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BIOINFORMATIC ANALYSIS OF VARIABILITY 
AND CONSERVATION OF THE SARS-COV-2 SPIKE  
PROTEIN USING MULTIPLE SEQUENCE ALIGNMENT

Background/Aim. The Spike (S) protein of SARS-CoV-2 is the main surface protein and key antigen responsible for viral 
infectivity and immune response. Due to its high mutation rate, there is a need to identify conserved regions as potential 
biomarkers and targets for vaccines and targeted therapy. The aim of this study was to analyze the variability of Spike protein 
based on the protein sequence alignment and to identify conserved regions. Methods. Amino acid sequences of the SARS-
CoV-2 Spike protein from different viral variants, including a reference sequence and clinical isolates, were obtained from the 
NCBI GenBank database. Multiple sequence alignment (MSA) was performed using the MAFFT algorithm, while conserva-
tion of amino acid positions was assessed in the Jalview software environment using entropy-based analysis. Results. Mul-
tiple sequence alignment of the Spike protein amino acid sequences revealed a clearly heterogeneous distribution of variability 
along the molecule, reflecting its functional and structural differentiation. The highest level of variability was observed in the 
receptor-binding domain (RBD), where a substantial number of amino acid substitutions were identified among major viral 
variants (Alpha, Delta, and Omicron). This confirms the high evolutionary plasticity of this region, which is under strong 
selective pressure from the host immune system and plays a key role in binding to the ACE2 receptor. In contrast, MSA and 
entropy-based analysis identified three well-defined conserved regions with low entropy values (<0.2), predominantly loca
lized within the S2 subunit of the Spike protein. These regions exhibit a high degree of evolutionary conservation across vari-
ants, indicating their critical structural and functional importance. The most stable amino acid positions are concentrated in 
the C-terminal region of S2, which is directly involved in the membrane fusion process between the virus and the host cell, a 
key step in viral infection. Furthermore, conserved regions were maintained across evolutionarily distant SARS-CoV-2 vari-
ants, suggesting limited mutational tolerance and functional indispensability. Entropy analysis further confirmed that the S2 
subunit exhibits significantly higher structural stability compared to the S1 and RBD domains, making it a more suitable 
source of stable molecular targets for diagnostic, vaccine, and therapeutic applications. Conclusions. The obtained results 
confirm that conserved regions of the S2 subunit represent the most promising molecular targets for further development of 
diagnostic, vaccine, and therapeutic approaches.
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