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Abstract: In Sequence alignment, the chains of DNA, RNA, or protein are aligned and compared to recognize homogeneous
portions which could be the result of functional, organizational, or evolutionary connections between the chains. This process
gives similar sequences as its result. Similar sequences often have the same biological function. This knowledge can be used to
draw further conclusions that we can ascertain the function of a query DNA sequence by comparing it with a target sequence
performing a known function. In this article, we use this idea to develop an Advanced Java-based web application where the user
interface allows the user to enter an unknown DNA sequence. Using pattern-matching algorithms, the application can calculate
how similar the sequence is with genes stored in a database. Based on the result, a trained medical practitioner will be able to
determine whether the unknown gene can be cancerous.
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I. INTRODUCTION

Cells, the constituent elements of life, contain a plethora of information stored in the long nucleotide chains called DNA. This
information, when analyzed properly can shed light on the reason behind different life-threatening diseases. As the study of Genetic
information is crucial to understanding complicated diseases like Cancer, it is evident that the exploration of DNA, RNA, or protein
sequences is extremely important. However, as the genetic information is stored in the thousands of nucleotide-long DNA chains,
manual examination and interpretation of the genetic materials are not convenient. Computational tools and techniques on the other
hand can do the job more efficiently ™.
Sequence Alignment is one such computational technique where DNA, RNA, or protein sequences are aligned to point out
conserved regions that may have a functional, structural, or evolutionary correlation. Sequence Alignment results give similar
sequences, i.e., sequences having similar functions. Hence, we can establish the function of a query DNA sequence by comparing it
with a target sequence performing a known function. This approach is extremely useful when studying different life-threatening
diseases like Cancer. In fact, in the diagnosis and treatment of cancer, this can play a huge role. Our approach is to prepare a web
application where the user will be able to enter an unknown DNA sequence. Using pattern-matching algorithms like Needleman-
Wunsch B, Smith-Waterman @, etc., the application will calculate the sequence similarity with genes stored in a local database.
Based on the result, a trained practitioner will be able to say whether the unknown gene can be cancerous.
The flow of this research article is as follows:
1) At first, we have discussed a few widely used sequence alignment algorithms and their shortcomings in section 2.
2) We have then introduced our chosen algorithm and the advantages it possesses. Also, we have discussed the modifications that

we have made.
3) Then we have described the architecture we have followed in our proposed web application.
4) We have discussed our results and future scope in the conclusion.

Il. BACKGROUND AND RELATED WORK

The genetic materials in cancerous cells go through a series of changes that modify the normal cell properties . Over time,genes
become mutated more frequently, and cells develop different properties like malignancy, anaplasia, metastasis, loss of adhesion !,
etc. Mutated genes are often linked with different forms of cancer. Genes can be classified into three groups: the proto-oncogenes,
which normally enhance cell division, and the tumor suppressor genes that prevent cell division. The third group is DNA repair
genes which help avert mutations that lead to cancer. In a healthy state, these genes maintain the balance. Once mutated they disrupt
the system and may produce cancer. If homology or shared ancestry is found between a known cancerous gene and an unknown
query sequence, the query sequence may be transformed into a cancerous gene through mutations. Sequence alignment can help in
finding homology.
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There are different classes of sequence alignment algorithms namely global alignment algorithms and local alignment algorithms.
Global alignment algorithms align each residue in all the sequences. They are suitable for sequences similar in length. Meanwhile,
local alignment algorithms find regions where the density of similarity is high. These techniques use different scoring mechanisms
to score matches, where the residue at a particular index is identical in both the sequences under observation and gaps, where a
residue seems to be deleted in one sequence and inserted in the other. The resultant score is then used to ascertain the similarity
among the sequences. A few popular algorithms are:

A. Needleman-Wunsch Algorithm

It is a global alignment algorithm. Needleman Wunsch algorithm ! finds the ideal alignment between two similar protein or
nucleotide sequences of roughly equal length. This global alignment algorithm is a dynamic programming approach to finding the
optimal alignment of two sequences in their entirety among many possible alignments. This algorithm uses a scoring matrix which
helps in verifying the similarity between the sequences and a traceback method of the matrix provides the optimal alignment.
However, in the case of highly dissimilar sequences, the alignment may not have any biological significance.

B. BLAST

BLAST is a local alignment algorithm that is one of the most extensively used alignment algorithms in the world. It is a complex
tool that conducts similarity searches against different sequence databases to provide related sequences. It is relatively faster than its
competitors. However, it is a heuristic algorithm. As a result, it does not consider all the alignments that it finds.

I1l. PROPOSED MODELING
We have developed a web application based on advanced java that provides the similarity between a query gene and the cancerous
genes stored in a local database. This portion of the article is organized in two sub-parts:

A. Software Architecture

We have developed our web application following the iterative waterfall model ***? and MVC architecture. In the Iterative
waterfall model [Figurel], each phase of software development is linearly conducted one after another. Moreover, there is a
feedback path from every stage of the lifecycle to its previous phase so that one can redirect their course of action.

The architecture of the software is based on MVC or Model-View-Controller architecture ™. It is a three-tier architecture that
comprises a model object, a controller, and a view.

Feasibility Study
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Design
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unit testing
E systam

{ —

Figure 1: Iterative Waterfall Model

View provides the visualization of the data included in the model to the user. In this case, the user interface of our application is
easy to operate. It allows the user to enter the query sequence with ease.

