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Abstract - No available information is on the inter-relationship between Maltaise of Tunisia (Citrus 
sinensis L.) orange genotypes and their genetic background to enable their implication in appropriate 
germplasm management programs. Phylogenic relationships and genetic diversity in citrus are considered 
to be important in clarifying their genetic relationships, germplasm characterization and the registration of 
new varieties. Two molecular markers, RAPD and SSR, were used to evaluate genetic diversity of 
nineteen Tunisian sweet oranges genotypes. Genetic parameters consisted of effective alleles; observed 
and expected heterozygosity (Ho; He) and polymorphic information content (PIC) were calculated based 
on molecular data. The values of similarity coefficient obtained in SSR analysis ranged from 0,38 to 1,00 
among the genotypes studied, while the same values ranged from 0.33 to 0.84 in RAPD analysis. A 
combined RAPD/SSR dendrogram grouped the 19 accessions into eleven clades with a coefficient of 
0.60. Combined data of three markers showed higher genetic diversity than two SSR and RAPD markers. 
Dendrogram showed that all the accessions were discriminated with various degree of subclustering 
within the clusters. These results will have implications for Maltaise breeding and conservation. 
 
Keywords: Tunisian Maltaise orange / RAPD / SSR / Genetic diversity. 
 
1. Introduction 
Citrus is one of the most important and widely grown fruit crop in the world.  Among the 10.9 million 
tons of citrus products traded in 2012, sweet orange (Citrus sinensis) accounted for approximately 60% of 
citrus production for both fresh fruit and processed juice consumption (FAO, 2012). Citrus is widely 
grown in most areas with suitable climates tropical, subtropical, and borderline subtropical/temperate 
(Kahn et al., 2001). The genus Citrus (2n=18), with more than 10 major species contains the mandarin 
(Citrus reticulate), lemon (Citrus medica), and pummelo (Citrus maxima), species which are the 
ancestors of today´s commercial varieties. The orange has its origin in South East Asia, and its hybrid 
nature appears to originate in a cross between the mandarin and the pummelo (Barrett & Rhodes, 1976; 
Nicolosi et al., 2000; Xu et al., 2012). Barkley et al. (2006) suggested that sweet orange has a majority of 
its genetic makeup from mandarin and only a small proportion from pummelo. In Tunisia, the area under 
citrus cultivation was estimated to be about 19,250 ha with a yearly production of over 230,000 tons 
(FAO, 2012). Tunisia is the only world producer and exporter of orange “Maltaise” half-blood; especially 
suited to coastal and semi-continental countries, where winter frosts may be harmful to citrus. The 
characterization of germplasm banks, genetic variation and the improvement of oranges and other citrus 
species, has not been successfully carried out due to traits related to the reproductive biology of these 
species, for example high interspecific fertility, apomictic reproduction, polyembryony, a large juvenile 
phase, and a scarcity of polymorphic DNA markers (Bretó et al., 2001; Corazza-Nunes et al., 2002). 
Understanding the taxonomy, phylogenetic relationships, and genetic variability in Citrus is critical for 
the determination of genetic relationships, characterization of germplasm, control of genetic erosion, 
design of sampling strategies for core collections, establishment of breeding programs, and registration of 
new cultivars (Herrero et al., 1996). The genetic diversity of C. sinensis is diminishing rapidly because of 
a number of factors, such as displacement of the natural gene pool due to selection and introduction of 
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genotypes suitable for intensive horticulture forming a limited gene pool (Agora, 2000). DNA markers are 
being widely used in studying polymorphism between species or in populations.  In Citrus, PCR-based 
markers have been used for genetic mapping (Cai et al., 1994), to study genetic relationship among 
species or cultivars ( Luro et al., 1995; Coletta-Filho et al., 1998; Abkenar and Isshiki, 2003) to 
discriminate Citrus hybrids (Elisiario et al., 1999) and to identify Citrus mutants (Deng et al., 1995) and 
periclinal chimeras (Sugawara et al., 2002). RAPD markers that result from the PCR amplification of 
genomic DNA fragments using short oligonucleotide of arbitrary sequence as primers (William et al., 
1990) provide a speedy and easy approach for taxonomic classification and cultivar-typing of fruit trees. 
This assay has the advantage of being readily employed, requiring very small amounts of genomic DNA, 
and eliminating the need for blotting and radio-active detection (Cipriani et al., 1996). Factors such as 
speed, efficiency and amenability to automation make it one of the most appropriate methods for 
germplasm management with respect to estimating diversity, monitoring genetic erosion and removing 
duplicates from germplasm collections (Khadari et al., 2003). Besides of RAPD, simple sequence repeats 
(SSRs) has been also used in the analysis of genetic diversity of many plant species such as apple 
(Guilford et al., 1997) and grape (Thomas and Scott, 1993). Citrus microsatellites have been used for 
different purposes (Barkley et al. 2006; Luro et al., 2008; Jannati et al., 2009; Ollitrault et al. 2010) such 
as screening of zygotic seedlings among nucellar seedling population (Oliveira et al. 2002) and 
germplasm characterization (Jiang et al. 2006; Novelli et al. 2006). The present study aims to evaluate the 
genetic variation within Maltaise orange genotypes cultivated either commercially or traditionally in 
Tunisia, as well as to investigate their inter-relationships by using RAPD and SSR ‘fingerprint’.   
 
