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Abstract Snake melon is an important cucurbit crop especially in the Southeastern
and the Mediterranean region of Turkey. It is consumed as fresh or pickled. The
production is mainly done with the local landraces in the country. Turkey is one of
the secondary diversification centers of melon and possesses valuable genetic
resources which have different morphological characteristics in case of snake
melon. Genetic diversity of snake melon genotypes collected from different regions
of Turkey and reference genotypes obtained from World Melon Gene Bank in
Avignon-France was examined using 13 simple sequence repeat (SSR) markers. A
total of 69 alleles were detected, with an average of 5.31 alleles per locus. The
polymorphism information content of SSR markers ranged from 0.19 to 0.57 (av-
erage 0.38). Based on cluster analysis, two major groups were defined. The first
major group included only one accession (61), while the rest of all accessions
grouped in the second major group and separated into different sub-clusters. Based
on SSR markers, cluster analysis indicated that considerably high genetic variability
exists among the examined accessions; however, Turkish snake melon accessions
were grouped together with the reference snake melon accessions.
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Introduction

Snake melon (Cucumis melo L. subsp. melo flexuosus Group; 2n = 2x = 24) is a
member of Cucurbitaceae family. The fruits of this non-sweet melon are long to
very long having a ratio of 4:1 or higher fruit length to fruit width (Pitrat et al. 2000;
Pitrat 2008). The exterior color of the immature fruits can be yellow-green, light
green, and dark green. The surface of the slender fruits are ribbed or wrinkled. The
mealy fruit flesh is not sweet and has no aroma. Young fruits are eaten fresh in salad
as an alternative to cucumber (Robinson and Decker Walters 1997; Pitrat 2008;
Pandey et al. 2010).

Snake melon is a well-known cucurbit crop in Northern Africa, Turkey, Iraq, and
India (Pitrat 2008). In Turkey, it is commonly called as “acur,” “hitta,” or “hiti”
and the production amount is 27886 tons on 17258 ha area (Anonymous 2014).
Southeastern Anatolia region ranks first in production and followed by Mediter-
ranean and Aegean regions (Anonymous 2014). It is widely grown in open field
using landraces or local populations and consumed as fresh or as pickles in local
markets.

Eventhough Turkey is accepted to be one of the diversification center of snake
melon (Vural et al. 2000), few studies were performed on the genetic resources of
snake melon. Besirli and Yanmaz (1997), collected and morphologically charac-
terized the local genotypes from Southeastern Anatolia to identify the types of snake
melon. Seedling, plant, leaf, flower, fruit, and seed characteristics of snake melon
genotypes collected from different regions of Turkey were examined by Solmaz
et al. (2004). Morphological and genetic diversity were assessed among snake
melon accessions and their relationships with other melons and Cucumis species by
random amplified polymorphic DNA markers (RAPD) by Kose (2008).

Genetic diversity analysis facilitates utilization of genetic resources for
conservation germplasms, association genetics, and development of breeding
programs (Hu et al. 2015). To increase the usefulness of snake melon germplasm for
melon conservationists, breeders, and growers, the morphological and molecular
characterizations of snake melon are required (Ali-Shtayeh et al. 2015).

Molecular markers have significantly contributed to our knowledge and
understanding of genetic differentiation and relatedness in many crops (Nantoume
et al. 2013). They are not affected by environmental factors and developmental
stages of plant (Esposito et al. 2007; Wang et al. 2015).

Several molecular markers have been effectively used to assess the genetic
diversity of melons; however, simple sequence repeats (SSRs) have been proved to
be the most useful marker system in recent diversity studies (Tzitzikas et al. 2009;
Aierken et al. 2011; Escribano et al. 2012; Kacar et al. 2012; Ning et al. 2014;
Raghami et al. 2014; Hu et al. 2015).

The objective of this study was to analyze the genetic diversity of 40 snake melon
accessions collected from Turkey and reference accessions obtained from World
Melon Gene Bank using SSR markers.
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Table 1 Origins of 40 snake melon accessions used in this study

No in cluster Accession code Accession name Origin Seed source
2 AC?2 Beyaz Acur Turkey TAEA

4 AC 4 Siyah Acur Turkey TAEA

5 ACS Hitta Turkey CU

6 AC 6 Hitta Turkey CU

8 AC 8 Kiziloren 2 Turkey CU

9 AC9 Kiziloren 3 Turkey CU

14 AC 14 Midyat 1 Turkey CU

16 AC 16 Adana Turkey CU

18 AC 18 Diyarbakir 2 Turkey EMTZARI
20 AC 20 Minehoyuk Turkey EMTZARI
21 AC 21 Sanliurfa Turkey EMTZARI
25 AC 25 TR 48637 Turkey AARI

