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Chapter-1

INTRODUCTION

Strawberry (Fragaria x ananassa Duch. ) is one of the most important
members of family Rosacae. The cultivated strawberry is an octaploid (2n =8x = 56)
stoloniferous perennia herb. It is cultivated worldwide for its fruit. The fruit, whichis
not a botanical berry but an aggregate accessory fruit is widely appreciated for its
characteristic aroma, bright red color, juicy texture and sweetness. (Lal and Sharma
2003). Strawberry is valued for its low-calorie carbohydrate and high fiber contents. It
is good source of natural antioxidants, including carotenoids, vitamins, phenaols,
flavonoids, dietary glutathionine metabolites and exhibit a high level of antioxidant
capacity against free radicals, that are believed to reduce carcinogens in humans and
protect against tumor development (Kresty et al. 2001)

It has a wide range of climatic adaptation which includes Mediterranean,
temperate, subtropical and taiga zones (Hancock et al. 1994). The Huelva region in
Spain is main strawberry growing area in Europe and fourth worldwide after the
United States, Mexico and Turkey (FAOSTAT, 2014). In India, it is mainly grown in
Himacha Pradesh, Jammu and Kashmir,Uttar Pradesh, Maharashtra, West Bengdl,
Punjab, Haryana, Ragasthan, Delhi and the Nilgiri. Maharashtra’s Panchgani-

Mahabaleshwar belt leads the country’s strawberry production (Anonymous, 2011).

It is consumed in large quantities, either fresh or in prepared foods such as
preserves, fruit juice, pies, ice cream, milkshakes, and chocolates. Artificia
strawberry flavorings and aromas are also widely used in many products like candy,

hand sanitizer and perfumes.

Strawberry fruits contain vitamin B,C and it is a'so a good source of meganese.
Strawberry cultivation is quite labour intensive and is propagated by runners. Runner
is a dender, prostrate branch with long internodes creeping at the ground, rooting at
node and growing in to a new plant. Therefore, adaptation of micropropagation
technique has been shown to be a viable aternative to traditional runner production.
The use of micropropagation technique can play a vital role to produce large number



of true-to-type plants from a meristematic tissue in a relatively short period of time
and space. Rapid proliferation obtained by in- vitro propagation allows farmers to
meet an unexpected demand for particular cultivar. Strawberry is perhaps first fruit
crop in which micropropagation technigue has been standardized ( Sharma et al.
1999). Cultivar ‘Ofra’ is commercially important one and has been micropropagated

and multiplied.

Clonal fidelity is one of the main concerns in commercial micropropagation.
True-to-Type propagules and genetic stability are prerequisites for the application of
strawberry propagation in vitro. The occurrence of variations in plants regenerated
from in- vitro cultures was named as ‘somaclonal variation” by Larkin and Scowcroft
(1981) and have been reported for morphologica and vyield variation in
micropropagated strawberries. There is a pressing need to recommend the use of
reliable methods for studying genetic fidelity of micropropagated plants

Severa types of molecular markers such as RAPD, SSRs, ISSRs are most
commonly used molecular markers for the assessing genetic fidelity of
micropropagated plants. Random amplified polymorphic DNAs ( RAPD) and inter
simple sequence repeat(I SSR) evaluate the trueness to type of tissue cultured material
(Anand et al. 1997) ; Rout et al. 2002 and Kaur et al. 2004). The use of molecular
marker based on DNA result in a consistent and robust method to identify plant
material based on their stability in different conditions. Though, variations can be
studied through morphological and biochemical markers aso, but DNA markers are
stable and whereas morphologica traits can be influenced by environmental and
developmental stages. Molecular markers have many numerous applications in plant
breeding including the anlysis of genetic similarity or diversity, cultivar identification,

genetagging and QTL analysis.

RAPD analysis a PCR-based molecular marker is a powerful technique for
identification of genetic variations. It was developed initially by Williams et al. 1990.
These DNA markers are the results of PCR amplification of random genomic DNA

segments with a single primer usually 10 nucleotide long of arbitrary sequence.

