Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 March 2020 d0i:10.20944/preprints202003.0344.v1

A Quantitative Genomic View of the Coronaviruses:

SARS-COV2

Sk. Sarif Hassan®*, Ranjeet Kumar Rout?, Vipul Sharma®

%Dept. of Mathematics, Pingla Thana Mahavidyalaya, Paschim Medinipur-721140, India
b Department of Computer Science € Engineering, National Institute of Technology,
Hazratbal, Srinagar, India

Abstract

In 2020, the pandemic caused by the Coronaviruses (CoV) that are a large
family of viruses that cause illness ranging from the common cold to more
severe diseases such as Middle East Respiratory Syndrome (MERS-CoV) and
Severe Acute Respiratory Syndrome (SARS-CoV2). The Coronavirus disease
(COVID-19) is a new strain that was discovered in 2019 and has not been pre-
viously identified in humans. It is the high time to investigate the quantitative
and/or qualitative genomic informations of the virus SARS-CoV2 in order to
strengthen the healthcare facility to fight against this viral disease. In this arti-
cle, a through quantitative understanding of the purine and pyrimidine spatial
distribution/organization of all 89 complete sequences of SARS-CoV (available
as on date in the NCBI virus database, is made using different parameters such
as fractal dimension, Hurst exponent, Shannon entropy and GC content of the
nucleotide sequences of the genome of SARS-CoV2. Also a cluster among all
the the SARS-CoV sequences of nucleotide have been made based on their phy-
logeny made through their closeness (Hamming distance) based on respective
purine-pyrimidine distribution.
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1. Introduction

The Coronavirus disease (COVID-19) is caused by SARS-COV2 and repre-
sents the causative agent of a potentially fatal disease that is of great global
public health concern [I], [2]. Based on the large number of infected people that

s were exposed to the wet animal market in Wuhan City, China, it is suggested
that this is likely the zoonotic origin of COVID-19 [3, 4, [5]. Person-to-person
transmission of COVID-19 infection led to the isolation of patients that were
subsequently administered a variety of treatments [0, [7]. As of 11 February
2020, data from the World Health Organization (WHO) have shown that more

1 than 43000 confirmed cases have been identified in 28 countries/regions, with
> 99% of cases being detected in China [8]. On 30 January 2020, the WHO
declared COVID-19 as the sixth public health emergency of international con-
cern [9]. SARS-CoV2 is closely related to two bat-derived severe acute respi-
ratory syndrome-like coronaviruses, bat-SL-CoVZC45 and bat-SL-CoVZXC21

15 [10]. On 11 February 2020, the WHO formally named the disease triggered by
2019 — nCoV as coronavirus disease 2019 (COVID-19). Also on that very day,
the coronavirus study group of the International Committee on Taxonomy of
Viruses named 2019 — nCoV as severe acute respiratory syndrome coronavirus
2 (SARS-CoV2) [11]. Complete genomic sequences have been released by the

20 NCBI in the last few weeks to understand the evolutionary origin and molecular
characteristics of this virus [12]. Ceraolo and Giorgi [13] have confirmed the high
sequence similarity (> 99%) between all sequenced 2019CoVs genomes available,
with the closest BCoV sequence sharing 96.2% sequence identity, confirming the
notion of a zoonotic origin of 2019 — nCoV. Coronaviruses are enveloped RNA

»s  viruses that are distributed broadly among humans, other mammals, and birds

and that cause respiratory, enteric, hepatic, and neurologic diseases [10, 14} [15].

As on date 15th March, 2020, there are 89 nucleotide sequences of SARS-
CoV2 available in the NCBI virus database [16, [I7]. All these sequences are
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s nearly about length 29 thousand and each of them are composed of four nu-
cleotide bases viz. A,T,C and G. Importantly, they all are different from each

other by means of spatial organizations of the nucleotide bases.

In this study, our aim is to attempt to discover the signatory imprint of this

55 spatial organizations of the SARS-CoV2. The spatial distribution of the purine
and pyrimidine bases over the nucleotide sequences of the SARS-CoV2 are be-
ing fetched out through some quantitative parameters such as fractal dimension,
Hurst exponent and Shannon entropy. In addition, also density of each of the
bases are also seen and density of GC content is also determined in order to

0 understand the stability of the DNAs.

This discovery would aid in the diagnosis of SARS-CoV2 virus infection
in humans and potential animal hosts (using polymerase chain reaction and
immunological tests), in the development of antivirals (including neutralizing

»s antibodies), and in the identification of putative epitopes for vaccine develop-

ment.

1.1. Database used and Specifications

In this work we have taken all nucleotide sequences from the NCBI Virus
Database (https : //www.ncbi.nlm.nih.gov/labs/virus/vssi/) for experimental

so results and discussion purpose. This dataset contains 89 complete SARS-CoV?2
nucleotide sequences as on date 15th March, 2020. We have transformed each
DNA sequence to a binary sequence of 0's and 1’s which is defined in equation
Here purines and pyrimidines nucleotide bases are represented as ”1” and

”0” respectively.

A/G =0 )
T/C —1
55 Equation(1) represents purine and pyrimidine nucleotide bases which are

encoded as 1 and 0 respectively into the transformed binary sequence.
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Before we proceed further, we have named all the 89 complete SARS-CoV2

nucleotide sequences based on their accession ID as listed below in the Table 1.
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Table 1: Naming the Nucleotide sequences of SARS-CoV2.

