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Abstract: In this work, with the aid of computational program, the modified exp[-Q(§)]-expansion function method (MEFM) is considered to
obtain some new results to the double-stranded Deoxyribonucleic acid (DNA) model. We extract some new complex polynomial and soliton
solutions to the governing system of equations. Moreover, we plot 2D and 3D graphical distributions of dependant variable of the double

stranded DNA model.
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INTRODUCTION

ODAY, modern technology has rendered possible bet-

ter understanding the problems of daily life. During its
process, this technology has used the basic properties of in-
terdisciplinary fields. At the first glance, mathematical
norms from trigonometric properties to special functions
have been plaid an important role. Especially, modern tools
such as deep learning, machine learning and artificial intel-
ligence [1-3] have been considered. Many experts have ben-
efited from these items to investigate these problems such
as health diseases and natural problems, especially, DNA
problems caused by genetic diseases. Deep learning tool
has been used to observe the identification of DNA-binding
proteins.l*l More recently, Ward and their team worked on
DNA-damageassociated protein.l5! Caldecott studied on
DNA single-strand break repair by using dynamic net-
works.l?] They observed that protein connection in DNA-
damage-associated influences the tolerance to genetic var-
iation. A genetical study of DNA sequence structures and
DNA repair gene variant was conducted by Monckton and
his team.” Nikjoo and his team studied on the mechanistic
modelling studies of DNA damage and DNA repair.[8
Recently, the mathematical models of DNA methylation
dynamics were introduced to the literature to observe the

incorporation of hydroxymethylationl®? which was
observed the global methylome and then to local epige-
netic regions.

In this study, we observe the double-stranded DNA
model which is based on partial differential equations
(pDES)I[lo—lz]

Ut — ClUxx — C3Uyy — CoU,, —

A =Ty — Qw3 — Qsuv? =0,
2 2 2

Vit — CaVxx — C2Vyy — €3V, —

Ao —u? — Quuv —Quvd +¢co =0,

in which u = u(x,y,zt),v = v(x,y,zt) represent the variation in
longitudinal displacements between the bottom and top
strings, symbolise their transverse motion, respectively.
The constants used in Eq. (1) being c1,¢2, A1, Ay, T1, T2, Q1, Q,,
Qs, Qgand coare defined as follows

C1:ii,czzii,/\1:ﬂ(C—Lo),
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where p; denotes the mass density, o; represents the trans-
verse cross-sectional area of the strand. The parameter cor-
responds to Young’s modulus, and F defines the tension per
unit length within the strand. The rigidity of the elastic
membrane is given by s, h denotes the distance separating
the two DNA strands, and Lo represents the membrane’s
equilibrium height. Eq. (1) was studied by ElImandouh and
his team in x and t domain.[*3] In their work, the complete
discrimination and direct method were used to extract
some results in solitary, periodic, kink, and singular solu-
tions. Moreover, Kumar et al introduced to literature the
solitonic structures of DNA in x and t domain.[*4]

The paper is divided into five sections. Section 2 pro-
vides an overview of the proposed MEFM. Section 3
demonstrates the new results of our method on the dou-
ble-stranded DNA model and provides some physical simu-
lations of the new solutions. Section 4 includes some
important future for the doublestranded DNA model and
approach. Section 5 offers a conclusive overview of this
manuscript.

PRELIMINARIES OF SCHEME

In this part of the manuscript, we introduce the main
properties of the MEFM in detail as the following steps:
Step 1: Let’s consider a general PDEs given as

P(U, Ux, Uxx, Uxxt, uxuzr"'): 0 (3)

in which u = u(x,t) is unknown function, P is a polynomial of
u(x,t) together with its derivatives. We convert Eq.(3) by
using the wave transformation formula given as

u(x,t)=U(¢&), E=kx—ct, k#0, c#0, (4)

into the nonlinear ordinary differential equation (NODE)
obtained as

NODE(U,U",U",U?,-+) =0, (5)

being NODE is a polynomial of U = U(€) and its derivatives
suchas U =dU/ d§ U” =d2U / d&.

