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Abstract 
 
This study evaluated the genetic diversity among 18 inbred lines of Pumpkin (Cucurbita moschata) using HFO-TAG (high frequency 
oligonucleotide–targeting active gene) markers. The inbred lines were selected from six different populations in Saudi Arabia and Egypt 
according to genetic distance and population origin. A total of 132 alleles were detected. Sixteen HFO-TAG markers averaged 8.25 
alleles per primer with 125 alleles showing polymorphisms that averaged 7.81 alleles per primer. A cluster analysis of the means of the 
HFO-TAG data created three groups with similarity coefficients between 0.34 and 0.74. In general, the 18 inbred lines were separated 
according to pedigree and population origin. Hybrids from the chosen inbred lines, S1 L-1 with E L-2, S1 L-2 with E L-3, and S1 L-3 with E 
L-1, may be the basis for improved hybridization programs and can be used in future hybridization program.  
 
Keywords: Pumpkin,   inbred lines, Genetic diversity. 
Abbreviations: SSR_simple sequence repeat; EST_expressed sequence tag; RAPD_random amplified polymorphic DNA; PCR_polymerase 
chain reaction; UPGMA_unweighted pair group method with arithmetic average; SRAP_sequence-related amplified polymorphic; 
AFLP_amplified fragment length polymorphism; SSCPsingle strand conformation polymorphism analysis; HFO–TAG_high frequency 
oligonucleotide–targeting active gene; PCoA_principal coordinate analysis; GD_ genetic distance.  
 
Introduction 
 
Cucurbita moschata (pumpkin) is a vegetable grown for its 
seeds and fruits and has many nutritional and health values 
(Andres, 2004). The genus Cucurbita includes C. moschata 
Duchesne, C Cucurbita pepo L. (summer squash), C. maxima 
Duchesne (winter squash), and C. ficifolia Bouche (flag leaf 
gourd). C. moschata Duchesne ex Poir. is the most widely 
cultivated variety in Africa, Asia, Latin America, and the United 
States (Andres, 2004). 
Cucurbita spp. is a superior source of natural poly-phenolic 
flavonoid compounds including beta carotenes, crypto-
xanthine, lutein folates, niacin, vitamin B-6, and zeaxanthin. 
Cucurbita spp. exhibit antioxidant, anti-carcinogenic, and anti-
diabetic properties (Yadav et al., 2010), and the seeds have 
high concentrations of beta-carotene, simple proteins, 
calcium, iron, potassium, phosphorus, magnesium, and zinc 
(Mansour et al., 1993). Seeds also contain unsaturated fatty 
acids and dietary fibers that are good for maintaining a healthy 
heart. 
 

 
 