26 AC 26 TR 40308 Turkey AARI

27 AC 27 TR 40517 Turkey AARI

28 AC 28 TR 35301 Turkey AARI

32 AC 32 TR 47782 Turkey AARI

33 AC 33 TR 47808 Turkey AARI

39 AC 39 TR 40328 Turkey AARI

40 AC 40 TR 48612 Turkey AARI

44 AC 44 TR 26439 Turkey AARI

47 AC 47 TR 51559 Turkey AARI

51 AC 51 Hitta Turkey CU

54 AC 54 Unknown Turkey CU

55 AC 55 Unknown Turkey CU

57 AC 57 Unknown Turkey CU

60 AC 60 Tuylu Acur Turkey CU

61 AC 61 Ames 20443 India INRA

62 AC 62 Ames 20836 India INRA

63 AC 63 Cohombro Spain INRA

64 AC 64 Cum 309 Libya INRA

66 AC 66 Cum 353 Iraq INRA

67 AC 67 Damascus Long Green Syria INRA

74 AC 74 PI 176949 Turkey INRA

75 AC 75 PI 220170 Afghanistan INRA

77 AC 77 PI 245735 Turkey INRA

78 AC 78 PI 525133 Egypt INRA

79 AC 79 Saudi Saudi Arabia INRA

80 AC 80 Shendi Sudan INRA

81 AC 81 Silka Sudan INRA
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Table 1 continued

No in cluster Accession code Accession name Origin Seed source

82 AC 82 Sm Egypt Egypt INRA

TAEA Turkish Atomic Energy Authority, CU Cukurova University, EMTZARI East Mediterranean
Transitional Zone Agricultural Research of Institute, AARI Aegean Agricultural Research Institute, /NRA
Institut Nationale de la Recherche Agronomique

Materials and Methods

This study was carried out in the Department of Horticulture, Faculty of
Agriculture, University of Cukurova, Turkey.

Plant Material and DNA Isolation

Forty different accessions from the snake melon genetic resources collection of
Cukurova University, Faculty of Agriculture, Department of Horticulture were used
in this study. Among them, 26 accessions were collected from geographically
diverse areas of Turkey and 14 reference accessions supplied from INRA (Institut
Nationale de la Recherche Agronomique Avignon, France). Details about names,
origins, and seed suppliers of these accessions are listed in Table 1.

Seedlings of snake melon accessions were grown in greenhouse. Young leaf
samples were collected from each genotype when seedlings were at 2-3 true leaf
stage and directly frozen in liquid nitrogen. Genomic DNA was extracted from the
leaf samples following the CTAB miniprep protocol (Edwards et al. 1991). The
concentration and quality of extracted DNA was measured with a NanoDrop, ND-
100 spectrophotometer (NanoDrop Technologies, Inc.). DNA was diluted in water
to a final concentration of 50 ng/pl and stored at —20 °C.

SSR Analysis

Thirteen SSR primers (CMACC146, CMCTT144, CMGA172, CMCCA145,
CMAGNS9, CSWCT10, CMAGN68, CMMS2-3, CMTCN9, TJ 24, CMAGN73,
CMGT108, and CMCT160a) described previously (Danin-Poleg et al. 2001; Fazio
et al. 2002; Chiba et al. 2003; Gonzalo et al. 2005) were used. PCR amplification
was performed in a 10-pL volume containing 2x PCR Mastermix (Fermentas
KO0171), 1 unit of Taq DNA polymerase (Fermentas EP0402), 25 mM MgCl,, 1 pM
of each primer, and 25 ng of sample DNA. The amplification was performed in a
Master Gradient thermal cycler (Eppendorf) using a program consisting of an initial
denaturation step of 2 min at 94 °C followed by 35 cycles of 2 min at 94 °C, 1 min
at 55 °C, and 2 min at 72 °C; the program ended with a 10-min elongation step at
72 °C. PCR products were stored at 4 °C prior to analysis. After amplification,
1-25 pl of loading buffer containing 95 % formamide, 10 mM EDTA (ph 8.0),
0.025 % xylene cyanol, and 0.025 % bromophenol blue was added to each reaction
tube. The samples were heat denatured for 5 min at 95 °C and quickly cooled on
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ice. After loading 1.0 pl of each sample, PCR products were separated in a 25-cm,
6 % denaturing polyacrylamide gel (Long Ranger, FMC Biozym, Hessisch
Oldendorf, Germany) that had been preheated for 25 min. Electrophoresis was
conducted at 1500 V, 50 W, 35 mA, and 48 °C using a Li-Cor DNA Analyzer 4300
(Licor Biosciences, Bad Homburg, Germany). A 50-350 bp DNA ladder MWG
Biotech AG, Ebersberg, Germany) was used to determine DNA sizes.

