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Abstract

Characterization is the first step in the conservation and utilization of indigenous genetic resources. A protocol for micro propagation of three
important high altitude medicinal plant species (Ficus cordata ssp. salicifolia (vahl) C.C. Berg, Ficus palmata Forsk and Pulicaria vulgaris
Gaertner) was established using nodal segments harboring axillary buds as explants. RAPD-PCR technique was used to characterize the three
studied medicinal plants. In vitro stages of shoot initiation and shoot multiplication were studied by culturing the explants on Murashige and
Skoog medium (MS). MS medium was supplemented with different concentrations and combinations of benzyl aminopurine, kinetin, a-
naphthalene acetic acid and 2-isopentyladenine. For Ficus cordata ssp. salicifolia (vahl) C.C. Berg, the highest percentage of shoot initiation
(86.6%) and the maximum average number of multiplied shoots (3.25) were observed on MS medium containing 0.5 mg/ 1 BAP + 1 mg /1 2iP.
For Ficus palmata Forsk, the highest percentage of shoot initiation (92%) was observed on MS medium supplemented with 2.5 mg/ 1 BAP + 1.0
mg/ 1 Kn, whereas maximum average number of multiplied shoots (3.25) was produced on MS medium with 2.0 mg/ 1 BAP. For Pulicaria
vulgaris Gaertner, the highest percentage of shoot initiation (93.3) was achieved on MS medium containing 0.1 mg/ 1 Kn + 3.0 mg / 1 2iP with an
average of (3.75) shoots / explants. Fourteen RAPD primers have successful PCR amplification and produced informative and distinct
electrophoretic banding pattern. Different DNA fragments were produced and utilized for characterizing the studied plants. RAPD markers are
yield different information and detect differences along the entire genome. Different studies are needed to collect, characterize and propagate

other important medicinal plants from Taif high altitude regions.
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Introduction

Since ancient times, mankind has been dependent on
plants for food, flavours, medicinal and many other
uses. Ancient written records of many civilizations
(i.e. Egyptian, Roman, Chinese) give strong evidence
regarding use of medicinal plants (Cowan, 1999), for
example ayurveda documents record the use of
medicinal plants to cure many ailments (Micke et al.,

2009; Patwardhan et al., 2005).

The flora of Saudi Arabia is one of the richest
biodiversity areas in the Arabian Peninsula and
comprises very important genetic resources of crop
and medicinal plants. In addition to its large number
of endemic species, the components of the flora are
the admixture of the elements of Asia, Africa and
Mediterranean region (Atiqur Rahman et al,
2004.).The greatest species diversity has been
observed in Asir, Hijaz and the western mountainous
area of the Kingdom, which borders the Red Sea. This
is due to a greater rainfall and range of altitude from
sea level to 9300 ft at Jabal Sawdah, near Abha
(Collenette, 1998).

Ficus palmata is a small tree belonging to family
Moraceae (Khan et al., 2011). This plant is distributed
in Nepal, Somalia, South Egypt, Peninsula and India
(Srivastava et al., 1996; Bhatt et al., 2010).

F. palmata is used as fuel wood and traditionally used
for the effective treatment of many diseases, viz skin
diseases, ringworm, wound infections and
haemorrhoid (Manandhar, 1995; Sabeen and Ahmad,
2009.). The fig fruit (Ficus palmata ) is very
nourishing food and used in industrial product under
various forms, ie fresh, dried and canned, stuffed with
nuts, covered with chocolate or aromatized in
different ways (Guasmi et al., 2006; Palopoli, 1990).
Ficus cordata Thunb (Moraceae) is a savana tree of
around ten meters height found in Senegal, Angola,
South Africa and Cameroon (Sabatie, 1985). The
leaves of this plant are used against hyperaesthesia,
ataxia, muscle tremor and padding motions and can
kill heifers 48h after ingestion (Poumale et al., 2008).
Additional

ethnopharmacological  investigations
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showed that the stem bark of this plant is used by
some western Cameroonian traditional healers for the
treatment of jaundice; who can be a symptom of

several related liver diseases (Donfack, 2011).

The genus Pulicaria is rich in phenolic compounds
and monoterpene hydrocarbons and comarativelly
low in sesquiterpene hydrocarbons. The essential oil
obtained from steam distillation of aertial parts
contain (+) carvotanacetone, beta-linalool and thymol
as major constituents. The oil exhibited activity
against Gram-positive and Gram negative bacteria
(Mossa et al., 1987; El-Kamali et al., 1998; El-Kamali
et al., 2009; El-Kamali et al., 2010).

