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Abstract. The Internal Transcribed Spacer 2 (ITS 2) is a small non-coding region located
inside the nuclear ribosomal DNA cluster. ITS 2 sequence variability is widely used in
taxonomy and molecular phylogeny. Based on this molecular marker, this study aimed to
identify and to construct phylogenetic analysis of D. melanogaster from our laboratory. The
phylogenetic tree was constructed after analysis on DNA sequence was conducted by encoding
its ITS2 using Unweight Pair Group (UPGMA) method. The result showed that our D.
melanogaster wild type and all mutant strains have high similiarity to D. melanogaster 28 S
ribosomal RNA gene partial sequence (Gene bank Acc GU 597379.1) (identity score up to
99%). Phylogenetic tree showed that D. melanogaster plum mutant was closely related to D.
melanogaster 28 S ribosomal RNA gene partial sequence (Gene bank Acc GU 597379.1), they
also belonged to one cluster. Next to this cluster are sepia and clot mutant, in addition to the
wild type and black mutant in one cluster. All the mutants and wild type belonged to one clade.
While the vestigial mutant stayed in the different clade.

1. Introduction
Drosophila melanogaster Meigen, also known as fruit flies in the order of Diptera and family
Drosophilidae, is commonly used as the animal model for studying many topics of genetics, such as
population genetics, linkage and crossing over, sex determination, genetic interactions, chromosomal
aberrations, evolution, inheritance trait, phylogentic relationship and molecular genetics [1;2]. It is an
ideal model organism for several reasons, i.e.: the smallsize of its body, its shortlife cycle, its abundant
number of offspring, and the low cost of maintenance [3]. The wild type Drosophila was originaly
coming from sub-Saharan Africa, which then, due to human activity, spread throughout the world [4].
The spread in population yield an alleles and phenotype changes as a response to their environment.
The environmental adaptation caused the wild type Drosophila to produce some strains or mutants [5].
Internal Transcribed Spacer (ITS) is one of the molecular markers broadly used in species
identification, phylogenetic analysis and other related studies for eukaryotic organisms [6]. Unlike ITS
1, ITS 2 is commonly used in the phylogenetic reconstruction at the genus and species levels because
it has a short sequence (700 bp) and is relatively easy to amplify [7]. The first exploration of ITS 2 in
Drosophila species was reported by Schlétterer [8]. Followed by Young and Coleman had
successfully characterized a single secondary structure in Drosophilids [9]. These developments open
a much wider application of ITS 2 for phylogenetic analysis in insect evolutionary studies.
In Drosophila, ITS 2 has generally been found to be a useful marker offering resolution at the species
level as well as in the genetically structured systems such as in sibling and subgroup species [8].
Several studies have focused on relationships within the D. melanogaster subgroup. The
previous research showed that phylogeni reconstruction result in subgrup of D. melanogaster
based on DNA sequences from four nuclear genes (Adh, Adhr, Gld and Ry) the six species i.e D.
melanogaster, D. simulans, D. teissieri, D. yakuba, D. erecta, and D. orena are included in the
melanogaster subgroup. The other hand three species were outside the melanogaster species subgroup
were D. eugracilis, D. mimetica and D. Lutescens [10]. The Other studies phylogenetic relationships
on subgrup secies of D. melanogaster based on protein can be divided into two complexes, namely D.
melanogaster complex consisting of D. melanogaster, D, simulans, D, mauritiana and D. sechellia,

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


https://en.wikipedia.org/wiki/Taxonomy_%28biology%29
http://repository.unej.ac.id/
http://repository.unej.ac.id/

3rd International Conference on Environmental Geography and Geography Education IOP Publishing
IOP Conf. Series: Earth and Environmental Science 747 (2021) 012038  doi:10.1088/1755-1315/747/1/012038

and D. yakuba complex consisting of D. yakuba, D. teissieri, D. erecta, D. Orena [11]. However, there
has been no study focusing on the molecular and phylogenetic analysis of mutants in D. melanogaster
using ITS 2 marker. Therefore, this study aimed to characterize the molecular as well as the
phylogenetic relationships among D. melanogaster mutants. We used several mutants obtained from
our own collection such as black (bl), sepia (se), clot (cl), vestigial (vg) and plum (pm). The results
achieved in this study serve as optimal material for evolutionary studies and knowledge of the
phylogenetic relationship, especially at the species level.

