
American-Eurasian J. Agric. & Environ. Sci., 12 (4): 506-515, 2012
ISSN 1818-6769
© IDOSI Publications, 2012

Corresponding Author: Hemaid I. A. Soliman, Department of Plant Genetic Resources, 
Desert Research Center, Cairo, Egypt. 

506

In vitro Propagation of the Endangered Plant Moricandia nitens:
Assessment of Genetic Stability by RAPD Analysis
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Abstract: An efficient plant regeneration protocol has been developed from nodal explants of Moricandia
nitens, a medicinally important plant in the family Cruciferae. Axillary shoot bud proliferation was initiated from
nodal explants cultured on MS medium supplemented with various concentrations of 6-benzyladenine (BA,1.0-
3.0 mg/l) alone or in combination with indole acetic acid (IAA, 0.02-0.1 mg/l) or -naphthalene acetic acid (NAA,
0.05-0.1 mg/l). The maximum mean number of shoots per explant (3.44) with average length (2.64) cm was
achieved with medium containing 1.0 mg/l BA and 0.02 mg/l IAA. The highest number of shoots (5.97) with
average length (1.25cm) was obtained on MS medium supplemented with 3 mg/l BA and 0.5 mg/l 2iP after four
weeks. Rooting of shoots was achieved on MS medium supplemented with 2.0 mg/1 indole acetic acid (IAA)
and 0.5 mg/l -naphthalene acetic acid (NAA). Well developed plantlets transferred to plastic pots containing
soil: peat moss (1:1) showed 65% survival. The genetic fidelity of in-vitro-raised field-grown plants to the donor
plant was ascertained from random amplified polymorphic DNA (RAPD) markers. This protocol can be used
for commercial propagation and for future genetic improvement studies.
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INTRODUCTION is a great need for the conservation and sustainable use

Many medicinal and range plants which are growing intermediate species in the family Cruciferae. The genus,
in north coast are subjected to degradation and extinction distributing in the southern Mediterranean and North
for many reasons. Plants under investigation have an African regions, consists of eight weedy species among
economic medicinal value; they are a part of our plant which five are C3-C4 species, i.e., M. arvensis, M. nitens,
diversity and are sources of genes responsible for their M. sinaica, M. spinosa and M. suffruticosa [1-3]. Dwarfed
tolerance to the adverse environmental conditions and the shrub 15-50 cm, stems much-branched, leaves 1-4 cm,
production of active substances, also they highly entire, the lower sessile or short petiolate, the upper
palatable fodder plants. Therefore, there is a great need cauline oblong-lanceolate, clasping, racemes few
for the conservation and sustainable use of these plants. flowered, elongating in fruit, sepals 4-7 mm, petals 1.5-2
Egyptian desert contains many natural plants that are cm, pale violet with darker veins, long-clawed, siliqua 4-7
used for food, feed for their animals, fuel, fibers, folk cm, spreading, narrowly-linear, tetragono us, straight, the
medicine in addition to the medicinal aromatic, cosmetic valves 1-nerved beak 3 mm, seeds 1mm, in 1 row per
and culinary purposes. Such along and heavy impact on locule, brownish [4]. It is also used as donors of useful
the plants has its effect on the plant diversity. And the genes to crop spp. and provided as animal fodder in
result is the loss of many plant species, which may be of Sahara regions. This plant has potential, nutritional,
economic and medicinal importance for the present and antimicrobial activity and abroad antifungal activity. The
future generations. Some of these plants were extracts of sterols and steroids of the leaves and the fruits
domesticated, while many others are still in the wild. of M. nitens plants inhibited the growth of Pseudomonas
Among the main groups, which are threatened are the aeruginosa and showed a broad antifungal spectrum
plants used as a source of animal feeding therefore, there against Candida albicans, Aspergillus flavus,

of these plants. Moricandia is the only genus with C3-C4
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Cladosporium herbarum, Botrytis cinerea and Fusarium of  the tissues.  Surface  sterilization   of   the  explants
oxysporum [5]. It also used as a repelling mine, stop was   carried   out   under   complete   aseptic   conditions
bleeding, treatment of fever, dental pain, burns and in  the  laminar  air  flow  hood.  The  explants  were
diabetes disease. M. nitens considered to be one of the subjected to different sterilization treatments (Table 1).
most  important  species  of this family that have been Then washed with sterilized distilled water for  3-4 times
used as a donor of useful genes and in protoplast fusion to remove all traces of the disinfection. All steps of the
researches as it has a C3-C4 intermediated photosynthetic sterilization had been done under aseptic conditions.
mechanism as recorded by Zhihong and Jinling [6]. During sterilization  experiment  an  antibiotic  detergent