A model is an object which contains the data. In this case, it is the local database containing cancerous gene sequences. The model
also contains the logic to revise the controller if the data is modified.

The controller controls the flow of data into the model and modifies the view accordingly.
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The advantage of this architecture is that it keeps the model part and the view part separate which makes data manipulation easier.
The model is explained in Figure 2.

Figure 2: MVC Architecture

B. Proposed Algorithmic Logic

We have developed a web application called SeQALign-C which is grounded in the local alignment algorithm Smith-Waterman
algorithm. This application has an easy-to-use user interface through which the user can enter the query DNA sequence. After the
data has been enteredthis query sequence is utilized to perform alignment with the cancer gene sequences stored in the local
database. After the database is exhausted, the alignment similarity scores are calculated as mentioned in the flowchart in Figure 3.
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Figure 3: Flowchart of Operations
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The Smith-Waterman algorittm # is a dynamic programming approach that divides problems into subproblems to combine the
solutions to these smaller problems to develop the solution of the original problem /. The algorithm has three phases:

1) Initializing the score matrix

2) Scoring

3) Traceback

ALGORITHM 1: SMITH-WATERMAN ALGORITHM
Input: Two sequences x and y of length M and N,
linear gap cost A, mismatch cost, and match cost
Output: Dynamic Programming matrix F

1 procedure Smith-Waterman-Align(x,y,F)

2 F0,00=0

3 fori=1toMdo

4 F@i,0)=0

5 end for

6 forj=1toNdo

7

8

9

FO,j)=0

end for

Fori=1toM do
10 forj=1toNdo
11 ifx[i] ==y[j] then
12 ¢ = match
13 else
14 ¢ = mismatch
15 end if
16 substitute = F(i-1, j-1)+c
17 delete = F(i-1, j)-A
18 insert = F(i, j-1)-A
19 F(i, j)= max(0,substitute, delete, insert)
20 end for
21 end for

22 Traceback(F)
23 end procedure

At first, the first row and the first column of the score matrix are initialized with zero. Then the scoring matrix is filled up using the
following equation ¥,
F(i —1,j — 1) + match
Fli—1,j)—A
Fli,j—1)—A
0

F(i,j) = max

where A is the gap penalty ["). The Traceback procedure is initiated from the maximumvalue and then the path followed to reach
there is traced back in the reverse direction and the alignment is obtained.

Now the highest value in the score matrix is the similarity or match score. However, a match score alone is not a good measure of
how significant a particular match is. It is essential to establish whether an alignment has any biological significance ™. As a result,
we propose the application of the Smith-Waterman algorithm along with a few statistical measures like z-score and p-value. Z-score
represents how many standard deviations above or below the mean of the population a particular alignment lies. The proposed
approach is portrayed in the following algorithm.
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ALGORITHM 2: SMITH-WATERMAN ALGORITHM FOR DATABASE SEARCH USING STATISTICAL ANALYSIS
Input: A query sequence, database sequences
Output: Alignment, match score, identity score, z-score, p-value
procedure Smith-Waterman-DB(F, DB)
Fetch Database sequences and store in a list called DB
for each sequence S[i] inDBdo
Smith_Waterman-Align(Q,S[i],F)
end for
for each alignment A[i] in S alignments do
Compute mean, SD, Z-score, and p-value
end for
Determine significance by noting alignments with minimum p-values
end procedure
The complexity of the Smith-Waterman algorithm is in the order of M*N.

IV. RESULTS AND DISCUSSIONS
The operation of the web application is very straightforward. The local alignment algorithm chosen for the application is the Smith-
Waterman algorithm. It is a local alignment algorithm. Although it is not as fast as its heuristic counterpart BLAST, it is less likely
to miss important regions of similarity . As our objective is the prediction of cancerous patterns in gene sequences, we are more
concerned with precision than time consumption. Moreover, the inclusion of statistical measures ensures that a medical practitioner
will be able to resolve whether the query sequence is similar to any sequence in the local database and whether the similarity is
significant.

localhast nceAlignment.com/displaylignment3 jsp c e TEH U A DO E = KoK

Figure 4: Option to Perform Glbal Alignment

Our web application provides options to perform global alignment based on the Needleman-Wunsch algorithm and local alignment

nnnnnnnn ¢ searc "B U+ A GO u = MoK

Figure 5: Option to Perform Local AIinment
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Performing local alignment automatically provides the statistical measures for further analysis.
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Figure 7: Statistical Measures Provided

V. FUTURE SCOPE
In the future, the application can be made more comprehensive by making it compatible with online cancer databases. Moreover, it
can also be extended towards the prediction of other diseases like Thalassemia. This software could also be incorporated into a
bigger project, where a novel gene could be used as a query sequence, and after obtaining the result, gene expression data could be
used to analyze the effect of the gene. In the future enhanced version of the software, a 3D protein viewing model can be added to
determine the structure of the protein coded by the novel gene.

VI. CONCLUSION
Homology is the existence of shared ancestors between gene sequences and often homology can be found in similar sequences.
Thus, sequence similarity can be used to determine the function or structure of a query gene. If a query gene is sufficiently similar to
a known cancerous gene sequence, then it will mean that through mutations the query gene can be transformed into an oncogene
which in turn can cause cancer. To determine the significance of the similarity statistical measures like z-score and p-values are
provided. In the future, this application can be further developed to help in the diagnosis and treatment of cancer.
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