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ABSTRACT: The goal of this research was to establish protocol for micropropagation and RAPD analysis of
Echinacea angustifolia. The obtained data revealed that seeds sterilization with 5% clorox for 20 min and 0.1%
mercuric chloride (MC) for 1 min, gave the best results for seeds germination and survival percentage. Three type of
explants i.e., leaf, petiole and root were used for callus formation. The best results were obtained with MS medium
supplemented with 1.0 mg/L-1 BA + 1.0 mg/L-1 NAA from leaf and petiole explant, respectively. However,
supplementation of MS medium with 0.2 mg/L of BA gave the highest number of shootlets regeneration from root
explants compared with other explants. Moreover, culturing the regenerated shoots on MS medium supplemented
with 0.2 mg/L-1 IBA and 1 g/ activated charcoal enhanced of roots formation within two weeks. Furthermore, there
is no evidence of somaclonal variations were recorded between the in vitro derived plantlets and those mother plant

that revaluated highly similarity using RAPD-based DNA fingerprint analysis.
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INTRODUCTION

Echinacea species are members of the family
Asteraceae (perry et al., 2001). The word Echinacea is
derived from the Greek Echinos for sea urchin or
hedge hog, a reference to the spiny appearance of the
plant (Speroni et al., 2002). Echinacea species,
commonly known as purple coneflower, comprise a
genus native to north America, occurring primarily in
the USA and in South- Central of Canada (Mc
Gregor, 1968).

Echinacea species have long been recognized
as important medicinal plants used by Native
Americans for the treatment of many diseases,
including colds, toothaches, snake bites, rabies and
wound infections (Bauer and Wagner, 1991). For
sterilization of explants clorox and murcuric chloride
can be used as reported by Sujatha (1997) on Guizotia
abyssinica, and Abou Dahab et al., (2005) on Russcus
hypoglossum. Murch et al., (2006) reported that seeds
of E. purpurea were surface sterilizated by immersion
in 70% ethanol for 30 s and then in 5.4% sodium
hypochloride for 18 min which proved highly efficient
in ensuring contamination free seeds germination.
Furthermore, Korach et al., (2003) in their study on
Echinacea pallida they found that callus were derived
from leaf tissue explants when placed on MS medium
supplemented with BA and NAA combinations. In
addition when Subbaiah et al., (2003) used another
strains of Echinacea they reported that callus were
induced from leaf segments of mature plants of E.
purpurea placed on MS medium supplemented with
0.5 mgl-1 NAA and 2.5 mgl-1BA. Plant regeneration
from petiole explants of E. purpurea was achieved
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using only a small amount of BA (Choffe et al., 2000).
However, Coker and Camper (2000) used MS
medium with NAA and kinetin to induce shoots from
sterile seedlings of E. purpurea. Furthermore, plantlets
of Echinacea purpurea were rooted on MS medium
alone or in combination with different concentration of
IBA. Moreover, Koroch et al. (2002) reported that
high rooting and survival percentage were achieved
using MS medium without plant growth regulators.
The use of (RAPD) Random Amplified Polymorphic
DNA for identification of cultivars through DNA
profiling is the current method of choice in measuring
genetic  variation within germplasm collections
(Williams et al., 1990; Trujillo et al., 1995; Paull et
al., 1998 and Hernendez et al., 2001). Due to
technical simplicity and speed, RAPD methodology
was used for diversity analyses in several crops
(Demek et al., 1996). PCR-based RAPD markers are
dominant markers that are extensively used in genetic
mapping (Chalmers et al., 2001) and identification of
genetic polymorphisms (Bai et al., 2003 and Sun et
al., 2003).

Therefore, the current expermints were
achieved on E. angustifolia to investigate the effect of
various media ingredients on callus production,
shootlets proliferation and roots formation in vitro.

MATERAILS AND METHODS

This investigation was carried out on
Echinacea angustifolia at the Department of Plant
Biotechnology, National Research Centre. The
objective of this study was to establish protocol for
callus production, micropropagation and RAPD
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analysis of the in vitro derived plantlets compared
with the mother plant.

