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The genetic diversity in local Tunisian watermelon (Citrullus lanatus) was 
studied using RAPD markers. Eight watermelon cultivars originating from south 
of Tunisia and belong to four populations were analysed and compared to two 

   commercial varieties (Giza and Sugar-baby) widely produced in this area. Five of 
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1. INTRODUCTION 

nine RAPD primers generated a total of 86 reproducible bands, 85 of which were 
polymorphic (98.4%). Cluster analysis of the accessions considered in this study 
employing RAPD data indicated that commercial varieties are significantly 
different of all the local cultivars. The relationships among the local cultivars 
(four populations) showed that Medenine population and the most genotypes of 
Benguerdane population were grouped together and significantly different from 
Kebili population. The AMOVA showed significant differentiation between 
populations (27%). In addition, the data showed clusters according to some fruit 
characteristics such as fruit shape and fruit weight. This proved that RAPD 
markers are useful for germplasm discrimination as well as for investigation of 
patterns of variation in watermelon. 

Watermelon (Citrullus lanatus, 2n=22) belong to 
the family of Cucurbitaceae. It has been an 
important vegetable in North Africa for at least 
4000 years (Robinson and Decker-Walters, 1997; 
Paris and Janick, 2008). It is an economically 
important crop and largely consumed in summer 
as a fresh fruit (Solmaz et al., 2010). The world 
production in 2009 exceeds 98  million tons 
(FAOSTAT, 2011). The major country in the 
world for the watermelon production is China 
with 65 million tons. 
In Tunisia, watermelon is an important crop 
which takes more and more a place in national 
economy and in society. This cucurbit occupies 
more than 20000 ha with more than 450000 tons 
of production (FAOSTAT, 2011). In Tunisia, 
which belongs to the centre of diversity area of 
watermelon, this crop covers all areas throughout 
the country (Elgazah and Chalbi, 1995; Elbekkay 
et al., 2009). These are located in sites with 
contrasting climates and soils (plain, seacoast, 
oases and moist areas of high altitude). However, 
for several decades, the local cultivars are 
replaced by new introduced varieties which are 
more uniform and highly productive. 

Many autochthones Tunisian cultivars are cited 
and characterized morphologically by Novikof 
(1951). In spite of their nutritional and 
agronomic values, these cultivars are regressing 
and sometimes disappearing by the use of 
especially modern  watermelon varieties 
(Elbekkay et al., 2008). In addition, few of 
farmers are relying on their own harvest to select 
seeds for the following season (Elbekkay et al., 
2009). 
Genetic resources are valuable reservoirs of 
potentially useful genes and can be beneficial in 
breeding studies for future needs. According to 
Wehner (2008), watermelon is a useful species 
for genetic research because of its small genome 
size, and the many available gene mutants and 
variant. Like some other cultivated cucurbits, 
watermelon has high genetic variability in vine, 
seed and fruit traits. Consequently, it is very 
critical to determine the germplasm diversity for 
effective utilization of genetic resources (Solmaz 
et al., 2010). 
Although watermelon is  a very important crop 
for Tunisia, few studies were conducted on the 
diversity     of     Tunisian     watermelon     genetic 
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resources. Elbekkay et al. (2009) reported that 
remarkable morphologic diversity exists among 
Tunisian watermelon genetic resources. 
The molecular  markers are  beneficial 
complements to morphological and phenological 
characters because they are substantive of tissue 
or  environmental  factors  and  enable  cultivar 
identification in the early stage of development 
(Wehner, 2008 and Solmaz et al., 2010). 
Comparisons of the performance of several types 
of   molecular   markers   in   measuring   genetic 
diversity have been carried out in several plant 
species.  According  to  Garcia-Mas  et  al.  (2000), 
RAPD   have   been   introduced   for   measuring 
genetic relationships in many plant species. The 
easiness of the method, which only requires PCR 
technology,  has  determined  its  replacement  of 
RFLPs for genetic variability assessment. 
Considering that there are no studies undertaken 
to ascertain the diversity of local watermelon in 
Tunisia,   the   objective   of   this   study   was   to 
examine  the  molecular  diversity  among  local 
watermelon collected from the south of Tunisia 
and compared with introduced varieties. 

 
2. MATERIAL AND METHODS 

 
2.1 Plant material 

 
Genetic variations in eight watermelon (Citrullus 
lanatus) accessions collected from four regions 
(Kebili, Tataouine, Medenine and Benguerdane) 
in south of Tunisia were examined. Three 
individuals of each accession were evaluated. In 
addition, tow commercial variety (cv Giza and cv 
Sugar Baby), widely cultivated in the South of 
Tunisia, were included in this study (Table1, Fig 
1).Plants for DNA extraction were grown in the 
greenhouse following standard horticultural 
practice. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1. Origin of the 8 accessions of watermelon 
collected from south Tunisia 

Table1. Watermelon (Citrillus lanatus [thumb]) 
germplasm used for diversity analysis. (a: 
according to Elbekkay et al., 2009) 

 

 
 

2.2 Molecular analysis 
 

DNA was extracted from watermelon leaves 
according to Aras et al. (2003). RAPD reactions 
were performed using nine primers (Table 2). 

