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Abstract

The world is now undergoing through a global emergency due to COVID-19

which needs immediate remedies in order to strengthen the healthcare facility to

save the nations. Looking towards to the remedies, research on different aspects

including the genomic and proteomic level characterizations of the SARS-CoV2

are necessarily important. In this present study, the spatial representation/com-

position of twenty amino acids across the primary protein sequences of SARS-

CoV2 have been looked into through different parameters viz. Shannon entropy,

Hurst exponent in order to fetch the autocorrelation and amount of informa-

tion over the spatial representations. Also frequency distribution of each of the

amino acids over the protein sequences have been chalked out.

Keywords: Shannon entropy, Hurst exponent, Amino acid, Frequency

distribution, & SARS-CoV2.

1. Introduction

Global emergency due to the COVID-19 is making life hard throughout the

globe [1, 2, 3]. The largest genomes (of size approximately 30 kb) for RNA

viruses so far is known as the SARS-CoV2 [4, 5]. CoVs are classified into three
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different classes such as α-CoVs, β-CoVs and γ-CoVs based on the genetic and5

antigenic criteria[6, 7]. The SARS-COV2 is classified into the β-CoV group

[8]. Quite a good number of untiring research activities across the world have

been carried out [9, 10, 11]. Everyday, new genome sequences as well as pri-

mary protein sequences of SARS-CoV2 are being included in the databases viz.

NCBI virus database [12, 13]. In the current scenario, no antiviral drugs with10

proven efficacy nor are there vaccines for the CoV2 prevention exist [14, 15].

Also, the researchers have not gained yet the clear molecular biology of SARS-

CoV2 infection [16]. Everyday our world is now experiencing the pandemic

side of the COVID-19 which certainly questing for in depth knowledge of the

virus and its infection mechanism and other aspects. In the present state of15

art, viral infection mechanism is not fully understood though various protein-

protein interactions (PPIs) of virus and host are known [17, 18]. So identifying

interactions between the SARS-CoV2 virus proteins and host proteins helps un-

derstand the mechanism of viral infection and develop treatments and vaccines

[19]. Understanding these SARS-CoV2 proteins is one of the primary aims to20

get a clarity of the PPIs between the virus proteins and host proteins [20]. The

protein fold depends on by the number, spatial arrangement and topological

connectivity of secondary structure elements (SSEs) [21]. Biologists yet to un-

derstand the spatial arrangement of secondary structure elements (SSEs) [22].

The geometric three dimensional structure of a protein depends on the spatial25

arrangement of the SSEs which has been studied in [23]. So the spatial distribu-

tion as well as presence/absence of different amino acids over a primary protein

sequence of SARS-CoV2 are significantly important to reveal. It is needless to

mention that the spatial arrangement uncovers the rules that govern the folding

of polypeptide chains [24]. Alternation of amino acids over the primary sequence30

might affect the function of a protein. Also the primary sequence of a protein

reveals the molecular events in evolution. The spatial arrangement of amino

acids determines the conformability of proteins too [25, 26].

In this present study, spatial composition of twenty amino acids across the

primary proteins of SARS-CoV2 have been looked into through parameters viz.35
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Hurst exponent and Shannon entropy. Also frequency analysis of the amino

acids over the proteins have been chalked out. It is noted that authors have

done similar analysis for the 89 genomes of SARS-CoV2 [27].

1.1. Database used and Specifications

For this present study, as on date 24th March, 2020, there are 944 primary40

protein sequences of the SARS-CoV2 in the NCBI Virus Database (https :

//www.ncbi.nlm.nih.gov/labs/virus/vssi/), which have been considered [28].

It is noted that out of all these 944 sequences only 105 sequences are distinct

although these sequence data have been taken from wide ranges of geographic

locations over the world. The complete list of 105 distinct sequences which we45

name as N1, N2, . . . , N105 with their corresponding accessions is given at the

end of the article in the Table 51, 52, 53, 54 and 55. These 105 distinct proteins

sequences are taken for the present study.

There are twenty amino acids of three different types as described below:

� Essential amino acids: H, I, K, L, M, F, T, W and V.50

� Conditionally Essential: R, C, Q, G, P and Y.

� Non-Essential: A, D, N, E, S.

Replication of a virus depends on the availability of amino acids [29]. Amino

acids play a crucial role in virus-related infections as amino acids are necessarily

required for protein synthesis [30]. The absence of essential amino acids may55

result in empty virus particles that are free of viral nucleic acids [31]. The

conditionally essential amino acid Arginine (R) is very much needed for the

replication of viruses and progression of viral infections. The basic backbone of

the amino acids are carbon atom (C) attached to a carboxyl group (-COOH),

an amino group, (-NH2), a Hydrogen, and another group of atoms (R). The60

R group gives the amino acid its unique characteristics, and allows it to react

with other amino acids in unique ways. Based on the structure and general

chemical characteristics of R groups of the amino acids the following well known

classification is given in the following:

3
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� Aliphatic: G, A, V, L, I65

� Hydroxyl: S, C, T, M

� Cyclic: P

� Aromatic: F, Y, W

� Basic: H, K, R

� Acidic: D, Q, Z, N70

Hereby we order these amino acids as A1, A2, A3, . . . A20 corresponding to

A, C, F, G, H, I, L, M, N, P, Q, S, T, V, W, Y, D, E, K and R respectively.

Every primary protein sequence has been decomposed into twenty different

binary sequences of 0′s and 1′s, which is formed by the following rule:

Given a primary protein sequences of SARS-CoV2, for every amino acid Ai ∈75

{A,C, F,G,H, I, L,M,N, P,Q, S, T, V,W, Y,D,E,K,R} for i = 1 to 20, put

one wherever Ai is present and elsewhere put zero.

Consequently, for every given primary protein sequence Nj for all j =

1, 2, . . . 105, there would be twenty binary sequences Bij corresponding to twenty

different amino acids Ai for all i = 1, 2, . . . 20.80

The length of these complete 105 primary protein sequences is widely varying

from 13 to 7097. There is one complete SARS-CoV2 protein sequence N99 of

the smallest length 13 and one protein sequence N26 of the largest length 7097.

There are 6, 3, 8, 10, 3, and 48 sequences of lengths 121, 275, 419, 1273, 4405

and 7096 respectively and rest sequences are of unique length ranges from the85

smallest to largest. So typically all these 105 sequences can be grouped into six

groups excluding individual sequences of different unique length. The complete

list of 105 proteins with their corresponding length are given in the Table 1.

4
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Table 1: Length of the 105 primary protein sequences

Seq Length Seq Length Seq Length Seq Length

N99 13 N90 419 N12 7088 N41 7096

N80 38 N91 419 N13 7091 N42 7096

N81 43 N92 419 N44 7095 N43 7096

N68 61 N93 419 N14 7096 N45 7096

N96 75 N94 419 N16 7096 N46 7096

N97 75 N95 419 N17 7096 N47 7096

N103 83 N7 500 N18 7096 N48 7096

N98 113 N1 527 N19 7096 N49 7096

N82 121 N5 601 N20 7096 N50 7096

N83 121 N6 638 N21 7096 N51 7096

N84 121 N100 932 N22 7096 N52 7096

N85 121 N70 1272 N23 7096 N53 7096

N86 121 N69 1273 N24 7096 N54 7096

N87 121 N71 1273 N25 7096 N55 7096

N2 139 N72 1273 N27 7096 N56 7096

N15 180 N73 1273 N28 7096 N57 7096

N3 198 N74 1273 N29 7096 N59 7096

N8 222 N75 1273 N30 7096 N60 7096

N9 275 N76 1273 N31 7096 N61 7096

N10 275 N77 1273 N33 7096 N62 7096

N11 275 N78 1273 N34 7096 N63 7096

N101 290 N79 1273 N35 7096 N64 7096

N105 298 N4 1945 N37 7096 N65 7096

N102 306 N32 4405 N38 7096 N66 7096

N104 346 N36 4405 N39 7096 N67 7096

N88 419 N58 4405 N40 7096 N26 7097

N89 419

2. Methods

In characterizing the amino acids spatial distribution over the primary pro-90

tein sequences of SARS-CoV2, the three parameters Hurst Exponent, Shannon

Entropy are used. In addition amino acid density/frequency analysis is also

being carried out. Following these methods are described briefly. Similar works

based on these methods are done in [32, 33, 34].

2.1. Hurst Exponent95

Fractality (an organized form of nonlinearity) is naturally characterised using

fractal dimension. In the case of one dimensional sequence, the fractal dimension

(D) and the Hurst Exponent (HE) are linearly related as D + H = 2 [35, 36].

The Hurst exponent measures the autocorrelation in the sequences [37]. The

5
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HE lies in the interval (0, 1). For rough anti-correlated sequence HE is strictly100

less than 0.5 and for positively correlated sequences the HE ranges between 0.5

to 1. If HE=0.5, then the sequence clearly depicts its randomness with white

noise.

The HE of a binary sequence sn is defined as(n
2

)HE

=
X(n)

Y (n)
(1)

where

Y (n) =

√√√√ 1

n

n∑
i=1

(si −m)

and X(n) = maxT (i, n)−minT (i, n), where

T (i) =

n∑
j=1

(si − t)

and

t =

√√√√ 1

n

n∑
i=1

si

The auto correlation of the binary representations of each of the amino105

acids over the SARS-CoV2 protein sequences are obtained through the Hurst

exponent.

2.2. Shannon entropy

There are two kinds of Shannon entropy we wish to determine in this present

study.110

� Binary Shannon Entropy: The Shannon entropy (SE) measures in-

formation entropy of a Bernoulli process with probability p of the two

outcomes (0/1). It is defined as

SE = −
2∑

i=1

pilog2(pi)

where p1 = k
2l

and p2 = l−k
2l

; here l is the length of the binary sequence and

k is the number of 1’s in the binary sequence of length l [38]. The binary
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Shannon entropy is a measure of the uncertainty in a binary sequence.

Whenever the probability p = 0, the event is certain never to occur, and

so there is no uncertainty, leading to an entropy of 0. Similarly, if the115

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.

� Amino Acid Conservation Shannon Entropy: Protein Post Transla-

tional Modification (PTM) important biological mechanism for expanding

the genetic code [39, 40]. To the find the conservation of amino acids in

primary protein sequences, Shannon entropy is deployed. For a given pro-

tein sequence, the SE is calculated as follows:

SE = −
20∑
i=1

pAi
log2(pAi

)

where pAi
represents the occurrence frequency of amino acid Ai in the

sequence.

2.3. Amino Acid Density120

Over the primary protein sequences of SARS-CoV2, we wish to explore the

amino acid frequency distributions and corresponding statistical descriptions

[41]. The density of the amino acids over a primary protein sequence can also

be found using the following formula:

D(Ai) =
F (Ai)

L(P )
× 100%

where Ai is an amino acid present in the primary protein sequence P , L(P ) is125

the length of the sequence P and F (Ai) is the frequency of the amino acid Ai in

the sequence P . This amino acid density would clarify the richness of essential

amino acids in contrast to others.

3. Results

In this section, first the positive/negative trend of the spatial distribution of130

the twenty amino acids over the protein sequences of SARS-CoV2 through Hurst

7
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exponent are reported. The Hurst exponent also would imply the fractality

(organized non-linearity) of the spatial representations as mentioned earlier. In

addition, the amount of uncertainty of presence/absence of the amino acids over

the protein sequences is determined through Shannon entropy. Also the amino135

acid conservation information is determined through the Shannon entropy. At

last, the frequency distributions of all the amino acids over the protein sequences

of SARS-CoV2 are given. It is noted that fourteen (14) SARS-CoV protein

sequences have been taken for comparative investigations with the 105 SARS-

CoV2 proteins.140

3.1. Hurst Exponent of B1j for j = 1, 2, . . . 105 and Classification

For the amino acid A1(A) the Hurst exponent(HE) for the 105 binary se-

quences B1j for j = 1, 2, . . . 105 have been determined. The plot of the HE for

the binary sequences has been plotted and corresponding histogram is also given

in the Fig 1. The HE of the binary representations of ordering of the amino145

acid A1 over all the primary protein sequences would reveal the autocorrelation

of the amino acid.

Figure 1: Plot of the HEs and corresponding histogram of all the binary sequences B1j for

j = 1, 2, . . . 105 corresponding to the amino acid A1(A).
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Table 2: HE of 105 B1j for j = 1, 2, . . . 105 corresponding to the amino acid A1(A).

Seq HE C Seq HE C Seq HE C Seq HE C

N80 0.509 3 N31 0.584 7 N26 0.584 7 N83 0.649 5

N4 0.531 3 N33 0.584 7 N8 0.585 7 N84 0.649 5

N103 0.562 6 N34 0.584 7 N22 0.586 7 N85 0.649 5

N87 0.574 7 N35 0.584 7 N59 0.586 7 N86 0.649 5

N105 0.578 7 N37 0.584 7 N65 0.586 7 N74 0.666 1

N20 0.580 7 N38 0.584 7 N29 0.586 7 N70 0.670 1

N7 0.581 7 N39 0.584 7 N88 0.594 2 N69 0.670 1

N81 0.582 7 N40 0.584 7 N89 0.594 2 N71 0.670 1

N48 0.582 7 N41 0.584 7 N90 0.594 2 N72 0.670 1

N50 0.582 7 N42 0.584 7 N91 0.594 2 N73 0.670 1

N61 0.582 7 N45 0.584 7 N92 0.594 2 N75 0.670 1

N43 0.582 7 N46 0.584 7 N93 0.594 2 N76 0.670 1

N12 0.583 7 N47 0.584 7 N94 0.594 2 N77 0.670 1

N13 0.584 7 N49 0.584 7 N95 0.594 2 N78 0.670 1

N44 0.584 7 N51 0.584 7 N32 0.595 2 N79 0.670 1

N14 0.584 7 N52 0.584 7 N36 0.595 2 N101 0.676 1

N16 0.584 7 N53 0.584 7 N58 0.597 2 N98 0.697 8

N17 0.584 7 N54 0.584 7 N68 0.599 2 N96 0.709 10

N18 0.584 7 N55 0.584 7 N1 0.603 2 N97 0.709 10

N19 0.584 7 N56 0.584 7 N5 0.604 2 N2 0.714 9

N21 0.584 7 N57 0.584 7 N6 0.605 2 N99 0.718 9

N23 0.584 7 N60 0.584 7 N100 0.635 5 N9 0.733 4

N24 0.584 7 N62 0.584 7 N104 0.635 5 N10 0.733 4

N25 0.584 7 N63 0.584 7 N3 0.641 5 N11 0.733 4

N27 0.584 7 N64 0.584 7 N102 0.642 5

N28 0.584 7 N66 0.584 7 N15 0.647 5

N30 0.584 7 N67 0.584 7 N82 0.649 5

Here the HE of the 105 binary representation of the amino acid A1 is ranging

from 0.509 to 0.7331 with standard deviation 0.04512. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, ten150

clustered (C) are formed as presented in the Table 2.

The cluster 3 contains two sequences having HE approximately 0.5 which

depicts the random walk/Brownian motion like character of the ordering of the

amino acid A1 over the the sequences N4 and N80. It is noted that all the

B1j for j = 1, 2, . . . 105 except N4 and N80 are trending (persistent) sequences155

of ordering of the amino acid A1 over all the 103 primary protein sequences.

Out of all, there are 57 B1j for different values of j having HE at fixed at

0.58 and belonging to the cluster 7. So the amino acid A1 is orderly placed

in a persistent manner (not too persistent through) over most of the primary
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protein sequences of SARS-CoV2 proteins. There are three clusters 4, 9 and160

10 consisting seven binary representations having HE approximately 0.7 which

indicates the positive autocorrelation (more persistent). It is noted that there

are other sequences having same HE belonging to different other clusters as

shown in the Table 2.

3.2. Hurst Exponent of B2j for j = 1, 2, . . . 105 and Classification165

For the amino acid A2(C) the HE for the 105 binary sequences B2j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

2. The HE of the binary representations of ordering of the amino acid A2 over

all the primary protein sequences would reveal the autocorrelation of the amino170

acid.

Figure 2: Plot of the HEs and corresponding histogram of all the binary sequences B2j for

j = 1, 2, . . . 105 corresponding to the amino acid A2(A).
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Table 3: HE of 105 B2j for j = 1, 2, . . . 105 corresponding to the amino acid A2(C).

Seq HE C Seq HE C Seq HE C Seq HE C

N68 * 2 N73 0.617 1 N45 0.618 1 N32 0.623 1

N88 * 2 N74 0.617 1 N46 0.618 1 N36 0.623 1

N89 * 2 N75 0.617 1 N47 0.618 1 N58 0.623 1

N90 * 2 N76 0.617 1 N48 0.618 1 N102 0.623 1

N91 * 2 N77 0.617 1 N49 0.618 1 N4 0.644 8

N92 * 2 N78 0.617 1 N50 0.618 1 N2 0.649 8

N93 * 2 N79 0.617 1 N51 0.618 1 N1 0.655 8

N94 * 2 N70 0.617 1 N52 0.618 1 N6 0.655 8

N95 * 2 N13 0.617 1 N53 0.618 1 N9 0.671 5

N99 * 2 N44 0.617 1 N54 0.618 1 N10 0.671 5

N100 0.536 3 N3 0.617 1 N55 0.618 1 N11 0.671 5

N105 0.538 3 N14 0.618 1 N56 0.618 1 N5 0.678 10

N103 0.543 3 N16 0.618 1 N57 0.618 1 N101 0.692 9

N82 0.547 3 N17 0.618 1 N59 0.618 1 N96 0.734 4

N83 0.547 3 N18 0.618 1 N60 0.618 1 N97 0.734 4

N84 0.547 3 N19 0.618 1 N61 0.618 1

N85 0.547 3 N20 0.618 1 N62 0.618 1

N86 0.547 3 N21 0.618 1 N63 0.618 1

N7 0.567 6 N23 0.618 1 N64 0.618 1

N15 0.576 6 N24 0.618 1 N65 0.618 1

N8 0.578 6 N27 0.618 1 N66 0.618 1

N87 0.583 7 N28 0.618 1 N67 0.618 1

N98 0.590 7 N29 0.618 1 N22 0.619 1

N104 0.590 7 N30 0.618 1 N25 0.619 1

N81 0.594 7 N33 0.618 1 N31 0.619 1

N80 0.613 1 N34 0.618 1 N39 0.619 1

N72 0.615 1 N35 0.618 1 N40 0.619 1

N12 0.617 1 N37 0.618 1 N41 0.619 1

N69 0.617 1 N38 0.618 1 N42 0.619 1

N71 0.617 1 N43 0.618 1 N26 0.619 1

Here the HE of the 105 binary representation of the amino acid A2 is ranging

from 0.536 to 0.7338 with standard deviation 0.04512. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, ten

clustered (C) are formed as presented in the Table 3.175

The cluster 2 contains ten sequences (N68, N88, N89, N90, N91, N92, N93,

N94, N95 AND N99) having no HE (*) which indicates that the correspond-

ing binary sequences B268 , B288 , B289 , B290 , B291 , B292 , B293 , B294 and B295

respectively are completely free from the amino acid A2(C). The cluster 3 and

6 consist of 8 and 3 sequences respectively, whose HEs are approximately 0.5180

which depicts the random walk/Brownian motion like character of the order-

ing of the amino acid A2 over the the corresponding protein sequences. It is

11
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noted that almost all of these 105 SARS-CoV2 protein sequences are trending

(persistent) sequences. Out of all, there are 69 B2j for different values of j

having HE at fixed at 0.61 varied by 0.01 and belonging to the cluster 1. So185

the amino acid A2 is orderly placed in a persistent manner over most of the

primary protein sequences of SARS-CoV2 proteins. There is a cluster 4 consist-

ing two binary representations having HE approximately 0.734 which indicates

the positive autocorrelation (more persistent). It is noted that there are other

sequences having same HE belonging to different other clusters as shown in the190

Table 3.

3.3. Hurst Exponent of B3j for j = 1, 2, . . . 105 and Classification

For the amino acid A3(F ) the HE for the 105 binary sequences B3j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig195

3. The HE of the binary representations of ordering of the amino acid A3 over

all the primary protein sequences would reveal the autocorrelation of the amino

acid.

Figure 3: Plot of the HEs and corresponding histogram of all the binary sequences B3j for

j = 1, 2, . . . 105 corresponding to the amino acid A3(F ).
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Table 4: HE of 105 B3j for j = 1, 2, . . . 105 corresponding to the amino acid A3(F ).

Seq HE C Seq HE C Seq HE C Seq HE C

N5 0.493 3 N13 0.614 8 N55 0.615 8 N96 0.640 1

N1 0.534 6 N44 0.615 8 N56 0.615 8 N97 0.640 1

N6 0.539 6 N14 0.615 8 N57 0.615 8 N7 0.643 10

N3 0.541 6 N16 0.615 8 N61 0.615 8 N68 0.646 10

N2 0.542 6 N17 0.615 8 N63 0.615 8 N101 0.650 10

N15 0.564 6 N18 0.615 8 N64 0.615 8 N36 0.653 10

N102 0.579 5 N19 0.615 8 N65 0.615 8 N32 0.655 10

N104 0.582 5 N21 0.615 8 N66 0.615 8 N58 0.655 10

N103 0.591 5 N23 0.615 8 N67 0.615 8 N99 0.656 10

N9 0.591 5 N25 0.615 8 N4 0.615 8 N82 0.662 4

N10 0.591 5 N28 0.615 8 N12 0.616 8 N83 0.662 4

N11 0.591 5 N29 0.615 8 N42 0.616 8 N84 0.662 4

N88 0.606 7 N30 0.615 8 N20 0.617 8 N85 0.662 4

N89 0.606 7 N31 0.615 8 N27 0.617 8 N86 0.662 4

N90 0.606 7 N35 0.615 8 N33 0.617 8 N105 0.664 4

N91 0.606 7 N37 0.615 8 N34 0.617 8 N8 0.694 2

N92 0.606 7 N38 0.615 8 N59 0.617 8 N81 0.696 2

N93 0.606 7 N39 0.615 8 N62 0.617 8 N80 0.709 9

N94 0.606 7 N41 0.615 8 N69 0.618 8

N95 0.606 7 N43 0.615 8 N71 0.618 8

N87 0.609 7 N45 0.615 8 N73 0.618 8

N26 0.612 8 N46 0.615 8 N74 0.618 8

N78 0.612 8 N47 0.615 8 N75 0.618 8

N51 0.612 8 N48 0.615 8 N76 0.618 8

N60 0.612 8 N49 0.615 8 N77 0.618 8

N22 0.613 8 N50 0.615 8 N79 0.618 8

N24 0.613 8 N52 0.615 8 N70 0.618 8

N40 0.613 8 N53 0.615 8 N72 0.624 1

N98 0.613 8 N54 0.615 8 N100 0.625 1

Here the HE of the 105 binary representation of the amino acid A3 is ranging

from 0.493 to 0.709 with standard deviation 0.0296. Based on the HEs of the200

binary sequences all these 105 primary protein sequences of SARS-CoV2, ten

clustered (C) are formed as presented in the Table 4.

The largest cluster contains 65 sequences having HE approximately 0.61

which says the binary representations B3j for j = 1, 2, . . . 105 for the amino

acid A3 are positively autocorrelated/persistent. There are other sequences be-205

longing to the the cluster 7 and 10 having same HEs 0.606 and 0.655 respectively

as shown in the Table 3.
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3.4. Hurst Exponent of B4j for j = 1, 2, . . . 105 and Classification

For the amino acid A4(G) the HE for the 105 binary sequences B4j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary210

sequences has been plotted and corresponding histogram is also given in the Fig

4. The HE of the binary representations of ordering of the amino acid A4 over

all the primary protein sequences would reveal the autocorrelation of the amino

acid.