Explants source and disinfection

Seeds of E. angustifolia were obtained from
Horticulture Division, Faculty of Agriculture, Cairo
University, Egypt. These seeds were soaked for 1 min
in 70% ethanol under aseptic condition and treated
with 5% of commercial Clorox with a few drops of
tween-20 for 20 min followed by 0.1% of mercuric
chloride (MC) for 1 min. Finally, they were rinsed
three times with steril-distiled water. Sterilized seeds
were cultured onto growth regulator-free MS-medium
(five replicate per treatment). After three weeks of
culturing germinated seeds were used as a source of
leaf, petiole and root explants..

Culture media and conditions

For callus induction, shootlets proliferation
and rooting experiments, all used media were enriched
with 30 g/l sucrose and 7 g/l agar. All type of media
were adjusted to pH 5.8+0.1 and autoclaved at 121°C
and 1.2 kg/cm? for 20 min before using. The different
explants i.e. leaf, petiole and root were placed
vertically in 200 ml capacity galss containing 25 ml
media. The culture media were incubated at 26 +1°C
under fluorescent white lamps with light intensity of
3000 lux at 16-hours photoperiod and the other
cultures were maintained in dark conditions at 25°C to
determined the callus formation.

Callus induction

Leaf, petiole and root segments (3-4mm) were
excised from sterilized in vitro germinated plantlets
cultured on MS medium (Murashige and Skoog, 1962)
supplemented with different concentrations of BA at
the rate of 0, 1, 3, 5 (mg/l) and 1mg/l NAA. In all
treatments twenty explants in five replicates were
cultured for one month and subcultured onto same
treatment for three times. The callus value were
recorded by presented as coefficient (+ or -).

Shootlets regeneration

An equal pieces of calli cultures (~ 250
mg/jar) produced from leaf, petiole and root explant
were recultured on MS medium supplemented with
different concentrations of BA at the rate of 0, 0.2,
0.4, 0.6, 0.8, or 1.0 (mg/l). In all treatments twenty
derived calli in five replicates were cultured for one
month and subcultured onto same treatment for three
times. The number of shootlets, shootlet length (cm)
and number of leaves per shootlet were recorded.

Roots formation
In this experiment, shootlets (1-2 cm length)
were recultured onto MS-free- growth regulators

medium supplemented with 1 g/l activated charcoal
(AC) or on MS medium supplemented with different
concentration of IBA. Twenty shootlets in five
replicated were used in each treatment for one month
and then the percentage of root formation, number of
roots per shoot and root length (cm) were recorded.

The obtained results were statistically analyzed
using SPSS multiple range test at 0.001 & 0.05 level
of significance according to Snedecor and Cochran
(1982).

Genomic DNA extraction and RAPD analysis.

Genomic DNA was isolated using CTAB
method according to Doyle and Doyle (1990). RAPD-
PCR analysis, PCR amplification was performed in 20
ul reaction mix containing 20 ng genomic DNA, 1 unit
taq polymerase (Gibco), 200 uM each of dATP,
dCTP, dGTP, dTTP, 20 pmole of random primers
(Operon) as shown in Table (1) and appropriate
amplification buffer. The mixture was assembled on
ice, overlaid with a drop of mineral oil. Amplification
was performed according to Williams et al., (1990)
for 45 cycles, using Biometera Uno Thermal Cycler,
one cycle at 92°C for 3 min and then 44 cycles at
92°C for 30 sec, 35°C for 60 sec and 72 °C for 2 min
(for denaturation, annealing and extension stages,
respectively). Reaction was finally incubated at 72 °C
for 10 min and further for 10 min at 62°C.

Table (1): The random primer names and
sequences used for RAPD analysis.

