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Abstract
Background and Objective: Roses are the world's best-known garden plants, established as ornamental plants cultivated for their blooms.
Taif rose (Rosa damascena trigintipetala) refers to the Damascus Rose species and is regarded one of Taif Governorate's most significant
financial goods, which produces an extremely fragrant commercially precious essential oil. The objective of current study was to assess
the genetic stability of micropropagated Taif rose and to assess the usefulness of Conserved DNA Derived Polymorphism (CDDP) and DNA-
barcoding genes such as; rpoC1 (chloroplast gene RNA polymerase1) in the detection of somaclonal variation. Materials and Methods:
Ten combinations of CDDP PCR primers were employed and the rpoC1 gene region was sequenced for mother plant (control) and
micropropagated plantlets of Taif rose plant. Results: Based on CDDP data, phylogenetic divergence indicated that the distinct specimens
of Taif rose micro-propagated plantlets and control were genetically differentiated by a difference of 1% of genetic dissimilarity.
Phylogenetic tree which developed using rpoC1 DNA showed that rpoC1 DNA sequencing discovered a genetic difference between the
control and micro-propagated plantlets of Taif rose. Conclusion: Furthermore, CDDP and DNA barcoding using rpoC1 gene have
demonstrated their usefulness in investigating the genetic history of Rosa species and their ability to explore genetic mutation.
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INTRODUCTION

Roses are the world's best-known garden plants,
established as ornamental plants cultivated for their blooms
used as cut flowers, potted plants and garden plants and
regarded to be the most significant crops in the floriculture
sector1,2. The Rosa genus is a part of the Rosaceae family,
which has categorized more than 150 species3. More than
20,000 business cultivars are founded jointly on only eight
wild species4. Taif rose, R. damascena trigintipetala refers to
the Damascus Rose species and is regarded one of Taif
Governorate's most significant financial goods, Saudi Arabia,
which produces an extremely fragrant commercially precious
essential oil. Taif rose plays a significant part in the domestic
economy because of their high importance in the export of
their oil to the Arab countries, medicinal use, ornamentation
and perfume production5,6. Al-Taif rose products, besides rose
oil are rose humidity and drained petals used in the
medication, fragrance and make-up industries7. The seeds,
stem cutting, grafting, budding, cutting-grafting, cutting-
budding, root grafting and tissue culture are different
methods to propagate rose species8,9.
Tissue culture is the aseptic culture of whole plants,

organs, tissues or single cells, in vitro, under maintained
nutritional and environmental conditions for the production
of plant clones. These conditions include a suitable supply of
nutrients, a medium pH, a suitable temperature and a suitable
gaseous and liquid environment. The resulting clones are true
to the selected genotype10. One way of expanding clonal
selection could be by inducing somaclonal distinctions varying
from easy-to-detect deviations, particularly morphological
characteristics, to subtle deviations in intensity, bunch, fruit
dimensions and chemical content11. Generating true-to-type
plant products in a rootstock micropropagation scheme is of
excellent significance, so soma-clonal changes of any kind can
multiply very quickly if caused and contribute to the loss of the
primary characteristics of parent root stocks12.

Moreover, this genetic instability may present a risk
associated with the application of in vitro  growing techniques
for the processing and retention of germplasms13. When plant
tissue is cultivated in vitro, many of the regenerated plantlets
no longer are available to be clonal copies of their donor
genotype, probably due to epigenetic changes. The wider
usefulness of any micro-propagation system can be limited
due to cryptic genetic changes and the development of soma-
clones14.

Molecular marker assays is one of the valuable genetic
study tools, using PCR molecular markers to target genomic
regions of plants. The PCR pieces may infer the  plant  species

explored genetic diversity and population structure15. In
addition, sophisticated analysis of molecular markers could be
used to correlate PCR markers with the plant gene network,
offering plant scientists greater control over their genetic
assets16,17. Different molecular markers have been used to
study  the  somaclonal  variation  in micropropagated rose
such as; RAPD analysis18 and Inter Simple Sequence Repeat
(ISSR)19.
Conserved DNA-Derived Polymorphism (CDDP) is a

process for the production of plant DNA markers for protein
sequences of preserved amino acids. This assay is suggested
to be used in conjunction with or as a substitute for other
functionally simple dominant indicator indicator methods
such as focused quantitative loci mapping20. The CDDP was
being used to evaluate genetic diversity in chickpea21 and date
palm22.
DNA barcoding involved the sequencing of a standard

DNA region as a technique of species identification23. In the
study of  various  plant  species, several plastid genome
regions such as; mat K, rbcL, ropC1, rpoB and trnH-psbA were
commonly evaluated. The plastid gene ropC1 has been
applied to study the diversity of Calluna24, Gongora25 and
Apocynaceae26 species.