2. Materials and methods 
2.1. Plant materials  
A total of 19 Maltaise orange (C. sinensis L.) genotypes (Table 1) were investigated in the present study. 
Leaf samples were collected from the citrus orchards located at Cap Bon region in North East of Tunisia. 

 
2.2. DNA extraction 
The isolated leaf material was used for genomic DNA extraction by using a citrus specific protocol. Leaf 
samples were ground with liquid nitrogen in separate 2 ml eppendorf tubes. Extraction buffer [100 mM 
Tris-Hcl, 50 mM EDTA, 500 mM NaCl, SDS (20%) and 140 mM B-mercaptoethanol] was added, 

Table 1. Tunisian Maltaise genotypes used for molecular marker 

 AnalysisCode  Genotypes  Site  Origin  
A1 Sotam 8 Hchicha Takelsa 

A2 SP 18 Ben hachem Bni khalled 

A3 Sotam 2 Hchicha Takelsa 

A4 F 19 Ghars mrad Chrifet 

A5 H20 Béchir Chrifet 

A6 F 7 Ahmed Chrifet 

A7 H 8  Tarak bekir Chrifet 

A8 M 5 Béchir Mrayssa 

A9 SM 1  Bchira Bni khalled 

A10 M 1 Béchir Mrayssa 

A11 F 10  Ahmed Chrifet 

A12 F 25 Ahmed Chrifet 

A13 Sotam 7 Hchicha Takelsa 

A14 H 16 Tarak bekir Chrifet 

A15 F 5 Gaddour Chrifet 

A16 F 39 Ahmed Chrifet 

A17 SP 9 Ben hachem Bni khalled 

A18 S 1 Bchira Bni khalled 

A19 Sotam 3 Hchicha Takelsa 
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vortexed and incubated at 65°C for 30 min. After that, potassium acetate (5M) was added in each tube 
and the mixture was incubated on ice for 30 min. Subsequently, all tubes were centrifuged at 12000 rpm 
for 30 min. Then, isopropanol was added to the aqueous layer, the DNA was pelleted by centrifugating 
for 20 min and washed with 80 % ethanol. The DNA was dissolved in TE buffer and quantified before a 
dilution step to obtain uniform concentration of 50 µg/ml.  
 
2.3. RAPD analysis 
 Twelve decamer primers were used for PCR reaction (Table 2). PCR was carried out in a 15 µl reaction 
mixture containing 25-50 ng total DNA, 0.8 µM primer, 2.0 mM MgCl2, 200 µM dNTPs, 10 x Buffer and 
1U Taq-DNA polymerase. PCR conditions were 3 min at 93°C followed by 40 cycles, each consisting of 
1 min at 93°C, 1 min at 37°C, and 2 min at 72°C. The amplification products were separated by 
electrophoresis on 1.5% agarose gel in TAE buffer. 

 
2.4. SSR analysis  
Nine markers (Table 3) presented proper and clear results (Kijas et al.1997; Froelicher et al. 2008; Luro et 
al. 2008) were used for the diversity study. PCR was performed in a final volume of 15 µl. Each PCR 
reaction consisted of  1,5 mM of MgCl2, 2,5 mM of dNTPs, 0,2 µM of each primer and 1U of DNA Taq 
polymerase with 50 ng of DNA. Cycling conditions were: 94°C for 5 min as an initial denaturation step 
before entering 40 cycles each composed of 30 sec at 94°C, 30 sec at annealing temperature, 1 min at 
72°C and a final extension step of 4 min at 72°C.         
 

