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ARTICLE INFO ABSTRACT

Original paper Citrullus lanatus var. citroides is one of the Khorasan region's major rainfed and cash crops. It is typically
grown on marginal lands and mostly dependent on rainfall. Microsatellite markers were therefore
employed in this study to determine the genetic diversity among the genotypes from these important
production zones in the provinces of Razavi and North Khorasan in order to be used in the future breeding
programs of this crop. With the aid of 15 pairs of microsatellite primers (SSR), the genetic diversity among
17 genotypes of C. Lanatus var. citroides collected from various parts of Khorasan province along with
one edible variety (Ed) was examined in this study. These markers allowed for the DNA fingerprinting of
genotypes, in which 11 markers were polymorphic. In two cases, the polymerase chain reaction (PCR)
products were monomorphic and shared by all genotypes, but in the other two, no detectable PCR product
was observed. The range of the polymorphic information content (PIC) was 0.13 to 0.86. The genetic
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PIC similarity among genotypes was determined to be between 15% and 55% using the Jaccard similarity
SSR matrix in the NTSYS program (Ver. 2.02). Three major groups were formed by clustering 17 genotypes
UPGMA

using the UPGMA method and the Jaccard similarity coefficient. These findings demonstrated that the
Ed variety was classified into a different group due to its significant genetic differences from other seeded
watermelon genotypes. While verifying the significant amount of genotype diversity, the results of
principal component analysis (PCA) of the data were highly in agreement with those of cluster analysis,
making the similarities of genetic relationships very clear. This study could be significant in terms of the
first steps toward identifying genetic diversity and maintaining genetic reserves in native genotypes of
seeded watermelon for future breeding purposes.
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1. Introduction In some parts of the country, seeded watermelon is

The cultivars of watermelon are classified into edible
(dessert) and seeded (edible seed as nut) varieties. The
annual plant-seeded watermelon also known as C.
Lanatus and of the citroides variety belongs to the
Cucurbitaceae family and is regarded as a semi-arid
crop (Grumet et al.,, 2021). In general, Khorasan,
Gorgan, Khuzestan, Azerbaijan, Jiroft, Bandar Abbas,
Sistan and Baluchistan, Kashan, and Fars are Iran's
major watermelon production regions (Honari et al.,
2017).
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one of the plants that is occasionally grown as a second
crop following winter crops due to factors including a
rather short time from planting to ripening, low
production costs, increased profitability, and a suitable
resistance to drought. In addition, farmers have shown
increasing interest in this plant due to its capacity to be
grown as a rain-fed crop when compared to other
agricultural plants (Zargaran Khouzani, 2021). The
size, shape, color, and pattern of the fruit skin, along
with the color of the seed coat and the ripening period
vary across C. Lanatus cultivars grown in various parts
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of the nation (Guo et al, 2019), These traits
demonstrate the great genetic diversity in this plant. In
the three provinces of Khorasan, seeded watermelon is
one of the cash crops for rain-fed conditions, however,
the precise cultivated area and yield for this kind of
watermelon are not available.

When investigating diversity, certain techniques and
statistical models based on physical attributes,
morphological data, or molecular characteristics of
individuals are used to express differences or
similarities of species, populations, or even individuals
(Chu et al., 2022; Pal et al., 2020). Finding out the
genetic diversity of plant materials is the first step in
identifying and preserving genetic resources in gene
banks and applying them in breeding programs
(Janipour et al., 2018). Identifying the best parental
combinations for plant breeding, assessing the degree
of differentiation for classifying samples, developing
the main collection, and assessing the amount of
genetic erosion in the gene bank collection can all be
achieved with the help of the information obtained
from genetic diversity and differentiation studies
(Jomeh Ghasem Abadi et al., 2019b; Pahlavan et al.,
2021; Vaez-Sarvari et al., 2022). Compared to their
wild relatives, modern agriculture has decreased the
genetic diversity of cultivated plants. Therefore, it is
essential to study genetic diversity in order to develop
cultivars with a higher yield, better quality, and greater
tolerance against abiotic and biotic stresses such as
resistance to pests and diseases (Anter, 2023).

Numerous  morphological, biochemical, and
molecular data can be used to estimate genetic
diversity. Molecular markers, on the other hand, are
one of the most effective and reliable methods for
assessing genetic variation (Asha et al., 2023). Among
these, DNA-based molecular markers providing
information directly from each plant's genome, are not
affected by environmental factors and can be valuable
for assessing genetic variation (Vaez-Sarvari et al.,
2022; Vivodik et al., 2022).