Here the HE of the 105 binary representation of the amino acid A4 is ranging215

from 0.546 to 0.664 with standard deviation 0.0876. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, ten

clustered (C) are formed as presented in the Table 5.

There are two protein sequences N68 and N81 without any amino acid G

(conditionally essential) as it can be seen in the Table 5. All the binary spatial220

distributions of the 105 proteins are having positive auto correlation and con-

sequently persistent/trending. The most of the sequences (54 in number) are

having HE 0.6 belonging to a cluster as shown in the Table 5. The cluster 8

contains N7 and N99 which has the amino acid representations B47 and B499

respectively having the highest HE 0.664.225

Figure 4: Plot of the HEs and corresponding histogram of all the binary sequences B4j for

j = 1, 2, . . . 105 corresponding to the amino acid A4(G).
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Table 5: HE of 105 B4j for j = 1, 2, . . . 105 corresponding to the amino acid A4(G).

Seq HE C Seq HE C Seq HE C Seq HE C

N68 * 4 N96 0.594 5 N39 0.608 3 N5 0.630 9

N81 * 4 N97 0.594 5 N40 0.608 3 N95 0.643 10

N70 0.546 6 N10 0.600 7 N41 0.608 3 N87 0.644 10

N69 0.546 6 N8 0.602 7 N42 0.608 3 N32 0.645 10

N71 0.546 6 N14 0.606 7 N43 0.608 3 N36 0.645 10

N72 0.546 6 N60 0.606 7 N45 0.608 3 N58 0.645 10

N73 0.546 6 N13 0.606 3 N46 0.608 3 N88 0.650 2

N74 0.546 6 N12 0.607 3 N47 0.608 3 N89 0.650 2

N76 0.546 6 N26 0.607 3 N48 0.608 3 N90 0.650 2

N78 0.546 6 N15 0.607 3 N49 0.608 3 N91 0.650 2

N79 0.546 6 N16 0.608 3 N50 0.608 3 N92 0.650 2

N105 0.547 6 N17 0.608 3 N51 0.608 3 N93 0.650 2

N3 0.548 6 N18 0.608 3 N52 0.608 3 N94 0.650 2

N77 0.554 6 N19 0.608 3 N55 0.608 3 N7 0.664 8

N75 0.556 6 N20 0.608 3 N56 0.608 3 N99 0.664 8

N98 0.559 1 N21 0.608 3 N57 0.608 3

N100 0.562 1 N22 0.608 3 N59 0.608 3

N102 0.562 1 N23 0.608 3 N61 0.608 3

N2 0.566 1 N24 0.608 3 N62 0.608 3

N82 0.569 1 N25 0.608 3 N63 0.608 3

N83 0.569 1 N27 0.608 3 N64 0.608 3

N84 0.569 1 N28 0.608 3 N65 0.608 3

N85 0.569 1 N29 0.608 3 N66 0.608 3

N86 0.569 1 N30 0.608 3 N67 0.608 3

N1 0.571 1 N31 0.608 3 N44 0.608 3

N4 0.586 5 N33 0.608 3 N53 0.609 3

N9 0.587 5 N34 0.608 3 N54 0.609 3

N11 0.587 5 N35 0.608 3 N101 0.611 3

N6 0.587 5 N37 0.608 3 N80 0.613 3

N103 0.591 5 N38 0.608 3 N104 0.615 3

3.5. Hurst Exponent of B5j for j = 1, 2, . . . 105 and Classification

For the amino acid A5(H) the HE for the 105 binary sequences B5j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

5. The HE of the binary representations of ordering of the amino acid A5 over230

all the primary protein sequences would reveal the autocorrelation of the amino

acid.
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Figure 5: Plot of the HEs and corresponding histogram of all the binary sequences B5j for

j = 1, 2, . . . 105 corresponding to the amino acid A5(G).

Here the HE of the 105 binary representation of the amino acid A5 is ranging

from 0.5 to 0.685 with standard deviation 0.136. Based on the HEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, ten clustered235

(C) are formed as presented in the Table 6.

One of the essential amino acids H does not present in the protein sequences

N3, N80, N97, N98 and N99 of the SARS-CoV2 as found. The spatial organi-

zation of the amino acid H is absolutely random(does not either trending nor

negatively autocorrelated) in the protein sequences N5, N15, N88, N89, N90,240

N91, N92, N93, N94 and N95 which belong to the cluster 2 as shown in the Ta-

ble 6. The largest cluster 8 contains 54 protein sequences where the amino acid

H is spatially distributed with positive autocorrelation (i.e. trending sequence)

with HE 0.619. Such a organized spatial distributions of the essential amino

acid H over most of the protein sequences belonging to the cluster 8 is certainly245

noteworthy.
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Table 6: HE of 105 B5j for j = 1, 2, . . . 105 corresponding to the amino acid A5(H).

Seq HE C Seq HE C Seq HE C Seq HE C

N3 * 3 N9 0.595 5 N38 0.619 8 N82 0.628 1

N80 * 3 N10 0.595 5 N39 0.619 8 N83 0.628 1

N97 * 3 N11 0.595 5 N40 0.619 8 N84 0.628 1

N98 * 3 N68 0.599 5 N41 0.619 8 N85 0.628 1

N99 * 3 N21 0.617 8 N42 0.619 8 N86 0.628 1

N5 0.500 2 N64 0.617 8 N43 0.619 8 N79 0.643 9

N15 0.508 2 N13 0.617 8 N45 0.619 8 N2 0.643 9

N88 0.508 2 N12 0.617 8 N46 0.619 8 N69 0.652 9

N89 0.508 2 N26 0.619 8 N47 0.619 8 N71 0.652 9

N90 0.508 2 N14 0.619 8 N48 0.619 8 N72 0.652 9

N91 0.508 2 N16 0.619 8 N50 0.619 8 N73 0.652 9

N92 0.508 2 N17 0.619 8 N51 0.619 8 N74 0.652 9

N93 0.508 2 N18 0.619 8 N52 0.619 8 N75 0.652 9

N94 0.508 2 N19 0.619 8 N53 0.619 8 N76 0.652 9

N95 0.508 2 N20 0.619 8 N54 0.619 8 N77 0.652 9

N7 0.528 6 N22 0.619 8 N55 0.619 8 N78 0.652 9

N100 0.542 6 N23 0.619 8 N56 0.619 8 N70 0.652 9

N1 0.551 6 N24 0.619 8 N57 0.619 8 N6 0.655 9

N4 0.561 7 N25 0.619 8 N59 0.619 8 N8 0.659 9

N32 0.569 7 N27 0.619 8 N60 0.619 8 N101 0.669 4

N36 0.569 7 N28 0.619 8 N61 0.619 8 N81 0.685 10

N58 0.569 7 N29 0.619 8 N62 0.619 8

N87 0.574 7 N30 0.619 8 N63 0.619 8

N105 0.582 7 N31 0.619 8 N65 0.619 8

N103 0.591 5 N33 0.619 8 N66 0.619 8

N96 0.594 5 N34 0.619 8 N67 0.619 8

N104 0.595 5 N35 0.619 8 N44 0.619 8

N102 0.595 5 N37 0.619 8 N49 0.622 8

3.6. Hurst Exponent of B6j for j = 1, 2, . . . 105 and Classification

For the amino acid A6(I) the HE for the 105 binary sequences B6j for j =

1, 2, . . . 105 have been determined. The plot of the HE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 6. The250

HE of the binary representations of ordering of the amino acid A6 over all the

primary protein sequences would reveal the autocorrelation of the amino acid.

Here the HE of the 105 binary representation of the amino acid A6 is ranging

from 0.509 to 0.736 with standard deviation 0.0661. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, ten255

clustered (C) are formed as presented in the Table 7.
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Figure 6: Plot of the HEs and corresponding histogram of all the binary sequences B6j for

j = 1, 2, . . . 105 corresponding to the amino acid A6(I).

Table 7: HE of 105 B6j for j = 1, 2, . . . 105 corresponding to the amino acid A6(I).

Seq HE C Seq HE C Seq HE C Seq HE C

N99 * 4 N94 0.602 5 N43 0.610 5 N51 0.611 5

N102 0.509 6 N95 0.602 5 N45 0.610 5 N59 0.611 5

N80 0.510 6 N32 0.605 5 N46 0.610 5 N28 0.612 5

N100 0.538 6 N36 0.605 5 N47 0.610 5 N105 0.616 5

N4 0.559 7 N63 0.606 5 N48 0.610 5 N70 0.617 3

N104 0.561 7 N98 0.606 5 N49 0.610 5 N6 0.622 3

N1 0.563 7 N58 0.607 5 N50 0.610 5 N69 0.625 3

N8 0.565 7 N35 0.607 5 N52 0.610 5 N71 0.625 3

N103 0.569 7 N55 0.608 5 N53 0.610 5 N72 0.625 3

N5 0.570 7 N61 0.608 5 N54 0.610 5 N73 0.625 3

N83 0.571 7 N65 0.608 5 N56 0.610 5 N74 0.625 3

N84 0.571 7 N2 0.609 5 N57 0.610 5 N75 0.625 3

N85 0.571 7 N26 0.610 5 N60 0.610 5 N76 0.625 3

N86 0.571 7 N14 0.610 5 N62 0.610 5 N77 0.625 3

N82 0.572 7 N16 0.610 5 N64 0.610 5 N78 0.625 3

N96 0.586 1 N21 0.610 5 N66 0.610 5 N79 0.625 3

N97 0.586 1 N22 0.610 5 N67 0.610 5 N15 0.639 10

N9 0.589 1 N23 0.610 5 N44 0.610 5 N81 0.659 9

N10 0.589 1 N24 0.610 5 N13 0.610 5 N3 0.689 8

N11 0.589 1 N30 0.610 5 N12 0.610 5 N68 0.736 2

N101 0.590 1 N31 0.610 5 N38 0.610 5 N87 0.736 2

N7 0.599 5 N33 0.610 5 N17 0.611 5

N88 0.602 5 N34 0.610 5 N18 0.611 5

N89 0.602 5 N37 0.610 5 N19 0.611 5

N90 0.602 5 N39 0.610 5 N20 0.611 5

N91 0.602 5 N40 0.610 5 N25 0.611 5

N92 0.602 5 N41 0.610 5 N27 0.611 5

N93 0.602 5 N42 0.610 5 N29 0.611 5

There is one sequence N99 which does not have any the essential amino acid

I. The spatial distribution of the amino acid I over the the protein sequence
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N102 is truly random since the HE is turned out to be 0.509 whereas the other

104 sequences are trending by having HEs greater than 0.5. The largest cluster260

5 contains 71 protein sequences whose spatial distribution of the essential amino

acid I are positively autocorrelated (trending) with HE 0.61 (approx.). There

are other sequences which belong to different clusters, having same HEs greater

than 0.5.

3.7. Hurst Exponent of B7j for j = 1, 2, . . . 105 and Classification265

For the amino acid A7(L) the HE for the 105 binary sequences B7j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

7. The HE of the binary representations of ordering of the amino acid A7 over

all the primary protein sequences would reveal the autocorrelation of the amino270

acid.

Figure 7: Plot of the HEs and corresponding histogram of all the binary sequences B7j for

j = 1, 2, . . . 105 corresponding to the amino acid A7(L).

Here the HE of the 105 binary representation of the amino acid A7 is ranging

from 0.508 to 0.754 with standard deviation 0.0395. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, ten

clustered (C) are formed as presented in the Table 8.275

The binary representations B72 , B768 and B715 of the spatial arrangement

of the amino acid L over the protein sequences N2, N68 and N15 are random
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as the HEs of these sequences is 0.5 (approx.). There are 54 sequences in the

cluster 5 are having the HE 0.58. The spatial arrangements of the amino acid

L over these proteins are not random but not either too trending as the HE280

is greater than 0.5 but less than 0.6. There are as usual other clusters having

sequences with positive autocorrelation (trending) as given in the Table 8.

Table 8: HE of 105 B7j for j = 1, 2, . . . 105 corresponding to the amino acid A7(L).

Seq HE C Seq HE C Seq HE C Seq HE C

N2 0.508 3 N16 0.581 5 N24 0.582 5 N105 0.618 7

N68 0.530 3 N17 0.581 5 N30 0.584 5 N82 0.629 8

N15 0.537 3 N18 0.581 5 N101 0.589 5 N85 0.629 8

N5 0.546 6 N19 0.581 5 N32 0.589 5 N86 0.629 8

N3 0.547 6 N21 0.581 5 N58 0.589 5 N6 0.633 8

N104 0.561 6 N22 0.581 5 N36 0.592 5 N102 0.635 8

N1 0.565 6 N28 0.581 5 N83 0.597 1 N7 0.649 8

N4 0.568 6 N29 0.581 5 N98 0.597 1 N96 0.663 4

N100 0.577 5 N31 0.581 5 N84 0.604 1 N99 0.664 4

N20 0.579 5 N35 0.581 5 N87 0.604 1 N81 0.667 4

N27 0.579 5 N38 0.581 5 N89 0.605 1 N97 0.698 10

N33 0.579 5 N39 0.581 5 N90 0.605 1 N80 0.737 9

N34 0.579 5 N43 0.581 5 N91 0.605 1 N10 0.747 2

N47 0.579 5 N45 0.581 5 N92 0.605 1 N11 0.747 2

N59 0.579 5 N46 0.581 5 N93 0.605 1 N9 0.754 2

N62 0.579 5 N48 0.581 5 N94 0.605 1

N103 0.579 5 N49 0.581 5 N95 0.605 1

N42 0.580 5 N50 0.581 5 N69 0.607 1

N25 0.581 5 N51 0.581 5 N71 0.607 1

N37 0.581 5 N52 0.581 5 N72 0.607 1

N40 0.581 5 N53 0.581 5 N73 0.607 1

N41 0.581 5 N54 0.581 5 N74 0.607 1

N60 0.581 5 N55 0.581 5 N75 0.607 1

N63 0.581 5 N56 0.581 5 N76 0.607 1

N23 0.581 5 N57 0.581 5 N77 0.607 1

N66 0.581 5 N61 0.581 5 N79 0.607 1

N26 0.581 5 N64 0.581 5 N70 0.607 1

N12 0.581 5 N65 0.581 5 N8 0.609 7

N13 0.581 5 N67 0.581 5 N78 0.610 7

N14 0.581 5 N44 0.582 5 N88 0.610 7

3.8. Hurst Exponent of B8j for j = 1, 2, . . . 105 and Classification

For the amino acid A8(M) the HE for the 105 binary sequences B8j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary285

sequences has been plotted and corresponding histogram is also given in the Fig

8. The HE of the binary representations of ordering of the amino acid A8 over

all the primary protein sequences would reveal the autocorrelation of the amino
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acid.

Figure 8: Plot of the HEs and corresponding histogram of all the binary sequences B8j for

j = 1, 2, . . . 105 corresponding to the amino acid A8(M).

Here the HE of the 105 binary representation of the amino acid A8 is ranging290

from 0.505 to 0.699 with standard deviation 0.0665. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clustered (C) are formed as presented in the Table 9.

Here the cluster 3 contains most of the sequences (80 in number) for which

the spatial distributions of the amino acid M over the protein sequences are295

having the HE 0.61 (approx) which indicates the trending behaviour. Clearly,

the spatial organizations of the amino acid M over the protein sequences N102,

N80 and N81 are random. Rest all as usual having the trending trend as seen

before.
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Table 9: HE of 105 B8j for j = 1, 2, . . . 105 corresponding to the amino acid A8(M).

Seq HE C Seq HE C Seq HE C Seq HE C

N99 * 4 N18 0.618 3 N49 0.618 3 N13 0.620 3

N102 0.505 5 N14 0.618 3 N50 0.618 3 N52 0.620 3

N80 0.509 5 N16 0.618 3 N51 0.618 3 N59 0.620 3

N81 0.515 5 N17 0.618 3 N53 0.618 3 N8 0.626 3

N2 0.543 5 N19 0.618 3 N54 0.618 3 N68 0.631 3

N88 0.554 5 N20 0.618 3 N55 0.618 3 N9 0.632 3

N89 0.554 5 N21 0.618 3 N56 0.618 3 N10 0.632 3

N90 0.554 5 N22 0.618 3 N57 0.618 3 N11 0.632 3

N91 0.554 5 N23 0.618 3 N60 0.618 3 N100 0.637 3

N92 0.554 5 N24 0.618 3 N61 0.618 3 N103 0.639 3

N93 0.554 5 N25 0.618 3 N62 0.618 3 N32 0.641 3

N94 0.554 5 N27 0.618 3 N63 0.618 3 N36 0.641 3

N95 0.554 5 N28 0.618 3 N64 0.618 3 N58 0.643 3

N5 0.559 5 N29 0.618 3 N65 0.618 3 N101 0.665 2

N4 0.562 5 N30 0.618 3 N66 0.618 3 N3 0.699 2

N104 0.569 1 N31 0.618 3 N67 0.618 3

N82 0.583 1 N33 0.618 3 N26 0.619 3

N83 0.583 1 N34 0.618 3 N105 0.619 3

N84 0.583 1 N35 0.618 3 N69 0.620 3

N85 0.583 1 N37 0.618 3 N71 0.620 3

N86 0.583 1 N38 0.618 3 N72 0.620 3

N87 0.583 1 N39 0.618 3 N73 0.620 3

N96 0.594 1 N40 0.618 3 N74 0.620 3

N97 0.594 1 N41 0.618 3 N75 0.620 3

N7 0.595 1 N42 0.618 3 N76 0.620 3

N15 0.596 1 N43 0.618 3 N77 0.620 3

N1 0.606 3 N45 0.618 3 N78 0.620 3

N6 0.607 3 N46 0.618 3 N79 0.620 3

N98 0.612 3 N47 0.618 3 N70 0.620 3

N44 0.618 3 N48 0.618 3 N12 0.620 3

3.9. Hurst Exponent of B9j for j = 1, 2, . . . 105 and Classification300

For the amino acid A9(N) the HE for the 105 binary sequences B9j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

9. The HE of the binary representations of ordering of the amino acid A9 over

all the primary protein sequences would reveal the autocorrelation of the amino305

acid.

Here the HE of the 105 binary representation of the amino acid A9 is ranging

from 0.505 to 0.699 with standard deviation 0.0665. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clustered (C) are formed as presented in the Table 10.310
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Figure 9: Plot of the HEs and corresponding histogram of all the binary sequences B9j for

j = 1, 2, . . . 105 corresponding to the amino acid A9(N).

Table 10: HE of 105 B9j for j = 1, 2, . . . 105 corresponding to the amino acid A9(N).

Seq HE C Seq HE C Seq HE C Seq HE C

N2 0.488 1 N40 0.555 1 N72 0.580 4 N89 0.631 5

N51 0.552 1 N41 0.555 1 N73 0.580 4 N96 0.640 3

N16 0.552 1 N42 0.555 1 N74 0.580 4 N97 0.640 3

N46 0.552 1 N43 0.555 1 N75 0.580 4 N82 0.646 3

N57 0.552 1 N45 0.555 1 N76 0.580 4 N83 0.646 3

N12 0.554 1 N47 0.555 1 N77 0.580 4 N84 0.646 3

N13 0.555 1 N48 0.555 1 N78 0.580 4 N85 0.646 3

N5 0.555 1 N49 0.555 1 N79 0.580 4 N86 0.646 3

N44 0.555 1 N50 0.555 1 N70 0.580 4 N87 0.650 3

N14 0.555 1 N52 0.555 1 N103 0.583 4 N99 0.664 3

N17 0.555 1 N53 0.555 1 N32 0.583 4 N3 0.667 2

N18 0.555 1 N54 0.555 1 N36 0.583 4 N104 0.678 2

N19 0.555 1 N55 0.555 1 N58 0.583 4 N98 0.682 2

N20 0.555 1 N56 0.555 1 N101 0.597 4 N15 0.682 2

N21 0.555 1 N59 0.555 1 N102 0.597 4 N68 0.698 2

N22 0.555 1 N60 0.555 1 N4 0.598 4

N23 0.555 1 N61 0.555 1 N81 0.609 5

N24 0.555 1 N62 0.555 1 N6 0.612 5

N25 0.555 1 N63 0.555 1 N8 0.619 5

N27 0.555 1 N64 0.555 1 N80 0.621 5

N28 0.555 1 N65 0.555 1 N88 0.622 5

N29 0.555 1 N66 0.555 1 N90 0.622 5

N30 0.555 1 N67 0.555 1 N91 0.622 5

N31 0.555 1 N26 0.555 1 N92 0.622 5

N33 0.555 1 N7 0.558 1 N93 0.622 5

N34 0.555 1 N105 0.561 1 N94 0.622 5

N35 0.555 1 N69 0.573 4 N95 0.622 5

N37 0.555 1 N1 0.576 4 N9 0.631 5

N38 0.555 1 N100 0.577 4 N10 0.631 5

N39 0.555 1 N71 0.580 4 N11 0.631 5

Here the spatial distribution of the amino acid N (a non-essential amino acid)
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over the protein sequence N2 is reverse trending (negatively autocorrelated, HE:

0.488) as observed. In the cluster 1 there are 54 sequences having a slow positive

trend (HE: 0.55) whereas the clusters 3,4 and 5 contain all the positive trendy

spatial representations of the amino acid N over the protein sequences.315

3.10. Hurst Exponent of B10j for j = 1, 2, . . . 105 and Classification

For the amino acid A10(P ) the HE for the 105 binary sequences B10j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

10. The HE of the binary representations of ordering of the amino acid A10320

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.

Here the HE of the 105 binary representation of the amino acid A10 is ranging

from 0.505 to 0.699 with standard deviation 0.0665. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five325

clustered (C) are formed as presented in the Table 11.

Figure 10: Plot of the HEs and corresponding histogram of all the binary sequences B10j for

j = 1, 2, . . . 105 corresponding to the amino acid A10(P ).

One of the conditionally essential amino acids P does not arise in the protein

sequences N81, N99 and N103 of SARS-CoV2. The cluster 1 contains 84 B10j

for 74 different protein sequences where the amino acid P is distributed spatially

in a positive trendy manner since the HE is approximately 0.56. As usual there330
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are other clusters containing positive trendy sequence of spatial distribution of

the amino acid P.

Table 11: HE of 105 B10j for j = 1, 2, . . . 105 corresponding to the amino acid A10(P ).

Seq HE C Seq HE C Seq HE C Seq HE C

N81 * 2 N25 0.578 1 N43 0.580 1 N87 0.617 4

N99 * 2 N40 0.578 1 N45 0.580 1 N96 0.619 4

N103 * 2 N41 0.578 1 N46 0.580 1 N97 0.619 4

N94 0.547 1 N42 0.578 1 N47 0.580 1 N8 0.626 4

N88 0.562 1 N56 0.578 1 N48 0.580 1 N9 0.632 5

N89 0.562 1 N23 0.578 1 N49 0.580 1 N10 0.632 5

N90 0.562 1 N66 0.578 1 N50 0.580 1 N11 0.632 5

N92 0.562 1 N67 0.578 1 N51 0.580 1 N3 0.636 5

N93 0.562 1 N32 0.579 1 N52 0.580 1 N82 0.645 5

N95 0.562 1 N36 0.579 1 N53 0.580 1 N83 0.645 5

N102 0.563 1 N58 0.579 1 N54 0.580 1 N84 0.645 5

N5 0.563 1 N14 0.580 1 N55 0.580 1 N85 0.645 5

N15 0.563 1 N16 0.580 1 N57 0.580 1 N86 0.645 5

N69 0.564 1 N17 0.580 1 N59 0.580 1 N6 0.678 3

N71 0.564 1 N18 0.580 1 N60 0.580 1 N98 0.686 3

N72 0.564 1 N19 0.580 1 N62 0.580 1

N73 0.564 1 N20 0.580 1 N64 0.580 1

N74 0.564 1 N21 0.580 1 N65 0.580 1

N75 0.564 1 N22 0.580 1 N63 0.580 1

N76 0.564 1 N24 0.580 1 N44 0.580 1

N77 0.564 1 N27 0.580 1 N61 0.580 1

N78 0.564 1 N28 0.580 1 N13 0.580 1

N79 0.564 1 N29 0.580 1 N12 0.581 1

N70 0.564 1 N30 0.580 1 N37 0.583 1

N104 0.568 1 N31 0.580 1 N91 0.584 1

N7 0.570 1 N33 0.580 1 N4 0.591 1

N2 0.571 1 N34 0.580 1 N68 0.599 4

N105 0.574 1 N35 0.580 1 N1 0.600 4

N100 0.577 1 N38 0.580 1 N101 0.609 4

N26 0.578 1 N39 0.580 1 N80 0.613 4

3.11. Hurst Exponent of B11j for j = 1, 2, . . . 105 and Classification

For the amino acid A11(Q) the HE for the 105 binary sequences B11j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary335

sequences has been plotted and corresponding histogram is also given in the Fig

11. The HE of the binary representations of ordering of the amino acid A11

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.