 
Table 2. Primers used for RAPD (Tm: melting 
temperature) 

 

 
 

The PCR was carried out in 25 μl final volume 
using 50 ng of genomic DNA containing 2mM 
MgCl2, 200 µM dNTPs, 20 pmol random primer, 1 
unit of Taq DNA polymerase. The mixture was 
made up to 20 μl by addition of sterilized distilled 
water. The mixture was amplified in a thermal 
cycler (GeneAmp® PCR System 9700) which was 
programmed for one cycle of initial denaturation 
at 94°C for 5 min, 45 cycles of {94°C for 1 min, 
followed by specific annealing temperature for 1 
min and ended by extension at 72°C for 2 min} 
and a final extension cycle that performed at 72°C 
for 10 min. The PCR machine was adjusted  to 
hold the product at 4°C. The PCR products and 1 
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kb DNA ladder were electrophoresed on 2% 
agarose gel (stained  with  EtBr). The separated 
fragments were visualized with an ultraviolet 
(UV) transilluminator. 

 
2.3 Data analysis 

 
Fragments of the same molecular weight were 
considered as the same locus. The numbers of 
bands produced for each primer were scored 
manually for presence (1), or absence (0) and a 
binary matrix was generated and then used for 
analysis. All molecular analyses were done by the 
GenALEx program version 6.1 (Peakall and 
Smouse, 2006). The percentage of polymorphism, 
the mean number of observed alleles per locus 
were calculated. The watermelon cultivars scores 
were coordinated in a bi-dimensional space by 
principal component analysis (PCA) by 
computing matrix based on the Nei genetic 
distances (Nei, 1972). With AMOVA (Excoffier et 
al., 1992), pair-wise comparison between groups 
was tested using 999 re-sampled individuals. 

 
3. RESULTS 

 
A total of nine primers were screened for their 
ability to generate consistently amplified band 
patterns and to assess polymorphism in the 
tested accessions. Among these primers, only five 
have revealed unambiguously scorable 
polymorphic bands. These are identified as 
OBP12, OPL11, OPW02, OPW04 and OPY15. In 
fact, these mentioned primers generated multiple 
banding profiles with 12 to 23 polymorphic 
amplified DNA bands ranging in size from 160 to 
1600bp. The maximum number of fragments was 
23 bands produced by the primer OPW04 with 
100% polymorphism. The minimum number of 
fragments was 12 bands produced by the primers 
OPL11 and PO6 with 100% polymorphism (Table 
2). A total of 85 out of 86 were polymorphic 
(98.4%) with a mean of 17.2 bands per primer. 

 
Genetic distances between individuals were 
assessed by Jacckard distance (table 3). Genetic 
distances ranged between 0.30 and 0.76 with a 
mean of 0.53. The smallest distance value of 0.30 
was between P21_1 and P21_3. These individual 
belong to the same accession collected from 
Kebili. The maximum distance value of 0.76, 
suggesting great dissimilarity, was observed 
between Giza and P15_3 (individual Tataouine 
accession). 

 
The genetic distances were used to analyze the 
variability of the studied cultivars by a principal 

component analysis (PCA). The first three axes of 
the PCA explained 66.56% of the total variability. 
The distribution of cultivars (Fig 2)  shows  the 
distinction of the tow introduced varieties (Sugar 
Baby and Giza) and the Kebili cultivars from the 
others. These cultivars have the highest genetic 
distances relative to the rest of the genotypes 
studied. No other geographical group was 
distinguished; the different cultivars are 
classified regardless of their provenance. 

 

 
 

 
 

 
 

Fig 2. Principal coordinate analysis distribution 
using RAPD data generated from 85 bands of five 
primers for four population and two 
commercially varieties (SB: Sugar-Baby) 

 
Cluster analysis (Neighbour Joining) employing 
RAPD data resulted in a dendrogram with four 
main   branches   (Fig   3).   The   first,   containing 
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Medenine and Benguerdane accessions and the 
second containing Kebili, Tataouine accessions 
and three individual genotypes from 
Benguerdane. The two others branches separate 
the introduced variety (Giza and Sugar-baby). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3.Dendrogram of RAPD data generated from 
85 bands of 5 primers for the eight local cultivars 
and the two commercially varieties (SB: Sugar- 
Baby). 

