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Abstract—Sequence alignment is the technique of comparing and detecting similarities between
biological molecules sequences. Sequence alignment is most beneficial in many ways in
bioinformatics programs. Alignments are one of the maximum basic and vital approaches to
analyze the similarity among two or more sequences. Hirschberg's algorithm is one of the
methods used to align the biological molecules sequences based on dynamic programming
approach. The essential application of this algorithm is to go looking most beneficial sequence
alignment among two nucleotide or amino acid sequences. The primary intention of this
research paper is to observe and evaluate Hirschberg’s algorithm in phrases of seek area and
time complexity to obtain optimal path selection for sequence alignment with dynamic
programming approach in Bioinformatics.

Index Terms— Sequence Alignment, Dynamic Programming, Hirschberg's Algorithm, Optimal
Path Selection, Bioinformatics.

|. INTRODUCTION

Sequencing is the method of detecting the precise order of nucleotides of a given DNA sequence. It is used to
determine the order of the four bases adenine (A), guanine (G), cytosine (C) and thymine (T), in a strand of DNA.
DNA sequencing is used to determine the sequence of individual genes, full chromosomes or entire genomes of
an organism[1]. Sequence alignment is a strategy of orchestrating sequences of DNA, RNA or protein to find
zones of similarities. The closeness in the similarities are being recognized as a viable, auxiliary (or)
development connections among the sequences. Which looks for structural and functional relationship between
the pair of two biological sequences. Due to the more prominent time it has outperformed and also mutation
occurred in the sequence. These changes can make substitutions, addition or cancellations of mutations[2].
Dynamic programming is an algorithmic method commonly used in series evaluation. It is used in sequence
comparison, sequence structure prediction etc., It finds possible matches and gaps at all positions in the
biological sequences. This dynamic programming approach locates the ideal alignments between the two
sequences based on their similarity or distance after assessing the significance of this score[3].

Sequence analysis in bioinformatics refers to the process of subjecting a DNA, RNA or peptide sequence to any
of a wide range of analytical methods to analyze its features, function, structure, or evolution[4]. An effective
methodologies are required for sequence alignment using the existing databases as well as adding the new
sequences to its respective databases, because the collection of sequences in such a database cannot be easily
interpreted by the scientists. But, comparing these new sequences to those with known functions is one of the
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ways of understanding the biology of an organism from which the new sequence arises. Pairwise sequence
alignment in one such methods which compares only the two sequences[5]. Mutations on a sequence overtime
may spilt the sequence into some substitutions[6]. Thus, sequence analysis can be used to assign function to
genes and proteins by the study of the similarities between the compared sequences. Nowadays, there are many
tools and techniques that provide the sequence comparisons and analyze the alignment to understand its
biology[7]. This proposed work is to find optimal alignment between the given two sequences based on scoring
and similarity and on distance measures.

In this work, the Hirschberg's algorithm based on dynamic programming approach is used for optimal path
selection for sequence alignment. The remaining part of the paper is organized as follows, Introduction is given
in Section I. Related works are in Section Il and Section Il describe the methodology, the results and discussion
are in section IV. The conclusions are given in section V.

1. RELATED WORKS

The biological sequence database composed of DNA sequences, the existing search algorithm is time-consuming
and requires multiple scans of the database. To overcome these disadvantages, in the method[8], a threshold
based conditions is used for mining the sequence patterns. The computed degree value for the subsequences are
compared with the threshold value to find the sequence patterns. This algorithm found to have minimum
computation time and improved sequence patterns. In[9], the author have introduced an effective data structure
for storing the correlation matrix for mining the key fragments in DNA sequences. This new approach could
handle ultra-long DNA sequences even with the limited storage space. This method is considered as one of the
novel approaches for sequence mining. Zhou et al.[10] introduced an algorithm named as mMBioPM for
sequence pattern mining by optimizing the hash table structure with pattern division features. This method
overcome the problem of data complexity and computation time. A novel implementation based on PWSA
algorithm was introduced by Khaled et al. [11], they used GPU (General-purpose Graphics Processing Unit)
architecture in addition to dynamic programming . They used the above proposed algorithm for sequencing DNA
structure. An efficient method to calculated the alignment matrix by using the divide-and-conquer strategy was
implemented in [12]. It uses a CUDA-compatible GPUs and divided the entire matrix into several sub matrix and
allocated the available threads and memories to each of the sub matrix.