Inter simple sequence Repeat (ISSRs) is another molecular marker technique
given by Zietkiewicz in 1994. ISSR is a genera term for a genomic region between

microsatellite loci. ISSRs are ideal as markers for genetic fidelity, genetic mapping



and population studies because of their abundance and high degree of polymorphism
of closely related genotypes. (Singh et al. 2011).

ISSR and RAPD markers have been successfully applied to detect the genetic
similarity or dissimilarity in various plant species (Luisa et al. 2004 and Ramage et
al. 2004; Modgil et al. 2005 and Kaur et al. 2009) . This type of anaysis has
additional advantages, such as a short turnaround time for results and being highly
innovative (Arnau et al. 2003) . Such markers have been widely used because they are
efficient, reproducible, and fast and generate high polymorphisms (Kuras et al. 2004)
and Reddy et al. 2002). In addition, these two marker systems are, relatively, simple
and cheap.

Presently availability of good plant material of a required cultivar in a large
guantity is a maor limitation in expansion of strawberry cultivation. Hence, non-
availability of disease free planting material is barrier in its cultivation. So keeping in
view this problem, regeneration through in vitro culture has now become a viable and
alternate method to conventional one. The formation of healthy shoots and higher
rates of multiplication is one of the pre-requisite of an economically viable
propagation. However, somaclonal variations have been observed in the plants raised
through tissue culture. Particularly which raised through calus induction, which
defeats the purpose of producing true- to- type plants. Hence the need arises to study
the genetic fidelity of tissue culture raised strawberry plants.

There are several commercially viable cultivars of strawberry. Cultivar *‘Ofra’
is one of them. Micropropagation makes aviaable the plant material throught the

year.

Keeping in mind the importance of strawberry the present studies were

proposed to achieve the following objectives:

1. Maintenance of in-vitro cultures of “ofra”.
2. To asssess genetic ‘trueness-to-type’ of long term microprogated plants using

molecular markers.



Chapter-2

REVIEW OF LITERATURE

Review is discussed in the light of available litreture relevant to the research
problem on strawberry.

2.1 Maintenance of in-vitro cultures of “Ofra”
2.2 Maintenance of in-vitro culturesof other crops

2.3 Studieson genetic stability of tissue cultureraised plants

2.3.1 RAPD analysis

2.3.2 RAPD analysisin other crops
2.3.3 ISSR analysis

2.34 |ISSR analysisin other crops

21 M aintenance of in-vitro cultures of “Ofra”

Plant tissue culture technique which paved the way for development of
modern plant biotechnology has become a powerful tool for studying and solving
various problem of modern plant biotechnology. As our traditional wealth on plant
genetic resources has been decreasing tremendously, these techniques have gained
greater momentum on commercial application in the field of plant propagation. Tissue
culture techniques are becoming increasingly popular as alternative means of

vegetative propagation in many plant species.

The term tissue culture technique colloquially covers a wide range of
techniques including in vitro culture of organs (shoot tips, root tips, runner tips, stem
segments, flowers, anthers, ovaries, ovules, embryos, etc.), tissues, cells and
protoplasts. These techniques are become useful tools for rapid and clonal
multiplication of plants. Since 1902, when Haberlandt gave the idea of totipotency

considerabl e success has been achieved in plant tissue culture.

The area of plant tissue culture has grown phenomenally since 1962 when
Murashige and Skoog developed a revised medium for rapid growth and bioassay of
tobacco tissue culture. Recent advances in plant tissue culture leading to the



development of high yielding, uniform virus free cultivars, are some of the magor
achievements. Today, its tremendous potentiality in plant productions not only
provides an edge over the conventional methods of vegetative propagation in higher
multiplication rates, but also makes it possible to produce plants that are resistant to
abiotic and biotic agents (drought, salinity). Sufficiently wide range of variations is

the base of any effective crop improvement programme.

In vitro studies on strawberry (Fragaria x ananassa Duch.) have been
conducted during the last two decades. Boxus (1974) determined the proper
concentration of BAP necessary to obtain a large number of shoots from meristem tip
explants in strawberry. Since then it became possible to multiply strawberry plants on
an industrial scale.

