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The highly pathogenic virus SARS-CoV-2 has shattered the healthcare system
of the world causing the COVID-19 pandemic since first detected in Wuhan,
China. Therefore, scrutinizing the genome structure and tracing the
transmission of the virus has gained enormous interest in designing
appropriate intervention strategies to control the pandemic. In this report,
we examined 4,622 sequences from Bangladesh and found that they
belonged to thirty-five major PANGO lineages, while Delta alone accounted
for 39%, and 78% were from just four primary lineages. Our research has also
shown Dhaka to be the hub of viral transmission and observed the virus
spreading back and forth across the country at different times by building a
transmission network. The analysis resulted in 7,659 unique mutations, with an
average of 24.61 missense mutations per sequence. Moreover, our analysis of
genetic diversity and mutation patterns revealed that eight genes were under
negative selection pressure to purify deleterious mutations, while three genes
were under positive selection pressure. Together with an ongoing genomic
surveillance program, these data will contribute to a better understanding of
SARS-CoV-2, as well as its evolution pattern and pandemic characteristics in
Bangladesh.
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1 Introduction

Originating in Wuhan, China, SARS-CoV-2 has spread across all the countries and
territories, infecting 539.45 million and causing the death of 6.33 million people till 10"
June 2022, resulting in a global economic crisis, which is the third zoonotic virus after
MERS-CoV and SARS-CoV in 2012 and 2002 respectively (Cui et al., 2019; Dong et al.,
2020; Zhu et al,, 2020). The novel virus belonging to the Betacoronavirus genus and
Coronaviridae family is a positive-sense, single-stranded ~30 kb long RNA virus. Its
genome contains 38% GC content (Zhou et al., 2020), prefers pyrimidine-rich codons
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over purines (Kandeel et al., 2020) and is organized into 11 open

reading frames expressing 12 proteins, including two
polypeptides, four structural proteins and other accessory
proteins (Naqvi et al., 2020). Phylogenetically, the virus shares
96% identity with the strain BatCoV RaTG13 of Rhinolophus
affinis, and genome sequences along with epidemiological data
suggest that SARS-CoV-2 is primarily transmitted from bats to
humans (Cui et al., 2019; Andersen et al., 2020; Zhou et al., 2020).
A complete genome sequence of the virus was deposited in
GenBank on 5th January (NC_045512.2) (Wu et al., 2020),
followed by the submission of 9.74 million complete
sequences to GISAID by 25th March 2022 (Elbe and
Buckland-Merrett, 2017).

Since the first case was confirmed in Bangladesh on 8th
March 2020, there have been 1.953 million positive cases and
29,131 deaths reported until 10" June 2022 (Islam et al., 2020).
Having such a large population makes Bangladesh more
vulnerable to viral transmission, and it is labelled as the
second-most infected nation in the South Asian region
(Worldometer, 2021),

lockdowns, social distancing rules and mask mandates to

despite the government imposing

control the situation. Therefore, it is crucial to shed light on
the transmission and evolution of the virus inside the country to
reduce the fatality, where genomic data analyses and surveillance
comes into play, which can deliver immense information. Child
Health Research Foundation reported the first SARS-CoV-
2 genome sequence from Bangladesh on 12th May 2020 (Saha
et al,, 2020), followed by 6,919 further sequences until 31* May
2022 (Elbe and Buckland-Merrett, 2017).

To date, Bangladesh has been affected by three waves of
COVID-19 with different variants of concern (VOC), including
Alpha, Beta, Delta, and Omicron (Elbe and Buckland-Merrett,
2017). VOC is the name given to a SARS-CoV-2 variant that has
mutations in the spike protein receptor-binding domain which
increase the binding affinity within the RBD-hACE2 complex
and increases viral transmission (Choi and Smith, 2021; Sanyaolu
et al, 2021). Consequently, the mutations are essential for
studying since they alter the antigenic potentials of the
epitopes and consequently affect pathogenicity, infectivity,
transmissibility, and the evasion of host immunity. SARS-
CoV-2 encodes an exoribonuclease that proofreads the errors
during viral RNA synthesis; therefore, it has a lower mutation
rate than other RNA viruses, which aids in enhancing its ability
to adapt to their environment (Ogando et al., 2020; Gribble et al.,
2021). Nevertheless, the virus is accumulating mutations across
its genome, leading to the emergence of different variants over
time. These mutations are not evenly distributed; for example,
some genes are more prone to mutations than others are.
Moreover, cytosine to uracil substitution is more common in
SARS-CoV-2, reforming the transition/transversion ratio, which
is negatively correlated with evolutionary time (Duchéne et al.,
2015). Additionally, a variable vaccination rate among the
countries increases the risk of SARS-CoV-2 mutating into a
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strain that is resistant to current vaccines and therapies.
Consequently, it is essential to continuously study the
mutations of SARS-CoV-2 in order to develop further
effective vaccines and therapies, improve pandemic response,
and reduce the impact of the pandemic on healthcare and clinical
processes in the country.

