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Abstract: Seven Rosa damascena samples and two check samples were collected and studied for both of the chemical
oil and the molecular genetics composition. Results of oil chemical analyses of the different samples showed a great deal
of resemblance among essential oils resultant from rose samples collected from the same region. The molecular genetics
analyses for the same samples using both RAPD and ISSR techniques showed the same trend in the dendrogram. When
the data were combined and put into one tree, the samples fell into two main clusters: The first combined samples 1 and 2
(Damascus) as the most closely genetically related followed by 3 and 5, and lastly the two checks were entered 4 (Rosa
centifolia) and then 9 (Crataegus). And the second cluster contained three samples: the two closely related 7 and 8
(Aleppo) followed by the most distant sample of all 6. The study concluded that there were a high degree of conformity
between the two dendrograms based on the chemical composition of essential oil on one hand and on the DNA level on
the other hand, stressing the role of environment (mostly annual rainfall) on oil characteristics quality. On the other
hand, based on these results, the authors suggest that sample 6 may not belong to Rosa damascena but to another species,
and this needs further confirmation using cytoplasmic DNA techniques that target the variability at the species level.
Keywords: Rosa damascene; essential oil; RAPDs; ISSRs.

Introduction
The genus Rosa is considered the most important genus in the Rosaceae family comprising approximately 200 species and more than
18000 cultivars (Gudin 2000). It is widely distributed throughout the temperate and subtropical habitats of the northern hemisphere. Among
all Rosa species, Rosa damascena Mill. is the
most important commercially grown species,
producing a high-value aromatic oil, which is
used in the pharmaceutical, flavorings and fragrance industries, and for rose water production
(Douglas 1993; Narayan and Kumar 2003).
Moreover, it is grown as garden roses known as
the Damask rose (Rosa damascena). Rosa damascene first grow wild and it is still selfgrowing in Caucasus, Syria, Morocco and Andalusia, Iran has also been mentioned as one of
its origins (Chevallier 1996). It is generally accepted that Damask rose was introduced from
the Middle East into western Europe and reintroduced later in the 16th century (Beales et
al. 1998). Some varieties of Rosa damascena
*Corresponding author: (E-mail) ascientific<A.T.>aec.org.sy
©2012 Open Access Science Research Publisher

Mill. are of great importance for rose oil production, others are widely cultivated as garden
roses (Rusanov et al. 2005).The world main
producers of rose oil are Bulgaria, Turkey and
Iran and to a less extend India, China and
Northern Africa (Rusanov et al. 2009).
Although, its name is associated with Damascus and the damascene culture where it is
reported that every traditional damascene house
used to have a Damask rose in its backyard, it
was gradually diminished with the extension of
modern flats which lack the possibility of growing the Damask rose.
Damask rose preparations are used internally in Ayurveda, traditional Indian medicine, for
soothing various complaints (Grieve 1971).
Rose oil is used typically for all types of skin
conditions from dry skin to aging skin as it softens and enhances tone and texture. Cold cream
was originally known as ‘ointment of rose water’ because it contained rose oil and rose water. External application of rose essential oil is
http://www.openaccessscience.com
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useful in soothing irritated skin. In aromatherapy, rose essential oil is utilized to counter depression, anxiety, grief, and negative feelings
(Grieve 1971; Bown 2001).The scent alone is
said to have an uplifting and stabilizing effect
(Schnaubelt 1998). In recent years, antioxidant,
antibacterial and antimicrobial activities of R.
damascena essential oil have been demonstrated
by Achuthan et al. (2003), Basim and Basim
(2003), Özkan et al. (2004) and Buckle (2003).
It is good for heart diseases, for eczema and also
it contains high percentage of vitamin C which
is necessary for collagen synthesis (Lawless
1995; Ardogan et al. 2002; Achuthan et al.
2003).
Very recently, the Syrian first lady gave
special attention to the Damask rose through her
appearance in a farm growing Damask rose encouraging the farmers to keep growing this
unique tree. In Syria, the Damask rose can be
found in Damascus and many of its suburbs and
in Aleppo, and despite its aforementioned im-

portance, there is a lack of information about its
genetic diversity and the characteristics of it essential oil. Thus, the aim of this study was to
document all related information regarding the
genetic diversity and the essential oil characteristics of Damask rose in all Syrian regions that
were found to grow this unique Shrub.
Material and methods
Plant material and DNA extraction
A set of 7 rose genotypes Rosa damascena
Mill and one Rosa centifolia were collected during flowering time from various regions in Syria. From each genotype, samples from 3-5
plants were bulked and used as one sample for
the chemical and the molecular analyses. Table
1 shows the general characteristics and the geographic distribution for these genotypes. A distant check that belongs to a different genus was
also studied to verify the distance from the studied species.