Medicinal plants represent an important health and
economic component of biodiversity. It is essential to
make the complete inventory of the medicinal
component of the flora of any country for
conservation and sustainable use. The conservation of
the threatened and endangered medicinal species in

the wild is indispensable (Mossa et al., 2000).

Gene bank is a collection of seeds and other plant
reproductive material, primarily of cultivated plants
and their wild relatives. The mandate of a gene bank
is to secure the conservation of these collected plant
genetic resources and provide access to them. In
addition, a gene bank is responsible for registering,
studying, describing, and documenting its collection,
and making both information and plant material
available to researchers and other interested users
(FAO, 2013).

Although field gene banks provide easy access to
conserved material for use, it is run the risk of
destruction by natural calamities, pests and diseases.
For this reason, safety duplicates of the living
collections are established using alternate strategies
of conservation and it is in this area that
biotechnology contributed significantly by providing
complementary in vitro conservation options through
tissue culture techniques. In vitro conservation also
offers other distinct advantages. For example, the

material can be maintained in a pathogen-tested
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state, thereby facilitating safer distribution.
Moreover, the cultures are not subjected to
environmental disturbances (Withers and

Engelmann, 1997).

The in vitro propagated medicinal plants furnish a
ready source of uniform, sterile, and compatible plant
material for biochemical characterization and
identification of active constituents (Wakhlu and
Bajwa, 1986; Miura et al., 1987).In addition,
compounds from tissue cultures may be more easily
purified because of simple extraction procedures and
absence of significant amounts of pigments, thus
possibly reducing the production and processing costs

(Chang et al., 1994).

Characterization and evaluation of genetic diversity is
the first step in the conservation and utilization of
indigenous medicinal plant species. Moreover
Estimation of genetic diversity is a prerequisite for
improving of any species or genetic material.
Molecular markers have been utilized in order to
characterize medicinal plants and evaluation genetic
diversity within and among medicinal plants
genotypes using different PCR techniques based on
nuclear and /or mitochondrial genomes (Akbulut et

al., 2009; De Masi et al., 2005).

Random amplified polymorphic DNA (RAPD) is a
polymerase chain reaction (PCR) based fingerprinting
technique that amplifies random DNA fragments with
single short primers of arbitrary nucleotide sequence
under low annealing stringency (Williams et al.,

1990).

RAPD technique has an extra advantage that it does
not require any sequence information on the target
genome. The RAPD markers have been described as a
simple and easy method to wuse for species
characterization (Guasmi et al., 2006; Poeaiml et al.,
2012). Several studies have been conducted to
characterize Pulicaria species and at moleculer level
in different countries (De Masi et al., 2005;Guasmi et
al., 2006; Akbulut et al.,, 2009;El-Kamali et al.,

2010;Poeaiml et al., 2012).
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This study was carried out to develop micro
propagation protocols for three important medicinal
plant species Ficus cordata sp. salicifolia (vahl) C.C.
Berg, Ficus palmata Forsk and Pulicaria vulgaris
Gaertner as well as genetic characterization of these
plant species. The present work is preliminary step
towards establishment of medicinal plant gene bank
at Taif University, KSA.

Materials and methods

Media preparation

Full strength MS medium supplemented with 3%
(w/v) sucrose, 0.7% (w/v) phytoagar and different
concentrations and combinations of BAP , Kn, NAA
and 2iP were used for shoot initiation, multiplication
and elongation stages. The pH of all media was
adjusted to 5.7 using 1.0 N potassium hydroxide
(KOH) and 1.0 N hydrochloric acid (HCI), before
adding 0.7% (w/v) phytoagar. Media were autoclaved

for 20 min at 121°C and 1.5 k/cm2 pressure.

Source of the explants

Nodal explants containing lateral buds were selected
and excised from shoots of medicinal plant species
Ficus cordata ssp. salicifolia (vahl)C.C. Berg, Ficus
palmata Forsk and Pulicaria vulgaris Gaertner. The
plant materials were collected from Wadi Zee Ghazal,
Al- Shafa at Taif governorate. The nodal explants
were cut in 3-4 cm length segments and rinsed using
tap water to remove the superficial dust followed by a
detergent for 3 min and surface sterilized by dipping
in 70% ethanol for 1 min, then they were surface-
disinfested for 10 min using Clorox solution 20%
(5.25% NaOCl) containing 2 drops of Tween-20
emulsifier to aid wetting. The sterilized explants were
washed 2-3 times with sterile distilled water (s.d.
H20) to remove disinfecting solution. They were
trimmed down to 1 ¢cm long prior to transferring on

shoot initiation medium.

