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Abstract— A multiple sequence alignment (MSA) is a sequence 
alignment of three or more biological sequences. Main idea 
behind multiple sequence alignment is to see the similarities 
between input sequences, to be able to make phylogenetic 
analysis and other evolutionary conclusions. We propose a 
multiple sequence alignment  method based on contact maps 
derived from structural data and network properties. We show 
that such methods may be useful in creating multiple alignments 
that can identify domains and similar structures where sequence 
identity is low. 

Keywords- Multiple Sequence Alignment; MSA; graph 
properties; cluster. 

I.  INTRODUCTION 
Finding the similarities between proteins has been 

one of the important issues in biological sciences. Different 
approaches have been tried to obtain valuable information 
based on the similarities of proteins. To reach such 
information, multiple sequence alignment methods have been 
widely used. 
 One of the first studies about multiple sequence 
alignment is based on dynamic programming method of 
pairwise alignment. First of all, hierarchical clustering of the 
protein sequences is obtained with the help of the pairwise 
alignment score matrix. Then, by using the hierarchal 
clustering and the pairwise scores from the matrix, close 
groups are aligned until one group which contains all 
sequences is reached [1]. The first studies were improved by 
adding further features to the original structure of the 
approach. CLUSTAL, an improved and widely used algorithm 
for multiple sequence alignment, uses hierarchal clustering 
and neighbor-joining method similarly with the original 
structure of multiple sequence alignment method. The 
progressive method for MSA (Multiple Sequence Alignment) 
is CLUSTAL which is the combination of the techniques used 
by the original method. CLUSTAL has three steps mainly. 
First step is to use a pairwise alignment method and to obtain 
a distance matrix. Then, a similarity tree (guide tree) by using 
a distance matrix is constructed and neighbor-joining method 
is applied as the second step. Lastly, alignments are combined 
by taking into account of the order of the guide tree. These are 
the main steps of CLUSTAL which is used for multiple 
sequence alignment. Yet, some new features were added to the 
progressive multiple alignment method, beside the CLUSTAL 

to make multiple alignments as accurate as possible. These 
improvements are sequence weighting and modifying gap 
penalties, resulting in CLUSTALW. The purpose is to reduce 
the weight of the most related sequences and to increase the 
weight of the most divergent ones by adding a feature as 
sequence weighting. Based on this idea, to be able to give such 
special weights to sequences, two main methods are 
examined. First step is to use the guide tree with the order. As 
the second step, value-sharing among the common branches 
should be done. The second special feature which is a more 
complicated one is to modify the gap penalties. To do this, two 
important gap penalties are taken into consideration which are 
GOP (initial gap penalty) and GEP (Gap extension penalty). 
Modifying gap penalties are carried out in four main titles. 
First one is residue specific penalties, differently speaking, 
aminoacid specific penalties. As an example, glycine and 
valine at a position will be given different gap penalties. 
Second one is hydrophilic gap penalties; in this area the aim is 
to increase the chances of gaps especially for some specific 
regions such as loop or random coil regions. In these regions, 
gaps are common. As the third one, gap separation distance 
approach is applied. In this approach, the goal is to decrease 
the chances of gaps which are too close to each other. Lastly, 
end gap separation parameter is taken into account. This is 
useful to modify gap penalties when there are end gaps which 
are not biologically meaningful. After the detailed steps of 
modifying gap penalty feature, its purpose could be 
summarized as follows, the goal of altering gap penalties is to 
raise gap penalties in specific regions (typically secondary 
structure elements) so that gaps are preferentially opened in 
the less well conserved regions (typically surface loops) [2]. 
These added features beside the CLUSTALW provide us a 
better multiple sequence element as an improvement. In 
addition to the technique of finding similarities between 
proteins with CLUSTALW (pairwise alignment + distance 
matrix + neighbor-joining method), as mentioned above 
multiple structural alignment of proteins has been tried, as 
well. 
 Moreover, one of the recent studies suggests an 
algorithm that could perform multiple structure comparison 
and motif detection, at the same time. Also, it is claimed that 
this algorithm considers all structures simultaneously, instead 
of initiating from pairwise comparisons [3]. 
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 Beside these methods, a new approach has been 
examined recently. Using CLUSTALW with a different 
approach about the distances idea is applied. Instead of using 
actual distances, utilizing the network properties of the 
structures of the proteins is the main idea in this method. This 
method is ultimately based on network properties and dynamic 
programming with affine gap penalty. This approach stems 
from the idea that similar protein structures give similar 
network contacts captured by graph (network) properties. 
These network properties are connectivity, second 
connectivity, clustering coefficient, path length, betweenness, 
closeness centrality, graph centrality and lastly stress 
centrality. Each network property has a function and owing to 
these functions, values are calculated instead of actual 
distances. Then these network properties can be used for 
global alignment of protein structures and to obtain 
functionally preserved contact networks. This idea has been 
used for pairwise alignment of proteins. The main root is here 
that using structures of proteins by converting them to contact 
graphs and after obtaining information from the graph using 
this information to align two structurally similar proteins [4]. 
 Our approach is the same with the above method that 
network properties are used instead of actual distance values 
with CLUSTALW method. Yet, we added some other network 
properties to obtain detailed profile of proteins. Hence, we 
believe that finding similarity between proteins and aligning 
them could be more accurate. Furthermore, we do not make 
pairwise alignment; instead we make multiple alignments of 
proteins by using the contact maps of proteins. 