An another parallel approach based on NW algorithm was developed by Chaudhary [13]. They used skewing
transformation for traversal and calculation of DP matrix. The comparison between CPU-based and parallel
GPU-based implementation for calculating DP matrix was performed in their proposed method.

To achieve an optimal local alignment between the pairwise SW sequence, a novel framework based on CUDA
parallel paradigm was introduced in [14]. As the researchers are focusing to use parallel architecture for the
computation involved in SW Sequence alignment algorithm, heterogeneous anti-diagonal approach was
introduced in [15] to have interaction between the CPU based serial design and GPU based parallel design.
Parallelism of SW algorithm based on columns of the similarity matrix is introduced in [16]. When compared to
OSEARCH, this proposed method achieves 37 times higher speed, and exhibits the advantages of CPU and
GPU architecture. Performance of NW algorithm [17] were increased by using these implementation approach
based on the mixture of specialized software and hardware solution. This method produced better outcome on
large scale input when compared with the existing algorithms.

Recently, concept of progressive method have been used in many of the new multiple sequence alignment
method [18]. In general, the conventional progressive method start by aligning the most closely similar
sequences, then it starts aligning the new sequences by increasing the distance measure for similarity checking.
A guide tree is used for choosing the new sequence for alignment to build MSA, and a common progressive
method was introduced in [19]. GLProbs- Random and GLProbs-Reference [20] are the improved guide tree
based progressive alignment method, and the guide tree is randomly generated.

A hidden Markov model for enhancing MSA was implemented in ProbCons [21]. This ProbCons [21] is a MSA
tool, which uses Probabilistic and Consistency in obtaining the sequence. Probalign [22] developed a similar
approach named as ProbCons as that of Hidden Markov Model (HMM). Another method called ProbPFP,
combines PSO along with partition function for progressive alignment [23]. In [24], they introduced, T-Coffee,
which is a consistency-based approach for progressive alignment. In T-Coffee, instead of substitution matrix,
position-specific scoring is used for progressive alignment. A hybrid approach based on pair hidden Markov
model along with partition function is used to find the posterior probabilities for aligning the sequences[25].
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I1l. METHODOLOGY

A. Measurements of Scores

In general, sequence alignment problem uses the scoring function to measures the scores of aligning characters
in the sequence at their position and also calculate the total scores on the entire sequence by adding the scores in
all positions[26]. Once all possible sequence and its scores have been calculated, it finds the maximum total
score for every sequence. After measuring the score, it needs to find the similarity between the given
sequences[27]. Most of the existing sequence alignment algorithms mainly focus to get the output alignment by
considering the speed of the computation not on the accuracy of the alignment sequence. Scoring process in the
prerequisite for the sequence alignment process. It first construct scoring matrix to keep track of the assigned
scores for the given pair of two sequences[28]. The matrix is filled as per the match, mismatch and gap value
assigned in the sequence. The Figure 1 illustrates the match, mismatch and gap between the pair of sequences.
Figure 2, demonstrates the alignment of the given two input sequence after finding match, mismatch and gap.

Mismatch

Figure 1. Match, Mismatch and Gap in input sequence
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Figure 2. Alignment of Match, Mismatch and Gap

B. Dynamic programming approach for sequence alignment

Dynamic programming approaches are most widely used and acceptable approach for sequence alignment to
find all possible alignments between the given two input sequences[29]. In this approach, it considers the entire
length of the two sequences and finds the matches and mismatches of the sequences. Let us consider the
following two sequence X and Y.

X =X1,XX3,... X 1)

Y=y,,yY3  Ym 2

The dynamic programming approach finds the length of the sequences X and Y, and insert gaps (or) spaces to X
and Y until the length of the both sequence becomes same[30]. The modified sequences are fed into a sequence
alignment algorithm to find all possible alignments between the given two input sequences. In general, the
sequence alignment may produce an overlap alignment (or) banded alignments[31]. The overlapping alignment
do not leave gaps at the beginning and end of the sequence, in such a case, the end of the one sequence will form
the beginning for the next sequence. This kind of alignment are referred as free end-gaps alignment, as shown in
Figure 3.

