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Abstract

The causative agent of COVID-19 is a novel betacoronavirus or severe acute respiratory syndrome coronavirus (SARS-
CoV-2), which has emerged as a pandemic of global concern. Considering its rapid transmission, WHO has declared public
health emergency on 11th March 2020 worldwide. SARS-CoV-2 is a genetically diverse positive sense RNA virus that typi-
cally exhibit high rates of mutation than DNA viruses. Higher rates of mutation bring higher genomic variability which may
lead to viral evolution and enabling viruses to evade the pre-existing immunity of host and quickly acquire drug resistance
properties. The objective of our study was to compare the SARS-CoV-2 RdRp sequences of Indian SARS-CoV-2 isolates with
those of Wuhan type virus. A total of 384 point mutations were detected from 488 sequence of the RdRp protein of Indian
SARS-CoV-2 genome, out of which seven were used for subsequent study. Furthermore, prediction of secondary structure,
protein modeling and its dynamics were performed which revealed that seven mutations (R118C, T148I, Y149C, E802A,
Q822H, V880I and D893Y) significantly altered the stability and flexibility of RdRp protein. Present study was therefore,
undertaken to analyze the variations occurring in RdARp due to multiple mutations leading to the alterations in the structure
and function of RNA-dependent RNA polymerase which is essential for the replication /transcription of this virus and hence
can be utilized as a promising therapeutic target to curb SARS-CoV-2 infections.
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Introduction

Human coronavirus (SARS-CoV-2, Severe acute respiratory
syndrome) is a positive-strand RNA virus and the etiologic
agent of coronavirus disease 2019 (COVID-19) that induces
acute to severe respiratory distress (Lu et al. 2020). Initial
outbreak of this pandemic has been reported from a small
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animal market in Wuhan city of Hubei province, China
(Zhu et al. 2020). As of October 9, 2020, confirmed cases
of COVID-19 have been reported 179,686,071, including
3,899,172, casualties, globally by WHO. The ripple effect
of this infectious disease has created a humanitarian health
crisis and has become major challenges to the health systems
of the entire world.

SARS-CoV-2 belongs to the family coronaviridae, hav-
ing 30 kb genome size approximately (Su et al. 2016). The
genome of SARS-CoV-2 comprises of 14 ORF sequences,
encoding 29 proteins which include four structural pro-
teins such as S (spike), E (envelope), M (membrane), and
N (nucleocapsid) proteins that are essential for the assem-
bly of complete virion particle. In addition, viral genome
encodes 16 non-structural proteins (nsp) and nine acces-
sory proteins (Gorden et al. 2020; Wu et al. 2020; Yashvar-
dhini et al. 2021) including viral replication/transcription
mediating protein; the RNA-dependent RNA polymerase
(RdRp) (also called as nsp12). In the presence of divalent
metal ion, RdRp (a multi-domain protein) catalyses the
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RNA-template-dependent formation of phosphodiester
bonds between ribonucleotides. The structure of SARS-
CoV-2 RdRp has been resolved recently which exhibits three
distinct domains (Gao et al. 2020).

RNA viruses exhibit drastically high rate of mutations,
up to million times higher as compare to their hosts and
these high rates are greatly correlated with virulence and
evolvability traits considered vital for viral adaptation (Duffy
2018; Pachetti et al. 2020; Jha et al. 2021). Furthermore,
identification and characterization of viral mutation can pro-
vide valuable understanding for assessing viral drug resist-
ance. RdRps are considered as a crucial component for the
RNA viruses because of its role in viral genome replica-
tion /transcription and also the absence of its homolog in
host cells, makes this protein a primary target for the viral
drug development. RdRp of SARS-CoV-2 is one of the most
promising drug targets for antiviral inhibitors such as Favi-
piravir (Furuta et al. 2013), Galidesivir (Lim et al. 2017),
Remdesivir (Lim et al. 2017) and Ribavirin (Morgenstern
et al. 2005). These drugs are frequently used for the treat-
ment of COVID-19.

Therefore, in the present work, the RdRp protein sequence
of coronavirus (SARS-CoV-2) from the Indian isolates have
been compared with the sequence obtained from the Wuhan
wet sea food market virus to identify, if any, variation caused
by mutations are existing between them. For better survival
and virulence in the host cell, viruses show multiple strate-
gies to evade host immunity more efficiently (Sackman et al.
2017). RNA viruses exhibiting high frequency of muta-
tions because of low fidelity of its RNA polymerase, con-
sequently acquiring genomic diversity leading to antigenic
variability (Domingo and Holland 1997). The data of our
study revealed the presence of 384 recurrent mutations in
Indian isolates of SARS-CoV-2. Further, we did secondary
structure prediction, protein modeling and dynamics study
of these mutants that revealed the alterations in the structure
of RdRp protein. The present research work was therefore
carried out to explore the variations in one of the potent drug
target like RARp of SARS-CoV-2 which is indispensable for
replication/ transcription machinery.