 
The five primers were used to evaluate the 
degree of polymorphism and genetic relation 
between studied populations. Nei genetic 
distances were examined for all pairwise 
comparisons between populations (Table 3). The 
distances are ranging from 0.068, between 
Medenine and Benguerdane populations, to 0.429 
between Sugar-baby and Giza. In addition, these 
two introduced varieties have showed the highest 
genetic distances with all the Tunisian local 
populations. 

 
Table 3. Pairwise Population Matrix of Nei 
Genetic Distance 

 

 
 

AMOVA tests showed significant genetic 
differentiation (p=0.001) among populations. 
Indeed, there is 27% of total genetic diversity 
being detected among populations. For the local 

cultivars, pair-wise comparisons of populations 
(Table 4) showed that Kebili population is 
significantly differentiated with Medenine and 
Benguerdane populations. No genetic 
differentiation was observed between Tataouine 
and Kebili populations. The introduced varieties 
are significantly differentiated with all local 
population except the Tataouine one. This is in 
accordance with PCA and dendrogram 
distribution in which Kebili cultivars are jointly 
clustered. 

 
Table 4.PhiPT values between different 
populations based on five RAPD primers. 

 

 
 

4. Discussion 
 

Fingerprinting of watermelon germplasm 
collected from south of Tunisia was carried out 
using RAPD in order to obtain molecular data of 
local gene pool. The present study shows the 
reliability of RAPD analysis to detect DNA 
polymorphisms in this crop. According to Garcia- 
Mas et al. (2000), RAPD have been introduced for 
measuring genetic relationships in many plant 
species. The easiness of the method, which only 
requires PCR technology, has determined  its 
replacement of RFLPs for genetic variability 
assessment. 

 
Genetic diversity in watermelon was widely 
studied using RAPD markers. A limited number of 
polymorphisms was underscored in previous 
works (Lee et al., 1996; Levi et al. 2001a; Levi et 
al., 2001b). However, recent studies (Solmaz et 
al., 2010 and Mujaju et al., 2010) confirmed the 
high percentage of polymorphism obtained in the 
current study. 

 
The used primers generated 86 bands with 
98.83% polymorphism. Using five specifics 
primers tested in 26 watermelon genotypes, we 
registered a mean of 17 markers by primer. Thus, 
we assume that the studied local Tunisian 
watermelons are characterized, as showed by the 
morphological studies (Elbekkay et al., 2009), by 
high genetic diversity at the DNA level. This is 
significantly higher than reported by Solmaz et al. 
(2010)  and  Levi  et  al.  (2001a).  These  authors 
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noted that the mean number of the total bands 
per primer was, respectively, 10.96 and 11.52 
and the average of the percentage of 
polymorphism was 60.6% and 90.97%, 
respectively. 

 
The cluster analysis divided the genotypes 
studied in this work into groups with different 
geographic origin.  In  fact, cultivars  from Kebili 
were jointly cluster and the introduced varieties 
are separated from the others. The AMOVA tests 
showed genetic variation of 27% among the 
populations. In addition, Kebili landraces were 
significantly differentiated from all the other 
cultivars except Tataouine ones. This indicates 
that geographic proximity is an indicative of 
genetic similarity and can be a guide for 
understanding the genetic structure of this 
specie. In Kebili, this crop has a specific genetic 
characteristics resulting by the use of seeds 
selected and conserved by the farmers for a long 
time and they limit the seeds source introduced. 
In addition, Kebili watermelon was conducted in 
the oasis as an associated species to the date 
palm with a low commercial value. The 
introduced varieties were separated from the 
rest of the studied accessions, this could be 
attributed to the genetic structure of these 
selected genotypes which contains interested 
genes such us resistance to alternaria (Wehner 
and Barrett, 2010). Genetic similarity detected 
between Medenine and Benguerdane cultivars 
could be the result of exchanging vegetative 
material. The discrimination of this closely 
related accessions can be resolved by the use of 
others effectives markers like SSR (Jarret et al., 
1997) and AFLP (Levi et al., 2004). 

 
Furthermore, the studied accessions are also 
distinguished by some fruit characteristics like 
fruit shape and color of seeds (Elbekkay et al., 
2009). Kebili and Tataouine accessions, which are 
jointly clustered, are characterized by spherical 
fruit, high fruit weight and dark seeds. However, 
the introduced varieties present fruits with low 
weight and bright seeds in comparison to the 
Tunisian local germplasm (Elbekkay et al., 2009). 
These outcomes are more consistent than those 
noted by Levi et al., (2001aandb) who didn’t 
detect any association between RAPD markers 
and fruit shape. 

 
Conclusion 

 
In conclusion, our study is the first report 
evaluating genetic diversity in watermelon 
population collected from the south of Tunisia. It 

indicates the feasibility of RAPD markers to show 
the particularity of the genetic structure of the 
Tunisian local accession in comparison with the 
introduced varieties. In the future, these finding 
should be able to be utilized in improving and 
preservation strategies of this crop in Tunisia. 
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