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Abstract—This document reviews the 4D-Dynamic Representation
of DNA/RNA Sequences, a four-dimensional bioinformatics model
developed and published by the authors for classifying deoxyri-
bonucleic acid (DNA) and ribonucleic acid (RNA) sequences.
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I. INTRODUCTION

Alignment-free bioinformatics methods represent a rapidly
developing field and provide an efficient alternative to tradi-
tional alignment-based approaches [1]–[6]. Among alignment-
free methods are Graphical Representations of Biological Se-
quences, which focus on the graphical and numerical analysis
as well as the classification of biological sequences, with
comprehensive reviews available in [7]–[10]. Each approach
highlights different aspects of sequence similarity. This docu-
ment describes the 4D-Dynamic Representation of DNA/RNA
Sequences, an alignment-free method developed and published
by the authors [11] [12]. While multidimensional in nature,
the projections of its four-dimensional graphs into two- and
three-dimensional spaces serve as graphical tools for ana-
lyzing sequence similarity. This method extends our earlier
two-dimensional [13]–[19] and three-dimensional [20]–[23]
approaches. We refer to this method as ”dynamic” because
it models sequences as clouds of material points, maintaining
constant distances between one another, similar to the behavior
of a rigid body in classical dynamics. The numerical char-
acteristics of these clouds are designed to be analogous to
those used in dynamics. Details of the method are provided in
Section II, while the summary and our plans are presented in
Section III.

II. METHOD AND RESULTS

In this approach, a DNA/RNA sequence is represented
as a 4D-dynamic graph - a collection of material points
with unit masses positioned in four-dimensional space. The
methodology for constructing this graph is detailed in [11]. As
descriptors of the 4D-Dynamic Representation of DNA/RNA
Sequences, we proposed using the coordinates of the centers
of mass of these 4D-dynamic graphs

µk =
1

N

N∑
i=1

xk
i , k = 1, 2, 3, 4 (1)

and using the normalized principal moments of inertia of the
4D-dynamic graphs

r4Dk =

√
Ik
N

. (2)

N is the length of the sequence which is equal to the total mass
of the 4D-dynamic graph (mi = 1 of each material point):

N =

N∑
i=1

mi. (3)

The moment of inertia tensor in four-dimensional space is:

Î =

 I1 1 I1 2 I1 3 I1 4

I2 1 I2 2 I2 3 I2 4

I3 1 I3 2 I3 3 I3 4

I4 1 I4 2 I4 3 I4 4

 (4)

with the matrix elements

Ij j =

N∑
i=1

mi

4∑
k=1

[
x̂k
i (1− δjk)

]2
, (5)

Ij k = Ik j = −
N∑
i=1

mix̂
j
i x̂

k
i . (6)

The mi coordinates in the new coordinate system are x̂k
i =

xk
i − µk and δjk is the Kronecker-Delta. The new system is a

Cartesian coordinate system in which the origin is chosen at
the center of mass of the graph. The eigenvalues Ik used in
(2), called the principal moments of inertia, are obtained by
solving the fourth-order secular equation:

det(Î − IÊ) = 0, (7)

where Ê is the unit matrix.
The proposed descriptors have been applied to the construc-

tion of the similarity maps. These descriptors are represented
on the axes of the maps. Examples of the similarity maps
obtained using different descriptors are shown in Figures 1–3.
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Figure 1. Classification map µ1 − µ4 − r4D4 .
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Figure 2. Classification map µ2 − µ3 − r4D4 .
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Figure 3. Classification map µ2 − µ4 − r4D4 .

III. CONCLUSION

We applied this approach to the bioinformatics character-
ization of the SARS-CoV-2 virus [11] and to studies on the
genetic diversity of Echinococcus multilocularis in red foxes
in Poland [12]. Specifically, the distribution of clusters in the
classification maps generated using the 4D-Dynamic Repre-
sentation of DNA/RNA Sequences supports the hypothesis
that SARS-CoV-2 may have originated in bats and pangolins
[11]. Our results align with those obtained using standard
bioinformatics methods for the Echinococcus multilocularis
[24] and SARS-CoV-2 [25] datasets. In our future work, we
plan to introduce new graph descriptors and apply them to the
characterization of other viruses.
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[11] D. Bielińska-Wa̧ż and P. Wa̧ż, ”Non-standard bioinformatics characteri-
zation of SARS-CoV-2”, Comput. Biol. Med. vol. 131, Art. No. 104247,
2021.
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