 
Notably, in Saudi Arabia, little attempts have been made to 
purify and to upgrade the productivity, nutritive value, and 
acceptability of pumpkin.  Therefore, it is important to work in 
an effective breeding program for pumpkin improvement  
depending on selection procedures, leading to the 
identification of superior genotypes. Selection with selfing 
within and between genotypes is one of the efficient methods 
that is usually used for improving open-pollinated crops. This 
method helps in maintaining genetic diversity, and allows for 
the concentration of desirable alleles.  In many cases, selfing 
with selection increases the effectiveness of selection and the 
amount of genetic improvement in a breeding program by 
increasing the frequency of the desirable alleles. Crop 
improvement programs depend on the extent of the available 
genetic material. A broad diversity of pumpkin genotypes has 
been identified (Aliu et al., 2011), which can be exploited for 
breeding programs. Variations within plant germplasm can 
enable plant breeders to develop new cultivars with desired 
traits (Govindaraj et al., 2015). 
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Molecular markers used to evaluate the genetic variation of 
cultivated Cucurbita spp. and Citrullus spp. (watermelons) 
include Isozymes (Ramjan, 2018), RAPD (Levi et al., (2010) ; 
Zhao et al., 2017), AFLP (Restrepo and Vallejo, 2008; Wu et al., 
2011; Moya-Hernandes et al., 2018), ISSR (Levi et al., 2010), 
SSR (Gong et al., 2013; Martins et al., 2016; Zhang et al., 2016; 
Miladinović et al., 2016), HFO-TAG (Levi et al., 2010; Levi et al., 
2013; Paris et al., 2015; Elshafei et al., 2019), SRAP (Solmaz et 
al., 2016), and SSCP (Barboza et al., 2012). Moya-Hernandes et 
al., (2018) used AFLP for the identification of C. ficifolia and 
reported similarities of 89.4–99.4% for samples collected from 
different regions. The estimate of genetic distance and other 
traits could be helpful in breeding programs.  
Genetic relationships and development in Cucurbita spp. were 
studied with SSR polymorphisms (Gong et al., 2013; Martins et 
al., 2016; Miladinović et al., 2016; Zhao et al., 2017). 
Identification of genetic differences by SSR is beneficial in 
breeding Citrullus spp. and is useful in genome wide 
association studies (Zhao et al., 2017(. Genetic distance (GD) 
values can be used to identify parents for hybridization 
between species, which may enable an effective application of 
genetic resources in Cucurbita spp. (Gong et al., 2013). A 
cluster analysis was used to reveal variability within C. 
moschata genotypes. However, there was no linkage between 
groups and geographical source of the examined genotypes. 
The genetic variability found in C. pepo, C. moschata, and C. 
maxima is important information that can be used for 
conservation and breeding programs (Martins et al., 2016). 
Levi et al., (2010) reported the use of a new type of 
polymerase chain reaction (PCR) markers, that occur in 
elevated frequency in expressed sequence tag (EST)-Unigreen 
of Citrullus spp. fruits (Levi et al., 2006; Wechter et al., 2012). 
These markers are named “high frequency oligonucleotides- 
targeting active genes (HFO-TAG)” and have been helpful in 
the mapping of the genetic diversity of watermelon (Levi et al., 
2010) and four cultivar-groups C. pepo subsp. pepo, Coca zelle, 
C. moschata. 
The HFO-TAG have revealed wide genetic variations between 
Citrullus spp., and may be useful in determining the genetic 
variability of F1 hybrid rootstock lines for grafting Citrullus spp. 
(Levi et al., 2013). Miladinovic et al. (2016) reported that the 
HFO-TAG primers are more efficient than ISSR or RAPD primers 
in targeting active gene loci. Therefore, the aims of the current 
study were to evaluate the genetic diversity among 18 C. 
moschata that were selected from different populations in 
Saudi Arabia and Egypt using HFO-TAG markers, and to select 
inbred lines that have genetically similar to hybrid 
combinations with desired traits. 

 
Results  
 
Genetic diversity of HFO-TAG markers 
 
Only 16 of 20 HFO-TAG markers were amplified among the 18 
inbred pumpkin lines. A total of 132 alleles were detected by 
the 16 HFO-TAG markers, an average of 8.25 alleles per 
primer. Polymorphisms were found in 125 alleles, an average 
of 7.81 alleles per primer. The alleles amplified by the various 
primers were diverse (Fig. 1).  

Cluster analysis based on HFO-TAG markers 
 
Eighteen inbred lines with 16 HFO-TAG markers were used for 
determining genetic diversity. Amplification polymorphism was 
found among the 18 inbred pumpkin lines. A cluster analysis 
was performed using the similarity coefficients of the 132 
scored alleles obtained from the HFO-TAG data (Table 3) and 
grouped the 18 inbred pumpkin lines into three groups with 
similarity coefficients between 0.34 and 0.74. The highest 
genetic similarity was found between H L-2 and H L-3 (0.74), 
which were produced from the same population (Hassawi). 
The lowest similarity was between S1 L-1 and E L-2 (0.34), 
which were produced from different populations (Sakaka-1 
and Egyptian) (Table 2 and Fig. 1).  
The three groups were defined using bootstrap values. The 
first group with a bootstrap value of 41% consisted of 16 
inbred lines, which contained six subgroups. The first subgroup 
had a bootstrap value of 11% and consisted of three inbred 
lines (S1 L-3, S1 L-2, and S1 L-1), from the Sakaka-1 population. 
A second subgroup with a bootstrap value of 28% consisted of 
two inbred lines (S2 L-1 and S2 L-2), from the Sakaka-2 
population. A third subgroup with a bootstrap value of 34% 
consisted of two inbred lines, N1 L-1 and N1 L-3 that originated 
from the Njdi-1 population. A fourth subgroup was supported 
by a bootstrap value of 18% and consisted of three inbred 
lines, N2 L-2, N2 L-1, and N2 L-3, which were from the Njdi-2 
population. A fifth subgroup was supported by a bootstrap 
value of 28% and consisted of H1 L-1, H2 L-2, and H L-3, which 
were from the Hassawi population. A sixth subgroup was 
supported by a bootstrap value of 14% and consisted of E L-1, 
E L-2, and E L-3, which were from the Egyptian population. The 
second group had a bootstrap value of 67% and consisted of 
the inbred line N1 L-2 from the Njdi-1 population. The third 
group had a bootstrap value of 100% and consisted of the 
inbred line S2 L-3 from the Sakaka-2 population. The inbred 
lines of each population were grouped together, except for the 
inbred lines N1 L-2 and S2 L-3, which formed a separate group. 
In general, the 18 inbred lines were separated according to 
pedigree and population origin. 
 
