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ABSTRACT

This study was carried out to identify the potential hybrid melon genotypes with analysis of genetic diversity using the
Simple Sequence Repeats(SSR) Marker. Information from the results of genetic diversity analysis can be used to find
information on the appearance of several potential hybrid varieties and to support data or confirmation from the results
of genetic diversity based on morphological tests. The research was conducted at the Laboratory of Biotechnology,
Faculty of Agriculture, University of Brawijaya, from February to May 2023. Research activities included taking leaf
samples from 5 melon genotypes, DNA isolation, DNA quality testing, and amplification with SSR markers. Five SSR
markers were polymorphic in all genotypes, revealing a total of 29 alleles. The five hybrid genotypes tested produced
different DNA band lengths that indicated genetic variation or diversity. Based on the results of principal component
analysis with R studio, the distribution of the genotypes of the five melon hybrids spread over four different plots.
Genotypes that have a wide distribution or are in different plots indicate a distant kinship relationship and a high level
of genetic diversity.The results of principal component analysis also show that there are two main components formed
with eigenvalues of 1.88 and 1.01 respectively with a cumulative diversity value of 91.31%.

Keywords: SSR, DNA, Genetic Diversity

1. INTRODUCTION

Melon (Cucumis melo L.) is a horticultural fruit with high economic value and is in high demand on the market. This is
because the melon fruit tastes sweet and delicious, so the general public likes it. Melon plants have a high potential to
export to destinations such as Singapore, Japan, France, and several other countries [4]. Melon in Indonesia is also one
of the ten fruit commodities with the highest export volume in 2008-2012 [7]. However, conversely, melon production
in Indonesia still tends to fluctuate [22]. Based on BPS data, melon production in Indonesia reached 138,177 tons but
decreased in 2021, with total production only reaching 129,147 tons [8]. Meanwhile, in 2022, melon production in
Indonesia will also experience a decline, with total production reaching only 118,696 metric tons. Increasing production
can be done by assembling hybrid varieties. Hybrid varieties are first-generation (F1) offspring resulting from a cross
between two inbred lines with different genotypes. Through this crossing, it is expected to produce varieties with better
characters, higher yield potential, resistance to disease, or adaptive to the environment. Before releasing hybrid varieties,
it is necessary to identify the appearance of several hybrid melon lines by analyzing genetic diversity. Information from
the results of genetic diversity analysis can be used to determine the performance of hybrid melon lines that have the
potential to be released as hybrid varieties.

Analysis of genetic diversity can be carried out morphologically but has limitations, namely that it is considered
less accurate because it is still affected by environmental factors. Therefore, to support the analysis of genetic
diversity data, which is carried out morphologically, and to increase accuracy, the assessment of genetic diversity can
be carried out using a molecular approach or by conducting DNA analysis. One of the uses of molecular markers is
PCR-based molecular markers, such as simple sequence repeat (SSR) markers. SSR is a microsatellite marker that
includes codominant markers and has very informative and valuable properties for population genetic studies and
kinship. SSR is a molecular marker in the form of repeated and sequential dinucleotide to tetranucleotide sequences
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[21]. SSR is a short sequence of about 2 to 4 repeated nucleotides that are abundant in the genomes of eukaryotic
organisms [30]. SSR markers are considered more effective because they are not affected by environmental factors,
are codominant, have a high level of polymorphism, and are very informative, so they can be used for genetic
diversity analysis. Genetic diversity analysis has the potential to indicate variations in traits between the several
genotypes tested. This high diversity can increase the possibility of the appearance of new and unique traits in
genotypes so that they can be used to meet the requirements for the release of new varieties, which must have
dictinctiveness. Information on genetic diversity based on these molecular markers can be used to find information on
the appearance of several potential hybrid varieties as well as supporting data or a form of confirmation from the
results of genetic diversity tests conducted morphologically.