Sequence Accession ID Sequence Accession ID Sequence Accession ID

S1 NC_-045512 S31 MT121215 S61 MTO039873
S2 MT188341 S32 MT159719 562 MT039887
S3 MT188339 S33 MT159720 S63 MT039890
S4 MT188340 S34 MT159709 S64 MT027063
S5 MT184910 S35 MT159718 S65 MT027064
S6 MT184908 S36 MT012098 S66 MT027062
ST MT184909 S37 MT050493 S67 MT019529
S8 MT184911 S38 MT152824 S68 MT020880
S9 MT184913 S39 MT135044 S69 MT019530
S10 MT184912 S40 MT135042 S70 MT019532
S11 MT184907 S41 MT135043 S71 MT019533
S12 MT163716 S42 MT135041 S72 MT020881
S13 MT163719 543 MT126808 S73 MT019531
S14 MT163717 S44 MT123291 S74 MT007544
S15 MT163718 545 MT123290 S75 MN996527
516 MT159711 546 MT123293 S76 MN996531
S17 MT159710 S47 MT123292 ST7 MN996528
S18 MT159708 548 MT118835 S78 MN996530
S19 MT159712 549 MT106054 S79 MN996529
520 MT159716 S50 MT106053 S80 MNO988668
S21 MT159707 S51 MT106052 S81 MN997409
S22 MT159715 S52 MT093571 582 MN994467
523 MT159721 S53 MT093631 S83 MNO988669
524 MT159717 Sh4 MTO072688 S84 MN994468
525 MT159722 S55 MTO066175 S85 MNO988713
526 MT159714 S56 MT066176 S86 MN975262
S27 MT159713 S57 MT044257 S87 MN938384
528 MT159706 S58 MT049951 588 MN985325
529 MT066156 S59 MT044258 589 MN908947
S30 MT159705 S60 MT039888
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Viruses of the family Coronaviridae possess a single-strand, positive-sense

oo RNA genome ranging from 26 to 32 kilobases in length []. The length of these
complete 89 sequences is varying from 29783 to 29981. So the range is 198 bp
long. The smallest complete SARS-CoV sequence is S2 of length 29783 and the
largest one is S47 having length 29981. There are two sequences S23 and S28
having length 29867 and few others having same lengths. There are 39 sequences

s having exactly same length which is 29882. Also there are 11 sequences having

length 29903.

2. Proposed Methods

In this section, four different quantitative parameters have been defined to
characterize the spatial distribution of the SARS-CoV2 sequences. Based on

7 quantitative parameters (Shannon Entropy, Fractal Dimension, Hurst Expo-
nent, distribution of purines- pyrimidines) ten different clusters have be gener-

ated. Following we present the methods in brief.

2.1. Fractal Dimension of Indicator Matrices

Let D = {0,1} be the set of two symbols characterizing the purine and

75 pyrimidine bases of a nucleotide sequence and S(I) be a binary sequence cor-
responding to a nucleotide sequence with the repetition of two characters from

D of length [. Here, we convert each of the binary sequences into indicator
matrices [I8] 19, 20, 21]. In literature [22] there are several methods to find out
the self organising structure of DNA sequences through indicator matrix. Then

s the indicator function for each sequence is defined as shown in equation 2}
¥:{0,1} x {0,1} — {0,1}, (2)
such that the indicator matrix:

Lifer=y
Ipr = I(z,y) = where z,y € {0,1}

0ifr #y
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Here ¥4, is a matrix with the distribution 0 and 1. A binary image can be
obtained from the matrix through which we can visualise correlation between
s purines and pyrimidines and auto-correlation for the same sequence. It can
be well understood by assigning a black dot to 1 and a white dot to 0. From
the indicator matrix we can visualise the fractal like distribution of 0’s and
1’s (purines and pyrimidines). The fractal dimension of the indicator matrix
can calculated as the average number of o(p) of 1, which can be taken from
w P x P indicator matrix with p x p randomly. Using o(p), the fractal dimension

is defined in equation
P
1

P

n=2

l
D= loga(p) (3)
logp
The self-organization of the purine and pyrimidine bases for all the SARS-
CoV2 sequences can be obtained through the fractal dimension of the indicator

matrix.

s 2.2. Hurst Exponent

The Hurst Exponent (HE) is used for time series analysis to interpret the
autocorrelation [23, [24]. The value of HE is in between 0 to 1. The HE value

0 < HE < 0.5 and 0.5 < HE < 1 designates negative and positive auto-
correlation of a time series respectively and 0.5 denotes a absolute randomness

w0 of a time series which indicates the equally likely value from a particular value
either by increasing or by decreasing. The HE of a binary sequence s, is defined

as
(4)

where
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and

The auto correlation of purine-pyrimidine bases for all the SARS-CoV2 se-

quences is obtained through the Hurst exponent.

ws  2.83. Shannon entropy

The Shannon entropy (SE) measures information-entropy of a Bernoulli pro-

cess with probability p of the two outcomes (0/1). It is defined as

2
SE == pilogs(p:)
1=1

l;—,k; here [ is the length of the binary sequence and k

where p; = % and py =

is the number of 1’s in the binary sequence of length ! [25] [26].

The binary Shannon entropy is a measure of the uncertainty in a binary string.

Whenever the probability p = 0, the event is certain never to occur, and so there
1o is no uncertainty, leading to an entropy of 0. Similarly, if the probability p = 1,

the result is certain, so the entropy must be 0. When p = 0.5, the uncertainty

is at a maximum and consequently the SE is 1.

2.4. GC Content and Nucleotides Density

In molecular biology, The GC content is usually calculated as a percentage

us  and sometimes called G + C' ratio or GC-ratio |27, [28]. GC-content percentage

is calculated by the formula % x 100% [29,[30]. A DNA with low

GC-content is likely to be unstable than DNA with high GC-content; however,

the hydrogen bonds themselves do not have a particularly significant impact on

molecular stability, which is instead caused mainly by molecular interactions of

0 base stacking. The GC-content percentages as well as GC-ratio can be measured

by several means, but one of the simplest methods is to measure the melting
temperature of the DNA double helix using spectrophotometry.

In addition to the GC content, the density of the nucleotides A, T, C and G also

separately are obtained in the present study [31} [32].
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15 3. Results and Illustrations

It is well understood from their very frequency of number of nucleotides us-
ages that the SARS-CoV?2 sequences are not randomly chosen. So we explicitly
trying to get the spatial distribution of the purine and pyrimidine organiza-
tions among the SARS-CoV2 sequences through the parameters as defined in

130 the previous section. In addition to the investigation of the purine-pyrimidine
distribution, we wish to explore the density of each of the nucleotides as well as

GC' content which has a significant role in stability.

8.1. Classification Based on Fractal dimension of Indicator Matrices

For each binary sequence (purine and pyrimidine) of SARS-CoV2, the fractal

s dimension (using Equation (3)) is calculated. Based on the fractal dimension,
we have made classifications (clusters) for all the the SARS-CoV2 sequences.
There are three distinct fractal dimensions (0.3, 0.4755 and 0.6) have been
obtained and consequently only three clusters of the sequences are turned up.