No. RAPD primers
Name Sequences 5'--------- 3
AMI1 CTTCGGCAGCATCTCTTCAT
2 AM2 CAGTGTGGAAGCCGATTATG
AM3 ATGTGTTGTCTGGCTTGGTA
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Electrophoresis, the amplification products were
analyzed by electrophoresis according to Sambrook et al.,
(1989) in 2% agarose in TAE buffer (for each litre of 50X
TAE Stock solution: 242 g Tris Base, 57.1 mL glacial
acetic acid and 100 mL 0.5 M EDTA). Then the products
were stained with 0.2 ug/ml ethidium bromide. Nucleic
acids bands were photographed and detected under short
wave of UV light.

Expermintal design and data analysis

Completly ramdomized design was employed
in all of the executed experiments. Data analysis of
variance was carried out according to Stell and
Torrie (1980).

RESULTS AND DISSCUSION
Seeds disinfection
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Disinfection of the seeds and subsequently
germination is an important process to obtaine a
success explants under the establishment stage and
complet the following stages of tissue culture. Data in
Table (2) referred that sterilization with Clorox 20%
for 20 min resulted in highest percentage of free
contamination (76.25%) compared to 10 min, which
gave (47.50%). The highest percentage of survival and
germinated seeds were recorded with 10 min
(82.50%), however, sterilization for 20 min recorded
the lowest percentage of survival (42.50%). These
finding are in agreement with Zobayed and Saxena
(2005) on Echinacea purpurea they found that using
Clorox at different concentrations had a great effect on
sterile seeds.

Callus induction

Data tabulated in Table (3) and Fig. (1) show the
effect of supplementation of MS medium with 1 or 3
or 5 mg/l of BA in combination with 1mg/l NAA on
percentage of callus formation from leaf, petiole and
root explants cultured and incubated under light or
dark condition. The highest observation of callus
formation was remarket with leaves and petiole
explants, respectively. The equal concentration of BA
and NAA resulted the best results of callus formation
compared with other concentration. However,
increasing of BA concentration to Smg/l stimulated of
callus induction from root explants. The obtained

results are in agreement with those obtained by
Koroch et al. (2002) on Echinacea purpurea they
found that incubation of leaf explants with MS basal
medium supplemented with a suitable ratio of
auxin/cytokinin achieved of callus formation after 4
weeks of incubation.

Shootlets formation

Data in Tables (4,5) and Fig. (2) show the
effect of MS medium supplemented with different
concentrations of BA on number of shootlets
formation, length of shoot and number of leaves/shoot

The obtained results of Table (4) revealed
that leaflet derived calli gave the maximum number of
shootlets regeneration (1.85) compared to petiole
(1.74) and root (0.23) calli respectively. Moreover,
data on Table (4) demonstrated both the effect of
different concentrations of BA and type of calli on the
length of the regenerated shootlets. The longest
shootlets (1.05 cm) was recorded with leaf calli as
compared with petiole (0.84 cm) and root (0.53 cm)
calli cultures respectively. These data are in agreement
with those Koroch et. al., (2002) which found that
lower concentration of BA (0.44-8.88 uM) with leaf
calli of E. purpurea showed adventitious shoots
formation after 4 weeks. Lucchesini et al., (2009)
reported that CH basal medium supplemented with 0.5
mgL™" BA gave the best results of shootlets formation
from Echinacea angustifolia.

Table (2): Effect of some sterilization treatments on free contamination and survival seeds (%) from

Echinacea angustifolia cultured in vitro.

Free contamination %

Survival %

Time 10 min 15min 20min Mean B 10 min 15 min 20 Mean B
Clorox% min
5% 10.0 45.0 60.0 38.33 100.0 45.0 70.0 71.67
10% 20.0 55.0 65.0 46.67 90.0 75.0 55.0 73.33
15% 70.0 80.0 85.0 78.33 85.0 85.0 35.0 68.33
20% 90.0 75.0 95.0 86.67 55.0 50.0 10.0 38.33
Mean A 47.50 63.75 76.25 82.50 63.75 42.50

Table (3): Influence of MS medium supplemented with BA and NAA on percentage of callus

formation

from leaf, petiole and root explants of E. angustifolia. Cultures were incubated under light or

dark condition at 26+1 °C for 4 weeks.