To the best of our knowledge, most of the previous studies
addressed
determination, and potential mutations with only a few

in Bangladesh lineages distribution, source
sequences from the early phase of the outbreak (Rahman
et al., 2021; Shishir et al., 2021). Therefore, in this work,
we comprehensively analyzed 4692 SARS-CoV-2 sequences
isolated from Bangladesh until 31°* May 2022 to understand
the distribution of variants and mutation accumulation trends
over time. We have thoroughly studied the temporal and
distribution of different

Bangladesh and built the transmission network to trace

geographical lineages inside
their back and forth circulation. To better understand the
evolutionary dynamics of SARS-CoV-2 in Bangladesh over
the last 2 years, we examined the genetic diversity among
strains, gene-wise mutation distribution, and selection

pressures.

2 Methods and materials

2.1 Sequence retrieval and lineage
determination

Using completeness and coverage filters on the sequences, all
the SARS-CoV-2 genomes submitted from Bangladesh until 31*
May 2022 were retrieved from the Global Initiative on Sharing
All Influenza Data (GISAID) database (www.gisaid.org) (Elbe
and Buckland-Merrett, 2017). Prior to downstream analysis, all
sequences were quality checked and sequences with more than
5% ambiguous characters were omitted. The sorted sequences
were then classified by Phylogenetic Assignment of Named
Global Outbreak LINeages with COVID-19
Lineage Assigner (https://pangolin.cog-uk.io/) (O'Toole et al.,

(Pangolin)

2021). Furthermore, we excluded lineages carrying less than ten
sequences to address the important lineages. We analyzed and
visualized the sequence lineage distribution in R within the
country.

2.2 Transmission analysis

First, the selected sequences were aligned using the Mafft
algorithm (Katoh et al., 2018), followed by the construction of a
maximum likelihood phylogenetic tree using IQ-TREE (Minh
et al,, 2020)and calibrating the tree based on time with TreeTime
(Sagulenko et al., 2018). Using the StrainHub tool (De Bernardi
Schneider et al., 2020), we built the SARS-CoV-2 transmission
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network in Bangladesh from the reconstructed tree and
metadata.

2.3 Mutation analysis

We have aligned each sequence with the reference sequence
(NC_045512.2) (Wu et al,, 2020) using the minimap2 algorithm
(Li, 2018) and called the variants with Samtools (Li et al., 2009).
Additionally, SNP-sites (Page et al., 2016), CovSeq (Simonetti
et al,, 2021) and an online server Coronapp (Mercatelli et al.,
2021) were used to detect the mutations present in the sequences
and the common mutations from these four sources were
considered. Finally, SNPeff was used to predict the impact of
the mutations (Cingolani et al., 2012).

2.4 Effects of mutation

First of all, we used TASSEL software (Bradbury et al., 2007)
to determine the nucleotide diversity (m) using a 20 base-pair
window at five base-pair steps. Then we calculated the direction
of selection in the sequences to know if diversity moves away
from neutrality and to understand the pattern of evolution using
the SLAC algorithm (Kosakovsky Pond and Frost, 2005) in the
HyPhy software package (Kosakovsky Pond et al, 2020).
Moreover, FEL (Kosakovsky Pond and Frost, 2005), and
FUBAR (Murrell et al., 2013) methods were used to identify
specific sites experiencing diversifying or purifying selection.
Linkage disequilibrium among mutations prevalent in 10% or
more sequences were calculated using AutoVem (Xi et al., 2021)
and presented by the R2 index using HaploView (Barrett et al.,
2005). Then, along with determining the nucleotide substitution
bias, the expected and observed transition, transversion events as
well as their ratio were calculated by the method used by
Matyagek R, Kovarik A (Matyasek and Kovarik, 2020).