PCoA-based HFO-TAG markers 
 
The PCoA plotted first three components, which explained 47% 
of the variance (Fig. 2). Accessions in the PCoA scatter plot 
formed close groupings. The groups were essentially the same 
as cluster analysis groups I, II, and III. The inbred lines were 
clustered into three groups according to pedigree and 
population origin.  
 
Selection of parents (inbred lines) for future hybridization 
 
The similarity coefficients were used to select genetically 
distant inbred lines for producing desired hybrids. The 
similarity between the 18 inbred lines ranged from 34 to 74%, 
with the lowest similarity being found between the following 
inbred lines; S1 L-1 with E L-2, S1 L-2 with N2 L-1, S1 L-2 with 
N1 L-3, S1 L-2 with H L-1, S1 L-2 with H L-3, S1 L-2 with E L-3, S1 
L-3 with N1 L-3, S1 L-3 with E L-1, and S2 L-2 with N2 L-1. The 
similarity coefficients for these inbred lines ranged from 34 to 
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36% (Table 4). The chosen inbred lines were different from the 
populations (Table 4). The inter-genotypic hybrids S1 L-1 with E 
L-2, S1 L-2 with E L-3, and S1 L-3 with E L-1, can be selected for 
future hybridization programs by using genetic distance and 
population origin.  
 
Discussion 
 
Genetic diversity of HFO-TAG markers 
 
A molecular marker technique proved to be useful techniques 
for studying genetic diversity among genotypes and for 
selection and breeding in food crops. In this study, 16 HFO-TAG 
were primers evaluated where a total of 132 alleles were 
detected with an average of 8.25 alleles per primer. The 
polymorphisms were found in 125 alleles, with an average 
7.81alleles per primer (Table 3). Levi et al., (2010) found that 
HFO-TAG markers generated polymorphic fragments (mean of 
1.77 polymorphic alleles per primer) that were better 
compared with RAPD and ISSR primers (means of 0.47 and 
0.89 alleles per primer, respectively). A total of 65 alleles were 
generated by 19 SRAP alleles of which 27.7% were not 
polymorphic. However, 72.3% were polymorphic within six 
Yucca spp. genotypes. Additionally, 9 TRAP alleles were found 
between 2 and 19 amplified bands per primer. A total of 65 
alleles were found with 7.2 alleles per primer with 57 out of 
these bands (87.7%) being polymorphic (Elshafei et al., 2011). 
El-Hendawy et al., (2019) evaluated the salt tolerance for 
seven wheat cultivars using 30 SSR markers linked to salt 
tolerance. Among the 24 SSR markers with polymorphism, 5 
markers were associated with almost germination ability 
parameters. Kong et al., (2014) assessed the genetic diversity 
of 25 commercial Cucurbita rootstock cultivars and 10 inbred 
lines using 80 SSR markers.  They reported that 41 SSR loci 
yielded 94 polymorphic alleles, with mean of 2.29 alleles per 
locus. The polymorphism values ranged from 0.16 to 0.60, with 
mean of 0.36. 
 
