
Abstract
The biological data is available in different formats and is 
comparatively more complex. Knowledge discovery from these 
large and complex databases is the key problem of this era. 
Data mining and machine learning techniques are needed which 
can scale to the size of the problems and can be customized to 
the application of biology. The research in bioinformatics has 
accumulated large amount of data. As the hardware technology 
advancing, the cost of storing is decreasing. The biological data is 
available in different formats and is comparatively more complex. 
Knowledge discovery from these large and complex databases is 
the key problem of this era. Data mining and machine learning 
techniques are needed which can scale to the size of the problems 
and can be customized to the application of biology. In the present 
research work, Open Reading Frame is Detected with the help of 
data mining. Various consensus Sequences are gathered and Cluster 
algorithm is applied based on local alignment score calculation. 
The sequences having greater score will be more similar and 
this is basis for applying clustering algorithm. Another algorithm 
which uses the clusters created by previous algorithm is created 
for detecting the percentage match of the consensus sequence with 
the entered DNA sequence which further results for the Detection 
of Open reading Frame of entered sequence
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I. Introduction

A. Data mining
The largest part of process known as knowledge discovery, 
Data mining is the process of extracting information from large 
volumes of data. This is achieved through the identification and 
analysis of relationships and trends within commercial databases. 
Data mining is used in areas as diverse as space exploration and 
medical research. The non trivial extraction of implicit, previously 
unknown, and potentially useful information from data variety of 
techniques to identify nuggets of information or decision-making 
knowledge in bodies of data, and extracting these in such a way 
that they can be put to use in the areas such as decision support, 
prediction, forecasting and estimation. 

B. Cluster Analysis Technique of data mining
Cluster analyzes the data objects without consulting a class label. 
The objects are clustered or grouped based on the principle of 
maximizing the intra-class similarity and minimizing the interclass 
similarity. Clusters of objects are formed so that objects within a 
cluster have high similarity in comparison to one another but are 
very dissimilar to in other clusters. Each cluster that is formed can 
be viewed as a class of objects from which rules can be derived 
[9]. Fig. 1 below shows  When a hierarchy of clusters like this 
is created the user can determine the right number of clusters 
that adequately summarizes the data while still providing useful 

information (at the other extreme, a single cluster containing all 
the records is a great summarization but does not contain enough 
specific information to be useful) [8]. Clustering analysis has 
received significant attention in the area of ORF Detection. It 
allows the identification of the structure of a data set, i.e. the 
identification of groups of similar objects in multidimensional 
space. Clustering procedures yield a data description in terms 
of clusters or groups of data points that possess strong internal 
similarities. Some possible methods of clustering are:

1. Divisive or Partitional Clustering
These methods start with each point as a part of a random or 
guessed cluster and iteratively move points between clusters until 
some local minimum is found with respect to some distance metric 
between each point and the center of the cluster it belongs to.

2. Hierarchical Clustering
These methods start with each point being considered a cluster and 
recursively combine pairs of clusters (subsequently updating the 
inter-cluster distances) until all points are part of one hierarchically 
constructed cluster.

3. Graph Theoretic Methods
These methods are partitioning methods that partition the space 
into sub-graphs with respect to some geometric properties.

 
Fig. 1 : Hierarchy of Clusters.

C. Bioinformatics
Bioinformatics is the integration of computer Science, 
Mathematical and Statistical methods to manage and analyze 
biological information. It is a field of science in which Life 
Sciences and Computational Sciences merge into a single 
discipline. The Oxford English Dictionary defines bioinformatics 
as “The science of collecting and analyzing complex biological 
data such as genetic codes” The National Center for Biotechnology 
Information defines bioinformatics as “the field of science in which 
biology, computer science and information technology merge into 
a single discipline”. There are three important sub-disciplines 
within bioinformatics:
• The development of new algorithms and statistics with which 

to assess relationships among members of large data sets.
• The analysis and interpretation of various types of data 
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including nucleotide and amino acid sequences, protein 
domains, and protein structures.

