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ARTICLE INFO ABSTRACT

Article history Dengue virus (DENV1-4) belongs to the Flaviviridae family, which
Received 12 Sep 2022 is transmitted by the Aedes mosquito vector and is the leading cause
Accepted 21* Nov 2022 of dengue fever and dengue hemorrhagic fever. Since one of the
Keywords: DENV serotypes, DENV1, has become an endemic known to be
phylogenetic analysis circulating worldwide, including in Indonesia, it becomes necessary
dengue to carry out molecular epidemiological research using phylogenetic
DENV1 sequence analysis with two methods, neighbor-joining (NJ) and UPGMA. This
tropical disease study aims to analyze the DENV-1 relationship and obtain
neighbor-joining information regarding the differences between those methods,
UPGMA including the level of accuracy. This study used one DENV-1

sequence isolated in Surabaya, aligned with similar sequences on the
GenBank. The results showed two comparisons. First, in the NJ
method, the DENV-1 sequence samples in Surabaya with branch
lengths 0,000 were similar to the DENV-1 in Malaysia, and
Singapore, with branch lengths 0,000; 0,002; which belong to
Genotype 1. The UPGMA method resulted in the DENV-1 sequence
in Surabaya with a branch length of 0,000 similar to the DENV-1 in
Malaysia with a branch length of 0,000, which belong to Genotype
1. Second, their level of accuracy, which is in the NJ method, the
construction of phylogenetic trees is based on periodic evolutionary
times. In contrast, UPGMA assumes that each sequence is found at
the same evolutionary time, which makes this method less accurate
than the NJ method. We can conclude that using the NJ method, the
construction and analysis of the phylogenetic tree of the DENV1
sequence isolated in Surabaya have higher similarity and accuracy.

1. Introduction
Dengue virus (DENV1-4) belongs to Flavivirus, which is transmitted through the Aedes

mosquito vector that infects mammal hosts, including humans, it has become an endemic which
impacts all types of ages, gender, and socioeconomic status[1]. Dengue virus spreads to more than
100 countries, with an average of 50 million cases yearly [2], with the most susceptible hosts being
children (Halstead, 1988). Seven types of non-structural proteins (NS1, NS2A, NS2B, NS3, NS4A,
NS4B, and NS5) [1] of dengue are what cause the clinical symptoms they cause to vary, ranging
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from the least severe, such as dengue fever (DF) which can be cured naturally, to causing death,
namely DHF and dengue shock syndrome (DSS) [3-5].

The four dengue serotypes (DENV1-4) are known to be circulating worldwide [6]. The
geographical distribution of each of these serotypes forms a genotypic variation that depends on the
nucleotide sequence it has. Globally, it can be divided into several different genotypes. DENV1,
which is the focus of this study, consists of five genotypes: (1) Southeast Asia, China, and East Africa,
(I1) Thailand between the 1950s and 1960s, (I11) Malaysia, (IVV) Western Pacific Islands dan
Australia, (V) America, West America, Asia [5, 7-9].

A high increase of dengue disease infections (94.355) and death cases (853) in Indonesia until
2022 still become a severe problem [10]. In Surabaya, one of the largest cities in East Java province,
the latest cases of DF amount to 187 [11], which must be considered because it continues to spread
throughout the archipelago [12]. Based on this phenomenon, epidemiological research and
information about the previously isolated strains are needed to explain better how the virus can spread
and develop. While in reality, it still becomes a limited understanding of the virus's spread. In
contrast, knowledge about the various sequences needs to be known to characterize genotypes to
monitor the circulation of the disease in an area and to show later that changes in the genetic
composition of viruses significantly affect the shift in the probability of spreading dengue virus
serotype pathogens [13].

This study was conducted to do the phylogenetic analysis of the DENV-1 relationship and obtain
information regarding the differences between neighbor-joining (NJ) and unweighted pair group
methods with arithmetic mean (UPGMA) methods as a step to identify evolution, genetic diversity,
and origin as well as to increase the ability to understand and predict the emergence of DENV1 in
Indonesia, including the level of accuracy. We used one DENV-1 sequence isolated in Surabaya,
where the establishment of a phylogenetic tree with data sequences on the NCBI GenBank website.

2. Materials and methods
2.1 Method
This study utilized secondary data from the NCBI (National Center for Biotechnology

Information) GenBank website with BLAST, software for determining homology or similarities of
a sequence of DNA or amino acids sequenced with the existing database at NCBI. In the molecular
world, this method is significant for analyzing a sequence, one of which is determining kinship or
phylogenetic analysis.

