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The Mucuna pruriens var. utilis is an important legume cover crop. Almost all the parts of the plant are reported to 
contain L-3,4-dihydroxy phenylalanine (L-Dopa). Here we report a rapid and reliable method for high fidelity micro-
propagation. Auxiliary bud explants from 14-day-old seedlings were cultured on Murashige and Skoog’s (MS) medium 
supplemented with different concentrations of cytokinins. During the first culture on 3.5 µM 6-benzylamino purine (BAP) 
maximum of 6.70 ± 1.15 shoots with an average shoot-length of 1.07 ± 0.21 cm were produced. The number of shoots 
increased up to 16.33 ± 0.58 recording average length of 1.16 ± 0.29 cm, when the intact shoots were subjected to re-
culturing on the same hormonal medium. The shoots exhibited adequate elongation of 4.00 cm on 2.89 µM gibberellic 
acid (GA3). The elongated shoots produced a maximum of 16.67 ± 2.89 roots on half-strength MS liquid medium 
supplemented with 16.20 µM α-naphthalene acetic acid (NAA). The plantlets were acclimatized by transferring them first 
to peat moss: compost (1:1) mixture followed by sand: soil (1:1) mixture, recording 95% survival. The genetic fidelity of 
the regenerated shoots was confirmed using randomly amplified polymorphic DNA (RAPD) analysis employing 15 
operon primers. This system provides high fidelity micro-propagation system for efficient and rapid micro-propagation 
of this important green manure cover crop with medicinal properties. 
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INTRODUCTION 

 
The genus Mucuna belongs to the family Fabaceae 
(Leguminoceae) and includes about 150 species of annual 
and perennial legumes of pantropical distribution. Many 
species of the genus offer an excellent source as cover 
crop and green manure, in addition to their traditional use 
as feed and food (Janardhanan and Lakshmanan, 1985; 
Mohan and Janardhanan, 1993; Capo-chichi et al., 2003). 
Almost all the species are reported to contain L-3,4-
dihydroxy phenylalanine (L-Dopa), a non-protein amino 
acid that acts as precursor for the neurotransmitter 
dopamine, used in the treatment of Parkinson’s disease 
(Manyam, 1995). In addition, Mucuna is also traditionally 
used in various other  
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applications like, dye (Standley and Steyermark, 1946), 
treatment of pain and numbness of joints, and irregular 
menstruation (Ding et al., 1991).  

India is one of the natural centers of origin of the Mucuna 
in the world (Eilittä et al., 2002). Rich genetic diversity 
coupled with wide-ranging traditional knowledge on 
various usage practices offers a great scope for 
biotechnological improvement of the Mucuna species of 
India for diverse applications. However, these efforts have 
been seriously constrained due to absence of well-
characterized germplasm for augmenting the need of gene 
pool in the genetic improvement programs. Hence, there is 
a need to develop in vitro germplasm of the wild and 
cultivated species of Mucuna in India. There is also a need 
to standardize high fidelity, rapid and reliable protocol for 
micro-propagation of Mucuna pruriens var. utilis, one of the 
commercially important varieties of the M. pruriens. To the 
best of our knowledge, this is the first report on 
standardization of micro-propagation protocol 



 
 
 

 

from M. pruriens var. utilis and use of DNA marker for 
testing genetic fidelity of micro-propagated plants in any 
Mucuna species. The protocols presented in this paper 
could also go a long way for the future genetic 
improvement programs in this important medicinal plant. 

 
MATERIALS AND METHODS 
 
Seed material and sterilization 

 
Mature seeds collected from well-dried pods of six-month-old M. 
pruriens var. utilis plant, grown at departmental garden of 
Biotechnology Department, Sir M Visvesvaraya Institute of 
Technology (Sir MVIT) was used as seed source. The seeds were 

initially washed with detergent Extran
®

 MA 02 (Merck) for 10 min 
followed by wash under running tap water for 30 min. The seeds were 
then surface sterilized in a mixture of 0.1% mercuric chloride + 0.05% 
cetrimide + 0.05% bavistin for 5 min and rinsed four times with sterile 
distilled water. 

 
Media and culture conditions 
 
Analytical grade chemicals obtained from Himedia laboratories and 
hormones and vitamins from Sigma-Aldrich chemicals were used for 
preparing the stock solutions and subsequent media prepa-ration. 
Murashige and Skoog’s (1962) salt with 3% (w/v) sucrose was used 
as basal medium excepting seed germination medium, which 
completely lacked sucrose. After adding the growth regulators, the 
pH of the medium was adjusted to 5.7 ± 0.1 followed by gelling with 
0.8% of agar in case of solid medium. The media was autoclaved at 

121
o
C and 1.06 kg/cm

2
 pressure for 20 min. All the cultures were 

incubated in a growth chamber maintained at a temperature of 25 ± 

2
o
C, relative humidity, 70-80% and photoperiod of 16:8 h duration 

under photon flux density of 50 µE mol m
-2

s
-2

 provided by day light 
fluorescent tubes. 

