —

A
4
0
0
0
2
4
5
1
0
0
0
0
0
4]

o~NOooDOoOoOoRuBeN
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SN~ LG OoOoCWNWmo|
coocococococoocooo oo

Table 1 shows that only 14 positions away from 3768bp sequence which is an area unstable (0,4%),
changes in nucleotide mutation causes. At each position, the number of changed nucleotide is not the
same. For example, the number of nucleotide A (adenine) of position 230 is 4 and nucleotide G
(Guanine) is 3. However, there is a different number in different. position of unstable areas.

3.2 Analysis of mutation region network system

The second analysis is the network system of a mutation region on MA of SARS epidemic. This
section discusses how to build a graph and a tree generated by the SARS epidemic. The graph is in the
form of a phylogenetic tree, a family tree reflecting the evolutionary relationships between sequences.
In this case, the phylogenetic tree illustrates evolutionary relationship showing the epidemic spread
from one sequence to another in which each sequence is taken from different areas. Therefore the
output of the phylogenetic tree will indicate the spread of SARS epidemic among regions/countries. In
this study, the input in the formation of a phylogenetic tree is distance matrix.

Epidemic Alignment
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Figure 1. Phylogenetic tree epidemic of spread of SARS,

Figure 1 shows that mutation region or the spread of SARS epidemic is originated from GuangZhou
12/16/02 because DNA sequence of the patients from 12/16/02 GuangZhou genetic has the closest
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distance to Palm Civet as host of the SARS virus [3]. Then it spread to Guangzhou Hospital continues
to Singapore. After that then spread to Metropole, Hanoi and Toronto simultaneously.

3.3 Analysis of Network Systems of Mutation Mode

Before performing a network analysis of mutation mode, non-directional graph showing
relationship between sequence mutations 1s visualized from penalty matrix.

Figure 2. Decomposition of network mutation of SARS epidemic.

Notation on node indicates the name of sequence encoded as A, B, .... G with each code representing a
sequence name as stated in previous discussions. In Figure 2, the label on the side shows the number
of mutations. The thicker lines show that more mutations occur between those nodes. As shown in
previous discussion, there are 14 different mutations in unstable regions on 7 DNA sequences of this
SARS epidemic. Figure 2 shows that some mutations occur only in the arc orthogonal of 1*order, for
example in A ABE, A ABF, AABD, A AFD, ABFD. At A ABE: |AE| = |AB| + [BE| and the structure
of modulus Hyg, Hyp, Hgg 1s mutually orthogonal. The following table represents multiple mutations
between two sequences representing mutation mode Hyz (a mutation in sequence of Guangzhou
16/12/02 to sequence of Toronto 27/03/03), mode mutation H,p (a mutation in sequence of
Guangzhou 16/12/02 to sequence of Guangzhou Hospital), and mode mutation Hgp (a mutation in
sequence of Guangzhou Hospital to sequence of Toronto 27/03/03).

Table 2. Movements between two sequences on mutation mode Hyg, Hyp, Hgg

Sequence 1 Sequence 2 Nucleotide Position ~ Mutation Percentage
Diff.  Similar Diff.  Similar

A. Guangzhou B.Guangzhou 8 3760 654 CtoT 0.2% 99.8%
16/12/02 Hospital 716 TtoC
931 AtoC
1031 Gto A
1502 AtoT
2332 GtoT
2380 TtoC
3075 CtoT

A .Guangzhou E. Toronto 12 3756 230 AtoG 0.3% 99.7%
16/12/02 02/27/03 654 CtoT

716 Tto C
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731 CtoT

931 AtoC

1026 GtoA

1031 GtoA

1502 AtoT

1729 TtoG

2332 GtoT

2380 Tt C

3075 CtoT

B. GuangZhou E. Toronto 4 3764 230 AtoG 0.10%  99.90%

Hospital 27/02/03 731 TtoC
1026 Gto A

3381 TtoC

4. Conclusion

The result of the analysis of multiple allignment shows that there are 14 unstable regions of 3768bp
where mutations occur with a different nucleotide number. The areas are located at position 230, 654,
716, 731, 931, 1026, 1031, 1502, 1729, 2332, 2380, 3075, 3381, and 3487. The result of the analysis
of mutation region network shows that the spread of the SARS epidemic stems from Guangzhou
16/12/02, then spread to the Guangzhou Hospital continues to Singapore. After that then spread to
Metropole, ITanoi and Toronto simultaneously. While the analysis of mutations mode network system,

a 1s known that there are only a few mutations are orthogonal to the order-1.
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