The co-dominance, reliability, and reproducibility of
the results of simple sequence repeat (SSR), or
microsatellites, make them one of the most practical
and successful marker systems based on DNA.
Variations in the number of repeats in the microsatellite
sections of these markers can result in a high level of
polymorphism, which is very helpful in various sorts of
genetic studies. Additionally, microsatellites have

frequently been utilized to distinguish between pure
lines, cultivars, and wild species (Maragal et al., 2023;
Zhou et al., 2023).

In recent years, numerous studies on watermelon (C.
Lanatus) and other members of the Cucurbitaceae have
been carried out in important global centers to assess
the level of genotypic diversity in various aspects. In
the majority of these studies, the presence of high
diversity among the studied samples has been
confirmed. It seems that cross-pollination and the
activities of pollinating insects are the reasons for this
high diversity (Hanif et al., 2022).

In research (Joobeur et al., 2006), 37 microsatellite
primers have been identified and used to differentiate
edible (C. lanatus) and seeded watermelon (C. lanatus
var. citroides) accessions. Additionally, these primers'
polymorphic information content (PIC) ranged from
0.39 to 0.97. In another study (Joobeur et al., 2006;
Mujaju et al., 2010), both RAPD and SSR markers
have been employed to study seeded watermelon
diversity. In addition, the genetic diversity of seeded
watermelon has been examined using 23 microsatellite
primers that were evenly dispersed throughout the
genome. With a polymorphism information content
range of 0.45 to 0.82, these primers were able to
amplify 2-7 alleles (Zhang et al., 2012). In a study, 121
polymorphic fragments from 49 different types of
seeded watermelon were discovered after genetic
analysis using 30 microsatellite primers from melon
and watermelon. Results from these primers have been
addressed as being quite helpful for assessing diversity
(Kwon et al., 2010). Several cucurbits, such as
watermelon, cucumber, gourds, and pumpkin, have
been studied using microsatellite markers. (Adeyemo
et al., 2020; Gbotto et al., 2022) The polymorphic
information content (PIC) was between 0.18 to 0.64 at
the moment (Mhlaba et al., 2018).

There are not many studies specifically on seeded
watermelon (C. Lanatus var citroides), even though
there have been many studies on the genetic variety of
many species of sweet or edible watermelon (C.
Lanatus). Seeded watermelons (C. Lanatus) are mainly
grown in the provinces of Khorasan, particularly
Razavi and North Khorasan, due to appropriate
climatic conditions. In some regions, such as the Jovin
and Sabzevar areas, this product is regarded as one of
the farmers' primary crops; nevertheless, little research
has been done on the seeded watermelon genotypes of
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this region so far. Microsatellite markers were therefore
employed in this study to determine the genetic
diversity among the genotypes from these important
production zones in the provinces of Razavi and North
Khorasan to be used in the future breeding programs of
this crop.

2. Materials and methods
2.1. Plant materials

In the current study, the edible and commercial
cultivar Crimson Sweet (control) was compared with
18 genotypes collected from various regions of the
Razavi and North Khorasan provinces (Table 1), which
were quite distinctive in terms of morphological
characteristics. There was a minimum distance of 30
km between the selected genotypes. To get rid of the
sticky residue on the seeds, they were first thoroughly
rinsed. They were then planted in one-liter pots and
grown in the greenhouse condition after being
germinated in Petri dishes and a germinator at a
temperature of 25+1°C for 48 hr.

2.2. DNA extraction

DNA extraction was performed according to Kwon
et al.'s method (Kwon et al., 2010) as a mixture (equal
share of all repeats in the tissue used for extraction). In
other words, rather than removing individual plants,
each genotype's plant samples from all related
replicates are ground together to determine the average
level of variation within that genotype.

The extracted samples were electrophoresed in 1%
agarose gel and TAE buffer to assess the DNA's
quality, in terms of lack of protein contamination or
DNA breakages. The concentration of all extracted
samples used in the PCR reaction was set at 10 ng/l to
repeat the results. Those DNA samples were chosen for
the next steps, which had a sharp band and no streak.
Additionally, the spectrophotometric method was used
to determine the amount of DNA. The amount of DNA
solution's absorption was checked at 260 and 280
wavelengths.

Table 1. Genotype name and their source used in this research.

