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Abstract 
Identification of patterns in nucleotide sequence of HCV is useful in devising any strategy 

to foster fatal disease. Numerous mathematical models have been presented in literature. For 
the purpose of most coherent nucleotide sequence in Hepatitis C Virus (HCV), we have 
proposed a hybrid model to gene expression data mining which employs a series of 
unsupervised learning techniques to figure out the useful patterns within data. The proposed 
methodology involves data pre-processing, exploratory clustering followed by clique 
modeling with outcome of pattern identification and model visualization. We have evaluated 
our technique using data from Hepatitis C Virus nucleotide sequence of three regional 
countries Iran, Pakistan and Azerbaijan. The discovered patterns are related to structural 
similarity relation in bioinformatics data. The experimental results have indicated that out of 
large number of nucleotide bases, we can identify a small number of useful patterns suitable 
for further classification purposes. The proposed hybrid modeling approach delivers 
potential for diagnostic as well as virology applications. Methodology discussed in this study 
is an approach to converge huge knowledge related to DNA into a very small number of 
useful information. The described methodology is an approach for knowledge diversification 
to integration to deliver an insight for analysis in research networks related to virology and 
medicine. 
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1. Introduction 

The advances in data growth and acquisition facilities have enabled the collaboration of 
many disciplines such as bioinformatics and data mining delivering a number of diverse 
research areas as described [1]. One of the underlying reasons triggering such collaboration is 
inability of trivial tools to analyze complex large amount of data, a serious and growing 
concern from many research communities. Clustering is an unsupervised technique to group 
large number of observations. A large number of clustering techniques have been developed 
during the past three decades; however there are situations when analysis of clusters is only a 
useful starting point for other applications. The possible reason behind this is that the outputs 
of the clusters deliver a blurred picture with overwhelming data. This results in the problem 
of extraction of useful patterns or labeling a cluster by selection from the overwhelming 
number of observations from a single cluster. Figure 1 and Figure 2 are showing the visual 
representation of observation points, the experiments performed in our study on HCV dataset 
of 56953 observations. In these clusters, retrieval of the most coherent structurally similar 
observations still remain an open problem due to the existence of many inherent uncertain 
factors. Such problems have motivated our study for an intensive effort to dig out the useful 
patterns.  
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A partitioning with too many clusters may lead to more complications making it hard to 
interpret and analyze, whereas a division with few clusters results in misleading the final 
decision due to the possible loss of information [2]. The problem of determining the number 
of clusters was termed as “the fundamental problem of cluster validity”. In literature it has 
been concluded that there is no clustering algorithm capable of being universally used to 
deliver the solution of all grouping problems [2]. It is required that the techniques need to be 
designed with certain assumptions to favor some kind of biases in perspective of underlying 
data [2]. 

  
Figure 1. Visual Results of 20 Clusters Figure 2. Visual Results of 3 Clusters 

We know that nitrogen base sequences are represented by letters of four nucleotide bases 
{A, C, G, T}. The research on the phylogenetic taxonomy of HCV nucleotide sequences has 
pointed out that there are six HCV genotypes numbered 1–6 [3]. Every genotype is classified 
into many subtypes. It was shown that every genotype vary in its geographical distribution as 
well as in its mode of transmission [3]. Among all of these genotypes, the first and second 
type has been observed with the broadest distribution in the USA, Far East, Europe and 
partially in African territories. Recently it was reported that Genotype 1b is widespread in 
Rondônia State of Brazil [4]. Genotypes 3 and 4 both are mostly rich in considerable number 
of subtypes as reported [3]. Genotype 3 was also found in a broad distribution observed in 
Thailand, India, Europe, USA and to some extent in Japan. Genotype 4 has been 
distinguished as the dominant genotype amongst infected individuals from the Middle East, 
North Africa particularly Egypt where it was observed with a high population prevalence [5-
7]. In fact it is reported that HCV Genotypes are mostly prevalent in Asian and African 
underdeveloped nations [8]. On the other side, genotypes 5, 6 indicate a limited geographical 
spread. The genotype 5 has been reported in South Africa while the genotype 6 was found in 
Macau, Vietnam and Hong Kong [3]. However, severity level is mostly reported in some of 
countries [9-11]. Investigation of the epidemiology of HCV infections plays a large role in the 
schemes of its prevention [12, 13]. 