The following Table 2 demonstrate the sequences and their corresponding FDs.
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Table 2: Sequences and their corresponding FDs

Seq FD Seq FD Seq FD Seq FD Seq FD
S47  0.300 S7 06 S26 06 S45 06 S72 0.6
S13  0.300 S8 0.6 S27 06 S46 06 S73 0.6
S28 0.300 S9 06 S29 06 S52 06 S74 0.6
S79 0300 S10 0.6 S30 0.6 S57 06 S7T5 0.6
S48 0475 S11 06 S31 06 S58 0.6 S76 0.6
S49 0475 S12 0.6 S32 06 S59 06 S77T 0.6
S50 0475 S14 06 S33 06 S60 06 S78 0.6
S51 0475 S15 06 S34 06 S61 06 S8 0.6
S63 0475 S16 0.6 S35 0.6 S62 06 S81 0.6
Sh4 0475 S17 0.6 S36 0.6 S63 06 S82 0.6
S55 0475 S18 06 S37 06 S64 0.6 S83 0.6
S56 0475 S19 0.6 S38 06 S65 06 S84 0.6
S1 0.600 S20 06 S39 06 S66 06 S8 0.6
S2 0.600 S21 06 S40 06 S67 06 S8 0.6
S3 0.600 S22 06 S41 06 S68 0.6 S8 0.6
S4 0.600 S23 06 S42 06 S69 0.6 S8 0.6
S5 0.600 S24 06 S43 06 S70 06 S8 0.6
S6 0.600 S25 0.6 S44 06 S71 0.6

140 The plot of the FD and corresponding histogram are figured in the Fig. 1.

o
o 1 20 3 4 S 6 70 8 9 025 03 035 04 045 05 055 06

Figure 1: Plot of the Fractal dimension (FD) and corresponding histogram of all the purine-

pyrimidine binary sequences corresponding to SARS-CoV2 sequences.

10


https://doi.org/10.20944/preprints202003.0344.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 March 2020 d0i:10.20944/preprints202003.0344.v1

The dimension of each of indicator matrix is above 29000 x 29000 and con-
sequently we fail to demonstrate image of the indicator matrix here. The se-
quences 547, S13, S28 and S79 have the FD 0.3 which depicts that the amount
of fractality (a kind of non-linearity) is small and so the purine and pyrimidine

us organization is rather well-organized and closely affine-type. There are eight se-
quences 548, S49, S50, S51, S53, S54, S55 and S56 having FD 0.4755 and FD of
rest all the sequences of purine and pyrimidine of SARS-CoV2 have been found

as 0.6 which is close to the FD of cantor set, which is coincidentally significant

[33, 134].

s0  3.2. Classification Based on Hurst exponent

For each of the binary sequences of SARS-CoV2, the Hurst exponent (HE)
(using Equation (4)) is determined and then ten clusters are formed using k-
means clustering technique for all the sequences. The Hurst exponents and the
histograms of all the SARS-CoV?2 sequences are plotted in the Fig. 2.

155 It has been observed that the HE is confined in the interval (0.643,0.655) of
length 0.0123. This suggests that spatial distribution of the purine and pyrim-
idine bases of all the SARS-CoV2 sequence is positively autocorrelated. It is
noted that there is a sequence S1 having HE 0.712 which can be seen the fol-
lowing Table 3. This sequence S1 (accession ID: NCy4551) has highest HE and

1o clearly this sequence is having a significantly different spatial organization of
purine and pyrimidine bases. The length of the sequence S1 is 29903. It is
worth mentioning that there are other ten sequences (S1, S13, S14, S15, S39,
S40, S41, S42, S57, S60 and S89) having same length 29903 but their HE is
significantly differed from the HE of the sequence S1.

11
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Figure 2: Plot of the Hurst exponent (HE) and corresponding histogram of all the purine-

pyrimidine binary sequences corresponding to SARS-CoV2 sequences.

165 Based on the HE obtained from the binary sequences of SARS-CoV2, ten
clusters have been formed. The clusters are formed using k-means clustering.
The cluster-1 contains 41 sequences (S81, S82, S62, S7, S11, S16, S17, S18, S19,
520, 524, S25, S26, S27, S29, S31, 532, S34, S48, S49, S50, S51, S64, S65, S66,
S72, S73, S87, S8, 523, S9, S10, S83, S85, S44, S70, S80, S58, S59, S53, S45)

wo having centre at 0.6464. The cluster-2 contains 11 sequences (S39, S40, S41,
S60, S74, S13, S14, S89, S57, S12, S3) having centre at 0.6494. The cluster
3 and 4 contain only one sequence each viz. S1, S47 respectively centres at
0.7125,0.6431 respectively. The cluster-5 contains 11 sequences (S37, S77, S55,
S56, S86, S61, S54, S46, S52, S6, S36) having centre at 0.6448. The sequence

s S30 belongs to the cluster S6 whose centre is at 0.6554. The sequences (S68, S78,
S88, ST71, S67, S42, S15, S69) are contained in the cluster-7 whose centre is at
0.6483. The cluster-8 contains sequences (S43, S63, S2, S5, S21, S22, S33, S35,
S38, S84) whose center is at 0.6460. The sequence S4 belongs to the cluster-9
whose centre is at 0.6516. The cluster 10 contains four sequences S79, S75,

10 S76, S28 whose centre is at 0.6441. It is noted that the sequences S55 ands S66
have exactly same HE 0.6445500767, which confirms their identical long-range
correlation though the length of these two sequence (S55 is of length 29870 and
S66 is of length 29872) is differed by 2 bp. Also it is seen that the sequences
S21, 522, S33, S35 belonging to the cluster-8 have same HE 0.6460659477. For

15 all the sequences S81, S82, S62, S7, S11, S16, S17, S18, S19, S20, S24, S25,
526, S27, 529, S31, S32, S34, S48, S49, S50, S51, S64, S65, S66, S72, S73 and

12
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S87 belonging to the cluster-1 have the HE 0.6463681216. In the same cluster-1,
there are three sequences S9, S10, S83 having the same HE 0.6464832466. There
are four sequences S39, S40, S41 and S60 which are contained in the cluster-2,

having same HE 0.6491763266.

