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Abstract

Whole genome analysis of SARS-CoV-2 is important to identify its genetic diversity. Moreover, accurate detection of
SARS-CoV-2 is required for its correct diagnosis. To address these, first we have analysed publicly available 10 664 complete
or near-complete SARS-CoV-2 genomes of 73 countries globally to find mutation points in the coding regions as
substitution, deletion, insertion and single nucleotide polymorphism (SNP) globally and country wise. In this regard,
multiple sequence alignment is performed in the presence of reference sequence from NCBI. Once the alignment is done, a
consensus sequence is build to analyse each genomic sequence to identify the unique mutation points as substitutions,
deletions, insertions and SNPs globally, thereby resulting in 7209, 11700, 119 and 53 such mutation points respectively.
Second, in such categories, unique mutations for individual countries are determined with respect to other 72 countries. In
case of India, unique 385, 867, 1 and 11 substitutions, deletions, insertions and SNPs are present in 566 SARS-CoV-2 genomes
while 458, 1343, 8 and 52 mutation points in such categories are common with other countries. In majority (above 10%) of
virus population, the most frequent and common mutation points between global excluding India and India are L37F, P323L,
F506L, S507G, D614G and Q57H in NSP6, RdRp, Exon, Spike and ORF3a respectively. While for India, the other most frequent
mutation points are T1198K, A97V, T315N and P13L in NSP3, RdRp, Spike and ORF8 respectively. These mutations are further
visualised in protein structures and phylogenetic analysis has been done to show the diversity in virus genomes. Third, a
web application is provided for searching mutation points globally and country wise. Finally, we have identified the
potential conserved region as target that belongs to the coding region of ORF1ab, specifically to the NSP6 gene.
Subsequently, we have provided the primers and probes using that conserved region so that it can be used for detecting
SARS-CoV-2. Contact: indrajit@nitttrkol.ac.in Supplementary information: Supplementary data are available at http://www.
nitttrkol.ac.in/indrajit/projects/COVID-Mutation-10K
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Introduction
SARS-CoV-2, the virus that causes COVID-19, is thought to have

first spread from an animal host to humans in Wuhan, China,
in December 2019 [1]. Since then the virus entrenched in most
of the countries and became an epidemic with an exponential

growth rate creating an alarming situation around the globe. The
World Health Organization (WHO) on 11 March 2020 declared
COVID-19 to be a pandemic by citing international public health
emergency. Mostly exposed population experiences few mild to
moderate symptoms, such as high body temperature in conjunc-
tion with some respiratory symptoms such as cough, sore throat
and headache while some remain asymptomatic [2]. Several
measures such as proper nationwide lockdown, social distancing
[3] and face masks are adopted around the globe to bring the
effect of the virus under control but still more than 79.05 million
people are already affected globally with a death count of more
than 1737 thousand [4] increasing the need for a cure against this
global pandemic.

SARS-CoV-2 virus is a single-stranded enveloped RNA virus
of length 29.9 kilobase pairs [5–9]. It has 11 coding regions where
ORF1ab occupies majority of the genome, whereas spike (S),
envelope (E), membrane (M), nucleocapsid (N) and 6 accessory
regions such as ORF3a, ORF6, ORF7a, ORF7b, ORF8 and ORF10
occupying the rest of the genome [5, 6]. The genetic diversity

and functionality of many of the coding regions are yet to be
discovered. In this early phase of research, it is very important
to understand the genetic diversity of this virus globally so that
proper drug and vaccine can be developed [10, 11]. In this regard,
few small-scale genomic analysis has been performed in [12–
16] to show the evolution of SARS-CoV-2. Similarly, we have also
analysed Indian SARS-CoV-2 genomes in [17]. On the other hand,
the virus detection and epitope-based synthetic vaccine design

require genome-wide analysis of pool of virus genomes in order
to find the most conserved regions so that RT-PCR kits can be
developed to detect virus globally. To the best of our knowledge,
analysis of global genetical diversity on such a large scale (of

more than 10 thousand SARS-CoV-2 genomes) and subsequently
finding conserved regions for those genomes are not reported
yet.
For studying genetic diversity, it is important to identify the
mutation points such as substitution, deletion, insertion and sin-
gle nucleotide polymorphism (SNP) in virus population. Among
the mutation points, SNPs create a high linkage disequilibrium,
which can be then targeted to determine the correct dose of vac-
cine for a heterogeneous population [18]. Based on the measles
genotype-specific SNPs, in [19], Tran et al. describe a process to
rapidly determine whether a measles-positive sample is vaccine
associated or a wild-type virus. A rapid differentiation of wild-
type virus from vaccine strains is done to avoid any further esca-
lation of spread of the disease. Moreover, designing and defining
the dose of the vaccine is also a very challenging task [20]. SNPs
can be very helpful for this purpose as well. As per the study by
[21], candidate SNPs were identified that may be important in
regulating humoral immunity to smallpox vaccination. In [22],
the authors used SNP-based PCR assay for the detection of a
live vaccine strain of Erysipelothrix rhusiopathiae. Chothe et al. [23]
performed whole-genome sequencing of Bovine herpesvirus-
1 (BoHV-1), which causes reproductive disorders in cattle and
used SNPs to cluster them into two different vaccine groups
and one distinct cluster of field isolates. Consequently, they
developed an SNP-based PCR assay to differentiate between
vaccine and clinical strains to accurately determine the preva-
lence of BoHV-1 in cattle. In [24], detailed analysis of SNPs for

Varicella-zoster virus (VZV) was carried out, which suggested
24 potential vaccine-specific sites. For the detection of SARS-
CoV-2, [25] have identified targets, primers and probes using
Basic Local Alignment Search Tool (BLAST) and reported RdRp,
E and N as the target proteins for SARS-CoV-2 detection. In
[26], the authors identified ORF8 to be the potential target for
SARS-CoV-2 detection. However, these studies were conducted
on a small number of virus genomes. Furthermore, since the
studies were conducted around four months back, the virus
has evolved making it necessary for further analysis to find its
new potential target, primers and probes. Taking cues from all
the aforementioned studies, we have analysed publicly avail-
able 10 664 complete or near-complete SARS-CoV-2 genomes
of 73 countries around the globe to find mutation points to
determine the SNPs, identify the conserved region as target and
subsequently propose the primers and probes for SARS-CoV-2
detection.