Statistical Analysis

Bands were scored as present (1) or absent (0), and then data were used to generate a
pair-wise similarity matrix using Jaccard’s coefficient (Jaccard 1908). The un-
weighted pair-group method using UPGMA was employed to create the clustering
dendrograms using the NTSYS-PC software (Rohlf 1998). Polymorphism infor-
mation content (PIC) values were calculated according to Smith et al. (1997), using
the algorithm for all primer combinations as follows:

Plczl—iﬁ% (1)

where i = 1 is the frequency of the ith allele.

Results
Characterization of SSR Polymorphism

With the 13 SSRs loci used, a total of 69 alleles were detected among 40 snake
melon accessions (Table 2). The number of alleles detected by each primer set
ranged from 2 (CMCCA145) to 11 (CMAGNG68) with an average of 5.31. Variation
of allele sizes ranged from 58 to 226 bp. All SSRs were found to be polymorphic
(polymorphism rate: 100 %) among snake melon accessions. PIC values for SSRs
ranged from 0.19 to 0.57 (Table 2) with a mean PIC of 0.38. The highest PIC value
(0.57) was recorded for CMCCA145 and followed by CMMS2-3 (0.51) and
CMGA172 (0.47).

Genetic Similarity

Genetic similarities among the accessions ranged from 0.08 to 0.94 (data not
shown). The most related accessions were AC 4 (Siyah acur from Turkey) and AC
75 (PI 220170 from Afghanistan) with 0.94 genetic similarity followed by 0.89
between AC 4 and AC 33. The lowest similarity rate was 0.07 and obtained between
AC 51 (Hitta from Turkey) and AC 62 (Ames 20836 from India). Low level of
similarity (0.08) was also found between AC 61 (Ames 20443 from India) and AC
14 (Midyat 1 from Turkey), AC 21 (Sanliurfa, from Turkey), AC 27 (TR 40517
from Turkey), and AC 39 (TR 40328 from Turkey).
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Table 2 Variability of SSR markers used to assess the genetic diversity of snake melons

No Primer Size (bp) Total Polymorphic Polymorphism  PIC
allele allele number  rate (%)
number
1 CMACCI146 146, 154, 176 3 3 100 0.38
2 CMCTTI144 179, 183, 184, 186, 188, 190, 8 100 0.26
192, 194
3 CMGA172 111, 113,122 3 3 100 0.49
4 CMCCA145 138, 144 2 2 100 0.57
5 CMAGNS9 58, 63, 66, 69, 72, 75, 78 7 7 100 0.28
6 CSWCTI0 176, 185, 188 3 3 100 0.47
7  CMAGNG68 166, 168, 174, 176, 178, 180, 11 11 100 0.19
182, 184, 185, 187, 189
8 CMMS2-3 190, 192, 195, 200, 216, 221 6 6 100 0.51
9 CMTCN9 206, 208, 211, 214, 220,223 6 6 100 0.31
10 TJ24 131, 133, 136, 161, 164, 168 6 6 100 0.33
11 CMAGN73 114,116, 117,119, 123, 126, 7 7 100 0.29
130
12 CMGT108 181, 185, 199 3 100 0.39
13 CMCT160a 210, 215, 220, 226 4 4 100 0.41
Total - 69 69 -
Mean - 5.31 5.31 100 0.38

Cluster Analysis Based on SSR Markers

Cluster analysis (UPGMA) employing SSR data resulted in a dendrogram with two
main groups (Fig. 1). In the first group, AC 61 (Ames 20443 from India) was clearly
separated from all remaining accessions (Node 1). The second main group was also
partitioned into several sub-clusters. AC 62 (Ames 20836 from India) and AC 5
(Hitta from Turkey) clustered together and differentiated from the other accessions
with 0.40 similarity rate (Node 2). In Node 3, AC 51 (Hitta from Turkey), AC 55
(Unknown from Turkey), and AC 14 (Midyat from Turkey) were separated from the
other accessions and grouped together. The clustering dendrogram was also divided
into two sub-groups from Node 4. The first sub-group contained AC 78 (PI 525133
from Egypt), AC 26 (TR 40308 from Turkey), and AC 20 (Minehoyuk from
Turkey) while the second contained a large clustering group which was further sub-
divided from Node 5. Two main sub-groups containing most of the accessions were
defined and partitioned into several sub-clusters (Node 5). The first sub-group
contained 18 accessions (AC 44, AC 33, AC 80, AC 74, AC 8, AC 77, AC 27, AC
21, AC 63, AC 60, AC 18, AC 6, AC 82, AC 39, AC 66, AC 79, AC 9, AC 75, and
AC 4) from Turkey and reference accessions originated from different countries.
Accessions AC 4 (Siyah acur from Turkey) and AC 75 (PI 220170 from
Afghanistan) were clustered very closely (genetic similarity: 0.94) even they have
diverse countries of origin and variation in morphological traits. The second sub-
group consisted of 12 accessions (AC 12, AC 81, AC 67, AC 16, AC 47, AC 54, AC
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Fig. 1 Cluster analysis of 40 snake melon accessions by UPGMA using genetic similarities (Jaccard’s
coefficient)