• The development and implementation of tools that enable 
efficient access and management of different types of 
information.With the hardware technology advancing, 
the cost of storing is decreasing. Thus there is an urgent 
need for new techniques and tools that can intelligently 
and automatically assist us in transferring this data into 
useful knowledge. Different techniques of data mining are 
developed 

• which are helpful for handling these large size databases.

II. Open Reading Frames
Translation by ribosomes starts at translation-initiation sites on 
RNA copies of gene and proceeds until a stop codon is encountered. 
Just as three codons of the genetic code reserved as stop codons, 
one triplet codon is always used as a start codon.Specifically, the 
codon AUG is used both to code for the amino acid methionine as 
well as to mark the precise spot along an RNA molecules where 
translation begins in both prokaryotes and eukaryotes. Accurate 
translation can only occur when ribosomes examine codons 
in the phase or reading frames that is established by a gene’s 
start codon. Unless a mistake involving some multiple of three 
nucleotides occurs, alterations of a gene’s reading frames change 
every amino acid coded downstream of the alteration, and such 
alteration typically result in the production of a truncated version 
of the protein due to ribosomes encountering a premature stop 
codon. Most gene code for proteins that are hundreds of amino 
acids long. Since stop codons occur in a randomly generated 
sequence at about every 20th triplet codon, one of the reading 
frames of the RNA copies of most genes has unusually long runs 
of Codons in which no stop codons occur. These strings of Codons 
uninterrupted by stop codons are known as open reading frames 
(ORFs) and are a distinguishing feature of many prokaryotic and 
eukaryotic genes.

A. Introns and Exons
Introns are a common eucharistic event. Several features of 
interrupted genes are: 
• The sequence order is the same as in the mRNA 
• The structure of an interrupted gene is identical in all 

tissues. 
• Introns of nuclear genes have termination codons in all three 

reading frames. 
Exon : RNA sequences in the primary transcript that are found 
in the mRNA.
Intron : RNA sequences between exons that are removed by 

B. Splicing 
Introns have been found in eucharistic mRNA, tRNA and 
rRNA, as well as chloroplast, mitochondrial and a phase of E. 
coli. Eubacteria are the only species in which introns have not 
been found. In general, genes that are related by evolution have 
related organizations with conservation of the position at least 
some introns. Furthermore, conservation of introns is also detected 
between genes in related species. The amount and size of introns 
varies greatly. The mammalian DHFR has 6 exons that total about 
2000 bases, yet the gene is 31,000 bases. Likewise, the alpha-
collagen has 50 exons that range from 45-249 bases and the gene 
is about 40,000 bases. Clearly two genes of the same size can have 
different number of introns, and introns that vary in size. Some 
species will have an intron in a gene, but another species may not 
have an intron in the same gene. An example is the cytochrome 

oxidase subunit II gene of plant mitochondria where some plant 
species have an intron in this gene and others do not (Rastogi & 
Mendiratta, 2004).

1. Splicing of RNA
Most introns start from the sequence GU and end with the sequence 
AG (in the 5' to 3' direction). They are referred to as the splice donor 
and splice acceptor site, respectively. However, the sequences at 
the two sites are not sufficient to signal the presence of an intron. 
Another important sequence is called the branch site located 20 - 
50 bases upstream of the acceptor site. The consensus sequence 
of the branch site is "CU (A/G) A(C/U)", where A is conserved 
in all genes.

Fig. 2 : The Consensus Sequence for Splicing. Pu = A or G; Py 
= C or U.

III. Choice of Sequence Format
There are four basic types of molecules involved in life: (1) small 
molecules, (2) proteins, (3) DNA and (4) RNA. Proteins, DNA 
and RNA are known collectively as biological macromolecules. 
DNA is the main information carrier molecule in a cell. DNA may 
be single or double stranded. A single stranded DNA molecule, 
also called a polynucleotide, is a chain of small molecules, called 
nucleotides. There are four different nucleotides grouped into two 
types, purines: adenosine and guanine and pyrimidines: cytosine 
and thymine. They are usually referred to as bases (in fact bases 
are the only distinguishing element between different nucleotides, 
and denoted by their initial letters, A, C, G and T.  This sequence is 
stored in text files. There is very long sequence (Chain of different 
combinations of ATCG) stored in the file. The main interest of 
biotechnologist is to search the sequence for similarity with other 
sequence. The only difference in DNA and RNA is that in RNA 
Thymine (T) is replaced with Uracil (U). There are different 
formats that are used to organize this sequence data. Types of 
different data formats [5] are given below:
• Plain Text
• FASTA Format
• Genbank
• Genetic Computer Group Format (GCG)
After studying the different DNA format, plain text was chosen 
for the present problem. The plain text format is comparatively 
simple than the other formats available. Moreover the other details 
regarding DNA are not necessary for the present research work.