Initially, we have analyzed publicly available 10 664 com-
plete or near-complete SARS-CoV-2 genomes of 73 countries
around the globe to find mutation points as substitution, dele-
tion and insertion as well as SNPs. For this purpose, multiple
sequence alignment (MSA) [27], called Clustal Omega (ClustalO)
[28, 29], is performed in the presence of reference sequence
from the National Center for Biotechnology Information (NCBI).
Multiple sequence alignment methods are algorithmic solutions
to align evolutionarily related sequences by considering evo-
lutionary events such as mutations, substitutions, deletions,
insertions and rearrangements under certain conditions. These
methods can be applied to DNA, RNA or protein sequences.
MSA methods are responsible for a large number of in silico
analysis, which include phylogenetic reconstruction, domain
analysis, motif finding and other applications as well [30]. Once
the alignment is done, a consensus sequence is built to analyse
each genomic sequence to identify the mutation points. As a
result, we have found 7209, 11700, 119 and 53 as substitutions,
deletions, insertions and SNPs globally across 29.9 kbp. There-
after, unique mutations as substitutions, deletions, insertions
and SNPs are shown for individual countries with respect to
other 72 countries. The results have been illustrated taking India
as an example where 385, 867, 1 and 11 unique substitutions,
deletions, insertions and SNPs are present while 458, 1343, 8 and
52 mutation points in such categories are common with other
countries. The outcomes of our analysis are shown quantita-
tively and visually by providing BioCircos, showing major muta-
tion points in protein structures and genetic diversity through
phylogenetic analysis. Moreover, a web application has also been
provided for browsing through the mutation points globally and
across 73 countries individually. Finally, we have identified a
conserved region as target, which is more than 100 nt long. This
conserved region belongs to ORF1ab coding region, specifically to
the NSP6 gene. This ultimately resulted in the identification of
primers and probes using that conserved region for SARS-CoV-2
detection. To summarise, the main contributions of this works
are the following: (a) more than 10000 SARS-CoV-2 genomes are
aligned in high-performance computing environment so that
the mutation in virus sequences globally can be determined,
(b) unique mutations in terms of substitutions, deletions and
SNPs are shown for individual countries with respect to other
72 countries, (c) a website is prepared to help the researchers to
conduct further research after having the mutation information
and (d) identify the conserved region as target in ORF1ab, specif-
ically NSP6 gene and subsequently provide primers and probes
for SARS-CoV-2 detection. Thus, the target region of NSP6 gene
can be used as a confirmatory assay in current context.
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Figure 1. Coding regions and corresponding proteins of SARS-CoV-2 genome.

Materials and Methods
In this section, the source of 10 664 virus genomes across 73
countries and methods used to analyse such genomes are dis-
cussed to identify the genetic diversity and target gene.

Data Collection and Preparation

SARS-CoV-2 has 11 coding regions and 25 coded proteins,
which are shown and reported in Figure 1 and Table S1,
respectively. Initially, the Reference Genome (NC_045512.2) of
SARS-CoV-2 virus is collected from NCBI (https://www.ncbi.
nlm.nih.gov/nuccore/1798174254) followed by the collection
of 10 664 complete or near complete SARS-CoV-2 genomes or
sequences from the Global Initiative on Sharing All Influenza
Data (GISAID) (https://www.gisaid.org/) in fasta format. These
sequences are distributed in 73 countries. The same is shown
using geoplot in Figure 2A while day and month wise statistics
are shown in 2B. The distribution of the sequences in different
countries is reported in supplementary Table S2. It is important
to note that GISAID contains many incomplete sequences
or virus genome that we have filtered out while preparing
our dataset. The dataset contains sequence ID and virus
genome as a fasta format. The maximum and average length
of the 10 664 virus genome are 29 903 and 28 831 bp. Please
note that for the data visualization and editing, BioEdit was
used, and for the alignment of sequences, high-performance
computing (HPC) facility of NITTTR, Kolkata, was used. The
HPC cluster has a master node with dual Intel Xeon Gold
6130 Processor having 32 Cores, 2.10 GHz, 22 MB L3 Cache and
128 GB DDR4 RAM and 2 GPU and 4 CPU computing nodes
with dual Intel Xeon Gold 6152 Processor having 44 Cores, 2.1
GHz, 30 MB L3 Cache and 192 GB DDR4 RAM each, while GPU
nodes have NVIDIA Tesla V100 GPU with 16 GB memory each.
MSA was performed using the 2 GPU and 4 CPU computing
nodes.

Pipeline of the Workflow

The pipeline of the workflow is shown in Figure 3A. In order
to find the mutation points from 10 664 SARS-CoV-2 sequences
globally and country wise, the sequences are aligned first using
MSA technique called ClustalO in the presence of reference

sequence from NCBI. The choice of selecting ClustalO is taken
because of its popularity, speed and accuracy. k-tuple method
is used in ClustalO to produce pairwise alignment followed by
mBed, which is used to cluster the sequences. Thereafter, k-
means clustering algorithm is used. Guide tree is then built
using unweighted pair group method with arithmetic mean
(UPGMA) method. Finally, HHalign package is used to construct
the MSA. After performing ClustalO, a consensus sequence is
built so that mutation points such as substitution, deletion and
insertion can be extracted from each genome. The preparation
of consensus sequence is done based on the (a) higher frequency
of nucleotides and (b) in case, if there is a tie in the frequency of
the nucleotides, then such genomic places are replaced by the
nucleotides of reference sequence. In this process of consensus
building, the consent of population and reference sequence can
be taken. The overall detection scheme is shown in Figure 3B
to identify substitution, deletion and insertion. This is applied
for each virus genome. There are three ways in which sub-
stitution can be identified in virus genomes. With respect to
consensus sequence, these changes are the following: (i) only
one change in the nucleotide of the genomic sequence, (ii)
two changes in the nucleotide of the genomic sequence and
(iii) three changes in the nucleotide of the genomic sequence.
A mutation is considered as deletion if there is a nucleotide
present in the consensus sequence, which is replaced by a gap
in the genomic sequence while for insertion, the vice-versa is
true. After having the lists of substitution, deletion and insertion,
SNP is further computed from substitution list as the SNPs occur
in more than 1% of the virus population and create variants
in the population. Figure 3C shows examples of substitution,
deletion and SNP after multiple alignment of sequences. Once
we have done the mutation analysis globally and country wise
sequences, these mutation details are further used to compute
unique mutations as substitutions, deletions and insertions and
SNPs are shown for individual countries with respect to other
72 countries. Moreover, we have developed a web application
for searching the mutation points. This web application has its
front end designed in PHP while the back end uses MySQL server.

Furthermore, to identify the conserved regions, entropy (E) is
computed as

E = l n 5 +
∑

Sy
x [ l n (Sy

x ) ] (1)

https://www.ncbi.nlm.nih.gov/nuccore/1798174254
https://www.ncbi.nlm.nih.gov/nuccore/1798174254
https://www.gisaid.org/
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Figure 2. (a) Geoplot to show the distribution of SARS-CoV-2 genomes around the globe and (b) bar and pie charts show the daily and monthly statistics of SARS-CoV-2

genomes from January 2020 to May 2020.

Figure 3. (a) Pipeline of the workflow. (b) Mutation detection schemes. (c) Examples of mutation in multiple aligned sequences.

where Sy
x represents the frequency of each residue x occurring

at position y and 5 represents the four possible residues as
nucleotides plus gap. To identify the conserved regions, a

minimum segment length of 15 is considered with maximum
average entropy as 0.2. Furthermore, after finding the consensus
sequence, maximum entropy per position is taken as 0.2 with
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no gaps. All these values are taken after following the literature.
Subsequently, a particular conserved region with more than 100
nucleotides is considered as potential target. This is ultimately
used in the identification of primers and probes using Primer-
BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-blast/) for
the detection of SARS-CoV-2. Moreover, the genetic diversity of
the virus genomes is depicted through phylogenetic analysis and
the important mutation points are shown in protein structures.

Results
In the result section, initially identification of mutation points as
substitutions, deletions, insertions and SNPs are discussed. Next,
unique mutation points in individual countries with respect
to 72 other countries are shown. Apart from this, the steps of
identifying SNPs are elaborated followed by the discussion on
the development of web application. Furthermore, potential con-
served region of SARS-CoV-2 as target is determined to identify
the primers and probes.

