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Abstract: A simple and routine method for the analysis of tissue culture-derived strawberry plants for
somaclonal variations is a prerquist for pricise monitring of quality control during rapid mass micropropgation.
Similarly, molecular identification of different varieties is an important element for efficient and effective
management of strawberry genetic resources. This study reports on the use of RAPD-PCR for identification
of different cultivars of strawberry and detection of genetic variations in micropropagated strawberry plants.
Seven varieties of the cultivated strawberry, grown in Egypt, were screened using RAPD-DNA markers. Only
four RAPD primers (among 20 tested) were chosen as producing polymorphic DNA bands differentiating the
investigated cultivars. Based on those identity markers, the genetic distances between varieties were
determined and their genetic relationships were estimated. The phylogenetic tree revealed that the seven
studied cultivars showed close similarity within the group. Although minor morphological variations were
recorded in the leaves of some clones, the developed RAPD profiles of different micropropagated clones were
typical to that of the donor mother plant.
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INTRODUCTION associated with genetic instability in plants, a

The strawberry (Fragaria) is a genus of plants of the somaclonal variation may be used as a source for
family Rosaceae. The leaves typically have three leaflets, variation to get superior clones, it could be also a very
but the number of leaflets may be five or one. There are serious problem in the plant tissue culture industry
more than 20 Fragaria species worldwide. There are resulting   in   the   production   of    undesirable   plant
seven basic types of chromosomes that they all have in off-types [6, 7].
common. However, they exhibit different polyploidy [1]. Since  somaclonal variation was first defined [8], it
Some species are diploid, having two sets of the seven has been widely documented in tissue culture-raised
chromosomes (14 chromosomes total). Others are plants at morphological, chromosomal, biochemical and
tetraploid  (4×  =  28),  hexaploid  (6×   =   42),  octoploid molecular levels in many plant species and extensively
(8×  =  56),  or  decaploid (10×  =  70). reviewed [9, 10]. Polymorphism at DNA level among the

Strawberry plants spread vegetatively using runners somaclonal families which phenotypically normal was
and this enables them to be easily transplanted and reported in  strawberry [11] in Triticum [12], in rice [13],
propagated as clones. Commercial production of in Populus deltoids [14] and in date palm [15, 16]. Such
strawberry using micropropagation processes bears modifications   included  gene  methylation changes,
several risks. Plant off-types, i.e. non true-to-type and DNA rearrangements and alterations in copy number.
genetically not identical to the mother plant, may be However, it is sometimes hard to differentiate such
among the resulting plants. These plants can simply the permanent somaclonal variability from transient epigenetic
result of hardening errors and not arise from a change in changes. These epigenetic changes might include
the genetic make up of the plant [2]. transient  expressions  or  modifications  of  a  certain

In vitro production of plants involves the application plant trait. But in contrast to somaclonal changes, such
of plant growth regulator, such as auxins, for process trait is not passed to their offspring through the sexual
initiation. Nevertheless, these auxins are known to be cycle  or might entirely disappear during plant maturation.

phenomenon called somaclonal variation [3-5]. Although
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Epigenetic changes are often demonstrated after an Kabetula, Selected, Rosalinda and Laguna, were used in
exposure  of plant material to a stressful condition and this study. Different cultivars were secured from
may be due to DNA amplification, DNA methylation, or Strawberry Research Center, Faculty of Agriculture, Ain
activation of transposable elements [17]. Shams University. 

In order to evaluate genetic variability, follow
phylogenetic origin and extent of ecologically
distinguished species or subspecies and to develop
efficient  crop  breeding  systems,  plant   breeders  need
to have a definitive identification both of cultivars and
selections of crop plants. Reliable methods of
identification are also required for the establishment of
plant variety rights [18]. Unambiguous identification is
especially important in a clonally-propagated crop such as
strawberry [19]. Commercial cultivators need to be sure
that they are investing their time and money in
propagating the specific cultivar that they have chosen
on the basis of yield, harvest time, size and shape.

