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ABSTRACT
In this paper, we developed an alignment-free method for examining the similarity and
evolutionary divergence of COVID-19 virus sequences collected from five different countries that
are epicenters of the disease, facilitating faster sequence analysis. The concept of similarity
presented here is essentially a generalization of the notion of equivalence. Our method employed
MATLAB programming to calculate the frequency of occurrence of all nucleotide bases from
each DNA sequence, resulting in a dissimilarity matrix. In this matrix, smaller values indicate
greater similarity among the COVID-19 virus sequences. The dissimilarities were then converted
into a similarity matrix, and using the mathematical concept of fuzzy transitive relations, we
ultimately derived a phylogenetic tree for the COVID-19 viruses. this help to trace back a
common ancestor or identify evolutionary bottlenecks and divergence events and could help also
to understand how different strains have evolved and spread, which has implications for tracking
disease outbreaks and developing vaccines or treatments which is the ultimate aim of the research
work.
Keywords: Alignment-free method, COVID-19 virus sequences, Dissimilarity matrix, Similarity
matrix, Epicenters

INTRODUCTION
Biological systems are incredibly complex due
to their durability, stability, flexibility, and
adaptability. These systems generate vast
amounts of biological data through unknown
processes. Interpreting such data involves
uncovering interconnected linkages hidden
within it. However, due to these challenges,
the accuracy of predictions or the insights
gained from databases is often limited. This
highlights a significant need for further
investigation, necessitating the development of
new conceptual models and analytical
methods. (“36th European Congress of
Pathology – Abstracts,” 2024) Numerous
researchers have attempted to offer scientific
solutions for the control of infectious illnesses
on a worldwide scale, but we continue to
struggle with these diseases in our local

communities, which result in a high proportion
of infection-related morbidity and mortality in
society. China, South Korea, Iran, Italy,
France, Germany, Spain, the United States,
and Switzerland were listed as the initial
COVID-19 epicenters (Bloom & Cadarette,
2019). The dynamics of SARS-CoV-2
dissemination altered to reflect spatial
proximities as the epicenter moved from China
to other nations, such as Italy (Adegboye et al.,
2021).
As of March 2, 2020, an early analysis
estimated that the true extent of the outbreak
in Wuhan, the epicenter in China, was
approximately 56,945 cases, which closely
matched the number publicly reported at the
time. (Lin et al., 2020). This highlights the
challenges of accurately estimating infection
levels due to testing capacity limitations,
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especially in the early stages. By June 30,
2020, there were approximately 10 million
COVID-19 infections worldwide, with at least
one case reported in 215 countries and
territories.(Chae et al., 2020). This suggests
that, although the epicenters shifted, sporadic
outbreaks continued to occur in many
countries worldwide. There’s no doubt that
COVID-19 is a viral disease caused by the
SARS-CoV-2 virus that was first identified in
December 2019 in Wuhan, China. Since then,
it has spread rapidly across the world, leading
to a global pandemic cases were being
reported in other countries, including South
Korea, Japan, and Thailand. The World Health
Organization (WHO) declared a Public Health
Emergency of International Concern on
January 30, 2020(Cucinotta & Vanelli, 2020).
The virus continued to spread rapidly, and by
March 11, 2020, the WHO declared COVID-
19 a global pandemic. Governments around
the world began implementing measures such
as travel restrictions, social distancing, and
lockdowns in an attempt to slow the spread of
the virus.(Krishnaratne et al., 2022)
As the pandemic progressed, scientists and
healthcare workers worked tirelessly to
develop effective treatments and vaccines for
COVID-19. The first vaccines were authorized
for emergency use in December 2020, and by
early 2021, vaccination programs were
underway in many countries(Thanh Le et al.,
2020).
However, the pandemic continued to have a
significant impact on the world. As of April
2023, over 460 million confirmed cases and
6.3 million deaths have been reported
worldwide, according to data from the WHO.
The ongoing emergence of new variants of the
virus, such as the Omicron variant, continues
to pose challenges in controlling the
pandemic(Chakraborty & Maity, 2020) The
phylogenetic tree was constructed using the
UPGMA method, a numerical coding