MS supplemented Explants
with mg/1 leaves petiole root
BA NAA light dark light dark light dark
0 0 - - - - - -
1.0 1.0 - ++ - + - -
3.0 1.0 ++ - ++ + - -
5.0 1.0 ++ + - - ++ -

Data are presented as coefficient (+ or -).
(+) =low, (++) =medium, (+++) = high
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Fig.1. Callus formation from leaf explants under light (A), under dark (B); from petiole explants under light
(C) and dark (D) conditions.

Table (4): Effect of MS medium supplemented with (0.2,0.4,0.6,0.8 and 1 mg/l) BA on number of shootlets
and length of shootlets regenerated from leaf, petiole and root calli of E. angustifolia.

Number of shootlets regenerated from callus

Length of shootlets (cm) regenerated

MS medium of : from callus of :
supplemented
with: Leaf Petiole Root Leaf Petiole Root
Control 0.53£.07®  0.50+.00 @ 50+£.06@ | 2.88+£15®  1.13+£.05® 2.00+25®
0.2 mg/l BA 2.89+.08®  387+12®  90+12® | 138+10® 1.06+.00® 1.22+.05®
0.4 mg/l BA 5.55+0.44©  3.00+.11© 00£.00© | 1.15£.09®  1.05+.03 @ .00+.00 ©
0.6 mg/l BA 2.13£0.129  2.10£14@  00£00© | 98+05®  86+.05©@  .00+.00 @
0.8mg/l BA .00+.00 @ 1.00+£15@  .00£00© | .00£00©  98+07®  .00+.00©
1.0 mg/l BA .00+.00 @ .00+£.00 © 00£.00© | .00£00©  .00+£.00®  .00+.00 ©
Mean 1.85 1.74 0.23 1.05 0.84 0.53
F ratio 316.787 198.45 52.8 154.81 90.226 67.992
Pvalue kkk skskek sksksk skskek skskk kkk

Means in a Column with similar letters are not significantly different according to LSD. *** = significant at P <

0.001.
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Table (5): Effect of MS medium supplemented with (0.2,0.4,0.6,0.8 and 1 mg/l) BA on number of leaves from
leaf, petiole and root calli of E. angustifolia.

Number of leaves/ shootlets regenerated from callus of :

MS medium
supplemented
with: Leaf Petiole Root
Control 2.18+.10®@ 2.00+.00 @ 1.59+.08 @
0.2 mg/l BA 5.88+.09 © 6.93+.02 ® 2.40+.08 ©
0.4 mg/l BA 6.87+.053 © 6.10+.08 © .00+.00 ©
0.6 mg/l BA 5.05+.06 5.20+.04 @ .00£.00 ©
0.8mg/l BA .00+.00 © 3.60+.15 © .00+.00 ©
1.0 mg/l BA .00+.00 © 0.00+0.00 © .00+.00 ©
Mean 3.32 3.97 0.66
F ratio 2180.329 1334.666 522.638
Pvalue skskok skoksk skoksk

Means in a Column with similar letters are not significantly different according to LSD.
*** = gignificant at P < 0.001.

Fig (2). Effect of MS medium supplemented with 0.4 mg/l BA on shootlets regeneration from leaf (A), petiole
(B) and root (C) calli culture of E. angustifolia, after 4 weeks of cultivation under light condition.

Moreover, data of Table (5) show the effect of different concentration of BA and the type of explants on
number of leaves/shootlet formation. The highest number of leaves (3.97) was recorded with MS medium
supplemented with 0.2 mgL™" BA.

