
IAES International Journal of Artificial Intelligence (IJ-AI) 

Vol. 15, No. 4, August 2026, pp. 3189~3201 

ISSN: 2252-8938, DOI: 10.11591/ijai.v15.i4.pp3189-3201   3189 

 

Journal homepage: http://ijai.iaescore.com 

Immuno-bioinformatics analysis of progressive alignment and 

logic learning machine-derived viral conserved sequences 
 

 

Felza Ridho1, Mohammad Isa Irawan1, Nurul Hidayat1, Awik Puji Dyah Nurhayati2 
1Department of Mathematics, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia  

2Department of Biology, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia 

 

 

Article Info  ABSTRACT 

Article history: 

Received Feb 6, 2025 

Revised Mar 18, 2026 

Accepted Jul 9, 2026 

 

 This study proposes a method to identify conserved sequence positions in 

viral data, with the primary goal of facilitating their translation into proteins. 

The approach aims to support the early detection of sub-sequences that hold 

promise as vaccine candidates. The method involves five key steps. First, 

mutation analysis using the Kimura model: analyzed mutations in the viral 

data using the Kimura model to provide insights into sequence variations. 

Second, alignment method selection to align sequences effectively, the 

progressive alignment approach with the neighbor-joining algorithm was 

chosen. Third, hybrid algorithm for identifying unchanged sequences: a 

hybrid algorithm that combines progressive alignment and a logic learning 

machine (LLM) was employed to identify unchanged sequences. Fourth, 

determining conserved sequences: based on the longest unchanged sequence, 

conserved regions within the severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) data were identified. Fifth, immuno-bioinformatics 

analysis for vaccine candidate peptides: using immuno-bioinformatics, 

protein sequences were analyzed to identify potential vaccine candidates 

based on B cell epitopes. Experimental validation confirmed the algorithm’s 

ability to identify candidate proteins and generate vaccine-worthy peptides 

from conserved protein sequences. The streamlined approach focuses on 

conserved protein sequences, ensuring efficient and targeted identification of 

vaccine candidates. By leveraging these conserved regions, contributions 

can be made to the expedited development of vaccines. 
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1. INTRODUCTION 

Several disease-causing viruses have spread globally. The most recent pandemic originated from 

pneumonia known as COVID-19, a severe acute respiratory syndrome (SARS), caused by SARS coronavirus 

2 (SARS-CoV-2), a novel virus belonging to the Coronaviridae family. First reported in December 2019 in 

Wuhan, China, the virus rapidly spread worldwide. As of February 26, 2021, SARS-CoV-2 has infected 

approximately 112.20 million people and resulted in around 2.49 million deaths globally [1]. Additionally, 

the World Health Organization (WHO) provides updates on other viruses [2], suggesting that there remains 

potential for their global spread. 

One solution to prevent the ongoing spread is the vaccination process [3], [4]. To determine vaccine 

candidates, it is essential to process sequence data from virus variants. An approach to vaccine development 
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involves utilizing in silico methods. These methods entail the analysis of protein sequences to identify 

potential epitopes and peptides, which can serve as vaccine candidates for related viruses [5]–[7]. 

This study combined bioinformatics and immunoinformatics analyses, namely immuno-

bioinformatics [8]–[12]. Bioinformatics analysis was performed by combining sequence alignment and 

Boolean logic operations. The alignment process is performed on existing deoxyribonucleic acid (DNA) 

sequences; if there are more than two sequences, this is called multiple sequence alignment [13]–[16]. This 

process determines the relationship of some virus variants, which can be in the form of a phylogenetic tree 

[17]–[21], mutation sequences in virus variants, or the determination of conserved sequences, namely, 

sequences that did not change from the beginning of virus emergence. For multiple sequence alignments and 

conserved sequences, a specialized method is required to determine their positions. In contrast to  

previous studies [22]–[24] and studies related to the algorithm used [25] proposed the Java pattern finder 

(JaPaFi) method, in which it is difficult to find a conserved sequence using the algor, this study uses a 

combination of progressive alignment and Boolean logic to overcome this limitation. In previous  

studies [26]–[28], Boolean logic was described as a way to test a value as true or false, yes or no, and in 

numerical terms, as 1 or 0. During its development, Boolean logic operations were closely related to 

switching neural networks [29], which were later further developed under the name logic learning machine 

(LLM) [30]–[32]. The authors [30]‒[32] showed that LLMs were implemented as formula-based 

classification using switching neural networks. Therefore, using an LLM, the similarity between the 

sequences in the alignment results can be tested. The main objective of this research is to assist in the  

initial stages of vaccine-related research, namely, determining the focus of the sequence section being studied 

in the laboratory.  

This objective needs to be supported by an immunoinformatics approach used to identify vaccine 

candidates obtained in silico. Based on related research [33]‒[36] regarding peptides in conserved sequences, 

there is no specific method in their research for obtaining conserved sequences for further 

immunoinformatics. To address these problems, we propose an algorithm that combines progressive 

alignment and an LLM to determine the position of conserved sequences at both the DNA and protein levels. 