Methods
Sequence retrieval

SARS-CoV-2 ORFlab protein sequences were downloaded
from NCBI virus database from July 2020 to May 2021,
submitted from India. The virus sequence first reported
from ‘Wuhan wet sea food market area’ (Accession number
YP_009724389) (Wu et al. 2020); and being deposited in
NCBI virus database along with the first sequence deposited
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from India (Kerala) with accession number QHS34545 were
used as a reference for mutational analysis in this study.

Sequence alignment and phylogenetic analysis

All the downloaded protein sequences were aligned using
CLUSTAL Omega program with HMM profile (Madeira
et al. 2019). The alignment file was viewed using Jalview
and the difference in sequences (mutation) in the RdRp
region was recorded. To gain information on phylogenetic
relationships, a phylogenetic tree was constructed using
MEGAX (Molecular Evolutionary Genetics Analysis) with
default parameters. Phylogenetic analysis was performed by
the maximum-likelihood (ML) method with bootstrap tests
replicated 1000 times (Sudhir et al. 2018).

Identification of RARp mutants

The non-synonymous amino acid variants were ana-
lyzed using Protein Variation Effect Analyzer known as
PROVEAN v1.1.3 with cut-off predicted score of — 2.50
(Choi et al.2015) to detect the effect of mutation on the
RdRp protein.

Secondary structure prediction

CFSSP (Chou and Fasman secondary structure prediction)
(Ashok Kumar 2013) was used for prediction of secondary
structure of SARS-CoV-2 RdRp protein. CFSSP used in this
analysis predicted the presence of alpha helix, beta sheet and
turns in the RdRp protein of the reference virus sequence as
well as the mutated virus sequences.

RdRp protein dynamics study

The structure of different RdRps i.e. wild type and the
mutated ones were modeled and Ramachandran plot was
prepared using SWISS-MODEL homology-modeling data-
base. To study the impact of mutation on the structure,
conformation, stability and flexibility of RdRp protein,
DynaMut software was used (Rodrigues et al. 2018). The
reference protein structure of SARS-CoV-2 RdRp used in
this analysis was downloaded from RCSB with PDB ID:
6M71 (Gao et al. 2020) and uploaded in DynaMut. Various
protein structure stability parameters like change in vibra-
tional entropy of wild and mutated proteins, deformation and
atomic fluctuation were determined using first 10 non-trivial
modes of the structure. Also, to detect the variations occur-
ring in the intramolecular interactions due to mutation was
estimated using Dynamut software.
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Results
Revelation of RARp mutation in SARS-CoV-2

A total of 488 sequences were retrieved from NCBI virus
database, submitted from India in the month of July 2020
to May 2021. Also the Wuhan SARS-CoV-2 virus and the
first Indian SARS-CoV-2 isolate sequences were retrieved
to be used as reference in this study, both sequences were
found similar. These sequences were aligned pairwise using
CLUSTAL Omega database to detect the presence of muta-
tion in these sequences. The alignment was visualized using
Jalview to check out the similarities and differences in the
protein sequences. Only those mutations which occurred
in the RdRp (RNA-dependent RNA polymerase) or nsp12
region were identified and used further in this study as it
plays a vital role in viral replication. A total of 384 recurrent
mutations in 318 Indian isolates were detected in the RdRp
(nsp12) region by comparing the sequences from India with
that of Wuhan as shown in Table S1. Out of 384 mutations
only R118C, T148I, Y149C, E802A, Q822H, V880I and
D893Y were used in this study (Table 1). Therefore, these
seven mutations were further characterized to see its effect
on overall protein structure, conformation and dynamic-
ity. Among these seven mutations, only four were found
neutral (T1481, V880I, Q822H and D893Y) and rest were
deleterious for the RdRp protein at —2.5 cut-off values of
PROVEAN score (Table 2).

