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Introduction
Viral genome sequencing has emerged as a critical tool in 
modern virology, offering profound insights into the genetic 
makeup of viruses, their evolution, transmission patterns, and 
their interactions with host organisms [1]. The advent of next-
generation sequencing (NGS) technologies has revolutionized 
our ability to sequence and analyse viral genomes, providing 
a comprehensive understanding of viral biology and the 
molecular basis of viral diseases. This has become particularly 
important in the context of emerging infectious diseases, such 
as COVID-19, Zika virus, and Ebola, where rapid sequencing 
can inform diagnosis, treatment strategies, and public health 
responses [2].

Viral genome sequencing is the process of determining the 
complete genetic material (DNA or RNA) of a virus. This 
involves extracting viral RNA or DNA from infected samples, 
amplifying it, and then determining the nucleotide sequence 
using high-throughput sequencing technologies [3]. The viral 
genome can provide detailed information about the virus’s 
structure, replication mechanisms, and the specific genes 
responsible for pathogenicity. Viral genomes can be classified 
based on their structure and replication strategy. Some viruses 
have single-stranded RNA genomes (e.g., coronaviruses), 
while others have double-stranded DNA genomes (e.g., 
herpesviruses). Sequencing the genome of a virus allows 
scientists to identify specific genetic mutations, track the 
virus's evolutionary history, and monitor genetic changes that 
could impact transmission and virulence [4, 5].

The first step is obtaining a sample from a patient or 
environmental source. This could include blood, respiratory 
secretions, saliva, faeces, or other bodily fluids, depending 
on the virus of interest. Once the sample is collected, viral 
particles are isolated, and the viral RNA or DNA is extracted 
[6]. Since viruses often exist in low quantities in biological 
samples, amplification techniques such as polymerase chain 
reaction (PCR) or reverse-transcription PCR (RT-PCR) 
are used to increase the amount of viral nucleic acid. This 
allows for sufficient material to be sequenced and analysed. 
Once sufficient viral material is obtained, next-generation 
sequencing (NGS) platforms are used to read the nucleotide 
sequence of the viral genome. NGS platforms, such as Illumina, 
Oxford Nanopore, and PacBio, can generate massive amounts 
of sequencing data in a short period, allowing researchers to 
obtain near-complete viral genomes quickly. After sequencing, 
bioinformatics tools are used to analyze the massive data sets 

generated. These tools help assemble the genome sequence, 
identify mutations, compare the viral genome to existing 
databases, and construct phylogenetic trees to understand the 
virus's evolution and relatedness to other strains [7].

Viral genome sequencing has a wide range of applications, 
particularly in the fields of infectious disease diagnosis, 
outbreak tracking, vaccine development, and antiviral 
drug discovery. Viral genome sequencing can be used to 
identify novel or rare viruses that may not be detectable by 
conventional diagnostic methods, sequencing the genome 
of a new virus like SARS-CoV-2 (the virus responsible for 
COVID-19) allows for the rapid identification of its genetic 
makeup, helping to confirm its identity and understand its 
transmission dynamics. In cases where traditional diagnostic 
tests (e.g., PCR, serology) fail or are not available, genome 
sequencing provides a definitive diagnosis by identifying viral 
genetic material in patient samples [8].

Although sequencing technologies have become more 
accessible, the cost of sequencing remains a significant barrier, 
especially for low-resource settings. However, ongoing 
improvements in sequencing technology and the availability 
of NGS platforms are expected to reduce the cost of viral 
genome sequencing over time [9]. Viral genome sequencing 
generates vast amounts of data, and analysing this data can 
be complex. Bioinformatics expertise is required to accurately 
interpret the results and identify relevant genetic mutations, 
especially when comparing large numbers of viral genomes. 
The quality of the viral genome sequence can be compromised 
by contamination from host DNA or other microorganisms 
present in patient samples. Ensuring the purity of viral RNA 
or DNA is crucial to obtaining accurate results. As viruses 
evolve and mutate, tracking new variants becomes increasingly 
challenging. While sequencing can identify mutations, the 
long-term consequences of those mutations—such as changes 
in infectivity, immune escape, or drug resistance—can be 
difficult to predict without further research [10].

Conclusion

Viral genome sequencing has transformed our understanding 
of viruses and how they interact with hosts. From diagnosing 
infections to tracking outbreaks, designing vaccines, and 
developing antiviral drugs, viral genome sequencing plays a 
vital role in modern virology. Despite challenges such as cost 
and data analysis, the continued advancement of sequencing 
technologies and their integration with cutting-edge 
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bioinformatics tools promise to further accelerate our ability 
to respond to viral threats. As new viruses emerge and existing 
ones evolve, the ability to rapidly sequence viral genomes will 
be indispensable in safeguarding global health and ensuring 
effective treatments for viral diseases.
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