Identification of Mutation Points

Initially, we have found 7209, 11700, 119 and 53 mutation
points as substitutions, deletions, insertions and SNPs globally
by considering all the 73 countries. In total, 19028 mutation
points are found by considering substitutions, deletions and
insertions. It is to be noted that in this work, we have only
considered the mutation points in the coding regions. To
understand the mutation of virus population in a particular
country as compared to the global mutation, as an example,
we have shown the mutation of Indian virus population. In
this regard, there are 17775, 6824, 10833, 118 and 48 global
mutation excluding India while in the case of India, we have
found 3062, 843, 2210, 9 and 63 mutations as all mutations,
substitutions, deletions, insertions and SNPs. This is reported
in Table 1. It is found from the table that the Indian sequences
have 59.08% ((1809/3062)*100%), 54.32% ((458/843)*100%), 60.76%
((1343/2210)*100%), 88.88% ((8/9)*100%) and 28.57% ((18/63)*100%)
common mutation points with global sequences in the five
categories. In order to compute such common points, Venn
diagrams are prepared and shown in Figure 4(a). As can be
seen from the Venn diagrams, though the mutations in Indian
sequences have 59.08%, 54.32%, 60.76%, 88.88% and 28.57% com-
mon mutation points with global sequences, when seen from
the global perspective, these percentage of common mutations
become 10.17% ((1809/17775)*100%), 6.71% ((458/6824)*100%),
12.39% ((1343/10833)*100%), 6.78% ((8/118)*100%) and 37.50%
((18/48)*100%), respectively. For other countries, similar calcula-
tions can be performed as well. Apart from this representation,
circos plots are reported in Figure 4B to show the frequency
of mutation points through different tracks as substitution,
deletion, insertion and SNP. It gives a clear visualization
regarding mutation in different coding regions of SARS-CoV-2.
Unique mutations, substitutions, deletions, insertions and SNPs
for individual countries are computed and reported in Table 2.
The details of mutation globally and country wise are provided in
supplementary Tables S3 and S4 while BioCircos of 72 countries
are also given in supplementary Figure S1.

Furthermore, unique mutations as substitutions, deletions,
insertions and SNPs for individual countries with respect to
other 72 countries are reported in Table 3. Let us take an example
to illustrate the difference between Tables 2 and 3. Suppose,
country A has mutation points such as 574, 575, 576, 577 and
578 and the mutation points of country B are 575, 578, 582, 583,

584 and 590. In case of Table 2, the results that will be reported
are 5 and 6 mutation points, respectively, for countries A and
B. So, these are the mutation points that are unique to each
individual country. On the other hand, Table 3 will report the
value as 3 mutation points for country A as the points 574,
576 and 577 are present only in country A and nowhere else.
Similarly, for country B, the value is 4 as 582, 583 and 584 and
590 are the mutation points completely unique to country B. To
further illustrate, India has a total of 843, 2210, 9 and 63 unique
mutations as substitutions, deletions, insertions and SNPs while
with respect to other 72 countries India has 385, 867, 1 and
11 unique mutations as substitutions, deletions, insertions and
SNPs, respectively. This can be visualised through Venn diagrams
in Figure 4A.

Identification of SNPs

SNPs are computed based on the occurrence of substitution for a
given genomic coordinate if it is more than 1% of the population.
Therefore, the calculation of SNPs is dependent on the number
of genomic sequences of a country. For example, since there are
566 sequences in India, those substitutions will be considered
as SNPs whose occurrence is more than 5. On the other hand,
for global excluding India, SNPs are those substitutions that
have occurred more than 100 (0.01*(10664-566)) times in the
population. Considering this, while computing unique SNPs for
India out of 63 with respect to 48 global SNPs excluding India
as mentioned in Table 1, it results in 45 unique SNPs for India.
However, out of these 45 SNPs, 34 SNPs are present in other coun-
tries as well and only 11 SNPs are unique in India. This can be
attributed to the fact that 48 SNPs are calculated globally based
on the substitutions that have occurred more than 100 times in
the population while for India, such occurrences are more than
5 in the 63 SNPs. Similarly, while computing SNPs for individual
countries, it is obvious that the other countries can have same
mutation points as SNPs because their population size varies.
As a consequence, when the 48 and 63 SNPs are taken, 34 SNPs
out of 45 are present in other countries, which crop up in Indian
SNPs. To overcome this, unique SNPs are calculated by following
the given steps: (i) initially, unique substitutions need to be iden-
tified for a country, (ii) with these unique substitutions, unique
SNPs are identified that are present in these substitutions and
(iii) such SNPs are excluded from all the identified SNPs in a
country to identify the common and unique SNPs in Global. In
this way, all those SNPs can be identified, which are unique to a
particular country with respect to other 72 countries. For exam-
ple, in case of India after executing step (i), we identified 385
substitutions. Subsequently 11 SNPs are identified by following
step (ii) while 30 SNPs are unique globally and India shares 52 (34
and 18) common SNPs with other countries as identified in step
(iii). These calculations can be carried out for the other countries
as well. In Figure 4(a), the Venn diagram for the aforementioned
SNPs are visualised where (i) 30 represents the SNPs unique in
global excluding India, (ii) 18 represents the SNPs common in
both global excluding India and India, (iii) 34 represents the SNPs
common in other 72 countries and India and (iv) 11 represents
the SNPs unique in India. The details of these SNPs are reported
in Table 4. SNPs in the protein structures for RdRp and Spike
are shown in Figures 5 and 6 respectively while the rest of the
protein structures with SNPs are provided in the supplementary.
Further to the aforementioned analysis, signicant SNPs e.g. that
are present in more than 10% of the virus population is shown in
Figure 4(c) for global excluding India and only India and reported
in Table 5. The table also reports their corresponding change in

https://www.ncbi.nlm.nih.gov/tools/primer-blast/
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Table 1. Number of unique mutations, substitutions, deletions, insertions and SNPs

Country All mutations Substitution Deletion Insertion SNP

Global including India 19028 7209 11700 119 53
Global excluding India 17775 6824 10833 118 48
India 3062 843 2210 9 63
% of common mutation points with India 59.08 54.32 60.76 88.88 28.57

nucleotide, amino acid, entropy value and coding region. It is to
be noted that for certain mutation points, there may be multiple
changes in nucleotide which may lead to multiple changes in
amino acid as well. For example, in Table 5, at mutation point
14408, the two nucleotide changes C>T and C>A have led to two
amino acid changes, P>L and P>H.t

Development of Web Application for Identification of
Mutation Points

Also, a web application is provided to extract the mutation points
globally for 10 664 sequences as well as country wise by providing
either genomic coordinates of the virus genome or name of
the coding region and mutation type. The screen shots of the
web application are provided in Figure 4D. Moreover, the aligned
sequences are provided as supplementary (http://www.nitttrkol.
ac.in/indrajit/projects/COVID-Mutation-10K/) for further use.

