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Abstract: A beta coronavirus called Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-

CoV-2) has single-stranded (positive-sense) Ribonucleic acid (RNA) genomes that are enclosed 

within zoonotic origin. The prediction of Coronavirus variants is a most complicated work. This 

proposed model presents an innovative approach to preprocessing RNA sequences using K-mers, 

resulting in the transformation of genetic data into English-like statements. Label Binarization is 

then utilized to assign unique index values to each K-mer, enabling efficient data encoding. The 

model further incorporates both sequential and statistical feature extraction methods to capture 

high-level features from RNA sequences. This approach accommodates various K-mer sizes, 

enhancing feature learning performance and utilizing Word2Vector (W2V) to represent K-mer 

words feature vectors. In feature extraction, the model leverages statistical feature extraction 

techniques, including Harmonic Mean, Median, Standard Deviation, and similarly sequential 

feature like Gain Ratio, ReliefF, Symmetrical Uncertainty (SU), and Information Gain (IG), to 

achieve high-level classification accuracy. To optimize feature selection, the model introduces the 

Self-Adaptive Coati Optimization (SACO) algorithm, which outperforms traditional Coati 

Optimization through a three-way self-adaption process based on Levy strategies, the Easom 

Function, and Inertial Weighting. The SACO algorithm demonstrates superior performance, 

establishing it as a robust choice for feature selection in comparison to existing methods. The 

Support Vector Machine (SVM) is employed for classifying the Coronavirus variant. The python 

platform is utilizing for implementation and achieved the accuracy of 96.5%. 
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1. Introduction 

In December 2019 in Wuhan, the provincial capital of Hubei, China, a patient with pneumonia 

was found to have the SARS-CoV-2, also known as COVID-19 [1], [2], [3]. The WHO declared 

COVID-19 to be a global outbreak on January 30, 2020, and March 11, 2020, accordingly. 

According to the most recent WHO data, the COVID-19 has infected over 65 million individuals, 

caused 1.5 million fatalities globally, and spread to more than 200 nations [4], [5]. Due to the 

newness of the virus and its characteristics, no viable treatment or vaccination has yet to be 

developed. It is essential to comprehend the roles of the SARS-CoV-2 genome to create treatments 

or vaccinations that generate lasting protection [6], [7], [8].  

The positive sense strand RNA genome of SARS-CoV-2 is between 26 and 32 kb in size 

and is a member of the family Coronaviridae of the genus Beta coronavirus. The replication 

enzyme coding region (Open Reading Frame (ORF) 1a and 1b) [9], [10], the envelope protein, the 

membrane protein [11], the nucleocapsid protein, the spike protein, and several other accessory 

genes (ORF 3a, 6, 7a, 7b, and 8) are the five major ORFs found in the SARS-CoV-2 genome. For 

the viral particle to be physically complete, the structural proteins membrane protein, spike protein, 

nucleocapsid protein, and envelope protein must all be present [12], [13], [14]. Spike glycoprotein 

directs the entry of the coronavirus into the host cells. Non-structural proteins (nsp1-6) that are 

highly conserved across coronaviruses make up the replication enzyme that is encoded by ORF 1a 

and 1b [15], [16]. The four nucleotide bases that make up an organism's nucleic acids—Adenine, 

Guanine, Cytosine, and Thymine—combine to form its genome, which represents the total of its 



genetic capacity [17], [18]. The one-stranded DNA sequence of the RNA-based COVID-19 gene 

is approximately 30 Kb long. Genome sequencing is the process of determining the nucleotide 

order of a genome. 

Biomedical experts can create hypotheses regarding how genetic features may influence 

the frequency of sickness presentations in the population thanks to the discovery of these traits. 

But this is frequently a labour- and time-intensive procedure that heavily relies on subject-matter 

knowledge. In the COVID-19 pandemic, early gene sequencing of several SARS-CoV-2 strains 

failed to yield timely useful information, and numerous aspects of disease activity are still 

unexplained [19], [20]. Sequential pattern mining (SPM), a technique used in Artificial 

Intelligence (AI), has the potential to speed up the development of useful insights and, eventually, 

increase the efficacy of global reactions. Pattern analysis provides efficient computer-based 

techniques that enable users, particularly bio-informaticians, to analyze complex and enormous 

genetic and genomic data. The foremost contributions of the paper is as follows, 

 To efficiently convert the RNA sequence into statements the adaptive K-mers is 

introduced. Depending on the properties of the sequence being analyzed, adaptive k-mers let the 

k value to change or be optimized. 

 To overcome the SACO algorithm to fall in the local optima, the levy flight strategy is 

included in the exploration phase of the SACO algorithm. This may improve the overall fitness 

score of the SACO algorithm. 

 To update the position of the optimization algorithm, Easom function is utilized. This may 

help to escape from the local minima and continue searching for the global minimum and also 

helping the algorithm navigate the search space effectively. 



 To obtain the trade-off between global and local optima, the inertia weight is introduced in 

the exploitation stage. This may produce a balance between exploitation and exploration. 

The organization of the paper is as follows, section 2 explain the recent existing papers in 

literature review section, section 3 gives the detailed description of proposed methodology, section 

4 discussed the results obtained for the proposed technique and compared it with the existing 

techniques and finally section 5 conclude the paper with detailed conclusion. 

 

2. Literature review 

The recent existing papers related to identifying coronavirus variant is discussed in this section. 

