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Abstract

Graph theory is a powerful computational method used in biological
mathematics that deals with different biological issues. In the field of
microbiology, graphs can communicate the sub-atomic structure where
cell quality or protein can be indicated as the vertex and the associate
component can be viewed as the edge. Thus, the properties of the
biological activity of the cell can be measured via a topological index
by comparing six graphs. The current article focuses on certain
topological lists for the corona virus graph. Initially, a general type of
M-polynomial was explored from the M-polynomial, we recouped eight
well-known degree-based topological lists, for example, Randic” Index,
First and Second Zagreb Indices, General Randic” Index, Second
Modified Zagreb Index, Symmetric Division Index, Harmonic Index,
Inverse Sum Index, and Augmented Zagreb Index. The results
/conformed to the findings of the previous studies.

Keywords: COVID-19, corona virus, graph theory, topological indices
MSC: 26A51, 26A33, 33E12

Introduction

Coronaviruses are a group of large, enveloped, positive standard RNA
viruses that enters the windpipe, digestive system and central nervous
system in humans and other animals 16 [1]. The spread of coronavirus
in humans causes mild respiratory disease in humans [2]. During 2002-
2004 17 SARS-CoV (Severe Acute Respiratory Syndrome) first rose
in China and quickly spread to 18 parts of the world causing 8000
contaminations and as per a rough estimation passed around some 8000
related cases around 19 the world (WHO-2004). Further study reveals
that SARS-CoV is transmitted from civet cats to humans. 20 In 2012
MERS-CoV (Middle East Respiratory Syndrome) was first recognized
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in the Middle East and 21 afterwards spread to different nations.
MERS-CoV transferred from dromedary camel to a human. In
December 2019 that third Zoonotic human Coronavirus emerged in
Wuhan, China after (SARS-CoV) 23 in 2002 and (MERS-CoV) in
2012. The causative agent is the novel coronavirus which is recognized
24 and separated from a solitary patient towards the beginning of
January and accordingly was confirmed 25 in 16 extra patients [3].
Specifically a live animal and seafood whole sale 26 market in Wuhan,
was regarded as the source of this novel coronavirus. As it is discovered
27 55 % cases were connected to the market place [4]. In the interim
ongoing correlation of the genetic 28 sequences of this virus and bat
coronavirus both show 96% similarity [5]. This virus rapidly spread in
29 China and subsequently all over the world.

The research paper focuses on finding M-Polynomial of m-level
COVID — 19 graph

CoVnm. A COVID — 19 graph is defined as;

* n = No. of vertices of (Hemagglutinin+ Spikes+ RNA)
» m= No. of viruses= No. of Envelop

Where,
Figure 1. Hemaggluttinin Figure 2. Spike
Figure 3. RNA

Figure 4. CoV(16, 1)
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Virk and Malik

2. Molecular Graph Of CoV(n,m)
2.1. Finite Graph

If we have 16 (Hemagglutinin+ Spikes+ RNA) and 1 (Envelop or
Viruses) then CoV(nm)graph 38 will be of the following form

o
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=
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-

Figure 5. CoV(n,m)
2.2. Infinite Graph

If we have n (Hemagglutinin+ Spikes+ RNA) and 1 (Envelop or
Viruses) then CoV(nm) graph 41 will be of form.
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Figure 6. CoV(n,1,
2.3. Infinite Graph of m-Viruses

If we have n (Hemagglutinin+ Spikes+ RNA) and m (Envelop or
Viruses) then CoVm) graph 44 will be of the following form
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Figure 7. CoV(n,my

The information which is concealed in the symmetry of molecular
graphs of various compounds can be studied by tools mathematical
chemistry tools such as functions and polynomials. These help in
predicting the properties of compounds without employing quantum
mechanics. Topology of a graph can be described by topological index
which is a numerical parameter. Topological indices give a numerical
description of the molecular structure. This helps in developing a
qualitative structure activity relationships (QSARs). Degree-based
topological indices are the most well-known invariants of this type.
These numerical values correlate the molecular structure with different
aspects of properties such as chemical reactivity, physical properties
and biological activities. It is a proven fact that the graphical structure
of a molecule is correlated to its various properties such as boiling
point, heat formation, rigidity and strain energy and fracture toughness [6].