Here the HE of the 105 binary representation of the amino acid A11 is ranging340

from 0.495 to 0.671 with standard deviation 0.0903. Based on the HEs of the
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binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clustered (C) are formed as presented in the Table 12.

Figure 11: Plot of the HEs and corresponding histogram of all the binary sequences B11j for

j = 1, 2, . . . 105 corresponding to the amino acid A11(Q).
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Table 12: HE of 105 B11j for j = 1, 2, . . . 105 corresponding to the amino acid A11(Q).

Seq HE C Seq HE C Seq HE C Seq HE C

N96 * 3 N37 0.581 2 N13 0.581 2 N68 0.660 4

N97 * 3 N38 0.581 2 N12 0.581 2 N88 0.661 4

N100 0.495 5 N39 0.581 2 N5 0.582 2 N89 0.661 4

N2 0.521 5 N40 0.581 2 N105 0.601 2 N90 0.661 4

N102 0.549 5 N41 0.581 2 N7 0.604 2 N91 0.661 4

N1 0.549 5 N42 0.581 2 N15 0.608 1 N92 0.661 4

N6 0.554 5 N43 0.581 2 N81 0.609 1 N93 0.661 4

N9 0.555 5 N45 0.581 2 N3 0.610 1 N94 0.661 4

N10 0.555 5 N46 0.581 2 N80 0.613 1 N95 0.661 4

N11 0.555 5 N47 0.581 2 N101 0.615 1 N99 0.664 4

N21 0.580 2 N48 0.581 2 N98 0.620 1 N82 0.671 4

N26 0.581 2 N49 0.581 2 N32 0.621 1 N83 0.671 4

N14 0.581 2 N50 0.581 2 N36 0.621 1 N84 0.671 4

N16 0.581 2 N51 0.581 2 N58 0.621 1 N85 0.671 4

N17 0.581 2 N52 0.581 2 N87 0.630 1 N86 0.671 4

N18 0.581 2 N53 0.581 2 N4 0.630 1

N19 0.581 2 N54 0.581 2 N103 0.636 1

N20 0.581 2 N55 0.581 2 N8 0.637 1

N22 0.581 2 N56 0.581 2 N70 0.637 1

N23 0.581 2 N57 0.581 2 N69 0.638 1

N24 0.581 2 N59 0.581 2 N71 0.638 1

N25 0.581 2 N60 0.581 2 N72 0.638 1

N27 0.581 2 N61 0.581 2 N73 0.638 1

N28 0.581 2 N62 0.581 2 N74 0.638 1

N29 0.581 2 N63 0.581 2 N75 0.638 1

N30 0.581 2 N64 0.581 2 N76 0.638 1

N31 0.581 2 N65 0.581 2 N77 0.638 1

N33 0.581 2 N66 0.581 2 N78 0.638 1

N34 0.581 2 N67 0.581 2 N79 0.638 1

N35 0.581 2 N44 0.581 2 N104 0.642 1

In the cluster 1, there are two protein sequences N96 and N97 which are

absolutely free from the amino acid Q. The cluster 2 contains 45 sequences345

having HE 0.58 and so the spatial organization of the amino acid Q is positively

trending. As usual there are other three clusters 1, 4 and 5 which contain

positive autocorrelated sequences of the spatial distribution of the amino acid

Q over the protein sequences. There is only one binary representation B11100 of

the amino acid Q over the protein sequence N100 having negatively trending.350

3.12. Hurst Exponent of B12j for j = 1, 2, . . . 105 and Classification

For the amino acid A12(S) the HE for the 105 binary sequences B12j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

27

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0034.v2

https://doi.org/10.20944/preprints202004.0034.v2


12. The HE of the binary representations of ordering of the amino acid A12355

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.

Here the HE of the 105 binary representation of the amino acid A12 is ranging

from 0.486 to 0.694 with standard deviation 0.04. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, eight360

clustered (C) are formed as presented in the Table 13.

Figure 12: Plot of the HEs and corresponding histogram of all the binary sequences B12j for

j = 1, 2, . . . 105 corresponding to the amino acid A12(S).
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Table 13: HE of 105 B12j for j = 1, 2, . . . 105 corresponding to the amino acid A12(S).

Seq HE C Seq HE C Seq HE C Seq HE C

N7 0.486 6 N56 0.599 2 N53 0.600 2 N80 0.653 5

N70 0.536 1 N13 0.600 2 N55 0.600 2 N68 0.658 5

N69 0.536 1 N44 0.600 2 N57 0.600 2 N103 0.664 5

N72 0.536 1 N17 0.600 2 N59 0.600 2 N3 0.672 3

N73 0.536 1 N18 0.600 2 N63 0.600 2 N88 0.675 3

N74 0.536 1 N19 0.600 2 N64 0.600 2 N89 0.675 3

N75 0.536 1 N21 0.600 2 N65 0.600 2 N93 0.675 3

N77 0.536 1 N22 0.600 2 N66 0.600 2 N96 0.677 3

N78 0.536 1 N23 0.600 2 N67 0.600 2 N97 0.677 3

N79 0.536 1 N24 0.600 2 N12 0.601 2 N91 0.685 4

N71 0.538 1 N25 0.600 2 N40 0.601 2 N94 0.685 4

N76 0.538 1 N27 0.600 2 N16 0.601 2 N8 0.686 4

N5 0.554 1 N29 0.600 2 N62 0.601 2 N90 0.689 4

N81 0.557 1 N31 0.600 2 N26 0.602 2 N92 0.689 4

N98 0.567 1 N33 0.600 2 N51 0.603 2 N95 0.694 4

N101 0.575 2 N34 0.600 2 N54 0.603 2

N84 0.579 2 N35 0.600 2 N61 0.603 2

N86 0.579 2 N37 0.600 2 N100 0.610 8

N2 0.584 2 N38 0.600 2 N6 0.615 8

N99 0.584 2 N39 0.600 2 N32 0.616 8

N15 0.588 2 N41 0.600 2 N36 0.616 8

N1 0.589 2 N42 0.600 2 N58 0.616 8

N82 0.593 2 N43 0.600 2 N102 0.617 8

N83 0.593 2 N45 0.600 2 N104 0.627 8

N85 0.593 2 N46 0.600 2 N105 0.632 7

N20 0.597 2 N47 0.600 2 N9 0.638 7

N30 0.597 2 N48 0.600 2 N10 0.638 7

N14 0.598 2 N49 0.600 2 N11 0.638 7

N28 0.598 2 N50 0.600 2 N4 0.646 7

N60 0.599 2 N52 0.600 2 N87 0.650 5

The binary representation B127 of spatial organization of the non essential

amino acid S over the protein sequence N7 is negatively autocorrelated whereas

the other 104 binary representations corresponding to the protein sequences are

positively trending (HE¿0.5). The largest cluster 2 contains 62 sequences which365

are positively trending. It noteworthy that the spatial representations of the

amino acid S over the protein sequences N56, N13, N44, . . . , N67 (belonging to

the cluster 2) are having HEs 0.6 exactly, implying the positive autocorrelation.

3.13. Hurst Exponent of B13j for j = 1, 2, . . . 105 and Classification

For the amino acid A13(T ) the HE for the 105 binary sequences B13j for370

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig
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13. The HE of the binary representations of ordering of the amino acid A13

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.375

Here the HE of the 105 binary representation of the amino acid A13 is ranging

from 0.523 to 0.685 with standard deviation 0.0665. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clustered (C) are formed as presented in the Table 14.

The spatial representation B1399 of the essential amino acid T is a null se-380

quences having only zeros which imply the absence of the amino acid over the

protein sequence N99. The spatial distributions of the amino acid T over the

76 protein sequences (belong to cluster 1) are positively trending.

Figure 13: Plot of the HEs and corresponding histogram of all the binary sequences B13j for

j = 1, 2, . . . 105 corresponding to the amino acid A13(T ).
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Table 14: HE of 105 B13j for j = 1, 2, . . . 105 corresponding to the amino acid A13(T ).

Seq HE C Seq HE C Seq HE C Seq HE C

N99 * 3 N25 0.592 1 N52 0.594 1 N58 0.606 1

N7 0.523 2 N27 0.592 1 N53 0.594 1 N81 0.609 1

N8 0.534 2 N29 0.592 1 N54 0.594 1 N102 0.622 5

N88 0.534 2 N34 0.592 1 N56 0.594 1 N2 0.625 5

N89 0.534 2 N35 0.592 1 N57 0.594 1 N4 0.635 5

N90 0.534 2 N65 0.593 1 N59 0.594 1 N1 0.646 5

N91 0.534 2 N12 0.593 1 N60 0.594 1 N105 0.654 5

N92 0.534 2 N13 0.594 1 N62 0.594 1 N87 0.655 5

N93 0.534 2 N44 0.594 1 N64 0.594 1 N98 0.660 5

N94 0.534 2 N16 0.594 1 N66 0.594 1 N96 0.671 4

N95 0.534 2 N21 0.594 1 N67 0.594 1 N97 0.671 4

N68 0.549 2 N22 0.594 1 N26 0.594 1 N3 0.684 4

N101 0.551 2 N23 0.594 1 N6 0.595 1 N9 0.686 4

N82 0.556 2 N24 0.594 1 N61 0.595 1 N10 0.686 4

N15 0.557 2 N30 0.594 1 N17 0.596 1 N11 0.686 4

N100 0.558 2 N31 0.594 1 N18 0.596 1

N5 0.583 1 N33 0.594 1 N19 0.596 1

N70 0.585 1 N37 0.594 1 N20 0.596 1

N69 0.586 1 N39 0.594 1 N28 0.596 1

N71 0.586 1 N40 0.594 1 N38 0.596 1

N72 0.586 1 N41 0.594 1 N63 0.596 1

N73 0.586 1 N42 0.594 1 N14 0.596 1

N74 0.586 1 N43 0.594 1 N55 0.596 1

N75 0.586 1 N45 0.594 1 N83 0.601 1

N76 0.586 1 N46 0.594 1 N84 0.601 1

N77 0.586 1 N47 0.594 1 N85 0.601 1

N78 0.586 1 N48 0.594 1 N86 0.601 1

N79 0.586 1 N49 0.594 1 N80 0.602 1

N103 0.586 1 N50 0.594 1 N32 0.606 1

N104 0.587 1 N51 0.594 1 N36 0.606 1

3.14. Hurst Exponent of B14j for j = 1, 2, . . . 105 and Classification

For the amino acid A14(V ) the HE for the 105 binary sequences B14j for385

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

14. The HE of the binary representations of ordering of the amino acid A14

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.390

Here the HE of the 105 binary representation of the amino acid A14 is ranging

from 0.507 to 0.723 with standard deviation 0.0450. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clustered (C) are formed as presented in the Table 15.
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Figure 14: Plot of the HEs and corresponding histogram of all the binary sequences B14j for

j = 1, 2, . . . 105 corresponding to the amino acid A14(V ).

Table 15: HE of 105 B14j for j = 1, 2, . . . 105 corresponding to the amino acid A14(V ).

Seq HE C Seq HE C Seq HE C Seq HE C

N8 0.507 2 N42 0.517 2 N53 0.522 2 N84 0.596 3

N5 0.510 2 N43 0.517 2 N100 0.544 5 N85 0.596 3

N59 0.516 2 N45 0.517 2 N58 0.547 5 N6 0.596 3

N61 0.516 2 N46 0.517 2 N32 0.550 5 N98 0.608 8

N63 0.516 2 N47 0.517 2 N36 0.550 5 N81 0.609 8

N65 0.516 2 N49 0.517 2 N1 0.551 5 N103 0.622 8

N44 0.517 2 N51 0.517 2 N92 0.557 5 N101 0.627 1

N14 0.517 2 N52 0.517 2 N74 0.557 5 N83 0.636 1

N16 0.517 2 N54 0.517 2 N96 0.566 7 N86 0.636 1

N17 0.517 2 N55 0.517 2 N97 0.566 7 N87 0.644 1

N18 0.517 2 N56 0.517 2 N69 0.569 7 N68 0.653 6

N19 0.517 2 N57 0.517 2 N71 0.569 7 N104 0.661 6

N20 0.517 2 N60 0.517 2 N72 0.569 7 N99 0.664 6

N21 0.517 2 N62 0.517 2 N73 0.569 7 N15 0.665 6

N23 0.517 2 N64 0.517 2 N75 0.569 7 N80 0.723 4

N24 0.517 2 N66 0.517 2 N76 0.569 7

N25 0.517 2 N67 0.517 2 N78 0.569 7

N27 0.517 2 N26 0.517 2 N79 0.569 7

N28 0.517 2 N22 0.519 2 N70 0.570 7

N29 0.517 2 N88 0.519 2 N102 0.570 7

N30 0.517 2 N89 0.519 2 N77 0.572 7

N31 0.517 2 N90 0.519 2 N2 0.578 7

N33 0.517 2 N91 0.519 2 N10 0.580 7

N34 0.517 2 N93 0.519 2 N3 0.582 3

N35 0.517 2 N94 0.519 2 N7 0.583 3

N37 0.517 2 N95 0.519 2 N9 0.591 3

N38 0.517 2 N12 0.519 2 N11 0.591 3

N39 0.517 2 N13 0.520 2 N4 0.592 3

N40 0.517 2 N48 0.522 2 N105 0.594 3

N41 0.517 2 N50 0.522 2 N82 0.596 3

The largest cluster 2 contains 61 binary representations B14j of the spa-395
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tial distribution of the amino acid V over the corresponding protein sequences,

which are random as the HE is turned out to be 0.51 (approx.). The binary

representation B148 is random as the HE is 0.5 which depicts positive trending

behaviour of the binary representation B148 of the amino acid V over the protein

sequence N8.400

3.15. Hurst Exponent of B15j for j = 1, 2, . . . 105 and Classification

For the amino acid A15(W ) the HE for the 105 binary sequences B15j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

15. The HE of the binary representations of ordering of the amino acid A15405

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.

Here the HE of the 105 binary representation of the amino acid A15 is rang-

ing from 0.535 to 0.672. Based on the HEs of the binary sequences all these

105 primary protein sequences of SARS-CoV2, five clustered (C) are formed as410

presented in the Table 16.

Figure 15: Plot of the HEs and corresponding histogram of all the binary sequences B15j for

j = 1, 2, . . . 105 corresponding to the amino acid A15(V ).
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Table 16: HE of 105 B15j for j = 1, 2, . . . 105 corresponding to the amino acid A15(W ).

Seq HE C Seq HE C Seq HE C Seq HE C

N80 * 2 N40 0.545 3 N89 0.548 3 N77 0.588 1

N87 * 2 N41 0.545 3 N90 0.548 3 N78 0.588 1

N96 * 2 N42 0.545 3 N91 0.548 3 N79 0.588 1

N97 * 2 N43 0.545 3 N92 0.548 3 N70 0.588 1

N99 * 2 N45 0.545 3 N93 0.548 3 N103 0.591 1

N1 0.535 3 N46 0.545 3 N94 0.548 3 N10 0.596 1

N100 0.543 3 N47 0.545 3 N95 0.548 3 N11 0.596 1

N26 0.545 3 N48 0.545 3 N6 0.559 3 N68 0.599 5

N14 0.545 3 N49 0.545 3 N5 0.561 3 N101 0.601 5

N16 0.545 3 N50 0.545 3 N105 0.575 1 N76 0.602 5

N17 0.545 3 N51 0.545 3 N15 0.576 1 N104 0.608 5

N18 0.545 3 N52 0.545 3 N9 0.577 1 N81 0.609 5

N19 0.545 3 N53 0.545 3 N7 0.579 1 N3 0.617 5

N20 0.545 3 N54 0.545 3 N32 0.580 1 N4 0.619 5

N21 0.545 3 N55 0.545 3 N36 0.580 1 N8 0.672 4

N22 0.545 3 N56 0.545 3 N58 0.580 1

N23 0.545 3 N57 0.545 3 N2 0.581 1

N24 0.545 3 N59 0.545 3 N82 0.583 1

N25 0.545 3 N60 0.545 3 N83 0.583 1

N27 0.545 3 N61 0.545 3 N84 0.583 1

N28 0.545 3 N62 0.545 3 N85 0.583 1

N29 0.545 3 N63 0.545 3 N86 0.583 1

N30 0.545 3 N64 0.545 3 N98 0.585 1

N31 0.545 3 N65 0.545 3 N102 0.586 1

N33 0.545 3 N66 0.545 3 N69 0.588 1

N34 0.545 3 N67 0.545 3 N71 0.588 1

N35 0.545 3 N44 0.545 3 N72 0.588 1

N37 0.545 3 N13 0.545 3 N73 0.588 1

N38 0.545 3 N12 0.546 3 N74 0.588 1

N39 0.545 3 N88 0.548 3 N75 0.588 1

The essential amino acid W is absent throughout the protein sequences of

N80, N87, N96 and N99 and consequently the binary representations B1580 ,

B1587 , B1596 and B1599 contain only zeros and HE is in-computable as depicted in

the Table 16. Rest all the other binary representations of the spatial distribution415

of the amino acid V over the protein sequences are positively trending. There

are 64 protein sequences (cluster 3) where the amino acid W is spread with

positive trend as shown in the Table 16.

3.16. Hurst Exponent of B16j for j = 1, 2, . . . 105 and Classification

For the amino acid A16(Y ) the HE for the 105 binary sequences B16j for420

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig
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16. The HE of the binary representations of ordering of the amino acid A16

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.425

Figure 16: Plot of the HEs and corresponding histogram of all the binary sequences B16j for

j = 1, 2, . . . 105 corresponding to the amino acid A16(Y ).

Here the HE of the 105 binary representation of the amino acid A16 is ranging

from 0.479 to 0.692 with standard deviation 0.0884. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, six

clustered (C) are formed as presented in the Table 17.

The conditional amino acid Y is absent in the protein sequences N99 and430

N103. The spatial distribution of the amino acid Y over the only protein N80

belonging to the cluster 6 is not trending as its HE 0.479 < 0.5. The largest

cluster 1 contains 68 protein sequences where the amino acid Y spatially spread

with positive trend.
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Table 17: HE of 105 B16j for j = 1, 2, . . . 105 corresponding to the amino acid A16(Y ).

Seq HE C Seq HE C Seq HE C Seq HE C

N99 * 4 N27 0.607 1 N66 0.607 1 N58 0.631 5

N103 * 4 N28 0.607 1 N67 0.607 1 N69 0.632 5

N80 0.479 6 N29 0.607 1 N22 0.608 1 N8 0.634 5

N2 0.542 3 N30 0.607 1 N98 0.608 1 N88 0.644 5

N100 0.544 3 N31 0.607 1 N49 0.609 1 N89 0.644 5

N105 0.546 3 N33 0.607 1 N81 0.609 1 N90 0.644 5

N82 0.559 3 N34 0.607 1 N102 0.610 1 N91 0.644 5

N83 0.559 3 N35 0.607 1 N25 0.610 1 N92 0.644 5

N84 0.559 3 N37 0.607 1 N40 0.610 1 N93 0.644 5

N85 0.559 3 N38 0.607 1 N41 0.610 1 N94 0.644 5

N86 0.559 3 N39 0.607 1 N42 0.610 1 N95 0.644 5

N87 0.568 3 N43 0.607 1 N26 0.610 1 N101 0.648 5

N3 0.587 1 N45 0.607 1 N104 0.611 1 N9 0.692 2

N5 0.593 1 N46 0.607 1 N15 0.612 1 N10 0.692 2

N6 0.593 1 N47 0.607 1 N96 0.614 1 N11 0.692 2

N68 0.598 1 N48 0.607 1 N97 0.614 1

N1 0.602 1 N50 0.607 1 N7 0.618 1

N64 0.605 1 N51 0.607 1 N70 0.619 1

N12 0.606 1 N52 0.607 1 N4 0.619 1

N13 0.607 1 N53 0.607 1 N79 0.621 1

N44 0.607 1 N54 0.607 1 N71 0.627 5

N14 0.607 1 N55 0.607 1 N72 0.627 5

N16 0.607 1 N56 0.607 1 N73 0.627 5

N17 0.607 1 N57 0.607 1 N74 0.627 5

N18 0.607 1 N59 0.607 1 N75 0.627 5

N19 0.607 1 N60 0.607 1 N76 0.627 5

N20 0.607 1 N61 0.607 1 N77 0.627 5

N21 0.607 1 N62 0.607 1 N78 0.627 5

N23 0.607 1 N63 0.607 1 N32 0.631 5

N24 0.607 1 N65 0.607 1 N36 0.631 5

3.17. Hurst Exponent of B17j for j = 1, 2, . . . 105 and Classification435

For the amino acid A17(D) the HE for the 105 binary sequences B17j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

17. The HE of the binary representations of ordering of the amino acid A17

over all the primary protein sequences would reveal the autocorrelation of the440

amino acid.

Here the HE of the 105 binary representation of the amino acid A17 is ranging

from 0.501 to 0.6918 with standard deviation 0.0434. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, six

clustered (C) are formed as presented in the Table 18.445
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Figure 17: Plot of the HEs and corresponding histogram of all the binary sequences B17j for

j = 1, 2, . . . 105 corresponding to the amino acid A17(D).

Table 18: HE of 105 B17j for j = 1, 2, . . . 105 corresponding to the amino acid A17(D).

Seq HE C Seq HE C Seq HE C Seq HE C

N2 0.501 5 N80 0.613 1 N42 0.624 1 N89 0.650 2

N70 0.516 5 N68 0.614 1 N45 0.624 1 N90 0.650 2

N69 0.516 5 N4 0.618 1 N47 0.624 1 N91 0.650 2

N71 0.516 5 N7 0.622 1 N48 0.624 1 N93 0.650 2

N72 0.516 5 N43 0.622 1 N49 0.624 1 N94 0.650 2

N73 0.516 5 N12 0.623 1 N50 0.624 1 N95 0.650 2

N74 0.516 5 N13 0.623 1 N51 0.624 1 N15 0.652 2

N76 0.516 5 N14 0.624 1 N52 0.624 1 N98 0.654 2

N77 0.516 5 N16 0.624 1 N53 0.624 1 N9 0.657 2

N78 0.516 5 N17 0.624 1 N54 0.624 1 N10 0.657 2

N79 0.516 5 N18 0.624 1 N55 0.624 1 N11 0.657 2

N75 0.525 5 N19 0.624 1 N56 0.624 1 N101 0.657 2

N5 0.530 5 N20 0.624 1 N57 0.624 1 N99 0.664 2

N82 0.552 3 N21 0.624 1 N59 0.624 1 N105 0.678 4

N83 0.552 3 N22 0.624 1 N60 0.624 1 N8 0.692 4

N84 0.552 3 N23 0.624 1 N61 0.624 1

N85 0.552 3 N24 0.624 1 N62 0.624 1

N86 0.552 3 N25 0.624 1 N63 0.624 1

N6 0.560 3 N27 0.624 1 N64 0.624 1

N32 0.560 3 N28 0.624 1 N65 0.624 1

N36 0.560 3 N30 0.624 1 N26 0.624 1

N58 0.560 3 N31 0.624 1 N44 0.624 1

N1 0.561 3 N33 0.624 1 N46 0.625 1

N103 0.562 3 N34 0.624 1 N29 0.625 1

N104 0.578 3 N35 0.624 1 N66 0.625 1

N81 0.582 3 N37 0.624 1 N67 0.625 1

N102 0.584 3 N38 0.624 1 N100 0.626 1

N3 0.590 3 N39 0.624 1 N87 0.629 1

N96 0.594 1 N40 0.624 1 N92 0.640 2

N97 0.594 1 N41 0.624 1 N88 0.650 2

The spatial distribution B172 of the amino acid D over the protein sequence
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N2 is random since the HE of B172 is turned out to be 0.501. The largest cluster

1 contains 60 protein sequences where the amino acid D is spread with positive

trend as shown in the Table 18.