Phylogenetic analysis

To obtain information on the phylogenetic relationships of
different SARS-CoV-2 isolates from India as well as Wuhan
we constructed a phylogenetic tree by maximum-likelihood
(ML) method using MEGAX software by aligning full
length ORF1ab polyprotein (7096 amino acid length). This
phylogenetic analysis (Fig. 1) showed that, the ORFlab
polyprotein variants from India and Wuhan formed different

Table 1 Showing the details of mutated RdRp sequences used for
further characterization in this study

S. no. Accession no. Position of Wild Mutated
mutation sequence sequence

1 QLI52055 118 R C

2 QMC85346 148 T |

3 QMC85346 149 Y C

4 QLRO7194 802 E A

5 QLH64789 822 Q H

6 QLI49695 880 v |

7 QLR06736 893 D Y

Table 2 List of nonsynonymous as well as frequent amino acid sub-
stitutions in RdRp protein (cutoff =— 2.5)

Variant PROVEAN score Prediction
(cut-
off=—2.5)

R118C —-2.722 Deleterious

T1481 - 1.350 Neutral

Y149C —3.106 Deleterious

E802A —5.842 Deleterious

Q822H 0.367 Neutral

V8801 —0.884 Neutral

D893Y —2.022 Neutral

clusters revealing the multi-spiked nature of the SARS-
CoV-2 virus.

Mutation-induced alterations in secondary
structure of RdRp protein

Secondary structure analysis was carried out to detect the
alterations in the formation or loss of alpha helix, beta sheet
and turns. Two mutations, Y149C and V8801 in this study
did not show any changes in the secondary structure how-
ever, rest of the five mutations showed significant changes
(Fig. 2A). At position 118, substitution of arginine by
cysteine resulted in loss of turn at position 117. Arginine is
a polar positively charged amino acid, hydrophilic in nature
having guanidino ring in its structure, and therefore, prefers
to form turns. Cysteine being an uncharged polar amino acid
prefers to form disulfide bond, and hence, favors compact
protein structure, resulting in loss of turns. Our analysis also
showed a point mutation at position 148 where threonine
is substituted by isoleucine and is favored by helix forma-
tion. Isoleucine is a non-polar amino acid, and therefore, a
stabilized residue for helix formation; whereas, threonine
being a polar uncharged amino acid prefers to lie within beta
sheets. The detailed analysis further explained substitution
of glutamic acid by alanine at position 802 of the RdRp pro-
tein. This mutation was accompanied by a loss of turn sec-
ondary structure at point 802 (Fig. 2a). Alanine a nonpolar
amino acid that has more propensity towards the formation
of alpha helix rather than turns, therefore, causes loss of
turns whereas glutamic acid having negatively charged side
chain favors turns formation resulting in proper folding of
the protein. Point mutation was further observed at position
822 where glutamine is replaced by histidine. Histidine is
a positively charged amino acid with imidazole ring which
neither favors helix structure nor forms sheets therefore
causes loss of these secondary structures upon introgression
in the protein structure. Glutamine, an uncharged amino acid
forms beta sheets and turns with more propensity. Therefore,
the replacement of glutamine by histidine resulted in loss
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Fig. 1 Phylogenetic tree rep-
resenting Indian SARS-CoV-2
isolate sequences as well as
Wauhan type virus isolate as
reference. Tree was constructed
using MEGA X software with
default parameters

QMC85346.1 |ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2
QMC85346.1 |[ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2(2)
QLR07194.1 |ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2

QLR06736.1 |ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2

QLH64789.1 |ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2

QLI49695.1 [ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2

YP 009724389.1 |ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2

QLI52055.1 |[ORF1ab polyprotein Severe acute respiratory syndrome coronavirus 2

of both sheets and turns in the RdRp protein. Similarly, in
D893Y mutant there is a loss of turn structure at 893 posi-
tion. Tyrosine, an aromatic amino acid is polar and does not
form sheets and turns hence substitution mutation at this site
results in loss of turns. Aspartic acid, negatively charged
residue, favors more turn formation rather than helix struc-
ture. Finally, our secondary structure predictions showed
considerable changes in the formation of helix, sheets and
turn that can have a huge impact on the function of RdRp
protein of SARS-CoV-2 virus leading to its multiplicity.

Alteration in protein dynamics upon mutation
in RdRp

To further characterize the impact of mutations on the RdRp
protein dynamics, tertiary structure was built using Dynamut
software (Rodrigues et al. 2018). Firstly protein modeling
was performed using Swiss model which predicts the struc-
ture according to the sequence and a template protein which
are shown in Fig. 2b. Ramachandran plot of the template as
well as mutated protein was prepared to identify the residues
in the favored region (Fig. 2c). On an average more than
90% of the amino residues were found in the favored region
of Ramachandran plot of both the wild type and mutated
protein as shown in Table 3. The template protein used in
modeling was 6XEZ and 6M71.