Table 1: Genotypes used in this study, the tree characteristics, altitude, and annual.
No Region
1
2
3
4
5
6
7
8
9

Damascus , Abu-Jarash
Damascus , Abu-Jarash
Damascus , Misraba
Damascus , Abu-Jarash
Qalamoun, Al-Mrahh
Ourneh
Aleppo
Aleppo
Latakia(Costal Mountain region)

Species

Tree characteristics

Rosa damascena
Rosa damascena
Rosa damascena
Rosa centifolia
Rosa damascena
Rosa damascena
Rosa damascena
Rosa damascena
Crataegus L.

upright bushes, bent thorns
upright bushes, bent thorns
fence, bent thorns
upright bushes, little thorns
upright bushes, bent thorns
fence, dense thorns
fence ,little thorn
fence ,little thorns
Upright tree 2.5m, yellow fruit,

Altitude
(m)
730
730
650-750
730
1550
1600
392
392
600-700

Annual rainfall
(mm)
189.8
189.8
210
189.8
131-250
800
350-450
350-450
700-800

Essential oil extraction

Essential oil components

Essential oil was extracted from fresh flowers that were collected in the early morning of
the same day according to the standard protocols (British Pharmacopoeia 1993). Two hundred g of flowers representative of each sample
(air-dried at ambient temperature) were added to
2000 ml of distilled water and hydro distilled
using a Clevenger-type apparatus for 3.5- 4 h
where most of the essential oil was extracted
and kept in dark colored glass bottles and to
which an anhydrous sodium sulphate was added
and stored until use at 4-6 °C.

Qualitative analysis was carried out using
Gas
chromatography/mass
spectrometry
(GC/MS) analysis using an Agilent GC/MS
5937 model 5937 equipped with a DP35 capillary column (30m x 0.32 mm, 0.5um film thickness) with argon as the carrier gas at a flow rate
of 0.9 ml/min and split rate at 440 ml/min.
Oven temperature was performed as follows:50
°C (2 min) to 190 °C at 2 °C/min, then to 250
°C at 4 °C/min. Injector temperature was 225
°C, and interface Temp was 295 °C.; detector
temperature, 260 °C; carrier gas, He (0.9
ml/min).
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Quantitative analysis was carried out using
an Agilent GC Model 6890 N equipped with
DP35 capillary column (30m x 0.32 mm, 0.5um
film thickness) with helium as the carrier gas
(0.6 ml/min). Detector used was Flame Ionization Detector (FID) at 250 °C. Oven temperature used for quantitative analysis was similar to
the above mentioned qualitative analysis. The
components of the oil were identified by comparison of their mass spectra and retention indices (RI) with those given in literature.
Molecular analyses
DNA preparation
Collected young leaves from 3-5 shrubs
representing the genotype of each location were
treated as one sample. The samples were
washed several times in distilled water, put in
liquid nitrogen and stored at -60°C until use.
The DNA was isolated by quick method
(Dorokhov and Klocke 1997). 0.4 grams of
young leaves were ground to powder in liquid
nitrogen using a mortar and pestle. The powder
was transformed into 2ml Eppendorf tubes and
mixed with 800µl of extraction buffer [200mM
Tris-HCl (pH=7.5), 250mM NaCl, 25mM EDTA (Ethylenediamine tetra acetic acid), and
0.5% SDS]. The tubes were homogenized and
vortexed for 5 seconds then incubated at 65 oC
for 15 min. A 400µl of cold 5M Potassium acetate were added to each tube and put on ice for
10 min. The tubes were then centrifuged at
15000 rpm for 15 min. and the upper aqueous
phase (about 500µl) was recovered to a new
tube and mixed with the same volume of isopropanol and left for 10 min. The tubes were
then centrifuged at 15000 rpm for 10 min. and
the nucleic acid precipitate was washed twice
with cold 65% ethanol, then centrifuged at
15000 rpm for 10 min., dried under the laminar
flow and resuspended in 150µl of 0.1 X TE buffer (1 mM Tris-HCl, 0.1 mM EDTA, pH 8.0).
Integrity of DNAs was proved by agarose
gel electrophoresis, and DNA concentrations
were determined using a Gene Quant spectrometer (Amersham Biociences). A working con-

Mirali et al.