8.8. Classification Based on Shannon Entropy

For all the 89 binary sequences (purine-pyrimidine) of SARS-CoV2, the
Shannon entropy (SE) are determined and then ten different clusters are formed
based on SE obtained for all the sequences. The Shannon entropy and the his-
tograms of all the SARS-CoV2 sequences are plotted in the Fig. 3.
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Figure 3: Plot of the Shannon entropy (SE) and corresponding histogram of all the purine-

pyrimidine binary sequences corresponding to SARS-CoV2 sequences.

It is obtained that the SE is ranging from 0.9999 to 1, i.e. the length of
the range is too small. The SE is precisely same for all the sequences which is
0.9999 except one sequence S30 which is of length 29945. This confirms that
the amount of uncertainly is at maximum and the probability of occurrence
of purine and pyrimidine bases across the sequence S30 is 0.5. Although the
sequence is not randomly composed (positively autocorrelated with HE 0.65538)

of nucleotide bases, the purine and pyrimidine bases are composed with equal

probability.

13
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Table 3: Hurst exponent of all the 89 purine-pyrimidine binary sequences corresponding to

SARS-CoV2 sequences

Sequence HE Sequence HE Sequence HE

S47 0.6430890415 S11 0.6463681216  S44 0.6465117331
S79 0.6438083222 S16 0.6463681216  S70 0.6466330524
S75 0.6439455807  S17 0.6463681216  S80 0.6466330524
S76 0.644253158  S18 0.6463681216  S58 0.6466886489
S28 0.6443251468 S19 0.6463681216  S59 0.6467842124
S37 0.6444723241  S20 0.6463681216  S53 0.6468519632
STT 0.644522348  S24 0.6463681216  S45 0.6470843102
S55 0.6445500767  S25 0.6463681216  S68 0.6475613391
S56 0.6445500767  S26 0.6463681216  S78 0.6477094551
586 0.6445721887 827 0.6463681216  S88 0.6477094551
S61 0.6447294561  S29 0.6463681216  S71 0.6483049547
S54 0.6447448006 S31 0.6463681216  S67 0.6487736204
S46 0.6447796066  S32 0.6463681216  S42 0.6488825729
S52 0.6448639682  S34 0.6463681216  S15 0.6488825729
S6 0.6452720329 S48 0.6463681216  S69 0.6488862311
S36 0.6453293176  S49 0.6463681216  S39 0.6491763266
S43 0.6456954376 S50 0.6463681216 5S40 0.6491763266
S63 0.6457628936  S51 0.6463681216  S41 0.6491763266
S2 0.6459898777  S64 0.6463681216  S60 0.6491763266
S5 0.6459943594  S65 0.6463681216 S74 0.6491856177
S21 0.6460659477  S66 0.6463681216  S13 0.6494006145
S22 0.6460659477  S72 0.6463681216 S14 0.6494692533
S33 0.6460659477  S73 0.6463681216  S89 0.6494692533
S35 0.6460659477  S87 0.6463681216  S57 0.6497613576
S38 0.6460690307 S8 0.6464119458  S12 0.6497671065
S84 0.6461814077  S23 0.6464158218 S3 0.6501090217
S81 0.6462179229 S9 0.6464832466 S4 0.651582672
S82 0.6462179229  S10 0.6464832466  S30 0.6553858343
S62 0.6463189347  S83 0.6464832466 S1 0.7124517615
S7 0.6463681216  S85 0.6464832466

14
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Table 4: Shannon entropy (SE) of all the purine-pyrimidine binary sequences corresponding

to SARS-CoV2 sequences.

Sequence SE Sequence SE Sequence SE

S47 0.9999223787  S85 0.9999311193  S87 0.9999320596
528 0.9999227878  S81 0.9999315857  S62 0.9999325138
S79 0.9999235693  S82 0.9999315857  S44 0.999932568
S75 0.9999242037  S70 0.9999315948  S58 0.9999328857
ST7 0.9999247235  S80 0.9999315948  S45 0.9999329935
S37 0.9999252013  S7 0.9999320596  S23 0.9999333912
S76 0.9999252013 S11 0.9999320596  S53 0.9999348593
S46 0.9999260645 S16 0.9999320596  S68 0.9999357908
S86 0.9999261031  S17 0.9999320596  S78 0.9999362496
S55 0.9999262613  S18 0.9999320596  S88 0.9999362496
S56 0.9999262613  S19 0.9999320596  S71 0.9999380434
S54 0.9999264586 520 0.9999320596  S13 0.999938992
S61 0.999926567  S24 0.9999320596  S69 0.9999398601
552 0.999927186 525 0.9999320596  S15 0.9999398762
543 0.999927264 526 0.9999320596  S42 0.9999398762
S6 0.9999272835  S27 0.9999320596  S74 0.9999407143
S5 0.9999282594  S29 0.9999320596  S67 0.9999407381
S8 0.9999282594  S31 0.9999320596  S39 0.9999407539
S36 0.999928592 S32 0.9999320596  S40 0.9999407539
S63 0.9999301724 S34 0.9999320596  S41 0.9999407539
S84 0.9999301724 S48 0.9999320596  S60 0.9999407539
S2 0.9999301848  S49 0.9999320596  S1 0.9999416252
S38 0.9999311008 S50 0.9999320596  S14 0.9999416252
S9 0.9999311193  S51 0.9999320596  S89 0.9999416252
S10 0.9999311193  S59 0.9999320596  S12 0.9999424669
S21 0.9999311193  S64 0.9999320596  S57 0.99994249
S22 0.9999311193  S65 0.9999320596  S3 0.999943128
S33 0.9999311193  S66 0.9999320596 S4 0.9999456377
S35 0.9999311193  S72 0.9999320596  S30 0.9999585474
S83 0.9999311193  S73 0.9999320596
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Having all the SE of the binary representation of purine and pyrimidine of

25 the SARS-CoV sequences, only three culsters have been formed using k-means

clustering technique. The cluster-1 contains 21 sequences S68, S78, S88, S71,

S13, S69, S15, S42, S74, S67, S39, S40, S41, S60, S1, S14, S89, S12, S57, S3 and

S4 having SE centred at 0.999940381147619. The other 67 sequences belong to

the other cluster-2 whose centre is at 0.999930184068656. Though these two

20 clusters can be considered same. There is only one cluster-3 which contains

only one sequence S30 whose SE is 0.9999585474 (approximately 1) as already
mentioned before.