This approach leverages the strengths of sequence alignment and Boolean logic operations to identify 

conserved sequences critical for vaccine development. By integrating bioinformatics and immunoinformatics 

analyses, the method not only enhances the accuracy of conserved region identification but also facilitates the 

early detection of promising vaccine candidates. This dual approach ensures a more efficient and targeted 

identification process, significantly contributing to the expedited development of vaccines against rapidly 

evolving viruses. 

The remainder of this paper is structured as follows. Section 2 presents the proposed methodology. 

Section 3 presents the experimental results, including the evaluation of proposed method on viral sequences 

and their variants, as well as the immunoinformatics analysis. Finally, section 4 concludes the paper. 

 

 

2. METHOD 

The main aim of this study was to identify conserved sequences that are subsequences of the main 

sequence and can be processed further for immunoinformatics analysis. The determination of conserved 

sequences used the proposed method. The immunoinformatics analysis using that method consisted of 

several stages, as shown in Figure 1. The stages are explained in the following steps:  

i) Collecting sequence data for analysis. 

ii) Preprocessing data by analyzing the mutation using Needleman-Wunsch alignment and transforming 

the data into genetic distance values using the Kimura model. 

iii) Processing genetic distance values into the form of a phylogenetic tree using the neighbor-joining 

algorithm as a guide tree and progressive alignment to perform multiple sequence alignment. 

iv) Combining progressive alignment and LLM to determine the conserved sequence. 

v) Experiments on real virus data using an in silico method to discover peptides as vaccine candidates with 

immunoinformatics analysis using BepiPred 2.0 and VaxiJen v2.0. 

 

2.1.  Bioinformatics analysis: conserved sequence 

2.1.1. Needleman-Wunsch alignment 

Needleman-Wunsch alignment is a method for obtaining the optimal overall global alignment 

between two selected sequences [37]. Suppose there are two sequences, 𝐷 = 𝑑1, 𝑑2, ⋯ , 𝑑𝑛 and  

𝐸 = 𝑒1, 𝑒2, ⋯ , 𝑒𝑚. A matrix 𝐹 of order (𝑛 + 1)(𝑚 + 1) is formed. The elements in the 𝑖-th row and 𝑗-th 

column, 𝐹(𝑖, 𝑗), for 1 < 𝑖 < 𝑛 and 1 < 𝑗 < 𝑚 are the same as the optimal alignment scores between 

𝑑1, 𝑑2, ⋯ , 𝑑𝑖  and 𝑒1, 𝑒2, ⋯ , 𝑒𝑗. The element 𝐹(𝑖, 0) for 1 < 𝑖 < 𝑛 is the score of the alignment between 

𝑑1, 𝑑2 ⋯ , 𝑑𝑖 and the gap along 𝑖. Likewise, for Element 𝐹(0, 𝑗), 1 < 𝑗 < 𝑚 is the score of the alignment 
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between 𝑒1, 𝑒2, ⋯ , 𝑒𝑗 and the gap along 𝑗. The 𝐹 matrix is constructed iteratively, starting with 𝐹(0,0) = 0. 

Each element of the matrix is filled from the top-left to the bottom-right. If 𝐹(𝑖 − 1, 𝑗 − 1), 𝐹(𝑖 − 1, 𝑗), and 

𝐹(𝑖, 𝑗 − 1) are known, 𝐹(𝑖, 𝑗) can be computed using (1). 

 

𝐹(𝑖, 𝑗)  = 𝑚𝑎𝑥 {

𝐹(𝑖 − 1, 𝑗 − 1) + 𝑀(𝑑𝑖 , 𝑒𝑗),

𝐹(𝑖 − 1, 𝑗) + 𝑀(𝑑𝑖 , −),

𝐹(𝑖, 𝑗 − 1) + 𝑀(−, 𝑒𝑗)

} (1) 

 

When calculating 𝐹(𝑖, 𝑗), the direction in which 𝐹(𝑖, 𝑗) is obtained is stored. After obtaining 𝐹(𝑛, 𝑚), 

backtracking was performed to obtain the optimal alignment. 𝐹(𝑛, 𝑚) is represented as the alignment score. 

 

 

 
 

Figure 1. Proposed method for obtaining conserved sequence and immuno-bioinformatics analysis 

 

 

After alignment, the two aligned sequences are expressed as 𝐷′ = 𝑑1
′ , 𝑑2

′ , ⋯ , 𝑑ℎ
′  and  

𝐸′ = 𝑒1
′ , 𝑒2

′ , ⋯ 𝑒ℎ
′ . A different part of the sequence was used that changed the nucleotide from the first 

sequence to the second sequence, which is call a mutation. The mutations used were divided into transitions 

and transversions [38]. A transition is a change in a nucleotide to another nucleotide in a similar base or the 

change of A → G, G → A, C → T, and T → C and transversion is a change in a nucleotide to another 

nucleotide in an unsimilar base; the changes are A → C, A → T, C → A, C → G, G → C, G → T, T → A, 

and T → G. The process for determining the number of transitions and transversions is presented in 

Algorithm 1. The number of mutations in Algorithm 1 can then be used to apply Kimura’s model. 

