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Abstract

Pumpkin (Cucurbita pepo L.) is one of the important vegetables in the Cucurbita genus of the Cucurbitaceae
family. DNA markers can be used in the selection studies carried out on vegetables. Microsatellite DNA
sequences, which are a very good source of polymorphisms for eukaryotic genomes, are used in the investigation
of genetic diversity, the creation of genetic maps and variety determination. In this study, molecular genetic
characterization determined by using 16 SSR markers in 47 pumpkin genotypes. A similarity coefficient
between 0.68-1.0 was determined between genotypes. It was determined that three genotypes clustered
separately from the others. It was concluded that SSR (Simple Sequence Repeats) markers are a good choice
for assessment of genetic diversity and differentiation between genotypes. As a result of this study genetic
structures of the pumpkin genotypes, and important data were obtained that can shorten the duration of breeding
studies.
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Baz1 Kabak Genotiplerinde Genetik Cesitliligin SSR Markor Teknigi Kullanilarak
Belirlenmesi

Oz

Kabak (Cucurbita pepo L.), Cucurbitaceae familyasinin Cucurbita cinsi igerisinde yer alan 6nemli sebzelerden
biridir. Sebzelerde gerceklestirilen seleksiyon caligmalarinda DNA markorlerinden yararlanilabilmektedir.
Okaryotik genomlar igin ¢ok iyi bir polimorfizm kaynagi olan mikrosatellit DNA dizileri, genetik ¢esitliligin
arastirtlmasinda, genetik haritalarin olusturulmasinda ve ¢esit tayininde kullanilmaktadir. Bu c¢alismada 47
kabak genotipinde 16 SSR markorii kullanilarak genetik karakterizasyon belirlenmistir. Genotipler arasinda
0.68-1.0 arasinda benzerlik katsayisi tespit edilmistir. Ug genotipin digerlerinden ayr1 olarak kiimelendigi
belirlenmistir. SSR markorlerinin (Basit Dizi Tekrarlari) genetik ¢esitlilik ve genotipler arasi varyasyonun
degerlendirilmesi icin iyi bir se¢gim araci oldugu sonucuna varilmistir. Bu ¢aligma sonucunda bazi kabak
genotiplerinin genetik yapilarn belirlenerek 1slah ¢alismalarinin siiresini kisaltabilecek onemli veriler elde
edilmistir.
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1. Introduction

There are about 30 species in humans that provide the majority of food sources [1]. On the other
hand, thousands of species that are potential food sources are not used. This situation has
revealed the necessity of determining the characteristics of other plant species and their
consumption in different ways. The Cucurbitaceae family includes 118 genera and 825 species
[2]. Cucurbita genus constitutes the plant group with the highest morphological variation in the
plant kingdom [3]. In this genus, there are three species (Cucurbita pepo L., Cucurbita maxima
Duchesne and Cucurbita moschata Duchesne) that are cultivated economically [4]. C. pepo is
a type of vegetable that is highly cultivated and whose fruits, seeds and flowers can be
consumed. In Turkey, both edible and snack pumpkin belonging to the C. pepo type are grown.
In the world, 27.962.742 tons of pumpkin is produced on an area of 2.019.564 hectares. While
China ranks first in world pumpkin production with 7.433.743 tons, this order is followed by
India (5.113.692 tons), Ukraine (1.268.270), Russia (1.143.127) and America (1.050.713 tons).
Due to its favorable conditions, Turkey ranks seventh in the world with 698.051 tons of
pumpkin production value in terms of pumpkin cultivation [5]. The production of pupmkin for
snacks in Turkey was realized as 64.861 ton in 2021 [6].