Battistini et al. (1991) conducted studies in vitro to evaluate the performance
of somaclona strawberry (Fragaria x ananassa cv. Brighton) variants for

susceptibility to Phytophthora cactorum.

Bhatt et al. (2000) studied that strawberry nodal segments cultured on MS
medium supplemented with BA 4.0 yM and NAA 0.1 pM gave the best explant

establishment and shoot number per explants..

Owen et al. (1996) conducted study to maximize plant regeneration
frequencies from cultured anthers of ‘Chandler’, 'Honeoye', and 'Redchief’ strawberries
(Fragaria x ananassa). A comparison of auxins (IAA, NAA), cytokinins (BA, BAP,
KIN) and carbohydrates (sucrose, glucose, maltose) in MS medium showed that the
highest shoot regeneration across cultivars (8%) occurred when using a medium
containing 2 mg/l IAA, 1 mg/l BA, and 0.2 M glucose.

Mansouri et al. (1996). developed an efficient and reliable method for shoot
regeneration from leaf disks of Fragaria vesca. This protocol has been successfully
employed to obtain transformed plants using Agrobacterium tumefaciens as gene
vector. Murashige and Skoog basal medium supplemented with benzyladenine (4
mg/l) and indole-3-butyric acid (0.25 mg/l) induced maximum percentage of shoot
regeneration (98%) and the highest number of shoot colonies per explant (4.6) after 8
weeks of culture. They observed that isolated shoots would elongate and proliferate
when the benzyladenine concentration was lowered to 0.5 mg/l.



Khan et al. (2004) conducted a study on the in vitro callus culture from the
leaf disc explants in strawberry (Fragaria x ananassa cv. Tango). They reported a
high percentage of regeneration and established a new protocol for the speedy micro
propagation of strawberry.

Litwinczuk et al. (2009) reported influence of gibberellic acid on in vitro
shoot culture growth and development of strawberry. In general, gibberellic acid
improved axillary shoot elongation and reduced the growth of callus as well as the
formation of roots and development of adventitious shoots. GAsz applied a a
concentration of 1.0-2.0 mg/l significantly increased the number of axillary shoots,

whereas under higher (5.0-10.0 mg/l) doses it stimulated runners.

Biswas et al. (2009) studied the meristem culture, direct leaf organogenesis,
callus culture and somatic embryogenesis of strawberry. Meristem were transferred
on afilter paper bridge in atest tube containing liquid M'S medium supplemented with
GA3 (0.5 mg/l) for primary establishment. For direct leaf organogenesis, leaves were
cultured on MS medium supplemented with BAP (6 mg/l). For micropropagation
shoots, in vitro plants were cultured on MS medium supplemented with BAP (2.0
mg/l) and kinetin (0.5 mg/l). For calus culture, leaves and nodal segments were
placed on MS medium supplemented with 2,4-D (3 mg/l) for calus induction,
whereas somatic embryogenesis induced from leaves derived callus. Three week old
calli were transferred on somatic embryogenesis medium and placed in dark. They
observed that medium containing 2,4-D (1.0 mg/l) and BAP (0.5 mg/l), supplemented

with 25 percent proline were suitable for somatic embryogenesis.

Haddadii et al. (2010) developed an efficient micropropagation system for
strawberry cv. Camarosa. Shoot tips derived from the in vitro stock plants were
cultured on MS medium containing 0, 2, 4, and 8 uM thidiazuron (TDZ) and 0, 4, 9,
18, and 27 uM BAP for shoot induction. Optimum number of shoots were produced
on medium containing 2 yM TDZ and 4 yM BAP. They observed that increasing the
TDZ concentration in absence of BAP, increased the mean number of shoots
produced per explants. However, by increasing the BAP concentration in absence of
TDZ reverse was observed. Poor shoot production aso occurred at high

concentrations of BAP.



Moradi et al. (2011) carried out an experiment to examine the effects of
different combinations of plant growth regulators on in vitro propagation of
strawberry. Theyfound that the best concentration of BAP for bud induction was 0.5
mg/l plus kinetin 0.2 mg/l.