25, AC 28, AC 57, AC 32, AC 40, and AC 64) which was further sub-divided into
different groups.

Discussion

Genetic diversity among Turkish snake melon genotypes was evaluated by SSR
markers. Microsatellites or SSRs have been considered one of the most powerful
Mendelian markers (Jarne and Lagoda 1996) because of their high reproducibility,
co-dominance inheritance, multi-allelic character, and extensive genome coverage
(Powell et al. 1996). They have been proven useful molecular markers in recent
diversity studies of Turkish melons (Kacar et al. 2012; Yildiz et al. 2014) which
focused on assessing genetic diversity of different groups of Cucumis melo L. and
reveal a high genetic variation. In this present study, we studied genetic diversity of
only Flexuosus Group genotypes collected from different regions of Turkey and
reference genotypes using SSR markers.

In our study, the genetic variation among 40 snake melon accessions was
assessed with the 13 SSRs loci and a total of 69 alleles were detected. The number
of alleles by each primer set ranged from 2 to 11 which was similar to that reported
by Ning et al. (2014) who analyzed the genetic diversity among Chinese Hami
melon and its relationship with melon germplasm of diverse origins by microsatel-
lite markers. The average number of alleles per SSR marker was 5.31 and found to
be higher than those obtained by Ning et al. (2014) in 36 SSR markers (4.03) and
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Yildiz et al. (2014) in 16 SSR markers (4.9) who characterized twenty-four
accessions covering different groups of Cucumis melo L. from Eastern and
Southeastern Anatolian regions of Turkey using morphological traits, ISSR and SSR
markers. However, higher number of alleles were detected in some previous studies.
Kacar et al. (2012) reported 6.55 alles on 96 melon genoytpes consisted of var.
inodorus, var. dudaim, var. cantalupensis, var. agrestis, and var. flexuosus
genotypes. Similarly, Monforte et al. (2003) detected 6.3 alleles on a collection
of 27 melon (Cucumis melo L.) accessions, representing a broad range of wild and
cultivated melons. High values in these reports may be due to different germplasms
and various subspecies of melons used in these studies.

The polymorphism percentage among snake melon accessions using 13 SSR
markers was 100 % in this present study which was in agreement with Tzitzikas
et al. (2009) who used 17 SSR markers to investigate the genetic diversity and
population structure of traditional Greek and Cypriot melon cultigens. Monforte
et al. (2003) found 100 % polymorphism using 18 SSR markers which is in
accordance with our results. These findings proved the usefulness of SSR markers in
melon diversity analysis.

In our study, the PIC values for SSRs ranged from 0.19 to 0.57 with a mean of
0.38 which was lower than those reported by Raghami et al. (2014) who studied the
genetic variation of 24 Iranian melon accessions using 18 SSR markers and obtained
0.49 mean PIC value. Similarly, Ning et al. (2014) also reported higher value of PIC
(0.45) as well. This difference might be the result of different germplasm they used
and various subspecies of melons they examined. Another reason might be more
informative SSRs that they were tested when compared to our study.

The similarity coefficient ranged from 0.08 to 1.00 employing SSR analysis and
all snake melon accessions could be distinguished. Cluster analysis also supported
this finding; however, neither the geographical origin nor the morphological traits
were correlated with the clustering groups of snake melon accessions. This result
was in concordance with the report of Kacar et al. (2012) indicating no correlation
between grouping and geographical origin of melon genotypes.

Our results revealed that high degree of genetic variability exists among Turkish
and reference snake melon accessions in agreement with Kose (2008) who studied
the genetic diversity of Turkish snake melon and its relation with other Cucumis
species by RAPD markers. Similarly, Soltani et al. (2010) who studied Iranian
melon accessions using RAPD markers and observed a high genetic diversity in var.
flexuosus.
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