technique for DNA sequences, employing
dynamic programming. However, these
methods require multiple alignments of the
sequences and assume a specific evolutionary
model(Drummond & Rodrigo, 2000; Jakó et
al., 2009),(Yoshida et al., 2022),(Raman
Kumar & Vaegae, 2020),(Rust, 2019). In
addition to the computational complexity and
inherent uncertainty associated with alignment
cost criteria, these approaches often fail to
provide a comprehensive understanding of
phylogeny. Numerous alignment-free methods
for phylogenetic analysis have been reported
in the literature(Saw et al., 2019),(Chan et al.,
2014),(Adamu & mathur, 2023),(Huang et al.,
2011),(Bonham-Carter et al., 2014),(Ren et al.,
2018) while recent studies propose a novel
way to represent genetic sequences as fuzzy
sets in the I12 space. This expands upon the
approach initially introduced by Torres &
Nieto and Sadegh-Zadeh, offering a
straightforward method to analyze the
similarity of biological sequences. Therefore,
we intend to conduct this research in order to
come up with a suitable method to help us
understand the evolutionary divergence of the
covid-19 pandemic taken into account the
sequences taken from country that are
epicenter of the disease in relation to a
sequence taken from Nigeria in order to
understand the trend of the disease and where
those it evolves after construction the
Phylogenetic tree.

MATERIALS AND METHODS
The methodology of the proposed model is
presented in the following listed stages
Step I: twenty-three arbitrary sequences of
covid-19 were considered from four different
countries that are epicenter of covid-19 virus
namely China, Brazil, India, United State
America and Nigeria. Therefore, complete
genome of the aforementioned sequence was
considered in this study and tabulated in
‘Frequency table’ below
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Step 2: From the generated DNA sequences, a
unique feature known as frequency of
nucleotide base were identified and computed.
Step 3: Four different types of frequencies
termed as frequency of Adenine, Cytosine,
Guanine, and Thymine designated as “A”, C,
G, T respectively were identified and used in
forming ‘Frequency table’.
Step 4: Formation of frequency table can be
access in the result and discussion section of
this work.

Step 5: From ‘Frequency table’ in step 3
above we computed the Euclidean distances
among twenty-three (23) Covid-19 virus
sequences.
Step 6: Composition table was formed using
fuzzy compatibility relationship R which is
define on X in terms of the correct distance
function of the Minkowski class using the
relation

�(��, ��) = 1 − �( �=1
� ��� − ����

�
)

1
� where � ��, �� ∈ � , � ∈ �� and � is a constant that

constrains � ��, �� ∈ [0, 1], clearly, � is the reverse value of the largest distance in X. In general,
R is a fuzzy compatibility relation, but not necessarily a fuzzy equivalence relation(Adamu &
mathur, 2023). Hence, there is need to determine the transitive closure of R in the next step.

Step 7: Fuzzy Transitivity closure testing on � ��, �� is done on the finite set X to ascertain
equivalence relation.
Step 8: Phylogenetic tree was formed based on clustering method obtained from fuzzy
equivalence relation.
Constructing Phylogenetic the Tree
The fuzzy compatibility relationship R obtained can be defined on X in terms of the correct
distance function of the Minkowski class by the formula [16].

)1.())........,((1),( BAdBA w

For all pairs, ),( BA ∈ � where w , � is a constant that ensures ),( BA ∈ [0, 1], clearly, � is
the reciprocal of the largest distance in X . In general,  defined by equation (1) is a fuzzy
compatibility relation, but not necessarily a fuzzy equivalence relation. Hence, there is need to
determine the transitive closure of  .

Given a relation �, � , its transitive closure  �, � can be determined by simple algorithm
that consists of the following three steps:
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This algorithm applies to both smooth and
fuzzy relationships, the form of composition
and set union in step I must be however
compatible with the definition of transitivity

employed. When max-min composition and
the max operator for set union are used, we
called �� the transitive max-min closure (Lee,
2001a).
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The max–min product of the relation matrices
for � and �. A similarity relation � in X is a
fuzzy relation in X which is reflexive,

symmetric, and transitive (Lee, 2001b). We
can see that the concept of a similarity relation
is essentially a generalization of the concept of
an equivalence relation.