IV. Methodology
The methodology for the proposed work will involve the use of 
Data Mining techniques to analyze the given database and retrieve 
the desired information.
• Data collection for eukaryotes.
• Finding rules for intron predictions.
• Creation of Open Reading Frame.
• Different mining techniques and suggesting appropriate 

approach from the available data.
• Implementation.
• Verification.
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This project handles the data of DNA analysis module. One data 
is related to DNA sequence and other is related to the Protein 
sequence. These are discussed below:

A. DNA to pre-mRNA Conversion
 DNA is the main building block of a living organism. A cell acts as 
biological catalysts called as enzymes. Information stored in DNA 
is used to make more transient, single-stranded polynucleotide 
called RNA (ribonucleic acid). The process of making an RNA 
copy of a gene is called transcription and is accomplished through 
the enzymatic activity of a RNA polymerase. DNA sequence is 
accepted in the form of Plain Text format and then the extra spaces 
or gaps are trimmed from it. There is a one to one correspondence 
between the nucleotide used to make the RNA (G, A, U and C 
where U is an abbreviation for Uracil). In the process of DNA to 
RNA, T is replaced by U, which results in RNA sequence.

B. Pre-RNA to mRNA Conversion
The messenger RNA (mRNA) copies of prokaryotic genes 
correspond perfectly to the DNA sequence present in the organism’s 
genome with the exception that the nucleotide uracil (U) is used 
in place of thymine (T). In case, translation by ribosomes almost 
always begins while RNA polymerases are still actively transcribing 
a prokaryotic gene. Eukaryotic RNA polymerases also use uracil 
(U) in place of thymine (T), but much more striking differences 
are commonly found between the mRNA molecules by ribosomes 
and the nucleotide sequence of the eukaryotic gene. In eukaryotic 
genome the two-step of genes expression are physically separated 
by the nuclear membrane, with transcription occurring within the 
nucleus and translation occurring after mRNA has been exported 
to the cytoplasm. Pre-RNA to mRNA conversion is computed 
The RNA sequence is accepted in the form of plain text format. 
The first eukaryotic genomic sequence is obtained, which contain 
genes “intervening sequence” (introns) that interrupt the coding 
regions. RNA splicing is a process that removes the non-coding 
part (introns) and joins exons in a primary transcript. The different 
kind of introns have been found in eukaryotic cells through 
only one of that type, the one that conform to a GU-AG rule is 
predominantly associated with eukaryotic protein coding genes. 
The GU-AG rule, the first two nucleotides at the 5’end of the RNA 
sequence of all of these introns are in variably 5’-GU- 3’ and the 
last two at the 3’ end of the intron are always 5’-AG-3’. Additional 
nucleotides associated with these 5’ and 3’ splice junction as well 
as an internal branch site [10][14]. In the present work, introns 
are removed from pre-mRNA based on GU-AG rule. The final 
sequence after skipping the intron part is m-RNA, which contains 
exons only.

