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Recently, molecular genetics tools have become important in classification for the purpose of identifying 
and classifying living organisms. Among them, it is now very common to use short sequences of DNA in 
mitochondria or chloroplast, especially in plants, that generally known as DNA barcoding. In the present 
research, a fragment of 524 base pair of the core chloroplast plant DNA barcode (rbcL) gene was 
amplified and sequenced for 30 varieties of Rosa x damascena trigintipetala growing in Taif governorate 
at Saudi Arabia. The obtained data were aligned with their close species that already found in the 
Genbank database and were analyzed by neighbor-joining and maximum-likelihood methods and a 
single rooted tree was performed. The all Rosa x damascena trigintipetala varieties were clustered in 
one clade with Rosa persica and Rosa roxburghii. The genetic distance and tree topology specified that 
the Taif Roses varieties could be originated from Rosa persica and Rosa roxburghii. 
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INTRODUCTION 

Taif city located at western Saudi Arabia at an 
elevation of 1,879 meters above sea level on a 
south east of Mecca. West of the Taif city is 
famous with the cultivation of roses since the 
Ottoman era. Regardless of the probable origin of 
El Taif-Roses as a Damask Rose (Rosa x 
Damascena trigintipetala), it has never been fully 
confirmed how it appeared in Taif. In this regard, a 
recent paper suggested that the seeds of Taif 
Roses might have been brought from the Balkans 
by the Turks who occupied this region in the 
fourteenth century because of its similarity with 
the famous Bulgarian "kazanlik" strain (El-Assa l 
et al., 2014). Regardless of the likely origin of Al-
Taif Rose as a Damask Rose, variations in the 
some characters such as flowers color and size, 
flowering time and growth rate among its 
cultivated accessions in the suburbs of Taif and its 
valleys (Al-Hada, Al-Shafa and WadiMahram) 

propose that this group may contain multiple 
genotypes. It is well known that the genetic basis 
of the crops currently grown of cultivated roses 
are narrow compared to the wide spectrum of 
genetic resources found in wild species (Martin et 
al., 2001). In spite of the existence of more than 
200 types of roses, it is supposed from published 
reports that only 11 of them may have been 
contributed to the origin of modern varieties 
(Gudin, 2000). DNA barcoding is the most 
important and fundamental diagnostic method in 
which short and uniform genetic DNA sequence 
that isolated from the organism's genome, either 
mitochondrial or chloroplasts DNA, are used for 
identification at a convinced taxonomic level. 
Consequently, the DNA marker region should 
agreement with a high interspecific variability and 
low intraspecific differences, in order to allow 
documentation as many as species belonging to a 
higher level of classification as genus, family or 
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order (Chen et al., 2013). To date, this method 
has been used successfully in many biological 
applications, such as those for detecting cryptic 
species (Crawford et al., 2013), discovering of 
invasive species (Carolan et al., 2012), renovating 
food webs (Garcia-Robledo et al., 2013) and 
recognizing of medicinal plants in mixtures (Kool 
et al., 2012; Newmaster et al., 2013). Therefore, 
in 2009, it was agreed by the plant working group 
of the consortium for the barcode of life (CBOL) to 
use either rbcL or matK genes as a ‘core barcode’ 
for the identification and classification across land 
plants (Hollingsworth et al., 2009). Therefore, 
morphological classification should be replaced by 
the DNA barcoding especially in studies related to 
species characterization, identification and genetic 
relationships (Packer et al., 2009). In several 
research reports over the past 15 years, many 
hypotheses have been documented to support the 
use of genetic profiling of available genetic 
resources of oil rose using genetic markers such 
as RAPD, SSR and AFLP (Agaoglu et al., 2000; 
Rusanov et al., 2005; Babaei et al., 2007). The 
obtained results confirmed that the production of 
rose oil of nine genotypes of Rosa damascena 
found in Iran is proved to be from multiple 
genotypes (Babaei et al., 2007). The molecular 
analysis of genetic diversity across Rosa x 
damascena Mill varieties did not display any 
polymorphism among Rosa x damascena plants 
in different farms either in Turkey (Agaoglu et al., 
2000) or Bulgaria (Rusanov et al., 2005), 
demonstrating that commercial production of 
essential oil is in fact done by wide scale 
propagation of only one or very few genotypes. In 
addition, by using different molecular markers, El-
Assal et al., (2014) reported that Taif-rose has 
closed genetic relationships to the Syrian gory 
Rose (El-Assal et al., 2014). Based on all these 
contradictions, it was necessary to conduct 
molecular identification using rbcL gene in order 
to recognize genetically Taif-Rose plants and 
distinguish its relationship to other varieties. 
 