The target for the DENV1 sequence, which was collected in Surabaya, is the envelope region.
Where according to Dang et al. (2020), DENV has a genomic structure consisting of the envelope
(E), capsid (C), membrane (M), and ten types of structural and non-structural proteins [14]. This
sequence is then matched with similar DNA on the NCBI website for phylogenetic analysis to
determine the relationship of the sequences owned.

2.2 Data Analysis
Sequences pre-owned at the overlapping peaks based on the electropherogram at the 3" and 5'

ends using the Bioedit Sequence Alignment Editor ver. 7.2.5 software. The sequences were then
aligned with 50 sequences from the GenBank database obtained using the MEGA11 software. The
next step is to carry out a phylogenetic analysis using two methods. The first method is the neighbor-
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joining model evolution P distance with a bootstrap of 1000, while the second is the UPGMA with
the same evolution model, including analyzing the comparison of these two methods from any
literature.

3. Results and discussion
Phylogenetic analysis is of great value not only for studying the organism that harbors the gene

but also for the evolutionary history of the gene, for example, whether a sequence is descended from
a common ancestor or represents one or more ancient duplications [15]. In addition, Aryati (2012)
also explained that genotyping as a determining step for the genetic diversity of a viral genome is
very useful in molecular epidemiology so that it can unify the distribution or circulation of the
genotype in an area. In Sasmono's study (2019), the DENV1 sequence isolated from Balikpapan was
very close to strains from Surabaya, East Java, Indonesia, and Singapore that appeared in 2002-2003
and included in genotype one, which, based on analysis, is known to have occurred in 2000, while
genotype four which appeared in 1991 was not found in East Kalimantan [12]. In another study by
Dieng et al., (2021), the appearance of DENV1 in Senegal and Mali in 2015 originated in Asia and
was then introduced to Medina Gounass, Senegal. It spread to other countries, namely Mali [2].
Arenas (2013) also explained that the DENV1 genotype IV virus found in Asia and the Pacific then
spread to mainland India and America from the Philippines, which Indonesia is also a possible source
of spread to Indian Ocean countries [7].

Sequences with overlapping peaks on the electropherogram are cut to avoid reading errors.
Similar sequences of the cut results were then matched to similar DNA sequences at NCBI (National
Center for Biotechnology Information) with BLAST. In this study, 50 similar sequences were used,
which were then aligned. This alignment aimed to arrange deoxyribonucleic acid (DNA) sequences
to identify regions of similarity that might result from functional, structural, or evolutionary
relationships between sequences [16]. Aligning multiple sequences at once can indicate being in the
same family. In addition, it can show all relationships or relations between families of existing
sequences. After alignment, phylogenetic tree construction was carried out using the neighbor-
joining and UPGMA methods.

The neighbor-joining method is very suitable when the evolutionary mean of the lineage
separation is under different considerations. When the length of a branch of a tree whose topology is
known changes by stimulating yang levels varies from evolutionary changes, the neighbor-joining
method is the most suitable for predicting trees correctly [17]. Neighbor-joining selects a sequence
that, if combined, will give the best estimate of the length of the closest branch reflecting the distance
real between sequences [18].

The distance method gives a reasonable estimate of an evolutionary tree and is unaffected by
inner variation, the average change along the tree branches. The UPGMA method is a simple method
for tree construction that assumes an average change along the tree is constant, and distance is
approximately ultrametric (ultrametric usually expressed as a molecular clock tree). Method
UPGMA begins with a branch length calculation among the most closely related sequences, then
average the distance between these sequences or sequence groups and the following sequence or
sequence group and continues through all sequences included in the tree. This method predicts the
root position of the tree [18].
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Figure 1. The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree is shown. The evolutionary

distances were computed using the p-distance method and are in the units of the number of base differences per site. This analysis involved
51 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each

sequence pair (pairwise deletion option). There was a total of 11694 positions in the final dataset. Evolutionary analyses were conducted

in MEGAL1 [19].
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Figure 2. Phylogeny analysis was inferred using the UPGMA method. The optimal tree is shown. The evolutionary distances were
computed using the p-distance method and are in the units of the number of base differences per site. This analysis involved 51 nucleotide
sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair
(pairwise deletion option). There was a total of 11694 positions in the final dataset. Evolutionary analyses were conducted in MEGA11
[19].
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Based on Figure 1. the phylogenetic tree using the UPGMA method resulted in a sample of
DENV-1 sequences in Surabaya having similarities with 2 DENV-1 sequences, namely
MYS(Selangor)D1/2616Y13 (Malaysia) and SG(EHI)D1/07771Y14 (Singapore) which belong to
Genotype 1. Then, when viewed in terms of form, the neighbor-joining method produces a form not
rooted in the phylogenetic tree. Meanwhile, based on Figure 2. the phylogenetic tree using the
UPGMA method resulted in the DENV-1 sequence sample in Surabaya being similar to the
MYS(Selangor)D1/2616Y13 (Malaysia) DENV-1 sequence, which belongs to Genotype 1. Then,
when viewed in terms of form, the UPGMA method produces a form rooted in a phylogenetic tree.