The present study aims to conserve the Moricandia was tested.
nitens plant by establishing a protocol for the in vitro
propagation of the plant as one of the applied methods of Culture Media and Conditions: Explants were cultured
conservation, for obtaining high-yielding true-to-type vertically on solid basal medium of Murashige and Skoog
individuals, to maintain their diversity. Also, to examine [7] salts and vitamins supplemented with 30 g/l sucrose
the genetic stability of the plant produced from tissue with 2.5 g/l phytagel. Growth regulators such as benzyl
culture and the mother plants. adenine (BA), 2-isopentenyladenine (2iP), zeatin (Zi),

MATERIALS AND METHODS butyric acid (IBA) and indole Acetic Acid (IAA) were

Explant Collection and Disinfection: Explants were concentrations. The pH value of the nutrient media was
collected from their natural habitat Wadi Abo-laho and adjusted to 5.7 ± 0.1 by adding few drops of either 0.1N
Um-attain Marsa Matroh. Sample used are the healthy HCl or NaOH prior to addition of phytagel or agar and
shoots with terminal buds, they were carefully excised autoclaving of into 30 ml volume jars for different stages.
from newly grown mature branches, moistened and All were closed with autoclavable polypropylene caps
wrapped in wet papers and then kept in ice bags until and autoclaved for 15 minutes at 121°C and 1.1kg/cm
used. Shoots of Moricandia nitens was cut into pressure, then left to cool. The sterilized explants were
approximately 4-5 nodal segments and then washed under cultured on the media under complete aseptic conditions
running tap water overnight. Cultures were initiated using in the Laminar Air Flow Hood. Tissue culture Jars were
single node stem segments. The explants were rinsed then placed in an incubation room at a temperature of
several times with sterile antioxidant solution (150 mg/l 26±2°C under 16 hours photoperiod of 3000 Lux supplied
citric acid and 100 mg/l ascorbic acid) to avoid browning with cool white fluorescent lamps.

kinetin (KN), -naphthalene acetic acid (NAA), 3-indole

used independently or in combination at different

2

Table 1: Effect of different sterilization treatments with different times on Moricandia nitens (Soft nodal segments)

Time 5 mint 10 mint 15 mint. 
--------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
Treatments %of survival %of cont. %of Death %of survival %of cont. %of Death %of survival %of cont. %of Death

5%CL 42.25 57.50 - 41.95 56.90 1.15 39.35 38.85 21.80
10%CL 39.41 42.94 17.65 38.40 40.25 21.35 25.85 18.75 55.40
15%CL 33.33 38.33 28.34 32.28 34.35 33.37 7.35 - 92.65
Ditol+ 5%CL 54.28 44.25 1.47 54.25 42.35 5.40 34.22 32.85 32.93
Ditol+10%CL 51.42 40.92 7.66 50.35 41.30 8.35 28.75 18.85 52.40
Ditol+15%CL 45.42 32.35 22.40 48.25 30.28 21.47 25.80 17.55 56.65
Ditol+20%CL 44.60 30.45 24.95 49.80 28.45 21.75 20.70 16.87 62.43
Ditol+15%CL+Antibio. 58.28 18.30 23.42 52.25 18.25 29.50 42.85 15.25 41.90
Ditol+20%CL+Antibio. 57.42 15.48 27.10 60.34 7.35 32.31 50.95 9.87 39.18
40%CL(sec.)+25%CL
(Duple sterilization) 28.25 25.35  46.40  23.25 17.35 59.40 - 1.30 98.70