MATERIALS AND METHODS 

Samples collection and DNA amplification 
Fresh young leaves of a total 30 individual 

plant samples were collected from rose farms at 
three different regions of Taif city, ten from each 
farm, of Al-Hada, Al-Shafa and Wady  Qurish. 
From each sample, approximately 200 mg of leaf 
tissues were crushed individually to a fine powder 
in liquid nitrogen using pre-chilled mortar and 
pestle. The total genomic DNA was isolated using 

Favor Prep™ Plant Genomic DNA Extraction Mini 
Kit (Favorgen, Taiwan) as stated by the 
instructions of the producer, and then the DNA 
quality was checked and run in 1% agarose gel 
electrophoresis.PCR was done in a final volume 
of 25 µL containing 2 µL (20 ng) DNA template, 
forward primer with final concentration of 10 pmol 
(rbcLa_F:5`-
ATGTCACCACAAACAGAGACTAAAGC-3`), 10 
pmol of reverse primer (rbcLa_R:5`-
GTAAAATCAAGTCCACCRCG-3`), 12.5 µL of 2X 
Go Taq® Green Master Mix, Promega (Valencia, 
CA, USA), and finally nuclease free water up to a 
total volume of 25 μl. The amplification of rbcL 
gene was conducted using C1000TM Thermo 
Cycler Bio-Rad (Germany) under the following 
conditions: denaturation at 94°C for 10 min; 30 
cycles of denaturation at 94°C for 45 Sec, 
annealing step at 55°C for 30 sec and extension 
step at 72°C for 45 sec; and following with final 
extension step at 72°C for 10 min (Cherian et al., 
2017). Amplified DNA products were analyzed by 
electrophoresis in 1% agarose gel run in TAE. 
The gels were stained with ethidium bromide (5 
μg ml-1). DNA Ladder as 100 base-pair (Solis Bio-
Dyne) was used as a standard. DNA was 
visualized by UV illumination and then 
photographed by a Bio-Rad Gel Doc 2000 device. 
The specific 560-bp rbcL fragment was obtained 
and then sequenced with the same primers using 
the sequencer Gene analyzer 3121 (Macrogen 
Co, South Korea).  

Sequence alignment and phylogenetic 
analyses 

The sequenced results of rbcL gene for the 30 
individual Rosa plant samples were aligned with 
the known relative sequences of rbcL in GenBank 
via the BLAST tool at the NCBI database, and the 
percentage of homology scores were made to 
classify the strains. A neighbor-joining (NJ) tree 
based on phylogenetic analysis (Saitou and Nei, 
1987) was made using MEGA program version 7 
(Kumar et al., 2016). The evolutionary distances 
were calculated using the Maximum Composite 
Likelihood method (Tamura et al., 2004). 
 
RESULTSAND DISCUSSION 

Large amounts of DNA were obtained using 
fresh leaves as a source of genetic material and 
all samples gave positive results with high 
concentration (data not shown). The rbcL gene 
was successfully amplified yielded a large amount 
of DNA (Figure 1). 
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Figure 1. PCR amplification of rbcL products generated from the 30 individual samples. M; 100 
base-pair DNA ladder. 

 
 These results approved that fresh Rosa 

leaves is appropriate source of DNA. It was 
reported that chloroplast DNA genes like rbcL 
were easier to amplify successfully when 
compared with nuclear DNA (Kress et al., 2005). 
Several reports documented and confirmed that 
the DNA markers of chloroplast are quite 
favorable to taxonomic documentation of plant 
species. Therefore, this technique is chosen most 
of the time for plant classification studies (Kress et 
al., 2005; Kress et al., 2007). It is a well-known 
that the use of morphological characteristics is 
unacceptable, especially when studying 
population biology. Consequently, in such studies, 
the use of DNA barcodes is an effective and 
valuable technique. Some ecologists have used 
the code approach to identify specific land 
botanical samples to identify them (Li et al., 2012; 
Yan et al., 2015; Liu et al., 2015). Lately, plant 
diversity was identified via the core plant DNA 
barcode markerrbc L gene (Kesanakurti et al., 
2011). Furthermore, a new Mycotrophic orchid 
genus was discovered by using two different DNA 
barcode markers, the chloroplast matKpseudo 
gene and the nuclear ribosomal ITS gene 
(Tsukaya et al., 2011). On other hand, it was 
documented that the use of the matK gene 
sequence as DNA barcode showed a problem for 
a group of plants, because this chloroplast gene 
felt in a large-scale restructuring during evolution 
(Duffy et al., 2009; De Groot et al., 2011). 