Genotype name Genotype source

Location

Ed (Crimson Sweet) Commercial (OP)

C1 Native
C2 Native
C3 Native
C4 Native
C5 Native
C6 Native
Cc7 Native
Cc8 Native
C9 Native
C10 Native
Cl1 Native
C12 Native
C13 Native
Cl4 Native
M3-1 Native
M7-1 Native
M7-2 Native

Niagara Company, USA

Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Esfarayen (North Khorasan Province in Iran)
Sabzevar (Razavi Khorasan province, Iran)
Sabzevar (Razavi Khorasan province, Iran)
Sabzevar (Razavi Khorasan province, Iran)

2.3. Primers and polymerase chain reactions

In this research, 11 microsatellite markers reported
in different studies were used (Table 2) (Levi et al.,
2006; Mujaju et al., 2010; Zhang et al., 2012). Red
master mix-Amplicon 2X, from the Amplicon
Company, 7.5 microliters, 1 microliter of DNA sample
with a concentration of 10 ng/microliter, 0.5 microliters
of each of the primers (forward and reverse), and 5.6
microliters of nuclease-free water were used in the PCR
reaction (Mujaju et al., 2010). Initial annealing was
done at 94 °C for 4 min followed by 35 cycles of 94 °C

for 30 s, annealing at the appropriate temperature for
each primer pair (Table 2) for 30 s, and extension at 72
°C for 30 s. At the end of the cycles, the final expansion
was done at 72 °C for 7 minutes.

2.4. Electrophoresis of PCR products

A current of 80 mA was used to electrophorese PCR
results in 2% agarose gel for two hours. Five
microliters of polymerase chain reaction product and
three microliters of 0.5% Green-weaver were added to
each well.
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2.5. Molecular data analysis

In the beginning, numbering was done from the
highest and heaviest band to the lowest and lightest
band to tally the bands associated with each indicator.
The bands were given numbers, graded depending on
the existence (one) or absence of a band (zero) and the
resulting numerical data were then examined by
NTSYS ver. 2.02 software. Based on zero and one data,
there are various criteria for determining a genotype's
genetic distance or similarity. Among the various
criteria, Jaccard similarity coefficients (GSJ) (Jaccard,
1912), Nei and Li or Dice (GSNL) (Nei and Li, 1979)
and simple matching (GSSM) are the most commonly
used coefficients. The software created the similarity
matrix for the experiment's data based on all three of
the aforementioned coefficients. The most effective
dendrogram was chosen and created using the
cophenetic correlation coefficient. The best compatible
similarity coefficient and clustering algorithm was
found to be the Jaccard similarity coefficient and
UPGMA algorithm based on calculations.

For each set of primers, the polymorphism
information content or PIC diversity index was
determined using the formula PIC= 1-Y Pi% The
frequency of the i allele in a microsatellite locus,
which is enlarged for n alleles, is represented by Pi in
this formula.

3. Results and discussion

Eleven of the 15 pairs of examined microsatellite
primers (SSR) showed appropriate polymorphism (Fig.
1). Out of 11, nine primers displayed polymorphism. In
total, 65 bands were amplified in all genotypes, of
which 63 were polymorphic. Both primes 5 (P5) and 8
(P8) failed to generate any bands. Only one

Ed c1 2 3 c4 5 6 c7 c8 9 cl10 cll c12 ci3 cl4 M3-1 M7-1 M72 M
A el -k - oy

LN — p—

Figure 1. Genotype fingerprints using the P6 marker. C1 to C17, M3-1,
M7-1 and M7-2 are seeded genotypes compared with Ed as an edible
cultivar; M is the size marker (DNA-Leiter; 15628050).

monomorphic band was seen for primers P4 and P11
(Table 1). The primer number P3 was associated with
the lowest amount of polymorphism (only 2 alleles),
and the highest amount of polymorphism (13 alleles),
with the highest PIC (0.86) associated with primer P6
(Table 2). In the current study, there was also a strong
association between each primer's polymorphism index
and the number of observed polymorphic bands (Fig.
2).

The Jaccard similarity matrix using the NTSY'S ver.
2.02 software for all studied genotypes revealed that
the C8 and C12 genotypes have the most similarities
(55%), while the C9 and Ed (edible watermelon)
genotypes share the least similarities (15%). The
NTSYS ver. 2.02 software was used to classify
genotypes into four separate groups based on the
UPGMA method and Jaccard similarity coefficient
(Fig. 3). The edible watermelon (Ed) was classified
separately from the other genotypes in a single cluster.
This genotype's average similarity to other genotypes
was only 24%, in which the lowest correspondence was
observed with the C9 genotype based on the Jaccard
similarity matrix.

