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ABSTRACT. Under the strike of a global pandemic, SARS-CoV-2 has caused a
serious global health crisis that challenges worldwide reaction to contain the spread
of virus. Numerous studies have been done about SARS-CoV-2 mutation; yet,
questions about the correlation between mutation with factors as genders and
geographical location are not comprehensively and timely studied. Thus, in this
research, we aim to explore the association of the frequency of several mutation
hotspots and these factors by generating graphs with R language based on the data
of 93625 SARS-CoV-2 genomes analyzed through Python script and conducting
statistical tests, in which we failed to reject the null hypothesis that there’s no
significant association. Our research has offered insights for the way of mutation of
SARS-CoV-2 in different regions and genders, contributing to the understanding of
the evolution of SARS-CoV-2, which is of vital importance to the development of a
vaccine.
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1. Introduction

The emergence of SARS-CoV-2 in late 2019 and its subsequent global spread
has led to millions of infections, posing a global health emergency (Wang et al.,
2020a; Yang et al., 2020). Research has scurried in isolating, sequencing, and
cloning the virus, developing diagnostic kits, and testing candidate vaccines.
Coronavirus disease can range from mild self-limiting disease to acute respiratory
distress syndrome and death (Wang et al., 2020b). However, significant questions
remain about the mutation hotspots in the COVID-19 genome based on geographical
location or other factors that remain empty. The rate of spontaneous mutation is a
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crucial parameter in modeling the genetic structure and evolution of populations
(Huang et al., 2020). The impact of the accumulated load of mutations and the
consequences of increasing the mutation rate are essential in assessing the genetic
health of people.

SARS-CoV-2 is an enveloped, +ssRNA virus, belonging to the Beta coronavirus
genus. RNA viruses are flanked by highly structured 5'- and 3'-untranslated regions
(UTRs), indispensable for translation and replicating of the viral genome (Latinne et
al., 2020). Standard RNA secondary structure prediction tools such as mold and
RNAfold (Table 4) are based on the calculation of the minimum free energy (MFE).
They can fold reliably on small local windows of up to 300 nt. Secondary structures
of larger genomic segments or interactions spanning larger regions, including
pseudogenes, are still bioinformatically challenging. Based on the folding of
multiple sequences, these sequences are generally more reliable due to following the
footsteps of evolution by compensatory mutations. Viruses usually come along with
many similar sequences perfect for a large alignment and predicted secondary
structures (Zhu et al., 2020). RNA viruses have high mutation rates—up to a million
times higher than their hosts—and these high rates are correlated with enhanced
virulence and evolvability, traits considered beneficial for viruses. However, most
mutations are synonymous mutations, and even for nonsynonymous mutations, most
of them will not benefit the survival of their hosts. Many mutations cause organisms
to leave fewer descendants over time, so the action of natural selection on these
mutations is to purge them from the population. While a small percentage of
mutations are helpful, and some are inconsequential (neutral or nearly neutral in
effect), a large portion of mutations are harmful (Koyama et al., 2020).

To find out how the new viral variants were spreading across the countries, we
focused our study on assessing the SARS-CoV-2 mutation. These variations may
contribute to improving medical prognosis, and vaccine design

2. Materials and Methods

The experimental design was focused around the goal of identifying mutation
hotspots based on sex and region in the SARS-CoV-2 genome. In order to do this,
we used a Python script to retrieve the data of 93625 COVID genomes from six
major regions (Africa, Asia, Europe, North America, South America) from the
GenBank database. Our samples only included human hosts with lengths between
28011-34692. To find the mutations of each genome, we compared them to the
original "Wuhan seafood market pneumonia virus" (WSM, NC_045512)
(https://www.ncbi.nlm.nih.gov/nuccore/NC_045512) using MUSCLE (Edgar, 2004;
Koyama et al., 2020). We then found the number of mutations in each region using
self-made scripts, then the SNPs with a frequency of over 10% in the genomes were
identified and plotted. We then used ggplot in R to plot the mutation rate vs. sex and
mutation count vs. position graphs.

Sample selection criteria:
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Age: We select middle-aged individuals, as the data in the GISAID database
contains samples mostly from this age demographic.

Gender: Since the number of deceased patients is 2.4x more male than female,
we will use male patients so as not to arrive at false conclusions based on gender.
Thought the result has shown that gender did not affect the mutation rates in any
region.

