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ABSTRACT. Roses (Rosa indica) belong to one of the most crucial
groups of plants in the floriculture industry. Rosa species have special
fragrances of interest to the perfume and pharmaceutical industries.
The genetic diversity of plants based on morphological characteristics
is difficult to measure under natural conditions due to the influence
of environmental factors, which is why a reliable fingerprinting
method was developed to overcome this problem. The development of
molecular markers will enable the identification of Rosa species. In the
present study, randomly amplified polymorphic DNA (RAPD) analysis
was done on four Rosa species, Rosa gruss-an-teplitz (Surkha), Rosa
bourboniana, Rosa centifolia, and Rosa damascena. A polymorphic
RAPD fragment of 391 bp was detected in R. bourboniana, which
was cloned, purified, sequenced, and used to design a pair of species-
specific sequence-characterized amplified region (SCAR) primers
(forward and reverse). These SCAR primers were used to amplify the
specific regions of the rose genome. These PCR amplifications with
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specific primers are less sensitive to reaction conditions, and due to
their high reproducibility, these species-specific SCAR primers can be
used for marker-assisted selection and identification of Rosa species.
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INTRODUCTION

Roses belong to the most important groups of ornamental plants. Roses have been
admired for their beauty and fragrance and have had a unique place in people’s hearts since
their first cultivation, approximately 5000 years ago. Roses were cultivated for the first time
in China, Northern Africa and Western Asia, but now, they are cultivated throughout the world
(Gudin, 2000).

The five major classes of roses, i.e., Gallica (Rosa gallica), Alba (R. alba), Damask
(R. damascena), Centifolia (R. centifolia), and Moss (R. centifolia moscosa), had emerged by
the end of eighteenth century. These five classes had many characteristics in common, such
as fragrance, flower number, flower color, winter hardiness, and resistance to certain diseases
(namely black spot and rust). On the basis of these similarities, they were grouped as old
European roses (Debener and Linde, 2009). Only few of the cultivated rose varieties reveal
the marked aroma that attracts the world perfumeries. Previous studies have shown that the
identification of rose cultivars and species was based mostly on morphological characters such
as growth habit or floral morphology (Mohapatra and Rout, 2006).

Approximately 60 years have passed since the structure and biological function of
the DNA was discovered and nucleic acid-based inspections started spreading. Currently, re-
searchers are regularly using these methods in various fields of biological sciences. Genetic
studies of roses have been conducted with the help of molecular markers (Debener and Mat-
tiesch, 1999; Rajapakse et al., 2001; Crespel et al., 2002).

In roses, DNA markers have been used for cultivar identification and to study genetic di-
versity (Debener, 2002; Esselink et al., 2003). Randomly amplified polymorphic DNA (RAPD)
and restriction fragment length polymorphism (RFLP) markers have been used to determine
genetic relatedness of siblings (Rameau et al., 1998), for cultivar identification (Hubbard et al.,
1992), phylogenetic analyses within and between Rosa species and mapping rose genes against
powdery mildew/black spot resistance (Linde et al., 2004). However, disease resistance maps
have a medium marker density and can be used as tools for genetic diversity studies and mo-
lecular breeding of rose plants (Rajapakse, 2003). RFLP and simple sequence repeats have been
preferred due to their instructiveness. RAPD markers are still used due to simplicity, low cost
and lower infrastructure requirements (William et al., 1990; Upadhya et al., 2004). However,
RAPDs lack reproducibility due to mismatched annealing and so are not usually preferred.