Roots formation

Data in Table (6) revealed that MS-medium with or without addition of 1 g/l activated charcoal (AC) and
with or without 0.2mg/l IBA induced shootlet root formation in an equal rate (100%). Data Showed that the highest
significant of roots number (1.8) and root length (5.21 cm/shoot) were recorded with MS + 1g/1 AC+0.2mgL™" IBA.
However, the lowest significant of root number (0.8), and shortage of root length (3.54 cm/shoot) were recorded
with MS medium free growth regulators. In close of the obtained results, George and Ravishankar (1997) on Vanilla
planifolia found that the best rooting formation was observed in half-strength of MS-medium with or without
activated charcoal.
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Table (6): Effect of MS-medium supplemented with or without activated charcoal (1 g/l) and 0.2 mg/l IBA on
formation roots of E. angustifolia.

Culture medium Rooting % Number of roots Length of root (cm)
MS 100 08¢ 3.54°

MS+ 0.2mgL" IBA 100 12°¢ 4.65%°

MS + AC 100 1.4 3.66 ¢

MS + AC+0.2mgL™" IB 100 1.8° 521°

Mean NS 1.3 4.26

—

Fig. (3) Effect of MS medium supplemented with or without 1 g/l activated charcoal and 0.2 mg/l IBA. (A) MS
with 0.2mgL™* IBA (B) MS with 0.2mgL™ IBA and activated charcoal.

RAPD analysis of in vivo and in vitro E.angustifolia.

Three random primers (AM1, AM2 and AM3) were screened in RAPD analysis for their ability to produce
sufficient amplification products. The results of DNA fingerprints generated by PCR amplification using the three
primers are presented in Figs (4,5 and 6) and Tables (7,8 and 9).The number of fragments generated per primer
varied between 1-6, 1-4 and 1-3. The primer AM1 gave the highest number of bands (6) and the percentage of
polymorphism were 89.5 and 86.9 with primer AM1 and AM2 respectively, the primer AM3 gave the highest
percentage of polymorphism (100) and the number of bands was (3).

RAPD marker generated with primer (AM1) shown in Fig (4) and Table(7) showed that the same DNA
amplification with the mother plant. The differences showed with three fragments with treatments 5 and 6, at 791,
475 and 368 bp, respectively between them and the mother plant. Also, presents data showed that there are five
common bands in all treatments and the mother plant.

RAPD marker generated with primer (AM2) in Fig (5) and Table (8) showed minimal DNA amplification
differences between the treatments and the mother plant. In treatment 5 there is one fragment at 791 bp, one band
with treatments 2, 3, 4, 5, and 6 at 700 bp and tow bands with treatments 5 and 6 at 187 and 121 bp are not showed
in the mother plant, and tow bands are common with all treatments and mother plant at 568 and 368 bp. Primer
(AM3) in Fig. (6) and Table (9) showed that there are no differences between all treatments and the mother plant.
However, these polymorphisms are considered to be primarily due to the variation in the primer annealing sites.
RAPDs have been used for many purposes, ranging from studies at the individual levels (e.g. genetic identity) to
studies involving closely related species. Due to their high genomic abundance, RAPDs have also been applied in
gene mapping studies (Williams et al., 1990). In this respect, RAPD markers have been able to access the genetic
stability of micropropagated plants of Deutzia scabra (Sayed and Gabr, 2009) almonds (Martins et al., 2004),
cassava (Angel et al., 1996), ginger (Rout et al., 1998), sweet potato (Dixit et al., 2003), turmeric (Tyagi et al.,
2007), and yams (Ahuja et al., 2002). As RAPD markers amplify different regions of the genome, their
simultaneous analyses give a better interpretation of the genetic stability of the in vitro regenerants (Martins et al.,
2004). While, De Masi et al., (2003) reported that, they used the RAPD analysis to distinguish the two more largely
widespread fig cultivars in Italy ( Bianco del Cilento and Dottato) and their clones. RAPD- PCR produced
amplification patterns that did not significantly vary between the two cultivars. However, RAPD analysis allowed
clone differentiate using a single primer.
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Fig (4). RAPD pattern of the in vitro treatments of Echinacea angustifolia with primer AM1.
Where: M. DNA marker (100 — 1000 pb). (1) Mother plant. (2) Callus from leaf in light. (3) Callus from
petiole in light.(4) Callus from root in light (5) Callus from leaf in dark.(6) Callus from petiole in
dark.(7)regeneration plant.