It is worth mentioning that the SE is very much linear in trend for all these

purine and pyrimidine distribution among the SARS-CoV2 sequences. This is

25 something is crucial in Coronavirus (SARS-CoV2) unlike other sequences as

obtained in previous studies made [35] [36, [37]. The amount of uncertainly is

at maximum which says the equally likely occurrence of purine and pyrimidine

bases across the sequences among all the SARS-CoV2.

4. GC, A, T, C and G Density in the SARS-CoV?2

220 In this section, we shall try to investigate the density of each nucleotides
and also the GC' content in the SARS-CoV2 sequences. Based on density, the
sequences are classified as follows. Here we present entire detail list of percentage
of density obtained for the GC' content among all the SARS-CoV2 sequences
as shown in the Table 4, 5 and 6. It is found that the density of GC' content

25 is around 37.5% which says that the SARS-CoV2 sequences are essentially AT
rich. That is one purine base nucleotide (A) and one pyrimidine base nucleotide
(T) are rich (approximately 30% A and 32% T) in these sequences of SARS-
CoV2 and as mentioned in the Shannon entropy subsection the occurrence of
purine and pyrimidine bases are equally probable. This is what is significant

20 speciality of the SARS-CoV2 sequences.

16


https://doi.org/10.20944/preprints202003.0344.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 March 2020 d0i:10.20944/preprints202003.0344.v1

38.05 50,

38

3795/

’ II| I
— | |
379 37.95 38 38
GCcout

0 20 40 60 80 100 307 9

sssssss

.05

Figure 4: Plot of the GC content density and its corresponding histogram of the SARS-CoV2

sequences.

Based on the GC content density in the SARS-CoV2 sequences, ten different
clusters are formed using k-means clustering technique and the following Table
7 describes the sequences and their corresponding clusters where they belong.
There ten clusters (C) having centres at 37.9460, 38.0143, 37.9826, 37.9952,
25 38.0002, 37.9714, 37.9888, 38.0230, 37.9561 and 37.9128. The density of all
these sequences lies in the interval (37.91284,38.02505). The cluster-10, 9 and
1 contain only one sequence S30, S13 and S60 which has 37.91284%, 37.94602%
and 37.95605% of GC contents respectively. It is noted that the sequence S30
does have the SE 1 as pointed earlier.
240 Following in the Figures 4, 5, 6 and 7, we have given the plot of the percent-
age of A,T,C and G with their respective histograms.
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Figure 5: Plot of the A content density and its corresponding histogram of the SARS-CoV2

sequences.
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Table 5: Sequences and their respective percentage of the GC content.

Sequence

% of G,C

% of A

% of T

% of C

% of G

S1
S2
S3
S4
S5

37.972778651

38.0082597455
37.9795610655
37.9889391654
37.9860785757

29.9434839314
29.8626733371
29.9313117775
29.9245852187
29.8942507195

32.0837374177
32.1290669174
32.089127157

32.0864756159
32.1163242086

18.3660502291
18.36282443

18.3548333054
18.3475783476
18.3789572318

19.6067284219
19.6454353154
19.6247277601
19.6413608178
19.607121344

S6
ST
S8
S9
S10

37.9953145917
37.9994645606
37.9659995984
37.9827320795
37.9961180644

29.8828647925
29.8942507195
29.8942507195
29.8975972157
29.8942507195

32.1151271754
32.1062847199
32.1196707048
32.1062847199
32.1096312161

18.3801874163
18.3789572318
18.3588782545
18.3689177431
18.3789572318

19.6151271754
19.6205073288
19.607121344

19.6138143364
19.6171608326

S11
S12
S13
S14
S15

37.9994645606
37.9703649196
37.9460254824
37.972778651
37.972778651

29.8942507195
29.9428036258
29.9501722235
29.9401397853
29.926763201

32.1062847199
32.0868314547
32.1038022941
32.0870815637
32.0971140019

18.3789572318
18.3597016423
18.3560177909
18.362706083

18.3560177909

19.6205073288
19.6106632773
19.5900076915
19.610072568

19.6167608601

S16
S17
S18
S19
520

37.9994645606
37.9994645606
37.9994645606
37.9961180644
37.9894250719

29.8942507195
29.8942507195
29.8942507195
29.8942507195
29.8942507195

32.1062847199
32.1062847199
32.1062847199
32.1096312161
32.1163242086

18.3789572318
18.3789572318
18.3789572318
18.3756107356
18.3689177431

19.6205073288
19.6205073288
19.6205073288
19.6205073288
19.6205073288

S21
S22
523
S24

37.9961180644
37.9994645606
37.9951116617
37.9927715682

29.8942507195
29.8909042233
29.9059162286
29.8975972157

32.1096312161
32.1096312161
32.0989721097
32.1096312161

18.3789572318
18.3789572318
18.381491278

18.3756107356

19.6171608326
19.6205073288
19.6136203837
19.6171608326

S25
526
S27
528
S29

37.9994645606
37.9994645606
37.9961180644
38.0051561925
37.9894250719

29.8942507195
29.8942507195
29.8942507195
29.8623899287
29.8975972157

32.1062847199
32.1062847199
32.1096312161
32.1291057019
32.1129777123

18.3789572318
18.3789572318
18.3756107356
18.3848394549
18.3722642393

19.6205073288
19.6205073288
19.6205073288
19.6203167375
19.6171608326
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Table 6: Sequences and their respective percentage of the GC content.