The sequence-characterized amplified region (SCAR) technique was developed by
Paran and Michelmore (1993). RAPD and RFLP-derived SCAR markers have been signifi-
cantly used for plant identification at inter- and intraspecies levels (Roh et al., 2006; Choi
et al., 2008). Random primers are used for the identification of the SCAR marker, which is
actually the DNA fragment of the same genome. The conversion of these markers into SCAR
markers greatly improves the reliability and reproducibility of PCR amplifications, especially
RAPD analysis.
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SCAR primers have been reported in many crops, including apple (De Clercq et al.,
2003), papaya (Deputy et al., 2002), cowpea (Boukar et al., 2004), brassica (Piquemal et al.,
2005), strawberry (Rugienius et al., 2006), bamboo (Das et al., 2005), buffelgrass (Dwivedi
et al., 2007), and citrus (Ping et al., 2009). While the literature on the development of SCAR
markers in roses is extremely meager, there are a few reports to date. Linde et al. (2004) and
Yan et al. (2005) developed SCAR markers in roses by utilizing RFLP markers. Whitaker et al.
(2010) reported SCAR marker development for a specific race of tetraploid roses against black
spot resistance, and Riaz et al. (2012) reported SCAR marker development for R. centifolia. But,
there are still no reports available on SCAR marker development from RAPD in R. bourboniana.

The intention of the present study was to convert the dominant RAPD marker(s) into
the co-dominant SCAR marker(s). SCARs detect a single locus as compared to RAPD markers.
In the present study, a pair of species-specific SCAR primers was found to be co-dominant and
could subsequently be utilized to identify particular rose species. Their amplification is less
sensitive to reaction conditions, and due to their high reproducibility, SCARs can be used for
extensive marker-assisted selections.

MATERIAL AND METHODS
Plant material

Leaves of four Rosa species, R. gruss-an-teplitz (Surkha), R. bourboniana, R. cen-
tifolia, and R. damascena, were collected for genomic DNA isolation. DNA was isolated by
using the Doyle and Dolly (1990) DNA isolation method with slight modification. The DNA
quantities were then determined using a NanoPhotometer, and 15 ng were used as working
dilutions for RAPD-PCR.

RAPD (PCR) amplification

RAPD-PCR based primers were used to amplify the DNA of four Rosa species. A total
of 19 RAPD (Table 1) primers (GL-RAPD decamer) custom synthesized by GENELINK (Cat-
alog No. 40-0001-01; Hawthorne, NY, USA) were used, and one primer, GLB-15, identified a
polymorphic band in R. bourboniana. The PCR product was electrophoresed on a 1.2% agarose
gel in TBE buffer. The polymorphic fragment, GLB-15,, , was eluted from the gel with the help
of the QIAGEN gel extraction kit (50) (Catalog No. 28704; QIAGEN, Hilden, Germany).

Cloning of GLB-15,,,

The eluted fragment was directly cloned into the PTZ57R/T cloning vector provided
by the TA cloning kit from Fermentas (UAB), Vilnius, Lithuania. Escherichia coli DH50 com-
petent cells were transformed by heat shock method by following the transformation protocol
as modified by Froger and Hall (2007). Plasmid DNA from the transformed E. coli cells was
isolated by using the Sambrook and Russel (2001) plasmid isolation method with slight modi-
fications. After quantification of the plasmids using a NanoPhotometer, two separate restric-
tion digestions were performed on the basis of the plasmid MCS sequence. The first digestion
with Pst1 and the other as double digestion with Psz1 and EcoR1 in combination, and the
restriction results were checked on a 1.2% agarose gel.
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Table 1. List of the RAPD primers.

Sr. No. Primer name Primer sequence
1 GL Decamer B-07 GGTGACGCAG
2 GL Decamer B-08 GTCCACACGG
3 GL Decamer B-10 CTGCTGGGAC
4 GL Decamer B-12 CCTTGACGCA
5 GL Decamer B-15 GGAGGGTGTT
6 GL Decamer B-16 TTTGCCCGGA
7 GL Decamer 1-02 GGAGGAGAGG
8 GL Decamer K-04 CCGCCCAAAC
9 GL Decamer K-05 TCTGTCGAGG

