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Abstract

Novel strain of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV2) causes mild to severe respiratory illness.
The early symptoms may be fever, dry cough, sour throat, and difficulty in breathing which may lead to death in severe cases.
Compared to previous outbreaks like SARS-CoV and Middle East Respiratory Syndrome (MERS), SARS-CoV?2 disease
(COVID-19) outbreak has been much distressing due to its high rate of infection but low infection fatality rate (IFR) with
1.4% around the world. World Health Organization (WHO) has declared (COVID-19) a pandemic on March 11, 2020. In
the month of January 2020, the whole genome of SARS-CoV2 was sequenced which made work easy for researchers to
develop diagnostic kits and to carry out drug repurposing to effectively alleviate the pandemic situation in the world. Now, it
is important to understand why this virus has high rate of infectivity or is there any factor involved at the genome level which
actually facilitates this virus infection globally? In this study, we have extensively analyzed the whole genomes of different
coronaviruses infecting humans and animals in different geographical locations around the world. The main aim of the study
is to identify the similarity and the mutational adaptation of the coronaviruses from different host and geographical locations
to the SARS-CoV2 and provide a better strategy to understand the mutational rate for specific target-based drug designing.
This study is focused to every annotation in a comparative manner which includes SNPs, repeat analysis with the different
categorization of the short-sequence repeats and long-sequence repeats, different UTR’s, transcriptional factors, and the
predicted matured peptides with the specific length and positions on the genomes. The extensive analysis on SNPs revealed
that Wuhan SARS-CoV2 and Indian SARS-CoV2 are having only eight SNPs. Collectively, phylogenetic analysis, repeat
analysis, and the polymorphism revealed the genomic conserveness within the SARS-CoV2 and few other coronaviruses
with very less mutational chances and the huge distance and mutations from the few other species.
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Introduction

Coronavirus (CoV) is enveloped, positive-sense single-
stranded (ss) RNA genome ranging from 27 to 34 kb in
length which are divided into four different genera, for
example o, P, v, and d. Coronavirus is not a new threat
to human being or animal kingdom, it’s an old virus and
causing the infection in wide numbers of different animals
such as Pheasant, Guinea Fowl, Bovine, Beluga whale,
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rat, rabbit, camel, swine, and other species [1, 2]. CoVs
genome contains variable number of open reading frames
(ORFs) 6-11. Among ORFs, two-thirds of viral genome
located in first orfla/b which translates two different poly-
proteins, ppla and pplab. These polyproteins encodes 16
different nonstructural proteins (nsps); however, the rest
ORFs encode several accessory and structural proteins.
The remaining viral RNA encodes four indispensable
structural proteins (spike S glycoprotein, small envelope E,
matrix M, and nucleocapsid N protein), in addition, several
accessory proteins that assist virus to evade host immune
response [2, 3]. Previously, Middle East Respiratory Syn-
drome (MERS) CoV (2012) and SARS-CoV (2003) caused
outbreaks that were considered as the public health threats.
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But in December 2019, China has reported a novel strain
of severe acute respiratory syndrome coronavirus which
is renamed as SARS-CoV2 by the World Health Organi-
zation [4, 5]. Compared to previous outbreaks, SARS-
CoV2 disease (COVID-19) outbreak has been much dis-
turbing due to its high rate of infection at global level.
As of November 21, 2020, there are 57,910,582 positive
cases that have been confirmed in which 1,377,762 death
occurred as reported by WHO, globally. Moreover, due to
high rate of infection of SARS-CoV2 and zoonotic disease,
it spreads rapidly throughout the world and became a pan-
demic and ultimate threat to mankind at this time. Studies
have shown that SARS-CoV2 shares 96% genome similar-
ity with Bat CoV RaTG13 and it is assumed that bat could
be the natural host for SARS-CoV?2 origin [6-8]. Scien-
tists across the globe are trying to elucidate the genome
characteristics using phylogeny, structural, and mutational
analysis. Recently, few scientists are able to crystalize the
protein of this virus for future computational modeling and
drug-related research [9, 10].

Genome sequencing is considered one of the main factors
in research which reveals almost everything of the organism,
but in this case, there are more than 400 genomes of SARS
viruses are submitted in NCBI genome database and many
are still being sequenced and analyzed throughout the world.
There are many published research suggested few drugs as
effective against COVID-19 [11, 12], but unfortunately, there
is no drug as effective to cure from this virus. There are huge
complications on designing a drug against any virus due to
its mutational adaptation and modification in its genomic
islands. In the current work, we have extensively mined the
various constraints of the genome like from country, host
organism, and reported year and chosen the extensively dif-
ferent data with the SARS-CoV-2 from China and India to
get the exact rate of mutations. We have included the data
of whale, rat, fowl, camel, and human to get the genomic
divergence between all species which are infecting different
hosts. Further, we have also created the local database for
the genomic reannotation within all species which resulted
in the various new annotations from the genome itself and
extracted the data for plotting them in graphical format for
understanding its various restraints.