Cluster analysis based on HFO-TAG markers 
 
The highest similarity coefficient (0.74) was found between H 
L-2 and H L-3, which was produced from the Hassawi 
population. However, the lowest similarity coefficient was 
(0.34) found between S1 L-1 and E L-2, which was produced 
from Sakaka-1 and Egyptian populations (Table 2 and Fig. 1). 
Moya-Hernández et al. (2018) reported that DNA analysis 
using the AFLP technique had an 89.4–99.4% similarity in the 
genome of all C. ficifolia genotypes from several areas. 
However, a cluster analysis found two groups with various 
morphological traits that separated them from other groups. 
The HFO-TAG data showed that ancient pumpkins are more 
closely related to long-fruited groups than the native North 
American pumpkins (Paris et al., 2015). The AFLP data provide 
useful information about the potential of C. ficifolia fruits for 
the effective expansion of food or nutraceutical production 
(Moya-Hernández et al., 2018). The analysis of SSCP data 
showed a high standard of genetic variation within a C. 
moschata collection. The relationships between C. maxima 
from several origins were not obviously defined from 

morphological characteristics and RAPD analysis. Overall, RAPD 
primers and morphological traits were consistent and showed 
high levels of high genetic diversity among C. maximal and 
strains from different origins (Zhao et al., 2017). The genetic 
similarity coefficients were evaluated using the SRAP and SSR 
results. Cluster analysis and PCoA indicated that the 
germplasm of Citrullus lanatus var. lanatus collected from 
various areas of Turkey were closely related. Overall, when 
comparing the maximum morphological variations, the SRAP 
and SSR data displayed minimum genetic diversity within 
Turkish watermelon genotypes (Solmaz et al., 2016). The SSR 
marker data can enable the use of Citrullus spp. genetic 
diversity in watermelon breeding programs, which will help 
with the optimization of accessions (Zhang et al., 2016). Using 
cluster and PCoA analysis, Kong et al., (2014) showed that the 
majority of commercial Cucurbita rootstocks are interspecific 
hybrids and that these hybrids are closely related. 
Miladinovi et al., (2016) reported that the relationship 
between clustering and geographical origin revealed no linkage 
between the examined genotypes. These data, when 
combined with phenotypic studies, will be useful as a basis for 
the collection of genotypes to be used for breeding better 
quality fruits. This will encourage the creation of trade 
varieties with improved nutritional properties. Wu et al. (2011) 
reported that using an AFLP analysis did not group accessions 
according to fruit shape; however, subgroups existed in acorn- 
and dumbbell-shaped accessions. The use of genetic distance 
and other unique traits could be beneficial in furthering 
genetic studies on the selection of the most suitable 
accessions in breeding programs. 
 
PCoA-based HFO-TAG markers 
 
Based on the cluster and PCoA analysis inbred lines of 
Cucurbita moschata have been isolated in three groups 
according to an original population. The PCoA plotted first 
three components, which explained 47% of the variance (Fig. 
2). The greatest genetic variation among introductions were 
recognized as variations between individuals within each 
location (Restrepo and Vallejo, 2008). Balkaya et al., (2010) 
used principal component analysis (PCA) and found that the 
first two factor axes explained 72.6% of the variation within 
their data. In the present study, the PCoA found three 
significant clusters related to morphological traits. A SSCP 
analysis suggests that C. moschata from Mesoamerica can be 
characterized by having high diversity (Barboza et al., 2012). 
When PCA is used with HFO-TAG markers, the results indicate 
that old world pumpkins become additional groups and 
include C. pepo subsp. pepo (Paris et al., 2015). Arvind et al. 
(2017) reported that 65.65% of the total variation in PCA came 
from the first three components. Dendrograms based on 
morphological traits divided the 76 landraces of Cucurbita spp. 
into seven distinct groups. The genotype DPU-42 was distinct 
from the other landraces, although DPU-18 and DPU-27 were 
very similar to each other. Based on the observed clustering 
patterns of diverse genotypes, different clusters can be utilized 
for heterosis breeding of Cucurbita spp. Wimalasiri et al. 
(2016)   reported   that   both   molecular   and   morphological  
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                    Table 1. Original population, and country of origin of 18 inbred lines of Cucurbita moschata. 

No. Inbred Lines code* Original population Country  

    
1 S1 L-1 First Sakaka pop. (S1) Saudi Arabia  
2 S1 L-2 First Sakaka pop. (S1) Saudi Arabia  
3 S1 L-3 First Sakaka pop. (S1) Saudi Arabia  
4 S2 L-1 Second Sakaka pop. (S2) Saudi Arabia  
5 S2 L-2 Second Sakaka pop. (S2) Saudi Arabia  
6 S2 L-3 Second Sakaka pop. (S2) Saudi Arabia  
7 N1 L-1 First Njdi pop. (N1) Saudi Arabia  
8 N1 L-2 First Njdi pop. (N1) Saudi Arabia  
9 N1 L-3 First Njdi pop. (N1) Saudi Arabia  

