
 

How COVID-19 transformed genomics and
changed the handling of disease outbreaks
forever
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If the pandemic had happened ten years ago, what would it have looked
like? Doubtless there would have been many differences, but probably
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the most striking would have been the relative lack of genomic
sequencing. This is where the entire genetic code—or "genome"—of the
coronavirus in a testing sample is quickly read and analyzed.

At the beginning of the pandemic, sequencing informed researchers that
they were dealing with a virus that hadn't been seen before. The quick
deciphering of the virus's genetic code also allowed for vaccines to be
developed straight away, and partly explains why they were available in
record time.

Since then, scientists have repeatedly sequenced the virus as it circulates.
This allows them to monitor changes and detect variants as they emerge.

Sequencing itself is not new—what's different today is the amount
taking place. Genomes of variants are being tested around the world at
an unprecedented rate, making COVID-19 one of the most highly tested
outbreaks ever.

With this information we can then track how specific forms of the virus
are spreading locally, nationally and internationally. It makes COVID-19
the first outbreak to be tracked in near real-time on a global scale.

This helps with controlling the virus. For example, together with PCR
testing, sequencing helped reveal the emergence of the alpha variant in
winter 2020. It also showed that alpha was rapidly becoming more
prevalent and confirmed why, revealing that it had significant mutations
associated with increased transmission. This helped inform decisions to 
tighten restrictions.

Sequencing has done the same for omicron, identifying its concerning
mutations and confirming how quickly it's spreading. This underlined the
need for the UK to turbocharge its booster program.
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https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Fact-Sheet
https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Fact-Sheet
https://www.science.org/content/article/chinese-researchers-reveal-draft-genome-virus-implicated-wuhan-pneumonia-outbreak
https://www.science.org/content/article/chinese-researchers-reveal-draft-genome-virus-implicated-wuhan-pneumonia-outbreak
https://medicalxpress.com/tags/genetic+code/
https://www.gisaid.org/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/959438/Technical_Briefing_VOC_SH_NJL2_SH2.pdf
https://microreact.org/project/cogconsortium
https://microreact.org/project/cogconsortium
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7986995/
https://www.bbc.co.uk/news/uk-55379220
https://www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-SARS-cov-2-variant-of-concern
https://www.gov.uk/government/news/urgent-omicron-appeal-get-boosted-now


 

The road to mass sequencing

The importance of genomic sequencing is undeniable. But how does it
work—and how has it become so common?

Well, just like people, each copy of the coronavirus has its own genome,
which is around 30,000 characters long. As the virus reproduces, its
genome can mutate slightly due to errors made when copying it. Over
time these mutations add up, and they distinguish one variant of the virus
from another. The genome of a variant of concern could contain
anywhere from five to 30 mutations.

The virus's genome is made from RNA, and each of its 30,000
characters is one of four building blocks, represented by the letters A, G,
C and U. Sequencing is the process of identifying their unique order.
Various technologies can be used for this, but a particularly important
one in getting us to where we are is nanopore sequencing. Ten years ago
this technology wasn't available as it is today. Here's how it works.

First the RNA is converted to DNA. Then, like a long thread of cotton
being pulled through a pinhole in a sheet of fabric, the DNA is pulled
through a pore in a membrane. This nanopore is a million times smaller
than a pin head. As each building block of DNA passes through the
nanopore, it gives off a unique signal. A sensor detects the signal
changes, and a computer program decrypts this to reveal the sequence.

Amazingly, the flagship machine for doing nanopore sequencing—the
MinION, released by Oxford Nanopore Technologies (ONT) in
2014—is only the size of a stapler; other sequencing techniques (such as
those developed by Illumina and Pacific BioSciences) generally require
bulky equipment and a well-stocked lab. The MinION is therefore
incredibly portable, allowing for sequencing to happen on the ground
during a disease outbreak.
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https://www.pnas.org/content/118/25/e2024815118
https://github.com/phe-genomics/variant_definitions
https://medicalxpress.com/tags/building+blocks/
https://www.sciencedirect.com/topics/neuroscience/nanopore-sequencing
https://www.science.org.au/curious/technology-future/how-small-nanoscale-small


 

This first happened during the 2013–16 Ebola outbreak and then during
the Zika epidemic of 2015–16. Pop-up labs were set up in areas lacking
scientific infrastructure, enabling scientists to identify where each
outbreak originated.

This experience laid the foundation for sequencing the coronavirus
today. The methods honed during this time, in particular by a genomics
research group called the Artic Network, have proved invaluable. They
were quickly adapted for COVID-19 to become the basis on which
millions of coronavirus genomes have been sequenced across the globe
since 2020. Nanopore sequencing of Zika and Ebola gave us the methods
to do sequencing at a never-before-seen scale today.

That said, without the much larger capacity of the benchtop machines
from Illumina, Pacific Biosciences and ONT, we wouldn't be able to
capitalize on the knowledge gained through nanopore sequencing. Only
with these other technologies is it possible to do sequencing at the
current volume.

What next for sequencing?

With COVID-19, researchers were able to monitor the outbreak only
once it had started. But the creation of rapid testing and screening
programs for other new diseases, as well as the infrastructure to conduct
widespread sequencing, has now begun. These will provide an early
warning system to prevent the next pandemic taking us by surprise.

For instance, in the future, surveillance programs may be put in place to
monitor wastewater to identify disease-causing microbes (known as
pathogens) present in the population. Sequencing will allow researchers
to identify new pathogens, allowing an early start on understanding and
tracking the next outbreak before it gets out of hand.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4817224/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722632/
https://artic.network/
https://www.protocols.io/view/ncov-2019-sequencing-protocol-bbmuik6w?version_warning=no
https://www.bmj.com/content/372/bmj.n485
https://www.bmj.com/content/372/bmj.n485
https://www.nature.com/articles/s41587-020-0690-1


 

Genome sequencing also has a role to play in the future of healthcare
and medicine. It has the potential to diagnose rare genetic disorders,
inform personalized medicine, and monitor the ever-increasing threat of 
drug resistance.

Five to ten years ago, scientists were only just beginning to trial
sequencing technology on smaller viral outbreaks. The effects of the past
two years have resulted in a huge increase in the use of sequencing to
track the spread of disease. This was made possible by technology, skills
and infrastructure that have developed over time.

COVID-19 has caused untold damage worldwide and affected the lives
of millions, and we're yet to see its full impact. But recent
advances—particularly in the field of sequencing—have no doubt
improved the situation beyond where we'd otherwise be.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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