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Rosa damascena Mill. as a main economic crop in the world is planted for beauty and essential oil 
production in Ta’if region. For the management and improvement of this important crop, genetic 
variability was evaluated amongst six Rosa genotypes grown in different plantations using 
microsatellite (simple sequence repeats, SSR), inter simple sequence repeat (ISSR) and biochemical 
markers. The six SSR primers showed low level of variation, whereas all ISSR primers generated high 
levels of polymorphism ranging from 66.7 to 100%. The biochemical markers revealed slight 
polymorphism between the three Rosa species under study. The dendrogram resulted from the 
combined data of SSR and ISSR splits the 6 genotypes into two main clusters. The first comprised the 
four R. damascena accessions, and the second grouped R. damascene, Trigintipetala‘and R. hybrid 
together. ISSR markers can be recommended for the genetic variability analysis in Rosa genome. 
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INTRODUCTION 
 
In Saudi Arabia, Rosa damascena is mainly grown for the 
production of oil that could be considered one of the most 
expensive oils in the world (Farooq et al., 2013). Despite 
the history of R. damascena, some doubt has been cast 
upon the source and origin of this species. A lot of roses 
have been selected and recombined to produce R. 
damascena in the Middle East regions including Ta’if 
(Widrlechner, 1981). Hence, there is consistent need for 

evaluating the genetic differences among Rosa species 
and cultivars to provide a continuous development of new 
germplasm for rose breeding programs and rose oil 
industry in Ta'if. 

Molecular markers could aid breeding by providing 
dependable tools to investigate the variability among 
parents and their progenies (Rusanov et al., 2005). 
Although, Rosa plants have high levels of polyphenols  
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Table 1. Geographical locations of Rosa genotypes in Ta'if region, Saudi Arabia 
 

S/N Species Geographic origin Latitude North Longitude East Altitude (m) 

1 R. damascena Ta'if city 21°16′N 40°24′E 1672 

2 R. damascena Al Hada 21°22′N 40°17′E 2034 

3 R. damascena Ash Shafa 21°04'N 40°18′E 2225 

4 R. damascena Misan 21°15'N 40°24′E 2500 

5 R. d. 
،
Trigintipetala‘

 
Ta'if city 21°16′N 40°24′E 1672 

6 R. hybrida Ta'if city 21°16′N 40°24′E 1672 
 
 
 

Table 2. SSR primers used in the analysis of Rosa species showing clear and valid products. 
 

Primer 
code 

Sequence (5’-3’) 
Annealing 

Temperature (˚C) 

Bands 
number 

Polymorphic 
bands 

Polymorphism 
(%) 

SSR 1-F 

SSR 1-R 

CAGATTCGCCGTAGCCCTTAC  

 ATCCGAACCCCGACCTGAC  
58 1 1 100 

SSR 2-F 

SSR 2-R 

ATCATGTGCAGTCTCCTGGT  

AATTGTGGGCTGGAAATATG  
54 1 0 0.00 

SSR 3-F 

SSR 3-R 

 GTGGATTTTCAGAGATACGC  

 TCACAGACAGGACCACCTAT  
52 1 0 0.00 

SSR 4-F 

SSR 4-R 

 GCCATCACTAACGCCACTAAA  

 GCGTCGTTCGCTTTGTTT  
54 1 1 100 

SSR 5-F 

SSR 5-R 

 ACAGGCCTCTGTTCACCATC  

 CACACATGCACAACTCAGAGAA  
54 1 0 0.00 

SSR 6-F 

SSR 6-R 

 CGGTGGAGAGGATGATGTG  

 GCAACAAGAACCAGCACAGA  
54 1 0 0.00 

Total   6 2 33.3 
 
 
 

and polysaccharides that make extraction of protein and 
DNA difficult (Kaul et al., 2009), significant efforts have 
been done to use these markers for identification, gene 
expression and biodiversity in Rosa lines, cultivars and 
hybrids, such as proteins (Dafny-Yelin et al., 2005), 
isozymes (Grossi et al., 1997; Jayasree et al., 1998), 
RAPDs (Kiani et al., 2008; Mirzaei and Rahmani, 2011), 
inter simple sequence repeat (ISSR) (Jabbarzadeh et al., 
2010) and simple sequence repeats (SSR) (Stafne et al., 
2005; Babaei  et al., 2007; Farooq et al., 2013; Nadeem 
et al., 2014). 