Presently, there are various methods available which
can be used to detect and monitor tissue culture-derived
plants and cultivar identification. The most reliable
methods are the molecular marker techniques that identify
the variance depending on the plant proteins, which are
expressed from defined regions of DNA, or DNA
polymorphisms. RAPD (random amplified polymorphic
DNAs) is a powerful technique for identification of
genetic variation [20]. It has the distinct advantage of
being technically simple and quick to perform, requiring
only small amounts of DNA compared to restriction
fragment length polymorphism (RFLP) analysis [21]. 

Strawberries (Fragaria × ananassa Duch.) have been
extensively analyzed using randomly generated markers
for clone identification and diversity studies [22-27].

ebrowska and Tyrka [28] have used RAPD markers for
strawberry identification and genetic diversity studies.
The obtained results confirmed the usefulness of RAPD
markers for strawberry cultivars identification, author’s
property rights protection and selection of parents
suitable for creating of mapping population. 

In  the  present  study,  the primary objectives were
to use RAPDs to examine the genetic integrity and
uniformity  of the important strawberry cultivars and
tissue  culture-derived  plants and to generate useful
DNA fingerprints to facilitate cultivar identification. In
addition, the genetic relationships that exist between
these cultivars were examined as well as genetic stability
was monitored.

MATERIAL AND METHODS

Plant materials: Seven commercially grown strawberry
cultivars, namely Camarosa, Chandler, Osogrande,

In vitro propagation of strawberry: Shoot tips were
separated  from  runners,  sterilized  and  cultured  onto
the medium recommended by Boxus [29] supplemented
with 6-benzylaminopurine (BA, 0.5 mg dm ), gibberellic3

acid (GA , 0.1 mg dm ), indole-3-butyric acid (IBA,3
3

0.1 mg dm ), glucose (40.0 g dm ) and Bacto-Difco agar3 3

(6.4 g dm ). Afterwards, shoots were multiplied and3

subsequently rooted in vitro on the same medium without
BA and GA . Obtained plants were transplanted to mixture3

of peat, perlite and sand (6:2:2 v/v, pH = 5.5) and fertilized
with 1/2 strength MS salts.

Genomic DNA isolation: DNA of the 7 Egyptian
strawberry cultivars and of different tissue culture-derived
clones (cv. Rosalinda) was extracted from the leaves
following the method described by Rogers and Bendich
[30] with the modification that the fresh leaves were
lyophilized and ground to fine powder in a swinging ball
mill MM 2000 (Retsch GmbH, Haan, Germany).

RAPD-PCR conditions: Twenty 10-mer oligonucleotide
primers (Operon Technology, USA) were randomly
chosen for the study. PCR reactions were performed in a
total  volume  of  10  µL reaction mix containing 1 µL of
10× reaction buffer, containing 2 mM MgCl , 2 µL dNTP2

at 0.2 mM, 0.1 µL (0.5U) of Taq DNA polymerase
(Promega,  USA), 30  ng  of genomic template DNA and
10  pmol  primer  in a preheated thermocycler (MJ
Research INC, USA). PCR was initiated by a denaturation
step at 92°C  for  3  min  and then the reaction was
subjected to 45 cycles of 92°C for 30 sec, 35°C for 1 min,
72°C for 2 min with a final elongation step of 10 min at
72°C. In order to select the optimal conditions of the
RAPD-PCR, different optimization experiments were
carried out. 

Visualization and analysis of RAPD-PCR products: The
amplification products were resolved by electrophoresis
on a 1.5% agarose gel with ethidium bromide and
visualized under UV. The presence and absence of bands
between samples was scored and data were transcribed
into binary format (1, 0, respectively). Based on the matrix
of genetic similarity, cluster analysis was performed. The
UPGMA method (unweighted pair-group method with
arithmetic averages) was used for clustering employing
the NTSYS-pc program [31].
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Fig. 1: Agarose gel showing random amplified was obvious that the five plants (tissue culture-derived)
polymorphic DNA amplification profiles of showed identical RAPD profiles (i.e. no polymorphism
cultivars analyzed obtained with primer OPK6 (A), was observed). As an example, Fig. 2C presented the
OPK7 (B) and OP11 (C). M: 1 kb markers; 1: identical banding patterns of the RAPD profiles (9 bands
Camarosa; 2: Chandler; 3: Osogrande; 4: Kabetula; are observed in case of strawberry clone and their mother
5: Selected; 6: Rosalinda; 7: Laguna. parent control) of the five tissue-derived strawberry

RESULTS primer.