Zobayer et al. (2011) reported that maximum percentage (80%) of shoot was
obtained from lower concentration of BAP (0.5 and 1.0 mg/l) and higher
concentrations of kinetin (1-2 mg/l). More promising result was obtained by
combining two concentrations kinetin (2.0 mg/l) + BA (0.5mg/l) and kinetin (1.5
mg/l) + BA (1.0 mg/l).

Araet al. (2012). developed a simple and rapid protocol for micropropagation
of strawberry (Fragaria x ananassa Duch.) by using runner tips and nodal segments.
The excised runner tips and nodal segments were cultured on MS medium containing
6-benzylaminopurine, 6-furfuryl amino purine, indole-3-butyric acid and gibberellic
acid at various levels of concentration and combination for multiple shoot induction
and proliferation. The highest percentage of shoot proliferation was found when both
explants (92% from nodal segments and 83% from runner tips) were cultured on MS
medium supplemented with 1.5 mg/l 6-benzylaminopurine + 0.5 mg/l 6-furfuryl
amino purine. Shoots were rooted most effectively in MSy; medium. Noda segments
were found more responsive explants than runner tips for rapid clonal propagation in

strawberry.

Sharma et al. (2012) reported that nodal segments of strawberry cultivars
Festival and Sweet Charlie were cultured on MS medium supplemented with different
concentration of BA and kinetin as sole and in combination. At higher of BA
concentrations provided (1.5 mg/l), lower the number of shoots as well as the
percentage response, whereas kinetin at 2.0 mg/l gave maximum number of shoots.
They also observed combined effect of BA (1.5 mg/l) and kinetin (0.5 mg/l) which

produced maximum number of shoots.

Ashrafuzzaman et al. (2013) conducted in vitro propagation of strawberry at
the Biotechnology Lab. Of BARI, Joydebpur, Gazipur. For shoot induction, five BAP
concentrations viz., 0.0 (Control), 0.5, 1.0, 1.5, and 2.0 mg/l and for root induction
four IBA concentrations viz., 0.0 (Control), 0.5, 1.0, and 1.5 mg/l were used. The
highest average number of shoots (7) and the highest average length (3.34 cm) of



shoot was observed at the concentration of 0.5 mg/l BAP. The highest average
number of leaves (5) was also observed at the same concentration. Among the five
rooting concentrations, IBA @ 0.5 mg/l showed the best performance in al the
parameters studied. The highest number (6) of roots/culture and the longest (3.05 cm)
roots were also obtained from this concentration. Half strength MS media without

IBA concentration did not show any response regarding root induction.

Madhavrai et al. (2014) reported that shoot tip of strawberry gave highest
response of shoot multiplication in MS medium containing kinetin (2.0 mg/l) + IAA
(0.5 mg/l) and kinetin (1.5 mg/l) + TDZ (0.5 mg/l ) for ‘Ofra’ and Chandler
respectively.

Diengngan et al. (2014) developed an efficient micropropagation protocol for
nodal segments of strawberry cultivar Festival. They reveaed that shoot proliferation
percentage was maximum in MS medium supplemented with TDZ (0.5 mg/l). The
maximum number of shoots and shoot length was obtained in MS medium
supplemented with TDZ (1 mg/l) was 6.40+0.37 and 3.50+0.07 respectively.

Haragude et al. (2014) revealed that nodal segments of strawberry cultivar
Sweet Charlie give rise to multiple shoots cultured on M'S medium supplemented with
different concentration of BA with kinetin or GA3. The highest response of shoot
multiplication was obtained on MS medium containing BA (1.5 mg/l) + kinetin (0.5

mg/l).