Invitro culture

Sterilized nodal cuttings containing axillary bud
explants were cultured for four weeks on shoot
initiation media containing full strength MS medium

with various concentrations and combinations of BAP
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, Kn, NAA and 2iP were used for shoot initiation as
shown in table1 . For shoot multiplication, induced
shoots were subcultured on the same media for
another four weeks. MS medium without growth
regulators was used as a control for all the in vitro
cultures treatments. The number of explants
initiating shoots and the average number of shoots
per explant were recorded. All the in vitro cultures
were incubated at 26 + 2°C in a growth room on a
16/8 hour light/dark and 3,000 lux light intensity
provided by cool-white fluorescent light.

DNA extraction and RAPD PCR

Genomic DNA was extracted according to
manufacturer’s instructions of Plant tissue DNA
extraction kit (Favorgen, National Biotechnology
Park, Taiwan).Briefly, Plant tissues were grinded in
liquid nitrogen and lysed by buffer containing
detergent. The tissue debris in lysate was removed by
provided filter column. In the presence of a
chaotropic salt, the genomic DNA in the lysate binds
to the glass fiber matrix in the spin column. After
washing off the contaminants, the purified DNA was
eluted by low salt elution buffer or water.
Spectrophotometric ~ determination = of  DNA
concentration at A260 was done. DNA integrity was
checked by agarose gel electrophoresis 1%. PCR
reactions were conducted using 2x superhot green
PCR Master Mix (Promega, USA) with 10 Pmol of
each 20 different arbitrary 10-mer primers (Operon
Technologies, Inc.) and 25-50ng/ul DNA template..
The names and sequences of successful oligoprimers
are listed in Table 2. RAPD amplifications were
performed in a Eppendorf Master cycler using the
following PCR program: 1 cycle at 94°C, 2.5 min; 40
additional cycles consisting of 94°C 45 sec, 35°C 30
sec, and 72°C 2 min. After the amplification, the PCR
reaction products were eletrophoresed with 100 bp
ladder marker (Fermentas, Germany) on 10 X 14 cm
1.5%-agarose gel (Bioshop; Canada) for 30 min using
Tris-borate-EDTA Buffer. The gel was stained with
0.5 pug/ml of ethidium bromide (Bioshop; Canada).

RAPD gels analysis

All gels were visualized and documented using a
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GeneSnap 4.00-Gene Genius Bio Imaging System
(Syngene; Frederick, Maryland, USA). The digital
image files were analyzed using Gene Tools software
from Syngene. Each band was scored as: present (1);
or absent (0), and pair wise comparisons between
samples were used to calculate the Jaccard’s
Coefficient of genetic similarity matrix. Hierarchical
cluster analysis to produce a dendrogram was
performed using the unweighted pair-group method
with arithmetical (UPGMA).

Results

In vitro propagation

Higher germination rate is an important factor for
establishing plant tissue culture and be particularly
useful when there is a need to submit a uniform set of
seedlings to a treatment (Sakhanokho et al., 2001). As
shown in (Table 1), Nodal explants cultured on MS
medium supplemented with different concentrations
and combinations of (BAP, Kn, NAA and 2iP) induced
more axillary shoot proliferation when compared with
the MS medium without growth regulators (control
medium). For Ficus cordata ssp. salicifolia (vahl)C.C.
Berg, the highest percentage of shoot initiation
(86.6%) and the maximum average number of
multiplied shoots (3.25) were observed on MS
medium containing 0.5 mg/ 1 BAP + 1 mg / 1 2iP
(Figure 1). For Ficus palmata Forsk, the highest
percentage of shoot initiation (92%) was observed on
MS medium supplemented with 2.5 mg/ 1 BAP + 1.0
mg/ 1 Kn, whereas maximum average number of
multiplied shoots (3.25) was produced on MS
medium with 2.0 mg/ 1 BAP (Figure 2). For Pulicaria
vulgaris Gaertner, the highest percentage of shoot
initiation (93.3) was achieved on MS medium
containing 0.1 mg/ 1 Kn + 3.0 mg / 1 2iP with an
average of (3.75) shoots / explants (Figure 3).