43
Genetic characterization and essential oils of Rosa damascene

centration of all DNA samples was set at 10
ng/µl.
RAPD analysis
PCR reactions were carried out in 12.5 μl
volumes containing [100 mM Tris-HCl [pH 8.8
(at 25 oC)], 50 mM (NH4)2SO4, 5X10-5Bovine
syrum albumin,2X10-7 Tween20], 3.2 mM
MgSO4, 0.25 mM of each dNTP (Roache), 1
unit of Taq polymerase (Fermentas), 10 ng of
genomic DNA and 60 ng primer [27 primers
(OPERON) and 5 primers (Amersham) (Table
2). Amplification was performed in a Genius
Hybaid Thermal Cycler (Techne, UK) with the
following program: 94 oC for 1 min, then 94 oC
for 10 sec, 35 oC for 10 sec and 72 oC for 70 sec
for 45 cycles. A final extension cycle was performed at 72 oC for 2 min. Amplification products were stored at 4oC until visualization on
agarose gel electrophoresis. The PCR products
were electrophoresed on 1.2% ethidium bromide
(Fluka)-stained agarose (Q. BIOgene) gels in
0.5X Tris Borate EDTA (TBE). A 100 bp ladder
(Vivantis) was used to estimate the approximate
molecular weight of amplification products.
ISSR analysis
PCR reactions were carried out in 12.5 μl
volumes containing [100 mM Tris-HCl [pH 8.8
(at 25 oC)], 50 mM (NH4)2SO4, 5X105Bovine syrum albumin,2X10-7 Tween20], 3.2
mM MgSO4, 0.25 mM of each dNTP (Roache),
1 unit of Taq polymerase (Fermentas), 20 ng of
genomic DNA and 150 Pmol of each primer
(Alfa and Invitrogen) (Table 3).
Amplification was performed in an Eppendorf Cycler with the following program: 94 oC
for 5 min, then 94 oC for 10 sec, 50 oC for 10
sec and 72 oC for 10 sec for 40 cycles. A final
extension cycle was performed at 72 oC for 7
min. Amplification products were stored at 4oC
until visualization on agarose gel electrophoresis.
The PCR products were electrophoresed on
1.8% ethidium bromide (Fluka)-stained agarose
(Q. BIOgene) gels in 0.5X Tris Borate EDTA
(TBE). A 100 bp ladder (Vivantis) was used to
estimate the approximate molecular weight of
amplification products.
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Table 2: Number of RAPD amplified bands scored per primer
Primer name Sequence

Amersham 2
Amersham 3
Amersham 4
Amersham 5
Amersham 6
OP-D08
OP-E01
OP-E05
OP-E06
OP-E07
OP-E08
OP-E09
OP-i08
OP-i11
OP-i12
OP-i15
OP-i17
OP-N03
OP-N04
OP-N05
OP-N14
OP-N18
OP-R04
OP-R06
OP-R08
OP-R09
OP-R13
OP-R15
OP-R17
OP-Z04
OP-Z07
OP-Z11
Sum

GTTTCGCTCC
GTAGACCCGT
AAGAGCCCGT
AACGCGCAAC
CCCGTCAGCA
GTGTGCCCCA
CCCAAGGTCC
TCAGGGAGGT
AAGACCCCTC
AGATGCAGCC
TCACCACGGT
CTTCACCCGA
TTTGCCCGGT
ACATGCCGTG
AGAGGGCACA
TCATCCGAGG
GGTGGTGATG
GGTACTCCCC
GACCGACCCA
ACTGAACGCC
TCGTGCGGGT
GGTGAGGTCA
CCCGTAGCAC
GTCTACGGCA
CCCGTTGCCT
TGAGCACGAG
GGACGACAAG
GGACAACGAG
CCGTACGTAG
AGGCTGTGCT
CCAGGAGGAC
CTCAGTCGCA

Total no.
of lines
17
21
10
3
6
8
16
9
13
12
6
7
9
17
15
8
1
10
14
12
10
13
20
14
6
14
11
9
2
16
17
18
364

Total no. of
polymorphic
lines
17
21
10
2
3
6
16
9
13
12
4
7
9
16
15
8
0
9
14
11
10
13
20
14
6
14
9
7
1
16
17
18
347

Statistical analysis
Results of essential oil analyses for the studied Rosa damascena biotypes were statistically
analyzed using GenStat exectable program to
construct the phylogenetic cluster based on the
chemical analyses of essential oils. The same
data was also introduced to M-STAT program
to obtain the least significant difference (LSD)
between all tested biotypes.
Resultant bands were screened and photographed under UV light. All reactions were repeated at least twice and only bands that were
bright, reproducible were scored for the analysis. Bands were scored either 1 as present or 0
as absent, and the unweighted pair group method with arithmetic averages (UPGMA)
(Sneath et al. 1973) and percent disagreement
Mirali et al.