Figure 1: Flowchart of the proposed method.

More specifically, if we define )( 1
in

i  

transitive closure of any fuzzy relation  ,
then  is transitive. If  is a fuzzy relation
characterized by a relation matrix of order n.

Now, we can construct a transitive relation
from any relation characterized by a relation
matrix of order n. In fact, for any such fuzzy
relation  we compute k successively.
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according to our procedure above we achieve
k . By applying above procedure,

analyze the data for 2,1w In equation (1),
firstly, for 2w , which is corresponds to the
Euclidean distance [18] represented by:

��,� = ��� − ���
2 + ��� − ���

2 + ��� − ���
2 + ��� − ���

2

In every fuzzy relation R can be uniquely
represented in terms of it’s � − ���� by the
formula  0,1.  

 for any value
 0,1 , create a crisp equivalence relation

that represents the presence the similarity
between the elements to the degree �. Each of
these equivalence relation forms a partition of
X. Let ).(  denote the partition
corresponding to the equivalence relation

).(  we may say two elements x and y
belongs to the same block of this partition if
and only if ).( 

� is associated with a sequence of twenty-
three (23) nested partition �(��) for � ∈ ∧�
and � > 0

The hierarchical clustering method has been
used on Fuzzy equivalence relation to obtain
the desired phylogenetic tree, we determine a
fuzzy comparability relation in term of
Euclidean distance and also hamming distance
then we apply the algorithms for obtaining
nested sequence for � − ��� (Bei et al., 2021)
Data Materials
Materials
Firstly, we consider twenty sequences of
covid-19 from five different countries that are
epicenter of covid-19 namely Brazil, China,
Italy, India and united states of America. Due
to the fact that covid-19 was originate their
which later was spread to the other part of the
globe.
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Figure 2: Frequency Table

Result and Discussion
The proposed method has been illustrated and
validated by constructing phylogenetic tree for
twenty-three (23) sequence in frequency table
taken into consideration. All the sequences are
length between 1-30,000 length presented in
Figure 2 that gives the frequency of each

sequence of covid-19 virus based on it four
nucleotide bases. i.e. frequency of adenine(A),
cytosine(C), guanine(G) and thymine(T)
For all the twenty- three sequence that been
considered.
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Algorithm I: generating frequency of
nucleotides base of each sequence of
covid-19 under consideration
1. Initialize matrix N of size 20x4 with zeros
2. For from 1 to 20 do:
3. Create file path ‘fil’
4. Set delimiter in to ‘‘
5. Read content of file ‘fil’ into variable

‘mydata’

6. Set N [i, 1] to count occurrences of ‘a’ in
‘mydata’

7. Set N [i, 2] to count occurrences of ‘c’ in
‘mydata’

8. Set N [i, 3] to count occurrences of ‘g’ in
‘mydata’

9. Set N [i, 4] to count occurrences of ‘t’ in
‘mydata

10. End For

Figure 3: frequencies of nucleotide base of twenty-three of covid-19 sequences.
Algorithm II: General minkwoski
formula (considered special case of
Euclidean distance)
1. Initialize matrix D of size 20x20 with

zeros
2. For i from 1 to 20 do:

3. For j from 1 to 20 do:
4. Set D [i, j] to sqrt ((N[i, 1] – N[j, 1])^2 +

(N[i, 2] – N[j, 2])^2 + (N[i, 3] – N[j, 3])^2
+ (N[i, 4] – N[j, 4])^2)

5. end for
6. end for
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Figure 4: Dissimilarities obtained by using Euclidean distance among covid-19 virus
sequences

Algorithm III: For calculating fuzzy
compatibility relation among sequences
1. Display matrix D
2. Set rho to 1 / (maximum value in matrix D)
3. Set R to (1 – rho * D)
4. Display “Table R”
5. Display matrix R
6. Initialize matrix composition of size