Table 3.  Polymorphism information for SSR markers used to evaluate genetic diversity among maltaise accessions. 
 Primers Allele number Genotype number He Ho Gene diversity Pic 

TAA1 3 16 0.5391 0.0000 0.575 0,539 

TAA27 2 15 0.1244 0.0000 0.133 0,125 

GT03 2 19 0.4321 0.6316 0.439 0,433 

CT02 2 18 0.4012 0.5556 0.408 0,41 

CAG01 2 19 0.4654 0.7368 0.471 0,467 

CAT01 1 19 0.0000 0.0000 0.000 0.000 

ATC09 3 19 0.5831 1.0000 0.588 0,584 

CT21 2 18 0.0540 0.0556 0.056 0,049 

CAGG9 2 19 0.5000 1.0000 0.500 0.500 

Total 10 94 
    

Mean 2.11 
 

0,344 0,442 
 

0,3165 

 

Table 2.  List of the RAPD primers used for the investigation of genetic diversity within Maltaise orange genotypes. 

Primer name Total amplified bands Polymorphic bands % of polymorphism 
OPA-01 14 10 71.0 

OPA-04 21 21 94.0 

OPA-05 15 12 43.0 

OPA-08 16 16 60.8 

OPA-09 11 11 69.8 

OPA-11 22 22 95.0 

OPA-14 11 8 66.0 

OPB-02 15 12 94.4 

OPB-10 16 14 60.0 

OPC-05 17 16 90.0 

OPC-06 19 18 94.0 

OPC-11 18 14 60.0 

Total  195 174 89.8 
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2.5. Statistical analysis 
The patterns at all RAPD loci were scored for each polymorphic band as 1 for band presence and 0 for 
band absence. Scores were entered into a binary matrix on the subprogram NTedit of NTSYSpc v.2.10e 
program (Rohlf, 2002). The data were analyzed with module SIMQUAL to generate genetic similarity 
coefficients and then ordered in a similarity matrix (Jaccard, 1908). The similarity matrix was run on 
module SAHN (sequential, agglomerative, hierarchical, and nested) (Sneath and Sokal, 1973) by using 
the Unweighted Pair group method with arithmetic average (UPGMA) clustering algorithm (Sokal and 
Michener, 1958) to generate a dendrogram. For SSRs, GENETIX 4.02 computer package (Belkhir, 1999) 
was used to calculate gene diversity per locus, expected heterozygosity (He; Nei, 1973) and observed 
heterozygosity (Ho) over 9 loci. Polymorphism information content (PIC) values were calculated, for 
RAPD and SSR loci, according to Smith et al. (1997), using the algorithm for all primer combinations as 
follows: PIC =1 – , where is the frequency of the ith allele. PIC provides an estimate of the 

discriminatory power of a locus by taking into account, not only the number of alleles that are expressed 
but also the relative frequencies of those alleles. Principal Coordinate analysis (PCA) was performed to 
identify accession groups using XLSTAT software. In this procedure, the similarity matrix was used to 
generate Eigen values and scores for the accessions. This multivariate approach was chosen to 
complement the cluster analysis information; because cluster analysis is more sensitive to closely related 
individuals, while, the PCO is more informative regarding distances among major groups.  
 
3. Results 
3.1. RAPD analysis 
Twelve primers (Table 2) were selected for the RAPD analysis based on the reproducibility and banding 
patterns. PCR amplification of the genomic DNA isolated from 19 cultivars of Maltaise orange (C. 
sinensis) yielded a total of 195 bands, of which 174 were polymorphic (Table 2). The total number of 
amplified DNA bands ranged from 11 (OPA09 and OPA14) to 22 (OPA11), with an average of 16.25 
bands per primer. The polymorphism percentage ranged from 43 (primer OPA05) to 95% (OPA11) with 
an average of 74.83 %. The pair-wise similarity values obtained between 19 Maltaise cultivars ranged 
from 0.333 (between A9 and A10) to 0.845 (between A11 and A12). The average similarity across all the 
cultivars was 0.58. A dendrogram was constructed using UPGMA method cluster analysis on the basis of 
Jaccard’s coefficients  grouped   the 19 cultivars into three major clusters (Figure 1). The first cluster was 
the biggest comprising 17 cultivars. Within this cluster, the cultivars A11 and A12 were genetically most 
similar, showing 84.5% of genetic similarity. The second cluster consisting of the cultivars A10 and A16; 
while the cultivars A9 was individually separated into distinct group from the rest of cultivars.  
 