Among molecular markers, microsatellite or simple 
sequence repeats and ISSR as rapid techniques are 
useful in several areas of plant genetic studies. ISSR-
PCR produces variable patterns of loci that are 
reproducible, abundant and polymorphic (Bornet and 
Branchard, 2004). Furthermore, SSR markers as 
codominant factors are able to reveal many alleles that 
can discriminate among closely related hybrids and 
cultivars (Nadeem et al., 2014). However, SSRs may be 
expensive to produce and laborious in particular species. 
So SSR primers developed from one species could be 
used for other studies on related species and genera 
(Stafne et al., 2005). 

To increase our understanding of the genetic 
relationships between Rosa species, we used SSR, ISSR  

and biochemical markers in genetic diversity analysis of 
four R. damascena accessions and two related species; 
R. damascena 

،
Trigintipetala‘ and R. hybrida  grown in 

Ta'if region, Saudi Arabia. 
 
 

MATERIALS AND METHODS 
 
Plant materials 
 
Roses were obtained from different sites of Ta'if region in Saudi 
Arabia (Table 1). In this study, six genotypes (four accessions of R. 
damascene and two related species; R. damascena ‘Trigintipetala’, 
R. hybrida) were investigated. 
 
 
DNA extraction 
 
Young leaves (0.5 g) of genotypes were taken for DNA extraction. 
Rose DNA extraction was done based on the cetyl trymethyl 
ammonium bromide (CTAB) method as described by Doyle and 
Doyle (1987). 
 
 
SSR and ISSR primers 
 
In this study, SSR and ISSR primers were selected from previous 
studies of Zhang et al. (2006) and Jabbarzadeh et al. (2010) 
(Tables 2 and 3). Fourteen primers were selected that produced 
good banding patterns for analysis. 



554          Afr. J. Biotechnol. 
 
 
 

Table 3. ISSR primers used in the analysis of Rosa species showing clear and valid products. 
 

Primer 

code 
Sequence (5’-3’) 

Annealing 

Temperature (˚C) 

Bands 
number 

Polymorphic 
bands 

Polymorphism 
(%) 

ISSR 1  CTCTCTCTCTCTCTCTTG  49 6 5 83.3 

ISSR 2  GTGGTGGTGGC 36 3 2 66.7 

ISSR 3  CAGCAGCAGCAGCAG  49 5 5 100 

ISSR 4  CAACAACAACAACAA  36 4 4 100 

ISSR 5  AGAGAGAGAGAGAGAGT  49 6 5 83.3 

ISSR 6  GATAGATAGATAGATA  36 5 5 100 

ISSR 7  CCAAGAGAGAGAGAGAGAGT 53 3 3 100 

ISSR 8  GAGAGAGAGAGAGAGAACC  53 5 5 100 

Total   37 34 91.9 

 
 
 
PCR conditions 
 

Amplifications were done with a 13 µL total reaction/sample that 
included 10 µL Taq Master Mix, 1 µL each, forward and reverse 
primers, and 1 µL DNA. Thermal cycling was done on a Techne 
TC-3000 (Barloworld Scientific, Ltd. Staffordshire, UK) with the 
following program: 105°C heated lid, initial denaturation of 94°C for 
5 min, and 35 cycles of 94°C for 1 min, 58°C (changed according to 
primer) for 1 min, 72°C for 1 min, finishing with a final extension of 
72°C for 5 min and a final hold at 4°C. Products were confirmed on 
an agarose gel and stained by ethidium bromide then observed 
under UV light and photographed by gel documentation system. 
 