Bhandari et al. (2015) studied In vitro multiplication of Strawberry plant and
its genetic stability on three basal media (MS, B5 & NN) and MS showed the best
response. Very little and no response was observed in B5 and NN respectively. MS
medium supplemented with equal concentration (5mg/l) of NAA and BAP each and
low concentration (0.5mg/l) of GAj3; showed maximum response (86%) with
maximum number of shoot bud proliferation (60 per explant). Increase in growth
regulator concentration decreased the shoot multiplication response. No rooting was
observed in auxin free media. MS media supplemented with IBA (0.5mg/l) and 1AA
(0.5mg/l) initiated better rooting. They aso performed Genetic stability test with
isozymic analyses (esterase, peroxidase, a-amylase and acid phosphatase) of the in
vivo and in vitro grown plant tissue using crude enzyme/ total protein as a starting

sample. Among the four isozymes tested, esterase and acid phosphatase showed high



polymorphism and two others were low in polymorphic band. The isozyme profiling
of both in vivo and in vitro plants exhibited common banding pattern indicating their

same genetic fidelity.
2.2  Maintenance of in-vitro cultures of other crops

Mikula et al. (2002) experimented with three years old embryogenenic
suspension cultures of Gentiana pannonica. The initial explant for the suspension
determined both, the embryogeneic charcters and embryo production. The hypocotyls,
cotyledon and root explants were used for embryo production on MS medium
supplemented with 1.0 mg/ml Kn, 0.5 mg /ml 2,4-D, which were later transferred and
maintained in liqud MS medium with 1.0 mg dicamba, 0.1 mg/l NAA, 2.0 mg/l BAP
and 80.0 mg/l Adenine sulphate (AS). Regeneration medium included 0.0-1.0 mg/I
GA; + 0.0-2.0 mg/l Kn. To complete the embryugenesis, the medium was changed
from liquid to solid in presence of the same plant growth regulator combinatons. The
most of the embroyonic cultures, but no embryos were found by using hypocotyls as
an explant, while highest embryonic cultures, bit no embryos were obtained from
roots, Almost 50% of embryos from all studied suspensions posed conservation into

germ ling stage and plants were regenerated.

Maa et al. (2003) micropropagated the critically endangered plant species.
Gentiana verna L. for its preservation organogenesis on the vegetative shoot was
sucessful on the MS medium with increased concentration of Auxin IBA (0.5mg/l)
with 70-80 % sucrose. The mortality during acclimatization was not over 5 %. At

present five multi-topped cultures from each clone are stored in the explant bank.

Cao et al. (2005) induced callus and regenerated plants from leaves and
hupocotyls of G.macropylla. The optimum medium found for callus induction was
MS medium supplemented with 2.0 mg/l 2,4- D and 0.5 mg/l BA. 100% callusing
was observed under such conditions and induced calluses were transferred to MS
medium supplemented with 2.0 mg/l 2,4-D, 0.5 mg/l Kn and 500 mg/l BA to
differentiate. The differentiated buds from the calluses were cultured on MS medium
without harmones and devel oped into differentiated seedling.

Cadtillo et al. (2000) reported plants regenerated from callus and suspension
cultures of Velerianna edulis. For the induction of calus, leaves were cultured on



semi- solid medium supplemented with 2, 4-D and Kn. Embrogenic and organogenic
callus development was observed after 16 weeks. Calli were transferred to semi-solid
and liqguid MS medium supplemented with 2, 4-D and NAA. Appearance of shoot
somatic embryo ocurred four weeks on medium supplemented with Kn and NAA. A
better organogenic and embryogenic response was observed from suspension cultures.
Histological observations of morphological callus revealed that both somatic embryos

and shoot arose from the same type of callus.

Kaur et al. (2000) studied chemica characters, height and root weight in
callus regenerated plants of valeriana officinalis L. Plants were successfully
regenerated from callus and these regenerated plants had large variations in height and

root weight.

Pretto and Santerm (2000) successfully formed calus and then plant
regeneration from Hypericum perforatum leaves. Highest cell proliferation was
obtained when halved leaf explants were cultured in MS medium containing 4,4 pM
2,4-D in the dark and shoot induction was obtained from callus induced on 4.6 uM Kn
and 0.45 uM 2, 4-D 6 weeks after transfer to MS medium containing 4.4 uM BA.
Highest rooting frequencies were obtained ¥2 M S, regardless of the presence of IBA,

Regenerated plants were acclimated in greenhouse conditions.