A Graph is number of distinct dots and lines. These dots are called
vertices and the lines/paths that connects these dot are called edges. The
path between the two dots (vertices) like u and v are 58 known as length
between the two vertices. Number of edges connected to a vertex are
called degree 59 of the vertex. Degree of a vertex is a key point of
finding an M-polynomial of our desired graph. 60 M-polynomial is use
to find variations by changing our variables.

The tables of partition of a generalized CoV(nm) graph consists of
vertices, edges and loops given as

Table 1. Partition of E(CoV(n,m))

Size of Edges Degree of Vertices
3n (2, 2)
4n (2,4)
2n (3, 4)
n 4,4)
n (3,7)
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Two parts are,

Vertices Set

V2= {CoVn,my|dv = 5nm}
V3= {CoV(n,m)|dv = nm}
Va= {CoV(n,my|dv = 2nm}
V7= {CoVn,m)|dv = nm}

Edge set

E,, ={e=w cE(Cov,, )Id, =2d, =2 > [, | = 3m
E,, =fe =wu <E(Cov,,)Id, =20, =4| > ,,| = 4nm
E,, = {e =vu eE (COVn,m)|du =3d, = 4} - E314‘ =2nm
E,,=fe=weE(Cov,, )Id, =3d, =4} > [E,|=nm

E,, ={e=wu cE(Cov, )Id, =3d, =4 > [E,,|=nm

Where,

» m denotes number of viruses.
 n denotes number of vertices.

3. M-Polynomial and Topological indices

Definition 1. Suppose G=(V,E) isagraph and veV , then dv (G) denotes
the degree of v. Let mij(G), 1, j=1, be the number of edges uv of G such
that dv(G), du(G)=1, j. The generalized graph G M-polynomial [7] can
be given as :

M(G, x, y) = ¥ mij(G)x'y’
O<i<j<A
This polynomial has better computational characteristics of

materials. Topological indices can be computed by utilizing this M-
polynomial.

Definition 2. First and Second Zagreb indices was introduced by
Gutman and Trinajstic [8, 9, 10] in 1972 and 1975 respectively. The 1st
and 2nd Zagreb indices are stated as:

Ml(G) = Z (du + dv)
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uvek(G)
M2(G) = % (dudv)
uvek(G)
Definition 3. The 2nd modified Zagreb index is stated as:

"M2(G) = Z L

uvekE (G) dudv

Definition 4. The RI is known as Randic” Index which was introduced
by Milan Randic” in 1975. It is also called connectivity index of graph. [11]

R6)= ¥
uveE (G) dudv
where degree of vertices are represented by u and v.

Definition 5. The GRI is known as General Randic” Index of G which
was introduced by Ballobas,

Erdos [12] and Amic [13] in 1998. This index was equally popular
in mathematics and chemistry [14].

RRa(G) = Y (dvdu)*
uveE(G)
where a is an any real number, aeR.[7]

Definition 6. Out of 148 discrete Adriatic indices, the total surface area
for polychlorobiphenyls is predicted well by the Symmetric Division
Index (SDI) [15]. For a connected graph G, SDI can be defined as
given:

mm(du,dv) . max(du,dv)
wéele)| max(d,,d,)  min(d,.d, )

SDI (G) =

Definition 7. The HI which is also known as Randic” Index (H(G)) . It
is alternate variant of Randic” index which was introduced by
Fajtlowicz [16] in 1987. It is stated as:

2
uvek (G) du + dv

H(G)=

(&,
&
Ininme

I{ Scientific Inquiry and Review
' Volume 4 Issue 2, 2020



Virk and Malik

Definition 8. The Inverse Sum Index (ISI) stated as:
dd
IS1(G)= 3 ——math
uveE(G)du +dv

Definition 9. The AZI known as Augmented Zagreb Index of G which
was introduced by Boris

Furtula et al [17]. It stated as:

AZI(G)= X (%T

uveE (G)

It is valuable for computing heat of formation of alkanes. The
calculation of residence of molecules (chemical and physical) can be
viably categorized by these indices. Previously, Munir et al have
calculated the M-polynomials. They also calculated corresponding
topological indices for Titania Nanotubes in and Nanostar Dendrimers

[17].