-All plant parts washed at the first with anti oxidant solution (1g ascorbic acid+5g citric acid dissolved in 200 ml sterilized distilled water) under aseptic
sterilized conditions. 
-Ditol treatments added as 2ml ditol in 200 ml sterilized distilled water for 10 seconds. 
-Duple sterilization mean that two sterilization treatments. 
-Antibio.: treatment with antibiotic Amoxicillin (abroad antimicrobial spectrum antibiotic drug).
-cont. = contamination-CL= Clorox (Sodium hypochlorite) 
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Shoot Proliferation: For axiliary shoot bud proliferation, genetic stability. Amplification was performed in 25 µl
the nodal explants were placed on MS medium PCR reaction mixture consisting of 2.5 µl Taq buffer, 1 µl
supplemented with various concentrations of 6- dNTPs, 0.5 µl Taq polymerase, 1 µl DNA (approximate 25
benzyladenine (BA, 1.0-3.0 mg/l) alone or  in combination ng/µl), 1.0 µl primer (10 pmol), 1.5 µl MgCl2 and 16.5 µl
with   indole    acetic    acid    (IAA,    0.02-0.1    mg/l)    or water. The PCR reaction steps were as follows: preheating

-naphthalene acetic acid (NAA, 0.05-0.1 mg/l) as sole for 5 min at 94°C, 40 cycles of 1 min at 94°C, 2 min at 35°C
growth regulator. Each treatment was done three times in and 2 min at 72°C and elongation completed by final
20 replicates. Data were recorded after 4 weeks of culture. extension of 5 min at 72°C. After amplification, the PCR

Shoot Multiplication: When these axillary shoots attained gel and stained with ethidium bromide (0.5µg/ml). 1-kb
length of 3-4 cm they were excised, cut into single nodal ladder (Invitrogen, USA) was used as the DNA marker
segments and further multiplied for six subcultures at 4- and bands were visualized under UV light and
week intervals on MS media containing BA (0.5-4.0 mg/l) photographed using Gel Doc equipment (Bio Rad). The
alone or in combination with 0.5 mg/l 2iP. PCR reaction was performed at least twice to check

In vitro Rooting: For root induction, shoot tips with 3 or
4 fully expanded leaves from plants grown in vitro were
cultured on full-strength MS basal medium supplemented
with different concentrations of IBA (0.5-2.0 mg/l) or IAA
(0.5-2.0 mg/l) alone or in combination with NAA (0.5-1.0
mg/l). The number of shoots that produced roots was
recorded after four weeks of incubation.

Acclimatization of Regenerated Plants: Complete rooted
plantlets with 7-10 fully expanded leaves were removed
from the culture medium and the roots were washed
gently under running tap water to remove phytagel. The
plantlets were transferred to plastic pots (5 cm diam.)
containing a mixture of sterilized garden soil and peat
moss (1:1) and covered with transparent plastic bags to
ensure high humidity. The growth chamber was
maintained at 26±1°C, 80-85% relative humidity and light
intensity 50 µmol m s  under a 16 h photoperiod in2 1

culture room conditions, the chamber was opened
gradually during an acclimatization period of 3 weeks.
After acclimatization the plantlets were transferred to a
greenhouse with simulated habitat and the survival
percentages were recorded. 

DNA Isolation and PCR Amplification: Genomic DNA
was extracted from young leaves of in-vitro-raised field-
grown plants of Moricandia nitens and the mother plant
according to Anna et al. [8] with some modification of the
extraction buffer. DNA purity was checked on 0.8%
agarose gel and also from values of the 260/280 nm UV
absorbance ratio [9]. A set of 20 random 10mer primers
(Operon Technology, USA) from groups A, B, C, D and E
was used in detecting polymorphism among different
subcultures of Moricandia nitens. DNA fingerprinting
profiles were compared to evaluate clonal fidelity and

product was resolved by electrophoresis in 1.4% agarose

reproducibility.

Statistical Analysis: Variance analysis of data was done
using ANOVA program for statistical analysis. The
differences among means for all treatments were tested for
significance at 5% level by using Duncan [10] new
multiple range tests as described by Snedecor and
Cochran [11]. Means followed by the same letter are not
significantly different at p  0.05.

RESULTS AND DISCUSSION

The need for medicinal plants is increasing; therefore
it is necessary to find other ways to produce the amount
of plant material that is needed. Propagation through
tissue culture offers a viable alternative for normal
propagation because it can also be used as a
complimentary strategy for conservation and utilization of
genetic resources. Further, in vitro plant regeneration
through vegetative parts is an easy and economic way for
obtaining a large number of consistently uniform and true-
to-type plants within a short span of time. Moricandia
nitens is endangered plants with highly important
medicinal and fodder uses. Shoot tip and stem nodal
sections from M. nitens were excised from healthy young
soft shoots of the mother plant and used as explant
material to establish the best conditions for their in vitro
propagation.