10 N2 L-1 Second Njdi pop. (N2) Saudi Arabia  
11 N2 L-2 Second Njdi pop. (N2) Saudi Arabia  
12 N2 L-3 Second Njdi pop. (N2) Saudi Arabia  
13 H L-1 Hassawi pop. (H) Saudi Arabia  
14 H L-2 Hassawi pop. (H) Saudi Arabia  
15 H L-3 Hassawi pop. (H) Saudi Arabia  
16 E L-1 Egyptian pop. (E) Egypt  
17 E L-2 Egyptian pop. (E) Egypt 
18 E L-3 Egyptian pop. (E) Egypt 

                                      *those 18 inbred lines were discussed before in the material and method section under a title of Plant material and selection history. 
. 

 
Fig 1. Unweighted pair group method with arithmetic average (UPGMA) dendrogram for 18 C. moschata based on the allelic data of 16 
HFO-TAG markers. 
 
Table 2. Binary matrix and similarity indices among inbred lines. 

 
S1 L-1 S1 L-2 S1 L-3 S2 L-1 S2 L-2 S2 L-3 N1 L-1 N1 L-2 N1 L-3 N2 L-1 N2 L-2 N2 L-3 H L-1 H L-2 H L-3 E L-1 E L-2 E L-3 

S1L-1 1.00 
                 

S1L-2 0.43 1.00 
                

S1L-3 0.50 0.47 1.00 
               

S2L-1 0.53 0.44 0.57 1.00 
              

S2L-2 0.53 0.39 0.54 0.60 1.00 
             

S2L-3 0.43 0.44 0.54 0.64 0.55 1.00 
            

N1 L-1 0.55 0.43 0.56 0.53 0.48 0.55 1.00 
           

N1L-2 0.44 0.37 0.46 0.52 0.49 0.63 0.58 1.00 
          

N1L-3 0.42 0.36 0.35 0.48 0.47 0.55 0.50 0.49 1.00 
         

N2L-1 0.41 0.34 0.37 0.49 0.36 0.40 0.42 0.48 0.48 1.00 
        

N2L-2 0.50 0.38 0.49 0.56 0.54 0.56 0.49 0.55 0.56 0.54 1.00 
       

N2L-3 0.54 0.42 0.55 0.51 0.56 0.53 0.58 0.52 0.54 0.45 0.67 1.00 
      

H L-1 0.45 0.35 0.45 0.46 0.48 0.52 0.43 0.43 0.58 0.44 0.66 0.64 1.0 
     

H L-2 0.46 0.39 0.51 0.48 0.52 0.51 0.54 0.46 0.52 0.43 0.62 0.68 0.73 1.0 
    

H L-3 0.44 0.34 0.44 0.43 0.54 0.49 0.52 0.42 0.52 0.41 0.55 0.70 0.65 0.74 1.0 
   

E L-1 0.37 0.37 0.36 0.43 0.49 0.47 0.44 0.51 0.49 0.45 0.53 0.53 0.46 0.57 0.51 1.0 
  

E L-2 0.34 0.38 0.42 0.47 0.38 0.41 0.46 0.53 0.45 0.44 0.45 0.46 0.41 0.50 0.39 0.60 1.0 
 

E L-3 0.39 0.34 0.43 0.38 0.37 0.42 0.54 0.45 0.48 0.44 0.43 0.55 0.48 0.55 0.53 0.50 0.59 1.0 
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Fig 2. PCoA of 18 C. moschata with 16 HFO-TAG markers 

                                          Table 3. The 16 HFO-TAG markers that were tested in Cucurbita moschata. 

Primer Oligos FRQ (no.) B (no.) GC Tm (°C) Ta (°C) TF (no.) PF (no.) 