20x20 with zeros

7. For i from 1 to 20 do:
8. For j from 1 to 20 do:
9. Set maxi to min (R [i, 1], R [1, j]
10. For k from 2 to 20 do:
11. Set tempmin to min (R[i, k], R[k, j])
12. If tempmin > maxi, then:
13. Set maxi to tempmin
14. End If
15. End For

Now, our aims now is to get Fuzzy transitive
relation, which can be obtained by performing
max-min composition on � i.e. �1 = �0�
using this inequality “2� ≥ � − 1”where k is
a positive integer value indicate the number of
times to performed composition as stated in
the Step-1 of the algorithms to get transitive
closure, where n is the number of columns. In

our study, we have n=23, therefore at most
three compositions can be performed to reach
to Algorithms III in the stated algorithms of
transitive closure.
Now, first composition will be performed for
k=1 and the resultant relationship will be
obtained as �1 = �0�.
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Figure 5: Fuzzy compatibility relationships among Covid-19 virus sequences.
Algorithm IV: Calculation of fuzzy
transitive relationship by first
composition for K=1
1. Initialize matrix composition of size

23x23 with zeros
2. For i from 1 to 20 do:
3. For j from 1 to 20 do:
4. Set maxi to min (R [i, 1], R [1, j]
5. For k from 2 to 20 do:
6. Set tempmin to min (R [i, k], R [k, j])
7. If tempmin > maxi, then:
8. Set maxi to tempmin
9. End If
10. End For
11. Set composition [i, j] to maxi
12. End For
13. End For

14. Display “Composition 1”
15. Display matrix composition
16. For counter from 2 to 19 do:
17. Set R to composition
18. Initialize matrix composition of size

20x20 with zeros
19. For i from 1 to 20 do:
20. For j from 1 to 20 do:
21. Set maxi to min (R [i, 1], R [1, j])
22. For k from 2 to 20 do:
23. Set tempmin to min (R [i, k], R [k, j])
24. If tempmin > maxi, then:
25. Set maxi to tempmin
26. End If
27. End For
28. Set composition [i, j] to maxi
29. End For
30. End For
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Figure 6: Fuzzy transitive relationship among covid-19 virus sequences for K=1.
Algorithm V: Fuzzy transitive
relationship among covid-19 virus
sequences for K=2
1. repeat
2. Initialize matrix composition of size

23x23 with zeros
3. For i from 1 to 20 do:
4. For j from 1 to 20 do:
5. Set maxi to min (R [i, 1], R [1, j]
6. For k from 2 to 20 do:
7. Set tempmin to min (R [i, k], R [k, j])
8. If tempmin > maxi, then:
9. Set maxi to tempmin
10. End If
11. End For
12. Set composition [i, j] to maxi
13. End For
14. End For

15. Display “Composition 1”
16. Display matrix composition
17. For counter from 2 to 19 do:
18. Set R to composition
19. Initialize matrix composition of size

20x20 with zeros
20. For i from 1 to 20 do:
21. For j from 1 to 20 do:
22. Set maxi to min (R [i, 1], R [1, j])
23. For k from 2 to 20 do:
24. Set tempmin to min (R [i, k], R [k, j])
25. If tempmin > maxi, then:
26. Set maxi to tempmin
27. End If
28. End For
29. Set composition [i, j] to maxi
30. End For
31. End For
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Figure 7: Fuzzy transitive relationship among covid-19 virus sequences for K=2.
Algorithm VI: Fuzzy transitive
relationship among covid-19 virus
sequences for K=3
1. Initialize matrix composition of size
20x20 with zeros
2. For i from 1 to 20 do:
3. For j from 1 to 20 do:
4. Set maxi to min (R [i, 1], R [1, j]
5. For k from 2 to 20 do:
6. Set tempmin to min (R [i, k], R [k, j])
7. If tempmin > maxi, then:
8. Set maxi to tempmin
9. End If
10. End For
11. Set composition [i, j] to maxi
12. End For
13. End For
14. Display “Composition 1”
15. Display matrix composition
16. For counter from 2 to 19 do:
17. Set R to composition
18. Initialize matrix composition of size
20x20 with zeros