The second group, consisting of the two genotypes
C6 and C7, is divided from the third branch by 33.5%
similarity. The two genotypes C8 and C12, which
shared the most genetic resemblance with the C13
genotype among all genotypes, were assigned to the
third branch. In general, the third group showed two
sub-branches, with two genotypes C10 and M7-1 in the
first sub-branch and other genotypes broken up into
various branches in the second. The C4 genotype with
less similarity to the other genotypes in the fourth
group was assigned to a different sub-branch (Fig. 3).
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Figure 2. Relationship between polymorphic formation content (PIC)
and the number of polymorphic bands produced by each SSR primer.
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Table 2. The specifications of the primers used and other related information.

Primer  Original name of

Produced Diversity PIC

name  primer e Ul alleles  alleles (%)
P1-F MCPI-07-M13F GGTTATGGCCATCTCTCTGC 56 5 5 64
P1-R MCPI-07-R GAGAGTGGGCGTAAGGTGAG
P2-F MCPI-32-M13F AAGGCTGCAGAGACCATGAC 50 8 7 81
P2-R MCPI-32-R GAACGGGCAAGAAGTAGTAA
P3-F MCPI-28-M13F AATGTTAAGCAGTAAGCACATG 56 2 2 13
P3-R MCPI-28-R GTTAAGTGGAAGAGGCCACA
P6-F MCPI-37-M13F AATCTTCCCCATGCCAAAAC 51 13 13 86
P6-R MCPI-37-R CTTCCCTCCCAAACCTTCAG
P7-F MCPI-21-M13F AAAGTTTTCATGCCAACGTATC 49 7 7 71
P7-R MCPI-21-R TCAGCCAATATGGTCAAATAGC
P9-F MCPI-14-M13F TCAAATCCAACCAAATATTGC 47 6 6 76
P9-R MCPI-14-R GCAACCACTACAAAGGAAGAG
P10-F  ASUW13-F CTAGAGAAACCCCATC 47 6 6 71
P10-R ASUW13-R CTCCACTCACATACACAG
P12-F BVWS00209-F TGCTTCAAAATCTATTCACAATTTGC 50 3 3 65
P12-R BVWS00209-R TTCTTGGTTTCGGGTTTCTTTACA
P13-F BVWS00228-F GGAAGAGTGAGGTGATAAATCAATATGT 51 6 6 77
P13-R BVWS00228-R AATTGGCCCAAATATCCATATGAC
P14-F BVWS01734-F AAAATTACATCTTAAATGCGCC 56 2 2 30
P14-R BVWS01734-R GGAACATTGACTTCAATCAGCA
P15-F BVWS00233-F AAACCATGATTTTACAGGGGATCA 56 5 4 75
P15-R  BVWS00233-R TTTCTGTCTTCTTTTGACCAATGC
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Figure 3. Cluster analysis of seeded watermelon genotypes and edible cultivar based on Jaccard similarity coefficient and UPGMA method.

Useful information on genetic diversity among
genotypes can be found in the two-dimensional
diagram of principle components analysis (PCA),
which is typically applied in addition to cluster analysis
(Fig. 4). It can be inferred that the primers used had a
uniform and appropriate distribution at the genome
level based on the cumulative percentage of the
variance of the first two components, which justifies a

small percentage of the total variance (Table 3). Fig. 4
shows dashed lines connecting every genotype at a
single point; these lines are angled concerning one
another; the greater the angle, the farther apart two
genotypes are from one another; and the longer the line
specific to a genotype, the greater the deviation from
the average diversity among genotypes, which can be
analyzed depending on the direction of this line
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(Shaygan et al., 2021). Based on this, genotypes can be
divided into three broad categories. Fig. 3 shows that
the bigger group (left side), which also includes the
numerous sub-branches in this category, has more
variability in the direction of the line of each genotype
than the other two groups.

There can be some subtle discrepancies between the
results in Fig. 3 and 4. This is because, in PCA, primers
with low values for determining the relationship or
distance are ignored from the analysis and in turn, the

¢z
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outcomes of these two analyses can be different to
some extent. In other words, before performing PCA,
all primers evaluated between genotypes had the same
value in the study of diversity. However, by using this
method, the true value of each trait in determining the
relationship or distance between genotypes will be
determined, and the components that have Eigenvalues
higher than one will be referred to as principal
components.
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Figure 4. Genotypes are grouped using principal component analysis (PCA) using the first two components and the Jaccard similarity coefficient.

Table 3. The breakdown into main components (according to
the Jaccard similarity matrix).