%Polymorphic
lines
100
100
100
67
50
75
100
100
100
100
67
100
100
94
100
100
0
90
100
92
100
100
100
100
100
100
82
78
50
100
100
100

No. of
fragments
amplified
35
56
20
13
33
37
38
16
27
37
27
19
17
62
49
17
9
35
38
45
30
33
52
33
17
47
50
38
10
54
53
49
1096

No. of
polymorphic
fragments
35
56
20
4
6
19
38
16
27
37
9
19
17
53
49
17
0
26
38
36
30
33
52
33
17
47
32
20
1
54
53
49
943

values of the STATISTICA program (STATSOFT, Inc. 2003) were used to construct the
matrix and the phylogenetic trees.
Results and discussion
Table 4 shows the percentages of the 18 essential oil components determined from all rose
samples tested using both GC and GC-MS techniques. The total percentage of all components
ranged from 52.5 to 78.6% for Rosa damascena
samples whereas it was 51.1% for Rosa centifolia. The five major components were: B- citronellol (9.8- 46.9%), eugenol methyl ether (1.122.6%), nonadecane (0.8-23%), henicosane
(0.4-15.2%), phenyl –ethyl alcohol (1.410.4%). Significant differences were recorded
http://www.openaccessscience.com
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among the major components according to the
geographical locations, indicating that there are
more than one chemical type of essential oil in
Damascus and its suburbs (1, 2, and 3), Ourneh
(6), Qalamoun (5), and Aleppo (7 and 8). Damascus samples (1, 2 and 3) were characterized
by having significantly lower levels of B- citronellol, geraniol, phenyl –ethyl alcohol compared
to other locations, whereas, significantly higher
levels of nonadecane, Z5-nonadecane, eicosane,
henicosane and tricosane were realized compared to the samples of other locations. It should
be noted that Damascus samples (1 and 2) were

also distinct from that of its suburb (3). As for
Aleppo samples (7 and 8), eugenol methyl ether
attained highest percentage (21.8- 22.6%) followed by citronellol (21.7- 22.1%), but were
characterized by having low levels of nonadecane, eicosane, henicosane and tricosane compared to the samples collected from other locations. On the other hand, Qalamoun biotype (5)
was characterized by having statistically significant higher levels of citronellol and geraniol,
and lower levels of nonadecane, eicosane, henicosane and tricosane compared to the samples
collected from other locations.

Table 3: Number of ISSR amplified bands scored per primer
Primer name

Sequence

A1
A4
A7
A10
A13
A16
A26
A31
A34
A38
A41
A44
B3
B4
B7
B10
B13
C22
D4
164/2
164/4
Sum

(CA)6RR
(CA)6RY
(CA)6RM
(CA)6RK
(CA)6RS
(CA)6R
(CA)6K
(AGC)4R
(AGC)4Y
(AGC)4M
(AGC)4K
(AGC)4S
(CT)8TG
(CA)6 GG
(GTG)3 GC
(CAG)5
(CAA)5
(AG)8T
(GATA)4
(AG)10 C
(GACA)4

Total no.
of lines
13
9
15
3
5
7
9
8
10
7
14
11
17
5
6
4
18
6
13
7
10
197

Total no. of
polymorphic
lines
12
9
15
0
1
4
8
8
7
5
11
8
17
2
6
1
17
4
13
6
7
161

Ourneh sample (6) was characterized by
having highest level of Phenyl ethyl Alcohol
(10.4%) and reasonably high levels of B- citronellol and eugenol methyl ether (28% and
13.8% respectively) among all its essential oil
components.
Indirect environmental factors especially
rainfall and altitude seems to have a big role in
the determination of components ratio. Thus the
percentage of B- citronellol reached an enormMirali et al.

%Polymorphic
lines
92
100
100
0
20
57
89
100
70
71
79
73
100
40
100
25
94
67
100
86
70

No. of
fragments
amplified
56
28
36
27
37
35
27
19
57
37
72
61
41
38
22
32
61
36
50
35
54
861