Sequence

% of G,C

% of A

% of T

% of C

% of G

S30
S31
S32
S33
S34

37.912840207

37.9994645606
37.9961180644
37.9927715682
37.9894250719

30.0417431959
29.8942507195
29.8942507195
29.8942507195
29.8942507195

32.0454165971
32.1062847199
32.1096312161
32.1129777123
32.1163242086

18.3336116213
18.3789572318
18.3756107356
18.3756107356
18.3689177431

19.5792285857
19.6205073288
19.6205073288
19.6171608326
19.6205073288

S35
S36
S37
S38
S39

37.9927715682
38.0121268969
38.0183559992
37.9978579557
37.972778651

29.8942507195
29.8649961475
29.8619950425
29.8848651181
29.9434839314

32.1129777123
32.1228769555
32.1196489583
32.1172769262
32.0837374177

18.3756107356
18.374593816
18.389495545
18.3713769329
18.3693943751

19.6171608326
19.637533081

19.6288604542
19.6264810228
19.6033842758

5S40
S41
S42
543
S44

37.972778651
37.972778651
37.972778651
38.0004016602
37.9980596166

29.9434839314
29.9434839314
29.9401397853
29.880171375

29.8885952293

32.0837374177
32.0837374177
32.0870815637
32.1194269648
32.1133451541

18.3693943751
18.3693943751
18.3693943751
18.3826482796
18.3700779499

19.6033842758
19.6033842758
19.6033842758
19.6177533806
19.6279816667

S45
546
S47
S48
549

37.9860785757
38.0132981389
38.0140755812
37.9961180644
37.9927715682

29.9042902082
29.8740352167
29.865581535

29.8942507195
29.9009437119

32.1096312161
32.1126666444
32.1203428838
32.1096312161
32.1062847199

18.3722642393
18.3935313575
18.3983189353
18.3756107356
18.3789572318

19.6138143364
19.6197667814
19.6157566459
19.6205073288
19.6138143364

S50
S51
552
S53
S54

38.0028110568
37.9994645606
38.0174146015
38.0010707355
38.0195229949

29.8909042233
29.8942507195
29.8693904889
29.9002877602
29.8648150012

32.1062847199
32.1062847199
32.1131949096
32.0986415044
32.115662004

18.3789572318
18.3789572318
18.3891493637
18.3764973566
18.3891852001

19.623853825

19.6205073288
19.6282652378
19.6245733788
19.6303377948

S55
S56
S57
S58
S59
S60

38.0147304988
38.0147304988
37.9694345049
38.0032152187
37.9961180644
37.9560579206

29.8627385336
29.8660863743
29.9501722235
29.9015339273
29.8975972157
29.9468280775

32.1225309675
32.1191831269
32.0803932716
32.095250854

32.1062847199
32.0971140019

18.3829929695
18.3863408102
18.3660502291
18.3870319512
18.3789572318
18.3560177909

19.6317375293
19.6283896887
19.6033842758
19.6161832675
19.6171608326
19.6000401298

19


https://doi.org/10.20944/preprints202003.0344.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 March 2020

d0i:10.20944/preprints202003.0344.v1

Table 7: Sequences and their respective percentage of the GC content.

Sequence

% of G,C

% of A

% of T

% of C

% of G

S61
562
S63
S64
S65

38.0216538732
37.9999330634
37.9894250719
37.9961180644
37.9927715682

29.8662554889
29.8939054185
29.8909042233
29.8942507195
29.8942507195

32.1120906379
32.1061615181
32.1163242086
32.1096312161
32.1129777123

18.3923842725
18.3774557381
18.3722642393
18.3756107356
18.3722642393

19.6292696008
19.6224773252
19.6171608326
19.6205073288
19.6205073288

S66
S67
S68
S69
S70

37.9961180644
37.9845479782
37.9892940783
37.9812033847
37.9948465683

29.8942507195
29.9307669153
29.9130143861
29.9341115087
29.8965967272

32.1096312161
32.0846851065
32.0976915356
32.0846851065
32.1085567045

18.3756107356
18.3685073079
18.3740381398
18.3718519014
18.3783422013

19.6205073288
19.6160406703
19.6152559384
19.6093514833
19.616504367

S71
S72
S73
S74
S75

37.9972565158
37.9961180644
37.9961180644
37.968755227

38.0242529814

29.917360902
29.8942507195
29.8942507195
29.94681029
29.8572959936

32.0853825822
32.1096312161
32.1096312161
32.084434483

32.1184510251

18.3779985948
18.3756107356
18.3756107356
18.3688488944
18.3940774487

19.619257921

19.6205073288
19.6205073288
19.5999063326
19.6301755326

S76
ST7
S78
S79
S80

38.025055269

38.0245838497
37.9880231508
38.0150880134
37.9915001841

29.8586454077
29.8589945406
29.9153591382
29.8541492037
29.8965967272

32.1162993234
32.1164216097
32.096617711

32.1307627829
32.1119030887

18.3928451799
18.3943463844
18.3734234385
18.383906119
18.374995817

19.6322100891
19.6302374653
19.6145997123
19.6311818944
19.616504367

S81
582
S83
S84
S85

38.0007362538
38.0007362538
37.9927715682
37.9961180644
37.9827320795

29.8919045547
29.8919045547
29.8942507195
29.8942507195
29.8942507195

32.1073591915
32.1073591915
32.1129777123
32.1096312161
32.0962452312

18.3795723035
18.3795723035
18.3756107356
18.382303728

18.3655712469

19.6211639503
19.6211639503
19.6171608326
19.6138143364
19.6171608326

S86
S87
S88
S89

38.0152825256
37.9961180644
37.9846776622
37.972778651

29.857899323

29.8942507195
29.9153591382
29.9434839314

32.1268181514
32.1096312161
32.0999631996
32.0837374177

18.3792479389
18.3756107356
18.3700779499
18.3660502291

19.6360345868
19.6205073288
19.6145997123
19.6067284219
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Table 8: Sequences and their respective percentage of the GC content and clusters where they

belong.

