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ABSTRAK 

 

Identification of Deoxyribonucleic acid (DNA), Ribonucleic acid (RNA), or protein needs to be done to find 

functional, structural, or evolutionary relationships between two sequences. There are various applications that 

already exist such as one of them EMBOSS either web or desktop versions. There are drawbacks to this 

application, such as repeatedly processing each user who needs sequence alignment results locally and globally 

at the same time. Therefore, we designed an application that can generate two sequence alignment outputs both 

locally and globally at the same time with pairwise alignment Needleman-Wunsch and Smith-Waterman. The 

result show that methods can be produces two outputs of sequence alignment in the same process. The impact is 

it can reduce the waiting time for users.  
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1. INTRODUCTION 

Sequence alignment of DNA is the first step in 

understanding basic concepts of bioinformatics, 

which aims to find functional, structural or 

evolutionary similarities between these sequences. It 

is usefuly in revealing the relationship between 

species or groups of organisms, so that it can predict 

the function of unknown biological molecules based 

on their similarities to molecules previously.  

In the medicine, sequence alignment is a short 

reads to get precision medicine. Researchers can 

design drugs that intervene with these targets by 

finding sequences associated with certain diseases or 

conditions, including understanding genetic 

variations between individuals in a population. Such 

as whole genome sequencing analysis for cancer 

genomics and precision medicine. Among the 

methods for sequence alignment are the 

Needleman–Wunsch (NW) and Smith-Waterman 

(SW) methods. Both of them compare one by one 

and in pairs during the alignment process. 

 

2. LITERATURE REVIEW 

Sequence Alignment is a method of aligning 

Deoxyribonucleic acid (DNA), Ribonucleic acid 

(RNA), or protein sequences to identify areas of 

similarity that may be a consequence of functional, 

structural, or evolutionary relationships between two 

sequences [1]. Sequence alignment also provides a 

lot of information about the composition of a sample 

from the taxonomic classification and functional 

classification of an organism [2] to find similarities 

and homology between organisms compared [3]. Its 

homologous sequences can contain information on 

their evolutionary histories [4] and including to 

know a vaccine from a virus or bacteria [5] that 

utilize cellulase for the bioconversion of 

lignocellulosic materials into an energy source [6]. 

Therefore, it is very important that this Sequence 

Alignment is done.  

There is a crucial issue in the sequence 

alignment process, namely fast processing - less 

accurate and vice versa, slow processing - high 

accuracy [7]. To determine the level of similarity 

and determine the phylogenetic form of an 

organism, a method that has high accuracy is 

needed. Broadly speaking, there are two types of 

determining similarity with high accuracy, namely 

globally and locally. The globally alignment is 

carried out from beginning till end of the sequence 

to find out the best possible alignment. Whereas,  
the locally alignment focus on sequences which are 

suspected to have similarity or even dissimilar 

sequences on local regions with high level of 

similarity. One method for sequence alignment is the 

NW method which defines how to find the best 

global results from two sequences [8]. The local 

similarity algorithm only looks for subsequences, 

and a single comparison can produce several 

different subsequences [9].  

Even so, both of these methods use dynamic 

programming, which is a method that has a strategy 

of breaking down problems into smaller ones and 

using the smaller solutions to build larger solutions 

with a complexity of up to O(n2) [12]. An 

application that has used the NW and SW methods 

is EMBOSS [11] which can be accessed via the site 

“http://www.ebi.ac.uk/Tools/psa/. The Basic Local 

Alignment Search Tool (BLAST) [10] can also use 

SW to process sequence alignment which can be 

accessed through the website 

“http://www.genome.jp/tmp/blast/”. Both 

applications are web-based. The classic problem 

with web-based applications is that there is a 

network connection that can work if an online 

network is available. Other applications such as 
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EMBOSS are designed to process almost all 

requirements related to processing of molecular 

biology. The three applications when the sequence 

alignment process with global and local methods 

are carried out separately. This requires extra time 

for the user to wait for the sequence alignment 

results. Based on these two issues, we developed a 

similar desktop-based application. Here is 

summarize advantages and disadvantages   of 

EMBOSS and BLAST that can be seen ini Table 1 

below. 

 

Table 1. Advantages and disadvantages   of 

EMBOSS and BLAST 

 EMBOSS BLAST 

Avaibility Web Web, Desktop  

Complexity O(n2) O(n2) 

Times processes NW 

and SW 
2 2 

 

 

3. RESEACH METHODS 

The method we use is combining the NW [8] 

and SW [9] methods in one process. The following 

is the flow of the research process which can be seen 

in Figure 1 below:  

 
Figure 1. Research Method 

 

To support this research, we need a set of 

computers and materials taken from the National 

Center for Biotechnology Information 

(https://www.ncbi.nlm.nih.gov) with the names of 

the organisms Chlamydophila caviae (ref. 

NC_004720.1) and Clostridium difficile (ref. 

.NC_008226.1). Matrix initiation is performed using 

parameters match = 7, mismatch = -3, and gap = -2. 

The first organism becomes a row (A) and another 

organism becomes a column (B) that are in the 

matrix are denoted by Equation (1) and Equation (2)  

for filling out the matrix (M) using the NW method     

below. 