No. of
polymorphic
fragments
47
28
36
0
1
8
18
19
30
19
45
34
41
11
22
5
52
18
50
35
27
546

ous 47% followed by 8.2% of geraniol whereas
none of the other components reach 2% in sample 5 (Qalamoun). Damascus samples 1 and 2
and that of its suburb 3 contained the lowest levels of B- citronellol (9.6- 13%), whereas the
percentages of nonadecane, eicosane, henicosane and tricosane were highest among all Rosa
damascena samples. As for Aleppo biotypes 7
and 8 B- citronellol level was around 22% and
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that of geraniol around 4.7% whereas nonadecane level was very low (1.2%).
The variation in the percentage of the essential oil components among the studied samples
may be due to the specific environmental conditions in each area that have formulated these
biotypes through the years, with any change in
the environmental conditions would probably
lead to a change in the selection pressure, and
thus a differential gene selection would be expected from one sample to another within the
entire region (Yousefi et al. 2009).
Using Genestat program, the different essential components were included in the similarity
matrix to establish the dendrogram based on the
chemical analyses (Figure 1A). The rose samples were clustered into two main clusters: The
first contains only Ourneh type (6), and the
second contains two subclusters. The first subcluster contained the Rosa centifolia check (4),
and the second was divided into two groups.
The first group contained Damascus region
samples (1, 2 and 3), whereas, the second group
contained two subgroups. The first contained
Aleppo region samples (7 and 8), and the
second contained Al-Qalamoun sample (5).
Figure 1A shows clearly that the Aleppo
samples 7 and 8 were almost identical in their
essential oil components and its concentration
(99%). It should be noted that these two samples
were collected from places that have similar altitude (316 and 369m), and the same applies to
Damascus samples 1 and 2 which also attained
high similarity percentage (97.3%). Figure 1A
also shows that Ourneh sample (6) was the outgroup in the cluster, even more than the R. centifolia check (4). Quantitative and qualitative
differences have been reported between the
chemical composition and the aroma constituents of essential oil extracted from R. damascena and R. centifolia. Thus, Khan and Rehman
(2005) found that the recovery of essential oil
from petals of R. damascena was higher
(0.24%) than R. centifolia (0.22%) on fresh
weight basis and that oil color of the latter was
yellowish brown while the color of absolute oil
of the former was yellowish. Our results showed
that except for farnesol and 9 nonadecane, all
other essential oil components of R. centifolia
Mirali et al.
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were lower than that of R. damascena (Table 4).
These results are contradictory to those reported
by Khan and Rehman (2005) who mentioned
that the only component that was higher in R.
damascena compared to R. centifolia was
phenyl ethyl alcohol. It is evident that the components of R. damascena essential oil are favorable to those of the other rose species oils.
Among R. damascena essential oil components
B-citronellol is one of the most important and
which gives it the relative preference compared
to other rose oils. The percentage of Bcitronellol was highest in Al-Qalamoun sample
(5) reaching 46.9% followed by Ourneh sample
(6) 28%, whereas Damascus sample (3) attained
the lowest percentage among all R. damascena
studied samples (9.65%) which is still considered as high compared to B-citronellol percentage attained in R. centifolia (sample 4)
(2.95%).
Figure 1: Dendrogram showing the degree of
relatedness among the rose samples based on:
(A)
The chemical analysis of essential oil
(Samples numbers 1-9 as in table 1).

(B)

Combined RAPDs and ISSR data.
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Table 4: Essential oil components of studied rose samples
Component
Sample
Linalool
Rose oxide
Phenyle ethyle Alcohol
a- terpiniol
B-Citronellol
Citral
Trans-Geraneol
Eugenol methyle ether
a- Muurolene
Pentadecane
a-Cadinene
Farnesol
9-Nonadecan
Z5-Nonadecan
Nonadecan
Eicosan
Henicosan
Tricosan
Sum