In addition, we have identified the restriction sites on the
genomes of the species and categorized the long-sequence
repeat and short-sequence repeat which can be used in future
modeling. Genome-based medication is the present require-
ment for this pandemic; short-sequence repeats (SSRs) can
play an important role in this procedure. The predicted
mature peptide can be analyzed further for getting the huge
implication on targeting the translation mechanism. Our
analysis shows a colossal focus on different annotations to
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get several ideas on the medication after understanding the
genome.

Methodology
Genome Retrieval and Mining

Genome sequence of all coronaviruses have been down-
loaded and converted to a comma-separated values (CSV)
file and have been analyzed the important features such as
the geographical locations, period, and host organism where
the suitable one for all meanings was taken into considera-
tion and performed for all the analyses of that coronavi-
ruses. Human SARS-CoV2 has been taken 3 times because
of its difference in the sequencing timing and geographical
locations. After preparation of the final list of 24 genomes,
it was renamed as the serial number_Accession Num-
ber_sequence_reporting_country_host_year of submission
(Table 1) to avoid any confusion during analysis and for the
reader as well. Further, all 24 genomes are enlisted below
to understand its sequence reporting country host and the
name of the virus.

Annotations and Alignment Analysis

The genome of the different species has been downloaded,
through the NCBI plugin in Geneious prime [13] and rean-
notated through the feature using the local database which
creates many new annotations. However, MN996531.1 has
been taken as reference for all the analyses. Genomes were
aligned using MAFFT [14, 15] with parameters such as Auto
algorithm selection and 200PAM/k =2, Gap open penalty
of 1.53, and all the data to find the distance between all
the species [14, 15]. Annotation extractions provide a huge
specific sequence which was further analyzed and plotted
using excel and tableau [16]. The Genome of the SARS-
CoV2 is plotted (Fig. 1) using the Geneious prime for bet-
ter comprehension and understanding by a common reader
[13]. All the data have been reannotated with local database
feature in Geneious prime and collected the count of each
annotation (Table 2).

Transcription Factor and Repeat Analysis

The transcription factor was predicted using the Geneious
prime plugins with the database of REBAS, the Restriction
Enzyme Databases have been reannotated using the locally
created database to get the same annotations of all species
with the huge number of site identification [17]. Phobos
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Table 1 The accession S No
number of coronaviruses and

Accession No

Names of the Coronavirus

the renamed names of the

! 1 MN996531.1 1_MN996531.1_China: WuhanSARS?2 2020
COTONAVITUSEs 2 MT050493.1 2_MT050493_India_human_2020

3 MK581200.1 3_MKS581200.1_Poland_Infectious bronchi-
tis2019

4 MK423876.1 4_MK423876.1_China_Pheasant coronavirus
2019

5 NC_006213.1 5_NC_006213.1_USA_HumanOC43 2019

6 MKO032180.1 6_MK032180.1_China_bronchitis2018

7 NC_038294.1 7_NC_038294.1_UK_BCV1 2018

8 NC_034972.1 8_NC_034972.1_China_AcCoV-JC34 2018

9 LN610099.1 9_L.N610099.1_France_GuineaFowl2015

10 NC_003045.1 10_NC_003045.1__Bovine coronavirus2018

11 NC_004718.3 11_NC_004718.3_Canada: SARS2018

12 NC_006577.2 12_NC_006577.2__HumanHKU1 2018

13 NC_010438.1 13_NC_010438.1_HK_Miniopterus bat2018

14 NC_010646.1 14_NC_010646.1__Beluga whaleSW1 2018

15 NC_010800.1 15_NC_010800.1_Canada_Turkey coronavirus
2018

16 NC_012936.1 16_NC_012936.1__Rat coronavirus Parker
2018

17 NC_017083.1 17_NC_017083.1_China_RabbitHKU14_2018

18 NC_019843.3 18_NC_019843.3__MERS_coronavirus 2018

19 NC_023760.1 19_NC_023760.1_USA: Wisconsin
WD1127_2018

20 NC_026011.1 20_NC_026011.1_China_pCV_HKU?24 2018

21 NC_028752.1 21_NC_028752.1_Saudi_Camel aCV 2018

22 NC_028806.1 22_NC_028806.1_Italy_Swine enteric2018

23 NC_030292.1 23_NC_030292.1_Netherlands_Ferret2018

24 MNO975262.1 24_MN975262.1_China_seafood pneumo-

nia2020

was used for the short-sequence repeat analysis with the
parameters of extend where the exact search and the repeat
unit length were set to 1(min) to 10 (max) bp long, and the
percentage of perfection was set to 0 to max 100 [18]. LSR
was analyzed and extracted using the default program of
repeat finder in geneious prime with the parameters such
as minimum repeat length of 100 and ignoring the repeat
up to 10 bp and 0% of mismatch which includes further
both repeat sequences analyzed then categorized. All the
sequences based on the length were plotted separately to get
the difference and specific locations.

