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Abstract

Since the emergence of COVID-19 in Wuhan in late 2019, the world has been largely

affected. Despite extensive research about the virus itself (SARS-CoV-2) causing the

pandemic, some questions regarding its emergence are still unaccounted for. This paper

contains an investigation and analysis of the sequencing reads and the SARS-CoV-2 ref-

erence genome sequence assembled from those reads. By retracing the steps of assembling

the reference sequence, a probability that multiple strains of SARS-CoV-2 co-existed inside

the patient’s body is found. The assembly tool, MEGAHIT, applies an assembly process

that tends to ignore multiple routes to form contigs. Therefore, we design a workflow that

could rectify this potential issue and identify multiple strains from the COVID-19 patient

sample. It involves error correction, extracting relevant reads, strain identification, phy-

logenetic study, and protein structure analysis. The results indicate that more than one

strain of SARS-CoV-2 could be produced from the sample that was used to produce the ref-

erence sequence. Their binding affinity and phylogenetic relationships with the published

SARS-CoV-2 reference genome, SARS-CoV, and some other variants of SARS-CoV-2 are

also revealed. The discovered strains show some possible structural differences that affect

the protein binding affinity between the spike protein and human ACE2. Consequently,

this workflow for identifying within-host diversity highlights the existence of co-existing

strains with distinct nucleotide sequences, emphasizing the importance of considering these

variations when designing mRNA vaccines.

Keywords: SARS-CoV-2 strains; error correction; Illumina short reads;

phylogenetic study;mRNA vaccine design
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