3.18. Hurst Exponent of B18j for j = 1, 2, . . . 105 and Classification450

For the amino acid A18(E) the HE for the 105 binary sequences B18j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

18. The HE of the binary representations of ordering of the amino acid A18

over all the primary protein sequences would reveal the autocorrelation of the455

amino acid.

Here the HE of the 105 binary representation of the amino acid A18 is ranging

from 0.525 to 0.724. Based on the HEs of the binary sequences all these 105

primary protein sequences of SARS-CoV2, eight clustered (C) are formed as

presented in the Table 19.460

Figure 18: Plot of the HEs and corresponding histogram of all the binary sequences B18j for

j = 1, 2, . . . 105 corresponding to the amino acid A18(E).

There are 48 sequences in the cluster 1 where corresponding spatial distri-

butions B18j of are positively trending with HE 0.712 exactly. Such a organized

trend is certainly noteworthy. it is noted that, the non-essential amino acid E

does not appear in the protein sequences N80 and N99.
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Table 19: HE of 105 B18j for j = 1, 2, . . . 105 corresponding to the amino acid A18(E).

Seq HE C Seq HE C Seq HE C Seq HE C

N80 * 3 N86 0.588 8 N25 0.712 1 N60 0.712 1

N99 * 3 N105 0.595 8 N27 0.712 1 N61 0.712 1

N88 0.525 4 N102 0.597 8 N28 0.712 1 N62 0.712 1

N89 0.525 4 N6 0.601 2 N29 0.712 1 N63 0.712 1

N90 0.525 4 N8 0.606 2 N30 0.712 1 N64 0.712 1

N91 0.525 4 N103 0.610 2 N31 0.712 1 N65 0.712 1

N92 0.525 4 N98 0.615 2 N33 0.712 1 N67 0.712 1

N93 0.525 4 N104 0.616 2 N34 0.712 1 N26 0.712 1

N94 0.525 4 N7 0.622 6 N35 0.712 1 N13 0.713 1

N95 0.525 4 N5 0.625 6 N37 0.712 1 N12 0.713 1

N1 0.545 7 N3 0.625 6 N38 0.712 1 N14 0.713 1

N15 0.546 7 N87 0.626 6 N39 0.712 1 N66 0.713 1

N70 0.551 7 N81 0.675 5 N40 0.712 1 N32 0.724 1

N69 0.552 7 N9 0.679 5 N41 0.712 1 N36 0.724 1

N71 0.552 7 N10 0.679 5 N42 0.712 1 N58 0.724 1

N72 0.552 7 N11 0.679 5 N43 0.712 1

N73 0.552 7 N68 0.685 5 N45 0.712 1

N74 0.552 7 N96 0.688 5 N46 0.712 1

N75 0.552 7 N97 0.688 5 N47 0.712 1

N76 0.552 7 N4 0.691 5 N48 0.712 1

N77 0.552 7 N44 0.712 1 N49 0.712 1

N78 0.552 7 N16 0.712 1 N50 0.712 1

N79 0.552 7 N17 0.712 1 N51 0.712 1

N101 0.555 7 N18 0.712 1 N52 0.712 1

N2 0.580 8 N19 0.712 1 N53 0.712 1

N100 0.583 8 N20 0.712 1 N54 0.712 1

N82 0.588 8 N21 0.712 1 N55 0.712 1

N83 0.588 8 N22 0.712 1 N56 0.712 1

N84 0.588 8 N23 0.712 1 N57 0.712 1

N85 0.588 8 N24 0.712 1 N59 0.712 1

3.19. Hurst Exponent of B19j for j = 1, 2, . . . 105 and Classification465

For the amino acid A19(K) the HE for the 105 binary sequences B19j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig

19. The HE of the binary representations of ordering of the amino acid A19

over all the primary protein sequences would reveal the autocorrelation of the470

amino acid.

Here the HE of the 105 binary representation of the amino acid A19 is ranging

from 0.483 to 0.695 with standard deviation 0.111. Based on the HEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, eight

clustered (C) are formed as presented in the Table 20.475
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Figure 19: Plot of the HEs and corresponding histogram of all the binary sequences B19j for

j = 1, 2, . . . 105 corresponding to the amino acid A19(K).

Table 20: HE of 105 B19j for j = 1, 2, . . . 105 corresponding to the amino acid A19(K).

Seq HE C Seq HE C Seq HE C Seq HE C

N80 * 2 N10 0.591 8 N41 0.632 3 N32 0.655 7

N81 * 2 N11 0.591 8 N42 0.632 3 N36 0.655 7

N99 * 2 N4 0.626 3 N43 0.632 3 N58 0.655 7

N103 0.483 6 N54 0.630 3 N45 0.632 3 N98 0.661 7

N104 0.504 6 N57 0.630 3 N46 0.632 3 N101 0.667 5

N100 0.538 1 N12 0.631 3 N47 0.632 3 N7 0.675 5

N5 0.551 1 N26 0.631 3 N48 0.632 3 N88 0.690 4

N82 0.558 1 N14 0.632 3 N49 0.632 3 N89 0.690 4

N83 0.558 1 N16 0.632 3 N50 0.632 3 N90 0.690 4

N84 0.558 1 N17 0.632 3 N51 0.632 3 N91 0.690 4

N85 0.558 1 N18 0.632 3 N52 0.632 3 N92 0.690 4

N86 0.558 1 N19 0.632 3 N53 0.632 3 N93 0.690 4

N6 0.559 1 N20 0.632 3 N55 0.632 3 N94 0.690 4

N15 0.575 8 N21 0.632 3 N56 0.632 3 N95 0.690 4

N105 0.582 8 N22 0.632 3 N59 0.632 3 N3 0.695 4

N1 0.582 8 N23 0.632 3 N60 0.632 3

N69 0.586 8 N24 0.632 3 N61 0.632 3

N71 0.586 8 N25 0.632 3 N62 0.632 3

N72 0.586 8 N27 0.632 3 N63 0.632 3

N73 0.586 8 N28 0.632 3 N64 0.632 3

N74 0.586 8 N29 0.632 3 N65 0.632 3

N75 0.586 8 N30 0.632 3 N66 0.632 3

N76 0.586 8 N31 0.632 3 N67 0.632 3

N77 0.586 8 N33 0.632 3 N44 0.632 3

N78 0.586 8 N34 0.632 3 N13 0.632 3

N79 0.586 8 N35 0.632 3 N102 0.633 3

N70 0.586 8 N37 0.632 3 N8 0.643 3

N87 0.587 8 N38 0.632 3 N96 0.651 7

N2 0.587 8 N39 0.632 3 N97 0.651 7

N9 0.591 8 N40 0.632 3 N68 0.652 7

The protein sequences N80, N81 and N99 are free from one of the amino
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acid K. The spatial organization of the amino acid K over the protein sequence

N103 is negatively trending as it’s HE 0.483 < 0.5. There 58 protein sequences

in the cluster 3 where the amino acid K is spatially distributed with positive

trend as shown in the the Table 20. It is noted that the spatial distribution480

B19104 is random as the HE of N104 is turned out to be 0.5.

3.20. Hurst Exponent of B20j for j = 1, 2, . . . 105 and Classification

For the amino acid A19(R) the HE for the 105 binary sequences B20j for

j = 1, 2, . . . 105 have been determined. The plot of the HE for the binary

sequences has been plotted and corresponding histogram is also given in the Fig485

20. The HE of the binary representations of ordering of the amino acid A20

over all the primary protein sequences would reveal the autocorrelation of the

amino acid.

Here the HE of the 105 binary representation of the amino acid A20 is ranging

from 0.498 to 0.697 with standard deviation 0.0904. Based on the HEs of the490

binary sequences all these 105 primary protein sequences of SARS-CoV2, eight

clustered (C) are formed as presented in the Table 21.

Figure 20: Plot of the HEs and corresponding histogram of all the binary sequences B20j for

j = 1, 2, . . . 105 corresponding to the amino acid A20(R).
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Table 21: HE of 105 B20j for j = 1, 2, . . . 105 corresponding to the amino acid A20(R).

Seq HE C Seq HE C Seq HE C Seq HE C

N81 * 3 N68 0.599 7 N34 0.631 1 N32 0.631 1

N99 * 3 N96 0.599 7 N35 0.631 1 N36 0.631 1

N98 0.498 4 N97 0.599 7 N37 0.631 1 N58 0.631 1

N102 0.498 4 N87 0.617 1 N38 0.631 1 N13 0.631 1

N100 0.517 4 N104 0.620 1 N40 0.631 1 N12 0.631 1

N15 0.536 2 N105 0.626 1 N41 0.631 1 N54 0.632 1

N2 0.541 2 N9 0.626 1 N42 0.631 1 N88 0.632 1

N70 0.561 2 N10 0.626 1 N43 0.631 1 N89 0.632 1

N82 0.568 2 N11 0.626 1 N45 0.631 1 N90 0.632 1

N83 0.568 2 N95 0.626 1 N46 0.631 1 N91 0.632 1

N84 0.568 2 N8 0.629 1 N47 0.631 1 N92 0.632 1

N85 0.568 2 N31 0.630 1 N48 0.631 1 N93 0.632 1

N86 0.568 2 N39 0.630 1 N49 0.631 1 N94 0.632 1

N6 0.568 2 N26 0.631 1 N50 0.631 1 N3 0.661 6

N69 0.570 2 N14 0.631 1 N51 0.631 1 N80 0.697 5

N72 0.570 2 N16 0.631 1 N52 0.631 1

N73 0.570 2 N17 0.631 1 N53 0.631 1

N74 0.570 2 N18 0.631 1 N55 0.631 1

N75 0.570 2 N19 0.631 1 N56 0.631 1

N76 0.570 2 N20 0.631 1 N57 0.631 1

N77 0.570 2 N21 0.631 1 N59 0.631 1

N78 0.570 2 N22 0.631 1 N60 0.631 1

N79 0.570 2 N23 0.631 1 N61 0.631 1

N71 0.578 8 N24 0.631 1 N62 0.631 1

N101 0.583 8 N25 0.631 1 N63 0.631 1

N4 0.584 8 N27 0.631 1 N64 0.631 1

N1 0.586 8 N28 0.631 1 N65 0.631 1

N103 0.588 8 N29 0.631 1 N66 0.631 1

N7 0.592 7 N30 0.631 1 N67 0.631 1

N5 0.593 7 N33 0.631 1 N44 0.631 1

The conditionally essential amino acid R is not at all present in the protein

sequences N81 and N99 and consequently the HE is not enumerable. There are

two sequences N98 and N102 having positive trending spatial representation of495

the amino acid R. The cluster 1 contains 70 protein sequences where the amino

acid R is positively trended, spatially.As usual there other clusters containing

positive autocorrelated spatial representations of the amino acid R.

3.21. A Collective Views of the HEs

Following we have listed the protein sequences of different lengths ranging500

from 13 to 419, which does not contain some amino acid(s) as listed in the

following Table 22.
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Table 22: Absence of amino acids on various SARS-CoV2 proteins

Amino Acids: Absent Types Sequences

C Hydroxyl, Conditionally Essential N68, N88, N89, N90,... N95, N99

G Aliphatic, Conditionally Essential N68, N81

H Basic, Essential N3, N80, N97, N98, N99

I Aliphatic, Essential N99

M Hydroxyl, Essential N99

P Cyclic, Conditionally Essential N81, N99, N103

Q Acidic, Conditionally Essential N96, N97

T Hydroxyl, Essential N99

W Aromatic, Essential N80, N87, N96, N97, N99

Y Aromatic, Conditionally Essential N99, N103

E Aromatic, Non Essential N80, N99

K Basic, Essential N80, N81, N99

R Basic, Conditionally Essential N81, N99

The protein sequence N99 of length 13 does not contains the amino acids

C, H, M, P, T, W, Y, E, K and R which are of different types of essential,

conditionally essential as well as non essential. The largest sequences N88, N89,505

N90, N91, N92, N93, N94, N95 of length 419 do not contain the amino acid C.

It is noted that the amino acid M is present over all the proteins except N99

which of the smallest length 13. Also it is observed that the essential amino

acids L, M, F and V are present in all the proteins of SARS-CoV2. The non

essential amino acids A, D, N and S is also present in all the protein sequences.510

It is noted that all the six conditionally essential amino acids are not found

essential for all the proteins of SARS-CoV2. Proteins that are of greater than

419 contains all the twenty amino acids. It is reported that the presence of the

amino acid I, G including V is of primordial importance through in this study

we found N99 which does not contain I, N68, N81 do not contain G.515

It is found that the amino acid H is randomly spatially distributed over the

proteins N5, N15, N88, N89, N90, N91, N92, N93, N94 and N95 as observed

in the previous subsections. The essential, hydroxyl amino acid M is randomly

arranged over the protein N80 and N102. Also the amino acid L is distributed

over the protein N102 randomly. The only amino acid K which is randomly520

spread over the protein N104. There are other sequences N98 and N102 where

the amino acid R is spread with negatively trend (HE < 0.5). Also the amino
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acid K, Y, S, Q, N and F are negatively trending over the protein sequences

N103, N80, N7, N100, N2 and N5 respectively. Therefore the amino acid C, G,

P, T, W and E is spread over all the 105 proteins with positive autocorrelation525

(positively trending).

Here we explore the correlation (of trending behaviours) of the distribution

of the amino acids over 105 proteins of SARS-CoV2. Following is the correlation

matrix of ten amino acids A, C, F, G, H, I, L, M, N and P versus another ten

amino acids Q, S, T, V, W, Y, D, E, K and R.530

Table 23: Correlation matrix of HEs

Q S T V W Y D E K R

A 0.280 -0.342 0.271 0.667 0.599 0.306 -0.513 -0.711 -0.607 -0.625

C -0.434 0.067 0.385 -0.239 -0.101 0.657 0.062 0.223 0.308 0.246

F 0.538 0.061 -0.273 0.051 0.265 -0.104 0.107 0.032 0.230 0.122

G -0.376 0.407 -0.126 -0.453 -0.439 0.130 0.598 0.780 0.660 0.702

H 0.282 -0.201 -0.134 -0.095 0.112 0.052 -0.241 -0.140 0.025 0.006

I 0.027 -0.374 -0.142 -0.278 -0.292 0.218 -0.066 0.155 0.279 0.339

L 0.103 0.064 0.491 0.355 0.400 0.546 0.038 -0.193 -0.200 -0.107

M -0.096 0.034 -0.053 -0.333 -0.204 0.443 0.300 0.281 0.389 0.504

N 0.548 0.102 0.082 0.806 0.636 0.116 -0.165 -0.509 -0.613 -0.452

P 0.163 0.385 0.262 0.376 0.240 -0.091 0.103 -0.097 -0.296 -0.088

Figure 21: Plot of the correlation of the HEs of the amino acids distribution distinct pairwise.
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The spatial distribution of the amino acid A with the same of the amino

acids Q, T, V, W, and Y are turned out to be positively correlated based on

HEs as shown in the Table 23. Likewise, the the HEs of the spatial distribution

of the amino acid C is positively correlated with the S, T, Y, D, E, K and R.

Similarly, the positive correlations of the spatial distributions of the amino acids535

F, G, H, I, L, M, N and P with the spatial distribution of the other amino acids

are established in the correlation matrix, Table 23. The correlation based on

HEs of the spatial distribution is also shown through graphs in the Fig 21. It is

worthy mentioning that in the correlation matrix in the Table 23, the negative

correlations of the spatial distribution of the proteins are also shown.540

As an example of the correlation (the correlation coefficient r: 0.443) of

the spatial distribution (autocorrelation) of the amino acid M with the spatial

distribution of the amino acid Y is given below in the Fig. 22.

Figure 22: Plot of the correlation of the HEs of the amino acid M with that of L.

Now we move on the amount of uncertainty/certainty of presence of amino acids

over the protein sequences in the following subsections.545
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3.22. Shannon Entropy of B1j for j = 1, 2, . . . 105 and Classification

For the amino acid A1(A) the Shannon Entropy (SE) for the 105 binary

sequences B1j for j = 1, 2, . . . 105 have been determined. The plot of the SE

for the binary sequences has been plotted and corresponding histogram is also

given in the Fig 23. The SE of the binary representations of ordering of the550

amino acid A1 over all the primary protein sequences would reveal the amount

of uncertainty of the amino acid.

Figure 23: Plot of the SEs and corresponding histogram of all the binary sequences B1j for

j = 1, 2, . . . 105 corresponding to the amino acid A1(A).

Here the SE of the 105 binary representation of the amino acid A1 is ranging

from 0.121 to 0.779 with standard deviation 0.0679. Based on the SEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five555

clustered (C) are formed as presented in the Table 24.

It is found that the SE of the spatial distribution of amino acid A1 in the

protein sequence N68 is 0.121 which indicates the amount of uncertainly is

lowest as compare to the others. The cluster 4 as well the the cluster 1 contains

almost all the protein sequences where the SEs are less than 0.5 which says that560

the presence and absence over the protein sequences are mostly certain. Also

amount of uncertainly is high for the proteins N3 and N99 of length 198 and 13

respectively.
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Table 24: SE of 105 B1j for j = 1, 2, . . . 105 corresponding to the amino acid A1(A).

Seq SE C Seq SE C Seq SE C Seq SE C

N68 0.121 3 N105 0.355 1 N42 0.361 1 N87 0.382 1

N15 0.237 4 N20 0.360 1 N45 0.361 1 N5 0.390 1

N82 0.248 4 N22 0.360 1 N46 0.361 1 N8 0.422 1

N83 0.248 4 N48 0.360 1 N47 0.361 1 N88 0.431 1

N84 0.248 4 N50 0.360 1 N49 0.361 1 N89 0.431 1

N85 0.248 4 N59 0.360 1 N51 0.361 1 N90 0.431 1

N86 0.248 4 N61 0.360 1 N52 0.361 1 N91 0.431 1

N104 0.270 4 N65 0.360 1 N53 0.361 1 N92 0.431 1

N81 0.271 4 N26 0.361 1 N54 0.361 1 N93 0.431 1

N9 0.275 4 N14 0.361 1 N55 0.361 1 N94 0.431 1

N10 0.275 4 N16 0.361 1 N56 0.361 1 N95 0.431 1

N11 0.275 4 N17 0.361 1 N57 0.361 1 N98 0.431 1

N80 0.297 4 N18 0.361 1 N60 0.361 1 N2 0.448 1

N96 0.300 4 N19 0.361 1 N62 0.361 1 N3 0.588 5

N97 0.300 4 N21 0.361 1 N63 0.361 1 N99 0.779 2

N102 0.310 4 N23 0.361 1 N64 0.361 1

N103 0.328 1 N24 0.361 1 N66 0.361 1

N74 0.332 1 N25 0.361 1 N67 0.361 1

N69 0.336 1 N27 0.361 1 N44 0.361 1

N71 0.336 1 N28 0.361 1 N100 0.361 1

N72 0.336 1 N30 0.361 1 N13 0.361 1

N73 0.336 1 N31 0.361 1 N12 0.361 1

N75 0.336 1 N33 0.361 1 N29 0.361 1

N76 0.336 1 N34 0.361 1 N43 0.361 1

N77 0.336 1 N35 0.361 1 N6 0.362 1

N78 0.336 1 N37 0.361 1 N101 0.362 1

N79 0.336 1 N38 0.361 1 N58 0.366 1

N70 0.336 1 N39 0.361 1 N32 0.366 1

N4 0.346 1 N40 0.361 1 N36 0.366 1

N1 0.352 1 N41 0.361 1 N7 0.373 1

3.23. Shannon Entropy of B2j for j = 1, 2, . . . 105 and Classification

For the amino acid A2(C) the SE for the 105 binary sequences B2j for565

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig

24. The SE of the binary representations of ordering of the amino acid A2 over

all the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.570
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Figure 24: Plot of the SEs and corresponding histogram of all the binary sequences B2j for

j = 1, 2, . . . 105 corresponding to the amino acid A2(C).

Here the SE of the 105 binary representation of the amino acid A2 is ranging

from 0 to 0.448 with standard deviation 0.0765. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, seven clusters

(C) are formed as presented in the Table 25.

It is found that the SE of the spatial distribution of amino acid A2 in the575

protein sequence N68, N88, N89, N90, N91, N92, N93, N94, N95 and N99 is zero

which indicates the amount of uncertainly is zero i.e. the absolutely absence of

the amino acid A2(C) over these proteins. The other clusters contains rest all

protein sequences where the spatial presence of the amino acid over the protein

sequences are having low uncertainly (high certainty) as shown in the Table 25.580
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Table 25: SE of 105 B2j for j = 1, 2, . . . 105 corresponding to the amino acid A2(C).

Seq SE C Seq SE C Seq SE C Seq SE C

N68 0.000 1 N76 0.201 4 N51 0.204 4 N103 0.224 5

N88 0.000 1 N77 0.201 4 N52 0.204 4 N102 0.239 5

N89 0.000 1 N78 0.201 4 N53 0.204 4 N96 0.242 5

N90 0.000 1 N79 0.201 4 N54 0.204 4 N97 0.242 5

N91 0.000 1 N70 0.202 4 N55 0.204 4 N6 0.253 5

N92 0.000 1 N14 0.204 4 N56 0.204 4 N5 0.257 5

N93 0.000 1 N16 0.204 4 N57 0.204 4 N1 0.259 5

N94 0.000 1 N17 0.204 4 N59 0.204 4 N81 0.271 5

N95 0.000 1 N18 0.204 4 N60 0.204 4 N87 0.285 5

N99 0.000 1 N19 0.204 4 N61 0.204 4 N82 0.319 6

N15 0.050 2 N20 0.204 4 N62 0.204 4 N83 0.319 6

N3 0.081 2 N21 0.204 4 N63 0.204 4 N84 0.319 6

N104 0.109 3 N23 0.204 4 N64 0.204 4 N85 0.319 6

N105 0.123 3 N24 0.204 4 N65 0.204 4 N86 0.319 6

N8 0.130 3 N27 0.204 4 N66 0.204 4 N2 0.448 7

N9 0.171 3 N28 0.204 4 N67 0.204 4

N10 0.171 3 N29 0.204 4 N44 0.204 4

N11 0.171 3 N30 0.204 4 N13 0.204 4

N4 0.175 3 N33 0.204 4 N12 0.204 4

N80 0.176 3 N34 0.204 4 N26 0.204 4

N98 0.177 3 N35 0.204 4 N22 0.204 4

N100 0.200 4 N37 0.204 4 N25 0.204 4

N32 0.201 4 N38 0.204 4 N31 0.204 4

N36 0.201 4 N43 0.204 4 N39 0.204 4

N58 0.201 4 N45 0.204 4 N40 0.204 4

N69 0.201 4 N46 0.204 4 N41 0.204 4

N71 0.201 4 N47 0.204 4 N42 0.204 4

N73 0.201 4 N48 0.204 4 N7 0.204 4

N74 0.201 4 N49 0.204 4 N72 0.205 4

N75 0.201 4 N50 0.204 4 N101 0.216 5

3.24. Shannon Entropy of B3j for j = 1, 2, . . . 105 and Classification

For the amino acid A3(F ) the SE for the 105 binary sequences B3j for

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig

25. The SE of the binary representations of ordering of the amino acid A3 over585

all the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.
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Figure 25: Plot of the SEs and corresponding histogram of all the binary sequences B3j for

j = 1, 2, . . . 105 corresponding to the amino acid A3(F ).