Mutational and Other Predictions and Analysis

All the data were again aligned using the MAFFT aligner
[14, 15] and the single-nucleotide polymorphisms (SNPs)
were extracted separately in another column, and afterwards
the percentage of the mutation were calculated with the
genome size for wide understanding in a lay or easy format.
All the data of the untranslated region of 3" and 5’ were

extracted and enlisted separately and plotted after mining.
Mature peptides were predicted using the Geneious prime
and reannotated again with the local database then extracted
the data from the sequence and mined them for the plotting
in accordance with the data size and the name of species and
the peptide parallelly.

Phylogeny

The phylogenetic tree was constructed using three programs
and steps; first, we have aligned the data using MAFFT aligner
[14, 15] because of its fast and accuracy and then plotted the
tree using Geneious tree builder [19] and the final editing
was done using the iTOL server for the plotting in circular
and colorful format [20]. We have used the neighbor-joining
method with no-defined outgroup and Tamura-Nei Genetic
distance Model as parameters in the Geneious Tree builder
[21]. The format of the tree was plotted to be understood for
the common person easily and highlighted the specificity such
as human-related species.
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Fig.1 Genome Map of SARS-CoV2 where yellow color repre-
sents the coding sequence (CDS), and green color represents genes.
The graph represents GC content which is plotted according to the
sequence of the genome, protein-coding regions are plotted with the
blue graph in the range of red and green where green means protein-

coding, red means noncoding region, CpG islands also plotted in
accordance with the genome with a black dotted line. There are a
total of 129 open reading frame (ORF) regions predicted from the
genome and are plotted accordingly with the parallel to the sequence
of gene and CDS

Table 2 Comparative analysis of the count of genomic annotations from different coronaviruses

Accession Sequence GC content Count of CDS Count of Gene Count of ORF Count of Count of Count of Count of
Number/ Length 3'UTR  5'UTR  Mature transcrip-
Annotations Peptide tion factor

MN996531.1 29857 38.00% 11 11 129 0 0 0 501

MT050493.1 29851 38.00% 11 11 144 0 0 0 471

MK581200.1 27324 38.00% 13 0 802 4 1 0 759

MK423876.1 27655 38.20% 9 18 770 0 0 0 835

NC_006213.1 30741 36.80% 8 16 1046 0 0 0 905

MKO032180.1 27678 38.10% 9 18 825 2 0 0 778

NC_038294.1 30111 41.20% 10 18 1062 0 0 0 763

NC_034972.1 27682 40.10% 9 18 1008 0 0 0 744

LN610099.1 27471 38.30% 12 26 780 0 0 0 826

NC_003045.1 31028 37.10% 12 20 1073 4 1 15 893

NC_004718.3 29751 40.80% 14 26 1043 4 1 16 766

NC_006577.2 29926 32.10% 8 16 901 0 0 15 1007

NC_010438.1 28773 41.80% 8 14 1495 0 0 0 747

NC_010646.1 31686 39.20% 14 28 1054 4 1 0 940

NC_010800.1 27657 38.30% 11 22 760 0 0 15 778

NC_012936.1 31250 41.30% 10 20 1120 0 0 0 870

NC_017083.1 31100 37.60% 11 22 1110 0 0 0 927

NC_019843.3 30119 41.20% 11 20 1066 0 0 0 750

NC_023760.1 28941 37.50% 10 20 940 0 0 0 772

NC_026011.1 31249 40.10% 10 20 1149 0 0 0 886

NC_028752.1 27395 38.40% 7 14 1045 0 0 0 795

NC_028806.1 28111 38.10% 9 18 1028 0 0 0 731

NC_030292.1 28434 39.00% 9 16 894 0 0 0 808

MN975262.1 29891 38.00% 11 21 825 4 1 0 821
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Results

Genome Map with Functional and Appropriate
Annotations

Here, we have mapped the genomes with the specific fea-
tures of annotations and plotted the graph of the sequence
of the genome. Wuhan SARS-CoV2, a new strain of coro-
navirus now called severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV?2), [22] is plotted using Geneious
prime for the annotation of the data and all information
about the genomes is collected and reannotated with the
local database feature; after reannotation, the data have
been updated and the sequences are plotted gene (green)
on CDS (yellow) and found a total of 11 CDS and genes,
respectively (Fig. 1). The genome is having a total of
129 ORF with small and long read size plotted with cop-
per color in the genome map. We have got a total of 10
restriction sites on the genome of SARS-CoV2 which are
Pvul, Stul, Xhol, BamHI, Nael, Sacl, Sstl, Xmal, Smal,
and Nrul having length of 6 bp and BglI having length
of 11 bp. Further, it is plotted within the graph including
their names (Fig. 1). The nucleotide content was plotted
from 100% to 0% and forecasted accordingly with the AT-
rich in green, GC rich in blue, and frame with the red color
to avoid any confusion (Fig. 1). The protein-coding region

is plotted using the tcode tool of EMBOSS v.6.5.6 [23, 24]
which is in yes or no format it depicts that the blue color
graph line comes in the green band are protein-coding and
the blue line comes to the red band are not coding part
of the genome. CpG islands are plotted along with the
black line with the other form. Figure 1 gives an intense
view with the name of annotations which will guide the
researcher to get the exact information and identify which
region is actually responsible for a particular function and
where restriction sites are located. Collectively, this infor-
mation will provide a better idea about the future research
on 1t.