Step 2: In this second step, we consider the wave
solution formula of Eq.(5) in following format

u(g)=——, (6)

being A;,B;,(0 < i < N, 0 £ j £ M) are constants to be

determined later, such that Ay # 0, By # 0. M and N are
positive integers via obtained by using the homogeneous
balance principle. In Eq.(6), Q = Q(¢) satisfies the following
differential equation

Q'(€)=e ) 4 e 4. (7)

Eqg.(7) has many solutions, but here, we consider
several of such families of these solutions [1516] 35 follows:
Family 1: When u#0,A2—4 u >0,

Q(f)—ln[_“Az_Autanh[“A22_4u(f+E)JA] (8)

2u 2u

Family 2: When u#0,A2—4 u <0,

2u 2u

v _x
Q(f):ln[\//\+4“tan[‘/A2+4”(f+E)]—A] (9)
Family 3: When u#0,A#0andA2—4u>0

|4
=—In| ————— 10
0(6) In(e/\(fﬁ)_lj (10)
Family 4: When u#0,A#0andA2—4u=0

Q(f):ln[—mj (11)

Family 5: Whenu=0,A=0andA2-4 =0
Q(&)=In(€+E) (12)

in which A,B;,(0<i< N, 0 <j< M) and E are coefficients to
be determined later.

Step 3: In this step, we calculate the coefficients of
Eq.(6). If we insert Eq.(6) and its derivatives together with
Eqg.(7) into Eq.(5), we obtain a system of equations involving
polynomial of e 8. Solving this system by using various
computational programs, we reach the values of
coefficients A;, B, E, A, i, k, c. Putting these values of the
coefficients along with one of Egs.(8-12) into Eq. (6), we
obtain various new solutions to the Eq.(3).

APPLICATIONS

In this sub-section of the manuscript, the MEFM is used to
extract various special complex solutions of the double-
stranded DNA model. If we use the travelling wave
transformation defined by u = U(§), v=V (§), E=mx + ny +
rz—ktwherem#0,n#0,r#0, k=0, into Eq.(1), we convert
it to the following NODE
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1'1U"— 'l.'zU—'l.'g,U2 —7.'4U3 =0 (13)

in which V = qU+B and also 11 = k-c12m?-c12n?>-ci?r?, T =
MN+T1B+Q3B2, t3= al1 +2aBQ3, Ta= Q1+ a?Q3, c1= ¢, N\a= M1
+ M +Qaﬁ2 - 3Q4ﬁ2, M= a2r1+2a2[303—304a2/3—02ﬁ, Q4 =
Ql+ang—Qz, Co= —Q4ﬁ3—ﬁ/\2.

Via balance rule on Eq.(13), we find a relationship N
and M as below:

N=M+1 (14)

in which N, M € Z*. According to various values of N and M,
we extract following cases.

Case 1: When we take the basic values of N and M as
M =1, N = 2 for Eq.(6), we may write the test function of
the solution formula for Eq.(13) as follows

_ Ao + Ale’ﬂ(f) + Azeizo(f)
Bo + By (¢)

u(¢) -< )

where B; # 0. For Eq.(13), we need to take second
derivations [Eqg.(15)]. So, we find it as follows
vy —wy' A
U =————=— and
_NO- MO
==

(16)
Ur/( f )

If we substitute Eqg.(15) and Eq.(16) into Eq.(13), we find a
polynomial of e, Solving this equations with aid of
various computational programs and extract the values of
the coefficients. To gain some new solutions for Eq.(1), we
consider each case given by follows

Case 1.1: Under the Family-1 conditions, if we select
following coefficients

a=1,c=c, Q=a’Q3+Q:1-Q, Bo =3,
Ai=2,B1=1A=1,B8=2,T =-3a?BQ4 +
20280 + @’y — B, Ay = B2Q3 — 3620 +
Bri+ A1, co==B3Qs— BAy,n=i, Ny =—i,