3 Results
3.1 SARS-CoV-2 lineage dynamics

To understand the diversity and transmission of the virus, we
have confined and analyzed sequences from all administrative
divisions of Bangladesh. There were 6,919 sequences submitted
in GISAID till 31* May 2022, but many of them were incomplete
and lacked quality. Therefore, we filtered the sequences based on
their
4,984 sequences for downstream analysis. In all, these

completeness, coverage, and gaps, resulting in
sequences belonged to 93 PANGO lineages, although many of
these lineages carried very few sequences. Hence, we further
filtered the sequences and kept only the lineages containing at

least ten sequences, resulting in 4,692 sequences from 35 lineages
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(Supplementary Material S1). Overall, in the beginning, the
country had strains that belonged to the fewest number of
PANGO lineages, but the scenario has changed over time
(Supplementary Material S2). Selected sequences belonging to
thirty-five different PANGO lineages provided us with invaluable
insight regarding patterns of pandemic and viral spread
(Supplementary Material S2). As an example, 78% of the
sequences were grouped into four lineages, where Delta
(B.1.617.2) and its three major sub-lineages (AY.X) combined
made up the highest 39% of the total sequences, while 20 out of
thirty-five lineages occupied only 9% of sequences. The top ten
most prevalent lineages were found to be B.1.617.2 (23.00%),
B.1.1.25 (20.38%), BA.2 (9.89%), B.1.351.3 (7.16%), AY.131
(6.14%), AY.122 (4.65%), AY.127 (2.73%), AY.44 (2.56%),
BA.1 (2.47%), and B.1.1 (2.37%).

3.1.1 Temporal distribution of major lineages
We found that Bangladesh was infected by a large number of
viruses from several lineages, with the highest diversification
occurring between July and September of 2021 with sequences
from 20 to 23 lineages (Supplementary Material S2). The early
phase of the pandemic in Bangladesh was started by the
in March 2020. Multiple
occurrences of the introduction of COVID-19 from different

introduction of lineage B.1

countries have previously been reported; for instance, Dhaka was
first COVID-19  with the
United Kingdom, while Chattogram was exposed to strains
from Saudi Arabia (Shishir et al, 2021). The early phase of
the pandemic was generally dominated by strains imported from

exposed to strains  from

other countries, but as the pandemic progressed, mutations
changed the dynamics and the linage B.1.1.25 took over, with
B.1 gradually declining (Figure 1A). B.1.1.25 was the highest
prevalent strain until January 2021. Later, the Beta variant
(B.1.351) was reported in November 2020, followed by the
Alpha variant (B.1.1.7) in December 2020. The B.1.1.7 lineage
started taking over the B.1.1.25 lineage following its introduction.
This linage was the most frequently detected variant in February
2021, while Beta variants were very less numerous. Despite this, a
(B.1.351.3)

variant  in

sub-lineage of Beta variants emerged and

the  Alpha March 2021
(Supplementary Material S2). However, the dominance of
B.1.351.3 did not last long due to the introduction of the
deadly delta variant (B.1.617.2).

According to our analysis, B.1.617.2 was the most dominant

outnumbered

strain within a month after its introduction in April 2021. A
number of distinct A lineages have also been observed, which
were mostly sub-lineages of the delta variant, possibly due to the
of the
AY.122 increased significantly from September 2021 while
B.1.617.2 was declining. Meanwhile, the AY.131 lineage first
appeared in Bangladesh in October 2021 and surpassed all
in November 2021; more than half the
sequences of December 2021 came from this lineage. This

increased  transmissibility variant.  Specifically,

other variants
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Distribution of major lineages in Bangladesh. (A) Geographic distribution of major lineages at administrative divisions. Dhaka contained the
highest number of sequences and maximum diversity, while Mymensingh was the least diverse division. (B) Temporal distribution of major lineages.
Maximum diversity was observed after the introduction of the Delta variant due to the emergence of different sub-lineage of it. Three major peaks
depict the three variants responsible for three COVID-19 waves in Bangladesh.

variant was eventually replaced by another highly transmissible
variant named Omicron (B.1.1.529). The Omicron variant first
emerged in Bangladesh in December 2021 and took over within a
month, ultimately leading to the third wave of infections.
Initially, the BA.l
dominated. However, BA.2 has gained a significant growth

sub-lineage of the Omicron variant
advantage over BA.1 and has taken over.