Comparative Plot for the Genome Length
of Different Coronaviruses

We have taken genomes of 24 coronaviruses and renamed
them for better presentation. The data have been extracted
from Geneious prime and plotted using Excel. The long-
est length in bp of the genome is beluga whale which is
31,686 bp long, while the genome size of the Indian and
Chinese SARS-CoV2 is 29,851 bp and 29,857 bp, respec-
tively (Fig. 2). When we compared the genome size of the
Indian and Chinese SARS-CoV2 with a whale genome,
we observed that both had the less genome size of 1835 bp
and 1829 bp, respectively. The smallest genome of SARS
causing virus is with the genome size of 27,324 bp long.

1_MN996531.1_China: WuhanSARS2 2020
2_MT050493 India_bhuman_2020
3_MKS581200.1_Poland_Infectious bronchiti2019
4_MK423876.1_China_Pheasant coronavirus 2019
5 NC_006213.1_USA_HumanOC43 2019
6_MK032180.1_China_bronchitis2018
7_NC_038294.1_UK_pCV1 2018
8_NC_034972.1_China_AcCoV-JC34 2018
9 _LN610099.1_France_GuineaFow 2015
10_NC _003045.1__Bovine coronavirus2018
11_NC_004718.3_Canada: SARS2018
12_NC_006577.2__HumanHKU1 2018
13_NC _010438.1_HK_Miniopterus bat2018
14_NC_010646.1__Beluga whaleSW1 2018
15_NC_010800.1_Canada_Turkey coronavirus 2018
16_NC _012936.1__Rat coronavirus Parker 2018
17_NC_017083.1_China_RabbitHKUl4_2018
18_NC_019843.3 MERS coronavirus2018
19_NC _023760.1_USA: Wisconsin WD1127_2018
20_NC_026011.1_China_pCV_HKU24 2018
21_NC_028752.1_Saudi_CamelaCV 2018
22 _NC_028806.1_Italy_Swine enteric2018
23_NC_030292.1_Netherlands_Ferret2018
24_MN975262.1_China_seafood pneumonia2020

29857
29851
27324
27655
30741
27678
30111
27682
27471
31028
29751
29926
28773
31686
27657
31250
31100
30119
28941
31249
27395
28111
28434
29891

Fig.2 Genome length of Coronaviruses from a different host and geographical locations. Accession numbers along with the reported countries

and host have been mentioned
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All the genomes are falling within this range (Fig. 2). The
length of the genomes matters because of their elements, the
longest genome usually contains a greater number of genes
which resulted in more complexity in the system while small
genomes usually contain less number of genes which may
contain the less number of genes.

Analysis of Distance Between All Species

We have aligned all the genomes together and extracted the
data into the matrix format. The data are first generated in
the percentage of the similarity and then plotted accord-
ingly and proportionally. The maximum similarity has been
found in the two genomes of human SARS-CoV2 which are
reported from China and India. The percentage of the simi-
larity of Chinese and Indian SARS-CoV2 is 99.977% and
99.973%, respectively (Fig. 3). Moreover, Canadian SARS-
2018 is having 79.047%, Italy Swine enteric 2018 is having
45.15%, Human HKU1_2018 is having 36.5%, the Miniop-
terus bat 2018 is having 37.3%, MERS 2018 is having 35.4%
, and Chinese rabbit HKU14 is having 34.8% similarity with
SARS-CoV2. The lowest genome similarity has seen in the
beluga whale coronavirus which is only 30% similar to the
present SARS-CoV2 genome. SARS genome reported from
Canada is having 79% similarity. Rest are showing 30-45%
similarity with the genomes of the SARS-CoV?2 but most of
the genomes shows 33% similarity which is still a huge simi-
larity if it is found in the coding region (Fig. 3). The distance
is being plotted in 2D format (Supplementary excel sheet).
We have plotted the 2D matrix and we have gotten combo

plot for the better understanding, one plot is bar graph plot
which shows few species to species genome similarity, while
the line shows the up and down in the graph that can be
observed very easily because of a different color. Both line
and the bar graph show the same data and together make a
combo plot of genome distance. This distance matrix shows
the shared genomic region which could be visualizes during
the phylogeny and it is helpful for the species classifications
on the basis of genomic similarity.