Unripe and ripe fruits of pumpkin are used in human nutrition because they contain important
bioactive components (polysaccharides, proteins, peptides, vitamins and sterols) [7,8].
Consumption of these fruits provides relief from constipation, cleanses the blood and is good
for digestion [9]. Pumpkin seeds are also evaluated in the food and pharmaceutical industry
[10] and are used in many cultures of the world as a snack in raw or roasted form due to their
high nutritional value. In addition, these seeds are used as flavor enhancer in meals or in minced
meat formulations [11]. Pumpkin seeds are beneficial for health due to important nutrients
(phenotic compounds, phytosterol, polyunsaturated fatty acid) contained in them [12]. Pumpkin
seeds are rich in unsaturated fatty acids, oleic and linoleic acids, and contain squalene, which
has a cholesterol-lowering effect [13]. At the same time, pumpkin seeds are also important in
terms of the high amount of essential amino acids [14]. For these reasons, it can be considered
that pumpkin seeds are beneficial for human health.

Pumpkin is one of the most polymorphic species in terms of fruit characters. Studies on the
genetic characterization of pumpkin species and genotypes with high morphological differences
are scarce. The most important biomarkers used for genetic characterization are DNA markers.
Genetic studies in horticultural crops have been successfully carried out with many DNA
marker techniques developed [15-20]. Different marker techniques such as SSR, RAPD, SRAP,
ISSR and AFLP were used to determine genetic diversity among Cucurbita species [17,21-24].
One of the molecular markers, SSR (Simple Sequence Repeat), is called "microsatellite™ and
has been widely used in genetic characterization studies in recent years. SSR is an important
marker technique that can be used in genetic analyzes due to its codominant, easy use, high
polymorphism, and ubiquitous advantages in the eukaryotic genome [25]. The use of molecular
data in the identification of pumpkin lines can play an active role in revealing true genetic
relationships. In this study, it was aimed to determine the genetic diversity among different
pumpkin genotypes by using the SSR marker technique.
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2. Material and Methods

In the study, a total of 47 pumpkin genotypes selected from Kayseri and Nevsehir province (in
Turkey) were used as plant material, considering their plant and fruit characteristics (Table 1).
In the study, CTAB total DNA extraction protocol was applied and 30 mg of plant tissue was
used for each genotype. After isolation, the DNA concentration was adjusted to 10 ng/l by
measuring with a 1% agarose gel. For SSR analysis, Danin -Poleg, [26], Watchawongpoiboon
and Chungwongse, [27] and Jarret et al., [28] developed 16 of the SSR primers were used. In
this study, the best optimized primer pairs determined by Coskun et al., [29] were used.
Polymerase chain reaction optimized 15 L reactions contained 50 ng template DNA, 10 nmol
dNTPs, 10 nmol SSR primers, 5 U Taq DNA polymerase, 1.5 mL of 10X polymerase chain
reaction (PCR) buffer (50 mM KCI, 10 mM Tris-HCI, 2.5 mM MgClI2, pH 8.3). Typical
amplification parameters were used and PCR products (5 mL) were resolved on 6.5%
polyacrylamide gels at 50 W for 2.5 h.

For PCR, DNA samples were denaturated for 5 minutes at 95 °C, and then kept for 45 cycles at
95 °C for 1 minute, at 55 °C for 30 seconds, and at 72 °C for 1 minute. Finally, the marker was
amplified by keeping the PCR mixture at 72 °C for 6 minutes. PCR products were visualized
by running on acrylamide gel. For this purpose, M13 forward and reverse primers were added
to synthetically prepared SSR primers. In this way, PCR products labeled at 700 or 800 nm
wavelengths could be observed in the Li-Cor gel system.

Genotypes were scored as 1, 0 and 9 (for missing data). These data were analyzed using NTSYS
(Numerical Taxonomy Multivariate Analysis System, NTSYS-pc version 2.1, Exeter Software,
Setauket, N.Y., USA) package program [30]. Similarity indexes between individuals were
determined. A dendrogram was created using the UPGMA method by using similarity indices.
With the analyzes made, the variation and similarity levels between the pumpkin genotypes
used in the study were determined and the characteristics of the genetic structure were revealed.

Table 1. The test materials of Cucurbita pepo (C. pepo) (n=47).