 

Algorithm 1. Finding the occurrence of transitions and transversions 
inputs: Sequence 𝐷′, Sequence 𝐸′, Sequence length ℎ 
output: Number of transitions 𝑃 and transversions 𝑄 
procedure transition_transversion (𝐷′, 𝐸′) 

 Determine 𝑇𝑠 and 𝑇𝑣 array in h length; 

 𝑇𝑠 = 𝑡𝑠1, 𝑡𝑠2, ⋯ , 𝑡𝑠ℎ; 

 𝑇𝑣 = 𝑡𝑣1, 𝑡𝑣2, ⋯ , 𝑡𝑣ℎ; 

 Convert the elements of 𝑇𝑠 and 𝑇𝑣 into 0 and 1; 
 for 𝑑𝑖

′, 𝑒𝑖
′, 𝑖 = 1,2, ⋯ , ℎ do 

  if 𝑑𝑖
′ =A and 𝑒𝑖

′ =C or 𝑑𝑖
′ =C and 𝑒𝑖

′ =A or 𝑑𝑖
′ =G and 𝑒𝑖

′ =T or 𝑑𝑖
′ =T and 𝑒𝑖

′ =G then 
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   𝑡𝑠𝑖 = 1; 
  else 

   𝑡𝑠𝑖 = 0; 
  end 

 if 𝑑𝑖
′ =A and 𝑒𝑖

′ =G or 𝑑𝑖
′ =A and 𝑒𝑖

′ =T or 𝑑𝑖
′ =G and 𝑒𝑖

′ =A or 𝑑𝑖
′ =G and 𝑒𝑖

′ =C or 𝑑𝑖
′ =C and 

𝑒𝑖
′ =G or d'_i=C and 𝑒𝑖

′ =T or 𝑑𝑖
′ =T and 𝑒𝑖

′ =A or 𝑑𝑖
′ =T and 𝑒𝑖

′ =C then 

   𝑡𝑣𝑖 = 1; 
  else 

   𝑡𝑣𝑖 = 0; 
  end 

 end 

 Determine the number of transitions 𝑃 and transversions 𝑄; 
 𝑃 =  ∑ 𝑇𝑠; 

 𝑄 =  ∑ 𝑇𝑣; 

end 

 

2.1.2. Kimura model 

The Kimura model was applied to obtain the distance matrix between the two sequences.  

The distance matrix was created using this model. The model for creating the distance matrix is expressed as 

follows [39]: 

‒ Definition 1. If P number of transitions occurring between two sequences, and Q is the number of 

transversions that occur. The distance between two sequences is defined as (2). 

 

𝑀𝑖,𝑗 = −
1

2
 𝑙𝑛 ((1 − 2𝑃𝑖,𝑗 − 𝑄𝑖,𝑗)√1 − 2𝑄𝑖,𝑗) (2) 

 

After obtaining the 𝑀 value and forming a distance matrix, the distance matrix was used to form a 

phylogenetic tree using the neighbor-joining algorithm. 

 

2.1.3. Neighbor-joining algorithm 

The neighbor-joining algorithm was used to construct a phylogenetic tree from sequence distances. 

The method iteratively computes a correction term 𝑂𝑖  from the distance matrix, then selects the pair with the 

smallest 𝑀𝑖,𝑗 = 𝐷𝑖,𝑗 − 𝑂𝑖 − 𝑂𝑗 [39]. That pair is merged into a new operational taxonomic unit (OTU), and 

distances are recalculated. This process is repeated until only three OTUs remain. The resulting tree then 

served as a guide tree for progressive alignment. 

 

2.1.4. Progressive alignment 

The implementation used progressive alignment, a multiple-sequence alignment heuristic. Starting 

with two sequences aligned, a third is added and aligned, and the process repeats until all sequences are 

included, guided by a phylogenetic tree built from Kimura-based pairwise distances [39]. The result is a 

multiple sequence alignment, formally defined as an expansion of the original sequences with inserted gaps 

such that all expanded sequences have the same length, and no column consists entirely of gaps. Because 

alignment alone cannot pinpoint conserved regions, we combined the alignment output with a LLM to 

identify conserved sequence positions. 

 

2.1.5. Logic learning machine 

In this study, a LLM was employed as an efficient implementation of a switching neural network 

model to determine the position of the conserved sequence [29]. LLMs use latticization, which is closely 

related to logic testing. The results of this test are based on Boolean logic, and the output of latticization is 
{0,1}𝑣. In Boolean algebra, logic levels are represented by symbols, making it a type of logic algebra. 

Although any symbol can be used, alphabetic letters are the most frequently used. Any letter used as a 

variable can have a value of 1 or 0, because logic levels are often represented by symbols 1 and 0. Boolean 

logic operations are defined as follows [40]. 

