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During the last 2 years since late 2019, the world has been devastated by the Severe Acute 
Respiratory illness coronavirus (SARS-CoV-2), the driving force behind the current COVID-19 
pandemic (WHO, 2021). Like all organisms on earth, viruses are continuously mutating and 
evolving becoming more virulent as time goes on. Identifying these mutations is important to 
combat viruses like SARS-CoV-2 and develop effective vaccines and treatments.  

The purpose of this study was to identify novel mutations in coronavirus that have the 
potential to impact, transmission, vaccine efficacy, and virulence. To conduct this study, reference 
and sample sequences were collected from the NCBI GenBank database and analyzed through the 
SnapGene alignment program. This study focused on comparing sequences from a single lineage 
of concern, the delta lineage. It was determined that this lineage would be the focus of the study 
as it has been found in breakout cases in vaccinated populations (Meseret, B. 2021).  

The SARA-Cov-2 virus is approximately 30 thousand bases (kb) long with 10 open reading 
frames coding for 4 functional proteins. The functional or structural proteins that are coded for 
include the M(membrane) E(envelope) N(nucleocapsid) and S(spike), each protein codes for a 
physical structure that make up the body of the virus (Naqvi, 2020). The Spike protein regulates 
through interactions with the ace2-receptor controlling entry to the host cell and transmission 
(Barnes, C. 2020). In addition, the spike protein houses a significant portion of the virus’s epitope 
regions. Epitope regions are portions of the virus that can be recognized by the host’s antibodies 
that target the virus for destruction or stop it from entering and infecting host cells. It is for this 
reason that the primary genome region analyzed in this study codes for the Spike Protein.  

The sequences analyzed in this study were collected between June-July 2021. In total, 88 
sequences were collected from 18 of the 50 states, including Massachusetts, New York, 
Connecticut, Florida, Georgia, Alabama, Ohio, Colorado, Utah, Maryland, Arkansas, Kansas, 
Nevada, Arizona, Texas, California, & Washington. Notably, the sequence reports collected from 
Massachusetts on July 7th & 8th had large numbers of unidentifiable nucleotides within the spike 
gene and were not considered when comparing significance. From these sequences, 15 novel 
mutations were identified when compared to the reference sequence collected from India in April 
2021. The significance of these mutations was hypothesized by the position found in the genome. 
Ten of the 15 identified mutations fall within epitope regions along the spike gene. All ten 
significant mutations identified were caused by single nucleotide changes that result in a missense 
mutation; those that lead to amino acid changes and were identified in multiple samples. The 
presence of the same mutation in multiple samples suggests that the identified changes were not 
due to sequencing error. Additionally, four mutations V70F, K77T, T95I and, S112L were found 
to fall within regions of overlapping epitopes. Interestingly, each of these mutations were found in 
close succession in the N-terminal domain of the spike gene. This is significant because although 
the receptor binding domain (RBD) physically contacts the ace2-receptor regulating cell entry, the 
N-terminal domain was found to be a hotspot for single and overlapping epitopes or sequences 
that can be recognized by both B-cells and T-cells (Yi, C. 2020; Fatoba, A. 2021; Li, y. 2021). 
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The positioning of these mutations suggests that each could have a significant impact on 
the way antibodies recognize the virus, potentially impacting transmission, vaccine efficacy, 
and/or virulence. Further research is needed to investigate the relationship between the positioning 
of the mutations and the way antibodies recognize the virus, including the implications of these 
results for understanding transmission, vaccine efficacy, and virulence. 
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