1

2

3

4

5

6

7

8

E
A
3.42
E
1.57
E
E
12.95
D
F
1.91
E
4.95
B
B
B
C
F
A
6.56
B
22.58
A
4.08
A
15.22
B
5.37
78.61

E
A
3.38
F
1.4
E
F
11.84
D
E
2.54
D
5.37
B
B
B
C
F
B
6.54
A
22.98
B
3.87
B
14.96
A
5.54
78.42

E
E
1.06
D
1.85
E
G
9.64
D
G
1.35
F
2.68
B
A
0.51
B
C
F
C
4.03
D
15.01
C
2.35
D
10.39
C
3.6
52.46

E
F
0.88
G
1.33
E
H
2.95
D
H
F
2.72
B
B
B
A
0.95
A
9.8
D
0.74
C
17.55
D
2.26
C
11.9
F
51.08

C
1.9
G
B
C
0.56
A
46.9
B
0.66
A
8.19
G
1.11
A
0.26
B
B
B
0.37
E
0.16
G
B
0.76
G
0.29
F
1.85
D
1.81
64.82

D
1.47
D
1.77
A
10.38
D
0.47
B
27.95
C
0.36
D
3.59
C
13.83
B
B
A
0.49
C
B
2.44
G
E
5.45
E
1.04
E
2.87
E
0.75
72.86

A
2.36
B
2.49
C
8.48
A
1.12
D
21.65
A
1.36
B
4.82
A
22.57
B
B
B
C
D
0.53
E
0.5
F
1.24
G
0.28
G
0.66
F
68.07

B
2.26
C
2.38
b
9.01
B
1.01
C
22.1
A
1.3
C
4.65
B
21.8
B
B
B
C
C
0.69
F
0.44
G
1.18
F
0.4
H
0.43
F
67.7

It should be noted that Ourneh location is
distinguished by its high altitude (1600m) and
high annual rainfall (800mm) compared to other
locations. This result is in conformity with those
reported by Tabaei-Aghdaei et al. (2007) regarding the clustering of their landraces collected from different regions in Iran. They have
shown that a landrace (no 12) collected from a
cold and humid region was separated from those
collected from all 13 other regions. On the other hand, it seems that the oil quality of Ourneh
sample (6) in our study is reasonably good
(28%) since it has twice the minimum Bcitronellol percentage reported by Khouzani et
al. (2007).
Mirali et al.

LSD5 %
0.013
0.049
0.067
0.012
0.066
0.013
0.017
0.019
0.006
0.006
0.006
0.008
0.015
0.015
0.017
0.013
0.015
0.061

RAPD analysisThe 32 RAPD primers applied on the tested rose samples resulted in 364
lines, out of which 347 lines were polymorphic
(95%). Figure 2A shows the highly polymorphic
banding patterns resultant from the use of primer OP-N05. The primers showed polymorphic
lines that ranged from 0 (OP-I17) to 100% in 21
primers (Table 2). The total number of unambiguous DNA fragments was 1096 with 943 of
which being polymorphic (86%). This percentage is higher than that obtained by TabaeiAghdaei et al (2006) who studied 12 Iranian
rose landraces using 22 RAPD primers (67%),
and the 55.4% obtained by Kiani et al. (2008)
who studied 41 Iranian lines using 31 RAPD
http://www.openaccessscience.com
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primers. In a previous study using 13 RAPD
primers on 10 R. damascena cultivars and 9
wild species from three Rose groups, Debener et
al. (1996) showed that cultivated rose varieties
contain larger genetic diversity than the wild
species. They concluded that cultivated roses
display a high level of genetic variability despite
the fact that single morphological and physiological characters may be less polymorphic
within rose groups.
Figure 2. (A) Polymorphism generated from the
use of RAPD primer OP-N05 on rose samples
studied (L: 100bp DNA ladder, Samples numbers 1-9 as in table 1)

(B) Polymorphism generated from the use of
ISSR primer B3 on rose samples studied.
(L: 100bp DNA ladder, Samples numbers 1-9 as
in table 1)

The size of amplified fragments ranged between 300 and 3000bp. Table 5 shows the 5 rose
samples that were distinguished by a unique
RAPD band from applying different primers.
The highest MW was obtained with OP-E09 and
sample 8 (2500bp) and the lowest was obtained
with OP-E07 and sample 1 (650bp). Notably
Mirali et al.
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OP-E09characterized two samples whereas
Amer 3, Amer 4, Amer 5, OP-E07, OP-N03,
OP-N18 and OP-R15 characterized one sample.
Table 5: Approximate molecular weights for
unique bands using RAPD and ISSR
Sample Region
No.
RAPD unique bands
1
Damascus , Abu-Jarash
1
Damascus , Abu-Jarash
1
Damascus , Abu-Jarash
4
R. centifolia
5
Qalamoun, Al-Mrahh
6
Ourneh
6
Ourneh
7
Aleppo
8
Aleppo
ISSR unique bands
6
Ourneh
6
Ourneh
7
Aleppo
7
Aleppo
7
Aleppo
8
Aleppo