No | Origin Pumpkin | No | Origin Pumpkin N | Origin Pumpkin
taxon taxon 0 taxon
1 Kayseri-Tomarza | C. pepo 17 Kayseri-Develi | C. pepo 33 | Kayseri-Develi C. pepo
2 Kayseri-Tomarza | C. pepo 18 Kayseri-Develi | C. pepo 34 | Kayseri-Develi C. pepo
3 Kayseri-Tomarza | C. pepo 19 Kayseri-Develi | C. pepo 35 | Kayseri-Develi C. pepo
4 Kayseri-Tomarza | C. pepo 20 Kayseri-Develi | C. pepo 36 | Kayseri-Develi C. pepo
5 Kayseri-Tomarza | C. pepo 21 Kayseri-Develi | C. pepo 37 | Kayseri-Yesilhisar | C. pepo
6 Kayseri-Tomarza | C. pepo 22 Kayseri-Develi | C. pepo 38 | Kayseri-Yesilhisar | C. pepo
7 Kayseri-Tomarza | C. pepo 23 Kayseri-Develi | C. pepo 39 | Kayseri-Yesilhisar | C. pepo
8 Kayseri-Tomarza | C. pepo 24 Kayseri-Develi | C. pepo 40 | Kayseri-Yesilhisar | C. pepo
9 Kayseri-Tomarza | C. pepo 25 Kayseri-Develi | C. pepo 41 | Nevsehir-Urgiip C. pepo
10 | Kayseri-Tomarza | C. pepo 26 Kayseri-Develi | C. pepo 42 | Nevsehir-Urgiip C. pepo
11 | Kayseri-Develi C. pepo 27 Kayseri-Develi | C. pepo 43 | Nevsehir-Urgiip C. pepo
12 | Kayseri-Develi C. pepo 28 Kayseri-Develi | C. pepo 44 | Nevsehir-Acigol C. pepo
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13 | Kayseri-Develi C. pepo 29 Kayseri-Develi | C. pepo 45 | Nevsehir-Kozakli C. pepo
14 | Kayseri-Develi C. pepo 30 Kayseri-Develi | C. pepo 46 | Nevsehir-Kozakli C. pepo
15 | Kayseri-Develi C. pepo 31 Kayseri-Develi | C. pepo 47 | Nevsehir-Kozakli C. pepo
16 | Kayseri-Develi C. pepo 32 Kayseri-Develi | C. pepo

3. Results and Discussion

Within the scope of this study, the genetic analysis of 47 different pumpkin genotypes was
investigated using the SSR marker technique. In some studies, it was stated that SSR was
successful in detecting polymorphism in species belonging to the genus Cucurbita [31,32].
Katzir et al., [33] also determined in their study that the SSR technique was much better in
revealing the kinship relationships of C. pepo. They determined that SSR primers developed in
different cucurbit species could yield successful results in C. pepo genotypes.

In this study, PCR studies were carried out on 47 pumpkin genotypes selected with a total of
16 SSR primers (Table 2). Twenty-nine of the 49 bants obtained were determined as
polymorphic. The total number of alleles per primer ranged from 2 to 5 (mean 4.7). The number
of polymorphic alleles is again between 2 and 7 (mean 3.1). In terms of the total number of
alleles obtained, CSTCC813 loci produced the most alleles (5). Paris et al., [32] identified 2-5
alleles in 45 C. pepo genotypes. In the study conducted by Paris et al., [34], 16-30 scoreable
bands and 15-23 polymorphic bands were obtained from 6 SSR primer pairs. Stift et al., [25]
determined an average of 4.4 alleles per locus using 22 primer pairs on 48 genotypes. In a study,
a total of 56 bands were obtained by using 10 SSR markers among C. pepo genotypes [35]. In
another study, a total of 43 bands varying between 123 bp and 285 bp were obtained with nine
primers [36]. Kayak et al., [37] determined the number of bands per primer to be 3.9 using SSR
markers in the pumpkin genotypes in their study. Meru et al., [38] obtained an average of 3.92
alleles per locus in their study with SSR primer on 29 pumpkin genotypes. In a study on C.
pepo genotypes, an average of 4.12 bands was obtained from SSR primers [39]. In the genetic
diversity study among genotypes including 47 C. pepo and 1 C. foetidissima, 85 (mean 3.2) of
271 primers were polymorphic [40]. Findings from these studies are consistent with this study
(mean number of bands 4.7). Aslan et al., [17] obtained 52 scoreable bands with 18 SSR primers
in their study. In this study, more scoreable bands and more bands per primer were obtained. It
is expected that the number of alleles at similar rates will be detected in different studies with
similar sample groups. Small differences may be due to the use of natural populations in this
study or to the large number of repetitions of different primers used.