Explant Sterilization: The choice of the sterilization
methods depends on the relative occurrence of
contamination and death. High concentrations and
duration of the sterilizing agent prevent contamination
and cause higher death percentage and vise versa.
Different sterilization treatments were carried out, with
nodal segments in M. nitens. The tissue cultures of
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medicinal plants have a wide range of industrial produce a survival percentage of about 23.25% which is
application [12]. Explant sterilization is a major step in lower in comparing with that obtained with 15% sodium
culture establishment of perennial trees or shrub. Proper hypochlorite for 10 min. with ditol and antibiotic
concentration of sterilizing agent is a key factor [13]. This treatments. From the obtained data it can concluded that
was determined her by applying different concentrations sodium hypochlorite treatment alone is not effective for
of sodium hypochlorite solution for various duration. sterilization of M. nitens nodal segments and if it used in
Firstly, we have to give attention that the most difficult combination with ditol and antibiotic treatments we get
step in this study was, how to get a culture free from higher survival percentage.
contamination as the plants under investigation are wild
and at the same time very sensitive to sterilization Shoot Induction: Moricandia nitens plants were
detergents as they are very weak plants especially M. efficiently regenerated from nodal explants. When nodal
nitens. Wide rang of sterilization experiments were used explants from field-grown mature plants of Moricandia
with different durations and treatments, with ditol, nitens were cultured on MS medium supplemented with
antibiotic detergent, in combination with sodium various concentrations and combinations of BA as a
hypochlorite or sodium hypochlorite alone. The best cytokinin and IAA or NAA as auxins. Data presented in
sterilization treatments, for nodal segments of M. nitens Table 2 indicated that MS medium supplemented with 1
were to immerse this plant parts into 20% sodium mg/l BA + 0.02 mg/l IAA gave the highest survival
hypochlorite for 10 minutes after ditol treatment for 2 percentage (98.0%) as compared with other used media
minutes and washing with sterilized antioxidant water in not only the highest survival percentage but also the
the beginning then treatment with antibiotic detergent highest percentage of explant forming axillary shoots
(Amoxicillin 150 mg/200 ml distilled sterilized water) for (97.80%) with a mean length of 2.64 cm (Fig. 1a). The
seconds  to  give  survival  percentage  up  to  60.34% second highest survival percentage (96.3%) were
(Table 1). obtained on MS medium supplemented with 1 mg/l BA +

At the end of each sterilization treatment, explants 0.1 mg/l IAA with about 95.4% of explant forming axillary
were rinsed 4-5 times with sterile distilled water. Also, shoot and a mean length of 2.58 cm shoots (Fig. 1b). At
double sterilization treatment with 40% sodium the same time MS medium without any addition of plant
hypochlorite for seconds followed by another treatment growth regulators gave the lowest survival percentage
with  25%  sodium  hypochlorite for  10  min. were used to and also the lowest percentage of explant forming axillary.

Table 2: Establishment stage of Moricandia nitens using different concentrations of growth regulators after a period from four weeks
Growth
regulators (mg/l)
----------------------------------------------------------- % of survived % of explant forming Mean number of Mean length of
BA IAA NAA explants axillary shoots axillary shoot / explant axillary shoots (cm)
0.0 0.0 0.0 52.8 43.4 1.03 0.65e e

1.0 0.02 0.0 98.0 97.8 3.44 2.64a a

1.5 0.02 0.0 92.4 90.8 1.96 1.32bc c

2.0 0.02 0.0 93.6 93.5 2.52 0.89b e

3.0 0.02 0.0 93.7 92.4 2.47 1.52b b

1.0 0.0 0.05 77.5 75.5 1.79 1.06c d

2.0 0.0 0.05 81.5 78.5 1.68  1.43d bc

3.0 0.0 0.05 75.6 70.4 1.57 1.75d b

1.0 0.05 0.0 95.4 94.5 3.30 2.54a a

2.0 0.05 0.0 94.6 93.7 1.49 1.62d b

3.0 0.05 0.0 91.6 90.5  2.95  1.40ab bc

1.0 0.0 0.1 76.2 74.3 1.68 1.04c d

1.5 0.0 0.1 83.5 79.8  1.96 1.64bc b

2.0 0.0 0.1 77.8 73.6 1.07 1.35e c

3.0 0.0 0.1 72.8 71.3 1.45 1.56d b

1.0 0.1 0.0 96.3 95.4 3.42 2.58a a

2.0 0.1 0.0 93.8 92.8 1.89  1.94c ab

3.0 0.1 0.0 90.7 90.2  2.92  1.90ab ab
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Fig. 1: Shoot initiation in Moricandia nitens after 4 weeks cultured in MS medium supplemented with, (a): 1 mg/1 BA+
0.02 mg/l IAA. (b):1 mg/1 BA+ 0.1mg/l IAA.