‒ Definition 2. Boolean algebra is an algebra ℬ = (𝐵,∧,∨, ¯ , 0, 1) with type (2, 2, 1, 0, 0) which satisfies 

the following conditions: 

i) (𝐵,∧,∨) is distributive, which has 0 as the smallest element and 1 as the largest element. 

ii) ¯ ∶ 𝐵 →  𝐵 is a unary operator so 𝑥 is the complement of 𝑥 for 𝑥 ∈ 𝐵. 
The ∧ operator is also known as the AND operator, and ∨ is known as the OR operator. The 

proposed algorithm is obtained by performing Boolean algebra on 𝑆′ sequences. Boolean logic operations are 

performed for every combination of 𝑖, 𝑗, where 𝑖 = 1, 2, 3, ⋯ , 𝑛 and 𝑗 = 1, 2, 3 ⋯ , 𝑛 with the condition  

𝑗 > 𝑖; thus, there are many Boolean logic sequences in the first stage, totaling the combination 𝐶2
𝑛 =

𝑛!

(𝑛−2)!2!
. 
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The Boolean logic results in the initial stage are expressed as 𝐵𝑘 = {𝑏𝑘,1, 𝑏𝑘,2, ⋯ , 𝑏𝑘,𝑙 , ⋯ , 𝑏𝑘,𝑚}, 𝑏𝑘,𝑙 = {0,1}, 

where 𝑘 = 1,2,3, ⋯ , 𝐶2
𝑛, l is the sequence position, and m is the sequence length. 𝑏𝑘,𝑙 has a value of 0 if the 

two compared 𝑆𝑖
′ = 𝑠𝑖,1

′ , 𝑠𝑖,2
′ , ⋯ , 𝑠𝑖,𝑙

′ , ⋯ , 𝑠𝑖,𝑚
′  and 𝑆𝑗

′ = 𝑠𝑗,1
′ , 𝑠𝑗,2

′ , ⋯ , 𝑠𝑗,𝑙
′ , ⋯ , 𝑠𝑗,𝑚

′  sequence elements in 𝑙 position 

are not the same and 𝑏𝑘,𝑙 has a value of 1 if the compared 𝑆𝑖
′ and 𝑆𝑗

′ sequence elements in 𝑙 position have the 

same value. Therefore, in accordance with the latticization of Boolean logic, the result at this stage  

is {0,1}𝐶2
𝑛
. 

In the context of classification, let 𝑥 ∈  ℜ𝑑  represent a 𝑑-dimensional example that needs to be 

labeled with a categorical output y, which is assigned to one of 𝑞 potential classes. The LLM aims to create a 

model 𝑔(𝑥), or classifier, using a training set 𝑆 of 𝑛 pairs (𝑥𝑖 , 𝑦𝑖), obtained from prior observations. For most 

input patterns 𝑥, the model 𝑔(𝑥) correctly predicts the response 𝑦 = 𝑔(𝑥). When considering element 𝑥𝑗, two 

distinct scenarios arise: i) for ordered variables, 𝑥𝑗  varies within an interval [𝑎, 𝑏] on the real axis, with an 

existing ordering relationship among its values; and ii) for nominal (categorical) variables, 𝑥𝑗  can only take 

values from a finite set, without any inherent ordering relationship. The LLM generates an interpretable 

model 𝑔(𝑥) described by a set of 𝑚 rules 𝑟𝑘, expressed in if-then form: if <premise> then <consequence>. 

For ordered variable 𝑥1 in the domain [100, 300] and nominal component 𝑥2 with values {𝐷, 𝐸, 𝐹}, a 

possible rule 𝑟1 can be expressed as follows: 

 

if 𝑥1 >  2000 AND 𝑥2 ∈ {𝐸, 𝐹} then 𝑦 =  0 

 

where 0 denotes one of the 𝑞 possible assignments (classes). 

Therefore, with the results obtained in the previous stage, 𝐵𝑆𝑘
′  and 𝐵𝑆𝑘

′ = {1,0}, the class condition 

to be taken is the class that expresses the similarities of 𝑘-sequences in position 𝑙. Thus, if: 

 

𝐵1 = 𝑏1,1, 𝑏1,2, ⋯ , 𝑏1,𝑙 , ⋯ , 𝑏1,𝑚,  

𝐵2 = 𝑏2,1, 𝑏2,2, ⋯ , 𝑏2,𝑙 , ⋯ , 𝑏2,𝑚,  

⋮  
𝐵𝐶2

𝑛 = 𝑏𝐶2
𝑛,1, 𝑏𝐶2

𝑛,2, ⋯ , 𝑏𝐶2
𝑛,𝑙 , ⋯ , 𝑏𝐶2

𝑛,𝑚  

 

The rule used is that if 𝑏1,𝑙 ≥ 1 AND 𝑏2,𝑙 ≥ 1 AND 𝑏3,𝑙 ≥ 1 AND ⋯ AND 𝑏𝐶2
𝑛,𝑙 ≥ 1 then 𝑦𝑙 = 1, which 

expresses the minimum complexity of the lattice. At this stage, the sequence is expressed in the form  

𝑌 = {𝑦1 , 𝑦2 ⋯ , 𝑦𝑖 ⋯ , 𝑦𝑚} with 𝑦𝑖 = {0,1}, so there are two classes, and class "1" expresses the position that is 

determined as the conserved sequence position. In the prior process, shadow clustering occurs in the  

process [41], and with the input being a binary sequence in this study, the results can be directly interpreted 

as intelligible rules. 