Current study has been performed to assess the genetic
stability of micropropagated Taif rose plantlets. In particular,
to assess the impact of protocol and long-term in vitro effects
on induction of somaclonal variation in Taif rose and to assess
the usefulness of CDDP and DNA-barcoding genes such as;
rpoC1 in the detection of somaclonal variation.

MATERIALS AND METHODS

Study area: The study was carried out at the labs of Deanship
of Scientific Research, Taif University, KSA and Plant Genetic
Transformation Department, Agricultural Genetic Engineering
Research Institute, Agricultural Research Centre, Giza, Egypt,
during the period of March, 2017 to June, 2019.

DNA isolation The total genomic DNA was isolated from the
mother plant (control) and micropropagated plantlets (6-
month and 12-month) of Taif rose plant (R. damascene
trigintipetala) by Alizadeh and Singh12 techniques. Using
DNAeasy Plant Mini Kit (Qiagen, Santa Clarita, CA) as instructed
by the supplier, one control sample and 10 samples of
micropropagated plantlets were  used  to  extract  DNA  from
5 g tissues. The DNA quantity was evaluated by loading 2 :L
of the extracted DNA into 1% agarose gel versus 10 :L of a
DNA size marker (Lambda DNA Hind III digest Phi×174/Hae III
digest).
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Table 1: Different forward (F) and reverse (R) sequences for the PCR primers used in this study
PN Forward Reverse
CDDP-3 GCCCTCGTASGTSGT GCCCTCGTASGTSGT
CDDP-4 GCASGTGTGCTCGCC GCASGTGTGCTCGCC
CDDP-5 TGSTGSATGCTCCCG TGSTGSATGCTCCCG
CDDP-6 CCGCTCGTGTGSACG CCGCTCGTGTGSACG
CDDP-7 GGCAAGGGCTGCCGC GGCAAGGGCTGCCGC
CDDP-8 GGCAAGGGCTGCCGG GGCAAGGGCTGCCGG
CDDP-10 GCSGAGATCCGSGACCC GCSGAGATCCGSGACCC
CDDP-11 TGGCTSGGCACSTTCGA TGGCTSGGCACSTTCGA
CDDP-12 AAGGGSAAGCTSCCSAAG AAGGGSAAGCTSCCSAAG
CDDP-16 ATGGGCCGSGGCAAGGTGG ATGGGCCGSGGCAAGGTGG
rpoC1 GTGGATACACTTCTTGATAATGG TGAGAAAACATAAGTAAACGGGC

PCR analysis: Ten combinations of CDDP primers and one
rpoC1 gene region have been used in current study (Table 1).
For CDDP and rpoC1 gene, the PCR reaction material and
program amplification cycles were performed according to
Collard and Mackill20, Phong et al.27. The ultimate products of
PCR were placed at 4EC. Agarose gel (8%) was used to
separate PCR fragments stained with an ethidium bromide
and recorded by using the Gel Doc XR technology (Bio-Rad,
Hercules, CA, USA).

Bioinformatics analyses: The National Center for
Biotechnology Information, Basic Local Alignment Search Tool
nucleotide (NCBI BLASTn) software was used for studying
orthological genes in different species by Altschul et al.28

downloading similar sequences for rpoC1 of R. damascena
genes from different species. These sequences have been
edited using PERL scripts29, leaving for each species only one
representative gene copy. The alignment and phylogenetic
analysis of orthological genes were carried out by using the
ClustalW tool30. The phylogenetic trees representing gene
interactions were built using the online tool of ITOL31. Online
tool ClustVis was used to illustrate the outcomes of gene
diversification assessment using sequence alignment similarity
matrices32. Additionally, scored as present (1) or absent (0), the
PCR fragments were used for the similarity matrix coefficients
between distinct samples for phylogenetic dendrogram
building.