Genetic polymorphism

Twenty RAPD primers were tested in the present
study. Of these, 14 primers which are listed in (Table
2) were produced good amplification products and
chosen for RAPD analysis. The remaining 6 RAPD
primers did not produce amplification products and

storable bands. Among the different primers used,
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173 bands were amplified. Of these, 151 were
polymorphic (87.3%) and 22 were monomorphic
(12.7%). The total number of amplified bands through
all primers and plants was 233. Variations in the size
and number of amplified fragments from each primer

were detected. The size of amplified fragments ranged
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from approximately 150 bp in primer A3 and C3 (in
sample 8) to approximately 3000 bp in primer A4 in
all studied samples. The maximum number (33
fragments) was amplified with primer F3 and the
minimum number (7 fragments) was amplified with

primer B2.

Table 1. Effect of different concentrations and combinations of BAP, Kn, NAA and 2iP on shoot initiation and

multiplication from auxiliary buds explants of Ficus cordata salicifolia, Ficus palmata Forsk and Pulicaria

vulgaris Gaertner.

Growth regulators (Mg/1)

Name of species NE NIS 1S% ANS/E
BAP Kn NAA 2ip
0.0 0.0 0.0 0.0 30 7.0 23.3 0.00
Ficus cordata ssp. salicifolia 0.5 0.0 0.0 1.0 30 26 36.6 3.25
1.0 0.0 0.0 0.5 30 12 40.0 2.25
2.0 0.0 0.0 0.1 30 18 60.0 2.75
0.0 0.0 0.0 0.0 25 5.0 20.0 0.00
Ficus palmata Forsk 1.0 0.3 0.1 0.0 25 15 60.0 2.75
2.0 0.0 0.0 0.0 25 20 80.0 3.25
2.5 1.0 0.0 0.0 25 23 92.0 1.75
0.0 0.0 0.0 0.0 30 8.0 26.6 0.00
Pulicaria vulgaris Gaertner 0.0 1.0 0.0 1.0 30 23 76.6 1.25
0.0 0.5 0.0 2.0 30 25 83.3 2.75
0.0 0.1 0.0 3.0 30 28 93.3 3.75

NE: Number of explants.
ANS/E: Average number of shoots/explants.

NIS: Number of initiated shoots.

IS%: Percentage of initiated shoots.

Table 2. List of primers, their nucleotide sequences and total number of bands for each plant produced by 14

primers.

Primer Primer sequence plants Total Amplified Polymorphic Monomorphic

code 3 3 ) bands bands bands bands

OP A-1 CAGGCCCTTC 4 6 3 13 9 8 1

OP A-2 TGCCGAGCTG 8 7 6 22 11 7 4

OP A-3 AGTCAGCCAC 1 3 7 11 10 10 o}

OP A4 AATCGGGCTG 7 8 5 20 13 11 2

OP B-2 TGATCCCTGG 1 3 3 7 5 5 o}

OPC-3 GGGGGTCTTT 4 10 4 18 12 11 1

OP E-2 GGTGCGGGAA 6 9 10 24 16 15 1

OP E-4 GTGACATGCC 3 7 5 15 12 12 o}

OP E-6 AAGACCCCTC 3 10 5 17 12 12 o}

OP E-7 AGATGCAGCC 6 14 13 17 19 16 3

OP F-3 CCTGATCACC 9 8 6 33 16 15 1

OP F-7 CCGATATCCC 6 5 3 22 12 12 o}

OP G-2 GGCACTGAGG 6 8 9 14 10 6 4

OP H-5 AGTCGTCCCC 9 11 10 21 16 11 5

Total 73 109 89 233 173 151 22
Discussion especially cytokinins on multiple shoot formation has

In vitro propagation

Cytokinin is one of the plant hormones crucial for
plant growth and development and is known to
promote cell division and differentiation (Dello et al.,

2007).The effect of different plant growth regulators

been reported (Ganesan and Jayabalan,2006;
Hussain et al., 2008; Sivanesan et al., .2008; Aruna
et al., 2012; Sonali et al., 2013). According to the
responses of nodal explants of Ficus cordata ssp.

salicifolia and Pulicaria vulgaris Gaertner as shown
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in (Table1).

-

Fig. 1. Shoot multiplication stage of a medicinal plant

Ficus cordata ssp. Salicifolia.

Fig. 2. Shoot initiation and multiplication stages of a

medicinal plant Ficus palmata Forsk.

Fig. 3. Shoot initiation and multiplication stages of a

medicinal plant Pulicaria vulgaris.