Table 3: Effect of different cytokinins on multiplication of Moricandia nitens after 4 weeks

Conc. of growth regulators (mg/l)
----------------------------------------------
BA 2iP Increase in mean new number of axillary shoot/explant Increase in mean length of axillary shoots (cm)

0.0 0.0 0.30 0.23i f

0.5 0.0 1.30 0.92e d

1.0 0.0 1.74 0.83d d

1.5 0.0 1.95 0.89 d d

2.0 0.0 2.13 0.75c d

2.5 0.0 3.91 0.63b e

3.0 0.0 3.93 0.58 b e

0.0 0.5 0.92 1.53f a

0.5 0.5 1.42 1.44e b

1.0 0.5 3.81 1.38b b

1.5 0.5 4.15 1.33b c

2.0 0.5 4.27 1.26 b c

2.5 0.5 4.84 1.39b b

3.0 0.5 5.97 1.25a c

4.0 0.5 4.74 1.23b c

It is also clearly that the combination between BA and Multiplication of Shoot Cultures: Multiplication is a rapid
IAA were more effective for inducing shoot induction on increase of organs which can be ultimately giving rise to
M. nitens explants and its survival percentage was more plant. This increase is achieved by enhancing axillary
than that obtained by using BA in combination with shoot initiation [16]. This stage is repeated at regular
NAA. But this is in contrary with Deora and Shekhawat intervals to produce large-scale shoot multiplication to be
[14] who obtained axillary bud broken in Capparis commercially useful [17]. Shoot cultures were multiplied
decidua on MS media supplemented with 0.1 mg/l NAA by repeatedly subculturing the original shoot explants on
+ 5 mg/l BA after 3 weeks and fewer shoots were MS media supplemented with several concentrations of
produced on lower concentrations of BA (less than 5 BA even alone or in combination with 2iP were
mg/l). While, Khehra and Mathias [15] recorded that investigated for multiple shoot production in M. nitens.
optimum regeneration of Moricandia arvensis can be The obtained data as it realized in Table 3 showed that by
obtained on MS medium fortified with 1 mg/l BA + 1 mg/l increasing the BA concentration there was an increase in
IAA. From the results shown it can be concluded that MS the mean number of axillary shoots that formed per explant
medium fortified with 1 mg/l BA + 0.02 mg/l IAA was the up to 3.93 and also there was an increase in the mean
best for the establishment of M. nitens within a period length of shoots that has been formed up to 0.58 cm on
from four to five weeks. MS  medium  with 3 mg/l BA. On the media that contained
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Fig. 2: Shoot multiplication of Moricandia nitens on MS medium supplemented with 3 mg/l BA and 0.5 mg/l 2iP after
4 weeks. 

Table 4: Rooting of Moricandia nitens shoots on MS nutrient medium supplemented with different auxin concentrations

Auxin conc. (mg/l)
-------------------------------------------------
IBA NAA % of shoot forming roots Mean number of roots/explant Mean length of root (cm)

0.0 0.0 5 1.09 1.23e e

1.0 0.0 22 1.78 2.13d d

2.0 0.0 57 1.85 2.11d d

0.5 0.5 43 3.54 3.45c c

1.0 0.5 54 2.20 3.28d c

2.0 0.5 76 3.35 3.24c c

IAA NAA
-------------------------------------------------
1.0 0.0 79 1.47 2.24d d