Single-Nucleotide Polymorphism

SNPs are one of the important changes in the genomes
which help species to acquire different climate and even
helps to develop into a different organism [25]. Personal-
ized medicine development is failing only because of the
modification or mutational changes in any position which
resulted in the failure of the whole system. We have exten-
sively mined the data after MAFFT alignment [14, 15] and
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Fig. 3 Comparative analysis of the distance matrix between the different coronaviruses matrix obtained after alignments and calculation of dis-
tance. All the species with the accession number and geographical location are enlisted for both axes
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found the SNPs with very huge numbers. For better under-
standing, we have renamed the mutation and provided the
detail in Table 3. Because of huge divergence between
the species, we have observed a huge number for SNPs.
The least number of polymorphisms is 7 in the genome of
SARS-CoV?2 with accession number of MN975262.1. We
have denoted Y which means C is replaced by T which
is recurring 6 times in the genome of MT050493.1. The
genome, which is reported from Kerala state of India
[26], is having a total of 8 SNPs out of which 6Y, 1R,
and 1M are on the CDS region. M symbol denotes that A
is replaced by C. If we consider the genome of the spe-
cies that is negligible, so from here, it indicates that the
mutational rate of the SARS-CoV2 is very less. This result
infers that the genome has very less capability of muta-
tional adaptations. A maximum number of variants are
extracted from the beluga whale which is 56.5%. However,
rest genomes are in between 0 and 56% of polymorphism
with the SARS-CoV2 genome. SARS virus reported in
2018 from Canada showing 20.9% polymorphism which is
the least in SNPs after SARS-CoV2 in the genome, MERS
is showing 49.60% of the polymorphism with compare
to the genome of CoV2. Coronavirus reported from the
Bat with accession number of NC_010438.1 shows 53.5%
polymorphism in the genome compared to SARS-CoV2.
Further, in Fig. 4, we have plotted Y (blue), S (gray), and
R (yellow) bar graph; however, M (green), W (orange),
N (light blue), and K (violet) depict line graph, and the
genome length has been shown with the maroon color in
bold bar graph. Taken together, these results suggest that
SARS-CoV?2 has less chance of mutation.

Comparative Analysis of Annotations

We have collected all annotations from 24 genomes of coro-
naviruses and plotted them for better understanding about
their detail. In annotations, we are taking sequence length,
GC content and count of CDS, gene, ORF, repeat regions,
untranslated regions, transcription factors, and mature pep-
tides (Fig. 5). The sequence length and GC content have
taken just to compare the annotation with a valid point and
putting them all together. Beluga whale is having the highest
length of the genome whereas Poland-based bronchitis infec-
tion coronavirus is having the smallest size of the genome.
The highest GC content (41.80%) in Bat coronavirus and
UK pcoronavirusl are 41.80% and 41.20%, respectively. The
highest number of CDS is 14 which is present in Beluga
whale and Canadian SARS 2018, while the lowest number of
CDS is 7 which is present in Saudi Camel aCoV. The highest
number of the gene is 28 and it is present in beluga whale,
while the lowest number of the gene is 11 which is present in
SARS-CoV2 in both Chinese and Indian sequences. Only 6
coronaviruses having the 3'UTRs which are bovine corona-
virus, Canadian SARS2018, Poland-based bronchitis coro-
navirus, Chinese bronchitis coronavirus, Chinese seafood
pneumonia, and Beluga whale coronaviruses. Only 5 species
are having 5’UTR regions which are Poland bronchitis CoV,
Bovine CoV, Canadian SARS2018, Beluga whale coronavi-
ruses, and Chinese seafood pneumonia. In our reannotation
procedure, we identified the transcription factor from every
species (Fig. 5). Further, all the details are present in the
supplementary sheet with the description from every single
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Fig.5 A comparative plot after annotation of all the data. All genomes were having few annotations and reannotated with the locally created

database and predicted

species for better understanding. All annotations are plotted
together with line and bar graph.

Repeat Analysis
Short-Sequence Repeat analysis

We have used Phobos to identify short-sequence repeats in
the genomes of every species and plotted them accordingly.
We have found a total of 1250 short-sequence repeats in
the sequence of all species. The longest repeat under the
SSR is 47 bp long while the smallest repeat is 7 bp long in
the sequence of the 24 different genomes of coronaviruses.
Short sequences are to be handled in the experimental lab
as well as the computational laboratory. Designing antisense
mRNA is far easier for the short-sequence repeat to tackle
this virus. That could be a better strategy to find the best
repeat region which might not found in the human body and
targeting to its restriction site together to cut the genome of
the coronavirus and that information will be saved in the T
cell. Further, reoccurrence of the same virus, the memory
T cells will get activated to encounter rapidly and clear it.
Though there is the possibility of various complication and
failure which needs huge improvements after identifying the
right SSRs, we have identified the all short-sequence repeats
which are further plotted with the green line. The data were
first prepared in the maximum and minimum format to get

@ Springer

the exact information of SSRs location. In Fig. 6, yellow
bar shows maximum whereas reddish line shows minimum
format; however, SSRs falls in between. There are few SSRs
which are unique among the SARS-CoV-2 which does not
exist in any species, targeting these SSRs could also be an
important strategy for the breaking down mechanism. Pho-
bos considered repeats as the same sequence as well as the
complementary sequence as well. In SARS-Cov2, ‘AAG
AAGAAG?’ is considered as AAC repeats. In the sequence,
we have found 8 AAC repeats which are found with length
of 9-11 bp. A trinucleotide repeats have been found with
the length of 9 bp. These repeats found at 614-622 and
22,308-22,316 positions of the genome.