A few topological indices are degree based which can be
determined from M-polynomial [12].

4. M-Polynomial of CoV(n,m)

The algebraic polynomials of COVID — 19 raph are discussed below.
Let us first compute 80 M-polynomial for CoVnm.

Theorem 10. Let CoVnmis generalized COVID-19 graph. Then
M(COVn,m, X, ¥) = 3nmx2y2 + 4nmx2y* + 2nmx3y* + nmx4y* + nmx3y’ (1)
Proof.

M(CoV, ..Xx,y) = Zmi]j (COVn,m)xiyj

i<j

=>m,,(Cov, X¥*+>m,CoV, Xy*

2<2 2<4

+> m_ CoV, Xy*+>m,,(Cov, NYy*
3<4 4<4

+> m, (Cov, Wy’

3<7
2,2
:‘EZ’Z‘X Y+

Em‘xzy4 +‘E3y4‘x3‘y4
+‘E4v4‘x“y4 +‘E3’7‘x3y7
= 3nmx%? +4nmx’y* + 2nmx’y

School of Science 1@}
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Figure 8. CoV(n,m

Figure 8, shows the graphical representation of M-polynomial for
CoVnm). Different colors are used for different values of x and y. The
red color represents the values of y equal to 1. Similarly, green, blue,
yellow and pink are fixed for x and y equal to 2, 3, 4 and 5, respectively.

5. Degree Based Topological Indices of CoV(nm)

Table 2. Induction of Some Degree Based Topological Indices from

M-Polynomial

Topological Index

Derived form M(CoVam, X, Y)

1st Zagreb

2nd Zagreb

2nd Modified Zagreb
General Randic” (GR) « € N

General Inverse Randic” (GR)a
EN
Symmetric Division Index (SDI)

Harmonic Index (HI)
Inverse Sum Index (ISI)
Augmented Zagreb Index (AZI)

(Dx + DY)[M(CoVn,m, X, y)]y=x=1
(DxDy)[M(CoVn,m, X, y)]y=x=1
(SxSy)[M(CoVn,m, X, y)]y=x=1
(DxaDya)[M(CoVn,m, X,
y)ly=x=1

(S%5yH[M(CoVn,m, X, y)]y=x=1

(DxSy + DySx)[M(CoVn,m, X,
Y)y=x=1

2SxJ[M(CoVn,m, X, y)]y=x=1
SxJDxDy[M(CoVn,m, X, y)]y=x=1
S3xQ—-2JDx3Dy3[M(CoVn,m, X,
yy=x=1
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Where
D f =y V) p ¢y AT jf(y%ts ?f
6’X y ay g 0 0
J(F(x,y))=1(x,X),Qu(f(X,y))=x*f(x,y) for non-zero a

Theorem 11. Let CoVnm be generalized COVID — 19 graph. Then
First Zagreb of COVID — 19 graph is given by,

M1(CoVn,m) = 68nm

Proof. As we know that the M-polynomial of CoVnm is defined in Eq
(1), then First Zagreb is,

M1(CoVn,m)= (Dx+ Dy)[M(CoVn,m, X, y)]x=y=1

Dy= [6nmx?y? + 16nmx2y* + 8nmx3y* + 4nmx*y* + 7Tnmx3y’]
Dx= [6nmx2y? + 8nmx2y* + 6nmx3y* + 4nmx*y* + 3nmx3y’]
(Dx + Dy)x=y=1= 68nm

Figure 9. 1st Zagreb index

Theorem 12. Let CoVnm be generalized COVID — 19 graph. Then
Second Zagreb of Covid — 19 graph is given by,