Dynamut predicts protein steadiness or dynamic state
upon mutation in the native structure of protein as deter-
mined by ENCoM, mCSM, DUET and others. Our analy-
sis shows free energy difference between the wild type and
mutated sequences, AAG was stabilizing in all the RdRp
mutants. The free energy change was recorded highest in
E802A (1.725 kcal/mol) followed by T148I, Y149C and
V880I as shown in Table 4. The free energy changes pre-
dict the accessible surface area of protein, cavity volume
and packing density, and hence it computes the stability of
the mutated protein versus wild type protein. In this study,
all the mutations showed positive AAG values hence pre-
dicting a stabilized mutant protein structure. Furthermore,
in this investigation vibrational entropy energy (AASVib

@ Springer

ENCoM) was computed which gives the configurational
entropy of the protein according to the energy landscape.
These values provide deep insight into protein movements
and hence their conformational changes (Rodrigues et al.
2018). The AASVib ENCoM calculated for all the mutations
showed a negative value representing the rigidification of
protein structure upon mutation. The most rigid structure
was that of Q822H (— 5.021 kcal/mol/K) mutant, followed
by D893Y, R118C and V880I, however, the mutant Y149C
(- 3.621 kcal/mol/K) showed less rigidity and this mutant
protein had nearly flexible structure as indicated in the
Fig. 2d. The visual representation of the flexibility analysis
by Dynamut showed all RdRp mutants exhibiting a rigid
structure except for Y149C mutant which gained flexibility
upon mutation (shown as red region in Fig. 2d).

Our analysis extended further with the calculation of
atomic fluctuations and deformation energies. The visuali-
zation of atomic fluctuation predicts the amplitude of the
atomic motion present in the protein moiety whereas defor-
mation energy computes the local flexibility in the protein
molecule. Atomic fluctuation was calculated over the first
10 non-trivial modes on the protein molecule. The magni-
tude of the fluctuations calculated is shown by thin to thick
tube colors in which blue shows low, white shows moderate
and red shows high fluctuations. Similarly, the amplitude of
deformation is calculated over the first 10 non-trivial modes
of the molecule whose magnitude is represented by thin to
thick tube colors in which blue shows low, white shows
moderate and red shows high deformations. In this study,
visual changes were observed in the atomic fluctuations and
deformation energies of mutant RdRp protein with that of
wild type protein which are marked with arrows of different
color (Fig. 2e, f). Upon mutation there was introduction of
blue color tubes at the point of white tubes which shows
low level of atomic fluctuation as well as deformation in the
mutant RdRp protein versus wild type.

The protein dynamics study further elaborated with
the study of shift in intramolecular interactions caused by
mutation in the RdRp protein. Dynamut server detects all
covalent and non-covalent interactions and hence predicts
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Fig.2 a Secondary structure prediction of RdRp protein. Effect of
mutation at different sites on the secondary structure of RdRp pro-
tein, A-E represents five mutations as two occurred at the same locus
observed in Indian isolates. The first secondary structure in each A-E
represents the Wuhan type sequence while the second represents the
mutated one. The mutation location and respective secondary struc-
tures are marked with boxes. b Swiss modeling of wild type and
mutant RdRp protein. Models were prepared by Swiss model server
with 6XEZ and 6M71 as template. ¢ Ramachandran plot analysis of
template and mutated protein. The plot shows amino acids present in
the favored region as well as outliers. d Mutational effect on struc-
tural dynamics of RdRp protein. Vibrational entropy energy between
wild type and mutant RdRp in which amino acids are colored accord-

the intramolecular interactions. The mutation in RdRp pro-
tein resulted in disruption of hydrophobic interactions,
aromatic contacts, ionic interactions, hydrogen bonds
and other metal complex interactions. The results of the
present study revealed that the mutation in the arginine,
threonine, tyrosine, glutamic acid, glutamine, valine and
aspartic acid affected the interaction of the amino acid