10 GL Decamer K-08 GAACACTGGG

11 GL Decamer K-12 TGGCCCTCAC

12 GL Decamer K-16 GAGCGTCGAA

13 GL Decamer K-19 CACAGGCGGA

14 GL Decamer K-20 GTGTCGCGAG

15 GL Decamer L-02 TGGGCGTCAA

16 GL Decamer L-04 GACTGCACAC

17 GL Decamer L-07 AGGCGGGAAC

18 GL Decamer L-08 AGCAGGTGGA

19 GL Decamer L-11 ACGATGAGCC

DNA sequencing

The complete nucleotide sequence of the cloned fragment GLB-15,; was determined
by the dideoxynucleotide chain termination sequencing method using the PCR-based BIG
DYE kit with M-13 primers. Reaction products were resolved on an ABI PRISM® 3100 auto-
mated genetic analyzer (Applied Biosystems, USA). Sequence information was saved, com-
piled and analyzed by the ABI PRISM® GeneScan Analysis Software version 3.7 (Sgueglia
et al., 2003).

Primer designing
On the basis of the sequence of the cloned fragment, a pair of SCAR primers (forward
and reverse) ranging from 20 to 22 bp in length was designed with the help of the Primer-3

software by keeping the annealing temperatures of the primers between 55° and 60°C. GC
content and the annealing temperature were calculated by using the JUTBIO hosted tools.

RESULTS
RAPD-PCR

RAPD markers were utilized to identify the polymorphic fragment(s) in Rosa species.
Only one primer GLB-15 produced a polymorphic fragment of approximately 391 bp in R.
bourboniana and was found absent in the other three Rosa species under study (Figure 1).

Elution of the polymorphic fragment

The specific 391-bp fragment was eluted from the gel with a QIAGEN gel extraction
kit (50) and was confirmed on a 1.2% agarose gel. The elution of the same fragment was per-
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formed twice to eliminate any handling error, and the same light single band of 391 bp was found
in both cases, which verified the successful elution of the RAPD-PCR fragment (Figure 2).

— | -1 50

Figure 1. RAPD-PCR. Lanes 1 and 6 = 1-kb DNA ladder; lane 2 = Rosa centifolia; lane 3 = Rosa grus-en-teplitz;
lane 4 = Rosa bourboniana; lane 5 = Rosa damascena.

Figure 2. Eluted fragment. Lanes 1 and 3 = eluted DNA fragment; /ane 2 = 1-kb DNA ladder.
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Re-amplification of the PCR product

Re-amplification of the RAPD (PCR) fragment was done by using the eluted fragment
as the template and keeping the same reaction conditions. The bright single fragment of 391
bp was amplified in three reactions with GLB-15 RAPD primer (Figure 3). It confirmed no
internal primer binding sites for GLB-15 primer in the 391-bp fragment.

p— | -1 550

Figure 3. Re-amplified PCR product. Lanes I and 5 = 1-kb DNA ladder. Lanes 2-4 = re-amplified PCR product.

Cloning of the PCR product

The eluted fragment was directly cloned into the TA cloning vector PTZ57R/T. After
successful transformation, the plasmids were isolated and the quality and quantity of isolated
plasmids were checked on a 1.2% agarose gel (Figure 4). The digestion of the plasmids with
Pstl, confirmed the successful cloning of GLB-15,,, in PTZ57R/T (Figure 5). Six digested
plasmids were run on a gel and four of them showed the proper digestion with the specific
enzyme. The enzyme EcoR1 used in combination with Pst1 gave complete digestion of the
plasmid and the 391-bp fragment was confirmed on a 1.2% agarose gel (Figure 6).

Sequencing

The cloned fragment was sequenced with an ABI PRISM® 3100 automated genetic
analyzer (Applied Biosystems, USA) by using fluorescence-based capillary electrophoresis
platform with the vector specific M-13 primers, and the 391-bp fragment was confirmed. Since
the fragment size was approximately 391 bp, the sequencing results were easily obtained.