19. For i from 1 to 20 do:
20. For j from 1 to 20 do:
21. Set maxi to min (R [i, 1], R [1, j])
22. For k from 2 to 20 do:
23. Set tempmin to min (R [i, k], R [k, j])
24. If tempmin > maxi, then:
25. Set maxi to tempmin
26. End If
27. End For
28. Set composition [i, j] to maxi
29. End For
30. End For
31. Display “Composition “+ counter
32. Display matrix composition
33. If composition <= R, then:
34. Break
35. End If
36. End For
For k=3, performance of max-min
composition on �1 (i.e. �2 = �1��1) has been
made which realized in the algorithms V for
transitive closure ( i.e. .�2 = �� ) and result
obtained are shown in figure 8
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Figure 8: Fuzzy transitive relationship among covid-19 virus sequences for K=3.
Algorithsm VII: for constructing phylogenetic three for propose model

1. Input a predefined similarity matrix.
2. similarity_matrix = [(matrix of similarity values between samples)]
3. Convert the similarity matrix to a distance matrix.
4. - Formula: `distance_matrix = 1 - similarity_matrix`
5. for each element in similarity_matrix: distance_matrix[i][j] = 1 - similarity_matrix[i][j]
6. Perform hierarchical clustering using the distance matrix.
7. perform hierarchical clustering on distance_matrix using 'average' linkage
8. Plot the resulting hierarchical clusters as a dendrogram to visualize the relationships

between samples.
9. create dendrogram from the hierarchical clustering results
10. label x-axis as 'Samples'
11. label y-axis as 'Distance'
12. set plot title to 'Phylogenetic Tree'
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Figure 9: Phylogenetic Tree.

KEYS: 1 correspond to A while 2 correspond to B Subsequently 23 correspond to X in the
phylogentic tree above
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DISCUSSION ON PHYLOGENETIC TREE ON THE PROPOSE MODEL
Cluster Similarity and Evolutionary
Relationships
Four first sequence from Brazil and last
sequence from Nigeria are closely related,
with short branch lengths. This suggests they
share a significant portion of their genetic
sequences or have evolved recently from a
common ancestor. In evolutionary terms, these
samples may represent different strains or
species that diverged more recently.
F and J Sequence representation from China
and Q sequence representation from USA, and
O sequence representation from India form a
separate cluster with very short branch lengths,
implying a high degree of genetic similarity.
This could mean they belong to a group that

either diverged very recently or have
undergone similar selective pressures leading
to convergent evolution.
Divergence Between Major Groups
The large distance between the clusters on the
left (e.g. F and J Sequence representation
from China and Q sequence representation
from USA, and O sequence representation
from India) and the right (e.g. Four first
sequence from Brazil and last sequence from
Nigeria) reflects a substantial genetic
divergence. These groups likely represent two
different evolutionary paths, possibly
originating from a common ancestor but
diverging significantly due to geographic
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separation, mutations, or environmental
pressures.
The joining of these two groups at a higher
distance on the dendrogram (around 0.35 on
the y-axis) indicates that the two groups share
fewer genetic characteristics and have
diverged for a longer period.
Intermediate Clusters
P sequence presentation from USA and V&W
sequence representation from Nigeria suggests
that they form an intermediate evolutionary
branch. Their genetic differences are smaller
compared to the larger clusters on the left and
right, which may suggest that they split from a
common ancestor more recently than the
major groups but earlier than the tightly
clustered samples.
These sequence from USA and that up from
Nigeria might be ancestral or transitional
forms between the two larger clusters,
reflecting intermediate evolutionary stages.
Application of the proposed Tree:
Evolutionary Studies
This phylogenetic tree could be used to study
evolutionary relationships, helping researchers
trace back to a common ancestor or identify
evolutionary bottlenecks and divergence
events which is the ultimate aim of the
research work.
Medical Applications
The tree could help understand how different
strains have evolved and spread, which has
implications for tracking disease outbreaks
and developing vaccines or treatments.
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