2. MATERIAL AND METHOD
This study was carried out in Laboratory Biotechnology, Faculty of Agriculture, University of Brawijaya

2.1. Plant Material

This study used 5 hybrid melon genotypes which are a selected genotype.
Table 1 Genotype on this study

No Genotype Code
1 ACD211303 (A) x ACL221402 (H) AH
2 ACD211254 (B) x ACL221402 (H) BH
3 ACD231380 (D) x ACD211254 (B) DB
4 ACD231380 (D) x ACD211362 (C) DC
5 ACD231265 (E) x ACD211362 (C) EC

2.2. DNA Isolation

Melon plants that are 4 WAP can be subjected to a sampling process for DNA isolation. The sampling process was
carried out when the melon plants were 4 weeks after planting on the third, fourth, or fifth leaves from the apical.
Sampling is carried out with the criteria that the leaves were fresh and not affected from disease. The DNA isolation
process was carried out by using the Viogene Plant Mini Kit. Tools used in the process of DNA isolation includes
micropipette, spatula, pipette tip, microcentrifuge, 1.5 microcentrifuge tubes, mortars, measuring cups, freezers,
vortexes, ovens and analytical balances

2.3. DNA Quality Test

DNA quality testing was carried out by observing isolated DNA bands through electrophoresis and visualization
with gel doc. The tools used in the DNA quality testing process include machines electrophoresis, Doc Instrument gel,
micropipette, oven, electrophoretic tray and comb. The materials used in the DNA quality test process include distilled
water, agarose gel, TAE buffer, loading dye and Gelred.

2.4. PCR Processing using Simple Sequence Repeats Markers

Five primer were used to generate the SSR markers that are CMAG59, CMBR120, CMCT505, CSWCT22A, and
CMTA134a. The DNA amplification process was carried out using the Nzytaq II Green mastermix protocol. The
amplification of PCR process consists of denaturation, annealing, and extension stages. The denaturation step was
carried out for 1 cycle at 95°C for 3 minutes. Then denatured again at 94°C for 30 seconds for 35 cycles. Annealing
was carried out at temperatures ranging from 46.3-52°C for 30 seconds and the extension stage at 72°C for 1 minute
for 35 cycles. The next stage is the final extension stage at 72°C for 5-10 minutes with 1 cycle. Then the amplification
results can be used immediately or can be stored at 20°.

Table 2. Primer SSR that used on this study
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No Primer Sequence PIC Size ;);lgands Reference
1 CMAG59 F: TTGGGTGGCAATGAGGAA 0,501 131-141 [28]

R: ATATGATCTTCCATTTCCA

2 CMBR120 F: CTGGCCCCCTCCTAAACTAA 0,648 167-173 [34]

R: CAAAAAGCATCAAAATGGTTG

3 CMCT505 F: GACAGTAATCACCTCATCAAC 0,71 210 [10]
R: GGGAATGTAAATTGGATATG

4 CSWCT22A F: GGGAGTATCGAAACAAAAGC 0,654 334 [29]
R: TTCTGATCAACGACGAAGTAA

5 CMTAI134a F : ACGTGCTTCAGTAAACATG 0,64 150-162 [19]
R: CCGACATTGAAAACCAACTTC

2.3. Data Analysis

Data analysis was performed by calculating the number of polymorphic alleles and the Polymorphism Information
Content (PIC) value. The amplified DNA band length can be observed through the process analysis using gel analyzer
software. Next DNA band the scoring process is carried out by changing the DNA bands into binary data with a score
(1) for visible bands and (0) for invisible bands. On each sample will also be observed for the proportion of
polymorphism and band length DNA. The number of polymorphic alleles was obtained from the visible bands on the
geldoc. Polymorphism is a band condition that appears at a certain size and does not appear in other samples [2].
Meanwhile monomorphic is a DNA band that appears at a certain size that is present in all samples so that there are no
variations in the size of the DNA bands. The PIC value is intended to determine the strength or informative level of a
primer used. PIC value can be known by using the formula :

n
PIC=1-) p}
j=1

with Pij being the j-th allele frequency for the i-marker[5].