Although an increase in BAP concentration to 2 mg/1
with low concentration of 2iP 0.1 mg/l gave an
increase in shoot initiation percentage (60%) but an
increase in 2iP concentration to 1 mg/l and decrease

in BAP concentration to 0.5 mg/l was more efficient

on shoot initiation percentage (86.6%). These results
are relatively similar with the results reported on the
effect of cytokinins on in vitro multiplication of
Sophora tonkinensis by Sonali et al. (Sonali et al,
2013), an increase in 2iP concentration from 0.5 to
2.0 umol resulted in an increase in the induction of
axillary shoots. Maximal shoot regeneration (75%)
was achieved on the MS medium containing 2.0 pmol
2iP with an average of 5.0 shoots per explants. The
results of the responses of nodal explants of Ficus
palmata Forsk in (Table1) showed that, an increase in
BAP concentrations from 1.0-2.5 mg/l resulted
gradually increased in shoot initiation percentage
while an increase of BAP 2.0- 2.5 mg/l resulted in
decrease of an average number of shoots (3.25-1.75)
The effect of BAP on shoot

multiplication has been reported in some medicinal

per explants.

plants (Martin, 2000 ; Mulwa and Bhalla, 2000;
Sasikumer et al., 2009).It was demonstrated that, the
use of high cytokinin levels was one of the most
effective methods to reduce shoot and leaf growth and
promote the formation of meristematic clusters
(Lobna et al., 2008). According to the results in
(Table 1), the combination of (BAP and Kn) was more
efficient on shoot induction than the combination of
(BAP, Kn and NAA). The effect of auxin on shoot
induction has been reported (Gulati and Jaiwal, 1992;
Khalaflla and Hattori, 2000; Ishag et al., 2009), it
was reported that the addition of NAA to medium
cytokinin did not shoot

containing improve

multiplication rate.

—
F—

il

Fig. 4. RAPD electrophoretic banding pattern
produced by OP-E-7. Lane M: Standard DNA Ladder
100bp; Lane 1: Pulicaria vulgaris; Lane 2: Ficus

cordata; Lane 3: , Ficus palmate.
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Fig. 5. RAPD electrophoretic banding pattern
produced by OP-E-4. Lane M: Standard DNA Ladder
100bp; Lane 1: Pulicaria vulgaris; Lane 2: Ficus

cordata; Lane 3: , Ficus palmate.

Fig. 6. RAPD electrophoretic banding pattern
produced by OP-H-4. Lane M: Standard DNA Ladder
100bp; Lane 1: Pulicaria vulgaris; Lane 2: Ficus

cordata; Lane 3: , Ficus palmate.

During present work 14 primers have successful PCR
amplification and produced informative and distinct
electrophoretic banding pattern. The size and number
of produced DNA fragments was varied with different
which

amplification and its might be due to nucleotide

primers indicate random pattern of
changes at the primer annealing site or due to
addition or deletion between two priming sites
(Sharma et al., 2001). This pattern of amplification
indicates a genetic heterogeneity between the studied
plant species and random pattern of amplification
(Kamaleldin et al.,, 2003). The maximum number

(33fragments) was amplified with primer (F3) and
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the minimum number (7 fragments) was amplified
with primer (B2). Therefore the markers used in the
present investigation proved to be quite powerful in
the characterization of the studied genotypes.
Moreover the RAPD technique is to be applicable for
genotype identification. RAPD-PCR markers yield
different information, since they analyze different
sequences and detect different types of variations in
the plant DNA. RAPD-PCR detects differences along
the entire genome, not only in particular sequences
(Ortiz-Herrera et al., 2004).Therefore RAPD markers
have been utilized to characterizing large number of
medicinal plants such as Pulicaria sp. (Miura et al.,
1987); Juniperus (Kasaian et al., 2011); Ficus sp.( De
Masi et al., 2005; Akbulut et al., 2009; Basheer-

salimia et al., 2012).

Abbreviations
BAP, Benzyl Kn, kinetin; MS,
Murashige and Skoog medium; NAA, a- naphthalene

aminopurine;

acetic acid; 2iP, 2-isopentyladenine ;s.d.H20, sterile
RAPD-PCR, Random amplified
polymorphic DNA- polymerase chain reaction.

distilled water;

Conclusion

In this study a micro propagation protocols and
RAPD PCR technique were adopted for three
important medicinal plant species Ficus cordata ssp.
salicifolia (vahl) C.C. Berg, Ficus palmata Forsk and
Pulicaria vulgaris Gaertner. These protocols will help
for characterization as well as mass propagation of
these species for pharmaceutical industries and in

vitro germplasm conservation.

References

Akbulut M, Ercisli S, Karlidag H. 2009. RAPD-
based study of genetic variation and relationships
among wild fig genotypes in Turkey. Genetics and

Molecular Research 8(3), 1109-1115.