M2(CoVn,m) = 105nm

Proof. As M-polynomial of CoVnmis defined in Eq (1), And Dxand Dy
are defined in theorem 4.1,

Then Second Zagreb is,
M2(CoVn,m)=(Dx - Dy)[M(C0oVn,m, X, ¥)]Jy=x=1=105nm

School of Science P A
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Figure 10. 2st Zagreb index

Theorem 13. Let CoVnm be generalized COVID — 19 Graph. Then
Second Modified Zagreb of COVID — 19 graph is given by,
Zagreb is,

"M, (CoV, )= (SXSy)[M (CoVn,m,x,y)]

X=y=1

(DyS D Sy) _ 1047nm

X X x=y=1 42
171nm

112

Proof. As we know that the M-polynomial of wheel CoVnmis defined
in Eq (1), then Second Modified

3nmx?y? . nmx?y* N 3nmx’3y* N 3nmx‘y* . 3nmx’y’

™Mz(CoVn,m) :(

SS =
xTy

4 2 6 16 21
171nm
O ( 112 j
Figure 11. 2nd modified Zagreb index
58 ¢ : § Ii Scientific Inquiry and Review
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Theorem 14. Suppose CoVnmbe generalized COVID — 19 graph. Then
General Randic” of COVID — 19 graph is given by,

GR(CoVn,m) =nm[4*- 3 +8%- 4 + 12¢- 2 + 16“ + 21%].

Proof. As we know that the M-polynomial of wheel CoVnmis defined
in Eq(1), then General Randic” is,

GR(CoVa,m) = (DX"‘Dy“)[M(CoVn,m, X, Y)]y=x=1

Dy = (2)*- 3nmx?y? + (4)* - 4nmy?y* +(4)* - 2nmxy* + (4)7 - nmxy* +
(7)'nmx3y’
DD = (2)*+ (2)*- 3nmx?y? + (2)“ - (4)* - 4nmx?y* +(4)* - (3)* -
2nmx3y4 + (4)0:(4)0: . nmx4y4 + (7)a . (3)“nmx3y7
(DD, )y=x=1=(4)*- 3nm + (8)* - 4nm + (12) - 2nm + (16)* - nm +
(21)*- nm

Figure 12. General Randic” index

Theorem 15. Suppose CoVnm be generalized Covid — 19 graph, then
General Inverse Randic” of wheel graph is given by,

nm[3+4+ 2 + ! + !
RR.(CoVnm) = "4* 8% 12¢ 16* 21¢

Proof. As we know that the M-polynomial of COVID — 19 CoVnmis
defined in Eq(1), then General Inverse Randic” is,

RRICOVnm]=(S,S ;") [M(CoVam, X, y)]x=y=1

School of Science Pra<s
W@ s9
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3nmxAy?  dAnmxy*  2nmx¥dy* nmxly* nmxdy’
_ y: y' , 2amxy*® amxyt nmxy

Sa
y 2a 4a 40: 4a 7{1
2,2 2,4 4 4 7
aga 3nmx’y® |, 4nmx’y +2nmx3y +nmx"y +nmx3y
Y 2°.2° 4%.2¢ 4%.3% 4”.4* 7437
(S“S“) 3 4 N 2 1 1
XY Jx=y=1

Figure 13. General inverse Randic” index

Theorem 16. Suppose CoVnmbe generalized COVID — 19 graph,
then Symmetric Division Index of COVID — 19 graph is given by,

sDI (Cov, ) = 10‘;72”m

Proof. As we know that the M-polynomial of COVID — 19 CoVnm is
defined in Eq (1), then

SDl is,
SD'(COVn,m):(DxSy+ Dny)[M(COVn,m, X, y)]y:X:l
4 7
D,S, =3nmx’y? + 8nmx’y* + 8nmxy” nmx4y* + m
4 7
D,S, = 3nmx’y? +2nmx’y* + m +nmx‘y* + —Bnm7x3y
(DS +DS ) =1047nm
Vo Y ey 42
60 — N E Ii Scientific Inquiry and Review
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Figure 14. Symmetric Division Index (SDI)