RAPD and genetic stability analysis: On the basis of the Cluster analysis: Genetic similarity among varieties was
number, intensity and reproducibility of RAPD bands four estimated  using  dissimilarity  coefficient  matrix  based
primers (OPK7, OPK6, OP3 and OP11) were selected out of on RAPD bands scored. Pairwise values of dissimilarity

the twenty primers, which were previously tested (Data
not shown). Bands with the same mobility were treated as
identical fragments. Weak bands with negligible intensity
and smear bands were both excluded from final analysis.
Figure 1 demonstrates the RAPD profiles obtained with
three different primers (OPK7, OPK6 and OP11). The
number  of scored bands varied from eight to thirteen,
with an average of 11 bands per primer and an average of
4.5 polymorphic bands per primer. In our analysis of the
seven cultivars, the total number of bands scored was 44;
with a size range from 200 to 2800 bp. Eighteen bands
were polymorphic which represent 40% average RAPD
polymorphism.  One unique band (approximately 1 kb
(Fig. 1C))  was found in each of the cultivars Camarosa
and Rosalinda, while was absence of the rest of the seven
cultivars analyzed.

Five tissue culture-derived strawberry plants, cv.
Rosalinda, showed variations at morphological level. The
phenotypic polymorphism was clearly observed in the
leaf  morphology of the regenerated strawberry plants
(Fig. 2A and B). Compared with the control plant (mother
plant ‘Rosalinda,), there were little differences in the
terminal leaflet shape, teeth shape of the leaflet and
number of the leaflets. One clone (plant number five)
showed simple leaf blade where only one leaflet was seen
(Fig. 2A and B). The leaves of the remainder plants were
similar to that of the control plant in having three leaflets.
The leaflets were found to be pear-shaped with crenate
leaflet teeth in case of the tissue culture-derived plants.
Whereas leaflets of the control plant were ovate with
dentate teeth (Fig. 2A and B).

In order to confirm the genetic stability (at molecular
level) of the in vitro vegetatively propagated (tissue
culture-derived) strawberry clones, the quality of the five
tissue  cultured-derived regenerants was screened with
the twenty random RAPD primers. The DNA was isolated
from the leaves of the five tissue culture-derived
strawberry plants (produced using the ‘Rosalinda’
cultivar as  mother plant). After RAPD amplification, it

plants which were amplified using 10-mer OP3 random
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Fig. 2: Morphology of the leaf (A & B) and agarose gel showing random amplified polymorphic DNA amplification
profiles of the five tissue culture-derived plants of Rosalinda cultivar (C) obtained with primer OP03. 

coefficients ranged from 0.37 for varieties with the same matrix, using UPGMA method (Materials and methods).
scored bands to 0.56 for the most distant varieties. The The seven varieties were divided into three different
dendrogram was constructed based on the dissimilarity clusters (Fig. 3). The ‘Selected’ was the most distinct with
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Fig. 3: Dendrogram showing genetic relationships among value of RAPD markers for strawberry cultivars
seven strawberry cultivars based on RAPD data identification and author’s property rights protection as
analysis. 1: Camarosa; 2: Chandler; 3: Osogrande; well as selection of parents suitable for creating of
4: Kabetula; 5: Selected; 6: Rosalinda; 7: Laguna. mapping population.

Fig. 4: Mantel t-test comparison of the Dist. and Coph. in developing a standardized protocol which is strictly
matrixes of the best dendrogram. followed in each reaction [35, 36]. In order to ensure high