Coefficient
0.45 0.55 0.65 0.75 0.84

 A1 
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 A3 
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 A8 

 A18 

 A14 

 A15 
 A11 

 A12 

 A13 

 A17 

 A6 

 A19 

 A7 

 A10 

 A16 

 A9 

 

Figure 1. Dendrogram illustrating the phylogenetic relationship among the nineteen Maltaise genotypes based on RAPD 
markers. 
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3.2. SSR analysis 
The polymorphism level of the 9 SSR loci was investigated in all 19 citrus accessions. The number of 
putative alleles per locus ranged from 1 (CAGG9) to 3 (ATC09, GT03) with an average of 2.11 alleles 
per locus (Table 3). The observed heterozygosity (Ho) ranged from 0.00 (ATC09, CAG01 and CAGG9) 
to 1.00 (GT03, TAA27) with a mean of 0.44. The expected heterozygosity (He) ranged from 0.00 
(CAGG9) to 0.583 (GT03) with a mean of 0.344. GT03 was the most informative marker and CAGG9 
was the least informative marker. The PIC values for the 9 markers ranged from 0.000 (CAGG9) to 0.584 
(GT03) with a mean of 0.372. The cluster analysis separated all the accessions, at similarity index of 
0.694, into four main clusters (Figure 2).  
 

Coefficient
0.56 0.67 0.78 0.89 1.00
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Figure 2. Dendrogram illustrating the phylogenetic relationship among the nineteen Maltaise genotypes based on SSR 
markers. 

 
3.3. Genetic diversity displayed by RAPD and SSRs  
In order to find out the genetic relationship between different sweet orange accessions, SSR and RAPD 
data sets were combined together for analysis. The Jaccard’s similarity coefficient, for the combined data, 
ranged from 0.36 to 0.84 with an average of 0.60 among all the 19 accessions used.  
 

Coefficient
0.44 0.54 0.64 0.74 0.85

 A1 

 A2 

 A4 

 A5 

 A8 

 A11 

 A12 

 A13 

 A14 

 A15 

 A18 

 A17 

 A6 

 A3 

 A19 

 A7 

 A10 

 A16 

 A9 

 
Figure 3. Dendrogram illustrating the phylogenetic relationship among the Maltaise genotypes based on combined RAPD and 
SSR markers. 
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The genetic relationship between the accessions was clearly depicted in the dendrogram (Figure 3) and 
grouped the accessions in eleven main clusters. Within the first cluster, two subgroups consisting of four 
genotypes were observed. The second and third cluster consisted of 3 and 4 genotypes, respectively. The 
other remaining genotypes (8) were differentiated and formed various degree of sub-clustering. There was 
no relationship between the spatial and genetic proximity of the germplasm. The Mantel test (Figure 4) 
performed among the genetic distance matrices obtained from RAPD and SSR analyses, showed a 
significant correlation (p<0.05) between RAPD and SSR (R=0.272) which indicated good concordance 
between the clusters that were suggested by the two data sets. 
 

 
Figure 4. Regression plot revealing between RAPD and SSR markers matrices across the studied genotypes. 

 
PCA is more adapted than tree representation in describing the organization of genetic diversity when 
hybrids between differentiated groups are frequent in the sample. Data generated from SSR and RAPD 
genotyping of 19 maltaise cultivars were subjected to Principle Coordinates Analysis (PCA) (Figure 5). 
The first two axes explain 31.10% of the total variance. Roughly, cultivar plotting is independent of 
geographic origin and Maltaise accessions from all regions were broadly overlapped.  
 