Study of genotypes is clinically important because different genotypes are relevant to 
vaccine development, epidemiological questions as well as for the clinical management of 
HCV infection [14-16]. Motivated from the discussion about the blurred results from 
clustering analysis, we present specific challenges pertinent to clustering category, 
introducing a new hybrid approach. The broader genetic variability of the virus genome has 
motivated to raise the research question. The problem of identification of structurally similar 
pattern can be reduced to the determination of the cliques of hepatitis nucleotide sequence 
dataset using various distance measures in clustering? 
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2. Related Work 
The nature of the experiment performed in our study is multi-stage. Importance of multi-

stages system using data mining techniques in the domain of bioinformatics has already been 
exploited [17]. It was reported that two-stage system gives more Sensitivity, Specificity with 
high selectivity [17]. In literature, HCV has been targeted from various perspectives and 
directions. Some include divulging information on the statistical analysis [9, 10]. There are 
diverse applications for models of molecular sequences ranging from phylogenetics to 
genome annotation and comparative genomics [18]. Early models were claimed to have good 
results but only with assumption that nucleotide sequences evolve independently, however 
more realistic models were introduced with consideration of a wide range of different sources 
of context dependency [19]. There is a remarkable importance of similarity score for the 
conserved sequences like mitochondrial DNA sequences [20]. For the analysis of the DNA 
sequence, it was shown that the DNA data was signalized into one-dimensional or multi-
dimensional discrete complex sequences [20]. A comparison of structural properties and 
sequence similarity was introduced by employing Euclidean distance similarity measure [21]. 
The parameters for structural similarity were information on stability, the minimum energy 
conformation and flexibility showing that combining structural and sequence similarity can 
improve promoter recall [21]. A relative similarity distance measure to analyze the local or 
global similarity of DNA sequences was introduced [22]. Given S,Q be the DNA sequence: 
The relative distance measure based on Lempl-Zive complexity was formally defined as: 
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It is not straightforward for researchers to dig out information directly from primary 
sequences resulting in the motivation for the presentation of new techniques to analyze 
them [23]. The importance of deducing knowledge out of DNA sequence was already 
reported in which classification of living birds of 1,058 species was carried out [24]. 
The notion of statistical significance of detected similarities to identify the local 
similarities between moderately small parts of sequences was discussed in detail [25]. It 
was shown that the probability QL of the longest similarity being of length L is: 
QL=Prob(longest similarity is of length L) = Prob(Lmax ≤ L) – Prob(Lmax – 1) = (1-
PL+1)nL-(1-PL)nL-1. Whether the presence of clustered DNA sequences in promoters can 
predicts the expression properties of its corresponding mRNA [26]. The clustering 
sequences were found in the promoters of genes with a related function [26]. The 
integrated probability indicating the observed value (m*) to be greater than expected 
frequency such that m* is greater than the most probable value of m: ∑=
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where I is integrated probability [26]. In bioinformatics domain cliques identification in 
graphical models was exploited [27]. Clique detection algorithm was applied to 
formulate the molecular surface database for functional sites [2]. The importance of 
cliques in clustering has been mentioned in literature various times [28]. This has 
motivated our work in this study to demonstrate that the detection of maximal fully 
connected subgraph from clusters can discover the patterns with features of high 
structural similarity. 
 
3. Materials and Methods 

Let (Ɔ, Ƨ, Ď, Ԏ) be a finite space where Ɔ represents cliques, Ƨ shows clusters, Ď indicates 
DNA set and Ԏ represents the sequence similarity. Let Ʊ be a nonempty set. A set valued 
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mapping Ʊ: Ƨ  ĎԎ can be called a focal set. Using this focal set, our target is to find Ɔ 
whose every member is a clique. We shall expand the set valued mapping function Ʊ : Ƨ  
ĎԎ such that Ď is a set of finite number of DNA sequences obtained from US official site for 
Hepatitis dataset (HCV Sequence Database, 2005).The symbol Ԏ denotes various distance 
measures used in clustering.  For the convenience of our shrewd reader, we have divided the 
whole methodology into steps. 
 
3.1. Preprocessing 

We applied the CLUSTAL W. [29]. CLUSTAL W is commonly used for progressive 
multiple sequence alignment of divergent protein sequence [29]. In this heuristic, individual 
weights in a particular sequence alignment are assigned to each sequence. This ensures the 
down weight near duplicate sequences as well as up weight the most divergent sequences. In 
the next stage, at different alignment stages, amino acid substitution matrices are altered in 
accordance with the divergence of the sequences which are to be aligned. In the third stage, 
residue-specific gap penalties are processed. In the last stage locally reduced gap penalties 
enable the opening up of new gaps at these positions. As a result of application of sequence 
alignment algorithm we achieved different sets of sequence alignment dataset Ʊ. Each dataset 
is related to the specific strain of HCV genotype.  
 