Theorem 17. Suppose CoVnmbe generalized COVID — 19 graph, then
Harmonic Index of COVID — 19 graph is given by,

HI (Cov, ) = 16128”‘

Proof. As we know that the M-polynomial of COVID—-19 CoVnm is
defined in Eq(1), Then Harmonic index is

Ist (Cov,,)=5,[3(D,D,)|[MW,,.xy)]

y=x-1
E,, ={e=wu cE(Cov,, )Id, =24, =2} > |E,,| = 3m
E,, :{e =w eE (CoVn’m)|du =2d, = }—> E,, =4nm
E34={e:vu eE(CoVn’m)|du:3,d = }—>E3,4 =2nm
EM:{e:vu eE(CoVn‘m)ld —3,dvz4}—>E4,4 =nm
E3’7={e:vu eE(CoVn’m)|du =3d = }—> E,,/=nm

+
4 3 7 8 10

1619nm
420

4 6 7 8 10
Sx‘] [M (CoV m,x,x)]z 3nmx +2nmx +2nmx +nmx nmx
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Figure 15. Harmonic index

Theorem 18. Suppose CoVnmbe generalized COVID — 19 graph, then
Inverse Sum Index of COVID — 19 graph is given by

ISl (Cov, ) = 3328””

Proof. As we know that the M-polynomial of CoVnm CoVnmis defined
in Eq (1), then Inverse Sum Index is

ISl (Cov, ) =S, [J (DD, )][M (Wn’m,x,y)lzle
D,D, =12nmx%?* +32nmx’y* + 24nmx?y* + 16nmx‘y* + 2Inmxy’

J (DXDy) =12nmx* + 32nmx® + 24nmx” + 16nmx® + 2Inmx®

$.(D.D,) - 3’ + 16n:r))nx6 N 24n;nx7 + o +%
3331n
SXJ (DXDy)[M (Covn,m’x'y)l,_x_l B 210m

Figure 16. Inverse Sum index
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Theorem 19. Suppose CoVnmbe generalized COVID — 19 graph, then
Augmented Zagreb Index of

COVID — 19 graph is given by,
1747nm
2500

Proof. As we know that the M-polynomial of COVID — 19 CoVnmis
defined in Eq (1), then

Augmented Zagreb Index is,

AZI (Cov, ) =120

AZI (Cov, ) =81 IDD[M (CoV, . xy)]

x=y=1

Dy3 =(2)%.3nmx%? + (4>.4nmxy* + (4)%.2nmx}y* + (4> nmxy* +(7)%.3nmx3y’
Dny3 = (4%.3nmx%y? +(8)%.4nmx%y* +(12)%.2nmx%* + (16)>nmx‘y* +(21)*.3nmx3y’
J (DjD;) =192nmx* +2048nmx® + 3456nmx” + 4096nmx® + 926Inmx
Q J (DiD}) = 192nmx” + 2048nmx* + 3456nmx° + 4096nmx° + 926Inmx"

1747nm

$:0.JDD; M (Cov, . xy)| =120

kL 2500

Figure 17. Augmented Zagreb index
6. Conclusion

The graph theory is the discipline of mathematics which reinforces the
investigation of complex networks in biological application or in any
other uses. It has been effectively used in the investigation of the
biological network topology and different biomolecules. Thus
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topological indices help in understanding the chemical reactivity,
physical features and biological activities. Hence, it can be said that the
topological indices are a core function. Every molecular structure can
be mapped to a real number with its help. It can also be used
asdescriptors of the molecules under testing. In this paper the M-
polynomial of coronavirus is proposed. From M-polynomial we find
some degree based topological indices such as Modified Second
Zagreb Index, First and Second Zagreb Indices, Augmented Zagreb and
Symmetric Division Index.