3. Discussion  
Our results showed that out of 195 bands, 90% among them were polymorphic (Table 1) which represents 
the most important polymorphism proportion compared to other previous reports on Citrus genetic 
diversity. In fact, 65% polymorphism was found in 37 Citrus varieties in Vietnam (Nhan et al., 2003), 
39% of polymorphic bands obtained in 33 Volkamerian lemon in Mexico (Andrade-Rodriguez et al., 
2004) and 51.51% polymorphism was detected within 22 sweet orange accessions in India (Malik et al., 
2012). The level of polymorphism of the same primer may depend on both conditions and varieties, for 
example, using OPA04 primer, we found a very high level of polymorphism (94 %) within Tunisian 
sweet orange, while,  no polymorphism was recorded (0 %) among 22 Indian sweet orange (Malik et al., 
2012). Pair-wise similarity analysis of 12 RAPD markers in the 19 cultivars of C. sinensis revealed a wide 
genetic background for Tunisian sweet orange. Citrus is almost universally propagated by budding scion 
cultivars onto apomictic seedling rootstocks (Elisiario et al., 1999) leading to a high level of genetic 
uniformity either in the same plantation (Fang and Roose, 1997; Elisiario et al., 1999). However, in our 
study, the Maltaise genotypes investigated did not cluster according to the geographical origin, since we 
observed a high level of genetic polymorphism among them. That could be explained by the occurrence 
of a high rate of cross pollination influenced by the relatively-limited distribution area of this species. 
With respect to DUS (distinctness, uniformity and stability) criteria for cultivar identification, the use of 
RAPD bands for distinguishable inter-varietal variation could be of genetic and agronomic importance. 
This would have an importance for the establishment of property rights and determination of variety 
purity. Such unique bandings would be especially valuable if they are linked to agronomically important 
traits.  
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The efficiency of 9 SSR markers for the characterization of sweet orange has been tested and evaluated 
using SSR markers in citrus (Novelli et al., 2006). Considering all the 9 SSR markers used in the present 
study, a relatively low polymorphism was detected across the analyzed germplasm. In terms of alleles' 
number, all the markers could detect a relatively low number of alleles (19 alleles), with an average of 
2.11 per locus (Table 2). This result was similar to that found by Valdenice et al. (2006) when studying 
sweet oranges. Recently, Pireseyedi et al. (2010) found similar results (2.9 alleles per locus) across 60 
Iranian pomegranate accessions using 12 SSR markers. Such as low number of detected alleles is often 
found in cultivated fruit species, especially those vegetatively propagated, fig (Giraldo et al., 2005), and 
peach (Cheng and Huang, 2009), while a higher number of alleles could be found in other perennial 
species, including olive (Carriero et al., 2002) and lychee (Viruel and Hormaza, 2004). Polymorphic 
information content (PIC) is a measure of a marker’s informativeness. The PIC values for the 9 markers 
ranged from 0 (CAGG9) to 0.58 (GT03) with a mean of 0.37, which was lower to that found in previous 
study (Golein et al., 2012). The overall heterozygosity calculated on the studied set of Maltaise cultivars 
is found to be quite low (Table 3). Self-pollination, followed by vegetative propagation in production, 
may have shaped the current diversity structure in the citrus germplasm. The relatively low level of 
diversity detected by microsatellite markers reflects a narrow genetic background of the local studied 
germplasm in Tunisia. This result was described in previous studies (Luro et al., 2001). The low 
intraspecific diversity found in cultivated species such as sweet orange contrasts with the high variability 
of agriculturally important traits such as ripening period and color and size of fruits (Bretó et al., 2001). 
Because of these factors and the general lack of citrus molecular markers the distinction between cultivars 
is still based mainly on morphological traits, especially fruit traits (Fang and Roose, 1997). The data of 
the present study is comparable with others (Barkley et al., 2006; Uzun et al., 2009) which reported there 
is close molecular relationship among sweet oranges. The sweet orange genetic resources in Tunisia 
apparently have been subjected to human selection for centuries. Therefore, only a small part of genome, 
coding for fruit traits (agronomic characters), is involved. These results suggest that the cultivated citrus 
germplasm in Tunisia, which is considered as diversification center of this crop, may share a common 
genetic bottleneck. The polymorphic SSR loci allowed the detection of three synonymous groups 
involving 8 accessions (Figure 2), suggesting a substantial amount of genetic redundancy in the Tunisian 
maltaise collection. The case of this high level of redundancy is a common problem in many plant 
germplasm collections (Engels and Visser, 2003; Zhang et al., 2009), which impede the accuracy and 
efficiency of conservation and utilization of plant genetic resources. It is known that the there has been 
extensive exchange of maltaise oranges planting material (cuttings) in Tunisia, both among farms and 
among regions. Cultivars were often named according to the places where the cuttings were taken. This 
practice of cutting introduction can easily lead to duplicates in the germplasm collection. According to 
Luro et al. (2000) microsatellites could be considered a useful maker for citrus taxonomic studies but not 
so powerful for cultivar identification in citrus or other species where mutations or human selections are 
the basic mechanism for intra-specific differentiation. Difficulties in obtaining markers for the 
characterization of sweet oranges was reported by Orford et al. (1995) who identified no differences 
among sweet orange cultivars analyzed using minisatellite markers and similar results were observed by 
Novelli et al. (2000) using isozymes and RAPD markers (Targon et al., 2000).  
The data obtained from RAPD and SSR were combined and phonetically analyzed to determine the 
genetic similarity among the accessions of the core collection. Each type of marker possesses distinct 
advantages and disadvantages, and it is more effective to use a combination of different marker systems 
to characterize genetic diversity in plants than a single system. Furthermore, the use of different types of 
molecular markers, which analyze different regions of the genome, permits a better and deeper analysis of 
genetic variations, as strongly recommended in several somaclonal variability studies (Hvarleva et al., 
2008).  RAPD primers quickly scan the whole genome detecting point mutations and insertion-deletion 
events (Milbourne et al., 1997). In fact,  The  dendrogram  obtained  with  RAPD markers  was  different  
to  that  obtained  with  SSRs (Figure 1-2). When using both markers the dendrogram were divided into 
eleven cluster and all the accessions were well differentiated (Figure 3). Indeed, when all two sets of 
markers were combined into a single data set and analyzed together, the cophenetic correlation was 0.60, 
which is generally considered to be a high value (Rohlf, 2002). This indicates that a combination of the 
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two marker systems gives a better estimate of similarity than any single marker type alone. The 
fingerprint of each genotype is defined by multiple RAPD and SSR bands presumably at multiple genetic 
loci. This is important for cultivar characterization since each cultivar is not defined by a single marker 
but by a set of several markers. This level of polymorphism probably reflects the outcrossing nature of 
citrus since similar results have been obtained using combination of SSR and RAPD markers in other 
crops (Mir et al.. 2008; Ebrahimi et al., 2011). Mantel test showed weak but significant, correlation 
among the RAPD and SSR similarity matrices (R = 0.272; p<0.05) and good concordance between the 
clusters that were suggested by the two data sets.  
 