2. Methods

2.1. Specimen Collection

The strain of D. melanogaster were obtained from the collection maintained in the Genetic
Laboratory, Biology Department, Faculty of Mathematics and Natural Sciences, University of Jember,
Indonesia. The specimens used in this study were wild type, plum, sepia, clot, black and vestigial. The
adults collected were processed for genomic DNA isolation.

2.2. Genomic DNA Extraction and PCR Amplification

DNA extraction was carried out by using salt extraction method with minor modifications [12]. The
samples (the whole body Drosophila) which were stored at -20°C for 15 minutes were homogenized in
500 pl of homogenizing buffer by using micro-pestle. The homogenate was then added with 40 pl
SDS 40% and 8 pl proteinase K (20 mg/ml), and incubated at 65°C overnight. The homogenate was
then added with 300 ul 6 M NaCl and centrifuged at 12.000 rpm for 5 minutes at 4°C. The supernatant
was transferred to a fresh eppendorf tube, and anequal volume of 100% isopropanol was added, then
incubated at -20°C for one hour. The DNA was then pelleted by centrifuging at 12.000 rpm for 20
minutes at 4°C. The DNA pellet was washed with ethanol 70%. The DNA pellet was air-dried and
dissolved in DNA-se free deionized water.

PCR reaction was carried out in a volume of 50 pl containing 2 pl of the template DNA, 20.5 pl of
DNAse free deionized water, 25 ul of PCR Master Mix (Intron, USA), and 2.5 ul of each primer (10
pmol/ul). The ITS 2 primers 5.8F (5 TGT GAA CTG CAG GAC ACA TG 3) and 28R (5'ATG CTT
AAA TTT AGG GGG TA 3') were used to identify the Drosophila species. The thermal profile used
to amplify ITS 2 region from Drosophila species was initial denaturation at 94°C for 5 minutes
followed by 35 cycles of denaturation at 94°C for 60 seconds, annealing at 54°C for 30 seconds and
elongation at 72°C or 60 seconds and a final elongation at 94°C for 5 minutes [13]. The PCR amplified
DNA fragments were visualized in a 1.5% agarose gel stained with Ethidium Bromide on a UV
transilluminator.

2.3. Sequence Data Analysis

The PCR products were then purified using ‘PCR Clean-up Gel Extraction NucleoSpin® Extract 1T’
(Promega, USA) following the manufacturer’s instruction. Sequencing was done by sending the
purified PCR product to 1%t BASE Singapore. Sequencing data were analyzed using freely available
Bioedit software (TomHall, Ibit Therapeutics) and confirmed through BLAST search (NCBI). The
phylogenetic tree was constructed by the Unweight Pair Group Method with Arithmatic Mean
(UPGMA) method with a bootstrap test (1000 replicates) in MEGAG software.

3. Results and Discussion

The length of the D. melanogaster genomic DNA for all of strains (wild type (wt), sepia (se), plum
(pm), black (bl), clot (cl) and vestigial (vg)), as determined by electrophoresis DNA was larger than
DNA ladder (1500 bp and 10000 bp) (Figure 1). The D. melanogaster genome is ~180 Mbp in size,
which third of was centric heterochromatin [14].

Meanwhile, the PCR amplification of 1TS2 region produced some distinct fragments of ~557 bp,
~537 bp, ~541 bp, ~487 bp, ~450 bp, ~487 bp for wild type, sepia, plum, black, clot and vestigial
strain respectively (Figure 2). These results are in line with the studies, which examined that the DNA
sequence of Drosophila ITS 2 was 320-429 bp in length [15;16].