3.1.2 Regional distribution of different lineages

We then conducted a geographical analysis in order to
determine whether the variants were distributed evenly across
Bangladesh’s administrative divisions. In terms of geographical
distribution, Dhaka had the most diversified sequences from all
thirty-five lineages, followed by Chattogram with 31. On the
contrary, Mymensingh and Rangpur were less diverse areas with
sequences from only 22 and 24 lineages, respectively, where most
of the lineages represented only one or two sequences
(Figure 1B). Initially, the Alpha variant was detected in Sylhet,
and it has since spread to the other five divisions with the
exception of Barishal and Rangpur, where the Delta and
Omicron variants were first discovered in Dhaka. As a whole,
the ratio of the dominant lineages was similar throughout the
country, and our analyses of the transmission network indicate
that Dhaka was the center of viral spread throughout the country
(Figure 2). Area-specific detailed chronological distribution of
SARS-CoV-2 variants is provided in the supplementary file
(Supplementary Material S2).

To get a clearer idea of the viral circulation trend in different
divisions of the country, we extensively analyzed the variants
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present there chronologically. We figured out that the whole
country was mostly filled with a few major lineages throughout
the time, but interestingly their dominance varied. We have seen
that some lineages were missing from a particular area at a
particular time and then reappeared, maybe due to mass people’s
movement from other areas. For example, B.1.1 lineages were
present in Mymensingh from the very beginning till June 2020.
Then, this variant was missing there for 5 months but reappeared
in the middle of December 2020. However, the variant was found
present during this period in Dhaka and Chattogram. On the
other hand, the sub-lineages of Beta variant B.1.351.3 were
missing in Sylhet for 2months from February to March
2021 and appeared again in April 2021, while was present in
other divisions during this time. Several other back and forth
circulation of strains were observed, for example, AY.100 and
AY.102 in Dhaka.
information  is

Detailed circulation of the variants

provided in the

(Supplementary Material S2).

supplementary file

Finally, we have built a viral transmission network using all
our analysis data set sequences. Dhaka was found to be the center
of viral transmission and directly connected with all other
locations, while others were not. For example, we did not find
any direct connection between Chattogram with Khulna and
Mymensingh, Rangpur with Khulna, and Barisal did not have
any connection with Sylhet (Figure 2). In addition, a strain-
specific transmission network reveals the connections among
different clusters and routes of viral spread from root to tip
(Figure 3). With the time-calibrated analysis, we have observed
that the sequences from Dhaka remain at the center of the
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FIGURE 2

Transmission of SARS-CoV-2 in Bangladesh. Unlike others,
Dhaka was connected with all other parts of the country, therefore
recognized as a viral transmission hub. Arrows at the tip of the line
dictate the direction of transmission.

network and determine the course of transmission forming
connections with several subgroups.

3.2 Mutation analysis summary

Up to the present study, we have found 7,659 unique
mutations present in 4,692 sequences where 482 were
extragenic mutations, and the rest were in the coding regions.
In the total
2,865 insertion,
74  premature
4A).
37.64 mutations per sequence, where 24.61 mutations were
the
synonymous mutations increased gradually (Figure 4B). We

of 4,103 missense,
125
mutations

coding region, a

synonymous, ten deletion and

stop  codon were  observed

(Figure Moreover, our analysis demonstrated

missense, and ratio of acquiring missense over
have seen the number of mutations increase gradually over
time, yet nearly 29% of the sequences carried less than
30 mutations, and more than 55.25% of sequences had 30 to

50 mutations. The highest number of mutations detected was
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78 in two strains isolated from Dhaka on 28" February 2022, and
the lowest number was only one found in a sequence from 11"
May 2021. Figure 4B clearly demonstrates two remarkable rises
in mutations, one in February 2021 due to the introduction of
Delta variants. Another sharp rise was observed in January
2022 because of the highly transmissible Omicron variant
with a large number of mutations in the spike protein.
However, the individual genes went through mutation
distinctively. Therefore, we thoroughly carried out the
mutational analysis of all the SARS-CoV-2 sequences from
Bangladesh and summarized the results in Table 1 and Figure 4.