This analysis can also be seen from the length of the branches of the phylogenetic tree. The
length of the branches in the tree represents a split in the evolutionary line of genes into two different
species. The length of each branch at the next point indicates the number of altered sequences that
occurred before its level of splitting. The branch length between sequences indicates that the species
have the same evolutionary average [18]. The lengths of the DENV1 sequence branches that have
similarities can be seen in the following table:

Table 1. Branch lengths Isolate DENV-1

Isolate DENV-1 Branch lengths
Sample isolate DENV-1 Surabaya 0,000
KJ806847.1 Dengue virus 1 isolate 0,000

MY S(Selangor)D1/2616Y13 envelope

protein gene partial cds

KJ806959.2 Dengue virus type | isolate 0,002
SG(EHI)D1/07771Y 14 polyprotein gene

complete cds

Based on the branch length data in the table, the UPGMA method produced a DENV-1 sample
with a branch length of 0.000, similar to the MY S(Selangor)D1/2616Y13 (Malaysia) sequence with
the same branch length of 0.000. UPGMA adopts the same evolutionary rate in all lines, i.e., the
mutation rate is constant over time and for all lineages in the tree. This is called the 'molecular clock
hypothesis'. This means all leaves (terminal nodes) are equidistant from the roots [20]. Phylogenetic
analysis using the UPGMA method does not pay attention to rate evolution, where all isolates are at
the same evolution rate, which causes this method to be less accurate.

Meanwhile, in the neighbor-joining method, the DENV-1 sequence with a branch length of
0.000 is similar to the DENV-1 MYS(Selangor)D1/2616Y13 (Malaysia) with a branch length of
0.000 and SG(EHI)D1/07771Y14 (Singapore) with a branch length of 0.002. This is because the
neighbor-joining method considers the evolution rate between isolates, which is based on the
principle of minimum evolution with estimated branch lengths so that the resulting branch lengths
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are not the same but will be proportional to the changes. In the neighbor-joining method, the branch
length of the tree is stimulated with varying degrees of evolutionary change, so this method is the
most suitable for predicting trees correctly [17].

The UPGMA and Neighbor-Joining methods are two methods for constructing distance-based
phylogenetic trees. Thus, the complexity and reliability of the phylogenetic tree generated from the
neighbor-joining tree method are high. But not as fast as the UPGMA method. For more details,
Neighbor Joining is a repeated clustering method based on minimum evolution criteria; topology
with the least total branch length is preferred at each step. Meanwhile, UPGMA is an agglomerative
hierarchical grouping based on the average linkage method [21].

. Conclusions

The phylogenetic tree using the UPGMA method resulted in the DENV-1 sequence sample in
Surabaya being similar to the MYS(Selangor)D1/2616Y13 (Malaysia) DENV-1 sequence, which
belongs to Genotype 1. The phylogenetic tree using the neighbor-joining method resulted in a sample
of DENV-1 sequences in Surabaya, with branch length 0,000 having similarities with 2 DENV-1
sequences, namely MY S(Selangor)D1/2616Y 13 (Malaysia) and SG(EHI)D1/07771Y 14 (Singapore)
with branch lengths 0,000; 0,002; which belong to Genotype 1.

The UPGMA and neighbor-joining methods are two methods for constructing distance-based
phylogenetic trees. UPGMA results in a rooted phylogenetic tree, while the neighbor-joining tree
method produces an unrooted phylogenetic tree. Their level of accuracy, which is in the neighbor-
joining method, the construction of phylogenetic trees is based on periodic evolutionary times. In
contrast, UPGMA assumes that each sequence is found at the same evolutionary time, which makes
this method less accurate than the neighbor-joining method. We can conclude that using the
neighbor-joining method, the construction and analysis of the phylogenetic tree of the DENV1
sequence isolated in Surabaya have higher similarity and accuracy.
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