 

Isozyme analysis 
 

The isozymes; α- and β-esteras (EST), acid phosphatase (ACP), 
alcohol dehydrogenase (ADH) and peroxidase (PRX) were 
separated in 10% native-polyacrylamide gel electrophoresis as 
described by Stegemann et al. (1987). For gels staining, protocols 
of Scandalios (1964) were used for α- and β-EST, Wendel and 
Weeden (1989) for ACP, Weeden and Wendel (1990) for ADH and 
Heldt (1997) for PRX. Gels were washed two or three times with tap 
water; fixed in ethanol: 20% glacial acetic acid and photographed. 
 
 

Protein analysis 
 

To extract proteins, 1 g of leaves of each genotype was mixed with 
1 M Tris-HCl buffer, pH 8.8 and homogenized using a mortar and 
pestle. After centrifugation, the supernatants were transferred to 
new tubes and kept in deep-freeze until use. Electrophoresis was 
carried out by the modified discontinuous sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (DISC SDS-PAGE) method 
(Laemmli, 1970). Gels were stained overnight in coomassie brilliant 
blue-R250 solution then destained and photographed. 
 
 

Data analysis 
 

The bands of SSR, ISSR and protein were evaluated by comparing 
with 100 bp DNA ladder and blue wide range prestained protein 
ladder (Cleaver Scientific Ltd, UK), respectively, using gel analyzer 
program (version 3). To determine the genetic relationship among 
Rosa genotypes, bands of SSR and ISSR patterns were treated as 
a unit character and coded 1 or 0 for their presence or absence, 
respectively. Clustering was performed using UPGMA procedure 
and represented in a phenogram by using SAHN and TREE 
modules,  respectively. The   NTSYS-pc 2.2  (Numerical  Taxonomy  

 

 
 

Figure 1. SSR patterns of Rosa genotypes amplified with 
primers 1, 5 and 6. M, marker. 

 
 
and Multivariate Analysis System, Exeter Software) program was 
utilized in all previous analysis (Rohlf, 1998).  
 
 
RESULTS AND DISCUSSION 
 

For management and successful improvement of the 
rose crop, genetic variation within different accessions, 
cultivars and species of Rosa is needed (Kaul et al., 
2009). Of the nine specific SSR primers tested in Rosa, 
six produced clear and valid products (Table 2). The six 
primers produced six bands with molecular sizes that 
ranged from 150 to 422 bp as shown in Figure 1. 
Additionally,  this   study  has  shown  that  the  annealing  



 
 
 
 

 
 

Figure 2. ISSR patterns of Rosa genotypes amplified with primers 
1, 3 and 5. M, marker. 

 
 
 
temperatures for the 6 SSR primers varied from 52-58°C 
(Table 2). Notably, only 2 out of 6 primers showed low 
level of variation among rose genotypes tested. These 
findings contrast that of Zhang et al. (2006) who 
observed that SSRs revealed a significant level of 
variation and could differentiate easily among rose 
cultivars studied. On the other hand, they are in 
accordance with previous studies depending on SSR 
markers that did not exhibit any variability among 
cultivars of R. damascena in Turkey and Bulgaria 
(Baydar et al., 2004; Rusanov et al., 2005). Although, 
SSR markers give rapid data from small amount of plant 
sample, they are costly to produce and can be very 
exhausted in particular species (Stafne et al., 2005). 

For further evaluation of the genetic relatedness among 
Rosa genotypes, eight ISSR primers ranging between 11 
and 20 bases were used. The annealing temperatures for 
the eight ISSR primers varied from 36-53°C (Table 3). A 
total of 37 bands were amplified from the genotypes, of 
which 34 were polymorphic. The bands sizes ranged 
from 235-1100 bp (Figure 2). The ISSR patterns revealed 
11 unique bands; 2 in R. damascene, 3 in R. damascena 
،
Trigintipetala‘, six in R. hybrid. All primers generated high 
levels of polymorphism ranging from 66.7 to 100%. 
These results were in conformity with those of the 
Pakistani and Iranian scientists that scored high levels of 
diversity among rose genotypes collected from different 
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Figure 3. SDS-PAGE pattern of R. 
damascena (1), R. d. ،Trigintipetala‘ (2) and R. 
hybrida (3). M, marker. Arrows indicate unique 
bands. 