PIC values > 0.5 indicate very informative primers, PIC values ranging from 0.25-0.5 are classified as moderate,
and PIC values < 0.25 are categorized as low [18]. Data were analyzed using principal component analysis (PCA) to
determine the distribution of genotypes and variables that contribute to diversity. The number of main components
formed is marked with an eigenvalue > 1 while the variables that contribute to the main component are marked with a
factor loading value > 0.5[3] . The main component analysis process is carried out using R studio software. Data from
DNA analysis in the form of DNA bands were analyzed using R studio software and would produce a quadrant biplot
for principal component analysis [16].

3. RESULT AND DISCUSSION

3.1. DNA Quality Test

Analysis of genetic diversity using SSR markers is strongly influenced by the quality of the DNA from the
DNA isolation process. Good DNA quality is indicated by the condition of the DNA band pattern which is not shaded
and looks clear or bright. The brighter or clearer the DNA bands that appear indicate the high concentration of pure
DNA obtained from the DNA isolation process.
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Figure 1 DNA quality test of five hybrid melon genotypes

One of the DNA isolation process's successes was the appearance of clear and unshaded electrophoretic
bands. The results of this study indicate that the condition of the DNA bands isolated from the five genotypes shows
DNA bands with clear, thick, and unshaded conditions. DNA bands with clear, bright, and non-smear conditions
indicate the success of the isolation process in obtaining pure DNA with high concentrations and minimal
contaminants from several particles such as RNA, proteins to polysaccharides which can reduce the purity of DNA
[1]. One of the successes of the DNA isolation process is influenced by the leaf sampling process. Selecting samples
free from fungal infection is intended to avoid contamination from nucleic acids in fungi or viruses which can reduce
the purity of DNA [20]. The use of isolation kits also influences success in the DNA isolation process. Isolation kits
are considered to minimize contamination from several other particles resulting in high concentrations of DNA[6].

Impure DNA conditions or contamination with other particles can interfere with the primary attachment
process at the amplification stage. Other particles, such as polysaccharides, can make DNA solutions thick and sticky
and can interfere with the activity of restriction enzymes and Taq Polymerase. The presence of contaminants from
other particles can cause the condition of the DNA bands to become shadowed or smeared. Contamination can be
caused by cell components that are not lysed, resulting in a protein that is not completely degraded [26]. The quality of
DNA isolated from DNA plays an essential role in amplification [25]. DNA that has good quality can be used to
utilize molecular markers or sequencing processes. Therefore, the process of DNA isolation is an essential step before
carrying out the amplification process.

3.2. Genetic diversity based on Simple Sequence Repeats Marker

The PCR process using the five primers showed polymorphic results in 5 genotypic samples as
shown in Tabel 3 and figure 2

Tabel 3. Allele variation and polymorphic information content (PIC) used to assess the genetic diversity on 5 selected
melon hybrid genotypes

Primer Size (bp) Number of PIC Polymorphism
allele (%)
CMAGS59 68, 82, 87, 107, 117 5 0.8 100%
CMBR120 136,167, 173, 176, 176 4 0,72 100%
CMCT505 170, 172, 174, 185, 202 5 0,8 100%
, CSWCT22A 211, 225, 239, 242, 255 5 0,8 100%
CMTA134a 151, 163, 168, 173, 174, 308, 10 0,6 100%