The total polymorphism rate obtained from primer pairs was found to be 59% (Table 2). In the
study, the rate of polymorphism was found 59% in the pumpkin collection, which includes
genotypes with geographical origins in and around Kayseri. Paris et al., [34] tried to determine
the genetic relationships of 45 C. pepo genotypes and it was determined that 280 (63%) of a
total of 448 easily scored bands were polymorphic. Mujaju et al., [36] obtained an average of
67.86% polymorphism in watermelon genotypes using the SSR technique. Kayak et al., [37]
determined the polymorphism rate as 87.7% and the mean dissimilarity value as 0.28 by using
SSR markers in the pumpkin genotypes in their study. The results from the present study are

945



Determination of Genetic Diversity in Some Pumpkin Genotypes Using SSR Marker Technique

consistent with results from previous molecular studies. Martins et al., [41] used SSR markers
to determine genetic diversity using 54 C. pepo, 32 C. maxima and 21 C. moschata populations,
and it was stated that a 100% polymorphism was observed. The obtained polymorphism value
is higher than this study findings. This may be due to the presence of genotypes of different
species in the gene pool. The polymorphism values obtained from this study revealed that SSR
markers can be used successfully in determining genetic relationships in pumpkin.

Table 2. Informations of primer sequence, total number of alleles (TNA), number of
polymorphic alleles (PAN) and polymorphism rate (PR-%).

Primer Primer Sequence References | TNA | NPA | PR

CSTCC813 F:GTTGTGCTCCCCAATAGTTG [26] 5 5 100
R:CACCACTTCTTCCACCGAA

CSJCT14 F-TTCCACGTTACATTGGACGA [27] 4 4 100
R:AGAATTCATGGCCTGCAGAT

CSCCT571 F: CCTTTCTGCTGTTTCTTCTTC [26] 2 2 100
R: CCTTTCTGCTGTTTCTTCTTC

CSJCT 191 F:ACAATGGCAGGTCAATTAGC [27] 2 0 0
R:CCTTGGGTTGTATCGAAGAC

CSTAO050 F: GAATTATGCAGATGGGTCTT [26] 4 2 50
R:CAAGAAGATCAAATGATAGC

CSJCT 216 F:CAGTAGGAGGAAGTGGGTTC [27] 2 0 0
R: CTTACTCCAACCAACCCAAC

CMCTT144 F:CAAAAGGTTTCGATTGGTGGG [26] 2 0 0
R:AAATGGTGGGGGTTGAATAGG

CMTC51 F: ATTGGGGTTTCTTTGAGGTGA [26] 4 2 50
R:CCATGTCTAAAAACTCATGTGG

CSJICT 71 F:AATTCCATGGACATCCAGCCGAG [27] 2 2 100
R:CAGTGAAAGGCACTAAAGCGGAG

CSJCT 252 F:GATGGTGGAGATGGAATTGGGAT [27] 4 2 50
R: TTAGAGCTGGAACTCTCCGCAAC

Cl.1-06 F: CACCCTCCTCCAGTTGTCATTCG [28] 4 2 50
R: AAGGTCAGCAAAGCGGCATAGG

Cl.1-120 F: CGCGCGTGAGGACCCTATA [28] 2 0 0
R: AGCAATTGATTGAGGCGGTTCT

CSJCT 656 F: TCCTACAACTCAAAGGGCCAAC [27] 2 2 100
R: GAAGTGGAGTGGAGTGGAGTGA

Cl.2-23 F: GAGGCGGAGGAGTTGAGAG [28] 2 0 0
R: ACAAAACAACGAAACCCATAGC

CSJCT 662 F: ACGTCGTAAAACCATCGGAGTC [27] 4 2 50
R: GCTTCCAAGCGTCAAAGGTATC
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CSJCT 664 F: AAGTGGGCTCGATTGGAAGA [27] 4 4 100
R: CCGTCGCCTTTCTCAAGTTC
Total 49 29