V Results and Discussion
The present research work is on predicting Open reading Frame for 
eukaryotes using data mining technique. The following processes 
associated with two sub processes.
• DNA to pre-mRNA conversion
• Pre-mRNA to mRNA conversion
The main focus in this research work was applying appropriate 
data mining algorithm on the consensus data gathered from 
various sources and applying the clusters created through that 
data mining algorithm on entered DNA sequence to know the 
percentage match of consensus sequence with the entered DNA 
sequence and then come to the conclusion based on threshold 
value entered by the user that whether entered DNA is  it is a 
junk DNA and if not Open Reading Frames of the entered DNA 
sequence is calculated and shown , consensus sequence match 

and consensus class is shown. The user inputs the DNA sequence. 
The extra spaces present in the input sequence are also trimmed. 
Local Alignment score is calculated with the sequences having 
greatest similarity calculated though the data mining algorithm 
applied on the consensus sequences .If score >=8 then score of 
entered DNA sequence is matched with the items of the cluster 
having similarity>=8 and consensus sequence having greatest 
score is found out otherwise best similarity with the second 
cluster is calculated. Then the percentage match of the entered 
DNA sequence with the consensus sequence is calculated and if 
that match is greater than or equal to the entered threshold value 
then various outputs are displayed. The clustering algorithm that 
works at back end is similar to the single link technique. With 
this serial algorithm, items are iteratively merged into existing 
clusters that are closest(in terms  of similarity). In this algorithm a 
threshold, threshold, is used to determine if items will be added to 
existing clusters or if a new cluster is created. The basis for making 
clusters is local alignment between the sequences, as larger the 
score more the sequences will be similar. So the sequences having 
score greater than or equal to the threshold value are entered into 
one cluster and rest of the sequences having score less than the 
given threshold are entered into second cluster. The complexity 
of this algorithm actually depends on the number of items. For 
each loop, items must be compared to each item already in a 
cluster. This is n in the worst case. Thus, the time complexity 
is O(n2).Space requirement is assumed to be also O(n2).That 
is same as nearest neighbor algorithm. Proposed algorithm is 
changed form of nearest neighbor algorithm. Changes are based 
on seeing the characteristics of input data. The objective of target 
identification is to identify a biological molecule that is essential 
for the survival or proliferation of a particular disease-causing 
agent, or pathogen. Once the target is identified, the objective of 
drug design is to develop a molecule that will bind to and inhibit 
the drug target. An understanding of the structure and function of 
proteins is an important component of drug development because 
proteins are the most common drug targets.  Various types of RNA 
sequences (rRNA, tRNA etc) can also be generated for a given 
DNA sequence. 

Fig. 3: First Display Screen of Data Mining Model for ORF 
Detection

         

 92 InternatIonal Journal of Computer SCIenCe and teChnology

IJCSt Vol. 2, ISSue 3, September 2011 I S S N  :  2 2 2 9 - 4 3 3 3 ( P r i n t )  |  I S S N  :  0 9 7 6 - 8 4 9 1 ( O n l i n e )

w w w . i j c s t . c o m



Fig. 4 : After entering consensus sequence data.

VI. Conclusion
The Data Mining Model constructed for Open Reading Frame 
outputs the Open Reading Frame, Consensus sequence class and 
consensus sequence present in the entered DNA sequence. This 
model can further be useful for determining the gene expression 
and further protein sequence for the input DNA sequence. The 
provision is also there to input the consensus sequence directly 
which results to working of the data mining algorithm at backend 
and clusters created are used to retrieve the results at the relevant 
stages. All the possible Open Reading Frames, consensus sequence 
and consensus sequence class are shown at the output. The present 
work will assist the researchers to detect the relevant outputs at 
the different stages of Open reading Frame. This can further assist 
to predict the gene expression for the given DNA sequence which 
can further lead to predict the type or class of the gene under 
consideration. Following data mining techniques were utilized 
for retrieving the results.
• Association
• Cluster Analysis

VIII. Future Scope Of Work
Following improvements regarding the developed model of 
bioinformatics can be made:
• The model can be extended to implement Gene expression 

for eukaryotes.
• Predicting ORF is intermediate step for finding the final 

amino acid sequence; different protein structures (primary, 
secondary and tertiary) can be predicted. This can further 
help in drug design.

The overall process of drug design can be broken into two major 
components: Discovery and testing. The testing process, which 
involves preclinical and clinical trails, is generally not subject 
to significant enhancement using computational methods. The 
discovery process, however, is labor intensive and expensive and 
has provided a fertile ground for components, including target 
identification, lead discovery and optimization, toxicology and 
pharmacokinetics. 
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