Reddy et al. (2001) developed callus cultures from mature leaves of Coleus
forskohlii on MS medium supplemented with 2.4 uM Kn and callus generated in to
shoots on MS medium containing 4.6 UM Kn and 0.54 uM NAA.More than 150
shoots produced per callus after the sixth subculture. Rooted plantlets were transferred

to soil and grown successfully.

Pandf et al. (2002) reported in vitro micropropagation of lepidium sativum
Linn. Commonly known as “garden cress”. Various juvenile as well as mature
explants callussed on MS medium supplemented with NAA + BA + Casein
hydrolyzate (CH). Regeneration from hypocotyls callus and nodal segments ocurred
after NAA/BA was replaced with IAA/KN.

Britto et al. (2002) studied callus-mediated regeneration of shoot leaf explants
of Solanumincanum L. on M'S medium supplemented with 0.15 mg/l IAA + mg/l BA
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combination. The regenerated shoots rooted on MS medium fortified with different

IBA concentrations.

Chandra and Bhanja (2002) studied organogenesis in vitro from callus tissue
of Flacourtia jangomas (Lour). Induction of callus was obtained in MS basal medium
supplemented with 2.0 mg/l 2, 4-D and 0.5 mg/l BAP. Highest number of shoot
bud(7.4 +/- 0.20) was noted in 2.0 mg/l BAP. Rhizogenesis was achieved in1.0 mg/I
NAA from both internodes and leaf explants.Shoot bud organogenesis was obseved
through histological and SEM (Scanning Electron Microscopic) study.

Chen et al. (2003) reported rapid clona propagation of Dioscorea
Zingiberensis- an important medicinal plant using stem as explants. MS medium with
macroelements at half strength and supplemented with 20.0 gm/I sucrose and 8.0 gnv/i
agar was as basal medium. Lateral buds on nodal cuttings grew into shoots within 20
days after culture on basal medium supplemented with 4.4 muM BAP and 1.1 muM
NAA. These shoots formed callus on medium supplemented with 8.9muM BA and
5.4 mpM NAA after 30 days, which later on regerated multiple shoots (87.5%) within
50 days on medium containing 22.2 muM BAP and 1.1muM NAA.

Raha and Roy (2003) studied efficient pant regeneration in Holarrhena
antidysenterica Wall. From shoot segment-derived callus. Callus was regenerated on
MS medium supplemented with 15 muM BA. A white friable type of calus was
obtined in 4.52 muM 2, 4-D and 2.32 muM Kn which did not have the potentiality to
regenerate.High frequency shoot differentiation was achieved on MS medium with
17.8 muM BA and 8.0 muM NAA

Pandey et al. (2004) studued th induction of callus in Aconitum Stapf., an
important medicina plant of Indian Himalayan apines callus was induced on MS
medium having 4.5 mpM BA and 26.9 muM NAA, the highest value for shoot
induction were obtained on the same medium supplemented with same concentration
(4.5 muM) of BA, however a lower concentration of NAA(1.4 muM). Shoot were
rooted efficiently on MS medium having 12.3 muM IBA and acclimatized |
greenhouse conditions.

Cheong et al. (2004) conducted experiments In vitro to determine comparative
response of different explants on shoot regeneration of callus formed from shoot tip

11



and nodes of Gypsophilla paniculata L.(Bristol Fairy). Callus from shoot tip cultures
supplemented with NAA and TDZ was compact and showed severe browning. The
best callus quality was obtained on MS media supplmented with 1.0 mg/l NAA+ 05-
1.0 mg/l BA.

Azad et al. (2005) reported that leaf explants of Phellodendron amurense
prooduced calus on 2.0 uM TDZ and 4.0 uM NAA. The adventitious shoots were
regenerated from the leaf-derived callus within 4 weeks of culture on MS medium.

Unda et al. (2007) used leaf explants of Exacum styler group for
organogenesis plant regeneration. MS media supplemented with combinations of
BA(0.44, 2.22, 4.44 or 8.88uM) and NAA(0.05, 0.54 or 2.69uM) was used for direct
regeneration without an intervening calus phase in four Exacum genotypes.
Regression analysis were used to analyze and interpret the data. Genotypes 01-09-01
and 01-31-61 had the highest no. shoots per explant across media (10.2 and 6.6,
respectively) while the 4.4.4 pyM BA plus 0.54 pM NAA treatment induced the
greatest no. of shoots among the genotypes evaluated.