 

2.1.6. Proposed conserved sequence algorithm 

The algorithm for determining a conserved sequence is shown in Algorithm 2, which combines 

progressive alignment and an LLM to create algorithm. To determine the position of conserved sequence, it 

is assumed that 𝑌′ is unbroken 1-value sequence, 𝑌′ = {𝑌1
′, 𝑌2

′, ⋯ , 𝑌𝑛
′}, where 𝑌′ ⊂  𝑌, 𝑌1

′ ≠  𝑌2
′ ≠  ⋯  ≠  𝑌𝑛

′, 

and it is assumed that the length of 𝑌𝑝
′ is 𝑠, where 1 < 𝑠 < 𝑚. Thus, the conserved sequence is expressed as 

𝑌𝑝
′ with the maximum 𝑠 value. 

 

Algorithm 2. Conserved sequence position 
inputs: Sequence 𝑆𝑖, number of sequences 𝑛 

output: Conserved sequence position 𝑌′ 
procedure 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑒𝑑_𝑠𝑒𝑞𝑢𝑒𝑛𝑐𝑒(𝑆𝑖 , 𝑛) 

 for (𝑆𝑖 , 𝑆𝑗) do 

  Align 𝑆𝑖 and 𝑆𝑗 using Needleman-Wunsch(𝑆𝑖 , 𝑆𝑗); 

  Calculate Transition 𝑃𝑖,𝑗 =  ∑ 𝑇𝑠𝑖,𝑗; 

  Calculate Transversion 𝑄𝑖,𝑗 =  ∑ 𝑇𝑣𝑖,𝑗; 

 end 

 for (𝑆𝑖 , 𝑆𝑗) do 

  Construct guide tree 𝑃𝐺 = 𝑛𝑒𝑖𝑔ℎ𝑏𝑜𝑟_𝑗𝑜𝑖𝑛𝑖𝑛𝑔 (𝑆𝑖 , 𝑀𝑑); 

  Align sequences 𝑆𝑖
′ = 𝑝𝑟𝑜𝑔𝑟𝑒𝑠𝑠𝑖𝑣𝑒_𝑎𝑙𝑖𝑔𝑛𝑚𝑒𝑛𝑡(𝑆𝑖 , 𝑃𝐺); 

  𝑚 = 𝑙𝑒𝑛𝑔𝑡ℎ(𝑆𝑖
′); 

 end 

 Construct temporary sequence 𝑡𝑘; 

 𝑡1 = 0; 

 𝑡2 = 0; 
 for 𝑡_𝑘, 𝑘 = 3,4, ⋯ , 𝑛 − 1 do 
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  𝑡𝑘 = (𝑘 − 2) + 𝑡𝑘−1; 

 end 

 for (𝑆𝑖
′, 𝑛) do 

  for 𝑆𝑖
′, 𝑖 = 1,2, ⋯ , 𝑛 − 1 do 

   for 𝑆𝑗
′, 𝑗 = 𝑖 + 1, 𝑖 + 2, ⋯ , 𝑛 do 

    for 𝑘 , 𝑘 = 1,2, ⋯ , 𝑚 do 
     if 𝑆𝑖,𝑘

′ = 𝑆𝑗,𝑘
′  then 

      𝐵(𝑖−1)(𝑛−1)+(𝑗−𝑖)−𝑡𝑖,𝑘 = 1; 

     else if 𝑆𝑖,𝑘
′ ≠ 𝑆𝑗,𝑘

′  then 

      𝐵(𝑖−1)(𝑛−1)+(𝑗−𝑖)−𝑡𝑖,𝑘 = 0; 
     end 

    end 

   end 

  end 

  lattice 𝜆 =  𝐵T, 𝜆𝑙 = 𝜆1, 𝜆2, ⋯ , 𝜆𝐶2
𝑛; 

 end 

 Perform shadow clustering of 𝜆𝑙; 

 Select the minimum complexity of 𝜆𝑙 as class "1"; 
 Convert the minimum complexity into Intelligible rules; 

 for 𝜆𝑙  do 
 Use intelligible rules to classify 𝜆𝑙;  

 Define class "1" as a position of conserved sequence; 
  Transform class of 𝜆𝑙 into binary sequence  

  𝑌 = {𝑦1, 𝑦2, ⋯ , 𝑦𝑚}; 
 end 

 find 𝑌𝑝
′ ⊂  𝑌 unbroken sequence of 1 of 𝑌’; 

 if length 𝑌𝑝
′ is MAX then 

  𝑌𝑝
′ conserved sequence position; 

 end 

end 

 

2.1.7. Central dogma 

The central dogma of molecular biology outlines the transformation of genetic information from 

DNA to ribonucleic acid (RNA) and subsequently to proteins. During transcription, the nucleotide base 

thymine (T) in DNA is replaced by uracil (U) in RNA [42]. A more complex process occurs during the 

transition from RNA to protein. The change to a protein is based on codons composed of three base groups in 

RNA; this process is called translation. The central dogma was used to convert conserved sequences into 

proteins for further analysis. 