2.0 0.0 89  2.93 3.44cd c

1.0 0.5 86 4.55 5.12b a

2.0 0.5 91 5.28 4.56a b

1.0 1.0 82  4.88 5.34ab a

2.0 1.0 76  3.96 4.59bc b

combination of BA and 2iP, it was found that the effective than any other cytokinins used in promoting
multiplication rate increased nearly to the double on MS axillary bud development or proliferation. The
fortified with 3 mg/l BA + 0.5 mg/l 2iP to gave 5.97 effectiveness of this cytokinin has been reported for
increase in the mean number of shoots that formed with a several medicinal plants including Chlorophytum
mean length of about 1.25 cm and this not the best length, borivlianum [18], Ocimum spp. [19] and Piper spp. [20].
but the best increase in the mean length of the newly Also, several woody taxa such as Capparis decidua [21],
formed shoots were obtained on MS medium with 0.5 mg/l Aegle marmelos [22], Paulwonia [23] and Ocimum
2iP alone (Fig. 2). Data also reflected that the gratissimum L. [24].
multiplication rate of M. nitens increased with the increase
in BA concentration up to 3 mg/l, but when the BA Rooting of Shoots: The function of rooting stage is to
concentration was increased more than 3 mg/l, the rate of prepare the plantlet for transplanting and establishment
multiplication began to decline again as well as callus outside the artificial, closed environment of the culture
formation and vitrification took place. Thus it can be vessel [25]. Auxins have several promotive functions in
concluded that the best medium for in vitro shoot tissue culture and they have the ability to promote root
multiplication of M. nitens can be obtained on MS medium initiation [26]. Synthetic auxins such as NAA and IBA are
fortified with 3 mg/l BA + 0.5 mg/l 2iP after 4 weeks. There frequently used for in vitro root initiation and increasing
are many reports which clarified that BA was more root number and length even if present alone or in
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combination with each other or with IAA. Regenerated the success of such technique [28]. In vitro rooted shoots
shoots of M. nitens that were developed from the were kept under normal growth room conditions for 4
previous  stage  with  a  mean  length  of  about  1.5-3cm weeks until the induced roots became partially brown. The
were rooted on MS medium with different auxin shoots were then taken out from the growth room, kept
concentrations   and   combinations   like   NAA,  IAA under room temperature for 7 days and then taken out
and IBA. from the culture tubes carefully and the medium attached

Data presented in Table 4 indicated that MS medium to the roots was gently washed out with running tap
supplemented with 2 mg/l IAA + 0.5 mg/l NAA gave the water. The plantlets were transplanted to small polythene
highest percentage of root formed per explant (91%) and bags containing garden soil: peat moss (1:1) treated. The
also the best mean number of roots per explant (5.28) was transplanted plantlets were kept under shade for 15 days
obtained on the same media. Also, MS medium without and then were transferred to normal environmental
any growth regulators gave the lowest percentage of conditions. Through this process of acclimatization
roots that has been formed per explant which represented almost 65% survival was achieved (Fig. 4). In this respect
by 5% as it can be neglected and this is in contrary with for M. nitens, Zhihong and Jinling [6] recorded those in
Iriondo and Perez [27] reports on Coronopus navasii and vitro propagated plantlets of the same plant with one
Zhihong and Jinling [6] who studied that rooting of M. vigorous root system could be transferred to soil in 200 ml
nitens plants were developed on MS medium free of plant plastic bags and were covered with transparent vessels to
growth regulators. The combination between IBA and ensure high humidity. After 6-7 days, the transparent
NAA stimulate the percentage of shoots forming roots covers were removed and then the plantlets were
but not with the degree that obtained by the combination established and potted in large containers in greenhouse
between IAA and NAA, the microshoots need less conditions after two weeks. Roy et al. [29] recorded that
amount of auxin to stimulate root formation and for that it in vitro plantlets of Calotropis gigentea with well
could be stimulated by the presence of IAA in developed roots were transferred to small bags containing
combination with NAA rather than IBA in combination a soilrite: perlite (1:1) mixture and placed in the
with NAA or alone (Fig. 3). From the results it can be greenhouse with 90-95% relative humidity for 4-6 weeks.
concluded that the best percentage of shoots that forming Plants were transferred to shade for 6-8 weeks for further
roots of M. nitens obtained on MS medium fortified with acclimatization and grown to maturity. Also, Lidia et al.
2 mg/l IAA and 0.5 mg/l NAA and it is more effective than [30] worked on Lepidium virginicum (Brassicaceae) and
IBA alone or in combination with NAA and MS free of recorded that all rooted plants were successfully
plant growth regulators. transferred to pots and 100% acclimatized ex vitro. On the