Long-Sequence Repeats Analysis

Long-sequence repeats (LSR) analysis was performed
using Geneious default program to identify the location.
We have identified a total of 311 long-sequence repeats
and 12,536 bp sequence was the longest among all repeat
regions from the MN975262.1 which is the Chinese seafood
pneumonia virus. The shortest LSR is 100 bp long which
is from 2 species, NC_003045.1 (Bovine coronavirus) and
NC_006213.1 (Human HKU1 2018 coronavirus). SARS-
CoV-2 (MN996531.1) is having total of 15 LSRs. Total
59,404 bp sequence length is falling under the LSRs. All
other sequences are in between the length of 12,536 and



Molecular and Cellular Biochemistry (2021) 476:2203-2217 2211

70000

i

! U I

R R
-3333333&3&3&&-

ZZZZZZZZZZZEZZ
Maximum ~——Leangth

l
g
£
H
I

Fig. 6 Repeat region of genomes with specific identification to the short repeats for specific drug base target identifications; the green line is
showing the length concerning the species accession. Yellow and red magenta are plotted for getting the betweenness of the data

100 bp. There are many LSR in a single sequence which we  coronavirus is having total of 63 long-sequence repeats. The
have plotted in Fig. 7 with the bar graph for better visuali-  longest repeat in this genome is 1911 bp long and it found at
zation view of LSR length with respective species. MERS  the position of 20,849-22,759. These LSR will be helpful

14000

|

1
1
1
1 g
1
1
1

88
o =
N A
= om
S o
2 2
23

MKS581200.

MKS81200.

Fig.7 Repeat region with specific to the higher

NC_006213
NC_006213
NC_006213
NC_006213
NC_006577.

S NC_010800

P
g

sequence length, long-sequence repeats (LSR) is extracted. The green line is plotted for the aver-

age identification and getting and closer view on data forecasted

@ Springer



2212

Molecular and Cellular Biochemistry (2021) 476:2203-2217

in the categorization of the genome and the repeat of long
sequence will also provide the gap among the genome to
cut it specific position and reduce the antigenic protein for-
mation. Collectively, we have plotted the data for complete
understanding with its length and the accessions. Further,
we have provided the data of the sequence and the positions
in the supplementary excel sheet.

UTR Regions of Genomes

In molecular biology, an untranslated region alludes to both
of the two segments, one on each side of a coding sequence
of mRNA strand. When it is present on the 5’ side, it is
called the leader sequence and whenever it is located on the
3’ side, it is called the trailer sequence (3’ UTR) [27, 28].
The mRNA is initially transcribed from the corresponding
DNA sequence and then translated into protein. However,
several regions of the mRNA are usually not translated into
protein, including the 5’ and 3" UTRs. We have identified
and differentiated into 3’ and 5' untranslated regions of the
genome. We have identified total 6, 3'UTRs and total of 5,
5'UTRs. The length of 3'UTR is 401-149 base pairs which
are found in 24_MN975262.1_China_seafood pneumonia
2020, 14_NC_010646.1__Beluga whale SW1_2018, 11_
NC_004718.3_Canada_SARS2018,10_NC_003045.1__
Bovine_CV2018,6_MKO032180.1 China Bronchitis 2018,
3_MK581200.1_Poland_Infectious bronchitis 2019, while
the 5’UTRvaries in length with maximum and minimum
of 523-210 bp long which are found in 3_MK581200.1_
Poland_Infectious bronchitis2019, 10_NC_003045.1__
Bovine coronavirus2018, 11_NC_004718.3_Canada:
SARS2018, 14_NC_010646.1__Beluga whaleSW1 2018,
24_MN975262.1_China_seafood pneumonia2020. Further,
we have plotted the data in sunburst plot in Fig. 8 for com-
parative analysis of size and species which are containing
the UTR and its type. We have also depicted the length and
the respective name of the UTR with the accession number
in sunburst plot of the data. These UTRs from the above
species will be helpful in categorization of the genomic data
into the fully functional and nonfunctional range to further
accelerate the translational analysis.