Aruna V, Kiranmai C, Karuppusamy S, Pulliah
T. 2012. Influence of aseptic seedling explants on in
vitro shoot multiplication of Caralluma adscendens
var. attenuate Wight. African Journal of Plant Science

6, 290-2094.

43 | El-Tarras et al.


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCkQFjAC&url=http%3A%2F%2Fwww.journals4free.com%2Flink.jsp%3Fl%3D9846078&ei=kRCXVKiDOaWE7ga_w4DQDg&usg=AFQjCNFP5UOE8W3bqeO90_tMNj4xbwSwVg&sig2=ro9HbDNLvSKKSDOJ8a5c0A&bvm=bv.82001339,d.d2s
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0CCkQFjAC&url=http%3A%2F%2Fwww.journals4free.com%2Flink.jsp%3Fl%3D9846078&ei=kRCXVKiDOaWE7ga_w4DQDg&usg=AFQjCNFP5UOE8W3bqeO90_tMNj4xbwSwVg&sig2=ro9HbDNLvSKKSDOJ8a5c0A&bvm=bv.82001339,d.d2s
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBwQFjAA&url=http%3A%2F%2Fwww.academicjournals.org%2Fjournal%2FAJPS&ei=BBOXVMmoOaKp7Aaa9ID4Dg&usg=AFQjCNGEiMnAHrrtyeJQGbT32hJ3f7ORsA&sig2=qkOdL4lzIRL09DDZfLgNMA&bvm=bv.82001339,d.d2s

Atiqur Rahman M, Mossa JS, Mansour SA, Al-
Yahya MA. 2004. Medicinal plant diversity in the
flora of Saudi Arabia 1: a report on seven plant

families, Fitoterapia 75, 149—161.

Basheer-salimia R, Awad M, Salama A,
Alseekh S, Harb J, Hamdan Y. 2102.Molecular
polymorphisms in Palestinian Figs (Ficus carica L.) as
revealed by Random Amplified Polymorphic DNA
(RAPD). Journal of Genetic Engineering and
Biotechnology 10, 169—175.

Bhatt V, Purohit KV, Negi V. 2010. Multipurpose
Tree species of. Western Himalaya with An
Agroforesty prospective for rural needs J A Journal of

American Science 6(1), 73-80.

Chang WD, Huang WW, Chen CC, Chang YS,
Tsay HS. 1994. The production of secondary
metabolites from Chinese medicinal herbs by
suspension cell and tissue culture. In. Proc. 7th Int.
Congr of SABRAO and WASS, November 16-19.

Taipei, Taiwan: Academia Sinica 535—540.

Collenette S. 1998. Checklist of botanical species in
Saudi Arabia. West Sussex (UK): International
Asclepiad Society 78.

Cowan MM. 1999. Plant products as antimicrobial

agents. Clinical Microbiology Reviews 12, 564-582.

De Masi L, Castaldo D, Galano G, Minasi P,
Laratta B. 2005. Genotyping of fig (Ficus carica L)
via RAPD

markers. Journal of

the Science of Food and Agriculture 85, 2235—2242.

Dello IR, Linhares FS, Scacchi E, Casamitjana-
Martinez E, Heidstra R, Costantino P. 2007.
Cytokinins determine Arabidopsis root-meristem size
by controlling cell differentiation. Current Biology 17,
678-682.

Donfack HJ,
Chuisseu PD, Tchana AN, Buonocore D,

Ngadjui BT, Moundipa PF, Marzatico F. 2011.

Kengap RT, Ngameni B,

2015

Ficus cordata Thunb (Moraceae) is a potential source

of some hepatoprotective and antioxidant

compounds. Pharmacologia 2(5), 137-145.

El-Kamali H, Ahmed A, Mohamed A, Yahia A,
El-Tayeb I, Ali A. 1998. antibacterial properties of
essential oils from Nigella sativa seeds, cymbopogon
citrates leaves and Pulicaria undulate aerial parts.

Fitoterapia 69(1), 77-78.

El-Kamali H, Habeballa R, Abdalla 1,
Mohamed Y, Abdelkarim D, Abbas I, Ali S.
2010. Genetic relationship of two Pulicaria Species
and identification of their putative hybreds using
RAPD markers. World Applied Science Journal 8(6),
687-693.

El-Kamali H, Yousif M, Ahmed O, Sabir S
.2009. Phytochemical analysis of oil from aerial parts
of Pulicaria undulate (L.) kostel from Sudan.

Ethnobotanical Leaflets 13, 467-471.

FAO. 2013. Genebank Standards for Plant Genetic

Resources for Food and Agriculture. Rome.