Region division: Out of the six major continents, we will choose genomes from
patients residing in the top 3 most infected countries on each continent to represent
the COVID gene for that continent. The reason is that the mutation rate is directly
correlated with the infectivity rate. 200 most recent genomes per country=3*6*100 =
1800 samples.

3. Results

3.1 Gender did not affect the mutation in any region

After removing outlier points from the Asia region, we calculated the mutation
rates among female, male and unknown gendered COVID-19 patients. Generally
speaking, the mutation frequency of data in Asia and North America is relatively
low, and it is impossible to distinguish gender differences (Figure 1). It may be
because the data we downloaded is not sufficient for the analysis. In Africa, Europe,
and South America, on the other hand, higher mutation frequencies are detected, and
some differences can also be seen (Figure 1). Yet, there are no significant
differences among groups, indicating gender does not affect the mutation rates in
any region (Figure 1).
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Figure. 1 The effect of sex on the mutation rate in six different regions
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3.2 SNP distributed with a pattern

Additionally, we retained SNPs with frequency > 0.1 and displayed the mutation
frequency of each site. Interestingly, a bimodal distribution towards the start and end
of the genome is observed, especially in South America and Africa (Figure 2). It
indicates that both ends of the virus sequence are more likely to mutate, consistent
with previous reports.

count

Figure. 2 The distribution of SNPs that occur with a frequency > 0.1 among six
regions.

If we considered all the SNPs in six regions, the distribution shows three peaks
in the SARS-CoV-2 genome (Figure 3). They appear at the position of 250-750 nt,
2,000-2,250 nt, and 3,000 nt, indicating there are patterns in the mutation loci. As
the frequency of gene mutation increases, the corresponding protein functions could
be altered. Additionally, the highest mutation locates on the 3’ end, which may be
due to the specificity of the RNA virus. Besides, the total mutation is higher in Asia,
probably because it is the birthplace of COVID-19, and provides a longer time for
mutation of the virus (Figure 3).
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Figure. 3 The distribution of all SNPs in six regions.

We also observed mutations at position 241 (C — T), 3037 (C — T), 14408 (C
— T), 28881 (G — A), 28882 (G — A), and 28883 (G — C). They occurred
throughout all the regions. From a previous study, mutation at position 14408 caused
an amino acid substitution in the RdRp protein. Nucleotide 14408 C-to-T results in a
P-to-L amino acid change at 323, an interface domain in SARS-CoV-2. It is
speculated to be involved in interactions with other proteins that may modulate the
activity of RdRp. Additionally, mutation 28881 is also reported in the previous study,
in which locates in a nucleocapsid phosphoprotein (ORF9a), indicating the
robustness of our results.

4. Discussion

Currently, we have identified mutation hotspots based on sex and region in the
SARS-CoV-2 genome. Our SARS-CoV-2 genome came from the GenBank database.
We divided the genome in gender, age, and region, which are the three primary
factors we consider. By writing a Python script, we can categorize the different data
of sex, the difference data of age, and the difference data of the region, which are
Africa, Asia, Europe, North America, South America. Our samples only included
human hosts with lengths between 28011-34692.

We observed that in each region, the male, female, and unknown gendered
patients' COVID genomes have similar mutation rates. Therefore, we concluded that
gender did not affect the mutation rates in any region. Mostly, we observed that
mutations at position 241 (C — T), 3037 (C — T), 14408 (C — T), 28881 (G — A),
28882 (G — A), and 28883 (G — C) occurred throughout all the regions. In a
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previous study, two mutations at positions 14408 and 28881 were reported. The
SNPs with a frequency of over 10% in the genomes were identified and plotted, as
mentioned above.

5. Conclusion

We focused on the goal of identifying mutation hotspots based on sex and region
in the SARS-CoV-2 genome. Using the python script and other alignment methods,
we found that gender does not affect the mutations rates in regions. We find that
Asia has the highest mutations rate; more than 80% of positions have mutations. We
use the SNP data to show the distribution of mutation frequency in the virus genome.
Since there are indels at the end of the sequences, the plot has a bulge. For the exact
common mutation positions, we find that some mutations occurred throughout all
the regions. For example, 241 (C — T), 3037 (C — T), 14408 (C — T), 28881 (G
— A), 28882 (G — A), and 28883 (G — C). From recent studies, the mutations at
14408 and 28881 could cause amino acid substitution in the RdRp protein and in the
nucleocapsid phosphoprotein (ORF9a), respectively (Pachetti et al., 2020; Yin,
2020). These mutations are present throughout the area in our research.
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