On the other hand, banded alignment determines the position where the lower diagonal of the band crosses the
vertical axis, and also it specifies the position where the upper diagonal of the band crosses the horizontal axis as
illustrated in Figure 4.
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Figure 3. Free end-gaps alignment
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Figure 4. Banded Alignment

In order to find the matrix value for the banded alignment, we have to consider the point where the diagonals
crosses the horizontal and vertical axis. Then the value is computed using the following equation[1].

fG) =—x ®)

It assigns with positive/negative score based on crossing of diagonal or horizontal and vertical axis. If the lower
and upper diagonals are equal, then it uses the hamming distance to find the score.

C. Optimal Path Selection usign Hirschberg’s Algorithm

Hirschberg's algorithm is one such algorithms used for sequence alignment. It produces optimal alignment by
considering the optimal midpoint using the computed score matrix in the two sub problems[1][32]. Figure 5
Illustrates optimal midpoint selections between the two sub problems.
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Figure 5. Selection of optimal midpoint by Hirschberg’s algorithm
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If need arises, the subproblem, may further sub divided into subsubproblem and so on, it can be extended until
an optimal path is determined based on the score matrix[9][33]. Often the computation time for this approach is
directly proportional to the problem size. After determine all the mid points, it is necessary to find the optimal
path sequence for the given input sequence. The following are the summary of the steps involved in Hirschberg’s
algorithm[1][10] used for finding the optimal path. Here (i,j) and (i', j') denotes the beginning and end of the path
respectively .

The computations used to find optimal path in Hirschberg's algorithm:
Hirschberg (i,j,i',j")
1 ifj'—j>1
wt(i)

0<i<m

3. Report <i *,j+]T_]>

2. ixeargmax

4. Hirschberg <i,j,i *, J +]T_]>

5. Hirscgberg <i *,j+] 2_],1",]">

In Figure 6, the uncoloured area denotes the aligned pairs on the optimal path from (i,j;) to (i,j2), the colored
area indicate the areas where the optimal path is yet to be computed.

Optimal
Path

M

Figure 6. Optimal path selection using Hirschberg's algorithm

IV. RESULTS AND DISCUSSION

This proposed work is experimented with randomly selected input sequences from publicly available GenBank
to determine the optimal sequence for the given pair of input sequences.
Consider the following input sequences.

Sequence a: AATCG
Sequence b: AACG

Scoring in's: Match -1~ Mismatch 1 Gapy?2
For distance minimization, match scores should be smaller than all other scores.

Recursions:
The computation of recursion for the input sequence is given below.
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Diyj1+ -1la; =
Di_1j-1+ 1 a; #b;
Dii;+ 2 b= —
Dij1+ 2a;= —

Di—1j-1 +s(a; by)
D;j = max{Di-1j +v = max
Dijj-1 +v
(4)

D'it1i41+ =1 ajy1 = bjyy
D’i+1,i+1 + 1lag,# bj+1
D'yy1j+ 2 by = —
D'jjpr+ 2 ayq = —

!
Dit1je1 +S(@is1,0j41)
D';; =max{ D'ipyj +v = max
!
Dijjs1 TV

®)

Output:
The optimal path of the given input sequence is given below,

D'n,m =0, D'n,j=(m-—j)y, Di,m=(n—i)y

Visualization of the final traceback path and its optimal alignment are shown in Figure 7 and Figure 8
respectively.

Trace A A C G
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Figrue 7. Visualization of the final traceback path
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Figure 8. Optimal alignment for traceback

The final alignment for which the traceback was compared is marked as green color in Figure 8. For this given
input, the Hirschberg’s algorithm computed only one traceback path. The computed minima is marked in Red
color. The color Blue and Green are used to mark the start and end of the traceback path. In this way, the
Hirschberg’s algorithm is effectively used to find optimal path for the given pair of sequences.
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V. CONCLUSIONS

Sequence alignment of biological data is extremely useful in the field of computational biology. Alignment of
multiple sequence are necessary for a variety of evolution studies. This research work uses Hirschberg’s based
dynamic programming approach for sequence alignment by computing the score matrix and an optimal sequence
path pattern between the given pair of sequence. This method finds, match and mismatch score by minimizing
the distance between the given input sequence. This method minimizes the computation time required for the
computation of recursion for the randomly selected sequences. The output produced by this research work is
accurate and require less computational cost. This research work could be modified with different approach for
optimal path selection in future.
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