 

2.2.  Immunoinformatics analysis 

Immunoinformatics analysis was used to determine the level of immunogenicity, or the ability of an 

antigen to stimulate the formation of specific antibodies [43]. The antibodies used are epitope-specific, 

targeting certain areas of the antigenic molecule that bind to antibodies or receptors on B cells or T cells;  

B cells were used in this study. B cells or B lymphocytes play an important role in humoral immunity, 

whereas other lymphocytes, namely T cells, are crucial in cellular immunity. The main function of B cells is 

to produce antibodies against antigens. To determine the B cell epitope, the following steps were taken: 

i) Scoring residues contained in the protein sequence using BepiPred 2.0; the score obtained from the 

protein was determined to be a B cell epitope if it had an epitope score ≥0.5 [43]. 

ii) Residues expressed as epitopes in unbroken protein sequences are referred to as peptides [43]. 

Scoring was performed for each peptide sequence using VaxiJen v2.0. Peptides are declared as vaccine 

candidates if the peptide score obtained is ≥ 0.4 [44]. 

 

 

3. RESULTS AND DISCUSSION 

To evaluate the algorithm, the sequences of 31 SARS-CoV-2 variants were used, as shown in  

Table 1. The data in Table 1 were obtained from the National Center for Biotechnology Information (NCBI). 

It is assumed that each variant represents a similar sequence. 

 

3.1.  Mutation analysis 

In the initial stages, mutations were examined by analyzing FASTA file containing 31 SARS-CoV-2 

variants. The Needleman-Wunsch alignment was used between sequences, focusing on the change in 

nucleotides between two sequences, namely transitions 𝑃 and transversions 𝑄, as shown in Table 2. Table 2 
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lists the transitions and transversions of several SARS-CoV-2 variants. Mutation analysis can determine the 

percentage of mutations in the SARS- CoV-2 variant using (3). 

 

𝑀𝑢𝑡𝑎𝑡𝑖𝑜𝑛(%)𝑖,𝑗 =
𝑃𝑖,𝑗+𝑄𝑖,𝑗

𝑀𝑎𝑥 {𝑙𝑒𝑛𝑔𝑡ℎ𝑆𝑖
,𝑙𝑒𝑛𝑔𝑡ℎ𝑆𝑗

}
 100% (3) 

 

In (3) conclude that the percentage of mutations that occur in the sequence is not more than 1.5%, 

which means that the homology to the SARS-CoV-2 virus is ≥ 98.5%, with the highest percentage of 

mutations found in the theta virus variants B.1.617.3 and Omicron BA.1.1 with a mutation percentage of 

1.4678%, and the lowest mutation percentage was found in the Omicron BA.1 and Omicron BA.1.1 variants 

with a percentage of 0.0067%. In addition, the mutation analysis of SARS-CoV-2 showed that, when variant 

mutation percentages were compared, the highest value was observed between the Wuhan variant and 

Omicron XBB.1.16, at 0.3511%. The percentage indicates uncertainty in the observed mutations because the 

number of mutations is not directly proportional to the time at which the new variant appears. 

 

 

Table 1. SARS-CoV-2 variants 
Symbol Variants/pango lineage Symbol Variants/pango lineage Symbol Variants/pango lineage 

𝑆1 Wuhan/B 𝑆12 Mu/B.1.621 𝑆23 Omicron/XBC.1 

𝑆2 Alpha/B.1.1.7K 𝑆13 Mu/B.1.621.1 𝑆24 Omicron/BN.1 

𝑆3 Beta/B.1.351 𝑆14 Theta/B.1.617.3 𝑆25 Omicron/XAY 

𝑆4 Gamma/P.1 𝑆15 Zeta/P.2 𝑆26 Omicron/BQ.1 

𝑆5 Delta/B.1.617.2 𝑆16 Omicron/B.1.1.529 𝑆27 Omicron/XBB.1 

𝑆6 Epsilon/B.1.427 𝑆17 Omicron/BA.1 𝑆28 Omicron/CH.1.1 

𝑆7 Epsilon/B.1.429 𝑆18 Omicron/BA.1.1 𝑆29 Omicron/XBB.1.16 

𝑆8 Eta/B.1.525 𝑆19 Omicron/BA.2 𝑆30 Omicron Eris/EG.5 

𝑆9 Iota/B.1.526 𝑆20 Omicron/BA.3 𝑆31 Omicron Eris/EG.2 

𝑆10 Kappa/B.1.617.1 𝑆21 Omicron/BA.4   

𝑆11 Lambda/C.37 𝑆22 Omicron/BA.5   

 

 

Table 2. SARS-CoV-2 virus transition and transversion  
𝑆1 𝑆2 𝑆3 𝑆4 ⋯ 𝑆31  

𝑃 𝑄 𝑃 𝑄 𝑃 𝑄 𝑃 𝑄 ⋯ 𝑃 𝑄 
𝑆1 0 0 20 12 17 10 21 5  64 35 
𝑆2 20 12 0 0 29 20 32 17  70 40 
𝑆3 17 10 29 20 0 0 30 15  73 43 
𝑆4 21 5 32 17 30 15 0 0  72 38 
⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

𝑆31 64 35 70 40 73 43 72 38  0 0 

 

 

3.2.  Distance matrix and phylogenetic tree 

The Kimura model was applied using (2) to create the 𝑀𝑑-distance matrix. A higher value of 𝑀𝑑𝑖,𝑗  

indicates a greater genetic distance between sequences 𝑖 and 𝑗. Table 3 presents the distance matrix 𝑀𝑑. 