Adebola and Afolayan (2007) regenerated plants from seeds derived callus of
Arctotis arctotides, a medicinal herb of family asteraceae. MS basa supplemented
with 3% sucrose and 11% Agar at different concentration of 2,4-D were used for
callus induction. Morphogenic responses were evident in cultures after two weeks and
deeply stained, light yellow callus formation was observed on MS medium
suppemented with 2.0 mg/l, 2,4-D in the dark. When callus material was repeatedly
sub cultured in /2 MS medium with 16/8 h photoperiod, adventitious shoots
wereproduced eight weeks of culturing, which then rooted two weeks later.

2.3  Studieson genetic stability of tissue cultureraised plants

2.3.1 RAPD analysis

Hancock et al. (1994). screened eight strawberry cultivars for polymorphism
using the PCR and 43 random 10-base DNA primer. Ten primers exhibited high
levels of amplification profile and polymorphism generated was used to identify each

of the eight genotype uniquely.
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Parent and Page (1995) performed RAPD anlysis of thirteen raspberry
cultivars of quebac Certification Programme. A combination of two primers was

found to be sufficient to report relatedness in different cultivars.

Landry et al. (1997) charterized 75 genotypes of strawberry using RAPD
markers. On the basis of the marker they could contruct a consensus cladogam which

repersented the geneticn relatonship among 75 genotypes.

Dengani et al. (1998) studied DNA fingerprinting of strawberry ( Fragaria x
ananassa) cultivars using RAPD markers. The results obtained in this study
demonstrate that RAPD markers can easily distinguish different strawberry cultivars,
even those closdly related ones. A minimum of ten markers derived from seven

primers distinguish 41 cultivars, some of which were full sib or parents of each other.

Kumar et al. (1999) carried out the molecular analysis of genetic stability in
micropropagated strawberry (Fragaria X ananassa) using RAPD markers. RAPD
markers were used to determine if cold storage or supra-optimal level of benzyl
adenine (BA) in the culture medium caused genetic changes leading to somaclonbal
variations. RAPD markers detected no mutation in the micropraopagated plants.

Zhou and Li (2000) and Oraguzie et al. (2001) suggested that RAPD markers
are very useful tool assessing genetic diversity in apple. They found PCR_RAPD
relative ssimpler to generate large number of polymorphisms to determine genetic
rel atedness.

Burgher et al. (2002) selected 26 genotypes of lowbush blueberry representing
four geographical zones to obtain DNA fingerprints and to estimate genetic similarity
by using 30 decamer RAPD primers.

Rout and Das (2002) evaluated the application of RAPD in assessing the
genetic integrity of the micropropagated Plumbago spp. plants by PCR. Twenty
arbitrary decamers were used to amplify genomic DNA from in vitro and in vivo plant
materia to assess the genetic fidelity. All RAPD profiles from micropropagated plants
were monomorphic and similar to those of field grown mother plants. No

polymorphism was detected within micropropagated plants of Plumbago zeylanica.
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Gaafer and Saker (2006) reported the use of RAPD-PCR for identification
of different cultivars of strawberry and detection of genetic variations in micro
propagated 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 micro propagated

clones were typical to that of the donor mother plant.

56 genotypes (Japanese and European plum cultivars) of plum were used for
molecular variation study using 24 RAPD, 10 ISSR primers, and 21 SSR primer
pairs by Qiao et al. (2007). They detected 201 bands, 86 bands, 102 bands with
RAPDs, ISSRs and SSRs markers. Based on all the RAPD, ISSR and SSR markers a
Dendrogram was constructed. The dendrogram based on Jaccard’s similarity
coefficient clearly showed a separation between European and Japanese plum
cultivars. They concluded that cultivars from the USA and Japan were grouped into
one cluster, and the mgjority of the native Chinese cultivars were clustered in two

separate groups corresponding their geographic location.