 
 
 
regions from Pakistan and Iran (Mirali et al., 2012). 

The data of SSR and ISSR were combined to estimate 
the genetic similarity values and generate a dendrogram 
showing the relationship among rose genotypes under 
study. The similarity matrix showed that the highest value 
(0.966) was between two accessions of R. damascena 
(collected from Ta'if city and Misan), whereas the lowest 
value (0.333) was found between one accession of R. 
damascena and R. hybrida (data not shown). The 
resultant dendrogram grouped the six genotypes into two 
main clusters. The first comprised the four R. damascena 
accessions, and the second grouped R. damascena 
،
Trigintipetala‘and R. hybrid together (Figure 3). 
Occurrence of genetic variations among accessions of R. 
damascena might be due to the geographical differences 
that might cause an evolution through genetic drift, 
mutation and recombinations. The climatic conditions can 
also affect and lead to variability within and between 
Rosa species (Farooq et al., 2013). 

Two biochemical approaches; isozyme and SDS-
PAGE, were used to discriminate among R. damascena, 
R. damascena 

،
Trigintipetala‘and R. hybrida. Seven 

enzyme systems were used as mentioned in Table 4. 
The three species did not generate any bands for the two 
MDH and malic isozymes. One to three bands per 
isozyme were produced for the remaining five systems. 
R. damascena  

،
Trigintipetala  ‘ was distinguished by three  
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Table 4. Biochemical markers detected in R. damascena, R. d. ،Trigintipetala ‘ and R. hybrida 

 

System Monomorphic band 
Polymorphic band 

Total bands Polymorphism (%) 
Unique Shared 

SDS-PAGE 7 2 2 11 36.3 

ACP 1 0 0 1 0 

ADH 1 0 0 1 0 

α-EST 0 2 1 3 100 

β-EST 1 2 0 3 66.7 

MDH 0 0 0 0 0 

MALIC 0 0 0 0 0 

PRX 0 1 0 1 100 
 
 
 

 
 

Figure 4. UPGMA phenogram showing genetic relationship among Rosa genotypes. 
 
 
 

unique bands for estesrases, whereas R. damascena 
and R. hybrida were severally characterized by only one 
unique band for PRX and β-EST systems, respectively. 
On the other hand, the produced SDS-PAGE of leaf 
protein profile of R. damascena, R. damascena 
،
Trigintipetala‘and R. hybrid is shown in Figure 4. A total 
number of 11 bands were recorded. Molecular weight 
(Mw) of the protein subunits ranged from 34.7 to 91.5 
kDa. The profile revealed seven monomorphic bands in 
all species and four polymorphic bands including two 
unique bands, with polymorphism percentage 36.3% 
(Table 4). The two unique bands at 70.0 and 60.2 kDa 
characterized R. hybrida only (Figure 4). The limitation of 
information obtained from biochemical markers may be 
due to the presence of high contents of polyphenols and 
polysaccharides that make the extraction of protein 
difficult (Kaul et al., 2009). 
 
 
Conclusion 
 
Evaluation  of  genetic  diversity    by   various   molecular 

systems provided different levels of information that could 
be important in the management of Rosa germplasm. 
ISSR markers were more efficient based on better 
reproducibility and polymorphism percentage. SSR and 
biochemical markers revealed slight polymorphism within 
and between Rosa species collected from different 
plantations. This study needs further confirmation using a 
large number of accessions and species that can clearly 
reveal and explain the variability at the species level. 
However, our results may help in the initiation of 
intraspecific and interspecific cross-breeding programs 
for improvement of roses in Ta’if. 
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