Qs=3,M=2A =Bo(2-80),

i
o[ 587 3920 e qma i T 14 o
2313 2313 a

i(2-28, )3/2\/196a2+(144—9i)cf(m2+r2—1)
3\/(16—i)(230—2)3
(Bo—2)(14aBo +(-28a—(48-3i)))
- 14a

k=-

we find the following complex trigonometric function
solution as

ul,l(x,y,z,t) =
34_30
- 7 7 (17)
10 3i 3 24i
-——+—+| —+— |tan x,y,z,t
72 2t Jen(ronan))
where
f(xy.z2t)=
3 12\ t4196+ (144 -9/ )c (m? +17 -1)
—+— +E+mx+rz+iy
(28 7j 3J16-i

The graphical simulations of us,1(x,y,zt) are plotted
in Figure 1.

Case 1.2. In this case, we consider two family
conditions given by Eq.(8) and Eq.(9) as following cases.

Case 1.2.1: With the conditions of the Family-1,
when we select these

C1=C, Q=023 +01-Qy, a=1, A1 =2,B0 =3, A =2,
Bi =1, [ = —302BQs +2a%8Q3 + a1 — fQ;, A2 =1, B =2,
n=i, Ar=—i, Q3 =3,

Nz = B2Q3 —3B%Q4 + Bl + A1, co = B3(—Qa ) — BA2, T1 =2,
140aA? + (48 —3i ) AiB1 — (96 — 6i ) Bo

A=Ay, Ay =
56a
0, - a( Bi(9aA; + 288, ) - 18aBo )’
6Bo — 3418y
16 i

——E(AlBl—ZBo)\/14a+3clz(ZBo—AlBl)(m2+r2—1)

3
J(16-1)(280 - 481 )’
14aA? +( 48 —3i ) AiB1 — (96 — 6i ) Bo
u= ,
56a

k=

we find the following complex hyperbolic function solution
as

68 6 1147 204i
7 7 . 49 49 +(7ﬂ+ﬂj (18)
96 6i ; ’ 7 14
K h(f) [72— %‘thanh(]‘)]
77
34 _3i
3 7 7

where

Uy, =y, (x,y.2t), f=f(xy.2t)= /%+%(ﬁst+£+mx+rz+iy),
Jrci(m'+rt-1)+14

m=
NE]
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Figure 1. The 3D, revolution and contour surfaces of Eq.(17).

The graphical simulations of uy,1(x,y,zt) are seen in
Figure 2.

Case 1.2.2. With the conditions of the Family 2,
selecting

a=1,A=2,B=3B=1,A=16=2n=i A =—i,Qs=3,
_ 140A? +(48-3i ) AB1 — (96— 6i ) Bo

M=24
56a
_a(B:(9aA; +28B; )~ 18aB, )
T 6B0 — 3A18: '
. ?+é(AlBl—ZBO)\/14a+3c}(ZBo—AlBl)(m2+r2—1)
J(16-i)(280 - A8 )’
) VAR (o i
A:A1,#:14aA1+(48 3i ) AB — (96 GI)BOICI:CZI

56a
Az = B?Q3 =3By + Pl + N1,
I, = —3a?BQs +2a%BQs + a’l1 — fQ,,
Qu =a?Qs +Q1 - Qy, co = B3(-Qa ) - A2

we find the following complex hyperbolic function solution
as

Uzp =
68+6i 1147 204i
17 3 7ty 29 a9
7 3, 7 7 49 49 - (19)
7ML, —%+gtan(f) % 6
;13 -2+ —7+7tan(f)
343
3 77
-2+ —%+9tan(f)
7
where

£

Ua =2 (x,y,2t), f=f(xyzt)=
_2A
7

J12c2(m?+r2-1)+14

23

The graphical simulations of uy(x,y,zt) are seen in
Figure 3.