Mohamed (2007) evaluated in vitro derived plantlets and standard to detect
drift in genetic stability of micropropagated plants. No variation was observed in the
pattern obtained with RAPDs from the two sources of strawberry plants.

Martelli et al. (1999) assessed nineteen cultivar and breeding parental lines of
strawberry using 15 decamer primers. RAPD pattern revealed a high level of
polymorphism. The results obtained with one of the primers alowed a
characterization of all genotypes and three other could characterize all but two
genotypes. Comparison of results with the pedigree information confirmed the

genotypes percentage contribution.

Sutan et al. (2009) examined the effect of growth regulators, explant source
and culture age on genetic stability of plants obtained from tissue culture propagation

of ornamental strawberry “Serenata”. Genomic DNA of in vitro-derived shoots and
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control plant were extracted and compared by RAPD-PCR analyses. Ten primers
(from 48 previously tested) were selected and used in RAPD analysis to prove the
clona fidelity (i.e. genetic stability) of the tissue culture-derived ornamental
strawberry plants The lack of polymorphisms in micropropagated plants screened

through molecular markers was used to suggest genetic fidelity.

Ceik et al. (2017) studied the genetical relationships between the Ottoman
strawberry cultivar and other early-period strawberry cultivars planted in Istanbul and
Karadeniz Eregli regions of Turkey, is the first on this field. Seven strawberry
cultivars were analyzed by using RAPD. 10 random primers carried out DNA
fingerprinting analyses of these cultivars. The average polymorphism rate was
determined as 87.1%. The most polymorphic primer was OPHO1 which produced 13
bands. The cluster dendrogram presented that the similarity coefficients were between
range of 0.03 and 0.73. Ottoman cultivar showed higher similarity with TtylU more
than Kara cultivar which is reported as the mother cultivar. RAPD method was
sufficient to assess the phylogenetic relationship between Ottoman cultivar and other
early-period strawberry cultivars. The data of this study brought forward the necessity
of further genetic analysis to prove the phylogenetic relationship among Tulyu and

Ottoman cultivars.
2.3.2 RAPD analysisin other crops

Kelley et al. (2004) did DNA fingerprinting of Hydrastis canadensis by using
RAPD markers. This plant has been used as anti inflammatory. Antibotic and
antipyretic. DNA profile was generated from individua plants and used to asess
genetic relatedness within cultivated and wild population of Hydrastis canadensis.to
ensure consistency and reproducibility, ready to go RAPD analysis, bead Kits were
used for ampifications. 72-82 % similarity was shown by cultivated material whereas,

20-67 % similarity was found among wild populations.

Kawaiak and Ojkoska, (2004) studied genetic fidelity of two micropropagated
Drosera species, D.angelica and D. binata by using RAPD markers. These species
were regenerated by adventitous buddding from leaf explants and shoot tips,
respectively. Twenty arbitrary decamer primer used to screen 15 randomly selected

plantlets of each species. No genetic variation was detected among D. binata
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regenerants, whereas 0.08% polymorphism frequency was estimated for D. anglica

plantlets.

Nas et al. (2004) carried out RAPD and Phenotypic analysis to assess clonal
stability of Hazelnut regenerated from axillary buds cultured in vitro for long term
consrvation. RAPD analysis did not reveal any somaclonal variation between donor
plants from which in vitro cultures wereinitiated and micropropagated (6-years
cultures), and no somaclonal variation was detcted among in vitro propagated plants.
However, polymorphism(15.6%) was detected between parent plant and in its
propagated progenies (from seedlings). These showed a good dicriminating power of
RAPD to detect polymorphism between sampls wher it is expected, andit can be
effectively used for genetic assessment of micropropagated hazel nuts.

Roy and Chakraborty (2007) evaluated genetic diversity in Tea of Darjeeling
foot-hills using RAPD and ISSR markers. A high level of polymorphism was found
with both RAPD and ISSR markers. A total of 26 polymorphic bands in RAPD and
14 Polymorphic bands in ISSR were scored. The mean polymorphism was 60.66% in
RAPD and 64.28% in ISSR markers. The scor