3.2. Cluster Analysis 

The clustering algorithms partition data into a definite yet not specified number of subsets, 
groups or categories. In literature, cluster has been defined as the internal homogeneity while 
keeping the external separation [2]. Both of the similarity and the dissimilarity in clustering 
are to be examinable in a sense of inter-similarity and intra-similarity quantification. Here, we 
provide some simple mathematical descriptions of clustering used in our approach. 

Given a set of features F = {F1,F2,….Fj……Fn}, where Fj = [fj1, fj2,….fjd]T ϵ Яd while every 
measure fji is known to be an attribute or dimension variable. K numbers of partitions of F are 
declared:  

• C = {C1,C2,…Ck}. Where k ≤ n. Every cluster ˅Ci = Ǿ, i ≤ k. 
• 
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The underlying distance measuring parameters are numerous. In our case, we used 

Euclidean, Manhattan, Minkowski and Tchebyschev distance measure [30]. Mathematical 
detail of which can be described as: 
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Where A and B denotes the member dimension of observation points for which clustering 
is under consideration. We provided a range of seeds from 3 to 20 for each distance measure 
described above.  
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3.3. Max. Clique Identification 

Previously it was mentioned that Ɔ denotes cliques, now we shall explain it more in 
detail. Let Ɔ is a clique represented by a set A = {[(V1, V2),… (V1, Vn)]… [(V2, V3),..,(V2, 
Vn)],.. [(Vn-1, Vn)]} Where V represents vertex such that for every pair of binaries (Vi, 
Vj) a relationship exists. We neglect the direction, i.e., it doesn’t matter whether Vi 
depends on Vj or vice versa. It denotes that both of vertices play a role of target and 
source for each other. We can map our hybrid modeling problem to clique problem such 
that: Given a simple graph G = (V, E) and a numeral value N≤|V|, is there a subset S ⊆ 
V where |S| = N, the induced subgraph CLQ is the complete graph on S provided 
number of edges in the CQ = Vcq (Vcq -1)/2. Among all of CQ, We are interested in the 
CQ with highest value of N. 
 
4. Experimental Setup and Data Preparation  

This section includes details of data preparation process and experimental steps. We 
obtained our sample DNA files from HCV Databases which contains a very large number of 
dataset belonging to various countries [31]. We restricted ourselves to only three countries 
Iran, Pakistan and Azerbaijan. In our experiment, we have considered the strains 1, 1a, 1b, 3a. 
CLUSTAL W. sequence alignment software was used for the local and global similarity 
calculation reported in this study. Although a lot of online tools are available to provide the 
results for CLUSTAL W results [29]. However, to deliver a unified single framework used in 
our methodology, all of the components were written in house to ensure availability of data 
pre-processing and analysis functionality integrated into one environment. From the literature 
review, it was highlighted that large amount of genetic material data as well as the complexity 
of biological networks has escalated the demanding situation of apprehending and 
interpreting the hidden information lurking in the data. A preliminary step towards addressing 
such challenge is the use of clustering techniques. The clustering can be considered an 
essential step in the data mining process to discover natural structures while identifying useful 
patterns in the underlying data. The Figure 3 illustrates the steps performed in the 
methodology.  

 
Figure 3. Proposed Hybrid Model 
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5. Result and Discussion 
We can describe the crux of this study such that all cliques resulted from the clustering 

runs resulted in a pattern of the most informative genes. In this section, we shall give its 
detail. In computational biology, sequence comparison is an important procedure which is 
directed to disclose similarity or dissimilarity relationships between molecular sequences. 
Nucleotide sequences are multiple-aligned using Clustal W. [29] which resulted in a matrix of 
HCV strains. K-mean clustering using four distance measures Euclidean, Manhattan, 
Minkowski and Tchebyschev distance measure were applied to identify the inherent group 
characteristics of the data [30]. A heuristic applied to identify the most informative groups of 
DNA without any associated threshold measure for clustering. Data visualization was applied 
to better elucidate and highlight the overall patterns of identified DNA sequences. 
 