HFO-4 GGCGGCGG 240 8 1 41.9 48 14 13 
HFO-7 GCCGCCGC 170 8 1 43.5 50 11 10 
HFO-8 GCGGCGGC 170 8 1 43.5 50 12 10 

HFO-13 TCCGCCGC 140 8 0.875 38.4 45 4 4 
HFO-14 GCGGCGGA 140 8 0.875 38.4 45 6 6 
HFO-44 CGCCGGCG 84 8 1 40.9 45 4 4 
HFO-49 GCGGCGGT 82 8 0.875 39.1 45 7 7 
HFO-50 ACCGCCGC 82 8 0.875 39.1 45 8 8 
HFO-51 TCGCCGCCG 81 9 0.889 46.1 50 6 5 
HFO-63 GCCGGCGA 77 8 0.875 38.4 45 5 5 
HFO-67 GCCGCTGC 74 8 0.875 36.8 45 4 4 
HFO-68 GCAGCGGC 74 8 0.875 36.8 45 11 11 
HFO-71 CCACCGCCG 72 9 0.889 42.4 45 8 7 
HFO-72 CGGCGGTGG 72 9 0.889 42.4 45 16 15 
HFO-76 GCCGGCGG 71 8 1 41.9 45 8 8 
HFO-77 CCTCCGCCG 71 9 0.889 41.2 45 8 8 

Total ---- ---- ---- ---- ---- ---- 132 125 
Mean ---- ---- ---- ---- ---- ---- 8.25 7.81 

(FRQ), number of nucleotide bases for each primer (B), GC content (1 = 100%), melting temperature (Tm), and  annealing temperature (Ta). In addition, the total number of alleles (TF) and the number of 
polymorphism (PF). 

 
 

Table 4. Similarity levels and the original population of the selected inbred lines of pumpkins (Cucurbita moschata). 

Inbred Line Code Similarity level (%)* Original Population 

S1 L-1 x E L-2 34 First Sakaka and Egyptian 
S1 L-2 x N2 L-1 34 First Sakaka and Second Njdi 
S1 L-2 x N1 L-3 36 First Sakaka and First Njdi 
S1 L-2 x H L-1 35 First Sakaka and Hassawi 
S1 L-2 x H L-3 34 First Sakaka and Hassawi 
S1 L-2 x E L-3 34 First Sakaka and Egyptian 

S1 L-3 x N1 L-3 35 First Sakaka and First Njdi 
S1 L-3 x E L-1 36 First Sakaka and Egyptian 

S2 L-2 x N2 L-1 36 Second Sakaka and Second Njdi 

                                           * Similarity level (%) is selected from Table 2. 
 



91 

 

analyses were in agreement with their clustered accessions 
that were based on country of origin. 
Traditionally, inbred lines were selected according to flower, 
fruit and seed traits.  For example, Ercan and Kurum, (2003) 
used earliness as the selection criteria for twelve inbred lines 
and eight hybrid lines of summer squash (Cucurbita pepo L.).  
However, in this study, some inbred lines of Cucurbita 
moschata were selected according to the degree of similarity 
for producing hybrids with high productivity and quality. The 
lowest similarity was found between the following inbred 
lines; S1 L-1 with E L-2, S1 L-2 with N2 L-1, S1 L-2 with N1 L-3, 
S1 L-2 with H L-1, S1 L-2 with H L-3, S1 L-2 with E L-3, S1 L-3 
with N1 L-3, S1 L-3 with E L-1, and S2 L-2 with N2 L-1. The 
similarity coefficients for these inbred lines ranged from 34 to 
36% (Table 4). The cluster and PCA analysis of morphological 
data divided into five clusters, the genotype G1 (BD 10149), 
which, was from cluster II, G23 (BD 4393), which, was from 
cluster II, G1 (BD10149), which, was from cluster IV, G24 
(PRITY F1), which, was from cluster IV (Masud, 2016). 
According to group distance and phenotypic performances, the 
inter-genotypic hybrids produced from G1 (BD 10149) with 
G24, G1 (BD 10149) with G23 (BD 4393), and G23 (BD 4393) 
with G24 (PRITY F1) may be suggested for future hybridization 
programs (Masud 2016). Levi et al. (2013) showed wide 
genetic and aggregate variability among the Citrullus spp. 
Genotypes. Using ten ISSR markers, with twelve inbred maize 
lines, El-Rouby, et al., (2017) showed that the inbred lines are 
separated into four groups and that the inbred line were 
separated according to pedigree. They indicated that the 
selection of internal lines using molecular markers is better 
than using morphological traits. The HFO-TAG data can help in 
recognizing with wide genetic distances within plant species. 
Gong et al. (2013) reported that the effective implementation 
of genetic accessions of Cucurbita spp. might be improved by 
using genetic distance (GD) values acquired from microsatellite 
markers, which may help in choosing parents for crossbreeding 
programs. 
 