According to the UPGMA dendrogram obtained using the scoring data, the similarity index
between the pumpkin genotypes varied between 0.68 and 1.00. Barzegar et al., [42] used 14
SSR primer pairs to detect genetic diversity among 26 local cultivars of C. pepo. The percentage
of polymorphic loci estimated using the genetic diversity index and the information index
revealed moderate or high genetic diversity. Yunli et al., [39] determined the similarity
coefficient in pumpkin genotypes between 0.73 and 1.0 in their study using SSR primers. The
results from the present study are consistent with results from previous molecular studies. The
similarity coefficient values (0.68-1.0) obtained in this study were found to be in a similar range
(0.64-0.93) with the values determined by Aslan et al., [17]. Inan et al., [24] with the aim of
determining genetic relationships between C. pepo samples, the genetic similarity coefficients
were found between 0.07 and 0.96 in ISSR analysis. The wider variation may be due to the
wider frequency of genotypes or the use of different marker techniques. Meru et al., [38]
determined the genetic distance in pupmkin genotypes between 0.08 and 0.76 in their study. A
wider variation was detected in this study. This may be due to the use of different pumpkin
subspecies as genetic resources. In this study, genetic diversity among C. pepo populations was
found to be narrower than in some studies [24,38]. This may be because these populations
congregate from a narrow location. This is probably on a small scale to show high genetic
diversity. It may also be due to material ingestion or gene flow from a single Cucurbita species.

Among some of the pumpkin genotypes (2 and 26; 3, 4, 6, 8, 16, 27 and 39; 10, 12, 13, 15, 17,
38, 18, 32 and 21; 19 and 20; 5, 11, 22 and 28; 9, 36, 39, 37, 29 and 30; 24 and 25) no genetic
variation was detected. In this case, it was determined that a total of 35 genotypes could be
collected in 8 different groups among themselves, the other 12 genotypes were determined with
different genetic structures, and as a result, it was determined that 47 different genotypes could
show 20 different genetic structures. According to the UPGMA dendrogram, it was determined
that the pumpkin genotypes formed 6 different clusters. No polymorphism was determined
among genotypes 45, 46 and 47 in the first cluster, and these three genotypes were clustered
separately from other genotypes. There is one genotype (43) in the second cluster, two
genotypes (23 and 41) in the third cluster, three genotypes (2, 26 and 34) in the fifth cluster,
one genotype (1) in the sixth cluster, and the remaining 37 genotypes in the fourth cluster has
received (Fig 1). The similarity between the thirty-seven genotypes in the fourth cluster is high.
In the dendrogram obtained by Kayak et al., [37] using SSR markers in the pumpkin genotypes,
the majority of the genotypes were clustered together, similar to this study findings. The
pumpkin plant has a monoic plant structure and is open to foreign pollination. This may have
caused some genotypes to be located outside of the clusters.
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Figure 1. Dendrogram of resulting from a UPGMA cluster analysis based on SSR markers.
The accessions correspond with the designations listed in Table 2.

Conclusion

Turkey is rich in genetic material, but the number of developed varieties is not high. Since
market demands cannot be met, foreign varieties enter the country. This situation may cause a
risky situation such as the extinction of native varieties. Although it is an important sector in
Turkey, molecular studies have been carried out in a limited number of pumpkin. It is important
to focus on variety development studies and to carry out genetic characterization studies for this
purpose. It has been determined that SSR primers are suitable for pumpkin research. Successful
primer pairs can be used in association mapping, purity testing and new marker development
studies. Successful primers can be recommended for use in breeding programs. This study
provided genetic information about C. pepo genotypes. These genotypes are an important
source of diversity that can be used in breeding programs in the future. Determining the genetic
diversity among Cucurbita species in Turkey, which is rich in plant diversity, may be useful in
selecting and developing the most suitable genotype for use in genetic studies and breeding
programs.

Ethics in Publishing

There are no ethical issues regarding the publication of this study.
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