Table (7): RAPD-PCR analysis of Echinacea angustifolia using AM1 primer.

Band M 1 2 3 4 5 6 7
No.
1 1000 + + + - - - -
2 966 + + + + + + +
3 791 - - - - + + -
4 700 + + + + + + +
5 586 + + + + + + +
6 475 - - - - + + -
7 368 - - - - + + -
8 267 + + + + + + +
9 187 - - - - + + -
10 121 + + + + + + +

1000

600
500
400
300
200
100

Fig (5). RAPD pattern of the in vitro treatments of Echinacea angustifolia with primerAM2.

Where: M. DNA marker (100 — 1000 pb). (1) Mother plant. (2) Callus from leaf in light. (3) Callus from
petiole in light. (4) Callus from root in light. (5) Callus from leaf in dark. (6) Callus from petiole in dark. (7)
regeneration plant.
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Table (8): RAPD-PCR analysis of E. angustifolia using AM2 primer.

Band M 1 2 3 4 5 6 7
No.
1 791 - - - - + - -
2 700 - + + + + + -
3 586 + + + + + + +
4 475 + + - - - - +
5 368 + + + + + + +
6 267 + + - - + + +
7 187 - - - - + + _
8 121 - - - - + + -

600
500
400
300
200
100

Fig (6). RAPD pattern of the in vitro treatments of Echinacea angustifolia with primer AM3.
Where M. DNA marker (100 — 1000 pb). (1) Mother plant. (2) Callus from leaf in light. (3) Callus from
petiole in light.(4) Callus from root in light (5) Callus from leaf in dark.(6) Callus from petiole in
dark.(7)regeneration plant.

Table (9): RAPD-PCR analysis of Echinacea angustifolia using AM3 primer.

Band MW 1 2 3 4 5 6 7
No. kbp

1 586 + + + + + + +

2 475 + + + + + + +

3 267 + + + + + + +

Table (10): Polymorphism percentage of treatments and mother plant based on
RAPD product of AM1, AM2 and AM3 primers.

Primers No. of Total No. of Polymorphism %
polymorphism polymorphism
AMI1 6 47/7=1.8 6/7.8*100=89.5
AM2 4 32/7=4.6 4/4.6*100= 86.9
AM3 3 21/7=3 3/3*100= 100

788



Journal of American Science

2010;6(10)

REFERENCES

1.

10.

11.

Abou Dahab, A. M., Habib, M. A. Afaf, Hosni,
Y. A. and Gabr, A. M. M. (2005). Effect of
some sterilization treatments and growth
regulators on Ruscus hypoglossum L. Arab
Biotech., 8 (1): 127-140.

Ahuja, S., Mandal, B. B., Dixit, S. and
Srivastava, P. S. (2002). Molecular phenotypic
and biosynthetic stability in Dioscorea floribunda
plants derived from cryopreserved shoot tips.
Plant Sci. 163: 971-97.

Angel, F., Barney, V. E., Tohme, J. and Roca,
W. M. (1996). Stability of cassava plants at the
DNA level after retrieval from 10 year of in vitro
storage. Euphytica. 90: 307-313.

Bai, G., Guo, P. and Kolb, F. L. (2003). Genetic
relationships among head blight resistant
cultivars of wheat assessed on the basis of
molecular markers. Crop Science 43, 498— 507.
Bauer, R. and Wagner, H. (1991). Echinacea
species as potential immunostimulatory drugs. In:
H Wagner and N.R. Farnsworth (eds) Economic
and Medicinal Plant Research. Academic, New
York,pp 253-321.

Chalmers, J. K. Campbell, A. W,
Krestschmer, J., Karakousis, A., Henschke, P.
H., Pierens, S., Harker, N., Pallotta, M,
Cornish, G. B., Shariflou, M. R., Rampling, L.
R., McLauchlan, A., Daggard, G., Sharp, P. J.,
Holton, T. A., Sutherland, M. W., Appels, R.
and Langridge, P. (2001). Construction of three
linkage maps in bread wheat, Triticum aestivium
L. Australian J. Agric. Research 52, 1089-1119.