Analysis of Transcription Factors

In molecular biology, sequence-specific DNA-binding fac-
tor is called transcription factor (TF) which is a protein
that controls the rate of transcription of genetic informa-
tion from DNA to messenger RNA, by binding to a specific
DNA sequence [29]. The function of TFs is to regulate and
turn on and off genes to make sure that they are expressed
in the right cell at the right time and in the right amount
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Fig.8 Untranslated regions (UTRs) are identified and reannotated
from the locally created database. The length of the region with spe-
cific to 3’ and 5" UTR is represented with respect to the few species

throughout the life of the cell and the organism [30, 31].
The replication and increase in copy numbers of virus
in the human body are led by the transcription factors,
so blocking TFs could be also a mechanism to tackle the
pandemic but having huge complications and limitations.
Transcription factors contain at least one DNA-binding
domain (DBD), which attaches to a specific sequence of
DNA adjacent to the genes that they regulate the func-
tionality of the gene and further it grouped only because
of this feature. TFs work alone or with other proteins in a
complex, by acting as an activator, or as a repressor of the
recruitment of RNA polymerase to specific genes. We have
identified a total of 2509 transcriptional factor. There are
84 transcriptional factors are uniquely identified from all
24 species. Length of the transcriptional factors is vary-
ing from 19 to 10 bp. All genomes contain mostly similar
type of TF and having similar and mismatch in the length
as well. We have plotted the data into sunburst plot with
the respective length to identify the length differences.
All species are containing the TF with exceptional fea-
tures and the enormous quantity, which could be a great
target subject for designing the drug after identification of
a unique one. In Fig. 9, we have added the name of the TF
and the length together to get a comparative visualization
of the data. These transcriptional factors will be helpful
for the experimental laboratories working in the area of
gene-based drug design to directly stop the mechanism of
replication in viruses.
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All 24
genomes of
coronavirus

Fig.9 Transcriptional factor; data annotated from the local database
and predicted, all the genomes are having the transcriptional fac-
tor, but the size of the transcriptional factors and its repeat varied
in different genomes. This plot enlists all the transcriptional factors
together for further studies with specific to drug response on a spe-
cific location. The maximum length of the TF is 19 bp and the small-
estis 10 bp

Analysis of Matured Peptides

Mature peptides that control infection, including its repli-
cation, transmission, pathogenicity, and host immunologic
reactions. The first open reading frame (orfla/1b) translates
two polyproteins, ppla and pplab, and encodes 16 nonstruc-
tural proteins (NSP) [32-34]. After translation, this polypro-
tein is processed by viral proteases into mature peptides. We
have tried to predict mature peptide sequence from the whole
genome of 24 coronaviruses and have gotten the mature pep-
tides from only 7 coronaviruses. The length of the mature
peptides varies from species to species. There are only two
types of mature peptides which are repeated with the differ-
ence of the length and the positions. A mature peptide from
all species orflab is having the longest sequence length of
6087 bp and the smallest length of 39 bp, while the mature
peptide from NC_010800.1_Canada_Turkey coronavirus
2018 1ab is having the longest length of 19,503 bp and the
smallest length of 529 bp. Moreover, mature peptide 1ab
is only present in NC_010800.1 (Canada-Turkey coronavi-
rus2018). In NC_038294.1 (UK beta coronavirus), there is
only one mature peptide with the length of 42 base pairs and
it is found at the position of 13,409—13,450. Further, we have
plotted the data in Fig. 10 with the accession number and
the name of the peptide with their respective length. Target-
ing the mature peptides could also be one of the aspects of
drug design which may provide a significant way of testing
a drug.
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Fig. 10 Predicted mature peptides from the genomes of the coronavirus
name of the peptide is repetitive because of high SSR and LSR in every sp

which is specific to the species and the peptide name and its length;
ecies
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Phylogeny

Fig. 11 Phylogenetic tree of the 24 coronaviruses under considera-
tion, all human infection SARS are colored in the range of the violet.
Branch length annotated on the nodes of the tree for visual identifica-
tion of divergence

We have analyzed all the various functionalities and struc-
tures of the genomes and after that aligned the data using
MAFFT [14, 15] and then performed the phylogeny using
Geneious Tree builder (Fig. 12). The phylogenetic tree was
further modified using the iTOL server for getting a clear
view and the node distances as well (Fig. 11). As the tree
shows that Beluga whale is the outer species in the tree, all
3 strains of SARS-CoV2 (2 from China and one from Kerala
India) come under the same clade and NC_004718.3_Can-
ada: SARS2018 is one of the closest species among the 24
considered genomes and plotted in the yellow color. Mini-
opterus bat (NC_010438.1) coronavirus is not linked or not
even in the same clade; it is present under another clade of
the tree and plotted in cyan color. SARS-CoV2 genomes are
falling in the same clade and further depicted in green color
in the circular phylogenetic tree. UK_PCV1 and MERS
coronavirus are in the same clade and plotted it with the red
color. In Fig. 12, we have also provided additional informa-
tion and linear phylogenetic tree for understanding the differ-
ence and the divergence of the spices with the clade length.

