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Abstract

The present study is devoted to study the analytical and numerical
solutions of the spatio-temporal fractional (1+1)-dimensional double-
stranded DNA equations and the spatio-temporal fractional (2+1)-
dimensional double-stranded DNA equations. For the very first time, the
aforementioned systems are considered with a novel fractional derivative
operator, namely the beta fractional derivative. We analyze three effective
prolific methods to construct analytical and numerical solutions of the
models under consideration. These methods are the exp(-¥(n)) expansion
method, the extended Bernoulli sub-ODE method, and the differential
transform method (DTM). The extended Bernoulli sub-ODE method is a
novel approach elaborated by introducing a rational form of the trial solution
(ansatz). Each of the two governing systems is reduced into a single
fractional differential equation by using a linear transformation and suitable
choices of some constants. A fractional wave transformation is utilized to
convert each of the models into a reduced ordinary differential equation

(ODE).

On the basis of the solutions of two different auxiliary equations, a
variety of new traveling wave solutions are extracted in terms of
trigonometric, hyperbolic, and exponential functions by adopting the
exp(-¥(n)) expansion method, the extended Bernoulli sub-ODE method.
Various types of traveling wave structures of biological relevance are
successfully constructed, including dark, periodic, and singular soliton
solutions. Under some appropriate choices of parameters, the physical
behavior of these solitons is illuminated graphically in two- and three-
dimensional profiles via Maple software. The effect of the wave velocity
(speed) and the order of the fractional derivative on the dynamics of these

solutions is discussed and shown in graphs.
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Based on the Taylor series expansion, the numerical solutions of the
governing models are derived by adopting the one-dimensional differential
transform method to the corresponding reduced ODEs. The recurrent
formulas are derived by applying the differential transform to the
corresponding ODEs. The approximate solutions are found in the form of
finite series. Clearly, the overall error can be reduced by adding new terms
to the series. The numerical results obtained using the DTM demonstrate its
computational efficacy and reliability by showing that the derived solutions
are in perfect agreement with the exact ones. Comparisons with analytical
solutions are made for this purpose. It is demonstrated that the employed
approaches are highly effective and robust for a broad range of FPDEs in

real-world problems.
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