Identification of Conserved Region as Target and
corresponding Primers and Probes

Furthermore, we have identified a conserved region as target,
which belongs to ORF1ab coding region, specifically to the NSP6
gene that is shown in Table 6. The specificity of conserved
region is verified by Nucleotide BLAST with the BLAST score of
220 and specificity score as query coverage equal to 100%. It
confirms global stability of this conserved region as a poten-
tial target. In order to highlight the conserved region in NSP6
protein, the structure of NSP6 is taken from Zhanglab (https://
zhanglab.ccmb.med.umich.edu/COVID-19/) in the form of a PDB
file and subsequently shown in Table 6 where the target con-
served region is highlighted in red. The structure of NSP6 protein
is generated by using C-I-TASSER [31]. Using the targeted con-
served region, 10 primers and probes are identified from Primer-
BLAST and reported in Table 7. In this regard, both the forward
and the reverse primers are reported in this table. The GC score
is found to be high for the identified primers and lie around 40%–
50%. It shows these primers can be used for virus detection in RT-
PCR. Moreover, the primers and probes are shown in Figure 4E.
In this regard, it is worth mentioning that Griffoni et al. [32] have
also identified NSP6 gene as a possible target for vaccine design
while in this work the aforementioned primers and probes are
the regions in NSP6 gene, which can be used for the detection of
SARS-CoV-2 to diagnose COVID-19 patients correctly.

Discussions
SARS-CoV-2 has gripped the whole world and has caused
a pandemic of epic proportions. In this situation, it is very
important to understand the genetic diversity among the SARS-
CoV-2 genomes. In this regard, the genome-wide analysis of
10 664 SARS-CoV-2 sequences has resulted in four outcomes:

(a) global and country wise mutation points are identified,
(b) with this mutation information, unique mutations as
substitutions, deletions, insertions and SNPs for individual
countries with respect to other 72 countries are identified, (c)
development of a web application for searching the mutation
points with the mutation information and (d) identification
of a conserved region as target that belongs to ORF1ab
coding region, specifically NSP6 gene that provides 10 primers
and probes to detect SARS-CoV-2. Initially, we have found
mutation points as substitutions, deletions, insertions and
SNPs. Next, unique mutations as substitutions, deletions,
insertions and SNPs for individual countries with respect to
other 72 countries are identified. Also, comparative studies of
global excluding India and India are performed for both the
aforementioned cases.

Figure 4C depicts the SNPs in global excluding India and
Indian SARS-CoV-2 sequences. It can be seen from the figure
that the SNPs at 3037, 14 408 and 23 403 genomic coordinates
occur close or more than 60% of the virus population. The
coding regions of these SNPs are ORF1ab and Spike. It is to be
noted that these genomic coordinates have been identified as
frequent mutation points in the literature [33] as well, especially
A23403G in virus genome that corresponds to D614G in Spike
protein has been associated with enhancing viral replication in
the upper respiratory tract, thereby increasing its susceptibility
to neutralisation by antibodies [34]. Apart from A23403G,
other significant SNPs which occur frequently include C3037T
(Synonymous mutation) in NSP3 gene of ORF1ab and C14408T
(P323L) in RdRp gene of ORF1ab in both global excluding India
and Indian sequences. In addition to these mutation points,
the most frequent (in more than 10% of virus population) and
common mutation points between global excluding India and
India are G11083T (L37F), T19557A (F506L), A19558G (S507G) and
G25563T (Q57H) in NSP6, Exon and ORF3a respectively. Similarly
for India, the other most frequent mutation points are C6312A
(T1198K), C13730T (A97V), C22506A (T315N) and C28311T (P13L)
in NSP3, RdRp, Spike and ORF8 respectively. All these SNPs
have high entropy values, which signify that the corresponding
change in nucleotide is more informative. As discussed earlier,
the details of these SNPs are reported in Table 4 and 5.

In order to see the common mutation points as all mutations,
substitutions, deletions, insertions and SNPs among the 73
countries, five heatmaps are created. In the heatmaps, deep blue
indicates lesser number of common mutation points as opposed
to yellow, which shows more number of common mutation
points. The heatmap for all mutations is shown in Figure 7 for
73 countries. This heatmap is not symmetric. For example, if we
consider row wise, then India has 27.91% of common mutation
points with England while considering column wise, England
shares 15.28% common mutation points with India. Thus, India
and England have mostly different mutation points. The row and
column for India are marked in red in the figure. This genetic
diversity can be seen from the phylogenetic tree as well, which
is discussed later. The rest of the heatmaps for substitution,

http://www.nitttrkol.ac.in/indrajit/projects/COVID-Mutation-10K/
http://www.nitttrkol.ac.in/indrajit/projects/COVID-Mutation-10K/
https://zhanglab.ccmb.med.umich.edu/COVID-19/
https://zhanglab.ccmb.med.umich.edu/COVID-19/


Genetic diversity and target region of NSP6 7

Ta
b

le
2.