Ganesan M, Jayabalan N. 2006. Influence of
cytokinins, auxins and polyamines on in vitro mass
multiplication of cotton (Gossypium hirsutum L. cv.

SVPR2). Indian Journal of Experimental Biology 44,
506-513.

Guasmi F, Ferchichi A, farés K, touil L .2006.
Identification and differentiation of Ficus carica
L.cultivars using inter simple sequence repeat

markers. African Journal of Biotechnology 5(15),

1370-1374.

Gulati A, Jaiwal PK. 1992. In vitro induction of
multiple shoots and plant regeneration from shoots
tip of mung bean (Vigna radiate (L.) Wilczek). Plant
Cell, Tissue and Organ Culture 29, 199-205.

Hussain TM, Chandrasekhar T, Gopal GR.
2008. Micropropagation of Sterculia urens Roxb., an

endangered tree species from intact seedlings. African

44 | El-Tarras et al.


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCMQjBAwAQ&url=http%3A%2F%2Fwww.jofamericanscience.org%2Fjournals%2Fam-sci%2Fam0610%2F&ei=hhOXVNfrIsut7gaYiYCgDg&usg=AFQjCNEogOS-ciIb0Ag1mcYlbUke1_1PKQ&sig2=Mq28AUBWFDxYBqEI2fzsIQ&bvm=bv.82001339,d.d2s
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCMQjBAwAQ&url=http%3A%2F%2Fwww.jofamericanscience.org%2Fjournals%2Fam-sci%2Fam0610%2F&ei=hhOXVNfrIsut7gaYiYCgDg&usg=AFQjCNEogOS-ciIb0Ag1mcYlbUke1_1PKQ&sig2=Mq28AUBWFDxYBqEI2fzsIQ&bvm=bv.82001339,d.d2s

Journal of Biotechnology 7, 95-101.

Ishag S, Osman MG, Khalaflla MM. 2009.
Effects of growth regulators, explants and genotype
on shoot regeneration in Tomato (Lycopersicon
esculentum c.v. Omdurman). International Journal of

Sustainable Crop Production 4(6), 7-13.

Kamaleldin E, Aradaib I, Elsanousi S. 2003.
PCR based randomely amplified polymorphic DNA
(RAPD) fingerprinting for detection of genetic
diversity among Sudanese isolates of Haemophilus

somnus.Vetrinarski Arhiv 73(63), 315-321.

Kasaian J, Behravan J, Hassany M, Emami
SA, Shahriari F, Khayyat MH. 2011. Molecular
characterization and RAPD analysis of Juniperus
species from Iran. Genetics and Molecular Research 7

10(2), 1069-74.

Khalaflla MM, Hattori K. 2000. Differential in
vitro direct shoot regeneration responses in embryo
axis and shoot tip explant of faba bean. Breeding

Science 50, 117-22.

Khan KY, Khan MA, Ahmad M, Shah GM,
Zafari M, Niamat R, Munir M, Abbasi AM,
Fazal H, Mazari P, Seema N. 2011. Foliar
epidermal anatomy of some ethnobotanically
important species of genus Ficus Linn., Journal of
medicinal plant research 5(9), 1627-1638.

Lobna S, Taha MM, Soad I, Farahat MM.
2008. A Micropropagation Protocol of Paulownia
kowakamii through in vitro culture technique.

Australian Journal of Basic and Applied Sciences,

2(3), 594-600.

Manandhar NP. 1995. A survey of medicinal plants

of Jajarkot district, Nepal, Journal

of Ethnopharmacology 48, 1-6.

Martin KP.

Holostemma ada-kodien Schult., a rare medicinal

2000. Rapid propagation of

plants, through axillary bud multiplication and

2015

indirect organogenesis Plant Cell Reports 21, 112-117.

Micke O, Hubner J, Munstedt K. 2009.
Ayurveda. Der Onkologe 15, 792-798.

Miura Y, Fukui H,

propagation of chemically uniform fennel plants

Tabata M. 1987. Clonal

through somatic embryoids. Planta Medica 53, 92—
94.

Mossa JS, Al-Yahya MA, Al-Meshal IA. 2000.
Medicinal plants of Saudi Arabia. Riyadh: King Saud

University Press.

Mossa S, Hifnawy M, Al-Yahya A, Meshal I,
Mekkawi A. 1987. Aromatic plants of Saudi arabia-
part8-GC/MS analysis of essential oils of Pulicaria
and P.undulata. Pharmaceutical Biology 25(2), 11-
119.