Variance (%)
Expected Observed Cumulative

Components Eigenvalues

1 131 1941 1191 1191
2 1.14 13.86 10.35 22.27
3 0.97 11.08 8.85 31.12

For polymorphism and polymorphism index, many
values have been recorded so far. The polymorphism
index ranged from 0.075 to 0.37 in a study
(Bahraminejad et al., 2012). The average
polymorphism index in other studies is 0.51 (Bryan et
al., 1997), from 0.07 to 0.8, with an average of 0.56, is
the polymorphism index (Maccaferri et al., 2003),
specifically for the motif dinucleotide values of 0.9
have been reported for the average polymorphism

index (Prasad et al., 2000). Also, in other research, the
average polymorphic index equals 0.86 (Mujaju et al.,
2010), the polymorphic index ranges from 0.35 to 0.82
(Deng et al., 2015), Polymorphic index from 0.4 to 1
and with an average of 0.833 (Zhou et al., 2003) and
the average polymorphic index equals 3. 0 (Bohn et al.,
1999) is also reported. Also, in research (Mujaju et al.,
2010), despite having a high polymorphism of 79%,
one of the primers had the lowest polymorphism (13%)
in the most recent analysis. The polymorphic index
cannot have a fixed number and depends on variables
such as the number of bands produced by each location,
and even both the number of genotypes and primers
have a positive correlation with the polymorphic index,
according to the findings of this study and all the results
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mentioned above (Janipour et al., 2018; Jomeh Ghasem
Abadi et al., 2019a; Jomeh Ghasem Abadi et al.,
2019b; Pahlavan et al., 2021). Whereas in a research
(Roder et al., 1995) with 18 genotypes and 15 primers,
the average polymorphism index in wheat was 0.63;
when the number of genotypes was reduced to 6, the
average polymorphism index resulted in 0.54.

The average number of bands generated at each site
is positively correlated with the degree of
polymorphism (Jomeh Ghasem Abadi et al., 2019a;
Jomeh Ghasem Abadi et al., 2019b), in the current
study, there is also a strong association between each
primer's polymorphism index and the number of
polymorphic bands produced.

The average amount of polymorphic information in
the current study was greater than 50% (PIC>0.5).
Therefore, the applied markers can be regarded as
effective markers to divide our seeded watermelon
genotypes into distinctive categories (Kwon et al.,
2010). The outcomes confirm that these primers could
be successfully applied to other similar studies in
watermelon in the future.

It is clear that seeded watermelons have a great deal
of variation and that this variability can be leveraged to
enhance both quantitative and qualitative traits given
the low level of similarity across the genotypes
employed in this study. Although, it has been noted that
the quantity of genotypes and primers has some
influence on the similarity coefficient. For example, in
research (Parashar et al., 2014), the similarity
coefficient in cumin using the ISSR marker was from
0.63 t0 0.94 (Parashar et al., 2014), but in other studies
from 0.33 to 0.78 (Seidler-Lozykowska et al., 2014),
an average of 0.57 (Bohn et al., 1999), an average of
0.44 (Maccaferri et al., 2003), an average of 0.43
(Agrama and Tuinstra, 2003).

The considerable genetic variation among the
genotypes demonstrates the genetic richness of these
genotypes, demonstrating their importance for
choosing superior genotypes to be used in
crossbreeding blocks to build synthetic cultivars with
the highest level of heterosis (Fallahi et al., 2022; Gao
et al., 2022; Mahapatra et al., 2022; Ouyang et al.,
2022; Sakran et al., 2022; Suri et al., 2022; van Hulten
et al., 2018). This study unequivocally demonstrates
that SSRs can be a perfect tool for assessing the genetic
diversity and relationships within the population.
Although precise assessment of variation needs many

markers and morphological features, valid genetic
diversity assessments can still be made. The results,
however, demonstrated that the set of chosen markers
was successful in the identification and evaluation of
the variation, as well as genetic relations among seeded
watermelon genotypes. This is also critical for the
management of genetic resources in terms of removing
redundant accessions and also determining seed purity.

4. Conclusion

In summary, it can be inferred from the findings of
molecular data that the genotypes of seeded
watermelon (C. lanatus var. citroides ) found in the
provinces of Razavi and North Khorasan are highly
diverse. Such genetic variability has been demonstrated
in other research investigations on watermelon (C.
Lanatus) genotypes carried out in various parts of the
world (Zhou et al., 2023; Amzeri et al., 2021; Singh et
al., 2022). From the perspective of race, the high degree
of genetic diversity in this crop, some of which can be
attributed to its cross-pollination, can be viewed as a
significant breeding advantage, because it allows
appropriate selection for hybridization between
genotypes with significant differences to produce
heterosis in key agricultural traits.
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