ing to vibrational entropy change in mutant with reference to wild
type. Blue represents rigidification; whereas, red represents gain in
flexibility upon mutation. e Visual representation of Atomic Fluctua-
tions. The atomic fluctuation of both wild type and mutant RdRp pro-
teins is shown. The magnitude of fluctuation is represented by thin
to thick tube colored blue (low), white (moderate) and red (high).
The changes in fluctuation of mutant with reference to wild type are
marked by red, green and yellow arrows. f Visual representation of
Deformation Energies. The Deformation Energy of both wild type
and mutant RdRp proteins is shown. The magnitude of deformation
energy is represented by thin to thick tube colored blue (low), white
(moderate) and red (high). The changes in deformation of mutant
with respect to wild type are marked by red, green and yellow arrows

residues found in close proximity (Fig. 3). The residues
found in the side chain of wild type protein are changed
due to incorporation of mutant residues. From the above
analysis it can be concluded that the mutation in the RdRp
protein is changing not only the stability and flexibility
of the protein but also interfering with its intramolecular
interactions with its neighboring molecules.
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Fig.2 (continued)

Discussion

SARS-CoV-2 broke out from Wuhan, China, further began
to spread all over the world. Several factors are associated
with the transmissibility of SARS-CoV-2, such as popula-
tion density, health care system as well as environmental and
climatic variations (Wang et al. 2020). Enormous genetic
diversity has been shown by positive-strand RNA viruses
including SARS-CoV-2, because they exhibit extremely high
frequency of mutation, substantially higher than those of
DNA viruses; although vast majority of mutation shows det-
rimental effects. Moreover, a mutation favors viral evolvabil-
ity and enhances its ability to survive in the dynamic envi-
ronment of the host. High frequency of mutation drives viral
evolution as well as genome variability and hence enabling
viruses to evade the immunity of host and soon develop
drug resistance. RNA viruses including SARS-CoV-2 have
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potential ability to accumulate genomic mutations through
an error- prone viral enzyme reverse transcriptase and better
adapt inside the host that further creates hurdles in design-
ing antiviral therapeutics against RNA viruses (Mishra et al.
2021).

Quasispecies dynamics and high rate of mutations are
most important features of RNA viruses. These viruses can
adapt to a new environment as a result of continuous genetic
variation leading to selection of viral populations. The adap-
tive potential of RNA viruses must be taken into account
while designing antiviral therapeutics. In the present work,
we have attempted to identify and characterize mutations
in RdRp protein of SARS-CoV-2 from Indian isolates, as
this protein is essential for replication and transcription of
coronavirus. In addition to this, several existing drugs are
targeting RdRp and they are regarded as potent antiviral
agents. Our study showed the occurrence of recurrent RdRp
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Fig.2 (continued)

mutations in the SARS-CoV-2 of Indian isolates with refer-
ence to Wuhan wet sea food market isolate which provides
crucial insights to understand the effect of variations on the
activity of RdRp protein.

The phylogenetic analysis revealed that many Indian iso-
lates of SARS-CoV-2 showed divergence from the Wuhan
type isolate due to variations generated in them upon muta-
tion. In this investigation, mutations were more frequently
found in the C-terminal region (thumb subdomain) of the
RdRp protein than in the N-terminal. Further, the analysis

showed that the mutations at Y149C and V880I did not alter
the secondary structure whereas the mutations at R118C,
T148I, Q822H and D893Y lead to noticeable changes in
secondary structure of RdRp protein (Fig. 2a). The mutation
at R118C occurs at the NiRAN domain and is an important
structural block with five antiparallel beta strands and two
helices and therefore, can influence the structural integrity
of the virus (Gao et al. 2020). The Swiss modeling predicted
the occurrence of most amino acid residues of this RdRp
protein in the favored region of Ramachandran plot. Further-
more, the protein dynamics study revealed the occurrence
of rigidness in the C- terminal region of the RdRp protein
after mutation except for Y149C which leads to flexibility in
the N-terminal region. This structural flexibility can influ-
ence the viral replication and hence can result in emergence
of fidelity variants. These variations alter the atomic and
deformation energies of the mutants and interfere with their
intramolecular interactions. We analyzed that the interac-
tions like hydrogen bonds, hydrophobic interactions, metal
ion interactions and others were amended in the mutant
RdRp as compared to the wild type.