II. METHODS 

A. Contact Map Generation 
Using contact maps is a highly preferred method to 

represent the proteins structures in the literature [5]. In these 
contact maps used as graphs, nodes correspond to the residues 
of the proteins and the contacts mean the links of the graph. 
Proteins are treated as networks of interacting aminoacids. We 
use the term residue network to differentiate them from 
protein networks which are used to describe systems of protein 
interactions [6]. A contact map is a graph created from the 
residues that are closer to each other than a predefined 
threshold. The graph is constructed by the coordinates of Cβ 
atoms in residues with 7 Å cutoffs. The contact map A is 
created as 

 ,  0,  

 
where rij is the distance between the ith and jth nodes, rc is the 
maximum distance between atoms to be considered in contact 
(i.e. cut-off distance), and H(x) is the function given by H(x) = 
1 for x > 0, and  H(x) = 0 for x ≤ 0. 

          

B. Graph Properties 
After the construction of contact maps, the values of 

network properties of the nodes are calculated in the graphs 
which correspond to the residues of the proteins.  

Totally, we have twenty two properties in this study, 
which are connectivity, second connectivity, clustering 
coefficient, characteristic weak path, weighted characteristic 
weak path length, weak closeness centrality, weak betwenness 
centrality, weak distinct betweenness, centrality, weak special 
betweenness centrality, weak betwenness graph centrality, 
weak closeness graph centrality, weak stress centrality, 
characteristic strong path, weighted characteristic strong path 
length, strong closeness centrality, weak betwenness 
centrality, weak distinct betweenness, centrality, strong special 
betweenness centrality, strong betwenness graph centrality, 
strong closeness graph centrality, strong stress centrality. 

The connectivity calculates the neighbors of a residue in 
the contact map, whereas second connectivity calculates the 
number of neighbors of the neighbors of a residue. Another 
main property is clustering coefficient. It shows how well the 
neighbors of a node are connected to each other [1]. 
  C 2Ek k 1  

  
Closeness centrality measures how long the information 

takes to spread from a given node to other reachable nodes and 
is given in equation [1]. CC i 1∑ σ i, tV  

 
Another main centrality property is betweenness 

centrality, which is the quantitative measure of a node or an 
edge that describes the degree in between other nodes [1]. 

 

 
The stress centrality measures the total number of shortest 

paths that passes over node i [1].  C i σN
V i  

 
Moreover, we have more network properties as a new 

improvement in comparison to the first study about using 
contact maps as graphs to represent the structures of proteins. 
First of all, graph centrality property is made as more detailed. 
We have three graph centralities instead of one graph 
centrality network property. These are closeness graph 
centrality; betweenness graph centrality and degree graph 
centrality. In addition to these, we have two different 
betweenness centrality properties such as distinct betweenness 
centrality and special betweenness centrality. These two 
different betwenness centrality properties are added because it 
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is known that betweenness of a node in the graph is a highly 
important property. If a node is the most between node in the 
graph, that node is a significant node, so if a node in the graph 
of the representation of a protein has high betweenness 
centrality score then we can say that that residue in the protein 
is important in that graph. Also, we can compare that residue 
with another residue in another protein’s representation graph. 