Seq % of GC C Seq % of GC Seq % of GC

S30  37.912840207 10 S24  37.9927715682
S13  37.9460254824 S33  37.9927715682
S60  37.9560579206 S35 37.9927715682
S8 37.9659995984 S49  37.9927715682
S74 37.968755227 S65  37.9927715682
S57  37.9694345049 S83  37.9927715682
S12 37.9703649196 S70  37.9948465683
S1 37.972778651 523 37.9951116617
S14  37.972778651 S6 37.9953145917
S15  37.972778651 S10  37.9961180644
S39  37.972778651 S19  37.9961180644
S40  37.972778651 S21  37.9961180644 S58  38.0032152187
S41  37.972778651 S27  37.9961180644 528  38.0051561925

C

4 S22 37.9994645606
4
4
4
4
4
4
4
4
4
4
4
4

S42  37.972778651 S32  37.9961180644 4 S2 38.0082597455

4
4
4
4
4
4
4
4
4
5
5
5
5
5
5
5

S25  37.9994645606
S26  37.9994645606
S31  37.9994645606
S51  37.9994645606
S62  37.9999330634
S43  38.0004016602
S81  38.0007362538
S82  38.0007362538
S53  38.0010707355
S50 38.0028110568

S89  37.972778651 S48  37.9961180644 536  38.0121268969
S3 37.9795610655 S59  37.9961180644 S46  38.0132981389
S69  37.9812033847 S64  37.9961180644 S47  38.0140755812
S9 37.9827320795 S66  37.9961180644 S55  38.0147304988
S85  37.9827320795 S72 37.9961180644 S56  38.0147304988
S67  37.9845479782 S73 37.9961180644 S79  38.0150880134
S88  37.9846776622 S84 37.9961180644 S86  38.0152825256
S5 37.9860785757 S87  37.9961180644 S52  38.0174146015
S45  37.9860785757 STl 37.9972565158 S37  38.0183559992
S78  37.9880231508 S38  37.9978579557 554 38.0195229949
S4 37.9889391654 S44  37.9980596166 S61  38.0216538732
S68  37.9892940783 S7 37.9994645606 S75  38.0242529814
S20  37.9894250719 S11  37.9994645606 S77  38.0245838497
S29  37.9894250719 S16  37.9994645606 S76  38.025055269
S34  37.9894250719 S17  37.9994645606

S63  37.9894250719 S18  37.9994645606

S80  37.9915001841
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Table 9: Sequences and their respective perceRthge of the GC content and clusters where they
belong.
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Figure 6: Plot of the T' content density and its corresponding histogram of the SARS-CoV2

sequences.
18.41 30
18.4 |
25
18.39 -
18.38 — 207
818.37 §15
1836 10l
18.35)
5!
T[]
0 20 40 60 80 100 83 18.34 1836 18.38 18.4
cauences ot

Figure 7: Plot of the C' content density and its corresponding histogram of the SARS-CoV2

sequences.
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Figure 8: Plot of the G content density and its corresponding histogram of the SARS-CoV2

sequences.

In the following Table 8 the percentage of density in the SARS-CoV2 se-
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quences of A, T,C and G are given explicitly.

Table 10: Sequences and their respective percentage of the A, T, C and G contents.

Seq % A % T % C % G Seq % A % T % C % G Seq % A % T % C % G

S1 29.94 32.08 18.37 19.61 S31 29.89 32.11 18.38 19.62 S61 29.87 32.11 18.39 19.63
S2 29.86 32.13 18.36 19.65 S32 29.89 32.11 18.38 19.62 S62 29.89 32.11 18.38 19.62
S3 29.93 32.09 18.35 19.62 S33 29.89 32.11 18.38 19.62 S63 29.89 32.12 18.37 19.62
S4 29.92 32.09 18.35 19.64 S34 29.89 32.12 18.37 19.62 S64 29.89 32.11 18.38 19.62
S5 29.89 32.12 18.38 19.61 S35 29.89 32.11 18.38 19.62 S65 29.89 32.11 18.37 19.62
S6 29.88 32.12 18.38 19.62 S36 29.86 32.12 18.37 19.64 S66 29.89 32.11 18.38 19.62
S7 29.89 32.11 18.38 19.62 S37 29.86 32.12 18.39 19.63 sSe7 29.93 32.08 18.37 19.62
S8 29.89 32.12 18.36 19.61 S38 29.88 32.12 18.37 19.63 S68 29.91 32.10 18.37 19.62
S9 29.90 32.11 18.37 19.61 S39 29.94 32.08 18.37 19.60 S69 29.93 32.08 18.37 19.61

S10 29.89 32.11 18.38 19.62 sS40 29.94 32.08 18.37 19.60 S70 29.90 32.11 18.38 19.62
S11 29.89 32.11 18.38 19.62 S41 29.94 32.08 18.37 19.60 S71 29.92 32.09 18.38 19.62
S12 29.94 32.09 18.36 19.61 sS42 29.94 32.09 18.37 19.60 S72 29.89 32.11 18.38 19.62

S13 29.95 32.10 18.36 19.59 sS43 29.88 32.12 18.38 19.62 S73 29.89 32.11 18.38 19.62
S14 29.94 32.09 18.36 19.61 S44 29.89 32.11 18.37 19.63 S74 29.95 32.08 18.37 19.60
S15 29.93 32.10 18.36 19.62 S45 29.90 32.11 18.37 19.61 S75 29.86 32.12 18.39 19.63
Si6e 29.89 32.11 18.38 19.62 sS46 29.87 32.11 18.39 19.62 S76 29.86 32.12 18.39 19.63
Si17 29.89 32.11 18.38 19.62 s4a7 29.87 32.12 18.40 19.62 sS77 29.86 32.12 18.39 19.63
sS18 29.89 32.11 18.38 19.62 S48 29.89 32.11 18.38 19.62 S78 29.92 32.10 18.37 19.61
S19 29.89 32.11 18.38 19.62 S49 29.90 32.11 18.38 19.61 S79 29.85 32.13 18.38 19.63
S20 29.89 32.12 18.37 19.62 S50 29.89 32.11 18.38 19.62 S80 29.90 32.11 18.37 19.62
S21 29.89 32.11 18.38 19.62 S51 29.89 32.11 18.38 19.62 S81 29.89 32.11 18.38 19.62
S22 29.89 32.11 18.38 19.62 S52 29.87 32.11 18.39 19.63 S82 29.89 32.11 18.38 19.62
S23 29.91 32.10 18.38 19.61 S53 29.90 32.10 18.38 19.62 S83 29.89 32.11 18.38 19.62
S24 29.90 32.11 18.38 19.62 S54 29.86 32.12 18.39 19.63 S84 29.89 32.11 18.38 19.61
S25 29.89 32.11 18.38 19.62 S55 29.86 32.12 18.38 19.63 S85 29.89 32.10 18.37 19.62
S26 29.89 32.11 18.38 19.62 S56 29.87 32.12 18.39 19.63 S86 29.86 32.13 18.38 19.64
S27 29.89 32.11 18.38 19.62 S57 29.95 32.08 18.37 19.60 S87 29.89 32.11 18.38 19.62
S28 29.86 32.13 18.38 19.62 S58 29.90 32.10 18.39 19.62 S88 29.92 32.10 18.37 19.61
S29 29.90 32.11 18.37 19.62 S59 29.90 32.11 18.38 19.62 S89 29.94 32.08 18.37 19.61
S30 30.04 32.05 18.33 19.58 S60 29.95 32.10 18.36 19.60