ORF10 and ORF7a harbored the highest mutation density
with 0.453 and 0.451 mutations per base, respectively, although
only 8.05% of sequences were found to carry mutations in
ORF10. On the other hand, 99.98% and 99.96% of sequences
had mutations in ORFlab and S genes, but their mutation density
was lower at 0.214 and 0.252, respectively. ORF6 was found to be
the most stable gene of SARS-CoV-2 in sequences from
Bangladesh, with only 16.96% sequences carrying mutations,
0.301 mutations per base and 69.64% missense mutations.
ORF3a was identified to harbor the highest percentage
(75.69%) of missense mutations. In comparison, the least
percentage  of (42.65%)  with
0.223 mutations per base was found in membrane protein-

missense  mutations
encoding gene M. It was clearly evident that non-structural
proteins were subjected to more missense mutations than
non-synonymous mutations compared with structural proteins
(Figure 4C). In addition, we have found several deletions and
insertion mutations where both the highest occurrences were
found in the spike protein-coding S gene with 40 unique
deletions and four insertions (Table 1). On the other hand,
the highest number of unique stop codons were present in
ORFlab, with 40 out of 74 total stop codon mutations
detected (Table 1).

Among the 7,786 mutations, 6,968 were SNP, where
4,697 and 2,271 were involved in transition and transversion
events, respectively, rendering a transition transversion ratio of
2.07. Transition mutations were calculated to be more prevalent
than expected if mutational events took place randomly, which
clearly revealed the nucleotide substitution bias (Figure 4D).
Then, transition mutation C > U was the most frequent event,
being 30.67% of total mutations and 45.50% of transition
mutations, followed by the transversion event G > U, which
was 15.37% of the total mutations (Supplementary Material S3).

Then, out of the ten most prevalent mutations in Bangladesh,
three were extragenic, one was synonymous, and six were
missense mutations, where 23403A>G (missense mutation)
was the highest prevalent, followed by the second highest
14408C>T (missense mutation) which resembles the global
scenario and these two mutations appeared together with
3,037>C>T (synonymous mutation). Among the top seven
mutations in the coding region, three were in the spike
protein (D614G, P681R and T478K), two were in the ORFlab
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(P4715L and F924F), one was in membrane protein (I82T), and
another was in ORF3a (S26L). In addition, these seven mutations
were highly prevalent throughout the world and were found in
multiple lineages of the virus. Furthermore, 1163A>T (nsp2:
I120F) was a highly prevalent and unique mutation found in
Bangladesh from the beginning of the pandemic, whereas it was
absent from other countries during that period. There were more
than 21% of sequences containing this mutation. Then, from the
linkage disequilibrium analysis (LD), we found that all the
mutations mentioned had a perfect correlation (R2 = 1.00)
and have been present together since their occurrence
(Figure 5). According to our sequence analysis, the 1163A>T
mutation had perfect LD (R2 = 1.00) with 20 additional
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mutations, considering the high frequency of mutations
present in at least 10% of the sequences. Additionally, several
other mutations were also observed to occur concurrently with
very high LD values (R2 > 0.90) (Figure 5).

3.3 Effect of the mutations

The mutations affect viral infectivity, transmissibility,
virulence, viral fitness, selection pressure, proteome
structure, and evolution. Overall, the SARS-CoV-2 genomes
had very high nucleotide identity with an average of
37.64 mutations and low overall nucleotide diversity (m)
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0.004. Although overall nucleotide diversity was lower, it
varied from gene to gene. For example, ORF8 had the
highest nucleotide diversity (0.01543), while gene
ORF10 was most stable with a 7 value of 0.00059 (Table 2).
Analyzing the Bangladeshi sequences, the most diverse spot of
the genome was in the spike protein gene at position
23009 with nucleotide diversity value m = 0.16372 while the
least diverse spot found was at position 11069 of ORFlab with
a 1 value of 0.00005.