+%(E+mx+iy+rz+ct),

¢=

Case 1.3: Via the Family-1 conditions, considering
follows
A2 = B2Q3 —3B2Q4 + B + A1, [ = —3a?BQ, +2a2BQs + a’ly — BQy,
Qi =a?Q3+01 - Qz, co=B3(—Qa )—PA2, m=1,r=2,B =3,
=28 =2a=1¢=1,A=18=2n=iA=—0;=3,

~56aB, — (48— 31 ) B? 22 2
=2, A = Il L S

6(302+ Q1) 9(3a2+0,) B
A _ 2B 28aBi _7560(807(4873!')312_'_ 1960282 8
T 3(3a+r) " 6(3a?+mn) 9(3a2+0,) B
\/30!2 + 23%612( m?+r2-1 ) +Q 28, 28aB;
k=- JA=———F———, a1 =0,
NeT B 3(3a’+0)

We find another complex trigonometric function
solution as

283648 192 19478599 _ 8864i
3375 25 50625 125 _216 9 20
E_3J2_ﬂtanh(f) (%73\/@tanh(f)]z = o (20)
15 V5 s 5 N5 s
a1 = 4432270 '
75 5

where
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Figure 2. The 3D, revolution and contour surfaces of Eq. (18).
usp =usa( x,v,z,t),f=f(xy,zt)= _ i 12
si=tsa(xy,2,t).f=f(xy.20) k=t 2\/(—4+2i)3153+(27+9i)(—1+m2+r2)6%,
- 3 10
8 i 1 (77 .
3 )=——| E+—,—t+x+iy+2z |. 15 2
5 10 3V2 u=2(727i)§(§)3,Az=ﬁ203733204+ﬁF1+A1,
) ) ) L= —3a2ﬁ04 + Zazﬁﬂg + H2r1 — BQz,
o The graphical simulations of us1(x,y,zt) are plotted Qu = 0703+ 01— Qy, 1 = 2, Co = B (0 )~ Bs
in Figure 4.
Case 2: When we take as M =2, N = 3 for Eq.(6), we we find the following complex polynomial solution
may write the test function of the solution formula for Usy =
Eq.(13) as follows. _1\/: a(E-%—mx+iy+rz+ﬂ)i’)3
g E_ 15 3
S\T A7 . 3
u(e) = Ao + Are~26) 4 A,e720(8) 4 pe30(E) v 1) 4+4(—2—1)626(E+£nx+/y+rz+(]>t) (22)
(¢)= Bo + Bye~¢) 4 Bye2(¢) 'S 3
- c(E+mx+iy+rz+(Dt)2
2
Putting Eq.(21) and its second derivative into the 2 4(_2_,')%2%(E+mx+iy+rz+®t )
: : . 33| 44
Eq.(13), we extract following complex polynomial solutions. 3%
Case 2.1: Selecting follows together with Family-4
conditions where
ns —uns (59,2t o = 2048 4096i
As=i,Ai=A =B =0,68=1n=i, vty at), o=y Ty
Qs=1, A =—i, [, =2, 2 iis
. §=128(—4—2i)§[ 2+’j3,
- NS 2 5
-1 i 4 2i 3 _=
Q1=Bozl,Ao=— 1+—,Bz=— -+ — 33, 1 3=} 12
3 2 5 5 o== —\/(—4+2i)€153+(27+9i)(—1+m2+r2)c§.
1 s 3V 10
2(-2-1i)s26 ical si i
o= _ﬂ, A= ( i ) , The graphical simulations of uas,1(x,y,2t) are plotted

33

in Figure 5.
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Figure 3. The 3D, revolution and contour surfaces of Eq. (19).