Discussion and Conclusion

The main aim of this study was to take the genomes of
coronaviruses from different geographical locations as
well as different host to infer the genomic similarity and
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dissimilarity in addition to the functional understanding of
the genome. We have done various analyses regarding the
genomes of different coronaviruses which may cause severe
respiratory disease and ultimately death. Our deep analysis
to the all annotations and extraction of the data (details pro-
vided in excel sheets) provide us various interesting facts
and strategies to work on few steps for further research to
unveil the attacking site within the genome.

Our wide focused analysis of the genome annotations
gives an intense view on the genome from a different angle
which will be easier to identify the region of the genome
and GC content with AT graph, CpG islands, transcriptional
factors, and most importantly the region of gene contents
and responsible ORF as well. We have also predicted the
restrictions sites on the genome in particular to the map for
getting the diverge view on that matter and to help future
researchers. The length comparison of all the coronaviruses
also gives an important fact that the number of genes and
other annotations contains within the genomes with base
pairs. Analysis of the distance between all the species gives
a contrasting view to focus on the coronavirus and the per-
centage of similarity which means the data of other query
species are sharing the either very high or medium amount
of genome data.

We have aligned all the genome separately with the refer-
ence species SARS-CoV2 (MN996531.1) to get the simi-
larity and single-nucleotide polymorphism, which finally
revealed that SARS-CoV2 does not have a huge rate of
mutations in a gap of few months but it has a wide differ-
ence with other coronaviruses infecting animals and the
same result was already inferred by the distance matrix
which shows almost 99.97% similarity with the SARS-
CoV2. NC_004718.3 reported from Canada in 2018 is hav-
ing the similarity of 79.047% which is highest among after
CoV2 while MERS is showing 35.4% of genome similar-
ity. There are only 8 mutations in the SARS-CoV2 reported
from India and China. In details, such as 6 SNPs found on
the orflab gene, 1 SNP at S gene and 1 SNP at NS8 gene
at the position of 28,131. NS8 is the main coding region of
the protein which codes for the infectious part of the pro-
tein. MERS coronavirus is showing the 15,762 mutations
which is 49.60% of the total genome. Coronavirus reported
from Canada in 2018 is having a total of 6274SNPs which
is 20.9% of the whole genome. Further, we have taken the
count of the annotations to get the comparison among all
which also reveals a huge difference with other old corona-
viruses but like the SARS-CoV2 which means the 8 SNPs
are almost negligible while translating the data of genome
in the process of protein formation.

Repeat analysis focuses on the short- and long-sequence
repeat analysis, short-sequence analysis, and its identifica-
tion in the genome of coronavirus can be utilized for drug
discovery to another level. Identification of the SSRs and

targeting to the SSRs can be a good step towards breach-
ing the genome of the coronavirus, it’s a better strategy to
break down the genome before it gets translated. There could
be many idea and strategy on how to design antisense or
directly activating the immune system to produce the anti-
sense mRNA. Identification of long-sequence repeat is also
playing a role in the different protein-producing genes and
to target them specially.

In addition to the basic annotations, we have identified
and extracted the data of untranslated regions from different
species of coronavirus and categorized them on the behalf of
3" and 5’ separately. There are only 6 coronavirus genomes
which contain the UTR regions. Only 24_MN975262.1_
China_seafood pneumonia2020 contains the UTR region
which shares almost 100% similarity the Indian SARS-
CoV2. Comparative annotation analysis also unveils all tran-
scriptional factors which are directly related to the division
of viruses. Directly taking the action against using specific
drugs could directly stop translating the protein and ulti-
mately T cell might automatically identify that viral particle
as a foreign pathogen and cleared them from the body. TF is
located at different locations of the genome. We have pro-
vided detailed information including the sequence in Fig. 9
and full details are available in the supplementary excel
sheet. We have also predicted the matured peptides from
the different coronaviruses which will clarify the genome
complexity of the coronavirus. Phylogenetic analysis also
reveals that all coronaviruses are diverse and SARS-CoV2
from china and India is found to be in the same clade. Beluga
whale coronavirus is found to be one of the outliers of the
all considered genomes.

The whole analysis especially SNP and phylogenetic tree
suggests that the Indian SARS-CoV2 is having very less
8 mutations on its CDS region while another SARS-CoV2
reported from china is having 7 mutations with the reference
species MN996531.1_China_WuhanSARS2_2020 which
is almost negligible. Distance analysis between all species
also suggests the same update on the genomic evolutions
and modifications. NC_010438.1_HK_Miniopterus_bat-
2018 coronavirus shares only 37.6% genomic content to the
SARS-CoV2 which clarifies the concept that SARS-CoV2
is not originated from the miniopterus bat coronavirus
(Figs. 11, 12). As the maximum amount of genomic con-
tent is shared by the NC_004718.3_Canada: SARS, which
is reported from Canada in 2018, seems to be the closest
species among all 24 considered coronaviruses. We have
additionally identified the short-sequence repeats and their
position in the genome which could be useful in the further
drug development process.
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