Primer

Unique
band MW

OP-E07
OP-N03
Amersham4
Amersham3
OP-E09
OP-R15
OP-E09
OP-N18
Amersham5

650
1200
1500-2000
850
700
1000
2500
800
1500

C26
164-4
A26
A26
A26
B7

1000
500-400
600
700
1000
600

In order to estimate the degree of relatedness
among the studied rose cultivars based on common amplified fragments, a percent disagreement values (PDV) matrix was established. In
the matrix, higher values denotes to the existence of large genetic diversity which may be
due to the occurrence of different crosses and
selections of segregates under variable environmental pressures, leading to rose genomes
comprising mosaics of different species genomes (Debener et al. 1996).
The RAPD matrix (data not shown) showed
that percent disagreement values (PDV) were
lowest between samples 1 and 2 (from Damascus) (0.24) and highest between sample 6 (Ourneh) and the Crataegus check (no 9) (0.49), followed by sample 6 (Ourneh) and sample 5 (Qalamoun), and between sample 6 (Ourneh) and
the R. centifolia (no 4) sample (0.45). This indicates that sample 6 (Ourneh) is quite distal from
both checks (Crataegus no 9 and R. centifolia
no 4) as well as from sample 5 (Qalamoun). The
matrix data was put in a dendrogram (data not
shown) which shows a close representation of
the values obtained in the PDV matrix. The rose
samples were split into two main clusters: The
first contained the Damascus and its suburb
samples and was characterized by its low PDV,
the most closely related samples of all were 1
http://www.openaccessscience.com
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and 2 (PDV=0.24) followed by sample 3 (Damascus suburb) and with R. centifolia (no 4),
then with sample 5 (Qalamoun). The second
cluster included samples 7 and 8 (Aleppo) at
(PDV=0.25) which were combined with sample
6 (Ourneh) at (PDV=0.31 and 0.36 respectively). It should be noted that the dendrogram divided the samples according to the annual rainfall rates, thus all samples in cluster 1 had lesser
than 250mm whereas those of cluster 2 had
more than 350mm (Table1).
ISSR analysis
To further evaluate the genetic relatedness
among the collected rose samples, They were
subjected to 21 ISSR primers ranging between
13 and 21bases. Table 3 shows the primer sequences, number of lines per primer, number of
polymorphic lines and number of polymorphic
bands, and Figure 2B shows the amplification
products resultant from the use of primer B1 on
the studied samples.
The use of the 21 primers for DNA amplification on the studied samples generated 197
lines of bands of which 161 (81.7%) were polymorphic. Only 6 primers generated polymorphism in
all lines of bands (100%). The polymorphism in the remaining 15 primers ranged from
0% for primer A10 to to 94% for primer B13.
The total number of bands generated from all
primers used was 861 bands of which 546 were
Polymorphic (63.4%)(Table 3). It should be
noted that Crespel et al. (2009) were the first to
report that ISSR was an efficient technique for
varietal identification and for the estimation of
genetic relatedness among rose cultivars, they
were able to discriminate among 33 rose cultivar, and obtained a high polymorphism percentage (93.7%). On the other hand, Jabbarzadeh
et al. (2010) recommended the use of ISSR to
discriminate among Rosa species since the technique does not need any prior primer sequence
information in addition to being very simple,
fast, cost effective, highly discriminative, reliable and requires small quantity of sample DNA.
The PDV matrix established and the resultant dendrogram (data not shown) indicated that
highest PDV obtained was between R. centifolia
no 4 and sample 6 (Ourneh) (0.46) and the lowMirali et al.
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est between samples 1 and 2 (from Damascus)
and between 2 and 3 (0.14).
The rose samples were split into two main
clusters: The first contained the samples 7 and 8
(Aleppo) and sample 6 (Ourneh) and the second
cluster contained two subclusters, the first included Crataegus no 9 and the second contained
two groups R. centifolia no 4 in one and all
Damascus samples 1, 2 and 3 and sample 5 (Qalamoun). ISSR divided the samples in a similar
way to that of RAPD except that R. centifolia no
4 is distal to all R. damascena samples in the
cluster. The other difference was that the degree
of variance among the samples was, as expected, lower in ISSR than that of RAPD, due to
lower number of amplification fragments in the
former compared to the latter (data not shown).
The sizes of DNA bands shown in amplification products ranged from 400–1000 bp.
Unique bands were observed for two samples
(sizes 300 to 1250 bp). Table 5 shows the rose
samples that were distinguished by a unique
band from applying different primers. Sample 1
was distinguished by 3 bands and primer A26
discriminated this biotype by two unique bands
at MW 600 and 700bp. sample 6 (Ourneh) was
also distinguished by two unique bands when
the two primers used C26 and 164-4.
Combined RAPD & ISSR analyses
Since RAPD and ISSR amplify different
parts of the genome, the data of the two applied
marker techniques were combined to obtain
more balanced values for genetic similarity
among cultivars and an equilibrated dendrogram
representation of the relationships among the
studied rose samples. The resultant matrix
showed that the highest PDV obtained was 0.47
(between sample 6 (Ourneh) and the Crataegus
check no 9), and the lowest PDV was 0.21
found between sample 1 and 2 (Damascus) and
between sample 2 and 3 (data not shown).