Refus.1] Relus1]

)

Re[us 1]

w “ ]
|
£ . S
Figure 4. The 3D, revolution and contour surfaces of Eq. (20).
Case 2.2: Under the conditions of Family-4, if we we obtain another following complex polynomial solution
select these conditions,
As=i, A=A =B=0,B=1n=i, Q=1 AN =-i,[1=2, Q1 =By =1 Uap =
3
1 B 1 1 i o(mx+iy—kt+wz+E)
i i, 2 2(-2)6(2+i Sl =
Aozl,1+L,Bz=—(—£+21)333,a:\/1—2i,}l:7( )65 e 3V 2 s E
3 2 5 5 < 4(-2)s 1
33 4+71(2+i)6(mx+iy—kt+mz+E) (23)
Pt /73+I\/(—4+2i)3153—(27+9i)k2+(27+9i)cf(m2—1) , 3 .
3¢ 10 e(mx+iy—kt +wz+E)
1+
1o s :
_ 3 3 _ _ 4(-2)e 1
u72(—2—/)3(§j , N2 = B?Q3 =3B + Bl + A1, co = B3(—Qa ) — BN, 4+7( i ) (2+i)s(mx+iy—kt+wz+E)
M, = —3a2BQ4 + 202f0s + a’l1 — B2, Qu = Q3+ Q1 —Qy, c1 =€, 33
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where !
o)=L (27)
ben =ten(xy,2t), - 2048 _ 4097 y
9 9 Putting Eq. (25), Eqg. (26), Eq. (27) into Eq.(24) we
1| [3+i 3Lt ) . obtain follows
m=£{ { 10’\/(—4+2:) 15" (27 +90 )k2 +(27+90 )( -1+ m? ) |,

i — y'=1+ Ay + uy? (28)
o=1 E\/(—4+2i)’153—(27+9i)(—1+m2+r2)c%,

3V 10 . , Eq (28) is a special type of the Riccati differential
e=128(1 )%( —2+i JE( 4+2i JE. equation which needs to be given a special solution. So, in
> 3 this paper, we consider some special solution parameter,
The graphical simulations of us,(xy,z ) are plotted we find several families of the solutions given by second
in Figure 6. section.
Secondly, if we consider higher values of Mand Nin
Eqg. (14), it produces many coefficients to the considered
DISCUSSIONS differential equations.[!”). When we consider M=3 and N =
In this section of the paper, we provide two important 4, we write follows:
discussions as follows. Firstly, as one of the trustable U( £ ) _
methods for extracting various new travelling wave solutions 0 0 5 0
to the double-stranded DNA model, the MEFM has been Ao + Are %) + A8 4 pge3E) 4 pgee(d) , (29)
used. This method is based on the special type of the Riccati Bo + Bie ¢) 4+ B 2(¢) 4 pye=30(¢)

differential equation, that is, if we re-consider Eq.(7) as where A, # 0 and Bs # 0. In Eq.(29), we have two more

Q'(€)= e 28 4 pe?) 4 2 (24) parameters, such as As and Bs. So, these parameters
produce more different traveling wave solutions than the

together with following equality model studied.[*® This is one of the main properties of the
y= e(€) (25) method. In this paper, by selecting some of these
coefficients, we have obtained some novel complex,

we can re-write it as below exponential, and hyperbolic function solutions to the
. . doublestranded DNA model such as u1.1, U2.1, U2z, U31, Uaa

y'=ya (6) (26) and ua.. If we take more values of M and N, we obtain more

and also complicated new analytical solutions for the model studied.

- _Refug4] . Imluas]

Figure 5. The 3D, revolution and contour surfaces of Eq. (22).
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Figure 6. The 3D, revolution and contour surfaces of Eq. (23).

CONCLUSION

In this work, with the aid of computational programs, we
have applied MEFM to the double-stranded DNA model.
Some new complex polynomial, trigonometric, exponential
and hyperbolic function solutions have been reported. All the
obtained solutions in this study have verified the considered
the doublestranded DNA model given by (1). We have also
plotted various dimensional such as 3D, contour and
revolution of each obtained solutions. We observed that our
solutions are new when compared with the solutions
obtained by the existing methods in the literature.['419 Via
these solutions, it is estimated that these novel solutions may
be useful to better understanding of the double-stranded
DNA model in various aspects.
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