328, 334, 338, 341

The difference in the length of the DNA bands indicates the presence of genetic variation and the diversity of the
genotypes tested. Genetic variation between genotypes could be known from the differences in pattern, number, and size
of DNA bands amplified in each primer used [14]. The results of DNA amplification using the five primers resulted in a
polymorphism level of 100%. The resulting polymorphism in the amplification process indicates the existence of allelic
diversity between genotypes, which influences the determination of genetic diversity[5]. The appearance of these
polymorphic bands indicates differences in each genotype's genetic characters, allowing for differences in phenotypic
characters. The emergence of these genetic variations is because the five genotypes come from crosses of different parents
so they have the potential to have genetic variations with different traits. Genetic variation or diversity allows various
combinations of traits to be obtained. Crosses between two parents who have genotypic differences or large genetic
distances have the potential to obtain the desired genetic combination [31].
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CMAG59
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CMCT505

CSWCT22A
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Figure 2 DNA polymorphism in the five hybrid melon genotypes based on SSR markers

The electrophoresis results from the PCR process are influenced by the selection of primers used in the SSR
method. The appearance of various alleles in each primer indicates the suitability of the primer with the sample being
tested. The appearance of the allele in the primer used indicates a primer that is complementary to the target DNA[2].
The corresponding primers for certain genotypes are also characterized by high PIC values. PIC indicates a primary
informativeness level used. PIC values above 0.5 indicate that a primer is very informative [18]. Primers that have
very informative PIC values indicate the high ability of these primers to identify a genotype [9]. The PIC values and
the appearance of alleles in this study were different from the primary references in previous studies. Differences in
DNA band length and PIC values may occur in this study. The diversity of genotypes used in the study, which gave
rise to DNA band lengths that were different from references in previous studies [15].

The annealing temperature in the PCR process affects the process of attaching the primer to the DNA
template. The optimal annealing temperature can be calculated based on the Tm value or melting temperature and can
be used up to 50C below the melting temperature [13]. One of the other factors that might affect the results of
CMAG59 primers which show thin DNA bands is due to the less-than-optimal setting of the annealing temperature.
Annealing temperature that is too high can interfere with the primary attachment process [27]. It can cause the formed
band to become thin and less clear. Meanwhile, an annealing temperature that is too low can cause the primer to stick
to a non-specific attachment site resulting in the amplification of unwanted locus fragments [24]. The success of the
PCR process is also influenced by several factors, such as the selection and suitability of the primer, the composition
of the buffer solution, the number of reaction cycles, the condition of the dNTP, the DNA template, the enzymes used,
and the contamination of the DNA.

3.3. Principal Component Analysis

The results of principal component analysis also show that there are two main components formed with
eigenvalues of 1.88 and 1.01 respectively with a cumulative diversity value of 91.31% (Tabel. 4). The number of main
components formed is influenced by eigenvalues with more than one eigenvalue forming one main component [23].
PC1 or the first component formed generally has the highest diversity among the other main components, so it is
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considered important in genotypic grouping [33]. PC1 and PC 2 have a cumulative variability of 91.31%, which
means that the two main components can represent 91.31% of the total variability.Based on Tabel 4. The highest
loading factor value on PC1 was obtained on the CMAG59 primer with a value of 0.48. The highest loading factor
value on PC2 was obtained on the CMCTS505 primer with a value of 0.62. The higher the value of the loading factor
indicates the higher the influence of main component formation. Variables that have factor loading values > 0.5
indicates that the variable has the maximum contribution in determining diversity [3]. The variable on PC1 does not
have a loading factor value better than 0.5. That matter indicates that no variables contribute significantly or do not
contribute maximally in determining diversity. On PC2, some components or variables have factor loading values >
0.5, namely the CMCT505 primer. This indicates that the CMCT505 primer contributes to the maximum on PC2

Tabel 4. Principal Component Analysis Result

No Primer PC1 PC2
1 CMAG59 0,48 0,14
2 CMBR120 0,42 -0,56
3 CMCT505 0,40 0,62
4 CSWCT22A 0,47 0,26
5 CMTA134a 0,45 -0,46
Eigenvalue 1,88 1,01

Variability (%) 70,93% 20,39%

Cumulative variablity (%) 70,93% 91,31%

Through the results of principal component analysis using R studio it can be seen about the distribution of the
five genotypes based on the five primers used which are visualized in Figure 3. Code 1 indicates the AH genotype,
code 2 indicates the BH genotype, code 3 indicates the DB genotype, code 4 indicates the DC genotype, and code 5
denotes EC genotype. Meanwhile P1 denotes CMGS59 primer, P2 denotes CMBR120 primer, P3 denotes CMCT505
primer, P4 denotes CSWCT22a primer, and P5 denotes CMTA134a primer.