Earlier studies have shown that drug resistance occurred
due to the prevalence of multiple natural mutations in the
RdRp machinery that significantly reduces drug-RdRp bind-
ing affinity (Agostini et al. 2018; Young et al. 2003; Goldhill
et al. 2018). The results of our study was found consistent
with Pachetti et al. (2020) where they have described RdRp
of SARS-CoV-2 acquired drug resistance properties due to
occurrence of high frequency of mutations in the RdRp of
infected populations. For instances, according to an estimate
all probable single, double as well as triple point mutants
have been produced by HIV-1in every single infected patient
every day (Perelson et al. 1997). Delang et al. (2012) have
also reported mutations in the RdRp of hepatitis C virus at
P495, P496 and T389 showing drug resistance properties.
In addition, mutations in the SARS-CoV-2-RdRp affects
the fidelity of replication process, consecutively, viral load
and virulence may also be affected (Shannon et al. 2020).
The information on the potential of SARS-CoV-2 getting
genetic alterations (mutation) and how it can be regulated
is still scanty (Vankadari 2020). However, further in vitro
and in vivo studies are urgently needed to assess the pos-
sible role of mutations in affecting the fidelity of RdRp
protein. Similarly, viruses having mutant RdRp, might be
showing resistant towards anti-viral therapeutic drugs like
remdesivir which is a most commonly used repurposing
drug for SARS-CoV-2 now-a-days. Nguyen et al. (2020)
have reported the binding affinity and mechanisms of
remdesivir interactions with two main targets. They have
suggested that the electrostatic interaction, a type of non-
covalent force, has been observed as the key determinant in
stabilizing the RdRp-remdesivir complex, whereas the van
der Waals force was found to be dominating interactions

@ Springer



5470 Archives of Microbiology (2021) 203:5463-5473

Fig.2 (continued)
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Table 3 Ramachandran plot analysis of wild type and mutant RdRp
proteins showing favored and outliers amino acid residues
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in the Mpro-remdesivir case. Thus, remdesivir can target
both RdRp and Mpro, which seems to be an effective drug
in treating COVID-19 infections. The findings of our study

S. no. Accession no. Ramachandran Ramachan-
favored (%) dran outliers also revealed that mutations occurring in the RdRp protein
(%) alters intramolecular interactions with adjacent residues and,
| 6XEZ 95.89 0.67 therefore, this informatiop might be a c.ontributing factor
) QLIS2055 94.70 043 for the development of antiviral therapeqtlc drug. M.oreover,
3 QMC85346 92.97 032 several plant products such as flavonoids, al.kar.10¥ds, lac-
4 QLR07194 94.91 0.54 tones and terpenes have also been found as inhibitors for
5 QLHG64789 94,37 0.54 the target p.rote.in (RdRp) of coronavirus (Saha et al. 2021).
6 QLI49695 94.05 0.54 These 1mpllc.'f1t10ns favor RdRP as a.potel.ltlal dru g target for
- QLRO6736 92.97 032 pharmacological as well as epidemiological studies.
Table 4 Effect of mutation S. no. Wauhan Indian Aminoacid  AAG Dynamut  AAS AAG
variability on the structural isolate isolates position (kcal/mol) ENCOM (kcal/l  ENCoM
dynamics of RdRp protein as mol/K) (kcal/mol)
shown by AAS ENCoM and
AAG values 1 R C 118 1.233 —4.682 3.745
2 T I 148 1.504 —-4.479 3.583
3 Y C 149 1.388 —3.621 2.897
4 E A 802 1.725 —-4.121 3.297
5 Q H 822 1.280 —5.021 4.017
6 \Y% I 880 1.332 — 4.664 3.731
7 D Y 893 1.038 —4.875 3.900
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Fig.. 3 Effect'of. point Iputati(;n Wild Type Mutant Wild Type Mutant
on interatomic interactions o B! T, S AW
RdRp protein. Interatomic inter- =) : F @//@T\\(f 7
actions were altered by muta- 5 P F 2N\ P i\
. N 4 . RdR
tions at locus R118C, T148], ME / RdR A\ Llw ‘ N % S p
A= p FAR A\ \
Y149C, E802A, Q822H, V8801 SO R118C P & ) 5, E802A
and D893Y as shown in figure. b }\\‘/7’\ " ‘iz >; p s
Wild type amino acid residues e =
are colored in light green and ‘\/‘/\.
represented as stick with the S RdRp
surrounding residues where any A ’7 T148I RdRp
interactions exist ‘]F\—‘ Q822H
A
RdR RdRp
4 V880l
Y149C
RdRp
D893Y

Conclusion

Present findings, therefore, further suggest that evolvabil-
ity of SARS-CoV-2 is greatly associated with the onset
of novel mutations that spread at several new locations
of the viral genome and also provides immense insight to
develop specific and effective control strategies to combat
COVID-19 infections. Further, in vivo and in vitro studies
are mandatory to gain understanding on the implications
of these recurrent mutations on the functions of RdRp.
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