Table 3 shows that the farthest genetic distance between variants was found in the theta B.1.617.3 and 

Omicron BA.1.1 virus variants with a distance of 5.319, and the shortest genetic distance was found in the 

Omicron BA.1 and Omicron BA.1.1 variants with a distance of 1.664. Based on the distance matrix in  

Table 3, a phylogenetic tree is constructed using the neighbor-joining algorithm. The phylogenetic tree is 

shown in Figure 2. The phylogenetic tree depicted in Figure 2 illustrates the relationships among  

SARS-CoV-2 variants, with group 1 comprising all Omicron subvariants and group 2 including variants 

other than Omicron. Notably, closer kinship is observed within the same branch of the tree. 

 

 

Table 3. Distance of the SARS-CoV-2 virus 
 𝑆1 𝑆2 𝑆3 𝑆4 𝑆5 𝑆6 ⋯ 𝑆31 

𝑆1 0.0000 0.1070 0.0903 0.0869 0.0702 0.0736 ⋯ 0.3311 
𝑆2 0.0000 0.0000 0.1641 0.1644 0.1475 0.1509 ⋯ 0.3689 
𝑆3 0.0000 0.0000 0.0000 0.1507 0.1137 0.1205 ⋯ 0.3882 
𝑆4 0.0000 0.0000 0.0000 0.0000 0.1240 0.1274 ⋯ 0.3686 
𝑆5 0.0000 0.0000 0.0000 0.0000 0.0000 0.0503 ⋯ 0.3754 
𝑆6 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ⋯ 0.3786 
⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ ⋮ 

𝑆31 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ⋯ 0.0000 
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Figure 2. Phylogenetic tree of the SARS-CoV-2 virus 

 

 

3.3.  Conserved sequence 

The sequences were aligned using the progressive method based on the phylogenetic tree shown in 

Figure 2, resulting in the aligned sequence 𝑆′ = {𝑆1
′ , 𝑆2

′ , 𝑆′3, ⋯ , 𝑆31
′ } shown in Figure 3, with a sequence 

length of 29,929 bp. In Figure 3, the conserved sequence is shown in the same color from 𝑆’1 to 𝑆’31, but we 

wanted to know the position of the longest unbroken conserved sequence; therefore, an LLM was used to 

determine its position. Before using the LLM, the sequences were first converted into binary sequences  

𝐵𝑘 = {𝑏𝑘,1, 𝑏𝑘,2, ⋯ , 𝑏𝑘,𝑚}, 𝑘 = 1,2, ⋯ , 𝐶2
𝑛. The binary sequence 𝐵𝑘 was created by comparing the elements 

of the two sequences using Boolean operations. Then, by using an LLM in the latticization stage, a lattice 

with length 𝐶2
𝑛 is obtained such that, in the shadow clustering process, looking for the minimum complexity 

of the lattice, a lattice with minimum complexity is obtained, which only contains the number one as a 

member of the sequence. 

Therefore, if this is change to an intelligible rule, the rule obtained is: if 𝑏1,𝑙 ≥ 1 AND 𝑏2,𝑙 ≥ 1 AND 

𝑏3,𝑙 ≥ 1 AND ⋯ AND 𝑏𝐶2
𝑛,𝑙 ≥ 1 then 𝑦𝑙 = 1, at this stage, the sequence is expressed in the form  

𝑌 = {𝑦1 , 𝑦2, ⋯ , 𝑦𝑖 , ⋯ , 𝑦𝑙} with 𝑦𝑖 = {0,1} and 𝑌𝑝
′ ⊂ 𝑌 denotes the value of 1 in positions i to 𝑖 + 𝑠. The 

maximum value of 𝑠 indicates that 𝑌𝑝
′ was the position of the conserved sequence. The position of the 

conserved sequence, based on the longest sequence, is shown in Figure 4. Figure 4 shows the conserved 

sequence in green, which represents the longest continuous conserved sequence with positions 𝑖 = 13,861 to 

𝑖 + 𝑠 = 14,256 in sequence 𝑆’𝑖 with length 𝑠 = 395. The conserved sequences of SARS-CoV-2 are 

“ACATTAAAAGAAATACTTGTCACATACAATTGTTGTGATGATGATTATTTCAATAAAAAGGACT

GGTATGATTTTGTAGAAAACCCAGATATATTACGCGTATACGCCAACTTAGGTGAACGTGTACG

CCAAGCTTTGTTAAAAACAGTACAATTCTGTGATGCCATGCGAAATGCTGGTATTGTTGGTGTAC

TGACATTAGATAATCAAGATCTCAATGGTAACTGGTATGATTTCGGTGATTTCATACAAACCACG

CCAGGTAGTGGAGTTCCTGTTGTAGATTCTTATTATTCATTGTTAATGCCTATATTAACCTTGACC

AGGGCTTTAACTGCAGAGTCACATGTTGACACTGACTTAACAAAGCCTTACATTAAGTGGGATTT

GTTAAA.” Next, through transcription and translation, which convert the nucleotide sequence of DNA  

into an amino acid sequence, the conserved protein sequences of SARS-CoV-2 are 

“TLKEILVTYNCCDDDYFNKKDWYDFVENPDILRVYANLGERVRQALLKTVQFCDAMRNAGIVGVL

TLDNQDLNGNWYDFGDFIQTTPGSGVPVVDSYYSLLMPILTLTRALTAESHVDTDLTKPYIKWDLL.” 
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Figure 3. Alignment result of SARS-CoV-2 sequences 
 