Choffe, K. L., Murch S. J. and Saxena, P.
K.(2000). Regeneration of Echinacea purpurea:
induction of root organogenesis from hypocotyls
and cotyledon explants. Plant Cell Tissue Organ
Cult.62:227-234.

Coker, P. S. and Camper, N. D. (2000). In vitro
culture of Echinacea purpurea L.J. Herbs Spices
Med. Plants 7:1-7.

Demek, T., Lynch, D. R., Kawchuk, L. M.,
Kozub, G. C. and Armstrong, J. D. (1996).
Genetic diversity of potato determined by random
amplified polymorphic DNA analysis. Plant Cell
Reports 15, 662— 667.

De- Masi, L., Cipolloro, M., Bernardo, G. di.,
Galderisi, U., Galano, G., Cascino, A., Grassi,
G., Pavone, E. and Simeone, A. (2003). Clonal
selection and molecular characterization by
RAPD analysis of the fig (Ficus carica L.).
"Dottato and Bianco del cilento " cultivars in
Italy. Acta Hort. 605; 65-68.

Dixit, S., Mandal, B. B., Ahuja, S. and
Srivastava, P. S. (2003). Genetic stability

789

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

assessment of plants regenerated from
cryopreserved embryogenic tissues of Dioscorea
bulbifera L. wusing RAPD, biochemical
andmorphological analysis.

CryoLetters 24: 77-84.

Doyle, J. J. and Doyle, J. L. (1990). Isolating of
DNA from fresh tissue. Focus 12:13-15.

George, P. S. and Ravishan Kar, G. A. (1997).
In vitro multiplication of Vanilla planifolia using
axillary bud explants. Plant Cell Rep., 16 (7):
490-494.

Hernendez, P., Rosa, R., Rallo, L., Dorado, G.
and Martin, A. (2001). Development of SCAR
markers in Olive (Olea europaea) by direct
sequencing of RAPD products: application in
olive germplasm evaluation and mapping.
Theoretical and Applied Genetics 103, 788— 791.
Koroch, A., Juliani, H. R., Kapteyn, J. and
Simon, J. E. (2002). In vitro regeneration of
Echinacea purpurea from leaf explants. Plant
Cell Tissue Organ Cult.69:79-83.

Koroch, A., Kapetyn, J., Juliana, H. R., Simon,
J. E. (2003). In vitro regeneration of Echinacea
pallida from leaf explants. In Vitro Cell. Dev Biol
Plant.39:415-418.

Lucchesini, M., Bertoli, A., Mensuali-Sodi, A.
and Pistelli, L. (2009). Establishment of in vitro
tissue culture from Echinacea angustifolia D.C.
adult plants for the production of phytochemical
compounds.Scientia Horticulturae. 122: 484-490.
Martins, M., Sarmento D. and Oliveira M. M.
(2004). Genetic stability of icropropagated
almond plantlets as assessed by RAPD and ISSR
markers. Plant Cell Rep. 23: 492-496; 2004.
McGregor, R. L. (1968). The taxonomy of the
genus Echinacea (Compositae). Univ Kans Sci
Bull.48(4):113-142.

Murashige, T. and Skoog, F. (1962). A revised
medium for rapid growth and bioassays with
tobacco tissue culture. Physiol. Plant, 15: 473-
497.

Murch, S. J., Peiris, S. E., Shi, W. L., Zobayed,
S. M. A. and Saxena, P. K. (2006). Genetic
diversity in seed populations of Echinacea
purpurea controls the capacity for regeneration,
route of morphogenesis and phytochemical
composition. Plant Cell Rep.25:522-532.

Paull, J. G., Chalmers, K. J., Karakousis, A.,
Kretschmer, J. M., Manning, S. and
Langridge, P. (1998). Genetic diversity in
Australian wheat varieties and breeding material
based on RFLP data. Theoretical and Applied
Genetics 96, 435— 446.