the rest of the cultivars falling under two major groups. reaction.
The first major group contained only one cultivar the RAPD has been used for characterization of different
‘Kabetula’. The second major cluster was further strawberry cultivars [22-24, 26, 28, 37, 38]. In our study,
separated into three subgroups. The first subgroup only four RAPD primers (20%) were able to generate
contained two varieties Camarosa and Rosalinda, polymorphisms among strawberry cultivars. This result is
respectively  which  showed  very close RAPD profile in accord with what have found by ebrowska and Tyrka
(Fig. 1) and exhibited the lowest (0.37) genetic dissimilarity [28]. Where only three primers were sufficient to identify
as well. The second subgroup included two cultivars all materials studied.
(Chandler and Laguna) which were indistinguishable. In this study, 20 random primers were used in RAPD
While the third cultivar (Osogrande) was highly diverged analysis to prove the clonal fidelity (i.e. genetic stability)
from them and has represented the third subgroup (Fig. 3). of the tissue culture-derived strawberry plants. Identical
The clusters of the constructed dendrogram, based on the banding patterns were observed with all the primers
UPGMA, were tested for association. Significant matrix tested. These results confirmed the genetic stability of the
coefficient r-value (0.78) has been obtained which tissue culture-derived strawberry plants.
indicated a good fit of the original data for clustering and Molecular markers are believed to be reliable in
the obtained phenogram is the most likely one (Fig. 4). monitoring  variability  at the DNA level in plants. RAPD

DISCUSSION

Screening of the seven Egyptian strawberry cultivars
revealed that banding profiles obtained with OPK7, OPK6,
OP3 and OP11 primers were enough to distinguish all the
cultivars. The results indicated that the RAPD technique
is effective to develop genotype-specific banding
patterns valuable for cultivar identification. The obtained
results confirm the usefulness and suitability of RAPD
markers for strawberry cultivars identification. Our results
are in agreement with ebrowska and Tyrka [28], who
used RAPD markers to identify and assess the level of
genetic diversity among 9 strawberry cultivars differing in
their response to photoperiod. They have confirmed the

Since RAPD technique does not require previous
DNA sequence information and uses very small quantity
of  DNA, it  is  considered  as  one of the most widely
used techniques for cultivar identification and genetic
diversity studies. However, there is a problem with RAPD
regarding its reproducibility. The reproducibility of
amplification profiles of RAPD is influenced by any
variation in the method used for DNA isolation [32],
concentration of template DNA and primer, Taq-DNA
polymerase concentration, temperature of annealing,
number  of  thermal  cycles  and  MgCl   concentration2

[33, 34]. Several researchers have reported that the
majority of RAPD bands are reproducible if one take care

RAPD reproducibility, it is essential to optimize the PCR
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technique was used by several research groups to 3. Karp, A., 1989. Can genetic instability be controlled
examine genetic variability and it has been found to be
very efficient and reliable [39, 40]. As found in the present
study, various investigators have observed the absence
of variations in Hordeum [41], Picea mariana [42],
Festuca pratensis [43], rose [44], Norway spruce [45],
Angelica acutiloba [46], Tylophora indica [40], almond
[47] and date palm [16] using RAPD technique. On the
contrary, somaclonal variations were found in Triticum
aestivum [12], Populus deltoids [48], sugar beet [39] and
peach [49].

In contrast to the RAPD results, minor morphological
variation  was  observed,  especially  in  case  of the
leaves of tissue culture-derived strawberry plants. The
variability observed at the morphological level may be
caused by the clonal growth habit of the strawberry [50].
Moreover, clones of many species have a high level of
morphological plasticity in response to environmental
conditions [51].

These results mean that molecular tools are more
reliable than the phenotypic observations for evaluating
variations and monitoring genetic stability [52]. It also
highlights the need for alternative methods of definitive
identification based on molecular techniques such as
randomly amplified DNA (RAPDs) or amplified fragment
length polymorphism (AFLP).

We demonstrated that RAPD analysis can detect
sufficient polymorphism to differentiate among strawberry
cultivars and that it is suitable for studying their genetic
relationships. This study is considered as a useful report
on the assessment of genetic variability of cultivated
strawberry genotypes by RAPD molecular markers. Our
results showed a much higher level of genetic variability
among strawberry cultivars. While no variation was
detected among the five tissue culture-derived strawberry
plants,  which  indicated  high genetic stability within
each cultivar. Therefore, the results of the molecular
characterization  of Egyptian strawberry cultivars and
their genetic relationships provide important parameters
for breeding and can be used in the further development
of new strawberry cultivars.
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