As from sequence analysis, all strains of D. melanogaster studied have shown proximity with D.
melanogaster 28S ribosomal RNA gene partial sequence (Gene Bank Accession Number
GU597379.1), with identity score up to 99%. To know the phylogenetic relationships among
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Drosophila mutants, ITS 2 sequences of six D. melanogaster strains were selected for constructing an
evolutionary tree by UPGMA method with 1000 bootstrap value (Figure 3).

Drosophila is a small fly in the order Diptera that is widely used as a model system in the
biological research. The use of Drosophila as an animal model has dramatic advances in cell and
developmental biology, neurobiology and behaviour, molecular biology, evolutionary and population
genetics [1]. More observations have enabled to explore the mechanisms of developmental programs,
behaviors and complexity of evolution. There are more than 3000 Drosophila species known [17].
Nevertheless, the phylogenetic relationships between most of these species are not resolved and are
debated among taxonomists [18].

M wit se pm

Figure 1. Electroforegram of D. melanogaster genomic DNA from all strains. Red line rectangular
showed the desired band of genomic DNA.
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Figure 2. PCR amplification of ITS 2 of D. melanogaster from all strains tested. Red line rectangular
showed the desired band of ITS 2 DNA.
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Figure 3. Phylogenetic tree of six D.melanogaster strains constructed using UPGMA method.
Numbers above branches indicate the boostrap percentage.

DNA barcoding is known as a powerful tool not only for “species identification” but also for
“species discovery” or “DNA taxonomy” [8]. Internal Trancribed Spacer (1TS) is one of the markers
for DNA barcode used to determine the genetic diversity in eukaryotes. There are two ITS units in
each individual, ITS1 located between 18S rRNA and 5.8S rRNA. Otherwise, ITS2 is located between
5.8S rRNA and 28S rRNA [19]. The ribosomal DNA (rDNA) gene family of Drosophila species
undergoes continual rounds of unequal crossing-over leading to the concomitant spread of mutations
[20]. The differences in the nucleotide sequence of ITS region might be caused by point-mutation and
structural alterations accumulated in each strains. In this study, we analyzed the molecular
phylogenetic of five D. melanogaster mutants along with the wild type strains using all the unique ITS
2 sequences of the Drosophila group available from this study and from GenBank.

The phylogenetic tree in Figure 3 was constructed using UPGMA method, in which the resulting
tree was rooted. The relative positions of D. melanogaster strain of wild type, sepia, clot, black and
plum were clustered in one clade, whereas the vestigial strain stayed in a different clade. Nevertheless,
Figure 3. illustrates that plum mutant is closely related to D. melanogaster 28S rRNA gene partial
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sequence (Gene Bank Accession Number GU 597379.1). Vestigial strains are in the different clades
because there are many gaps in the nucleotide sequences compared to the other strains. Mutations in
vestigial strains occur in wings, whereas strains of clot (chromosome no.2, locus 16.5), plum
(chromosome no.2, locus 54.3), and sepia (chromosome no.3, locus 26.0) occur in the eyes. On the
contrary, mutations in the black strain (chromosome no.2, locus 48.5) only affected the body color
[21]. This results show that although each strain has a mutation on the different organ, chromosome
and locus but they still have closed relationships. There is a considerable equation for heterochromatin
in chromosom 2 and 3 from D. melanogaster [22].

The phylogenetic tree represents the evolutionary history of an organism. In this study, we
identified that D. melanogaster GU597379.1, wild type, plum, sepia, clot, black, and vestigial strain
are classified as monophyletic group. This indicates that the members are from single ancestral
species. This result was supported by Morgan et al. that D. melanogaster has undergone a genetic
mutation so that it is known that were 85 mutant strain, have phenotypes that deviate from the wild
type of D. melanogaster [23].

4. Conclusions

The wild type D. melanogaster and all mutant strains have high similarity to D. melanogaster 28S
ribosomal RNA gene partial sequence (Gene bank Acc.Nr. GU597379.1) (identity score up to 99%).
The phylogenetic tree showed that D. melanogaster plum mutant was closely related to D.
melanogaster 28S ribosomal RNA gene partial sequence (Gene bank Acc.Nr. GU597379.1). All the
mutants and wild type belonged to one clade. While the vestigial mutant stayed in different clade.
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