St
at

is
ti

cs
of

u
n

iq
u

e
m

u
ta

ti
on

s,
su

bs
ti

tu
ti

on
s,

d
el

et
io

n
s,

in
se

rt
io

n
s

an
d

SN
Ps

in
in

d
iv

id
u

al
co

u
n

tr
ie

s

C
ou

n
tr

y
A

ll
M

u
ta

ti
on

s
Su

bs
ti

tu
ti

on
s

D
el

et
io

n
s

In
se

rt
io

n
s

SN
Ps

C
ou

n
tr

y
A

ll
M

u
ta

ti
on

s
Su

bs
ti

tu
ti

on
s

D
el

et
io

n
s

In
se

rt
io

n
s

SN
Ps

A
lg

er
ia

11
11

0
0

11
Lu

xe
m

bo
u

rg
57

9
11

3
45

9
7

11
3

A
rg

en
ti

n
a

13
13

0
0

13
M

al
ay

si
a

19
2

36
15

1
5

36
A

u
st

ra
li

a
25

51
94

6
15

15
90

86
M

ex
ic

o
44

0
71

36
4

5
71

A
u

st
ri

a
17

8
47

12
6

5
47

M
or

oc
co

57
17

39
1

17
B

an
gl

ad
es

h
88

17
70

1
17

N
ep

al
1

1
0

0
1

B
el

ar
u

s
12

12
0

0
12

N
et

h
er

la
n

d
s

64
4

47
6

16
3

5
64

B
el

gi
u

m
58

6
46

2
11

6
8

62
N

ew
Z

ea
la

n
d

58
2

21
6

36
1

5
77

B
ra

zi
l

13
4

10
8

21
5

10
8

N
ig

er
ia

12
2

25
96

1
25

C
am

bo
d

ia
1

1
0

0
1

N
or

th
er

n
Ir

el
an

d
18

2
48

12
9

5
48

C
an

ad
a

21
8

11
7

93
8

11
7

N
or

w
ay

18
3

37
14

1
5

37
C

h
il

e
44

29
10

5
29

O
m

an
89

87
1

1
87

C
h

in
a

18
86

83
1

10
47

8
48

Pa
ki

st
an

53
15

37
1

15
C

ol
om

bi
a

17
8

45
12

8
5

45
Pa

n
am

a
15

9
8

14
9

2
8

C
ro

at
ia

15
6

51
10

0
5

51
Pe

ru
8

8
0

0
8

C
ze

ch
R

ep
u

bl
ic

11
2

41
69

2
41

Po
la

n
d

17
6

64
10

7
5

64
D

R
C

15
9

43
11

1
5

43
Po

rt
u

ga
l

73
2

38
6

33
8

8
64

D
en

m
ar

k
37

3
13

9
22

6
8

51
Q

at
ar

40
4

7
39

5
2

7
En

gl
an

d
55

94
23

70
31

12
11

2
53

R
om

an
ia

46
46

0
0

46
Es

to
n

ia
58

43
10

5
43

R
u

ss
ia

73
36

32
5

36
Fi

n
la

n
d

30
9

47
25

7
5

47
Sa

u
d

iA
ra

bi
a

12
12

0
0

12
Fr

an
ce

38
6

20
8

17
3

5
56

Sc
ot

la
n

d
14

07
71

2
64

5
50

90
G

eo
rg

ia
94

34
59

1
34

Se
n

eg
al

22
9

79
14

8
2

79
G

er
m

an
y

34
2

15
9

17
8

5
15

9
Se

rb
ia

14
14

0
0

14
G

re
ec

e
19

19
0

0
19

Si
n

ga
p

or
e

91
48

38
5

48
H

u
n

ga
ry

13
13

0
0

13
Sl

ov
ak

ia
13

10
3

0
10

Ic
el

an
d

15
82

59
9

91
9

64
66

Sl
ov

en
ia

22
17

4
1

17
In

d
ia

30
62

84
3

22
10

9
63

So
u

th
A

fr
ic

a
26

7
41

22
1

5
41

In
d

on
es

ia
18

6
12

16
9

5
12

So
u

th
K

or
ea

44
44

0
0

44
Ir

el
an

d
34

20
13

1
20

Sp
ai

n
10

54
45

7
52

3
74

11
4

Is
ra

el
8

8
0

0
8

Sw
ed

en
16

6
15

4
12

0
44

It
al

y
26

6
67

19
4

5
67

Sw
it

ze
rl

an
d

11
94

25
2

93
4

8
62

Ja
p

an
12

6
74

47
5

74
T

h
ai

la
n

d
23

3
69

15
9

5
69

K
az

ak
h

st
an

64
56

7
1

56
Tu

rk
ey

10
8

82
24

2
82

K
en

ya
14

4
84

59
1

84
U

SA
53

87
19

88
33

84
15

42
K

u
w

ai
t

13
7

23
10

9
5

23
V

ie
tn

am
62

36
25

1
36

La
tv

ia
42

39
3

0
39

W
al

es
15

44
43

5
10

92
17

83
Li

th
u

an
ia

4
4

0
0

4



8 Indrajit et al.

Ta
b

le
3.

St
at

is
ti

cs
of

u
n

iq
u

e
m

u
ta

ti
on

s,
su

bs
ti

tu
ti

on
s,

d
el

et
io

n
s,

in
se

rt
io

n
s

an
d

SN
Ps

fo
r

in
d

iv
id

u
al

co
u

n
tr

ie
s

w
it

h
re

sp
ec

t
to

ot
h

er
72

co
u

n
tr

ie
s

C
ou

n
tr

y
A

ll
M

u
ta

ti
on

s
Su

bs
ti

tu
ti

on
s

D
el

et
io

n
s

In
se

rt
io

n
s

SN
Ps

C
ou

n
tr

y
A

ll
M

u
ta

ti
on

s
Su

bs
ti

tu
ti

on
s

D
el

et
io

n
s

In
se

rt
io

n
s

SN
Ps

A
lg

er
ia

2
2

0
0

2
Lu

xe
m

bo
u

rg
48

23
25

0
23

A
rg

en
ti

n
a

1
1

0
0

1
M

al
ay

si
a

45
9

36
0

9
A

u
st

ra
li

a
96

1
31

1
65

0
0

3
M

ex
ic

o
13

0
19

11
1

0
19

A
u

st
ri

a
13

3
10

0
3

M
or

oc
co

2
2

0
0

2
B

an
gl

ad
es

h
69

5
64

0
5

N
ep

al
0

0
0

0
0

B
el

ar
u

s
2

2
0

0
2

N
et

h
er

la
n

d
s

20
3

14
1

62
0

6
B

el
gi

u
m

16
5

14
2

23
0

6
N

ew
Z

ea
la

n
d

20
8

45
16

3
0

6
B

ra
zi

l
32

25
7

0
25

N
ig

er
ia

79
4

75
0

4
C

am
bo

d
ia

1
1

0
0

1
N

or
th

er
n

Ir
el

an
d

8
6

2
0

6
C

an
ad

a
54

26
28

0
26

N
or

w
ay

56
3

53
0

3
C

h
il

e
2

1
1

0
1

O
m

an
14

14
0

0
14

C
h

in
a

75
7

38
0

37
7

0
10

Pa
ki

st
an

8
2

6
0

2
C

ol
om

bi
a

49
6

43
0

6
Pa

n
am

a
58

0
58

0
0

C
ro

at
ia

65
15

50
0

15
Pe

ru
2

2
0

0
2

C
ze

ch
R

ep
u

bl
ic

59
6

53
0

6
Po

la
n

d
80

13
67

0
13

D
R

C
2

2
0

0
2

Po
rt

u
ga

l
18

6
12

3
63

0
11

D
en

m
ar

k
12

0
31

89
0

6
Q

at
ar

12
5

1
12

4
0

1
En

gl
an

d
21

21
10

26
10

95
0

6
R

om
an

ia
19

19
0

0
19

Es
to

n
ia

7
7

0
0

7
R

u
ss

ia
7

7
0

0
7

Fi
n

la
n

d
12

5
1

12
4

0
1

Sa
u

d
iA

ra
bi

a
1

1
0

0
1

Fr
an

ce
15

8
63

95
0

10
Sc

ot
la

n
d

25
4

16
7

87
0

9
G

eo
rg

ia
6

6
0

0
6

Se
n

eg
al

9
9

0
0

9
G

er
m

an
y

22
13

9
0

13
Se

rb
ia

2
2

0
0

2
G

re
ec

e
1

1
0

0
1

Si
n

ga
p

or
e

27
7

20
0

7
H

u
n

ga
ry

0
0

0
0

0
Sl

ov
ak

ia
0

0
0

0
0

Ic
el

an
d

55
3

21
2

34
1

0
9

Sl
ov

en
ia

0
0

0
0

0
In

d
ia

12
53

38
5

86
7

1
11

So
u

th
A

fr
ic

a
15

1
10

14
1

0
10

In
d

on
es

ia
24

3
21

0
3

So
u

th
K

or
ea

11
11

0
0

11
Ir

el
an

d
2

2
0

0
2

Sp
ai

n
21

3
14

8
61

4
13

Is
ra

el
0

0
0

0
0

Sw
ed

en
42

42
0

0
4

It
al

y
63

26
37

0
26

Sw
it

ze
rl

an
d

42
9

59
37

0
0

7
Ja

p
an

34
17

17
0

17
T

h
ai

la
n

d
38

14
24

0
14

K
az

ak
h

st
an

17
14

3
0

14
Tu

rk
ey

40
36

4
0

36
K

en
ya

84
46

38
0

46
U

SA
25

40
87

8
16

60
2

3
K

u
w

ai
t

38
1

37
0

1
V

ie
tn

am
9

9
0

0
9

La
tv

ia
4

4
0

0
4

W
al

es
35

7
10

4
25

3
0

4
Li

th
u

an
ia

0
0

0
0

0



Genetic diversity and target region of NSP6 9

Ta
b

le
4.

D
et

ai
ls

of
th

e
id

en
ti

fi
ed

SN
Ps

.