The sequencing results were as follows:
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ACTAGGAATTAGGGTGTCTAGGTGTTGCAGGGTGTTGCAGGGTGTTGGAGGGCTA
AGAGTGGTACATCTGCTTGTATGGTGTGGCAACCATTTCTTTTCCAATCATTGCCT
GTTCATATTCTCTATAATTCCTTCAAAAAATTGTTCAATGTTGAAACCGTAGAGGAC
TCTGAAATTTCATTTCTTTCGCTGTCCTCTACTTTAGTTTACTCTTGTATTGGATGTC
TTGGCTCTTTCCAGCTCTAATGGTCAACCATGGATACTTACAATACTACACATCTTT
CATAACAGCAAATGTACTATCTCTTTTAAAAATATAAAAGCTACATTGACCAATTTTC
CAAATCGTACAACCTAAACACCCCAACACTCCTGAGACTCAAGACCTCAG.

Figure 4. Miniprep plasmids. Lane I = 1-kb DNA ladder; lanes 2-7 = miniprep samples (undigested).

Figure 5. Single digested plasmids. Lanes I and 8 = 1-kb DNA ladder; lanes 2-7 = single digestion (Pst1).
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GLB-153y,

Figure 6. Double digested plasmids. Lanes I and 6 = 1-kb DNA ladder; lane 2 = undigested plasmids; lane 3 =
single digestion with Pst1; lane 4 = double digestion (Pst1 and EcoR1); lane 5 = PCR product.

Primer designing

After sequencing of the DNA fragment, a pair of species-specific SCAR primers (for-
ward: CTAGGAATTAGGGTGTCTAGG and reverse: CTGAGGTCTTGAGTCTCAGG)
was designed, on the basis of the flanking regions of the cloned fragment. The 20- to 22-bp
primers were designed by the Primer-3 software and keeping their annealing temperatures
between 55° and 60°C, so that at this temperature they would anneal in the genomic regions
and would produce single locus amplifications (Rugienius et al., 2006). GC content and the
annealing temperature were calculated by using the JUTBIO hosted tools.

DISCUSSION

In the present research, four indigenous Rosa species of Pakistan were investigated
for the detection of polymorphism by RAPD analysis. The Rosa germplasm generally lacks
genetic variability except for a few morphological characters. Furthermore, the complex or
secret breeding history of most rose cultivars make it more difficult or impossible to estimate
the genetic relationships of rose varieties and the genetic diversity within rose groups on the
basis of pedigree data (Sgueglia et al., 2003).

RAPD technology has been broadly used to identify the genetic diversity between
complex genome species (Dhanya and Sasikumar, 2010). RAPD became more advantageous
due to its simplicity and rapidity, requirement of low amounts of genomic DNA, and no need
of prior genetic information (Williams et al., 1990). In recent years, many technical drawbacks
of RAPD methods have limited its widespread use as a genetic marker. The reproducibility
of RAPD is affected by DNA quality, primer and template concentrations, different thermal
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cyclers and even different sources of DNA polymerase (Ellsworth et al., 1993). Subsequently,
the conversion of RAPD to SCAR markers (Paran and Michelmore, 1993) by developing lon-
ger and hence more specific primers from RAPD sequences has significantly improved the re-
producibility and reliability of PCR assays (Rugienius et al., 2006). SCAR markers have many
advantages as compared to RAPD and RFLP makers. SCARs have characteristics favorable
for marker-assisted selection, and like some other PCR-based markers, they can be rapidly and
easily used in species identification and accurately for genotype authentication.

In the present research, a polymorphic RAPD fragment of 391 bp was identified in
Rosa bourboniana and successfully cloned into a PTZ57R/T cloning vector. Due to the small
size of the fragment, the re-amplification of the RAPD fragment was done, and no internal
binding sites for the RAPD primers were found. After end-sequencing of the fragment cloned,
a pair of SCAR primers (forward and reverse) was designed. These primers can be easily
used for early identification and screening of R. bourboniana. The results also provide the
basis for the identification and authentication of other Rosa species and for developing their
fingerprints.
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