Table 26: SE of 105 B3j for j = 1, 2, . . . 105 corresponding to the amino acid A3(F ).

Seq SE C Seq SE C Seq SE C Seq SE C

N103 0.094 4 N21 0.283 2 N67 0.283 2 N104 0.330 7

N3 0.170 5 N23 0.283 2 N44 0.283 2 N100 0.332 7

N15 0.183 5 N25 0.283 2 N13 0.283 2 N82 0.351 7

N88 0.200 5 N28 0.283 2 N20 0.284 2 N83 0.351 7

N89 0.200 5 N29 0.283 2 N22 0.284 2 N84 0.351 7

N90 0.200 5 N30 0.283 2 N24 0.284 2 N85 0.351 7

N91 0.200 5 N31 0.283 2 N27 0.284 2 N86 0.351 7

N92 0.200 5 N35 0.283 2 N33 0.284 2 N96 0.353 7

N93 0.200 5 N37 0.283 2 N34 0.284 2 N97 0.353 7

N94 0.200 5 N38 0.283 2 N40 0.284 2 N7 0.381 1

N95 0.200 5 N39 0.283 2 N59 0.284 2 N101 0.387 1

N98 0.221 5 N41 0.283 2 N62 0.284 2 N87 0.411 1

N2 0.224 5 N43 0.283 2 N26 0.284 2 N80 0.485 6

N105 0.228 5 N45 0.283 2 N8 0.284 2 N81 0.583 8

N5 0.242 5 N46 0.283 2 N9 0.290 2 N99 0.619 3

N4 0.247 2 N47 0.283 2 N10 0.290 2

N6 0.274 2 N48 0.283 2 N11 0.290 2

N36 0.274 2 N49 0.283 2 N102 0.310 7

N32 0.275 2 N50 0.283 2 N1 0.315 7

N58 0.275 2 N52 0.283 2 N72 0.326 7

N42 0.282 2 N53 0.283 2 N78 0.326 7

N51 0.282 2 N54 0.283 2 N69 0.329 7

N60 0.282 2 N55 0.283 2 N71 0.329 7

N12 0.283 2 N56 0.283 2 N73 0.329 7

N68 0.283 2 N57 0.283 2 N74 0.329 7

N14 0.283 2 N61 0.283 2 N75 0.329 7

N16 0.283 2 N63 0.283 2 N76 0.329 7

N17 0.283 2 N64 0.283 2 N77 0.329 7

N18 0.283 2 N65 0.283 2 N79 0.329 7

N19 0.283 2 N66 0.283 2 N70 0.330 7

Here the SE of the 105 binary representation of the amino acid A3 is ranging
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from 0.094 to 0.619 with standard deviation 0.0667. Based on the SEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, seven590

clusters (C) are formed as presented in the Table 26.

The SE is greater than 0.5 for the binary representations of the protein A3

over the proteins N81 and N99 and consequently the amount of uncertainty is

lowering. It is noted that these two sequences are very small in length. Other

clusters as usual contains rest all protein sequences where the spatial presence of595

the amino acid A3 over the protein sequences are having low uncertainly (high

certainty) as shown in the Table 26.

3.25. Shannon Entropy of B4j for j = 1, 2, . . . 105 and Classification

For the amino acid A4(G) the SE for the 105 binary sequences B4j for

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-600

quences has been plotted and corresponding histogram is also given in the Fig

26. The SE of the binary representations of ordering of the amino acid A4 over

all the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Figure 26: Plot of the SEs and corresponding histogram of all the binary sequences B4j for

j = 1, 2, . . . 105 corresponding to the amino acid A4(G).

Here the SE of the 105 binary representation of the amino acid A4 is ranging605

from 0 to 0.536 with standard deviation 0.0852. Based on the SEs of the binary
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sequences all these 105 primary protein sequences of SARS-CoV2, six clusters

(C) are formed as presented in the Table 27.

Table 27: SE of 105 B4j for j = 1, 2, . . . 105 corresponding to the amino acid A4(G).

Seq SE C Seq SE C Seq SE C Seq SE C

N68 0.000 4 N18 0.320 1 N52 0.320 1 N105 0.355 6

N81 0.000 4 N19 0.320 1 N55 0.320 1 N6 0.391 5

N103 0.094 4 N20 0.320 1 N56 0.320 1 N99 0.391 5

N96 0.102 4 N21 0.320 1 N57 0.320 1 N98 0.401 5

N97 0.102 4 N22 0.320 1 N59 0.320 1 N102 0.419 5

N3 0.113 4 N23 0.320 1 N61 0.320 1 N2 0.448 3

N80 0.176 4 N24 0.320 1 N62 0.320 1 N95 0.470 3

N87 0.210 1 N25 0.320 1 N63 0.320 1 N88 0.477 3

N82 0.248 1 N27 0.320 1 N64 0.320 1 N89 0.477 3

N83 0.248 1 N28 0.320 1 N65 0.320 1 N90 0.477 3

N84 0.248 1 N29 0.320 1 N66 0.320 1 N91 0.477 3

N85 0.248 1 N30 0.320 1 N67 0.320 1 N92 0.477 3

N86 0.248 1 N31 0.320 1 N44 0.320 1 N93 0.477 3

N9 0.275 1 N33 0.320 1 N26 0.320 1 N94 0.477 3

N11 0.275 1 N34 0.320 1 N32 0.327 6 N15 0.536 2

N100 0.279 1 N35 0.320 1 N36 0.327 6

N4 0.288 1 N37 0.320 1 N58 0.327 6

N10 0.290 1 N38 0.320 1 N8 0.339 6

N101 0.294 1 N39 0.320 1 N104 0.342 6

N5 0.300 1 N40 0.320 1 N77 0.342 6

N7 0.303 1 N41 0.320 1 N69 0.345 6

N1 0.315 1 N42 0.320 1 N71 0.345 6

N14 0.319 1 N43 0.320 1 N72 0.345 6

N53 0.319 1 N45 0.320 1 N73 0.345 6

N54 0.319 1 N46 0.320 1 N74 0.345 6

N60 0.319 1 N47 0.320 1 N76 0.345 6

N13 0.319 1 N48 0.320 1 N78 0.345 6

N12 0.319 1 N49 0.320 1 N79 0.345 6

N16 0.320 1 N50 0.320 1 N70 0.345 6

N17 0.320 1 N51 0.320 1 N75 0.348 6

It is noted that the amino acid A4(G) does not present in the primary protein

sequences of N68 and N81 and consequently the SE is turned up as zero saying610

that there is no uncertainty. In the cluster 4 there are other sequences N103,

N96, N97, N3 and N80 having 0.0839 as the centre cluster 4 of the SEs and so

the amount of uncertainty of presence of the amino acid A4(G) is low. All these

sequences are smaller than 198 in length. The largest cluster 1 which contains

most of the protein sequences where the the presence of the amino acid over the615

protein sequences is almost certain with HE at centre of the cluster 0.3088. The

other clusters also contains similar proteins where the amino acid A3 is present
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with almost certainty.

3.26. Shannon Entropy of B5j for j = 1, 2, . . . 105 and Classification

For the amino acid A5(H) the SE for the 105 binary sequences B5j for620

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig

27. The SE of the binary representations of ordering of the amino acid A5 over

all the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.625

Figure 27: Plot of the SEs and corresponding histogram of all the binary sequences B5j for

j = 1, 2, . . . 105 corresponding to the amino acid A5(H).

Here the SE of the 105 binary representation of the amino acid A5 is ranging

from 0 to 0.271 with standard deviation 0.0459. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, eight clusters

(C) are formed as presented in the Table 28.

The amino acid A5(H) does not present in the amino acid sequence of the630

proteins N3, N80, N97, N98 and N99 and so the SE is turned up as zero implying

there is no uncertainly at all, naturally. The SE of the spatial representation

of the presence and absence of the amino acid A5 over the proteins N88, N89,

N90, N91, N92, N94 and N95 (belong to cluster 4) of length 419 is 0.078 and

hence the spatial distriburion is more certainly/orderly. The largest cluster 1635

contains protein sequence of various lengths including highest length where the
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presence of the amino acid is clearly having least of uncertainty (SE: 0.144).

It is noted that the protein N81 of length 43 having highest SE 0.271 having

having certainty of appearance of the amino acid A5.

Table 28: SE of 105 B5j for j = 1, 2, . . . 105 corresponding to the amino acid A5(H).

Seq SE C Seq SE C Seq SE C Seq SE C

N3 0.000 3 N32 0.124 8 N37 0.144 1 N8 0.155 6

N80 0.000 3 N36 0.124 8 N38 0.144 1 N102 0.157 6

N97 0.000 3 N58 0.124 8 N39 0.144 1 N87 0.168 6

N98 0.000 3 N104 0.126 1 N40 0.144 1 N100 0.189 2

N99 0.000 3 N4 0.130 1 N41 0.144 1 N9 0.190 2

N88 0.078 4 N7 0.130 1 N42 0.144 1 N10 0.190 2

N89 0.078 4 N5 0.141 1 N43 0.144 1 N11 0.190 2

N90 0.078 4 N49 0.143 1 N45 0.144 1 N82 0.210 2

N91 0.078 4 N64 0.143 1 N46 0.144 1 N83 0.210 2

N92 0.078 4 N13 0.143 1 N47 0.144 1 N84 0.210 2

N93 0.078 4 N12 0.143 1 N48 0.144 1 N85 0.210 2

N94 0.078 4 N26 0.144 1 N50 0.144 1 N86 0.210 2

N95 0.078 4 N14 0.144 1 N51 0.144 1 N1 0.233 7

N103 0.094 8 N16 0.144 1 N52 0.144 1 N15 0.237 7

N79 0.097 8 N17 0.144 1 N53 0.144 1 N81 0.271 5

N96 0.102 8 N18 0.144 1 N54 0.144 1

N69 0.102 8 N19 0.144 1 N55 0.144 1

N71 0.102 8 N20 0.144 1 N56 0.144 1

N72 0.102 8 N22 0.144 1 N57 0.144 1

N73 0.102 8 N23 0.144 1 N59 0.144 1

N74 0.102 8 N24 0.144 1 N60 0.144 1

N75 0.102 8 N25 0.144 1 N61 0.144 1

N76 0.102 8 N27 0.144 1 N62 0.144 1

N77 0.102 8 N28 0.144 1 N63 0.144 1

N78 0.102 8 N29 0.144 1 N65 0.144 1

N70 0.102 8 N30 0.144 1 N66 0.144 1

N101 0.105 8 N31 0.144 1 N67 0.144 1

N6 0.107 8 N33 0.144 1 N44 0.144 1

N68 0.121 8 N34 0.144 1 N21 0.145 1

N105 0.123 8 N35 0.144 1 N2 0.150 1

3.27. Shannon Entropy of B6j for j = 1, 2, . . . 105 and Classification640

For the amino acid A6(I) the SE for the 105 binary sequences B6j for

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig

28. The SE of the binary representations of ordering of the amino acid A6 over

all the primary protein sequences would reveal the amount of uncertainty of the645

presence or absence of the amino acid.
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Figure 28: Plot of the SEs and corresponding histogram of all the binary sequences B6j for

j = 1, 2, . . . 105 corresponding to the amino acid A6(I).

Here the SE of the 105 binary representation of the amino acid A6 is ranging

from 0 to 0.644 with standard deviation 0.0749. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, eight clusters

(C) are formed as presented in the Table 29.650

The amino acid A6(I) does not present in the protein N99 (of smallest length

13) and so the SE is turned up as zero implying there is no uncertainly at all,

as usual. The rest all the clusters except 6 contain only those proteins where

the amino acid A6(I) is spread spatially with certainty whereas the cluster 6

contains two sequences N81 (of length 43) and N68 (of length 61) where the655

absence of the amino acid dominate the presence with certainty.
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Table 29: SE of 105 B6j for j = 1, 2, . . . 105 corresponding to the amino acid A6(I).

Seq SE C Seq SE C Seq SE C Seq SE C

N99 0.000 1 N31 0.279 4 N18 0.280 4 N6 0.338 5

N15 0.122 1 N33 0.279 4 N19 0.280 4 N87 0.351 5

N98 0.128 1 N34 0.279 4 N20 0.280 4 N104 0.353 5

N103 0.164 7 N37 0.279 4 N25 0.280 4 N9 0.389 3

N2 0.188 7 N39 0.279 4 N27 0.280 4 N10 0.389 3

N88 0.211 7 N40 0.279 4 N29 0.280 4 N11 0.389 3

N89 0.211 7 N41 0.279 4 N35 0.280 4 N80 0.398 3

N90 0.211 7 N42 0.279 4 N38 0.280 4 N83 0.411 6

N91 0.211 7 N43 0.279 4 N51 0.280 4 N84 0.411 6

N92 0.211 7 N45 0.279 4 N59 0.280 4 N85 0.411 6

N93 0.211 7 N46 0.279 4 N28 0.281 4 N86 0.411 6

N94 0.211 7 N47 0.279 4 N32 0.281 4 N8 0.437 6

N95 0.211 7 N48 0.279 4 N36 0.281 4 N82 0.439 6

N100 0.221 8 N49 0.279 4 N58 0.282 4 N81 0.519 2

N102 0.223 8 N50 0.279 4 N4 0.286 4 N68 0.644 2

N96 0.242 8 N52 0.279 4 N3 0.289 4

N97 0.242 8 N53 0.279 4 N101 0.308 5

N1 0.275 4 N54 0.279 4 N69 0.326 5

N55 0.279 4 N56 0.279 4 N71 0.326 5

N61 0.279 4 N57 0.279 4 N72 0.326 5

N65 0.279 4 N60 0.279 4 N73 0.326 5

N5 0.279 4 N62 0.279 4 N74 0.326 5

N26 0.279 4 N63 0.279 4 N75 0.326 5

N14 0.279 4 N64 0.279 4 N76 0.326 5

N16 0.279 4 N66 0.279 4 N77 0.326 5

N21 0.279 4 N67 0.279 4 N78 0.326 5

N22 0.279 4 N44 0.279 4 N79 0.326 5

N23 0.279 4 N13 0.279 4 N7 0.327 5

N24 0.279 4 N12 0.280 4 N105 0.329 5

N30 0.279 4 N17 0.280 4 N70 0.330 5

3.28. Shannon Entropy of B7j for j = 1, 2, . . . 105 and Classification

For the amino acid A7(L) the SE for the 105 binary sequences B7j for

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig660

29. The SE of the binary representations of ordering of the amino acid A7 over

all the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Here the SE of the 105 binary representation of the amino acid A7 is ranging

from 0 to 0.644 with standard deviation 0.0749. Based on the SEs of the binary665

sequences all these 105 primary protein sequences of SARS-CoV2, six clusters

(C) are formed as presented in the Table 30.
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Figure 29: Plot of the SEs and corresponding histogram of all the binary sequences B7j for

j = 1, 2, . . . 105 corresponding to the amino acid A7(L).

Table 30: SE of 105 B7j for j = 1, 2, . . . 105 corresponding to the amino acid A7(L).

Seq SE C Seq SE C Seq SE C Seq SE C

N2 0.318 3 N3 0.439 1 N50 0.450 1 N80 0.485 1

N89 0.345 3 N4 0.442 1 N51 0.450 1 N105 0.492 1

N90 0.345 3 N20 0.450 1 N52 0.450 1 N10 0.497 1

N91 0.345 3 N24 0.450 1 N53 0.450 1 N11 0.497 1

N92 0.345 3 N27 0.450 1 N54 0.450 1 N9 0.508 4

N93 0.345 3 N33 0.450 1 N55 0.450 1 N15 0.520 4

N94 0.345 3 N34 0.450 1 N56 0.450 1 N87 0.541 4

N95 0.345 3 N47 0.450 1 N57 0.450 1 N68 0.561 4

N88 0.354 3 N59 0.450 1 N61 0.450 1 N98 0.565 4

N82 0.382 5 N62 0.450 1 N64 0.450 1 N101 0.588 4

N85 0.382 5 N44 0.450 1 N65 0.450 1 N8 0.629 6

N86 0.382 5 N6 0.450 1 N67 0.450 1 N96 0.665 6

N1 0.388 5 N14 0.450 1 N13 0.450 1 N103 0.682 6

N99 0.391 5 N16 0.450 1 N12 0.450 1 N97 0.694 6

N83 0.411 5 N17 0.450 1 N26 0.451 1 N81 0.820 2

N84 0.411 5 N18 0.450 1 N23 0.451 1

N5 0.413 5 N19 0.450 1 N25 0.451 1

N104 0.415 5 N21 0.450 1 N30 0.451 1

N69 0.419 5 N22 0.450 1 N37 0.451 1

N71 0.419 5 N28 0.450 1 N40 0.451 1

N72 0.419 5 N29 0.450 1 N41 0.451 1

N73 0.419 5 N31 0.450 1 N60 0.451 1

N74 0.419 5 N35 0.450 1 N63 0.451 1

N75 0.419 5 N38 0.450 1 N66 0.451 1

N76 0.419 5 N39 0.450 1 N42 0.451 1

N77 0.419 5 N43 0.450 1 N102 0.452 1

N79 0.419 5 N45 0.450 1 N7 0.463 1

N70 0.419 5 N46 0.450 1 N32 0.464 1

N78 0.422 5 N48 0.450 1 N58 0.464 1

N100 0.433 1 N49 0.450 1 N36 0.465 1

The proteins N2 (of length 138) and N89, N90, N91, N92, N93, N94 and N95
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of length 419 in the cluster 3, where the amino acid A7(L) is spread spatially

with certainty. The clusters 1 and 5 contain majority of the protein sequences670

where the presence of the amino acid is spread over the proteins with almost

certainty whereas the clusters 2 and 6 contain five protein sequences where the

absence of the amino acid A7 is spread with almost certainty.

3.29. Shannon Entropy of B8j for j = 1, 2, . . . 105 and Classification

For the amino acid A8(M) the SE for the 105 binary sequences B8j for675

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig

30. The SE of the binary representations of ordering of the amino acid A8 over

all the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.680

Figure 30: Plot of the SEs and corresponding histogram of all the binary sequences B8j for

j = 1, 2, . . . 105 corresponding to the amino acid A8(M).

Here the SE of the 105 binary representation of the amino acid A8 is ranging

from 0 to 0.322 with standard deviation 0.0749. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, six clusters

(C) are formed as presented in the Table 31.

The amino acid A8(M) does not present in the sequence N99 which is of685

smallest length and so the amount of uncertaintly is zero as found in the Table

31. The cluster 1 including others contains most of the proteins of SARS-CoV2
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where the amino acid is present all over the proteins of various lengths with

almost certainty which is validated by its SE which is 0.162.

Table 31: SE of 105 B8j for j = 1, 2, . . . 105 corresponding to the amino acid A8(M).

Seq SE C Seq SE C Seq SE C Seq SE C

N99 0.000 3 N91 0.123 4 N31 0.162 1 N67 0.162 1

N82 0.069 6 N92 0.123 4 N33 0.162 1 N44 0.162 1

N83 0.069 6 N93 0.123 4 N34 0.162 1 N32 0.162 1

N84 0.069 6 N94 0.123 4 N35 0.162 1 N36 0.162 1

N85 0.069 6 N95 0.123 4 N37 0.162 1 N1 0.167 1

N86 0.069 6 N98 0.128 4 N38 0.162 1 N100 0.178 1

N87 0.069 6 N7 0.130 4 N39 0.162 1 N2 0.188 1

N69 0.087 5 N8 0.130 4 N40 0.162 1 N102 0.208 1

N71 0.087 5 N4 0.136 4 N41 0.162 1 N105 0.244 2

N72 0.087 5 N52 0.161 1 N42 0.162 1 N3 0.267 2

N73 0.087 5 N59 0.161 1 N43 0.162 1 N81 0.271 2

N74 0.087 5 N13 0.161 1 N45 0.162 1 N103 0.279 2

N75 0.087 5 N12 0.161 1 N46 0.162 1 N68 0.283 2

N76 0.087 5 N58 0.161 1 N47 0.162 1 N80 0.297 2

N77 0.087 5 N26 0.162 1 N48 0.162 1 N101 0.322 2

N78 0.087 5 N14 0.162 1 N49 0.162 1

N79 0.087 5 N16 0.162 1 N50 0.162 1

N70 0.087 5 N17 0.162 1 N51 0.162 1

N5 0.102 5 N18 0.162 1 N53 0.162 1

N96 0.102 5 N19 0.162 1 N54 0.162 1

N97 0.102 5 N20 0.162 1 N55 0.162 1

N104 0.109 4 N21 0.162 1 N56 0.162 1

N9 0.110 4 N22 0.162 1 N57 0.162 1

N10 0.110 4 N23 0.162 1 N60 0.162 1

N11 0.110 4 N24 0.162 1 N61 0.162 1

N6 0.116 4 N25 0.162 1 N62 0.162 1

N15 0.122 4 N27 0.162 1 N63 0.162 1

N88 0.123 4 N28 0.162 1 N64 0.162 1

N89 0.123 4 N29 0.162 1 N65 0.162 1

N90 0.123 4 N30 0.162 1 N66 0.162 1

3.30. Shannon Entropy of B9j for j = 1, 2, . . . 105 and Classification690

For the amino acid A9(N) the SE For the 105 binary sequences B9j for

j = 1, 2, . . . 105 have been determined. The plot of the SE for the binary se-

quences has been plotted and corresponding histogram is also given in the Fig

31. The SE of the binary representations of ordering of the amino acid A9 over

all the primary protein sequences would reveal the amount of uncertainty of the695

presence or absence of the amino acid.

Here the SE of the 105 binary representation of the amino acid A9 is rang-

ing from 0.121 to 0.562. Based on the SEs of the binary sequences all these
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105 primary protein sequences of SARS-CoV2, six clusters (C) are formed as

presented in the Table 32.700

Figure 31: Plot of the SEs and corresponding histogram of all the binary sequences B9j for

j = 1, 2, . . . 105 corresponding to the amino acid A9(M).

The cluster 3 contains one protein N80 where the spatial distribution B980

has the SE 0.562 which says the absence of the the amino acid A9 over the

protein is without uncertainty. It is noted that total number of amino acid A9

placed over the 38 length protein N80 is 5. The other five clusters contains rest

104 proteins where the amino acid A9 is spread with certainty as the HE is less705

than 0.5.

60

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0034.v2

https://doi.org/10.20944/preprints202004.0034.v2


Table 32: SE of 105 B9j for j = 1, 2, . . . 105 corresponding to the amino acid A9(N).