C
od

ed
Pr

ot
ei

n
G

lo
ba

lE
xc

lu
d

in
g

In
d

ia
C

om
m

on
in

G
lo

ba
lE

xc
lu

d
in

g
In

d
ia

an
d

In
d

ia
C

om
m

on
in

ot
h

er
72

co
u

n
tr

ie
s

an
d

In
d

ia
U

n
iq

u
e

in
In

d
ia

A
ll

SN
Ps

N
on

-
Sy

n
on

ym
ou

s
C

h
an

ge
in

A
m

in
o

A
ci

d
A

ll
SN

Ps
N

on
-

Sy
n

on
ym

ou
s

C
h

an
ge

in
A

m
in

o
A

ci
d

A
ll

SN
Ps

N
on

-
Sy

n
on

ym
ou

s
C

h
an

ge
in

A
m

in
o

A
ci

d
A

ll
SN

Ps
N

on
-

Sy
n

on
ym

ou
s

C
h

an
ge

in
A

m
in

o
A

ci
d

N
SP

1
1

0
0

0
0

0
1

0
0

0
0

0
N

SP
2

5
4

T
85

I,
G

21
2D

,
I5

59
V,

P5
85

S

1
1

V
19

8I
4

4
R

27
C

,
A

15
9V

,
S3

01
F,

G
33

9S

0
0

0

N
SP

3
2

2
A

58
T,

P1
53

L
2

0
0

7
4

S6
97

F,
S1

19
7R

,
T

11
98

K
,

A
17

69
G

4
3

S7
16

I,
A

99
4D

,
D

11
21

G

N
SP

4
1

1
F3

08
Y

0
0

0
4

3
M

33
I,

T
29

5I
,

A
38

0V

0
0

0

3C
L-

Pr
o

1
1

G
15

S
0

0
0

0
0

0
0

0
0

N
SP

6
0

0
0

1
1

L3
7F

0
0

0
0

0
0

N
SP

7
1

1
S2

5L
0

0
0

0
0

0
0

0
0

N
SP

8
0

0
0

0
0

0
2

0
0

1
1

Q
19

8H
N

SP
9

0
0

0
0

0
0

0
0

0
1

0
0

R
d

R
p

1
0

0
2

1
P3

23
L

1
1

A
97

V
3

2
L3

29
I,

V
88

0I
H

el
ic

as
e

3
2

P5
04

L,
Y

54
1C

0
0

0
0

0
0

1
0

0

Ex
on

2
1

A
32

0V
3

2
F5

06
L,

S5
07

G
1

0
0

0
0

0

en
d

oR
N

A
se

2
0

0
0

0
0

0
0

0
0

0
0

2’
-

O
-

R
M

T
0

0
0

0
0

0
2

2
N

29
8H

,
(N

29
8I

/N
29

8T
)

0
0

0

Sp
ik

e
2

0
0

3
2

T
31

5N
,

D
61

4G
8

5
L5

4F
,

R
78

M
,

T
57

2I
,

E5
83

D
,

Q
67

7H

1
1

K
77

M

O
R

F3
a

3
3

V
13

L,
G

19
6V

,
G

25
1V

1
1

Q
57

H
0

0
0

0
0

0

M
em

br
an

e
2

1
T

17
5M

0
0

0
1

0
0

0
0

0
O

R
F8

2
2

S2
4L

,
V

62
L

1
1

L8
4S

0
0

0
0

0
0

N
u

cl
eo

ca
p

si
d

2
1

S1
97

L
4

2
R

20
3K

,
G

20
4R

3
3

P1
3L

,
S1

94
L,

S2
02

T

0
0

0



10 Indrajit et al.

Ta
b

le
5.

M
u

ta
ti

on
as

SN
Ps

in
m

or
e

th
an

10
%

of
p

op
u

la
ti

on
of

gl
ob

al
SA

R
S-

C
oV

-2
ge

n
om

es
ex

cl
u

d
in

g
In

d
ia

an
d

on
ly

In
d

ia

M
u

ta
ti

on
as

SN
Ps

in
10

09
8

SA
R

S-
C

oV
-2

G
en

om
es

ex
cl

u
d

in
g

In
d

ia

C
oo

rd
in

at
e

of
M

u
ta

ti
on

O
cc

u
rr

en
ce

of
M

u
ta

ti
on

in
10

99
8

G
en

om
es

Ty
p

e
of

M
u

ta
ti

on
C

h
an

ge
in

N
u

cl
eo

ti
d

e
C

h
an

ge
in

A
m

in
o

A
ci

d
En

tr
op

y
M

ap
p

ed
w

it
h

C
od

in
g

R
eg

io
n

10
59

20
48

Su
bs

ti
tu

ti
on

C
>

T
T

>
I

0.
49

58
O

R
F1

ab
30

37
67

68
Su

bs
ti

tu
ti

on
C

>
T

Sy
n

on
ym

ou
s

0.
64

68
O

R
F1

ab
87

82
12

12
Su

bs
ti

tu
ti

on
C

>
T

Sy
n

on
ym

ou
s

0.
37

20
O

R
F1

ab
11

08
3

11
07

Su
bs

ti
tu

ti
on

G
>

T
L>

F
0.

40
01

O
R

F1
ab

14
40

8
67

53
Su

bs
ti

tu
ti

on
(C

>
T

)(
C

>
A

)
(P

>
L)

(P
>

H
)

0.
64

71
O

R
F1

ab
19

55
7

22
46

Su
bs

ti
tu

ti
on

(T
>

A
)(

T
>

C
)(

T
>

G
)

(F
>

L)
,S

yn
on

ym
ou

s,
(F

>
L)

0.
58

60
O

R
F1

ab

19
55

8
22

60
Su

bs
ti

tu
ti

on
(A

>
G

)(
A

>
C

)(
A

>
T

)
(S

>
G

)(
S>

R
)(

S>
C

)
0.

57
69

O
R

F1
ab

23
40

3
67

80
Su

bs
ti

tu
ti

on
A

>
G

D
>

G
0.

65
17

Sp
ik

e
25

56
3

24
89

Su
bs

ti
tu

ti
on

(G
>

T
)(

G
>

C
)

Q
>

H
0.

56
99

O
R

F3
a

28
14

4
12

62
Su

bs
ti

tu
ti

on
(T

>
C

)(
T

>
A

)
(L

>
S)

(L
>

∗)
0.

37
22

O
R

F8
28

88
1

20
98

Su
bs

ti
tu

ti
on

(G
>

A
)(

G
>

T
)

(R
>

K
)(

R
>

I)
0.

52
46

N
u

cl
eo

ca
p

si
d

28
88

2
20

87
Su

bs
ti

tu
ti

on
(G

>
A

)(
G

>
T

)
Sy

n
on

ym
ou

s,
(R

>
S)

0.
51

91
N

u
cl

eo
ca

p
si

d
28

88
3

20
86

Su
bs

ti
tu

ti
on

G
>

C
G

>
R

0.
51

77
N

u
cl

eo
ca

p
si

d

M
u

ta
ti

on
as

SN
Ps

in
56

6
SA

R
S-

C
oV

-2
G

en
om

es
fr

om
In

d
ia

C
oo

rd
in

at
e

of
M

u
ta

ti
on

O
cc

u
rr

en
ce

of
M

u
ta

ti
on

in
56

6
G

en
om

es
Ty

p
e

of
M

u
ta

ti
on

C
h

an
ge

in
N

u
cl

eo
ti

d
e

C
h

an
ge

in
A

m
in

o
A

ci
d

En
tr

op
y

M
ap

p
ed

w
it

h
C

od
in

g
R

eg
io

n

30
37

33
9

Su
bs

ti
tu

ti
on

C
>

T
Sy

n
on

ym
ou

s
0.

70
16

O
R

F1
ab

63
12

17
7

Su
bs

ti
tu

ti
on

C
>

A
T

>
K

0.
65

23
O

R
F1

ab
11

08
3

18
9

Su
bs

ti
tu

ti
on

(G
>

T
)(

G
>

A
)

(L
>

F)
,S

yn
on

ym
ou

s
0.

