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Artistic representation of Scientific data: prediction of mutant SARS-CoV-2
viral fitness based on the viral spike protein coding mRNA stability.
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SARS-CoV-2, the causative virus for the recent COVID-19 pandemic, has evolved into various
mutant strains that showed more viral fitness compared to the wild type with respect to their
replication capacity thus leading to rapid spread of COVID-19. In order for a particular mutant
viral strain to be more fit than wild type, there must be additional contributing factors at the
molecular level such as the mRNA/genomic RNA stability, etc. In this study, we predicted the
relative viral fitness of mutant viral strains in comparison to the wild type by evaluating the relative
mRNA stability and the results were hand drawn in a circular correlation plot in an artistic way.
These results warrant further analysis of both naturally evolving mutants and systematically
generated mutants using computational tools in silico.
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Figure 1. Hand drawn circular correlation plot showing how mRNA stability affects the mutant SARS-CoV-2 viral fitness.
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Data representations are often the key to
understand Scientific problems clearly either
for making plausible hypotheses or for
understanding complex data to make
reasonable conclusions. Typically the normal
coordinate system allows one to plot
multidimensional data using the normal x, y, z
axes. However, plotting multidimensional data
along with the intra- and inter-data
correlations demands for a different strategy
such as the circular correlation plots as shown
in Figure 1. The availability of open source
software package, Circos (1), has made it very
easy to plot the most complicated genomics
data along with relationships within and
between data (1). In this study, we attempted a
circular correlation plot using a free hand
drawing approach (Figure 1) rather than using
the Circos open source software. Our plot
shown in Figure 1 may not look as
professional as the typical Circos plot but it
definitely looks artistic!

The goal of this study is two-fold, (a)
to train students at TCABS-E on how the
circular correlation plots work as a part of
their data analysis and (b) to encourage
students towards paying attention to the
details by following a hand drawing approach
rather than simply entering values into an
excel sheet and getting the Circos plot with a
mouse click! This type of data analysis not
only made students more curious about how
one can correlate the data (both within and
between) but also highly encouraged them to
understand everything about their data to the
finest detail. In this study, the circular plot
shown in Figure 1 explains the correlation
between the spike protein-coding mRNA
(SPmRNA) stability of various systematically
in silico generated mutant variants of
SARS-CoV-2 and their corresponding
replication fitness compared to the wild type.
The SPmRNA stability of each in silico mutant
was taken from the RNA folding server (2)
that predicts the secondary structure of RNA
ensembles.

Figure 2. Initial circular plot with one triplet codon and the
corresponding systematic in silico mutants.

The RNA folding server (3) also
predicts the ensemble thermodynamic free
energy expressed in kcal/mol. The sequences
of each of the in silico generated mutants were
fed into the RNAfold server (4) to obtain the
ensemble diversity (positive values) and their
corresponding thermodynamic free energies
(negative values). The negative values were
plotted on the left side of the circle (Figure 1)
by taking the outer circle as x-axis and
inter-circle gap as y-axis with histograms
pointing towards the center, thus representing
the negative scale. The positive values were
plotted on the right side of the circle (Figure
1) by taking the inner circle as x-axis and
inter-circle gap as y-axis with histograms
radiating away from the center. Both of these
histograms were then correlated not only with
each other but also with the estimated relative
viral fitness with respect to the wild type using
branching ribbons and lines drawn in the
innermost circle. The estimated relative viral
fitness was plotted at the bottom part of the
diagram by taking the inner circle as x-axis
and the inter-circle gap as y-axis representing
a positive scale.
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All six in silico generated mutants
along with the wild type were plotted here by
taking the wild type replication fitness as
100%. The replication fitness of wild type was
taken as 100% because evidently the wild type
strain of SARS-CoV-2 claimed millions of
lives across the globe since 2020. Initial
attempt for a hand drawn circular plot was
made by taking only one triplet codon with all
possible systematic point mutations (Figure 2)
before attempting the multi-codon plot shown
in Figure 1 using the methodology described
by Vissapragada et al. (5). Interestingly all the
in silico generated mutants that were plotted in
Figure 1 showed higher replication fitness
compared to the wild type strain. However,
the location of the mutation plays a critical
role in determining whether that mutation
leads to the failure of the vaccine.

Currently, we are in the process of
evaluating the position of the mutation with
respect to its antigenicity that directly
contributes to the success/failure of the
vaccine. However, the details are beyond the
scope of this communication. Further, the data
obtained from the in silico, in vitro and in vivo
studies will be published in the future issues
of TCABSE-J.
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