Consequently, it is not confirmed that any of 
the existing barcode DNA genes are appropriate 
to all land plant strains (Roy et al., 2010), thus, 
efforts are now directing on the development of 

complex primer analyses to achieve reliable 
results of land plants. The sequence acquisition 
rate, the product of the success rate of PCR 
amplification and the success rate of sequencing, 
was 100%. Unambiguous rbcL gene nucleotides 
of about 560 bp were sequenced for all collected 
samples. A clear 524 bp was chosen and the 
base compositions of this fragment was A= 143; 
T=151; G=120 and T=110.Thesequences of rbcL 
gene for all samples were completely identical. 
The results of BLAST search in the NCBI 
nucleotide database for amplified rbcL gene 
showed almost 100% match with the other 
chloroplast rbcL in different Rosa species. BLAST 
search resulted in almost 100% identity with 0 
gaps. Within 13 different Rosa species that 
selected to test the utility of rbcL as a barcode 
gene, the interspecific variations of rbcL within 
Rosa species were too small, however it be 
possible to allow the distinction between species. 
As shown in Figure 2, the barcoding sequence of 
CTT at the position 286-288 was found to be the 
barcoding sequence of Rose x damascena, while 
it was TTT in 9 different species and was CCT in 
Rosa canina (Figure 2). Although, Rosa 
roxburghii, Rosa persica and Rosa hugonis 
containing similar sequence of CTT at same 
position, it was found that each species differ in 
one nucleotide than Rose x damascena at 
positions 245, 358 and 501, respectively (Figure 
2).  

The evolutionary history was inferred using 
the Neighbor-Joining method (Kumar et al., 2016).   
The optimal tree with the sum of branch 
length=6.16902099 is shown.   The tree is drawn 
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to scale, with branch lengths in the same units as 
those of the evolutionary distances used to infer 
the phylogenetic tree. The evolutionary distances 
were computed using the Maximum Composite 

Likelihood method (Kress et al., 2005) and are in 
the units of the number of base substitutions per 
site. The analysis involved 16 nucleotide 
sequences. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2. Neighbor-joining phylogeny based on rbcL gene sequences of 3 selected Rosa x 
damascene plants from related Rosa species obtained from a BLAST search of the NCBI. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Figure 3. The nucleotide polymorphic sites within Rosa species identified for rbcL gene. The black  
line indicates the polymorphic sites.  
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All positions containing gaps and missing data 

were eliminated. There were a total of 475 
positions in the final dataset. Evolutionary 
analyses were conducted in MEGA7 (Tamura et 
al.,2004). 

The DNA barcodes identification of plants in 
general and ornamental plants in particular are  
depend mainly on DNA region present in the 
chloroplast genome, which contain many copies 
of the same gene and thus increasing the 
chances of successful detection (Chase et al., 
1993). The interspecific sequence variations of 
such marker from one plant species to another 
leads to the decision for the right gene marker 
cannot be absolute but needs to adapt to each 
individual case (Song et al., 2009).Therefore, 
several gene markers from chloroplast DNA 
(matK and rbcL) or nuclear DNA (ITS) are 
generally used nowadays in plant DNA barcoding 
methodology. The estimated number of the total 
plant species worldwide is supposed to be around 
310,000-422,000 (Graham, 2002). After the 
analysis of DDBJ/EMBL/GenBank databases 
within this large number of plant species, 
approximately 8289 nucleotide sequences were 
identified by matK gene and 12909 nucleotide 
sequence of the rbcL gene. The accessibility of 
gene sequences in databases is anticipated to 
increase quickly, and subsequently, for use in 
plant species identification (Bafeel et al., 2012). 
The phylogenetic Neighbor-joining (NJ) tree was 
constructed using 475 rbcL gene sequences 
(Figure 3). A total of 11 different Rosa species 
clustered into one clade, whereas Rosa x 
damascene trigintipetala, Rosa persica and Rosa 
roxburghii were clustered into other clades. From 
the results, NJ tree could successfully classify 
Rosa x damascene trigintipetala from its relatives, 
including its closely related species which further 
specifies that rbcL is an appropriate DNA barcode 
for Rosa x damascene trigintipetala. Interestingly, 
the thirty varieties of Taif-Roses showed a sister 
relationship to Rosa persica and Rosa roxburghii. 
Consequently, it appeared that there was a 
possible hybridization among these three taxa of 
Rosa plant. This result was in agreement with the 
data obtained from Amer et al., (2016) as they 
concluded that Rosa x damascena trigintipetala, 
the so-called Ward taifi, was not the origin of all 
nowadays Rosa x damascena varieties (Amer et 
al., 2016). 

CONCLUSION 
These data summarize initial valuation that in 

the future will be important and valuable for the 
wide application of DNA barcoding in plant 
ecological studies in particularly ornamental 
plants. The use of rbcL as a core DNA barcode 
gene can significantly contribute to the genetic 
assessment and validation of plants, especially 
those cultivated in Saudi Arabia. Still, in the future, 
it is preferable to develop more protocols to 
isolate and obtain DNA in a clean manner, 
enhance strategies for PCR amplification 
including the development of new primers, and 
reliable local authenticated databases can 
perform important roles in the effective use of 
plant barcoding. 
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