𝐴𝑖 =  𝐴𝑖−1 + 𝑔𝑎𝑝,   

 𝐵𝑗 =  𝐵𝑗−1 + 𝑔𝑎𝑝    ..................………….….. (1) 

𝑀[𝑖, 𝑗] = 𝑚𝑎𝑥 {

𝑀[𝑖 − 1, 𝑗 − 1] + 𝑠𝑢𝑏(𝐴[𝑖], 𝐵[𝑗]);

𝑀[𝑖 − 1, 𝑗] + 𝑑𝑒𝑙(𝐴[𝑖]);

𝑀[𝑖, 𝑗 − 1] + 𝑖𝑛𝑠(𝐵[𝑗])
. . (2) 

 i = position of A; j = position of B 

 

In the next step, the backward tracing process, 

there are differences in the location of the prefix 

position used. It causes NW starts from position 

M[i,j] as the last position goes to M[0,0]. 

Meanwhile, SW begins from the highest value of the 

M matrix to M[0,0]. To find out the highest value of 

Matrix, we can use Equation (3) below. After getting 

the highest score, do the backtracking process by 

including the alignment of two organisms with use 

the Equation (4) below. 

𝑀𝑖, 𝑗 =  𝑚𝑎𝑥 {

𝑀[0,0];
… .
… .

𝑀[𝑖, 𝑗]

… … … … … … … . (3) 

 

𝑚𝑎𝑥 {

𝑑𝑖𝑎𝑔 = 𝑀[𝑖 − 1, 𝑗 − 1] + 𝑠𝑢𝑏(𝐴[𝑖 − 1], 𝐵[𝑗 − 1]) ? 𝑚𝑎𝑡𝑐ℎ ∶ 𝑚𝑖𝑠𝑚𝑎𝑡ℎ;

𝑙𝑒𝑓𝑡 =  𝑀[𝑖 − 1, 𝑗] + 𝑔𝑎𝑝;

𝑢𝑝 =  𝑀[𝑖, 𝑗 − 1] + 𝑔𝑎𝑝
(4) 

 

4. RESULT AND DISCUSSION 

Based on the method above, we compared two 

existing applications. As an example input of 

sequence alignment, we process Sequence1 = 

“CGTGAATTCAT, and Sequence2 = 

"GACTTAC". The matrix (M) initiation set 

parameters match = 7, mismatch = -3, and gap = -2 

to complete filling matrix using Equation 1 that A0 

to An and B0 to Bn can be seen in Figure 2 below.  

Furthermore, Equation 2 is used to fill in the 

remaining unfilled matrix for example M[1,1]. 

Parameter match and mismatch are comparing 

between A[i] and B[i] which is notated in as 

Sub(A[i], B[i]). If A[i]=B[i] then parameter match is 

taken, else mismatch. Here calculation to fill M[1,1] 

due Equation 2 below.  

𝑀[1,1] = 𝑚𝑎𝑥 {

𝑀[0,0] + −3 = 0 +  −3 =  −3;

𝑀[0,1] + −2 =  −2 + −2 =  −4;

𝑀[1,0] + −2 = −2 +  −2 =  −4;

 

 
 B  G A C T T A C 

 Position 1 2 3 4 5 6 7 

A  0 -2 -4 -6 -8 -10 -12 -14 

C 1 -2 -3       

G 2 -4        

T 3 -6        

G 4 -8        

A 5 -10        

A 6 -12        

T 7 -14        

T 8 -16        

C 9 -18        

A 10 -20        

T 11 -22        

Figure 2. Filling Matrix M[1,1] using NW / SW  
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After filling in the matrix M is complete, the 

next step is backtracking from position M[i,j] for 

NW and the position with the highest value for SW. 

Overall stage with NW and SW that using Equation 

1 to Equation 4 become such as in Figure 3 below.  

 
Figure 3. NW and SW Matrix and Backtracking 

 

As a result, each result has its stages. Figure 4 

shows sequence alignment using two methods at 

once in one process. The analysis and evaluation of 

the data follow the appropriate theoretical study 

formula. The appearance of successive applications 

can be seen in Figure 1 as follows: 

 

 
(a) 

 
(b) 

 
(c)  

Figure 4. User Interface and Results of the 

Desktop-based EMBOSS Sequence Alignment.   

(a) using SW method. (b) Using NW method.  

(c) Using combine NW and SW methods 

  

The final results of the Needlemen-Wunsch 

and SW alignment sequences can see in Table 1 and 

Table 2 below. The sequence alignment results 

between EMBOS and the method designed show a 

slight difference in the SW backtracking process. 

The difference is because the EMBOS program 

calculates the highest total score among the matched 

characters. The program that we make on the initial 

position starts from the highest value in the 

backtracking process. 

 

Table 2. Sequence alignment results NW 

C G T G A A T T C A T 

   | |  | |  |  

- - - G A C T T - A C 

  

Table 3. SW sequence alignment results 

G A A T T - C 

| | | | |  | 

G A C T T A C 

 

5. CONCLUSION 

Based on a comparison between the existing 

program and the program we designed, it produces a 

sequence alignment with two outputs in the same 

process, which is different from existing programs. 

The impact is it can reduce the waiting time for 

users. This research needs to be considered as a form 

of attention from researchers in bioinformatics and 

has better features than existing programs.   
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