81
43

O
R

F1
ab

13
73

0
18

4
Su

bs
ti

tu
ti

on
C

>
T

A
>

V
0.

67
77

O
R

F1
ab

14
40

8
33

2
Su

bs
ti

tu
ti

on
C

>
T

P>
L

0.
70

64
O

R
F1

ab
18

87
7

11
7

Su
bs

ti
tu

ti
on

C
>

T
Sy

n
on

ym
ou

s
0.

52
21

O
R

F1
ab

19
55

7
21

8
Su

bs
ti

tu
ti

on
T

>
A

F>
L

0.
66

65
O

R
F1

ab
19

55
8

21
8

Su
bs

ti
tu

ti
on

A
>

G
S>

G
0.

66
65

O
R

F1
ab

22
44

4
69

Su
bs

ti
tu

ti
on

C
>

T
Sy

n
on

ym
ou

s
0.

37
07

Sp
ik

e
22

50
6

99
Su

bs
ti

tu
ti

on
C

>
A

T
>

N
0.

46
35

Sp
ik

e
22

50
7

99
Su

bs
ti

tu
ti

on
T

>
C

Sy
n

on
ym

ou
s

0.
46

35
Sp

ik
e

23
40

3
33

4
Su

bs
ti

tu
ti

on
A

>
G

D
>

G
0.

71
25

Sp
ik

e
23

92
9

16
5

Su
bs

ti
tu

ti
on

C
>

T
Sy

n
on

ym
ou

s
0.

67
28

Sp
ik

e
25

56
3

12
2

Su
bs

ti
tu

ti
on

G
>

T
Q

>
H

0.
52

12
O

R
F3

a
26

73
5

11
2

Su
bs

ti
tu

ti
on

C
>

T
Sy

n
on

ym
ou

s
0.

49
74

M
em

br
an

e
28

31
1

17
4

Su
bs

ti
tu

ti
on

C
>

T
P>

L
0.

67
90

N
u

cl
eo

ca
p

si
d

28
85

4
71

Su
bs

ti
tu

ti
on

C
>

T
S>

L
0.

39
03

N
u

cl
eo

ca
p

si
d



Genetic diversity and target region of NSP6 11

Figure 4. (a) Venn diagrams between global without India and India for all unique mutation, substitutions, deletions, insertions and SNP, (b) BioCircos to illustrate

the frequency of mutations across the global excluding India and Indian SARS-CoV-2 genomes through different tracks e.g. substitution as outer track 1, deletion as

track 2, insertion as track 3 and SNP as inner track 4 while in other images substitution as outer track 1 and SNP as inner track 2, (c) SNPs present in more than 10%

of SARS-CoV-2 population for global and India, (d) screen shots of the web application before and after executing search query, (e) identified primers and probes from

Primer-BLAST.

deletion, insertion and SNP are reported in supplementary
Figures S2 to S5.

Moreover, to understand the spread and evolution of SARS-
CoV-2, Nextstrain [35] is used to create phylogenetic tree.

Nextstrain is a collection of open-source tools, which helps to
understand pathogen spread and evolution, especially during
outbreak. Nextstrain is one of the very recent tools through
which evolution of large number of virus genomes can be
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Figure 5. SNPs highlighted in protein structure of RNA-directed RNA polymerase (RdRp) where (a) represents the SNPs common in both global excluding India and

India, (b) represents the SNPs common in other 72 countries and India and (c) represents the SNPs unique in India.

Figure 6. SNPs highlighted in protein structure of Spike where (a) represents the SNPs common in both global excluding India and India, (b) represents the SNPs

common in other 72 countries and India (c) represents the SNPs unique in India.t

Table 6. Targeted Conserved Region in SARS-CoV-2 Genome and its corresponding protein sequence in NSP6 which is highlighted by red colour
in NSP6 gene

DNA Sequence of Conserved Region of
ORF1ab

Part of NSP6 Protein Sequence of
Conserved Region ORF1ab

NSP6 Protein Structure with Target
Region

11277-ATACTAGTTTGTCTGGTTTTAAGCTA
AAAGACTGTGTTATGTATGCATCAGCTGTA
GTGTTACTAATCCTTATGACAGCAAGAACT
GTGTATGATGATGGTGCTAGGAGAGTGTGG
ACA-11395

TSLSGFKLKDCVMYASAVVLLIL
MTARTVYDDGARRVWT

visualised properly and meaningfully. It consists of auspice
that is a web-based visualisation program used to present and
interact with phylogenomic and phylogeographic data. There
are a sequence of tools in Nextstrain that perform phylodynamic
analysis [36] that includes subsampling, alignment, phylogenetic
inference, temporal dating of ancestral nodes and discrete trait
geographic reconstruction and inference of the most likely
transmission events. The spread and evolution of virus genomes
can be visualised at nextstrain.org using auspice. By taking the
advantage of this tool, in this work the evolution of SARS-CoV-
2 genomes is visualised by creating the metadata in our HPC

environment. The evolution of 10664 SARS-CoV-2 genomes is
shown in Figure 8A. As can be visualised from the figure, there
are five major clades of SARS-CoV-2: 19A: China/Thailand, 19B:
China, 20A: USA, Belgium, India, 20B: UK, Belgium, Sweden and
20C: USA. Separate clades identify different genetic groupings.
For example, 20A and 20B, respectively, have India and England
as primary countries, thereby supporting the earlier statistics
that India and England do not share many common mutation
points among them. To show the spread of SARS-CoV-2,
phylogeographic spread and the transmission lines are shown
in Figure 8B and C, respectively.



Genetic diversity and target region of NSP6 13

Ta
b

le
7.

D
et

ai
ls

of
p

ri
m

er
s

an
d

p
ro

be
s

in
N

SP
6

ge
n

e
fo

r
SA

R
S-

C
oV

-2
d

et
ec

ti
on

Pr
im

er
Pr

im
er

s
Pr

ob
e

Pa
ir

Ty
p

e
Se

q
u

en
ce

(5
‘-

>
3’