Materials and Methods 
  
Plant material and selection history 
 
Eighteen inbred pumpkin lines were selected from the 
germplasm produced by the Vegetable Breeding and 
Improvement Program at the Plant Production Department, 
College of Food and Agricultural Sciences, King Saud 
University, Saudi Arabia (Table 1). Six original genetic 
populations of pumpkin, were used in the beginning of this 
breeding program. These original populations were the five 
Saudi Arabia common commercial "Local" cultivars Sakaka-1, 
Sakaka-2, Njdi-1, Njdi-2, Hassawi, and one Egyptian "Local" 
cultivar. Individual plants from each population, on the basis of 
their desirable vegetative growth, fruit's yield and quality 
characteristics were selected .Then, each of the selected plants 
was selfed by hand pollination .Selection, on the same 
foregoing basis, was again practiced within-and between-the 
selfed progenies of the selected plants to maintain the most 
promising progenies for the next cycle of selection and self-
pollination until a fifth generation (F5). Three inbred lines were 

selected from each population, with the aim of producing new 
hybrids with desirable traits. 
 
Isolation of DNA 
 
A Wizard Genomic DNA purification Kit (Promega Corporation 
Biotechnology, Madison, WI, USA) was used for extracting DNA 
from the leaves of all inbred pumpkin lines. The extracted DNA 
was treated with RNase and stored in a refrigerator at −20 °C. 
The DNA quality was assessed using 0.8% agarose gel and an 
Epoch Multi-Volume Spectrophotometer (Biotek, Winooski, 
VT, USA). Before conducting the HFO-TAG analysis, the DNA 
was diluted to a 25 ng/µL concentration. 
 
PCR amplification and analysis using HFO-TAG markers 
 
Sixteen HFO-TAG markers (Table 3) were used as defined by 
Levi et al. (2010). The PCR mixture 25 μl consisted of 20 to 50 
ng of genomic DNA, 1X PCR buffer, 1.5 mM MgCl2, 0.1 mM 
dNTP, 0.5 μM of primers, and 1 U Taq polymerase. A PTC-200 
thermocycler (MJ Research, Watertown, MA) was used for the 
HFO-TAG primers amplifications, which were run for 40 cycles 
of 60 s at 94 ºC to denature the DNA, and 70 s for primer 
annealing at 45 and 48 ºC (as specified for each primer in Table 
3). The amplified PCR products were applied to 3% (m/v) 
agarose gel containing 0.1 μg cm-3 ethidium in TBE buffer. 
After electrophoresis, a UV trans-illuminator was used to take 
a photograph of the gel. After excluding unreproducible bands, 
the HFO-TAG data were analyzed based on the presence (1) or 
absence (0) of a given marker. 
 
Molecular marker data and genetic variability 
 
A similarity matrix (SM) was estimated using molecular marker 
data according to Nei and Li (1979):  
Where,  
Nij is the number of bands present in both ith and jth 
genotypes,  
Ni is the number of bands present in ith genotype, and  
Nj is the number of bands present in the jth genotype.  
The similarity matrix was analyzed by the unweighted pair 
group method with the arithmetic average (UPGMA) clustering 
algorithm. A principal coordinate analysis (PCoA) was used as 
an alternative to hierarchical clustering where the similarity 
matrix was used to obtain the coordinates. These coordinates 
were then used to create scatter plots to represent the 
relationships among genotypes. Both UPGMA and PCoA were 
conducted using PAST software version 1.62 (Hammer et al., 
2001). The reliability of the generated dendrogram was 
evaluated using 1000 simulations with PAUP software version 
4.0b10 (Swofford, 2001). 
 
Conclusion 
 
The alleles generated by the 16 HFO-TAG markers 
demonstrated that inbred lines from three populations of C. 
moschata have high genetic diversity. Three cluster groups 
were grouped by pedigree and population origin. These studies 
demonstrate that cluster analysis and PCoA can isolate inbred 
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lines of each population, with the exception of the inbred line 
N1 L-2 with S2 L-3. In general, the 18 inbred lines were 
separated according to the pedigree and population origin. 
Genetic differences can be used in the selection of inbred line 
to produce improved hybrids in breeding programs. The hybrid 
genotypes were genetically separated, which is a reflection of 
hybrid vigor.  
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