Seq SE C Seq SE C Seq SE C Seq SE C

N82 0.121 5 N51 0.303 1 N49 0.304 1 N102 0.361 6

N83 0.121 5 N26 0.304 1 N50 0.304 1 N71 0.363 6

N84 0.121 5 N14 0.304 1 N52 0.304 1 N72 0.363 6

N85 0.121 5 N17 0.304 1 N53 0.304 1 N73 0.363 6

N86 0.121 5 N18 0.304 1 N54 0.304 1 N74 0.363 6

N87 0.121 5 N19 0.304 1 N55 0.304 1 N75 0.363 6

N81 0.159 2 N20 0.304 1 N56 0.304 1 N76 0.363 6

N9 0.190 2 N21 0.304 1 N59 0.304 1 N77 0.363 6

N10 0.190 2 N22 0.304 1 N60 0.304 1 N78 0.363 6

N11 0.190 2 N23 0.304 1 N61 0.304 1 N79 0.363 6

N15 0.211 2 N24 0.304 1 N62 0.304 1 N70 0.363 6

N101 0.216 2 N25 0.304 1 N63 0.304 1 N69 0.366 6

N103 0.224 2 N27 0.304 1 N64 0.304 1 N105 0.368 6

N7 0.251 1 N28 0.304 1 N65 0.304 1 N99 0.391 4

N6 0.280 1 N29 0.304 1 N66 0.304 1 N80 0.562 3

N104 0.283 1 N30 0.304 1 N67 0.304 1

N8 0.284 1 N31 0.304 1 N44 0.304 1

N5 0.286 1 N33 0.304 1 N13 0.304 1

N2 0.288 1 N34 0.304 1 N12 0.304 1

N88 0.297 1 N35 0.304 1 N16 0.304 1

N90 0.297 1 N37 0.304 1 N46 0.304 1

N91 0.297 1 N38 0.304 1 N57 0.304 1

N92 0.297 1 N39 0.304 1 N89 0.307 1

N93 0.297 1 N40 0.304 1 N4 0.320 1

N94 0.297 1 N41 0.304 1 N100 0.328 1

N95 0.297 1 N42 0.304 1 N98 0.335 6

N32 0.299 1 N43 0.304 1 N68 0.349 6

N36 0.299 1 N45 0.304 1 N3 0.350 6

N58 0.299 1 N47 0.304 1 N96 0.353 6

N1 0.300 1 N48 0.304 1 N97 0.353 6

3.31. Shannon Entropy of B10j for j = 1, 2, . . . 105 and Classification

For the amino acid A10(P ) the SE for the 105 binary sequences B10j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 32. The710

SE of the binary representations of ordering of the amino acid A10 over all

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Here the SE of the 105 binary representation of the amino acid A10 is ranging

from 0 to 0.644 with standard deviation 0.0749. Based on the SEs of the binary715

sequences all these 105 primary protein sequences of SARS-CoV2, six clusters

(C) are formed as presented in the Table 33.
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Figure 32: Plot of the SEs and corresponding histogram of all the binary sequences B10j for

j = 1, 2, . . . 105 corresponding to the amino acid A10(P ).

Table 33: SE of 105 B10j for j = 1, 2, . . . 105 corresponding to the amino acid A10(P ).

Seq SE C Seq SE C Seq SE C Seq SE C

N81 0.000 4 N16 0.236 2 N57 0.236 2 N98 0.299 6

N99 0.000 4 N17 0.236 2 N59 0.236 2 N2 0.318 6

N103 0.000 4 N18 0.236 2 N60 0.236 2 N82 0.319 6

N68 0.121 3 N19 0.236 2 N62 0.236 2 N83 0.319 6

N8 0.155 3 N20 0.236 2 N64 0.236 2 N84 0.319 6

N101 0.164 3 N21 0.236 2 N65 0.236 2 N85 0.319 6

N80 0.176 3 N22 0.236 2 N44 0.236 2 N86 0.319 6

N96 0.177 3 N24 0.236 2 N13 0.236 2 N91 0.345 1

N97 0.177 3 N27 0.236 2 N12 0.236 2 N94 0.345 1

N3 0.196 3 N28 0.236 2 N7 0.242 2 N88 0.354 1

N100 0.205 2 N29 0.236 2 N104 0.244 2 N89 0.354 1

N105 0.212 2 N30 0.236 2 N102 0.254 5 N90 0.354 1

N6 0.216 2 N31 0.236 2 N9 0.259 5 N92 0.354 1

N32 0.229 2 N33 0.236 2 N10 0.259 5 N93 0.354 1

N36 0.229 2 N34 0.236 2 N11 0.259 5 N95 0.354 1

N58 0.229 2 N35 0.236 2 N15 0.262 5

N4 0.233 2 N38 0.236 2 N69 0.267 5

N26 0.235 2 N39 0.236 2 N71 0.267 5

N23 0.235 2 N43 0.236 2 N72 0.267 5

N25 0.235 2 N45 0.236 2 N73 0.267 5

N37 0.235 2 N46 0.236 2 N74 0.267 5

N40 0.235 2 N47 0.236 2 N75 0.267 5

N41 0.235 2 N48 0.236 2 N76 0.267 5

N42 0.235 2 N49 0.236 2 N77 0.267 5

N56 0.235 2 N50 0.236 2 N78 0.267 5

N61 0.235 2 N51 0.236 2 N79 0.267 5

N63 0.235 2 N52 0.236 2 N70 0.267 5

N66 0.235 2 N53 0.236 2 N1 0.284 5

N67 0.235 2 N54 0.236 2 N87 0.285 5

N14 0.236 2 N55 0.236 2 N5 0.286 5

The cluster 3 contains the proteins N81, N99 and N103 where the HE is
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turned out to be zero for the binary representations B10j for j = 81, 99 and 103

of the amino acid A10. These proteins naturally absolutely free from the amino720

acid A10. The cluster 1 contains all the protein sequences 419 where the amino

acid A10 is present over the proteins with almost certainty.

3.32. Shannon Entropy of B11j for j = 1, 2, . . . 105 and Classification

For the amino acid A11(Q) the SE for the 105 binary sequences B11j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences725

has been plotted and corresponding histogram is also given in the Fig 33. The

SE of the binary representations of ordering of the amino acid A11 over all

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Figure 33: Plot of the SEs and corresponding histogram of all the binary sequences B11j for

j = 1, 2, . . . 105 corresponding to the amino acid A11(Q).

Here the SE of the 105 binary representation of the amino acid A11 is ranging730

from 0 to 0.415 with standard deviation 0.0749. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, six clusters

(C) are formed as presented in the Table 34.

The cluster 4 contains the proteins N96 and N97 of length where the HE is

turned out to be zero for the binary representations B10j for j = 96 and 97 of735

the amino acid A11. It is noted that these two proteins naturally absolutely free
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from the amino acid A11. All the rest clusters contain all the protein sequences

where the amino acid A10 is present over the proteins with almost certainty.

Table 34: SE of 105 B11j for j = 1, 2, . . . 105 corresponding to the amino acid A11(Q).

Seq SE C Seq SE C Seq SE C Seq SE C

N96 0.000 4 N31 0.213 3 N65 0.213 3 N83 0.285 1

N97 0.000 4 N33 0.213 3 N66 0.213 3 N84 0.285 1

N7 0.130 3 N34 0.213 3 N67 0.213 3 N85 0.285 1

N8 0.130 3 N35 0.213 3 N44 0.213 3 N86 0.285 1

N81 0.159 3 N37 0.213 3 N13 0.213 3 N3 0.310 1

N101 0.164 3 N38 0.213 3 N12 0.213 3 N103 0.374 6

N80 0.176 3 N39 0.213 3 N32 0.215 3 N99 0.391 6

N6 0.185 3 N40 0.213 3 N36 0.215 3 N88 0.415 2

N5 0.194 3 N41 0.213 3 N58 0.215 3 N89 0.415 2

N100 0.195 3 N42 0.213 3 N4 0.219 3 N90 0.415 2

N1 0.196 3 N43 0.213 3 N98 0.221 3 N91 0.415 2

N9 0.208 3 N45 0.213 3 N15 0.237 5 N92 0.415 2

N10 0.208 3 N46 0.213 3 N105 0.244 5 N93 0.415 2

N11 0.208 3 N47 0.213 3 N87 0.248 5 N94 0.415 2

N21 0.212 3 N48 0.213 3 N2 0.257 5 N95 0.415 2

N26 0.213 3 N49 0.213 3 N104 0.257 5

N14 0.213 3 N50 0.213 3 N102 0.268 1

N16 0.213 3 N51 0.213 3 N69 0.281 1

N17 0.213 3 N52 0.213 3 N71 0.281 1

N18 0.213 3 N53 0.213 3 N72 0.281 1

N19 0.213 3 N54 0.213 3 N73 0.281 1

N20 0.213 3 N55 0.213 3 N74 0.281 1

N22 0.213 3 N56 0.213 3 N75 0.281 1

N23 0.213 3 N57 0.213 3 N76 0.281 1

N24 0.213 3 N59 0.213 3 N77 0.281 1

N25 0.213 3 N60 0.213 3 N78 0.281 1

N27 0.213 3 N61 0.213 3 N79 0.281 1

N28 0.213 3 N62 0.213 3 N70 0.281 1

N29 0.213 3 N63 0.213 3 N68 0.283 1

N30 0.213 3 N64 0.213 3 N82 0.285 1

3.33. Shannon Entropy of B12j for j = 1, 2, . . . 105 and Classification

For the amino acid A12(S) the SE for the 105 binary sequences B12j for j =740

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 34. The

SE of the binary representations of ordering of the amino acid A12 over all

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.745
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Figure 34: Plot of the SEs and corresponding histogram of all the binary sequences B12j for

j = 1, 2, . . . 105 corresponding to the amino acid A12(S).

Table 35: SE of 105 B12j for j = 1, 2, . . . 105 corresponding to the amino acid A12(S).

Seq SE C Seq SE C Seq SE C Seq SE C

N2 0.257 3 N29 0.344 5 N54 0.345 5 N82 0.411 1

N98 0.261 3 N31 0.344 5 N56 0.345 5 N83 0.411 1

N81 0.271 3 N33 0.344 5 N60 0.345 5 N85 0.411 1

N102 0.296 3 N34 0.344 5 N61 0.345 5 N88 0.423 1

N80 0.297 3 N35 0.344 5 N68 0.349 5 N89 0.423 1

N1 0.300 3 N37 0.344 5 N5 0.353 5 N93 0.423 1

N15 0.310 3 N38 0.344 5 N32 0.354 5 N90 0.431 1

N6 0.313 3 N39 0.344 5 N36 0.354 5 N92 0.431 1

N100 0.315 3 N41 0.344 5 N58 0.354 5 N91 0.439 1

N104 0.319 5 N42 0.344 5 N8 0.357 5 N94 0.439 1

N87 0.319 5 N43 0.344 5 N4 0.371 5 N95 0.439 1

N101 0.322 5 N45 0.344 5 N84 0.382 1 N96 0.490 4

N26 0.343 5 N46 0.344 5 N86 0.382 1 N97 0.490 4

N14 0.344 5 N47 0.344 5 N3 0.387 1 N103 0.531 4

N16 0.344 5 N48 0.344 5 N7 0.388 1 N99 0.619 2

N20 0.344 5 N49 0.344 5 N71 0.391 1

N28 0.344 5 N50 0.344 5 N76 0.391 1

N30 0.344 5 N52 0.344 5 N105 0.392 1

N40 0.344 5 N53 0.344 5 N69 0.394 1

N62 0.344 5 N55 0.344 5 N72 0.394 1

N12 0.344 5 N57 0.344 5 N73 0.394 1

N17 0.344 5 N59 0.344 5 N74 0.394 1

N18 0.344 5 N63 0.344 5 N75 0.394 1

N19 0.344 5 N64 0.344 5 N77 0.394 1

N21 0.344 5 N65 0.344 5 N78 0.394 1

N22 0.344 5 N66 0.344 5 N79 0.394 1

N23 0.344 5 N67 0.344 5 N70 0.394 1

N24 0.344 5 N44 0.344 5 N9 0.402 1

N25 0.344 5 N13 0.344 5 N10 0.402 1

N27 0.344 5 N51 0.345 5 N11 0.402 1

Here the SE of the 105 binary representation of the amino acid A12 is ranging
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from 0.257 to 0.619 with standard deviation 0.0503. Based on the SEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clusters (C) are formed as presented in the Table 35.

The amino acid A10 is present over the all the proteins except N99 with750

almost certainty since the SE of the spatial distributions is turned out to be less

than 0.5, as shown in the Table 35. The SE of the smallest lengthy protein N99

is greater than 0.5 which imply the absence of the amino acid is spread over the

protein with certainty.

3.34. Shannon Entropy of B13j for j = 1, 2, . . . 105 and Classification755

For the amino acid A13(T ) the SE for the 105 binary sequences B13j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 35. The

SE of the binary representations of ordering of the amino acid A13 over all

the primary protein sequences would reveal the amount of uncertainty of the760

presence or absence of the amino acid.

Figure 35: Plot of the SEs and corresponding histogram of all the binary sequences B13j for

j = 1, 2, . . . 105 corresponding to the amino acid A13(T ).

Here the SE of the 105 binary representation of the amino acid A13 is ranging

from 0 to 0.488 with standard deviation 0.0601. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, five clusters

(C) are formed as presented in the Table 36.765
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Table 36: SE of 105 B13j for j = 1, 2, . . . 105 corresponding to the amino acid A13(T ).

Seq SE C Seq SE C Seq SE C Seq SE C

N99 0.000 3 N35 0.381 2 N59 0.382 2 N94 0.389 2

N81 0.159 3 N38 0.381 2 N60 0.382 2 N95 0.389 2

N82 0.210 1 N63 0.381 2 N62 0.382 2 N32 0.396 2

N15 0.237 1 N26 0.382 2 N64 0.382 2 N36 0.396 2

N83 0.248 1 N16 0.382 2 N66 0.382 2 N58 0.396 2

N84 0.248 1 N21 0.382 2 N67 0.382 2 N102 0.397 2

N85 0.248 1 N22 0.382 2 N44 0.382 2 N7 0.409 5

N86 0.248 1 N23 0.382 2 N13 0.382 2 N87 0.411 5

N103 0.279 1 N24 0.382 2 N12 0.382 2 N5 0.413 5

N68 0.283 1 N30 0.382 2 N14 0.382 2 N4 0.417 5

N80 0.297 1 N31 0.382 2 N55 0.382 2 N9 0.427 5

N96 0.300 1 N33 0.382 2 N61 0.382 2 N10 0.427 5

N97 0.300 1 N37 0.382 2 N65 0.382 2 N11 0.427 5

N8 0.322 1 N39 0.382 2 N69 0.389 2 N2 0.448 5

N105 0.329 1 N40 0.382 2 N71 0.389 2 N98 0.488 4

N104 0.330 1 N41 0.382 2 N72 0.389 2

N1 0.330 1 N42 0.382 2 N73 0.389 2

N100 0.349 2 N43 0.382 2 N74 0.389 2

N3 0.350 2 N45 0.382 2 N75 0.389 2

N6 0.374 2 N46 0.382 2 N76 0.389 2

N101 0.375 2 N47 0.382 2 N77 0.389 2

N17 0.381 2 N48 0.382 2 N78 0.389 2

N18 0.381 2 N49 0.382 2 N79 0.389 2

N19 0.381 2 N50 0.382 2 N70 0.389 2

N20 0.381 2 N51 0.382 2 N88 0.389 2

N25 0.381 2 N52 0.382 2 N89 0.389 2

N27 0.381 2 N53 0.382 2 N90 0.389 2

N28 0.381 2 N54 0.382 2 N91 0.389 2

N29 0.381 2 N56 0.382 2 N92 0.389 2

N34 0.381 2 N57 0.382 2 N93 0.389 2

The amino acid A13(T ) is absent in the protein sequence of N99 and conse-

quently the binary representation B1399 of presence and absence of the amino

acid is absolutely a sequence with zeros without any uncertainty (SE=0) as

shown in the Table 36. The rest proteins belonging to other clusters have the

presence of the amino acid A13(T ) with least amount of uncertainty as depicted770

in the Table 36.

3.35. Shannon Entropy of B14j for j = 1, 2, . . . 105 and Classification

For the amino acid A14(V ) the SE for the 105 binary sequences B14j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 36. The775

SE of the binary representations of ordering of the amino acid A14 over all
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the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Figure 36: Plot of the SEs and corresponding histogram of all the binary sequences B14j for

j = 1, 2, . . . 105 corresponding to the amino acid A14(V ).

Here the SE of the 105 binary representation of the amino acid A14 is ranging

from 0.136 to 0.665 with standard deviation 0.0919. Based on the SEs of the780

binary sequences all these 105 primary protein sequences of SARS-CoV2, five

clusters (C) are formed as presented in the Table 37.

The essential amino acid V is present all over the 105 porteins and hence

none of the binary representations has the zero SE. The SE of the B1499 smallest

lengthy protein including other proteins such as N74 and N77 of length 1273 is785

exactly 0.391 which imply the presence of the amino acid A14 over the proteins

is with good certainty. The proteins N96 and N97 having length 75 have the

the maximum about of uncertainty (SE:0.665) as compared to other proteins.

The rest proteins belonging to other clusters have the presence of the amino

acid A14 with certainty.790
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Table 37: SE of 105 B14j for j = 1, 2, . . . 105 corresponding to the amino acid A14(V ).

Seq SE C Seq SE C Seq SE C Seq SE C

N88 0.136 4 N1 0.414 5 N42 0.417 5 N83 0.439 5

N89 0.136 4 N13 0.416 5 N43 0.417 5 N86 0.439 5

N90 0.136 4 N12 0.416 5 N45 0.417 5 N7 0.443 5

N91 0.136 4 N22 0.417 5 N46 0.417 5 N9 0.451 3

N93 0.136 4 N32 0.417 5 N47 0.417 5 N11 0.451 3

N94 0.136 4 N36 0.417 5 N49 0.417 5 N101 0.458 3

N95 0.136 4 N26 0.417 5 N51 0.417 5 N82 0.466 3

N92 0.150 4 N14 0.417 5 N52 0.417 5 N84 0.466 3

N81 0.159 4 N16 0.417 5 N54 0.417 5 N85 0.466 3

N68 0.283 1 N17 0.417 5 N55 0.417 5 N80 0.485 3

N98 0.299 1 N18 0.417 5 N56 0.417 5 N103 0.495 3

N8 0.303 1 N19 0.417 5 N57 0.417 5 N104 0.499 3

N105 0.342 1 N20 0.417 5 N60 0.417 5 N15 0.520 3

N2 0.346 1 N21 0.417 5 N62 0.417 5 N96 0.665 2

N3 0.350 1 N23 0.417 5 N64 0.417 5 N97 0.665 2

N87 0.351 1 N24 0.417 5 N66 0.417 5

N6 0.374 1 N25 0.417 5 N67 0.417 5

N69 0.389 1 N27 0.417 5 N44 0.417 5

N71 0.389 1 N28 0.417 5 N48 0.418 5

N72 0.389 1 N29 0.417 5 N50 0.418 5

N73 0.389 1 N30 0.417 5 N53 0.418 5

N75 0.389 1 N31 0.417 5 N59 0.418 5

N76 0.389 1 N33 0.417 5 N61 0.418 5

N78 0.389 1 N34 0.417 5 N63 0.418 5

N79 0.389 1 N35 0.417 5 N65 0.418 5

N70 0.389 1 N37 0.417 5 N58 0.418 5

N99 0.391 1 N38 0.417 5 N4 0.419 5

N74 0.391 1 N39 0.417 5 N5 0.430 5

N77 0.391 1 N40 0.417 5 N102 0.431 5

N100 0.400 5 N41 0.417 5 N10 0.439 5

3.36. Shannon Entropy of B15j for j = 1, 2, . . . 105 and Classification

For the amino acid A15(W ) the SE for the 105 binary sequences B15j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 37. The

SE of the binary representations of ordering of the amino acid A15 over all795

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.
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Figure 37: Plot of the SEs and corresponding histogram of all the binary sequences B15j for

j = 1, 2, . . . 105 corresponding to the amino acid A15(W ).

Table 38: SE of 105 B15j for j = 1, 2, . . . 105 corresponding to the amino acid A15(W ).

Seq SE C Seq SE C Seq SE C Seq SE C

N80 0.000 1 N32 0.084 2 N43 0.087 2 N92 0.093 2

N87 0.000 1 N36 0.084 2 N45 0.087 2 N93 0.093 2

N96 0.000 1 N58 0.084 2 N46 0.087 2 N94 0.093 2

N97 0.000 1 N6 0.087 2 N47 0.087 2 N95 0.093 2

N99 0.000 1 N26 0.087 2 N48 0.087 2 N7 0.094 2

N5 0.045 2 N14 0.087 2 N49 0.087 2 N103 0.094 2

N15 0.050 2 N16 0.087 2 N50 0.087 2 N68 0.121 5

N2 0.062 2 N17 0.087 2 N51 0.087 2 N9 0.131 5

N82 0.069 2 N18 0.087 2 N52 0.087 2 N1 0.136 5

N83 0.069 2 N19 0.087 2 N53 0.087 2 N101 0.145 4

N84 0.069 2 N20 0.087 2 N54 0.087 2 N10 0.152 4

N85 0.069 2 N21 0.087 2 N55 0.087 2 N11 0.152 4

N86 0.069 2 N22 0.087 2 N56 0.087 2 N81 0.159 4

N104 0.072 2 N23 0.087 2 N57 0.087 2 N105 0.161 4

N98 0.073 2 N24 0.087 2 N59 0.087 2 N8 0.202 3

N4 0.076 2 N25 0.087 2 N60 0.087 2

N69 0.077 2 N27 0.087 2 N61 0.087 2

N71 0.077 2 N28 0.087 2 N62 0.087 2

N72 0.077 2 N29 0.087 2 N63 0.087 2

N73 0.077 2 N30 0.087 2 N64 0.087 2

N74 0.077 2 N31 0.087 2 N65 0.087 2

N75 0.077 2 N33 0.087 2 N66 0.087 2

N77 0.077 2 N34 0.087 2 N67 0.087 2

N78 0.077 2 N35 0.087 2 N44 0.087 2

N79 0.077 2 N37 0.087 2 N13 0.087 2

N70 0.077 2 N38 0.087 2 N12 0.087 2

N100 0.079 2 N39 0.087 2 N88 0.093 2

N102 0.079 2 N40 0.087 2 N89 0.093 2

N3 0.081 2 N41 0.087 2 N90 0.093 2

N76 0.082 2 N42 0.087 2 N91 0.093 2

Here the SE of the 105 binary representation of the amino acid A15 is ranging
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from 0 to 0.202 with standard deviation 0.0919. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, five clusters800

(C) are formed as presented in the Table 38.

The cluster 1 contains five protein sequences where the amino acid A15 is

absent and hence the SE is turned up as zero. Most of the proteins in the largest

cluster 2 including other clusters contain the amino acid A15 spatially placed

over with almost certainty.805

3.37. Shannon Entropy of B16j for j = 1, 2, . . . 105 and Classification

For the amino acid A16(Y ) the SE for the 105 binary sequences B16j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 38. The

SE of the binary representations of ordering of the amino acid A16 over all810

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Figure 38: Plot of the SEs and corresponding histogram of all the binary sequences B16j for

j = 1, 2, . . . 105 corresponding to the amino acid A16(Y ).

Here the SE of the 105 binary representation of the amino acid A16 is ranging

from 0 to 0.398 with standard deviation 0.055. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, five clusters815

(C) are formed as presented in the Table 39.
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Table 39: SE of 105 B16j for j = 1, 2, . . . 105 corresponding to the amino acid A16(Y ).