 

 
 

Figure 4. Conserved sequence of the SARS-CoV-2 virus 
 

 

The conserved protein sequences of SARS-CoV-2 shows the 182-amino-acid conserved protein 

sequence of SARS-CoV-2. From the conserved protein sequences obtained, their presence in the complete 

SARS-CoV-2 protein sequence was confirmed using basic local alignment search tool (BLAST). BLAST on 

the UniProt website was used to test whether the conserved protein sequences found are present in 

coronaviruses, and the results are shown in Figure 5. Figure 5 shows that the conserved protein sequence 

obtained was indeed found in the SARS-CoV-2 section, as shown by the colored points on the right of the 

image, which show the position of the conserved sequence obtained and its position in several coronavirus 

protein sequences. 
 

 

 
 

Figure 5. Position of conserved protein 



      ISSN: 2252-8938 

Int J Artif Intell, Vol. 15, No. 4, August 2026: 3189-3201 

3198 

3.4.  Vaccine candidate for SARS-CoV-2 

BepiPred-2.0, a web server for predicting B cell epitopes from antigen sequences, was employed to 

analyze the obtained protein sequences. Epitope scores for each amino acid residue in the protein were 

computed using BepiPred 2.0 [43]. These scores are depicted in Figure 6. 
 

 

 
 

Figure 6. Epitope score of the SARS-CoV-2 conserved protein sequence 
 

 

Figure 6 shows the score of each residue; the gray graph indicates that the residue score is ≥ 0.5, and 

the black graph indicates that the residue score is < 0.5. This indicates that the residue's position on the gray 

graph is an epitope, and the sequence at the unbroken epitope position is called a peptide. From the obtained 

epitope values, peptides expressing unbroken epitope sequences and their immunogenicity values were 

determined using VaxiJen v2.0 [44]. The scores for each peptide are listed in Table 4. Ptd3 cannot be used as 

a vaccine candidate because it has a peptide score < 0.4; however, Ptd1 and Ptd2 can be used as vaccine 

candidates because they have peptide scores > 0.4. 
 

 

Table 4. Peptide score 
Start End Peptide Immunogenicity Code 

12 30 CDDDYFNKKDW YDFVENPD 0.4053 Immunogen Ptd1 

69 87 NQDLNGNWYDF GDFIQTTPD 0.7213 Immunogen Ptd2 
116 128 HVDTDLTKPYI KW -0.0612 Non-Immunogen Ptd3 

 

 

The results were validated using web-based applications, enabling further analysis to determine 

whether the peptides could be accepted as in silico vaccine candidates. The applications used include 

AllerTOP v2.0 (https://www.ddgpharmfac.net/AllerTOP/) for predicting peptide allergenicity and ToxinPred 

(https://webs.iiitd.edu.in/raghava/-toxinpred/design.php/) for predicting peptide toxicity. Peptides are 

considered acceptable if they are immunogens, non-toxins, and non-allergens. The prediction results obtained 

using AllerTOP and ToxinPred applications are listed in Table 5. Table 5 shows that of the four peptides 

previously obtained, only one, namely Ptd2, is accepted as an in silico vaccine candidate because Ptd2 is an 

immunogen, non-allergen, and non-toxic. 
 

 

Table 5. Vaccine candidates status 
Peptides Allergenicity Toxicity Status 

Ptd1 Allergen Non-toxin Rejected 
Ptd2 Non-allergen Non-toxin Accepted 

Ptd3 Allergen Non-toxin Rejected 

 

 

4. CONCLUSION  

An experiment on a hybrid algorithm that uses an LLM and progressive alignment was presented, 

from which several conclusions were drawn. First, the proposed algorithm demonstrated its capability to 

identify conserved sequences. Employing this algorithm revealed that numerous nucleotide mutations, 

particularly transitions and transversions, were expressed as mutation percentages, indicating that the 

mutation rate within the sequence did not exceed 1.5%. This mutation percentage suggests homology to 

SARS-CoV-2 of approximately ±98.5%, with the highest mutation percentage in the theta B.1.617.3 and 

Omicron BA.1 variants at 1.4578%, and the lowest in Omicron BA.1 and Omicron BA.1.1 at 0.0067%. 
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Moreover, the proposed algorithm demonstrated its efficacy in determining proteins suitable for vaccine 

candidate analysis. Experimental validation using SARS-CoV-2 confirmed its ability to identify proteins for 

candidate analysis. Through in silico immuno-bioinformatics analysis, conserved protein sequences were 

used to extract epitopes, yielding four peptides in SARS-CoV-2 experiments, one of which emerged as a 

promising vaccine candidate. 
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