Perry, B., Burges, E. and Glennie, V. (2001).
Echinacea standardization: analytical methods for



Journal of American Science

2010;6(10)

25.

26.

27.

28.

29.

30.

31.

phenolic compounds
medicinal species. J.
49:1702-1706.

Rout, G. R,, Das, P., Goel, S. and Raina, S. N.
(1998). Determination of genetic stability of
micropropagated plantlets of ginger using random
amplified polymorphic DNA (RAPD) markers.
Bot. Bull. Acad. Sin. 39: 23-27.

Sambrook, J., Fritsch, E. F. and Maniatis, T.
(1989). Molecular Cloning. A Laboratory
Manual. Cold Spring Harbor, NY: Cold Spring
Harbor Laboratory.

Sayed, S. Sawsan and Gabr A. M. M. (2009):
In vitro culture and RAPD analysis of Deutzia
scabra Thunb. The 2™ International Conference
of Natural Resources in Africa On "Sustainable
Development of Natural Resources in the Nile
Basin Countries" Cairo, Egypt, 11-12 May 2009.
Snedecor, G.W. and Cochran, W.G. (1982).
Statistical methods 7" Ed. Lowa state univ. Press
Ames. Lowa U.S.A. 325-330.

Speroni, E., Covoni, P., Guizzardi, S., Renzulli,
C. and Guerra, M. C. (2002). Anti-inflammatory
and cicatrizing activity of E. pallida. J
Ethnopharmacol.79:265-272.

Steel, R. G. D. and Torrie, J. H. (1980).
Principle of statistics. A biometrical approach.
Second Ed., Mc Graw-Hill Kogakusha, L. T. D.
Subbaiah M. Mechanda, Bernard, R. Baum,

and typical levels in
Agric. Food Chem.

Douglas, A. Johson, and John T. Arnson (2003).

Direct shoot regeneration from leaf segments of
mature plants of Echinacea purpurea (L.)

7/27/2010

790

32.

33.

34.

35.

36.

37.

Moench. In vitro cell. Dev. Biol. Plant, 39, 505-
509.

Sujatha, M. (1997). In vitro adventitous shoot
regeneration for effective maintenance of male
sterile niger (Guizotia abyssinica LF. Cass).
Euphytica 93 (1): 89-95.

Sun, G., Bond, M., Nass, H., Martin, R. and
Dong, Z. (2003). DNA polymorphisms in spring
wheat cultivars and lines with different level of
Fusarium resistance. Theoretical and Applied
Genetics 106, 1059— 1067.

Trujillo, L., Rallo, L. and Arus, P. (1995).
Identifying olive cultivars by isozyme analysis. J.
American Society Hort. Science 120, 318— 324.
Tyagi, R. K., Agrawal, A., Mahalakshmi, C.,
Hussain, Z. and Tyagi, H. (2007). Lowcost
media for in vitro conservation of turmeric
(Curcuma longa L.) and genetic stability
assessment using RAPD markers. In vitro Cell.
Dev. Biol.—Plant 43: 51-58.

Williams, G., Kubelik, A., Livak, K., Rafalski,
J. and Tingey, S. (1990). DNA polymorphism
amplified by arbitrary primers are useful as
genetic markers. Nucleic Acid Res 18: 6532-
6535.

Zobayed, S. M. A. and Saxena, P. K. (2005).
Echinacea purpurea L. somatic embryogenesis
from leaf explant. Protocol for somatic
embryogenesis in woody plants, 505-515.



	Electrophoresis, the amplification products were analyzed by electrophoresis according to Sambrook et al., (1989) in 2% agarose in TAE buffer (for each litre of 50X TAE Stock solution: 242 g Tris Base, 57.1 mL glacial acetic acid and 100 mL 0.5 M EDTA). Then the products were stained with 0.2 ug/ml ethidium bromide. Nucleic acids bands were photographed and detected under short wave of UV light.