In the above Table &, it is observed that the intervals where the density of

25 A, T, C and G lie are (29.85, 30.04), (32.05, 32.13), (18.33, 18.40) and (19.58,
19.65) respectively. That is the approximately A, T, C and G are spread over
these SARS-CoV2 sequences in 30%, 32%, 18% and 19% respectively. It is noted
that the density of A and T are significantly rich as seen here. This illustrates
the density of purine and pyrimidine bases are kept almost same as confirmed

0 in SE previously.

All the sequences of SARS-CoV2 sequences are clustered into different clus-

ters. The centre of each cluster in all the four cases (A, T, C and G) is differed
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by 0.01 distance. The sequence S79 has the least percentage (29.85%) of the
»s  nucleotide base A where as the sequence S30 has least percentage of T, C' and G
densities. It is also observed that S79, S47 and S2 have the highest percentages
(32.13%) of T density, 18.40% of C density and 19.65% of G density respectively.

Following we are yet to discover the purine-pyrimidine closeness of the SARS-
%0 CoV2 genomes based on Hamming distances. This would enable to cluster
the sequences into some clusters based on the closeness of purine-pyrimidine

sequences similarity.

4.1. Hamming Distance of the SARS-COV2

The similarity analysis of the SARS-CoV2 sequences have been measured by

xs calculating the distance between the vectors of binary strings encoded on the
basis of purines and pyrimidines nucleotide bases as mentioned earlier. There

are several computing methods for measuring the distance between multidimen-
sional vectors, such as Hamming Distance, Euclidean distance, Elastic-matching
distance, Jeffrey’s and Matusita distance, Manhattan distance andMinkowski

o norm. Reportedly, these methods have little effect on the similarity of vectors
[38]. The Hamming Distance (HD) between two binary strings is the number of
bits in which they differ [39, 40} [4T]. Since length of the different SARS —CoV2
genome usually differ by some bases and hence a special care has been taken
into consideration. Suppose there are two SARS — CoV2 S} and S; of length

o5 x and y respectively (z > y), then
1 Q2 1 @2
HD(S,,S;) = hd(S,,S;)

For example, take two binary sequences S, = 101011 and S,, = 0010, of
minimum length 4, from left to right alignment of these two sequences, we find
the hamming distances are hd(101011,0010) = 1, Finding the minimum ham-
ming distance of the two binary sequences says about the maximum similarity

20 of two sequences over the distribution of purines and pyrimidines. The min-

imum value of HD = 0 when the pattern of length min(x,y) of two binary
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sequences of are exactly identical i.e. similar distribution of purines and pyrim-
idines over the SARS — CoV2 of the two sequences and the maximum value of
HD = min(n,m) when the pattern of length min(n, m) of two binary sequences

s of SARS — C'oV2 are exactly opposite i.e. completely dissimilar distribution of
purines and pyrimidines over SARS — CoV'2 two sequences.To get the nearness
of the SARS — CoV2 based on their purine-pyrimidine distribution, minimum
Hamming distance is deployed.

In order to demonstrate the methodology, the measure of distances (Ham-

20 ming distance) among the 89 SARS-CoV2 sequences as depicted in the Table
10 are taken into consideration. It is noted that if two virus sequences are
having large hamming distance between them then it inferences that these two
sequences are unlikely related to each other. From the Figure 9, the following
conclusions can be drawn, the SARS-COV2 virus sequences MT044258(559),

205 MN994468 (S84), NC_045512(S1), ... MN039888(S60) are grouped together as
a single cluster as the distance between them is almost negligible and it in-
dicates the closeness among them. Also it should be noted that the sequences
MT152824(538), MN996531(S76), MT012098(S36) and MT975262(S86) are closely
related to each other and therefore is treated as a cluster. Similarly the se-

30 quences MT163719(S13), MT007544(S74), MT03988(562), MT188341(S2), MT188339(S3),
MT188340 (S4), MN123290(S45), MT039873(S61), MT159721(S23) and MN072688(S54)
depicts similar Hamming distances and are grouped together as shown in Figure
9. This closeness(nearness) among the SARS-CoV2 genomes would enable fu-
ture such genomes or other Blasted results to get into the clusters quantitatively

w5 instead of just by sequential similarity.

5. Conclusions and Summary

It is needless to mention that the novel coronavirus has led to a public health
emergency of world concern according to WHO (https : //www.who.int/). One
of the major reasons for such a global threat is due to the lack of quantitative as

a0 well as qualitative knowledge about this novel virus including its genomic and
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proteomic levels.

In this article, an attempt has been made to clarify the quantitative nature of
the SARS-CoV complete sequences. This present study also reveals the closeness
among the 89 complete sequences in the purine-pyrimidine level descriptions

a5 through phylogenetic analysis. Also one of the major fact of the 89 SARS-
CoV sequences have been exposed that the purine and pyrimidine distribution
among all these genes are evenly-equally spatially placed though the GC content
is significantly low as described in the result. We believe this quantitative piece
of information would enable researcher to comprehend the genomic description
20 of the SARS-CoV sequences better and would atleast help passively in ensuring
proper healthcare facility against this massive global emergency. In our future

endeavour, we wish to understand the proteins of the SARS-CoV2.
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Figure 9: Phylogenetic tree of SARS-CoV2 sequences based on the distribution of purines and
pyrimidines (cluster dendrogram using UPGMA distance method)
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Table 11: Hamming distance Matrix of the SARS-CoV2 sequences
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