)
Le

n
gt

h
T

m
G

C
(%

)
Se

q
u

en
ce

1
Fo

rw
ar

d
A

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

T
22

59
.2

0
40

.9
1

A
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
TA

T
G

A
C

A
G

C
A

A
G

A
A

C
T

G
T

G
TA

T
G

A
T

G
A

T
G

G
T

G
C

TA
G

G
A

G
A

G
T

G
T

G

R
ev

er
se

C
A

C
A

C
T

C
T

C
C

TA
G

C
A

C
C

A
T

C
20

59
.0

4
55

.0
0

2
Fo

rw
ar

d
TA

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

T
23

59
.0

9
39

.1
3

TA
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
T

A
T

G
A

C
A

G
C

A
A

G
A

A
C

T
G

T
G

TA
T

G
A

T
G

A
T

G
G

T
G

C
TA

G
G

A
G

A
G

T
G

R
ev

er
se

C
A

C
T

C
T

C
C

TA
G

C
A

C
C

A
T

C
A

T
C

21
59

.2
7

52
.3

8
3

Fo
rw

ar
d

TA
T

G
TA

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

T
24

59
.7

7
37

.5
0

TA
T

G
TA

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

TA
A

T
C

C
T

TA
T

G
A

C
A

G
C

A
A

G
A

A
C

T
G

T
G

TA
T

G
A

T
G

A
T

G
G

T
G

C
TA

G
G

A
G

A
G

T
G

T
G

R
ev

er
se

C
A

C
A

C
T

C
T

C
C

TA
G

C
A

C
C

A
T

C
A

21
60

.8
5

52
.3

8
4

Fo
rw

ar
d

A
T

G
TA

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
24

59
.7

7
37

.5
0

A
T

G
TA

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

TA
A

T
C

C
T

TA
T

G
A

C
A

G
C

A
A

G
A

A
C

T
G

T
G

TA
T

G
A

T
G

A
T

G
G

T
G

C
TA

G
G

A
G

A
G

R
ev

er
se

C
T

C
T

C
C

TA
G

C
A

C
C

A
T

C
A

T
C

A
20

57
.7

8
50

.0
0

5
Fo

rw
ar

d
G

TA
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
T

24
60

.3
2

41
.6

7
G

TA
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
TA

T
G

A
C

A
G

C
A

A
G

A
A

C
T

G
T

G
TA

T
G

A
T

G
A

T
G

G
T

G
C

TA
G

G
A

G
A

G
T

G
T

G
G

R
ev

er
se

C
C

A
C

A
C

T
C

T
C

C
TA

G
C

A
C

C
A

T
C

21
61

.5
2

57
.1

4
6

Fo
rw

ar
d

TA
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
22

57
.6

5
40

.9
1

TA
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
T

A
T

G
A

C
A

G
C

A
A

G
A

A
C

T
G

T
G

TA
T

G
A

T
G

A
T

G
G

T
G

C
T

R
ev

er
se

A
G

C
A

C
C

A
T

C
A

T
C

A
TA

C
A

C
A

G
T

T
22

59
.4

6
40

.9
1

7
Fo

rw
ar

d
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

TA
A

T
C

24
59

.1
3

41
.6

7
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

TA
A

T
C

C
T

TA
T

G
A

C
A

G
C

A
A

G
A

A
C

T
G

T
G

TA
T

G
A

T
G

A
T

G
G

T
G

C
TA

G
G

A

R
ev

er
se

T
C

C
TA

G
C

A
C

C
A

T
C

A
T

C
A

TA
C

A
C

22
59

.0
7

45
.4

5
8

Fo
rw

ar
d

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

23
58

.1
0

39
.1

3
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

TA
A

T
C

C
T

TA
T

G
A

C
A

G
C

A
A

G
A

A
C

T
G

T
G

TA
T

G
A

T
G

A
T

G
G

T
G

C
TA

G
G

A
G

A
G

T
G

R
ev

er
se

C
A

C
T

C
T

C
C

TA
G

C
A

C
C

A
T

C
A

T
C

A
22

60
.9

9
50

.0
0

9
Fo

rw
ar

d
A

T
G

C
A

T
C

A
G

C
T

G
TA

G
T

G
T

TA
C

TA
A

T
25

60
.1

2
36

.0
0

A
T

G
C

A
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
TA

T
G

A
C

A
G

C
A

A
G

A
A

C
T

G
T

G
TA

T
G

A
T

G
A

T
G

G
T

G
C

R
ev

er
se

G
C

A
C

C
A

T
C

A
T

C
A

TA
C

A
C

A
G

T
T

C
22

59
.0

9
45

.4
5

10
Fo

rw
ar

d
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
T

24
58

.8
5

37
.5

0
T

C
A

G
C

T
G

TA
G

T
G

T
TA

C
TA

A
T

C
C

T
TA

T
G

A
C

A
G

C
A

A
G

A
A

C
T

G
T

G
TA

T
G

A
T

G
A

T
G

G
T

G
C

TA
G

G
A

G
A

G
T

G
T

R
ev

er
se

A
C

A
C

T
C

T
C

C
TA

G
C

A
C

C
A

T
C

A
T

C
22

60
.9

9
50

.0
0



14 Indrajit et al.

Figure 7. Heatmap to represent the common mutation points among 73 countries.

Also, a web application is developed to help other researchers
to explore all the mutation points. Although some target genes
have already been discovered to detect SARS-CoV-2, new target
locations can be further helpful in this task as the virus is
evolving. In this regard, NSP6 is a new target gene that has
not been considered before. Thereafter, the conserved region
as target that belongs to ORF1ab coding region, specifically
to the NSP6 gene, is subsequently used to identify primers
and probes for the detection of SARS-CoV-2. Therefore, the
target region of NSP6 gene can be considered as a confirmatory
assay.

It is worth mentioning the reason for using ClustalO in this
work, though there are other techniques as well for MSA like
ClustalW, MUSCLE and MAFFT. As we have already mentioned,
ClustalO has high speed and accuracy making it a highly
likely candidate for MSA. Now, when executed in HPC cluster
environment, ClustalO provided alignment results of 10 664
sequences near about in one month, while the other techniques
were unable to provide results due to overflow of memory.
Thus, for the timely publication of this research work, we
have proceeded with the alignment results of ClustalO. It

is also to be noted that the online MSA tool EMBL-EBI [37]
uses ClustalO and has discontinued the use of ClustalW.
However, even this tool can align only up to 4000 sequences.
Hence, for the 10 664 virus sequences we have used our
HPC cluster environment to get the alignment results. This
alignment result is provided in the supplementary website
so that research community can get the benefit out of this.
Therefore, apart from the four major contributions as mentioned
in this article, this can also be considered as an additional
contribution.

Conclusion
This work has four major contributions. Initially, we have
analysed publicly available 10 664 complete or near-complete
SARS-CoV-2 genomes of 73 countries around the globe in
order to find unique mutation points as substitution, deletion
and insertion as well as SNPs. This analysis has identified
7209, 11700, 119 and 53 as substitutions, deletions, insertions
and SNPs globally, respectively. Next, mutation details are
taken into consideration to find the unique mutations as
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Figure 8. (A) Phylogenetic tree to show the evolution of SARS-CoV-2 genomes, (B) phylogeographic spread of SARS-CoV-2 genomes, (C) transmission of SARS-CoV-2

genomes in 73 countries.

substitutions, deletions, insertions and SNPs for individual
countries with respect to other 72 countries. For example,
in the case of India, unique 385, 867, 1 and 11 substitutions,
deletions, insertions and SNPs are present while 458, 1343, 8
and 52 mutation points in such categories are common with
other countries. Furthermore, SNPs are visualised using protein
structures and to show the genetic diversity, phylogenetic
analysis has been performed using Nextstrain. Moreover, to
help researchers conduct further research, a web application
is also provided for browsing through the mutation points
globally and across 73 countries individually. Finally, a con-
served region is identified as target that belongs to ORF1ab
coding region, specifically to the NSP6 gene that provided
10 primers and probes for SARS-CoV-2 detection. It can also
be studied for designing epitope-based synthetic vaccine in
future research. Additionally, the multiple sequence alignment
result of ClustalO, which was executed on an HPC facility, is
also shared in the supplementary website to help the research
community.

Key Points
• This study performs genome-wide analysis of 10 664

SARS-CoV-2 genomes around the globe.
• Genetic mutation has been found as substitution, dele-

tion, insertion and SNP.
• Unique mutations for individual countries have been

identified.
• Virus genomes are collected from GISAID database.
• Web application is provided for finding mutation points

in SARS-CoV-2 genomes.
• NSP6 as target is identified and provide primers and

probes for virus detection.
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