Seq SE C Seq SE C Seq SE C Seq SE C

N99 0.000 2 N78 0.253 4 N38 0.274 1 N96 0.300 1

N103 0.000 2 N79 0.257 4 N39 0.274 1 N97 0.300 1

N81 0.159 5 N98 0.261 4 N43 0.274 1 N5 0.314 3

N88 0.175 5 N32 0.262 4 N45 0.274 1 N82 0.319 3

N89 0.175 5 N36 0.262 4 N46 0.274 1 N83 0.319 3

N90 0.175 5 N58 0.262 4 N47 0.274 1 N84 0.319 3

N91 0.175 5 N26 0.274 1 N48 0.274 1 N85 0.319 3

N92 0.175 5 N22 0.274 1 N50 0.274 1 N86 0.319 3

N93 0.175 5 N25 0.274 1 N51 0.274 1 N101 0.322 3

N94 0.175 5 N40 0.274 1 N52 0.274 1 N9 0.335 3

N95 0.175 5 N41 0.274 1 N53 0.274 1 N10 0.335 3

N15 0.183 5 N42 0.274 1 N54 0.274 1 N11 0.335 3

N6 0.193 5 N14 0.274 1 N55 0.274 1 N100 0.336 3

N3 0.196 5 N16 0.274 1 N56 0.274 1 N7 0.343 3

N104 0.203 5 N17 0.274 1 N57 0.274 1 N80 0.398 3

N68 0.208 5 N18 0.274 1 N59 0.274 1

N102 0.223 4 N19 0.274 1 N60 0.274 1

N2 0.224 4 N20 0.274 1 N61 0.274 1

N105 0.244 4 N21 0.274 1 N62 0.274 1

N8 0.245 4 N23 0.274 1 N63 0.274 1

N87 0.248 4 N24 0.274 1 N65 0.274 1

N69 0.250 4 N27 0.274 1 N66 0.274 1

N70 0.250 4 N28 0.274 1 N67 0.274 1

N71 0.253 4 N29 0.274 1 N44 0.274 1

N72 0.253 4 N30 0.274 1 N13 0.275 1

N73 0.253 4 N31 0.274 1 N12 0.275 1

N74 0.253 4 N33 0.274 1 N49 0.275 1

N75 0.253 4 N34 0.274 1 N64 0.275 1

N76 0.253 4 N35 0.274 1 N1 0.275 1

N77 0.253 4 N37 0.274 1 N4 0.281 1

The SE of the binary spatial representations of the proteins N99 and N103 is

zero as the the amino acid does not present at all over these two proteins. Rest

all the proteins have the amino acid A16 presence with certainty as presented

in the Table 39.820

3.38. Shannon Entropy of B17j for j = 1, 2, . . . 105 and Classification

For the amino acid A17(D) the SE for the 105 binary sequences B17j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 39. The

SE of the binary representations of ordering of the amino acid A17 over all825

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.
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Figure 39: Plot of the SEs and corresponding histogram of all the binary sequences B17j for

j = 1, 2, . . . 105 corresponding to the amino acid A17(D).

Table 40: SE of 105 B17j for j = 1, 2, . . . 105 corresponding to the amino acid A17(D).

Seq SE C Seq SE C Seq SE C Seq SE C

N96 0.102 5 N98 0.299 1 N42 0.307 1 N94 0.317 1

N97 0.102 5 N29 0.306 1 N45 0.307 1 N95 0.317 1

N87 0.121 5 N43 0.306 1 N47 0.307 1 N82 0.319 1

N80 0.176 2 N46 0.306 1 N48 0.307 1 N83 0.319 1

N8 0.179 2 N66 0.306 1 N49 0.307 1 N84 0.319 1

N101 0.182 2 N67 0.306 1 N50 0.307 1 N85 0.319 1

N6 0.201 2 N26 0.306 1 N51 0.307 1 N86 0.319 1

N7 0.260 3 N14 0.307 1 N52 0.307 1 N103 0.328 1

N81 0.271 3 N16 0.307 1 N53 0.307 1 N105 0.329 1

N9 0.275 3 N17 0.307 1 N54 0.307 1 N1 0.345 4

N10 0.275 3 N18 0.307 1 N55 0.307 1 N68 0.349 4

N11 0.275 3 N19 0.307 1 N56 0.307 1 N3 0.350 4

N32 0.277 3 N20 0.307 1 N57 0.307 1 N104 0.353 4

N36 0.277 3 N21 0.307 1 N59 0.307 1 N99 0.391 4

N58 0.277 3 N22 0.307 1 N60 0.307 1 N100 0.404 4

N75 0.277 3 N23 0.307 1 N61 0.307 1

N5 0.279 3 N24 0.307 1 N62 0.307 1

N69 0.281 3 N25 0.307 1 N63 0.307 1

N71 0.281 3 N27 0.307 1 N64 0.307 1

N72 0.281 3 N28 0.307 1 N65 0.307 1

N73 0.281 3 N30 0.307 1 N44 0.307 1

N74 0.281 3 N31 0.307 1 N13 0.307 1

N76 0.281 3 N33 0.307 1 N12 0.307 1

N77 0.281 3 N34 0.307 1 N92 0.307 1

N78 0.281 3 N35 0.307 1 N102 0.310 1

N79 0.281 3 N37 0.307 1 N88 0.317 1

N70 0.281 3 N38 0.307 1 N89 0.317 1

N15 0.286 3 N39 0.307 1 N90 0.317 1

N2 0.288 3 N40 0.307 1 N91 0.317 1

N4 0.299 1 N41 0.307 1 N93 0.317 1

Here the SE of the 105 binary representation of the amino acid A17 is ranging
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from 0.102 to 0.404 with standard deviation 0.0448. Based on the SEs of the

binary sequences all these 105 primary protein sequences of SARS-CoV2, five830

clusters (C) are formed as presented in the Table 40.

There are five clusters containing different proteins according to the closeness

of the SE obtained for their spatial representations of the amino acids over the

proteins. It is noted that the amino acid A17 is present over all the 105 proteins

with almost certainty (HEs < 0.5).835

3.39. Shannon Entropy of B18j for j = 1, 2, . . . 105 and Classification

For the amino acid A18(E) the SE for the 105 binary sequences B18j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 40. The

SE of the binary representations of ordering of the amino acid A18 over all840

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.

Figure 40: Plot of the SEs and corresponding histogram of all the binary sequences B18j for

j = 1, 2, . . . 105 corresponding to the amino acid A18(D).

Here the SE of the 105 binary representation of the amino acid A18 is ranging

from 0 to 0.404 with standard deviation 0.0638. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, five clusters845

(C) are formed as presented in the Table 41.
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Table 41: SE of 105 B18j for j = 1, 2, . . . 105 corresponding to the amino acid A18(E).

Seq SE C Seq SE C Seq SE C Seq SE C

N80 0.000 2 N79 0.232 5 N41 0.277 1 N83 0.285 1

N99 0.000 2 N70 0.232 5 N42 0.277 1 N84 0.285 1

N101 0.083 4 N5 0.234 5 N43 0.277 1 N85 0.285 1

N98 0.177 3 N9 0.242 5 N45 0.277 1 N86 0.285 1

N96 0.177 3 N10 0.242 5 N46 0.277 1 N32 0.304 1

N97 0.177 3 N11 0.242 5 N47 0.277 1 N36 0.304 1

N105 0.178 3 N3 0.267 1 N48 0.277 1 N58 0.304 1

N88 0.188 3 N26 0.277 1 N49 0.277 1 N103 0.328 1

N89 0.188 3 N16 0.277 1 N50 0.277 1 N4 0.332 1

N90 0.188 3 N17 0.277 1 N51 0.277 1 N87 0.351 1

N91 0.188 3 N18 0.277 1 N52 0.277 1 N104 0.353 1

N92 0.188 3 N19 0.277 1 N53 0.277 1 N81 0.365 1

N93 0.188 3 N20 0.277 1 N54 0.277 1 N68 0.409 1

N94 0.188 3 N21 0.277 1 N55 0.277 1 N6 0.418 1

N95 0.188 3 N22 0.277 1 N56 0.277 1 N15 0.469 1

N2 0.188 3 N23 0.277 1 N57 0.277 1

N102 0.191 3 N24 0.277 1 N59 0.277 1

N7 0.194 3 N25 0.277 1 N60 0.277 1

N1 0.196 3 N27 0.277 1 N61 0.277 1

N8 0.202 3 N28 0.277 1 N62 0.277 1

N100 0.210 5 N29 0.277 1 N63 0.277 1

N69 0.232 5 N30 0.277 1 N64 0.277 1

N71 0.232 5 N31 0.277 1 N65 0.277 1

N72 0.232 5 N33 0.277 1 N67 0.277 1

N73 0.232 5 N34 0.277 1 N44 0.277 1

N74 0.232 5 N35 0.277 1 N13 0.278 1

N75 0.232 5 N37 0.277 1 N12 0.278 1

N76 0.232 5 N38 0.277 1 N14 0.278 1

N77 0.232 5 N39 0.277 1 N66 0.278 1

N78 0.232 5 N40 0.277 1 N82 0.285 1

The amino acid A18(E) is absent in the proteins N80 and N99 (belong to

the cluster 2) with length 13 and 38 respectively consequently the SE of these

two proteins for its binary spatial representations B1880 and B1899 . The other

four clusters containing different proteins according to the closeness of the SE850

obtained for their spatial representations of the amino acids over the proteins.

It is noted that the amino acid A18 is present over all the 105 proteins with

almost certainty (HEs < 0.5).

3.40. Shannon Entropy of B19j for j = 1, 2, . . . 105 and Classification

For the amino acid A19(K) the SE for the 105 binary sequences B19j for j =855

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 41. The
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SE of the binary representations of ordering of the amino acid A19 over all

the primary protein sequences would reveal the amount of uncertainty of the

presence or absence of the amino acid.860

Figure 41: Plot of the SEs and corresponding histogram of all the binary sequences B19j for

j = 1, 2, . . . 105 corresponding to the amino acid A19(K).

Here the SE of the 105 binary representation of the amino acid A19 is ranging

from 0 to 0.402. Based on the SEs of the binary sequences all these 105 primary

protein sequences of SARS-CoV2, five clusters (C) are formed as presented in

the Table 42.

Every term of the binary representations B1980 , B1981 and B1999 of lengths865

38, 43 and 13 respectively is zero and consequently the SE is turned out to be

zero which implies the absence of the amino acid is without any uncertainty.

The other proteins of the remaining clusters 1, 2, 4 and 5 have the presence of

the amino acid A19 with almost certainty.
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Table 42: SE of 105 B19j for j = 1, 2, . . . 105 corresponding to the amino acid A19(K).

Seq SE C Seq SE C Seq SE C Seq SE C

N80 0.000 3 N5 0.314 1 N39 0.332 1 N58 0.338 1

N81 0.000 3 N1 0.315 1 N40 0.332 1 N68 0.349 1

N99 0.000 3 N2 0.318 1 N41 0.332 1 N4 0.373 4

N96 0.177 2 N87 0.319 1 N42 0.332 1 N104 0.374 4

N97 0.177 2 N105 0.329 1 N43 0.332 1 N103 0.374 4

N8 0.202 2 N54 0.331 1 N45 0.332 1 N88 0.381 4

N7 0.214 2 N57 0.331 1 N46 0.332 1 N89 0.381 4

N102 0.223 2 N12 0.332 1 N47 0.332 1 N90 0.381 4

N9 0.242 5 N26 0.332 1 N48 0.332 1 N91 0.381 4

N10 0.242 5 N14 0.332 1 N49 0.332 1 N92 0.381 4

N11 0.242 5 N16 0.332 1 N50 0.332 1 N93 0.381 4

N82 0.248 5 N17 0.332 1 N51 0.332 1 N94 0.381 4

N83 0.248 5 N18 0.332 1 N52 0.332 1 N95 0.381 4

N84 0.248 5 N19 0.332 1 N53 0.332 1 N3 0.387 4

N85 0.248 5 N20 0.332 1 N55 0.332 1 N6 0.402 4

N86 0.248 5 N21 0.332 1 N56 0.332 1

N101 0.249 5 N22 0.332 1 N59 0.332 1

N69 0.277 5 N23 0.332 1 N60 0.332 1

N71 0.277 5 N24 0.332 1 N61 0.332 1

N72 0.277 5 N25 0.332 1 N62 0.332 1

N73 0.277 5 N27 0.332 1 N63 0.332 1

N74 0.277 5 N28 0.332 1 N64 0.332 1

N75 0.277 5 N29 0.332 1 N65 0.332 1

N76 0.277 5 N30 0.332 1 N66 0.332 1

N77 0.277 5 N31 0.332 1 N67 0.332 1

N78 0.277 5 N33 0.332 1 N44 0.332 1

N79 0.277 5 N34 0.332 1 N13 0.332 1

N70 0.278 5 N35 0.332 1 N98 0.335 1

N15 0.286 5 N37 0.332 1 N32 0.338 1

N100 0.306 1 N38 0.332 1 N36 0.338 1

3.41. Shannon Entropy of B20j for j = 1, 2, . . . 105 and Classification870

For the amino acid A20(R) the SE for the 105 binary sequences B20j for j =

1, 2, . . . 105 have been determined. The plot of the SE for the binary sequences

has been plotted and corresponding histogram is also given in the Fig 42. The

SE of the binary representations of ordering of the amino acid A20 over all

the primary protein sequences would reveal the amount of uncertainty of the875

presence or absence of the amino acid.
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Figure 42: Plot of the SEs and corresponding histogram of all the binary sequences B20j for

j = 1, 2, . . . 105 corresponding to the amino acid A20(R).

Table 43: SE of 105 B20j for j = 1, 2, . . . 105 corresponding to the amino acid A20(R).

Seq SE C Seq SE C Seq SE C Seq SE C

N81 0.000 5 N86 0.210 1 N46 0.216 1 N1 0.250 1

N99 0.000 5 N71 0.213 1 N47 0.216 1 N100 0.270 1

N2 0.109 4 N31 0.215 1 N48 0.216 1 N5 0.286 3

N68 0.121 4 N39 0.215 1 N49 0.216 1 N80 0.297 3

N9 0.152 4 N26 0.216 1 N50 0.216 1 N98 0.299 3

N10 0.152 4 N14 0.216 1 N51 0.216 1 N15 0.310 3

N11 0.152 4 N16 0.216 1 N52 0.216 1 N8 0.339 3

N4 0.159 4 N17 0.216 1 N53 0.216 1 N95 0.354 3

N103 0.164 4 N18 0.216 1 N55 0.216 1 N88 0.363 3

N104 0.174 2 N19 0.216 1 N56 0.216 1 N89 0.363 3

N32 0.193 2 N20 0.216 1 N57 0.216 1 N90 0.363 3

N36 0.193 2 N21 0.216 1 N59 0.216 1 N91 0.363 3

N58 0.193 2 N22 0.216 1 N60 0.216 1 N92 0.363 3

N6 0.193 2 N23 0.216 1 N61 0.216 1 N93 0.363 3

N105 0.195 2 N24 0.216 1 N62 0.216 1 N94 0.363 3

N101 0.200 2 N25 0.216 1 N63 0.216 1

N70 0.205 1 N27 0.216 1 N64 0.216 1

N69 0.209 1 N28 0.216 1 N65 0.216 1

N72 0.209 1 N29 0.216 1 N66 0.216 1

N73 0.209 1 N30 0.216 1 N67 0.216 1

N74 0.209 1 N33 0.216 1 N44 0.216 1

N75 0.209 1 N34 0.216 1 N13 0.216 1

N76 0.209 1 N35 0.216 1 N12 0.216 1

N77 0.209 1 N37 0.216 1 N54 0.217 1

N78 0.209 1 N38 0.216 1 N3 0.221 1

N79 0.209 1 N40 0.216 1 N102 0.223 1

N82 0.210 1 N41 0.216 1 N7 0.242 1

N83 0.210 1 N42 0.216 1 N96 0.242 1

N84 0.210 1 N43 0.216 1 N97 0.242 1

N85 0.210 1 N45 0.216 1 N87 0.248 1

Here the SE of the 105 binary representation of the amino acid A20 is ranging
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from 0 to 0.404 with standard deviation 0.0638. Based on the SEs of the binary

sequences all these 105 primary protein sequences of SARS-CoV2, five clusters

(C) are formed as presented in the Table 43.880

The amino acid A20(R) does not present in the protein sequence N81 and

N99 and consequently the SE is zero for the binary representations B2080 and

B2099 . The other proteins of the remaining clusters 1, 2, 4 and 4 have the

presence of the amino acid A20 with almost certainty.

3.42. A Collective Views of the SEs885

It needless to mention that the SE is would be zero if the binary representa-

tions Bij such that the amino acid Ai is absent throughput the protein Nj. In

fact that is what we have encountered throughout this study of SEs. It has been

observed that the SE of the spatial distribution of the amino acids over some

proteins is maximum for the smaller lengthy sequences such as N99, N80 etc. A890

surprising fact has been revealed that for some given amino acid Ai, the SE of

some of the spatial distributions Bij for some protein sequence Nj irrespective

of their lengths is identical for many values of j. This essentially reports that

the probability of the presence of the amino acid Ai over those proteins is same.

Here we explore the correlation of amount uncertainty of the presence/ab-895

sence of the amino acids over the proteins of SARS-CoV2 of the spatial repre-

sentations. Following is the correlation matrix of ten amino acids A, C, F, G,

H, I, L, M, N and P versus another ten amino acids Q, S, T, V, W, Y, D, E, K

and R.

Table 44: Correlation matrix of SEs of the presence of the amino acids over the proteins

r (SE) Q S T V W Y D E K R

A 0.321 0.290 -0.019 -0.367 -0.143 -0.491 0.192 -0.481 0.073 0.126

C -0.566 -0.402 0.020 0.621 -0.152 0.530 -0.238 0.237 -0.211 -0.467

F -0.300 0.037 -0.552 0.267 -0.252 0.181 -0.253 -0.261 -0.840 -0.539

G 0.494 0.007 0.351 -0.454 0.059 -0.230 0.265 -0.212 0.396 0.523

H -0.279 -0.427 -0.112 0.223 0.363 0.359 0.172 0.565 -0.019 -0.284

I -0.225 -0.223 -0.108 0.093 0.341 0.436 -0.191 0.309 -0.245 -0.292

L -0.606 -0.086 -0.234 0.355 0.132 0.016 -0.516 0.184 -0.424 -0.356

M -0.244 -0.455 0.103 -0.001 0.345 0.022 0.055 0.074 0.098 -0.117

N -0.039 0.010 0.220 -0.021 -0.227 -0.089 -0.024 -0.424 -0.032 0.116

P 0.411 -0.053 0.472 -0.352 -0.051 0.245 0.097 -0.069 0.451 0.646
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Figure 43: Plot of the correlation of the SEs of the amino acids distribution distinct pairwise.

The amount of information (based on SEs) in the spatial distribution of the900

amino acid A with the same of the amino acids Q, S, D, K and R are turned

out to be positively correlated as shown in the Table 44. Likewise, the spatial

distribution of the amino acid C is positively correlated with the same of the

amino acids T, V, Y and E. Similarly the positive correlations of the spatial

distributions of the amino acids F, G, H, I, L, M, N and P with the spatial905

distribution of the other amino acids are established in the correlation matrix,

Table 23. The correlation based on SEs of the spatial distribution is also shown

through graphs in the Fig 43. It is worthy mentioning that in the correlation

matrix in the Table 45, the negative correlations of the spatial distribution of

the proteins are also shown. As an example of the correlation based on SEs910

(the correlation coefficient r: 0.646) of the spatial distribution (autocorrelation)

of the amino acid R with the spatial distribution of the amino acid P is given

below in the Fig. 44.
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Figure 44: Plot of the correlation of the HEs of the amino acid R with that of P.

Next we are moving towards the entropy of conservation of amino acids over

the 105 SARS-CoV2 proteins in the following subsection.915

3.43. Amino Acid Conservation Shannon Entropy and Its Classification

For each of the 105 protein sequences the amino acid conservation informa-

tion have been determined through HE as described earlier. In the following

Table 45, the Shannon entropy(SE T2) for each sequence and based on the SE,

the formed clusters (C) are given. The plot of the SE over the 105 protein920

sequences with its histogram are given in the Fig. 45.
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Figure 45: Plot of the SEs and corresponding histogram of all the protein sequences.

Table 45: Amino Acid Conservation Shannon Entropy

Seq SE T2 C Seq SE T2 C Seq SE T2 C Seq SE T2 C

N99 0.700 4 N11 0.957 7 N13 0.970 2 N39 0.970 2

N81 0.815 6 N10 0.958 7 N23 0.970 2 N57 0.970 2

N97 0.846 6 N84 0.958 7 N37 0.970 2 N16 0.970 2

N96 0.862 5 N85 0.958 7 N49 0.970 2 N29 0.970 2

N103 0.874 5 N83 0.959 7 N64 0.970 2 N17 0.970 2

N80 0.879 5 N4 0.961 8 N66 0.970 2 N18 0.970 2

N68 0.892 5 N79 0.962 8 N60 0.970 2 N19 0.970 2

N15 0.921 9 N70 0.962 8 N12 0.970 2 N35 0.970 2

N3 0.925 9 N69 0.962 8 N65 0.970 2 N38 0.970 2

N91 0.928 9 N78 0.962 8 N56 0.970 2 N54 0.970 2

N94 0.928 9 N75 0.962 8 N41 0.970 2 N21 0.970 2

N90 0.928 9 N74 0.962 8 N55 0.970 2 N44 0.970 2

N88 0.928 9 N77 0.962 8 N30 0.970 2 N24 0.970 2

N98 0.928 9 N73 0.962 8 N53 0.970 2 N33 0.970 2

N89 0.928 9 N72 0.962 8 N59 0.970 2 N28 0.970 2

N92 0.929 9 N71 0.963 8 N40 0.970 2 N27 0.970 2

N95 0.931 1 N5 0.963 8 N43 0.970 2 N52 0.970 2

N93 0.931 1 N76 0.963 8 N48 0.970 2 N47 0.970 2

N87 0.936 1 N58 0.965 8 N50 0.970 2 N62 0.970 2

N8 0.939 3 N36 0.965 8 N51 0.970 2 N34 0.970 2

N101 0.942 3 N32 0.965 8 N25 0.970 2 N22 0.970 2

N2 0.953 7 N105 0.965 8 N26 0.970 2 N67 0.970 2

N104 0.953 7 N102 0.966 8 N45 0.970 2 N20 0.971 2

N9 0.955 7 N100 0.970 2 N46 0.970 2 N86 0.973 2

N7 0.955 7 N42 0.970 2 N14 0.970 2 N1 0.982 10

N82 0.956 7 N61 0.970 2 N31 0.970 2

N6 0.956 7 N63 0.970 2

It is observed that the Shannon entropy of amino acid conservations along

protein sequences of SARS-CoV2 are ranging from 0.7 to 0.982 which is closed

to 1. Clearly, all the amino acids are uniformly distributed over the protein
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sequences since the uncertainty is maximum as the SE is nearly 1. More than925

50% of the proteins belong to the cluster 2 of SARS-CoV2 (54) having SE 0.970

which implies the amino acids are almost uniformly spread over the sequences.

At last, the frequency analysis of the amino acids over the proteins is given in

the following subsection.

3.44. Frequency Distribution of Amino Acids over the SARS-CoV2 Proteins930

In this section, we shall look into the frequencies of each of the amino acids in

the 105 SARS-CoV2 proteins. At first a complete statistical comparison among

all the amino acid frequencies over the 105 proteins is reported in the following

Fig. 46 and Fig. 47.
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Figure 46: Comparative statistical details about frequencies of the amino acids over the

proteins.
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Figure 47: Comparative statistical details about frequencies of the amino acids over the

proteins.
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Following a correlation among the frequency distribution of each of the amino935

acids over the 105 proteins of SARS-CoV2. The correlation coefficient corre-

sponding to frequency distribution over the proteins is given in the Table 46.