 
Figure 4. Comparison of Sequence Similarity of Cliques to Whole DNA Dataset 

Figure 4 shows the identified pattern of DNA genes in each of the four strains of HCV 
dataset obtained from the clique modeling followed by clustering runs. 18 clustering runs for 
each of the dataset were experimented with seeds range from 3 to 20. Interesting facts we 
observed from this study is that all of the max-cliques were of high local and global sequence 
similarity. As a result of each experiment we obtained a large number of cliques from each 
cluster run. However, the max clique nodes were those DNA sequences which have high 
sequence similarity to each other. This validated the fact that the sequence of operations 
performed in our study has the ability to detect a peculiar pattern in all of the strains. We shall 
explain it by the statistical facts mentioned in the Figure 4. The HCV strains 3a consisted of 
total 338 DNA sequence, 293 DNA from Pakistan and 45 DNA from Iran. Genotype 3a, 1a, 
1b and 2 are most frequent in descending order in Isfahan province of Iran [32]. All DNA 
sequences from this set were cross examined against each other resulting in 56953 
comparisons. Average global and local similarity was of 0.447 and 0.460. K-mean clustering 
was applied to these 56953 comparisons with seeds range of 3 to 20. This results in 207 
clusters. We dig out cliques from these 207 clusters. The max. Cliques found among all of the 
cliques consisted of 31 nodes. The average global and local similarity for these nodes was 
0.829 and 0.856 respectively. This strong similarity corroborates a previous research in which 
it was stated that over expression of Core gene of HCV 3a genotype indicate stronger effect in 
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regulating RNA and protein levels of Cox-2, iNOS, VEGF, p-Akt in comparison to HCV-1a 
Core in hepatocellular carcinoma cell line Huh-7 accompanied by heightened PGE2 release 
and cell proliferation [33]. These procedures were repeated on other three strains 1, 1a and 1b. 
It is evident from the Figure-4 and Figure-5 that in each of the max cliques, the average 
similarity was much higher than that of the entire DNA in the dataset of each strain. From the 
preliminary result obtained, we can conclude that the proposed model has the potential to 
mine the interesting patterns from the dataset.  

The Figure-5 is the visual representation of the cliques, we obtained from the experiment. 
It provides users with results which can simplify the future analysis. In the Figure strain 1a 
(Pak, Iran)-2 is showing nodes of two shapes. The diamond nodes [HQ661846 and 
HQ661851] are both from Pakistan whereas all of the rest belong to the dataset from Iran. 
One other important evidence we observed was that same cliques were retrieved from the 
cluster using all four distance measures mentioned in the proposed methodology. However 
two cliques of strain 1b were not retrieved only from manhattans and Murkowski distance 
measure. 

 

 

   

 

Strain 1b (Azerbaijan, Iran) 

   

Strain 1a (Pak, 
Iran)-1 

Strain 1 (Pak, Iran) 

  

Strain 1b (Azerbaijan, Iran) 

   
Strain 1a (Pak, 

Iran)-2 
Strain 1b (Azerbaijan, Iran) Strain 3a (Pak, Iran) 

Figure 5. Visual Representation of max. Cliques obtained from various HCV Strains 

6. Conclusions 
As the genome project has been completed, a lot of genomic sequences have been made 

available. This motivates the research community to analyze these sequences, and find out 
useful patterns with respect to their sequence structure. Under this motivation, this paper 
describes an approach to mine globally significant maximum clique patterns out of large 
amount of DNA gene data. The objective was to search for meaningful patterns related to 
identify highly correlated structurally similar sequences and their discrimination 
characteristics. One characteristic revealed in our study was that the DNA genes which have 
high global or local sequence similarity, they tend to form a maximum clique when clustered. 
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It can be concluded that the knowledge discovery experiments in this study leads to 
classification models with most informative genes. We have tested our method on HCV 
database initially on three regional countries [31]. The methodology has resulted in 
identification of a small number of the most coherent genetic material out of a total of 520 
DNA sequences. In knowledge discovery system, success is measured in terms of 
achievement of discrimination of versatile groups from large dataset. We believe that the 
approach described in this study has potential for achieving this objective to a reasonable 
extent and can be further used in disease classification, diagnostic and virology applications. 
In the Middle East, Networking for overcoming viral hepatitis has been established [20]. The 
research carried out in this study may be helpful in analysis of such networks to foster HCV. 

We can identify the future work in two dimensions. The first dimension is related to 
perform exhaustive experimentation on large dataset publicly available at HCV 
database [31]. The second dimension is related to the complete evaluation of the result 
set and computation of the recall values of the information gain. The overall result will 
be evaluated by the domain expert in order to validate the results and generalize them. 
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