Figure 3 Distribution genotypes based on PCA

In the principal component analysis biplot shown in Figure 3, it can be seen that the AH genotype is located
in plot II, the BH genotype is located in plot III, the DC genotype is located in plot IV, and the EC genotype is located
in plot I. Meanwhile, the DB genotype is located between plot III and plot IV. Based on the principal component
analysis, it can also be seen that the five primers used produce different vector lengths and distributions in different
plots. The distribution of genotypes far from the center point indicates that the genotype has a reasonably high
diversity value compared to the genotypes close to the center point. Genotypes with a relatively close distribution to
one another indicate similarity or close genetic distance between the two genotypes [32]. Genotypes in the same
quadrant indicate a close kinship and genotypes in different quadrants at an angle of 90° indicate distant kinship [12].
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An even distribution of genotypes in the four plots indicates genetic diversity in the five genotypes. This
genetic diversity has the potential to indicate variations in traits between the several genotypes tested. This high
diversity can increase the possibility of the appearance of new and unique traits in genotypes so that they can be used
to meet the requirements for the release of new varieties, which must have dictinctiveness. A new variety must have
the characteristics of distinctiveness, uniformity, and stability (DUS).The results of molecular-based genetic diversity
can be related to the morphological assessment of genetic diversity. Morphological genetic diversity assessment
supported by molecular-based genetic diversity analysis can be used to determine genotypes that have the potential to
be released as hybrid varieties.

The results of the molecular-based genetic diversity analysis can be used to confirm the genetic diversity tests
carried out morphologically. Based on previous research conducted [17], it can be seen that the AH and DC genotypes
have differences in all quantitative characters, and the BH and DB lines have the most similarities in quantitative
characters. Plants with similar characters indicate a kinship relationship, meaning that the closer the kinship is, the
more similarities some characters have. Based on the molecular tests carried out, it can be seen that there is
conformity with the results of the morphological tests carried out [20]. The results of DNA analysis showed that the
AH and DC strains had a wide distribution and were in different quadrants. Based on DNA analysis, it can be seen
that the BH and DB lines have close genotypic distribution points. This indicates that BH and DB have a close kinship
relationship, as indicated by the morphological test results between the two genotypes, which show the most
similarities in quantitative characters, namely as many as six quantitative characters. In addition, based on the PCR
process using the CMBR120 primer, it can be seen that the BH and DB genotypes gave rise to DNA bands with the
same length of 176 bp. The appearance of DNA bands of the same size indicates a potential trait similarity and a
kinship relationship between the two genotypes tested[11]

4. CONCLUSION

Analysis of genetic diversity based on SSR markers using 5 primers resulted in the appearance of various
DNA bands. Five SSR markers were polymorphic in all genotypes, revealing a total of 29 alleles. The five hybrid
genotypes tested produced different DNA band lengths that indicated genetic variation or diversity. Principal
component analysis showed the formation of 2 main components which played a role in the distribution of the five
hybrid melon genotypes. The two main components have eigenvalues of 1.88 and 1.01 with a cumulative diversity of
91.31%. Through principal component analysis it can be seen that the five genotypes have genotype distribution
spread over 4 different plots. AH genotype is located in plot II, BH genotype is located in plot III, DB genotype is
located between plot III and plot IV, DC genotype is located in plot IV, and EC genotype is located in plot I.
Genotypes that have a wide distribution or are in different plots indicate a distant kinship relationship and a high level
of genetic diversity
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