Mulwa RMS, Bhalla PL. 2000. In vitro shoot
multiplication of Macadamia tetraphlla L. Johnson,
The Journal of Horticultural Science and
Biotechnology 75, 1-5.

Ortiz-Herrera M, Geronimo-Gallegos A,
Cuevas-Schacht F, Perez-Fernandez L, Coria-
Jimenez R. 2004. RAPD-PCR characterization of
Pseudomonas aeruginosa strains obtained from cystic
fibrosis patients. Salud Publica de México 46(2),

149-157.

Palopoli G. 1990. La produzione ed utilizzazione
del fico in provincial di Cosenza. Agricoltura Ricerca

112(113), 23—26.

Patwardhan B, Warude D, Pushpangadan P.
Bhatt N. 2005. Ayurveda and traditional Chinese
medicine: A comparative overview. Evidence-Based

Complementary and Alternative Medicine 2, 465-

473-

Poeaim1 A, Poeaim S, Soytong K,

Krajangvuthi T. 2012. Genetic Diversity of Ficus

carica L. Based on Non-Coding Regions of

45 | El-Tarras et al.


http://www.ncbi.nlm.nih.gov/pubmed?term=Kasaian%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21710457
http://www.ncbi.nlm.nih.gov/pubmed?term=Behravan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21710457
http://www.ncbi.nlm.nih.gov/pubmed?term=Hassany%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21710457
http://www.ncbi.nlm.nih.gov/pubmed?term=Emami%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21710457
http://www.ncbi.nlm.nih.gov/pubmed?term=Emami%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=21710457
http://www.ncbi.nlm.nih.gov/pubmed?term=Shahriari%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21710457
http://www.ncbi.nlm.nih.gov/pubmed?term=Khayyat%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=21710457

Chloroplast DNA. The 8th International Symposium

on Biocontrol and Biotechnology.

Poumale P, Kengap J, Tchouankeu C,
Keumedjio F, Laatsch H, Ngadjui BT. 2008.
Pentacyclic triterpenes and other constituents from
Zeitschrift ~ fiir

Ficus cordata (Moraceae).

Naturforschung 63, 1335-1338.

Sabatie B. 1985. Flore du Cameroun, Moraceae
(incl; Cecropiaceae) Ministere de I’Enseignement
Superieur et de la Recherche Scientifique (MESRES)
(Ed.), Yaounde-Cameroun 154-155.

Sabeen M, Ahmad S. 2009.Exploring the folk
medicinal flora of Abbotaabad city, Pakistan,
Ethnobotanical Leaflets 13, 810-33.

Sakhanokho F, Zipf A, Rajasekaran K, Saha S,
Sharma C. 2001. Induction of highly embryogenic
calli and plant regeneration in upland (Gossypium
hirsutum L.) and Pima (Gossypium barbadense L.)

cottons. Crop Science 41, 1235—40.

Sasikumer S, Raveendar S, Premkumar A,

Ignacimuthu S, Agastian pP. 2009.

Micropropagation of Baliospermum montanun
(Willd.) Muell. Arg. A threatened medicinal plant.

Indian Journal of Biotechnology 8, 223-226.

Sharma D, Appa Roa K, Singh R, Totey S. 2001.

Genetic diversity among chicken breeds estimated

2015

through random amplified polymorphic DNA. Animal

Biotechnol 12, 111-120.

Sivanesan I, Hwang SJ, Jeong BR. 2008.
Influence of plant growth regulators on axillary shoot
multiplication and iron source on growth of
Scrophularia takesimensis Nakai-a rare endemic
medicinal plant. African Journal Biotechnology 7,

4484-4490.

Sonali J, Iyyakkannu S, Byoung J. 2013. Effect
of cytokinins on in vitro multiplication of Sophora
tonkinensis. Asian Pacific Journal of Tropical

Biomedicine 3(7), 549-553.

Srivastava J, Lambert J, Vietmeyer N.
1996.Medicinal plants: An expanding role in
development. World Bank Technical Paper. No. 320.

Wakhlu AK, Bajwa PS. 1986. Regeneration of
uniform plants from somatic embryos of Papaver
somniferum (opium poppy). Phytomorphology 36,

101-105.

Williams K, Kubelik R, Livak J, Rafalski A,
Tingey V. 1990. DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers.

Nucleic Acid Research 18, 6531-6535.

Withers LA, Engelmann F. 1997. In vitro
conservation of plant genetic resources. In Altman A
(ed) Biotechnology in Agriculture. Marcel Dekker Inc.
New York, 57-88.

46 | El-Tarras et al.



