
 

Study identifies Sars-CoV-2 variant with a
deletion in its genome
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Geneticist Prof. Dr Jörn Kalinowski and his team at the Center for
Biotechnology are using the latest nanopore sequencing to sequence the longest
possible gene segments and identify deletions in the genome of Sars-CoV-2
variants. Credit: Bielefeld University

Automated gene analyses of SARS-CoV-2 samples consistently miss
gene segments in the virus genome that have undergone deletion due to
mutations. This is revealed in a new study by researchers at Bielefeld
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University's Center for Biotechnology (CeBiTec) and the Evangelical
Hospital Bethel (EvKB), one of the supporting hospitals of Medical
School OWL. The research team was able to show that a large part of the
ORF8 gene segment was missing in the samples it analyzed. This gene
region is thought to contribute to delaying defensive reactions in the
human body. If it is missing, there is a chance that the virus will become
less pathogenic, meaning that it will cause less serious disease. The
research team has published its findings in the journal Viruses.

"When both hospitals and schools carry out routine tests to see whether
people have caught the virus, their main aim is to contain further
infections," says lead investigator Professor Dr. Jörn Kalinowski, a
geneticist at CeBiTec. When laboratories analyze samples with the
widely available PCR tests, they are not just aiming to determine
whether an infection is present. If they find a case of infection, they also
investigate which variant of the virus is involved. "To do this, it is
sufficient to identify individual characteristic gene sections that are
typical for the common virus variants." Currently, such analyses usually
produce the same result throughout Europe: the delta variant—it is far
more infectious than other variants.

"Because only a few gene segments are required to identify a common
viral variant, laboratories usually simply accept that they cannot identify
other gene segments," says Kalinowski. One reason why the genome
cannot be determined completely is, for example, inadequate preparation
of the sample. In addition, however, it is often the case that analysis
software does not optimally recognize individual nucleotides—the gene
building blocks of the viral genome. Instead of the letters A, T, G, and
C, which are used to represent the gene building blocks of the viral
genome, the software then writes the letter N into the gene sequence.

Existing software documents missing gene segments
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in a misleading way

The Bielefeld research team's study found that this makeshift approach
can lead to a far-reaching problem. "Mutations can lead to variants of
SARS-CoV-2 in which longer gene segments are deleted," says
bioinformatician Professor Dr. Alexander Sczyrba from CeBiTec, co-
author of the study. "We found that the commonly used standard
software enters placeholders in the gene sequence even when an entire
gene segment is not present at all." Then the letter N is written in rows in
the gene sequence.

"This is a systematic error," says Jörn Kalinowski, 'because such a
deletion in the genome is an important clue when it comes to future
exposure to the coronavirus." When there is a deletion in a gene
segment, properties stored in the affected gene also disappear. As the
virus replicates, these properties are no longer passed on. "In addition,
mutations that make the virus more dangerous for humans can no longer
develop within such deletions in the genome." According to Kalinowski,
such missing gene segments can be one of the reasons why SARS-CoV-2
adapts to humans as its hosts. This would then make the virus more
infectious, but, at the same time, less dangerous. "The virus would then
become endemic. In other words, it would appear regularly in different
regions, as is the case with other, long-known coronaviruses that
nowadays give us only harmless colds."

Knowing the virus variant helps in reconstructing
infection chains

The researchers discovered the gene deletion in the virus when analyzing
virus samples from the EvKB. There, medical staff and patients are
tested continuously for infections with the coronavirus. Kalinowski's
research group has been analyzing samples from the hospital since April
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2020. For their analyses, they receive extracts containing the genetic
material of the virus. These come from swabs of positively tested
patients. "Detailed analysis of the samples enables us to reconstruct
infection chains when cases occur," says senior physician Dr. Christiane
Scherer, head of microbiology at the EvKB and also co-author of the
study. At the peak of the second wave of infections in January and
February 2021, Scherer and her team identified a cluster of infections.
They managed to contain these through extensive screening and contact
tracing. The viral variant B.1.1.294 was unable to spread further on the
wards.

The CeBiTec analyses confirmed that the isolation measures on the
affected wards were successful. "We were able to state this so precisely
because we discovered a special feature of the virus variant: there are
168 nucleotides missing in its genetic code," reports Jörn Kalinowski.
The gene building blocks were missing in the gene region "Open
Reading Frame 8' (ORF8). This genetic information is presumably
responsible for the fact that the virus succeeds in delaying the immune
response of infected individuals.

Function added to analysis software

The scientists were able to detect the missing nucleotides because—in
contrast to the standard PCR testing—they also applied nanopore
sequencing. Compared to the usual sequencing machines, these special
instruments make it possible to determine longer gene segments. The
researchers also added a further function to freely available gene analysis
software that correctly detects and labels missing nucleotides in gene
sequences. "This was the only way we could determine that part of the
ORF8 gene region had disappeared," says Kalinowski.

"This analysis allowed us not only to determine the cluster in our
hospital," says Christiane Scherer, 'but also to ensure that the viral
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variant had reached a dead end with us and that no one else would
contract it after it had been contained."

Evolutionary dendrogram shows related variants of
the investigated virus mutant

The CeBiTec researchers wanted to know the origin of the virus variant
with the deleted gene segment. To do this, they took raw data from the
central database of coronavirus variants and evaluated it using their own
specially developed software. "We were thus able to determine where
other predecessors of the variant we were investigating had emerged and
where similar variants could be found," explains Alexander Sczyrba. The
scientists illustrate the result in a dendrogram of SARS-CoV-2. This
shows, for example, that a precursor of the virus variant was previously
discovered in Denmark.

The CeBiTec researchers also want to enable other scientists to precisely
identify missing gene segments in SARS-CoV-2 variants. To this end,
they are making their further development of the analysis software,
including the source code, available for downloading on a relevant
platform.

"If we want to clarify what are the functions of individual genes in the 
virus and how it evolves, it is important for us to be able to search for
further variants with deleted gene segments," says Jörn Kalinowski. "But
this would require access to all the raw data from analyzed coronavirus
samples nationwide. Unfortunately, rigid data protection regulations
currently prevent this," he says.

  More information: David Brandt et al, Multiple Occurrences of a
168-Nucleotide Deletion in SARS-CoV-2 ORF8, Unnoticed by Standard
Amplicon Sequencing and Variant Calling Pipelines, Viruses (2021). 
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