Acclimatization and Field Establishment: Transferring of in vitro propagated plants in Coronopus navasii
plants derived from in vitro conditions, to the free-living (Brassicaceae) were successfully transferred to the field
(ex-vitro)   is   considered   as   a   problem   that   affects six weeks after removal from in vitro culture conditions. 

other hand, Iriondo and Perez [27] recorded that only 47%

Fig. 3: Rooting of Moricandia nitens on MS medium supplemented with 2 mg/l IAA + 0.5 mg/l NAA. 
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Table 5: RAPD-PCR amplification products of DNA extracted from in vivo and in vitro produced Moricandia nitens plants using five random primers

Primer Sequence 5’-----3’ Total number of bands Number of polymorphic bands Polymorphism [%]

Tube O-09 5'-TCCCACGCAA-3' 31 3 9.65

Tube O-10 5'-TCAGAGCGCC-3' 57 3 5.26

Tube O-17 5'-GGCTTATGCC-3' 42 4 9.52

Tube O-18 5'-CTCGCTATCC-3' 51 2 3.92

Tube O-19 5'-GGTGCACGTT-3' 28 0 0.00

Fig. 4: Acclimatized plantlets of Moricandia nitens. monomorphic bands produced by this primer ranged from

Rapid Analysis of Moricandia nitens Plants: DNA of in Tube O-10, Tube O-17 and Tube O-18) revealed scorable
vivo and in vitro regenerated plants was prepared from
leaves and amplified by PCR using random
oligonucleotide primers. Amplification products were
separated by agarose-gel electrophoresis to reveal band
polymorphism. Out of the 20 random primers screened,
only five primers produced clear reproducible bands
(sequences presented in Table 5).

The five primers yielded 209 scorable bands (with an
average of 41.8 bands per primer), including twelve
polymorphic bands. The number of bands from each
primer varied from 28 to 57. The primer Tube O-10 in
particular, produced a large number of strongly amplified
individual fragments (57), whereas, primer Tube O-19
produced the lowest number (28) of amplicons. On the
other hand, primers Tube O-9 gave the highest percentage
of polymorphism (9.65) while the lowest percentage (zero)
was obtained by using the primer Tube O-19. Of the five
primers tested, the primer Tube O-19 produced
amplification products that were monomorphic across all
the in vivo and regenerated Moricandia nitens plants
(Fig. 6). The number of amplification products generated
by the primer was 28 bands (Table 5). The size of the 28

755.015 bp to 1985.617 bp. The other 4 primers (Tube O-09,

polymorphisms. The number of amplification products
generated by the 4 primers was 181 bands ranged from 31
in Tube O-09 to 57 in Tube O-10 (Table 5), with a size
range of 635.13 bp to 1675.241 bp (Fig. 5). Using the primer
Tube O-09, three polymorphic band with a molecular mass
1445.949 bp in subcultures two, three and six was present,
with  the primer Tube O-10, two polymorphic bands with

Fig. 5: RAPD profiles generated by primer Tube O-09 and Tube O-10. Lane MP the field grown mother plant (MP). Lanes
1 to 6 different subcultures of micropropagated Moricandia nitens plants corresponding to the first subculture
up to six subcultures. Arrow indicates the size of the fragments as compared with markers. 
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Fig. 6: RAPD profiles generated by primer Tube O-17, Tube O-18 and Tube O-19. Lane MP the field grown mother plant
(MP). Lanes 1 to 6 different subcultures of micropropagated Moricandia nitens plants corresponding to the first
subculture up to six subcultures. Arrow indicates the size of the fragments as compared with markers.

molecular mass 1153.629 bp and 1562.996 bp were present Rubén et al. [31] reported genetic stability among the
in subculture two and one polymorphic band with regenerated  plants  of  Centaurea  ultreiae.  Similar
molecular mass 1359.879 bp was absent. Also, using the results have been reported by Soumen et al. [24] used
primer Tube O-17, two polymorphic bands with molecular RAPD fingerprints to study genetic stability of in vitro
mass 731.085 bp and 987.661 bp in subcultures five and six propagated Ocimum gratissimum L and found that no
were absent and two polymorphic bands with molecular polymorphism was detected between in vitro plants and
mass 486.178 were present. With the primer Tube O-18, the donor plants.
two  polymorphic  bands  with  molecular  mass  931.86  bp
in subcultures 3 and 4 were present (Fig. 6). The REFERENCES
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