The dendrogram resultant from the PDV
matrix of RAPD and ISSR data is shown in Figure 1B. The rose samples were split into two
main clusters: The first contained two subclusters, the first included Crataegus no 9 and the
second contained a group including Damascus
samples 1, 2 sample 5 (Qalamoun) and R. centifolia no 4, and the second main cluster conhttp://www.openaccessscience.com
ijmap@openaccessscience.com
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tained samples 7 and 8 (Aleppo) and sample 6
(Ourneh) . The combination of both markers
allowed us to explore the DNA polymorphism
in the collection of samples analyzed, and generate many polymorphic markers ensuring a
good coverage of the genome. These results
suggest that the RAPD and ISSR procedures are
viable approaches for the examination of the
DNA diversity in R. damascena.
The relationship between chemical and molecular characterization
In general, the results of both the chemical
and molecular studies showed that studied samples were, to a large extent, clustered in a similar way according to the essential oils characteristics and molecular genetics characteristics. In
both cases, most of the samples belonging to R.
damascena, except for sample 6, were close to
each other. It should be noted that sample 6 belonged to Ourneh region which is characterized
by being located on high altitude area (1600m)
with significantly higher annual rainfall rate
(800mm) than all other regions.
The effect of environmental conditions on
oil quality is not surprising, Younis et al. (2007)
reported that the quantity and the quality of distilled petals rose oil are strongly affected by
each of the environmental conditions, petals
harvest time, the techniques used in industry
and distillation, and by the cultivars. What is
surprising that variability whether in oil characteristics or on the molecular genetics level being
larger within the same species than that of
among species. In fact, it is quite difficult to interpret the result that sample 4 which belong to
a different species R. centifolia is closer to the
other samples that belong to R. damascena than
sample 6 from Ourneh region which also belongs to R. damascena, especially that R. damascena is the only species characterized by its
unique quality in essential oil. This partially explains the low level of genetic diversity in Damask rose in Bulgaria and Turkey, the two main
producers of Damask rose essential oil worldwide. Rusanov et al. (2005) showed no mutated
alleles in 33 microsatellite loci after analysis of
31 R. damascena accessions originating from
common ancestor genotype (phenotype trigintipetala), which have been vegetatively propagatMirali et al.
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ed for a long time (at least one to four centuries)
in different geographic regions of Europe and
Asia. Therefore, It is suggested that sample 6
may not belong to R. damascena but to another
species. To definitely resolve this issue, further
analyses using cytoplasmic DNA techniques
aiming at detecting variations at the species level are required.
In a recent review paper, Rusanov et al.
(2009) reported that Damask rose oil world production depends on only one or very few genotypes. Turkish scientists Agaoglu et al. (2000a
2000b) and Baydar et al. (2004) did not find any
differences among their local lines using several
molecular techniques (RAPD, AFLP and SSR).
The Bulgarian scientists reached the same result
when they analyzed lines from Iran, India and
Turkey. Furthermore, they did not find any statistical differences among old Damask rose lines
grown in Western Europe for essential oil production (Rusanov et al. 2005). However, genetic
diversity studies carried out in Iran revealed
high levels of polymorphism among rose genotypes collected from the most important cultivation regions for this species (Emadpour et al.
2009, Pirseyedi et al. 2005, Babaei et al. 2007,
Kiani et al. 2008) suggesting that Iran is a center
of diversity of Damask rose.
Our results are in conformity with those
from Iran, since our samples showed a large genetic diversity which may be due to the fact that
these two regions represent centers of diversity
of Damask rose, not ruling out possible other
diversity centers for R. damascena. It should be
stressed that the narrow genetic base in Damask
rose reported in Bulgaria and Turkey is most
probably due to relying on one phenotype (trigintipetala) that has been vegetatively propagated for a long time in different geographic regions of Europe and Asia because of the strict
parameters of the rose oil that has been governed by the international standard ISO9842
which specifies certain characteristics of the oil
of rose (Rosa x damascena Miller) to facilitate
assessment of its quality.
Conclusions
The present study concluded that there were a
high degree of conformity between the two
dendrograms based on the chemical composihttp://www.openaccessscience.com
ijmap@openaccessscience.com
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tion of essential oil on one hand and on the
DNA level on the other hand, stressing the role
of environment (mostly annual rainfall) on oil
characteristics quality. On the basis of these results, it was suggested that sample 6 may not
belong to Rosa damascena but to another species. However, this needs further confirmation
using cytoplasmic DNA techniques that target
the variability at the species level.
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