It is also important to note that nucleotide diversity is
heavily influenced by natural selection within populations.
Therefore, we have analyzed the natural selection pattern of
SARS-CoV-2 using several evolutionary algorithms. As we
have observed, most of the genes overall had lower nucleotide
diversity than other human viruses such as HINI1, H3N2,
parainfuenza viruses (Martinez-Hernandez et al., 2010; Beck
et al., 2012; Lopez-Labrador et al., 2016), which is consistent
with purifying selection. Using the phylogenetically corrected
SLAC method with a default p-value of 0.1, we calculated the
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dN/dS and found that eight of the eleven genes were under
negative selection pressure, which signifies the low nucleotide
diversity. Additionally, three genes (ORF3a, ORF7b, and
ORF10)

directional selection since the mutations present in them

were under positive selection pressure or
were advantageous to them, as a result, their frequencies
were increasing. On the other hand, rest of the genes were
experiencing negative evolution pressure to eliminate the
deleterious mutations that they have acquired from random
mutations. It is likely that eighty-two percent of the
7,659 unique mutations were present in sequences below
ten, possibly due to their deleterious effects on the virus,
and that these mutations were gradually purged by the
purifying This higher of

mutations with low frequency is also indicative of a

selection pressure. number
demographic process known as population expansion,
which might have resulted in a reduction in the overall
genetic diversity. Following that, we thoroughly analyzed
the specific sites under selection pressure using the FEL,
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and FUBAR methods. There were only 47 sites that were
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S S S E under positive or divergent selection pressure compared to
Z5 8% S 2 - a0 2 2 «on 190 sites that were under negative or purifying selection
(Supplementary Material S3). Negative selection pressure
g - was found in ORFlab, S, ORF3a, M, ORF6, ORFS, and N
"_3 £ genes, while positive selection pressure was found in all genes
8 < g except ORF7b.
Sl — —
Z S E 8 F wo ~ w2 w20~ Finally, these mutations affected the virus from the
evolutionary perspective and shook the stability of the
g - proteins they encode. Most of the mutations were
5 £ previously reported to affect the stability of the whole
@
- g proteome of SARS-CoV-2 negatively. However, all the
Sl .
Z 73S E N ¥ a4 o 9 9o o o ~ ~ O genes were not affected to the same extent by mutational
events (Figure 6). For example, only 42.65% of mutations on
=] 2 the membrane protein-coding M gene were missense which
Y
g..,g was 73.55% in the case of ORF3a (Table 1). As of now,
o -~ . . . . Do
s & g AR vaccines and therapies target the spike protein, which is
o S - . .
Z3S8E= A8 v~ o ~ o o~ 3o highly mutated. That is one the reasons why people
continue to develop symptoms after successful vaccination.
g o It is possible that current vaccines and therapies will not work
- 2]
=3 in future due to a high number of mutations occurring. The
Ey T3 $2833R38 83 -
) 54 IS8 8K L] T A & less affected genes could therefore be targeted for medicine
E =% S © o © © © 8 o S o o
and vaccine development. Figure 6 shows spikes that represent
° mutations, and the height of the spikes is proportional to the
[
oo g é number of mutations that have taken place at that position in
]
£.2 -] the genome. As we can see, there are plenty of stable regions
5 E g < g o=8 g amt i between the spikes, which could be targeted for therapeutics
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and vaccine development against SARS-CoV-2.
L
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SARS-CoV-2 has been circulating in Bangladesh for over
2 years, and many strains are sequenced from different parts
@
2 of the country, helping us carry out analysis to depict different
é,g variants, transmission, and evolution inside the country.
g E"% Investigating 4,692  whole-genome  sequences from
S 2% X o " Bangladesh, we have seen B.1.1.25 lineage was dominant
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E since the beginning, but since March 2021, another lineage
2 beta variant (B.1.351.3), was dominant. However, In April
2 §°§ 3 2021 Delta variant emerged and dominated other variants
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£ ° 2 oo e o e s dominant variant., 20 distinct mutations in the spike protein
c differentiate the two sub-lineages, and BA.2 displays a marked
S
i decreased sensitivity to many neutralizing monoclonal
g 2 antibodies (mAbs) when compared to previous VOCs
| 9
g g g 5 (Deen et al., 2020). Therefore, with further mutations, this
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TABLE 2 Summary of the mutational effects on each protein.