Furthermore, two versions of each centrality 
measures were created, one of them is calculated by using 
weak shortest path algorithm, and the other by strong shortest 
path algorithm. In strong shortest path algorithm, there is a 
small difference in the edge relaxation phase of the algorithm. 
Weak path is the path that minimizes the total cost between 
two nodes, whereas strong path aims to minimize the 
maximum distance. As a result, we have two closeness 
centrality properties as strong closeness centrality and the 
weak closeness centrality, which are calculated from strong 
shortest path algorithm and strong shortest path algorithm 
respectively. 
 Besides the different implementation of the 
calculation of shortest paths, we add two more betweenness 
centrality properties as mentioned before. This is because 
betweenness is one of the most important properties for a node 
in the graph so it is important for a residue in the 
representation graph of a protein. One of these properties is 
distinct betweenness centrality. This favors the nodes such that 
occur on the different paths. In other words, different from the 
conventional betweenness centrality, this calculates the 
number of the distinct paths which include the node we are 
studying on. In other words, we are not interested in the total 
number of paths but which nodes are connected through this 
node. This favors the nodes such that occur on the different 
paths. In other words, different from the conventional 
betweenness centrality, this calculates the number of the 
distinct paths which include the node we are studying on.  
 Another betweenness property, named as special 
betweenness, favors another feature of a node. First of all, it 
determines two nodes, source and destination nodes. Then, it 
calculates the all number of shortest paths after that, it 
calculates the occurrences of the specified node on that paths. 
The ratio of occurrences of that node on these shortest paths to 
the all number of shortest paths gives us special betweenness 
centrality score of that specified node. In this property, the 
important thing is that how many different nodes that node 
connects. For instance, if a node k occurs in eight of the 
shortest paths of the all nine between node i and j; whereas 
node m occurs three shortest paths of these nine shortest paths 
between node i and j, then node k is more important than node 
m according to this special betweennees network property. 
Because, if this node k is eliminated from the graph then node 
i and node j will be connected with just one path; therefore 
this special betweenness property favors nodes like node k. 

 

C. Multiple Alignment with Affine Gap Penalty 
At multiple sequence alignment based on structural 

properties, every sequence is represented as a graph and a 

corresponding matrix with size [n x n] are created; where n 
represent the length of the sequences. Optimized gap penalties 
and similarity scores between amino acids are used to create 
the alignment matrix. In order to account for affine gap 
penalties (differentiate between first space of gap and gap 
extensions) three distinct arrays are used, which can be 
represented as following; 
 
A[i, j] = maximum score of an alignment between S[1..i] and 
T[1..j] that ends in S[i] matched with T[j]. 
 
B[i, j] = maximum score of an alignment between S[1..i] and 
T[1..j] that ends in a space matched with T[j]. 
 
C[i, j] = maximum score of an alignment between S[1..i] and 
T[1..j] that ends in S[i] matched with a space. 
 
 The entries (i, j) of these arrays depend on previous 
entries according to the following formulas, valid for 1 ≤ i ≤ m 
and    1 ≤ j ≤ n: 
  

A[i, j] = p(i, j) + 
A i 1, j 1 B i 1, j 1C i 1, j  1                  (1) 

 

B[i,j] = 
h  g   A i, j 1g  B i, j 1h  g   C i, j  1                    (2) 

 

C[i,j]= 
h  g   A i, j 1g  C i, j 1h  g   B i, j  1         (3) 

 In order to understand the formulas (1, 2, 3); A[i,j] is 
represented as p(i,j), which here indicates the score of a 
matching between S[i] and T[j] ,plus the best score of an 
alignment between the prefixes S[1..i-1] and T[1.. j-1] [7]. 
Whenever the algorithm chooses and traverses along the array 
b, it is known that last column will contain a gap. At this 
point, it should be considered, whether this gap is the first cell 
of a gap or an extension is very important as they have 
different gap penalty scores. The mechanism is so that, if there 
is a gap prior to our current position, then it will be penalized 
with extension penalty instead of opening penalty. If the 
previous index was of matrix A or matrix C, then the new 
coming cell should include gap opening penalty. A similar 
argument also explains the formula for C[i,  j]. 
 
The initialization of the arrays also requires important care. 
The entries that need initialization are those with indices of the 
form (i, 0) for 0 ≤ i ≤ m or (0, j) for 0 ≤ j ≤ n. The 
Initializations has to be done according to properties of each 
arrays. For array A; 
 0, 0   0, , 0  ∞,  1      
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0,  ∞,  1   
For array B; , 0  ∞  ,  0    0,    .  ,  1   

 
For array C; , 0    .  ,  0   0, ∞,  1   

 
To get the final result, the optimal alignm
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