 
Figure 5. The plot of the two first components of  PCA based on RAPD and SSR markers of the 19 Maltaise genotypes . 

 
Similar low correlation was obtained in soybean (Giancola et al., 2002) and sorghum (Geleta et al., 2006), 
while, high correlations between genetic distances obtained from different markers classes were also 
reported for fig (Salhi-Hannachi et al., 2005) and durum wheat (Maccaferri et al., 2007). The quite narrow 
scattering area of Maltaise cultivars on the PCA plot (Figure 5) can be explained by the decreased interest 
in cultivating Maltaise  trees in the cap bon regions, since several decades, in aid of other commercially 
interesting crops  (mainly grapevine). Besides, at regional level, results of the present study indicate that 
there is no discernable genetic difference within each region as well as among regions. The reason might 
be associated with dominant or co-dominant nature of the two markers and the different types of 
polymorphism detected (Belaj et al., 2003, Scariot et al., 2007). 
 
4. Conclusion 
The results in this study illustrate the combined efficiency of the SSR and RAPD techniques in 
discriminating the Maltaise genotypes analyzed. The significance of this bifurcation is currently 
unknown. But the current findings can be exploited in future once these findings will be correlated with 
traits of interest. Our report is the first to describe genetic diversity within Tunisian Maltaise orange 
germplasm. The combination of SSR and RAPD marker methods also guarantees some additional 
benefits and seem to be suitable for the finely tuned identification of tightly linked Maltaise genotypes, 
indicating their usefulness for an accurate identification of plants with tight genetic relations, and the 
results presented can form the basis for the design of future Citrus genetic improvement projects. 
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