ORF Nucleotide diversity () dN/dS
ORFlab 0.0017 0579
S 0.00526 0.74
ORF3a 0.00292 1.479
E 0.00223 0479
M 0.00206 0371
ORF6 0.00452 0.928
ORF7a 0.00549 987
ORE7b 0.0046 1.44
ORF8 0.01543 0.941
N 0.00579 0.841
ORF10 0.00059 1.17

No. of sites
under negative selection

No. of sites
under positive selection

[
©

S W = © © U1 = O N
w

(dN/dS > 1 is positive selection, dN/dS = 1 neutral selection, dN/dS < 1 negative selection, dN/dS = 0 is conserved region).

this point because we had a higher number of sequences from
these two areas than others. The sequences were more diversified
in the first phase of the pandemic. However, with the arrival of
the Delta and Omicron variants, the divergence reduced
drastically, maybe due to viral adaptation following the
of the fittest”
Additionally, we have seen Dhaka being the viral transmission

“Survival theory of natural selection.
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hub, which is obvious since it is the capital city of Bangladesh.
From extensive analysis, we have built the SARS-CoV-
2 transmission network between different administrative
divisions and observed the back-and-forth circulation of the
virus inside the country. This situation arose due to a lack of
restrictions on mass movement; public gatherings and other
socioeconomic events.
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the
37.64 mutations per sample where on average 24.61were

From mutational perspective, we have seen
coding variants, which happens to be significantly higher than
the global average of 7.23, reported in July 2020 (Mercatelli and
Giorgi, 2020). This sharp rise of mutations indicates the SARS-
CoV-2 might be facing strong challenges from the host’s
addition to

mutational events of RNA viruses. At the nucleotide level,

immunologic response in random regular
67.41% of the mutations tend to mutate hydrophilic amino
acids into hydrophobic ones (Matydsek and Kovarik, 2020)
and are involved in altering the proline, which is known to be
a strong helix breaker (Li et al., 1996). Therefore, proline to
another amino acid shift might have a deleterious effect on the
SARS-CoV-2 proteome.

Moreover, we have observed that most of the genes were
under negative selection pressure while only three non-structural
protein-coding genes were under Darwinian (positive) selection,
indicating that most of the random mutations were deleterious
for SARS-CoV-2 (Lin et al., 2019), which could be attributed to
the immunologic potential of people in Bangladesh and our
demography. However, the dN/dS ratio of the receptor-binding
domain (RBD) of the spike protein was higher, suggesting that
mutations in this region were advantageous. The result correlates
with the emergence of different variants of concerns like Alpha,
Beta, Delta, and Omicron. The RBD region is considered the
most important part of the virus since it attaches to ACE2 during
viral infection to host cells. It is possible that these advantageous
mutations  may  increase  pathogenicity,  infectivity,
transmissibility, and enable it to evade host immunity (Lan
et al., 2020; Barros et al., 2021; Xu et al., 2021). Furthermore,
most of the current therapies and vaccines target the interaction

between BRD and ACE2. Thus, a higher dN/dS ratio may also
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signal the emergence of new deadly variants in the future with
further mutations in this region and the failure of vaccines. In
spite of the fact that we used several algorithms to detect the
natural selection pattern of SARS-CoV-2 in Bangladesh, our
analysis has some limitations, including sequencing errors and
artefacts resulting from laboratory recombination of the
sequences. A further limitation is that we do not know the
exact arrival time of the SARS-CoV-2
Therefore, we do not know if any important changes have

in Bangladesh.

occurred in the genome before the first virus was sequenced
on 8 April 2020. In addition, only a small number of viruses were
sequenced during these 2 years, and there were differences in
sequencing symmetry among different regions of the country.
Additionally, the algorithms used are not error-free, so it is
possible that some of the results obtained are false positives.
In light of all these factors, we are only able to provide a
prediction of the evolutionary pattern of the virus, rather than
a conclusive analysis.

To sum up, considering the limitations regarding sequence
number variations in different parts of the country, we have
thoroughly studied the virus circulation trend and analyzed all
the mutations present, which are comprehensively reported in
the supplementary files. This data would further facilitate
researchers from various perspectives like investigating viral
the
patterns, and dynamics of divergence of the virus.

transmission, connection among isolates, evolution
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