RESULTS

PCR analysis: In this study, ten CDDP primer combinations
revealed a total number of bands 117 with a mean of 11.7
bands per combination, where all combinations generated
scorable PCR fragments (Fig. 1). The primer combination
CDDP-14 produced the minimum number of PCR bands (7),
while CDDP-2 generated the maximum (15). About 15
polymorphic  bands   have   been   collected  by  using  CDDP

Table 2: Genetic stability of 10 in long-term Taif rose micropropagation
compared to mother plants via CDDP analysis

PN TB MB PB PP (%)
CDDP-1 14 13 1 0.07
CDDP-2 15 12 3 0.20
CDDP-4 11 11 0 0.00
CDDP-5 12 11 1 0.08
CDDP-6 10 8 2 0.20
CDDP-11 14 12 2 0.14
CDDP-12 12 11 1 0.08
CDDP-14 7 6 1 0.14
CDDP-18 10 8 2 0.20
CDDP-19 12 10 2 0.17
Total 117 102 15 12.8
PN: Primer name, TB: Total number of bands, MB: Monomorphic bands count, PB:
Polymorphic bands count, PP: Polymorphism (%)

primers, of which CDDP-1, CDDP-5, CDDP-12 and CDDP-14,
CDDP-18 produced one band and CDDP-2 produced 3 bands,
with a polymorphism percentage of 7, 8, 8, 14 and 20%,
respectively (Table 2). Additionally, through CDDP assay, it
could not retrieve any unique bands that are present in
control and absent in Taif rose plantlets samples. Use of CDDP
assay to characterize chickpea genetic variation. Ten primers
generated a total of 151 polymorphic bands out of which 141,
with an average of 14.1 bands per primers varying from 9 to
17.
The phylogenetic divergence based on CDDP results

achieved in the present research revealed that the different
samples, micropropagated plantlets and the control of Taif
rose plant, were genetically distinguished at a distinction of
1% of genetic dissimilarity. Only samples 1 and 2, 6 and 7 have
been clustered in one group at similarity of 99.99 and 99.98%,
respectively, while other samples were highly diverged and
did not clustered in one group.

Bioinformatics analyses: Moreover, the control illustrated
more genetic similarity with samples 1 and 2 compared to
other Taif rose micropropagated plantlets samples (Fig. 2). The
similarity  matrix   heat map by using  CDDP  showed  that  the

1178



Pak. J. Biol. Sci., 23 (9): 1176-1183, 2020

0.
09

5

0.
00

5

0.
01

0

0.
01

5

0.
02

0

0.
02

5

0.
03

0

0.
03

5

0.
04

0

0.
04

5

0.
05

0

0.
05

5

0.
06

0

0.
06

5

0.
07

0

0.
07

5

0.
08

0

0.
08

5

0.
09

0 

9

10

8

6

7

5

4

3

C

1

2

Tree scale: 0.01

Fig. 1: CDDP PCR profile of some selected primers combinations for the control and the 10  micropropagated plantlets samples
of Taif rose

Fig. 2: Phylogenetic relationship between different Taif rose micropropagated plantlets and control depending on CDDP binary
data
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Fig. 3: Similarity matrix heat map of different Taif rose micropropagated plantlets samples and control (C) using CDDP binary data

Fig. 4: PCA population structure for Taif rose micropropagated
plantlets samples and control (C) based on CDDP binary
data

control sample is extremely divergent with some Taif rose
micro-propagated plantlets, with the exception of samples 4,
2 and 1 having a small genetic distinction rate (Fig. 3). The
assessment of the PCA verified the predication of the prior
data analysis on the composition of Taif rose samples. In
addition, the segregation of the 4 and control samples
constructions became more condensed while the other

plantlets samples were spread structurally across the region
(Fig. 4, 5). Different molecular markers were used in an in vitro
propagated rose to explore the somaclonal variation.
Differences in polymorphic DNA were noted through the
RAPD assessment between the initial and regenerated crops.
ISSR and RAPD markers have been used to evaluate genetic
fidelity of Rosa hybrida plantlets cultivated in vitro. Between
the explant source and all the micropropagated plantlets, a
homogeneous amplification profile was found. The outcome
showed the tissue culture fidelity in cultivating Rosa hybrid
plantlets and corroborated the hypothesis that axillary
multiplication is the safest way to multiply true to crops
without somaclonal variation (Fig. 5).