In 2021, Nawaz, et. al., [21] have analyzed the COVID-19 genome with AI methods. Sequential 

pattern mining (SPM) was originally used to the COVID-19 genome sequences in an effort to look 

for any fascinating hidden patterns that would point to a regular sequence of nucleotide bases and 

how they interact with one another. The corpus was then subjected to sequence predictive 

algorithms to see if nucleotide bases could be predicted from previous ones.  

In 2022, Ahmed and Jeon [22] have developed an AI for COVID 19 and related virus 

genome sequence analysis. With the use of the method, considerable information may be extracted 

from different viral genome sequences. which do a comparison of data by gathering basic data 

from the COVID-19 and other genome sequences, such as details on the frequency and structure 

of nucleotides, the composition of trinucleotides, the quantity of amino acids, aligning of genome 

patterns and DNA similarity data. 

In 2020, Dey, et. al., [23] have discussed the SARS-CoV-2 and human protein interactions 

predicted using machine learning approaches based on sequence. A variety of machine learning 

models were developed in that article to forecast the PPIs between virus and human proteins. The 



classification models were developed using a variety of sequence-based properties of human 

proteins, including conjoint triad, pseudo amino acid substance, and amino acid 

concentration. Finding prospective targets for more efficient COVID drug development may be 

aided by that work. 

In 2020, Pathan, et. al., [24] have discussed the COVID-19 time series prediction using 

recurrent neural network-based LSTM model with mutation rate analysis. Thymine (T) and 

Adenine (A) are shown to have undergone significant amounts of mutation throughout all areas, 

while codons do not undergo as much mutation as nucleotides. To forecast the virus's future 

mutation rate, a recurrent neural network-based Long Short-Term Memory (LSTM) model has 

been used. 

In 2021, Wang and Jiang [25] have invented the COVID 19 genome sequence studies using 

principal component analysis. The aligned big size genome sequences were subjected to a principle 

component analysis (PCA), and the letters were translated into numbers using a method that has 

been published for the study of protein sequence clusters. The key human viral sequences were 

separated from the pangolin and bat collections in the study's preliminary finalist sequence 

evaluation, and the PCA score plot showed acceptable compatibility with low-quality data. 

In 2020, Saha [26] have suggested the genome-wide analysis for genetic mutation and SNP 

identification. The study examined 566 Indian SARS-CoV-2 genomes to search for SNPs, 

removal, introduction, and substitution alterations. That research found 64 SNPs, 1609-point 

mutations in the forms of substitution, deletion, and insertion, and 100 mutation clusters (mainly 

deletions). The 6 coding areas include 57 of the 64 SNPs total.  

In 2021, Arslan [27] have predicted based on the genetic connections among the human 

SARS-CoV-2 and the bat SARS-like coronavirus (COVID-19). The suggested traits were then 



combined with genomic sequence CpG island features to enhance COVID-19 prediction. Thus, 

five real numbers may be used to represent each genome sequence. On a dataset of SARS-CoV-2-

equivalent people coronavirus DNA sequences, that employ six machine learning classifiers to 

demonstrate the usefulness of the suggested features. 

In 2021, Singh, et. al., [28] have employed machine learning methods to classify SARS-

CoV-2 and non-SARS-CoV-2. That work uses complementary DNA, which was made from the 

single-stranded RNA virus, to categorize the SARS-CoV-2 virus without needing alignment. A 

total of 1582 samples were gathered from multiple data sources, with diverse genome sequence 

lengths from various areas, and split into two groups: those with and without SARS-CoV-2. 

Utilizing DSP methods, retrieved eight biomarkers based on three-base periodicity, and using a 

filter-based feature selection, graded them.  

 

2.1. Problem statement 

Understanding the propagation and evolution of the virus depends heavily on the discovery of 

SARS-CoV-2 variants from viral genome sequences. Existing approaches generally rely on 

sequential feature extraction and selection procedures, which may have issues correctly 

anticipating the variations. A unique strategy that integrates feature extraction and selection 

methods for improved feature learning is suggested to get around these restrictions. To provide 

more precise variant prediction, feature selection approaches' performance can be further 

improved. In order to increase the efficiency of feature selection in the identification of SARS-

CoV-2 variants, it is necessary to develop a method that uses the SACO algorithm. 

By using weighted feature learning approaches, the suggested model also tries to solve the 

problem of subpar feature learning. The model aims to improve the overall feature learning process 



and, as a result, the performance of variant prediction for SARS-CoV-2 by including weighted 

feature learning. For the purpose of successfully predicting SARS-CoV-2 variations from viral 

genome sequences, the problem statement calls for the development of a method that combines 

sequential feature extraction, feature selection using the SACO algorithm, and weighted feature 

learning. 

 

3. Proposed methodology 

The model focuses on extracting knowledge from genetic sequences, specifically the genomic 

sequences of organisms like the SARS-CoV-2 virus. It analyzes the sequential and statistical 

aspects of these genetic components, identifying numerical characteristics and trends. The SU 

statistic is used to quantify the statistical correlation between traits derived from genetic sequences. 

The model also employs Information Gain (IG) for a comprehensive analysis of features. Its 

ultimate goal is to classify genomic sequences into various COVID-19-related categories using a 

Support Vector Machine (SVM) model. The block diagram in Figure 1 likely illustrates the 

sequential and statistical processes involved in achieving this classification. 
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Figure 1: Block diagram of the proposed COVID-19 variants prediction framework 
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