Table 46: Correlation matrix of the frequencies of the two amino acids pairwise

L K M F P S T W Y V

A 0.999 1.000 0.996 0.997 0.998 0.998 0.999 0.997 0.998 0.998

R 0.995 0.997 0.993 0.994 0.997 0.996 0.996 0.995 0.995 0.993

N 0.996 0.996 0.990 0.999 0.998 0.999 0.998 0.993 0.997 0.996

D 0.997 0.998 0.996 0.997 0.998 0.997 0.998 0.996 0.999 0.998

C 0.998 0.996 0.994 0.999 0.995 0.996 0.998 0.993 0.999 0.999

Q 0.989 0.992 0.982 0.993 0.998 0.997 0.994 0.987 0.989 0.988

E 0.999 0.999 0.997 0.995 0.994 0.996 0.998 0.994 0.998 0.998

G 0.997 0.998 0.992 0.997 0.999 0.999 0.999 0.995 0.996 0.995

H 0.996 0.996 0.997 0.994 0.992 0.992 0.995 0.996 0.998 0.997

I 0.998 0.996 0.991 0.999 0.997 0.998 0.998 0.996 0.998 0.998

The corresponding correlation are also given pairwise in a matrix form in

the Fig. 48.

Figure 48: Correlation graphs for each of the amino acid frequencies.

It is observed that the correlation coefficient is very close to 1 which en-940
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sures the existence of significant correlations of frequencies of each of the amino

acids over the proteins. In fact the correlation coefficient between the frequency

distributions corresponding to the amino acids A (Aliphatic) and K (Basic) is

1.

Figure 49: Frequency plots of the amino acids A and K over 105 proteins.

The frequency plots of the amino acids A and K is given in the Fig. 49. The945

plots show the the strong correlation between the frequency distribution over

the proteins. Overall it is observed that the same length proteins have mostly

similar frequency distribution of the twenty amino acids.

Next we are heading towards a comparative ...

4. Spatial Organization of Proteins of SARS-CoV950

In 2003, the SARS coronavirus (SARS-CoV) had caused an epidemic in

China including other 22 countries [42, 43]. There are 14 protein sequences

available in the NCBI database (taxid: 722424). The list of these protein (S1,

S2, . . . S11) with their accessions is given here in the following Table 47.
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Table 47: List of SARS-CoV proteins with their Accession and length

Accession Seq Length

ACU31036 S1 221

ACU31045 S2 63

ACU31034 S3 274

ACU31035 S4 76

ACU31038 S5 44

ACU31041 S6 70

ACU31042 S7 4189

ACU31039 S8 422

ACU31037 S9 122

ACU31033 S10 114

ACU31040 S11 98

ACU31043 S12 121

ACU31044 S13 6880

ACU31032 S14 1241

It is noted that the protein with the accession ACU31032 (S14) is a spike955

protein of length 1241 as mentioned in the NCBI database. The spike protein

(S-protein) is a large type I transmembrane protein of length not exceeding 1400

amino acids. The spike protein has its important function in the case of SARS-

CoV [44, 45]. Among all other proteins of SARS-CoV, spike protein is the main

antigenic component which is responsible for inducing host immune responses,960

neutralizing antibodies and/or protective immunity against virus infection [46].

We therefore illuminate here the spatial representations of the amino acids over

the the spike protein including other 13 proteins as mentioned in the Table 47.

The HE, SE and frequency distributions are given in the following and compared

with the SARS-CoV2 proteins.965

It is observed that the spatial representations of the presence of all the amino

acids over the spike protein S14 follow the positive autocorrelation (positively
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trending) as well as with least amount of uncertainty of presence of the amino

acids. It seems that the presence of all the amino acids are necessary to make a

spike protein. It worth mentioning that yet there is no identified spike proteins970

in the domain of 105 distinct proteins of SARS-CoV2. The amino acids A, F, I,

L, M, N, P, S, T, V, Y, E and K are all present over all these 14 proteins unlike

in the case of SARS-CoV2 proteins as mentioned in the subsection 3.21. It is

worth mentioning that all the spatial distributions corresponding to different

amino acids over the 14 proteins are positively autocorrelated with HE ≥ 0.5,975

except for the spatial distribution of the amino acid I and S over the protein

S12 which is a hypothetical protein. It is noted that the HE is kep blank for the

cases where the spatial distribution of an amino acid is completely a sequences

of zeros i,e. absence of the amino acid over the protein.

Below in the Table 49, we derive the correlation coefficients of the HEs of980

the spatial representations of the amino acids over the 14 SARS-CoV proteins.

Table 49: Correlation matrix of the HEs (Pairwise)

r Q S T V W Y D E K R

A -0.141 -0.385 0.514 0.004 -0.244 0.283 0.260 -0.592 -0.845 -0.092

C -0.706 -0.101 0.814 -0.288 -0.316 0.535 0.307 -0.046 -0.752 -0.077

F 0.263 0.807 -0.159 -0.431 0.305 0.253 -0.346 0.437 0.417 0.018

G -0.503 -0.159 0.409 0.083 -0.052 0.257 0.285 0.313 0.091 0.264

H 0.298 0.680 0.037 -0.525 0.181 0.335 -0.261 -0.058 -0.239 -0.171

I -0.256 0.723 -0.039 -0.806 -0.497 0.190 -0.758 0.696 0.120 -0.694

L -0.302 -0.457 0.575 0.371 0.342 0.243 0.865 -0.497 -0.558 0.581

M -0.654 0.264 0.908 -0.583 -0.286 0.796 0.138 0.096 -0.758 -0.144

N 0.408 -0.513 -0.229 0.824 0.774 -0.367 0.761 -0.614 0.118 0.798

P -0.392 -0.418 0.456 0.457 0.412 0.153 0.854 -0.164 -0.143 0.712

It is observed from the Table 49 that the correlation coefficient (r) is 0.908

for the HEs of spatial representations of the amino acid M and T over all the 14

SARS-CoV proteins. Noted that over all the proteins the presence of the amino

acid M and T are ensured. There are also other positive correlation exist as it985

can be seen in the Table 49.

It is noted that the SE is turned out to be zero for the cases where the spatial

distribution corresponding to an amino acid which is absent over a protein.

The spatial distribution of amino acids over the proteins of SARS-CoV are all
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without much of uncertainty except three cases where the SEs are greater than990

the 0.5 where the absence of amino acids dominates in terms of certainty.

The correlation coefficients of the SEs of the spatial distributions of the

amino acids over the 14 SARS-CoV proteins are given in the Table 50.

Table 50: Correlation matrix of the SEs of the spatial distributions of amino acids

r Q S T V W Y D E K R

A 0.245 0.109 0.119 0.123 0.032 -0.190 -0.273 -0.094 0.108 0.500

C -0.311 -0.355 -0.553 0.237 -0.009 0.572 -0.318 0.464 -0.492 -0.350

F -0.589 -0.554 -0.270 -0.287 0.297 0.164 0.281 0.399 -0.428 -0.490

G 0.203 0.425 0.152 -0.150 0.140 0.379 0.100 -0.426 0.198 0.526

H 0.566 0.151 0.173 -0.128 -0.247 0.108 -0.391 -0.124 0.430 0.117

I -0.253 -0.536 -0.233 -0.262 0.407 -0.029 0.298 0.351 -0.133 -0.294

L -0.363 -0.363 -0.190 0.229 0.030 -0.245 -0.594 0.214 -0.474 -0.591

M 0.123 -0.101 0.079 -0.237 0.162 -0.308 0.112 -0.089 0.168 -0.345

N -0.468 0.145 -0.080 0.188 0.268 0.309 0.342 -0.176 -0.391 0.060

P 0.438 0.025 -0.079 -0.103 -0.210 -0.134 0.518 0.199 0.162 0.500

It is observed that the correlations among the SEs of the spatial distributions

of the amino acids over the proteins are not significantly up as tabulated in995

the Table 50. The highest positive correlation based on SEs of the spatial

distributions of the amino acid C with that of Y is turned up as 0.572.

5. Conclusions and Summary

In this present study the spatial arrangement of amino acids over the SARS-

CoV2 proteins have been looked into through its autocorrelation by Hurst ex-1000

ponent and the amount of information of presence of the amino acids over the

proteins through Shannon entropy are analysed. Also the frequency distribu-

tion of amino acids are also taken into consideration for categorizing the protein

sequences. At the end, the features of the spatial distribution of 14 proteins of

the SARS-CoV are also have been determined and seen significant difference1005

with the former proteins of the SARS-CoV2. The study is a collection of in-

formation about the spatial distribution of the amino acids over the proteins of

SARS-CoV2 as well as SARS-CoV. The difference noted in the section 4 would

enable reader to distinguish the proteins of two different types of the CoVs. We

91

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 April 2020                   doi:10.20944/preprints202004.0034.v2

https://doi.org/10.20944/preprints202004.0034.v2


firmly believe that this spatial understanding of the presence and absence of1010

each amino acids over the proteins would enable understanding the PPIs as well

as identifying spike proteins in the case of SARS-CoV2.
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Table 51: 105 protein sequences of the SATS-CoV2 with their corresponding accessions

Sequence

Name

Accession ID

N1 YP 009725309

N2 YP 009725306

N3 YP 009725304

N4 YP 009725299

N5 YP 009725308

N6 YP 009725298

N7 YP 009725300

N8 YP 009724393, QIK50441, QIK50451, QIK50420, QIK50430, QIK02957, QIK02967, QIK02947,

QIJ96486, QIJ96476, QIJ96506, QIJ96526, QIJ96466, QIJ96496, QIJ96516, QII87785, QII87797,

QII87809, QII87821, QII57171, QII57271, QII57281, QII57341, QII57221, QII57261, QII57231,

QII57181, QII57163, QII57331, QII57211, QII57201, QII57321, QII57301, QII57311, QII57291, QII57191,

QIA98557, QII57241, QII57251, QHS34549, QIA98586, QIH55224, QIH45026, QIH45036, QIH45046,

QIH45056, QIG55997, QIE07454, QIE07464, QIE07474, QIE07484, QID98797, QID21051, QID21061,

QID21071, QIC53207, QIC53216, QIB84676, QIA98609, QIA98599, QHZ87585, QHZ87595, QIA20047,

QHZ00402, QHZ00382, QHZ00361, QHZ00392, QHW06052, QHW06062, QHW06042, QHU79197,

QHU36867, QHU36827, QHU36857, QHU36847, QHU36837, QHU79207, QHR84452, QHR63253,

QHR63263, QHR63273, QHR63283, QHR63293, QHO62114, QHQ82467, QHQ71966, QHQ71976,

QHO62109, QHO62880, QHN73813, QHN73798, QHO60597, QHD43419,

N9 QHZ00380

N10 YP 009724391, QIK50439, QIK50449, QIK50418, QIK50428, QIK02955, QIK02965, QIK02945,

QIJ96474, QIJ96484, QIJ96504, QIJ96524, QIJ96464, QIJ96494, QIJ96514, QII87795, QII87807,

QII87819, QII57169, QII57219, QII57269, QII57279, QII57339, QII57259, QII57229, QII57179,

QII57329, QII57209, QII57199, QII57319, QII57299, QII57309, QII57289, QII57189, QII57239, QII57249,

QHS34547, QIA98584, QIH55222, QIH45024, QIH45044, QIH45034, QIH45054, QIE07452, QIE07462,

QIE07472, QIE07482, QID98795, QID21049, QID21059, QID21069, QIC53214, QIB84674, QIA98607,

QIA98597, QHZ87583, QHZ87593, QIA20045, QHZ00400, QHZ00359, QHZ00390, QHW06060,

QHW06050, QHW06040, QHU79195, QHU36825, QHU36865, QHU36855, QHU36845, QHU36835,

QHU79205, QHR63251, QHR63261, QHR63271, QHR63281, QHR63291, QHQ82465, QHQ71964,

QHO62878, QHN73811, QHN73796, QHO60595, QHD43417,

N11 QII87783,QIA98555,QIG55995,QIC53205,QHR84450,QHQ71974

N12 QHZ87591

N13 QII57277

N14 QIE07480

N15 YP 009725297

N16 QHQ71962

N17 QHW06058

N18 QHZ00378

N19 QII57287

N20 QIJ96502

N21 QII57187

N22 QHZ00398

N23 QII57167

N24 QIH45022,QIH45032,QIH45042,QIH45052

N25 QIH55220
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Table 52: 105 protein sequences of the SATS-CoV2 with their corresponding accessions

N26 QIK02963

N27 QII57237

N28 QIE07460

N29 QHR63289

N30 QHN73809

N31 QIK50437,QIK50447

N32 QIA20043

N33 QIJ96512,QIG55993,QIA20042,QHQ82463

N34 QIJ96522

N35 QIE07470

N36 YP 009725295,QII87793,QII87805,QII87817

N37 QIK50426

N38 QHQ71972

N39 QIK02953

N40 QIK02943

N41 QII87792,QII87804

N42 QII87816

N43 QID21067

N44 QHZ00388

N45 YP 009724389, QIK50416, QIJ96482, QIJ96462, QII57337, QII57217, QII57257, QII57227, QII57327,

QII57207, QII57197, QII57297, QII57307, QII57247, QIE07450, QID21047, QID21057, QIC53222,

QIB84672, QIA98595, QHZ00357, QHU79193, QHU36853, QHU36833, QHU79203, QHR84448,

QHR63259, QHR63279, QHO62111, QHO62106, QHN73794, QHO60603, QHD43415

N46 QHR63249

N47 QIA98553

N48 QID98793

N49 QIA98605

N50 QII57177

N51 QHU36823

N52 QIJ96472

N53 QHU36863

N54 QHR63269

N55 QHU36843

N56 QII57165

N57 QII57267

N58 QII87781

N59 QII87780

N60 QIC53203

N61 QHS34545

N62 QIJ96492

N63 QIA98582

N64 QII57317

N65 QHW06048,QHW06038

N66 QHZ87581

N67 QHO62876
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Table 53: 105 protein sequences of the SATS-CoV2 with their corresponding accessions

Sequence

Name

Accession ID

N68 YP 009724394, QIK50442, QIK50452, QIK50421, QIK50431, QIK02958, QIK02968, QIK02948,

QIJ96477, QIJ96487, QIJ96507, QIJ96527, QIJ96467, QIJ96497, QIJ96517, QII87786, QII87798,

QII87810, QII87822, QII57272, QII57172, QII57222, QII57282, QII57342, QII57262, QII57232, QII57182,

QII57302, QII57332, QII57212, QII57202, QII57322, QII57312, QII57292, QII57192, QIA98558,

QII57242, QII57252, QHS34550, QIA98587, QIH55225, QIH45027, QIH45037, QIH45047, QIH45057,

QIG55998, QIE07455, QIE07465, QIE07475, QIE07485, QID98798, QID21052, QID21062, QID21072,

QIC53208, QIC53217, QIB84677, QIA98610, QIA98600, QHZ87586, QHZ87596, QIA20048, QHZ00403,

QHZ00383, QHZ00362, QHZ00393, QHW06053, QHW06063, QHW06043, QHU79198, QHU36828,

QHU36868, QHU36858, QHU36848, QHU36838, QHU79208, QHR84453, QHR63254, QHR63264,

QHR63274, QHR63284, QHR63294, QHQ82468, QHQ71967, QHQ71977, QHO62881, QHN73814,

QHN73799, QHO60598, QHD43420

N69 QIA20044

N70 QHS34546

N71 QHR84449

N72 QIC53204

N73 YP 009724390, QIK50438, QIK50448, QIK50417, QIK02954, QIK02964, QIK02944, QIJ96483,

QIJ96473, QIJ96503, QIJ96523, QIJ96463, QIJ96513, QII87782, QII87794, QII87806, QII87818,

QII57218, QII57268, QII57168, QII57338, QII57258, QII57228, QII57178, QII57161, QII57328, QII57208,

QII57198, QII57318, QII57298, QII57308, QII57288, QII57188, QIA98554, QII57248, QII57238,

QIH55221, QIH45023, QIH45033, QIH45053, QIH45043, QIG55994, QIE07451, QIE07461, QIE07471,

QIE07481, QID98794, QID21048, QID21058, QID21068, QIC53213, QIB84673, QIA98606, QIA98596,

QHZ87582, QHZ87592, QHZ00399, QHZ00358, QHZ00389, QHW06049, QHW06039, QHU79194,

QHU36864, QHU36854, QHU36824, QHU36844, QHU36834, QHU79204, QHR63250, QHR63260,

QHR63270, QHR63280, QHR63290, QHO62112, QHQ82464, QHQ71963, QHQ71973, QHO62107,

QHO62877, QHN73810, QHN73795, QHO60594, QHD43416

N74 QIA98583

N75 QIK50427

N76 QHZ00379

N77 QIJ96493

N78 QII57278

N79 QHW06059

N80 YP 009725255, QIK50446, QIK50456, QIK50425, QIK50436, QIK02962, QIK02972, QIK02952,

QIJ96481, QIJ96491, QIJ96511, QIJ96531, QIJ96471, QIJ96501, QIJ96521, QII87791, QII87803,

QII87815, QII87827, QII57176, QII57226, QII57276, QII57286, QII57346, QII57266, QII57236, QII57186,

QII57336, QII57216, QII57206, QII57326, QII57306, QII57316, QII57296, QII57196, QIA98562,

QII57246, QII57256, QHS34554, QIA98591, QIH55229, QIH45031, QIH45041, QIH45051, QIH45061,

QIG56002, QIE07459, QIE07469, QIE07479, QIE07489, QID98802, QID21056, QID21066, QID21076,

QIC53212, QIB84681, QIA98614, QIA98603, QIA20053, QHZ87590, QHZ87600, QHZ00407, QHZ00387,

QHZ00366, QHZ00397, QHW06057, QHW06067, QHW06047, QHU79202, QHU36872, QHU36862,

QHU36832, QHU36852, QHU36842, QHU79212, QHR84457, QHQ82472, QHQ71981, QHQ71971,

QHO62885, QHN73818, QHO60602, QHI42199,

N81 YP 009725318, YP 009725296, QIK50433, QII87788, QII87800, QII87812, QII87824, QIC53219,

QIA20050, QHR63256, QHR63266, QHR63276, QHR63286, QHR63296

N82 QID21074

N83 QHZ87588,QHQ71969
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Table 54: 105 protein sequences of the SATS-CoV2 with their corresponding accessions

Sequence

Name

Accession ID

N84 YP 009724396, QIK50444, QIK50454, QIK50423, QIK50434, QIK02960, QIJ96479,

QIJ96489, QIJ96509, QIJ96529, QIJ96469, QIJ96499, QIJ96519, QII87789, QII57174,

QII57274, QII57284, QII57344, QII57224, QII57264, QII57234, QII57184, QII57304,

QII57334, QII57214, QII57204, QII57324, QII57314, QII57294, QII57194, QIA98560,

QII57244, QII57254, QHS34552, QIG56000, QIE07457, QIE07467, QIE07487, QID98800,

QID21064, QIC53210, QIC53220, QIB84679, QIA98612, QHZ87598, QHZ00405, QHZ00385,

QHZ00364, QHZ00395, QHW06055, QHW06065, QHW06045, QHU36870, QHU36860,

QHU36830, QHU36850, QHU36840, QHR84455, QHR63257, QHR63267, QHR63277,

QHR63287, QHR63297, QHQ71979, QHD43422

N85 QIK02970, QIK02950, QII87801, QII87813, QII87825, QIA98589, QIH55227, QIH45029,

QIH45039, QIH45059, QIH45049, QIE07477, QID21054, QIA98601, QIA20051, QHU79200,

QHU79210, QHQ82470, QHN73816, QHN73801, QHO60600

N86 QHO62883

N87 YP 009724395, QIK50443, QIK50453, QIK50422, QIK50432, QIK02959, QIK02969,

QIK02949, QIJ96478, QIJ96488, QIJ96508, QIJ96528, QIJ96468, QIJ96498, QIJ96518,

QII87787, QII87799, QII87811, QII87823, QII57223, QII57173, QII57273, QII57283,

QII57343, QII57263, QII57233, QII57183, QII57303, QII57333, QII57213, QII57203,

QII57323, QII57313, QII57293, QII57193, QIA98559, QII57243, QII57253, QHS34551,

QIA98588, QIH55226, QIH45028, QIH45058, QIH45038, QIH45048, QIG55999, QIE07456,

QIE07466, QIE07476, QIE07486, QID98799, QID21053, QID21063, QID21073, QIC53209,

QIC53218, QIB84678, QIA98611, QIA98604, QIA20049, QHZ87587, QHZ87597, QHZ00404,

QHZ00384, QHZ00363, QHZ00394, QHW06054, QHW06064, QHW06044, QHU79199,

QHU36869, QHU36859, QHU36829, QHU36849, QHU36839, QHU79209, QHR84454,

QHR63255, QHR63265, QHR63275, QHR63285, QHR63295, QHQ82469, QHQ71968,

QHQ71978, QHO62882, QHN73815, QHN73800, QHO60599, QHD43421

N88 QHZ00406,QHW06056,QHW06046

N89 QID21055

N90 YP 009724397, QIK50445, QIK50455, QIK50424, QIK50435, QIK02961, QIK02971,

QIK02951, QIJ96490, QIJ96480, QIJ96510, QIJ96470, QIJ96500, QIJ96520, QII87790,

QII87802, QII87814, QII87826, QII57175, QII57225, QII57275, QII57285, QII57345,

QII57265, QII57235, QII57185, QII57164, QII57335, QII57215, QII57205, QII57325,

QII57315, QII57295, QII57195, QIA98561, QII57245, QII57255, QHS34553, QIA98590,

QIH55228, QIH45030, QIH45040, QIH45060, QIG56001, QIE07468, QIE07478, QIE07488,

QID98801, QID21065, QID21075, QIC53211, QIC53221, QIB84680, QIA98613, QIA98602,

QHZ87589, QHZ87599, QIA20052, QHZ00386, QHZ00365, QHZ00396, QHW06066,

QHU79201, QHU36831, QHU36871, QHU36861, QHU36851, QHU36841, QHU79211,

QHR84456, QHR63258, QHR63268, QHR63278, QHR63288, QHR63298, QHO62115,

QHQ82471, QHQ71970, QHQ71980, QHO62110, QHN73817, QHN73802, QHO60601,

QHD43423
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Table 55: 105 protein sequences of the SATS-CoV2 with their corresponding accessions

Sequence

Name

Accession ID

N91 QIE07458

N92 QIH45050

N93 QHO62884

N94 QII57305

N95 QIJ96530

N96 QHZ00381

N97 YP 009724392, QIK50440, QIK50450, QIK50419, QIK50429, QIK02956, QIK02966,

QIK02946, QIJ96485, QIJ96475, QIJ96505, QIJ96525, QIJ96465, QIJ96495, QIJ96515,

QII87784, QII87796, QII87808, QII87820, QII57170, QII57220, QII57280, QII57270,

QII57340, QII57260, QII57230, QII57180, QII57300, QII57162, QII57330, QII57210,

QII57200, QII57320, QII57310, QII57290, QII57190, QIA98556, QII57240, QII57250,

QHS34548, QIA98585, QIH55223, QIH45025, QIH45035, QIH45045, QIH45055, QIG55996,

QIE07453, QIE07463, QIE07473, QIE07483, QID98796, QID21050, QID21060, QID21070,

QIC53206, QIC53215, QIB84675, QIA98608, QIA98598, QIA20046, QHZ87584, QHZ87594,

QHZ00401, QHZ00360, QHZ00391, QHW06051, QHW06061, QHW06041, QHU79196,

QHU36866, QHU36856, QHU36826, QHU36846, QHU36836, QHU79206, QHR84451,

QHR63252, QHR63262, QHR63272, QHR63282, QHR63292, QHO62113, QHQ82466,

QHQ71965, QHQ71975, QHO62108, QHO62879, QHN73812, QHN73797, QHO60596,

QHD43418

N98 YP 009725305

N99 YP 009725312

N100 YP 009725307

N101 YP 009725302

N102 YP 009725301

N103 YP 009725303

N104 YP 009725310

N105 YP 009725311
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