DISCUSSION

The genetic diversity assessment of bittersweet
germplasm using CDDP revealed restricted genetic variation
among different species and proved the ability of CDDP with
further research and selection of specimens across a broader
global distribution range for the genetic enhancement of
solanaceous crop gene pools33. The Principal Component
Analysis (PCA) could be used to deduce population structure
by using information from molecular makers34.
Previous research by Malik et al.35 reported that the using

of  barcoding  markers  to  authenticate   chosen  endangered
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Fig. 5: Phylogenetic tree analysis comparing Taif rose rpoC1 gene of both the control and explant with 100 plant species
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medicinal plants traded in Indian markets, the recovered
samples, rbcL, rpoC1 and matK sequences of 7, 11 and 7
species, respectively, were species-specific. The sequences of
the selected loci from the medicinal samples of these species
were hard to obtain due to amplification or sequencing error.
Additionally, the phylogenetic classification of Gongora
species (Orchidaceae) based on DNA Barcode regions
suggested that rpoB and rpoC1 are helpful indicators for
evolutionary assessment and that trnH-psbA could elucidate
distinctions between strongly associated species25.
In the current study, the rpoC1 gene for chloroplast was

used to infer the distinction in genetic similarity induced by
the propagation of Taif rose tissue culture. RpoC1 gene
sequenced both the control and one micropropagated
plantlets sample. The produced DNA sequences were used to
assess the feasible impact on Taif rose variety of tissue culture
diversity. RpoC1 gene of the control and micropropagated
plantlets of Taif rose plant were compared to 100 plant species
recovered by the online tool of NCBI blastn. Multiple sequence
alignment of the phylogenetic tree developed using rpoC1
genes disclosed that rpoC1 gene sequencing found a low
genetic distinction between Taif rose control and
micropropagated plantles samples. This could be due to the
rapid mutation impact on chloroplast genes of the tissue
culture development process, or the elevated mutation rate of
rpoC1 compared to other genes. The rpoC1 successfully
allocated  both  Taif  rose  samples  (control  and
micropropagated plantlets) to a cluster where various species
of Rosa such as; R. blanda, R. chinensis, R. multifiora, R. canina
and R. arvensis were placed together. This might infer this
gene usefulness in identifying wild and cultivated species of
Rosa. In another sense, rpoC1 was able to distinguish between
distinct genera of plants, which could infer power in
identifying their species (Fig. 3). In addition, the sequence
alignment of the rpoC1 gene of various species of plants infer
low conserved region that could justify the strong species
identification recorded using this gene (Fig. 4). One can
recommend that further studies should be carried out at the
level of physiological and horticultural characters of the
micropropagated plants, which could be reflect the possible
changes in the genome of the micropropagated plants

CONCLUSION

Due to the high genetic similarity identified by CDDP
assay and rpoC1 gene sequencing, it could be deduced that
micro-propagation through tissue culture has a small effect on
the genetic content of Taif rose plant. The result indicated the
clonal  fidelity   of   the   tissue   culture   raised  R.  damascena

plantlets   and   corroborated   the   assumption   that  axillary
multiplication is the safest way to multiply true to type plants
with negligible rate of somaclonal variation. In addition, CDDP
and DNA-barcoding (rpoC1) assays have shown their
usefulness in investigating the genetic history of Rosa  species
and have shown their potential for exploring genetic diversity
and genetic mutation.

SIGNIFICANCE STATEMENT

This study paid an attention to the importance of
determination of genetic variation of micropropagated plants
that can be beneficial for their stability. In other words, no
qualitative and/or quantitative changes in the morphology or
productivity of micropropagated plants could be addressed.
This study will help the researcher to well understand the
possibility of genome genetic variation in the
micropropagated plants by using more advanced molecular
tools.
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