References

[1] Gallagher TM, Buchmeier MJ. Coronavirus spike proteins in viral
entry and pathogenesis. Virology. 2001;279(2):371-374.
https://doi.org/10.1006/viro.2000.0757

[2] Su 'S, Wong G, Shi W, et al. Epidemiology, genetic recombination,
and pathogenesis of coronaviruses. Trend Microbiol.
2016;24(6):490-502. https://doi.org/10.1016/j.tim.2016.03.003

[3] Backer JA, Klinkenberg D, Wallinga J. Incubation period of 2019
novel coronavirus (2019-nCoV) infections among travellers from
Wuhan, China, 20-28 January 2020. Eurosurveillance.
2020;25(5):2000062.

[4] Li Q, Guan X, Wu P, et al. Early transmission dynamics in Wuhan,
China, of novel coronavirus—infected pneumonia. N Engl J Med.
2020;382:1199-1207. https://doi.org/10.1056/NEJM0a2001316

[5] Zhou P, Yang XL, Wang XG,et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature.
2020;579(7798):270-273. https://doi.org/10.1038/s41586-020-2012-7

[6] Kwun YC, Ali A, Nazeer W, Ahmad Chaudhary M, Kang SM. M-
polynomials and degree-based topological indices of triangular,
hourglass, and jagged-rectangle benzenoid systems. J Chem.
2018;2018:8213950. https://doi.org/10.1155/2018/8213950

[7] Deutsch E, Klavzar S. M-polynomial and degree-based
topological indices. Arxiv Preprint Arxiv:1407.1592. 2014.
https://arxiv.org/abs/1407.1592

o
=
Ininme

I{ Scientific Inquiry and Review
' Volume 4 Issue 2, 2020


https://doi.org/10.1016/j.tim.2016.03.003
https://doi.org/10.1056/NEJMoa2001316
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1155/2018/8213950
https://arxiv.org/abs/1407.1592

Virk and Malik

[8] Gutman I, Trinajsti¢ N. Graph theory and molecular orbitals. Total
¢-electron energy of alternant hydrocarbons. Cheml Phy Lett.
1972;17(4):535-538. https://doi.org/10.1016/0009-2614(72)85099-1

[9] Hao J. Theorems about Zagreb indices and modified Zagreb
indices. Commun Math Comput Chem. 2011;65:659-670.

[10] Gutman I, Ru?? I¢ B, Trinajsti¢ N, Wilcox Jr CF. Graph theory
and molecular orbitals. XII. Acyclic polyenes. J Chem Phy.
1975;62(9):3399-405. https://doi.org/10.1063/1.430994

[11] Randic M. Characterization of molecular branching. J Am Chem
Soc. 1975;97(23):6609-6615. https://doi.org/10.1021/ja00856a001

[12] Bollobas B, Erdos P. Graphs of extremal weights. Ars
Combinatoria. 1998;50:225-233.

[13] Shao Z, Virk A, Javed MS, Rehman MA, Farahani MR. Degree
based graph invariants for the molecular graph of Bismuth Tri-
lodide. Eng Appl Sci Lett. 2019;2(1):01-11.

[14] Virk AU, Jhangeer MN, Rehman MA. Reverse Zagreb and reverse
hyper-Zagreb indices for silicon carbide Si2C3l [r, s] and Si2C3llI
[r, s]. Eng Appl Sci Lett. 2018;1(2):37-50.

[15] Ajmal M, Nazeer W, Munir M, Kang SM, Jung CY. The M-

polynomials and topological indices of generalized prism network.
Int J Math Analysis. 2017;11(6):293-303.

[16] Munir M, Nazeer W, Rafique S, Nizami AR, Kang SM. Some
computational aspects of boron triangular nanotubes. Symmetry.
2017;9(1):6-16. https://doi.org/10.3390/sym9010006

[17] Bharati Rajan AW, Grigorious C, Stephen S. On certain
topological indices of silicate, honeycomb and hexagonal
networks. J Comp Math Sci. 2012;3(5):498-556.

School of Science ’J@: 65
Volume 4 Issue 2, 2020 NS


https://doi.org/10.1016/0009-2614(72)85099-1
https://doi.org/10.1063/1.430994
https://doi.org/10.1021/ja00856a001
https://doi.org/10.3390/sym9010006

	4
	SIRV4(2)-4