 
Explant preparation 

 
The surface sterilized seeds were germinated on MS basal medium 
without sucrose and the seedlings were allowed to grow for 12-14 
day (d) until the auxiliary buds become prominent (Figure 1a). The 
explants were then prepared as per the technique described by 
Jayanand et al. (2003). Auxiliary buds measuring 0.8 - 1.0 cm lengths 
were aseptically inoculated onto MS medium supplemented with 
various shoot induction hormones. 

 
Multiple shoot induction 
 
For initial multiple shoot induction, the explants were cultured on 
Murashige and Skoog’s medium supplemented with BAP (0.00-22.20 
µM), kinetin (Kn) (0.464 -23.2 µM) and combinations of BAP (4.44 
µM) + Kn (0.93 - 4.65 µM), BAP (4.44 µM) + NAA (1.08 - 5.40 µM) 
and BAP (4.44 µM) + 3-Indolebutyric acid (IBA) (1.14 - 5.70 µM). The 
induced shoots were allowed to grow for 30 d. At the end of 30 d 
period, the explants producing maximum number of multiple shoots 
were re-cultured on MS + BAP (0.44 - 4.44 µM) for 30 more d for 
production of more number of shoots. 

 

Elongation and rooting 

 
Small micro shoots grown on subculture medium were transferred to 

MS media supplemented with GA3 (2.89 -14.43 µM) for elonga-tion. 
The elongated shoots of 3-4 cm length were subsequently 

 
 
 
 

 
transferred to half strength liquid MS medium supplemented with 
NAA (0.00 - 16.2 µM) for rooting. At this stage, the shoots were 
placed on the arc-shaped filter-paper wad of two centimeter width, 
with a centrally drilled hole (2 mm dia) and dipped in liquid medium 
to facilitate easy rooting of shoots. 

 
In vitro and ex vitro hardening of plantlets 

 
After 20 d, plantlets of 3 - 4 cm height with well-developed roots were 
carefully removed and washed thoroughly under running tap water 
for 2-3 min to remove the traces of medium. Plantlets were then 
transferred to plastic pots (10 cm) containing autoclaved peat moss 
and compost mixture (1:1) and covered with polythene bags to 
maintain humidity. After initial hardening in growth chamber for two-
weeks, the plantlets were transferred to pots (15 cm) containing 
sand: soil (1:1) mixture for 30 d before finally transferring to field.  

 
Statistical analysis 

 
Data were analyzed using a one-way analysis of variance (ANOVA) 
and comparisons between the mean values of treatments were made 
by Tukey’s HSD test with 5% level of significance. 

 

DNA isolation and RAPD analysis 

 
For RAPD analysis, leaf samples collected from mother plant and ten 
randomly selected tissue culture clones of M. pruriens var. utilis were 
used. DNA from young leaves was extracted using modified Doyle 
and Doyle (1990) method. To the extraction buffer containing 
cetyltrimethylammonium bromide (CTAB), 0.5% charcoal along with 
0.2% β-mercaptoethanol were added to avoid polyphenol oxidation. 

After propanol precipitation, DNA was re-suspended in 0.5 cm
3
 of 1  

X Tris-EDTA buffer (pH 8.0) and quantified spectrophotometrically 
by taking the absorbance at 260 nm. Purity of DNA was determined 
by digesting the isolated DNA with four restriction enzymes viz., 
EcoR I, Hind III, BamH I and Alu I. RAPD assay was carried out in 

0.025 cm
3
 reaction mixture containing 0.2 mM dNTP's, 10 mM Tris-

HCl, 1.5 mM MgCl2, 50 mM KCl, 0.1%Triton X-100, 1.0 U Taq DNA 
polymerase, 15 pmol primers (Operon Technologies, Alameda, USA) 
and 50 ng of genomic DNA. Amplification was performed in a thermal 
cycler (MJ Research, USA) as follows: After the initial cycle of 2 min 
at 94°C, 2 min at 36°C and 2 min at 72°C, 38 cycles of 1 min at 94°C, 
1 min at 36°C and 2 min at 72°C were performed. The last cycle was 
followed by 7 min extension at 72°C. Reaction mixture wherein 
template DNA replaced by distilled water was used as negative 
control. Amplified products were resolved in 1.4% agarose gel (1 X 
TAE) followed by ethidium bromide staining. 

 

RESULTS AND DISCUSSION 
 
Seed germination 
 
In vitro inoculated seeds germinated within 3 - 4 d on MS 
basal medium without sucrose, recording 100% germi-
nation. Roots appeared after 3 - 4 d and the cotyldenory 
leaves emerged after sixth day of culturing. All the shoots 
attained a height of 5-6 cm within 14 d of culturing, 
exhibiting synchronized seed germination pattern. Auxi-
liary bud explants obtained from these seedlings were 
inoculated onto MS medium supplemented with different 
hormonal combinations for the induction of multiple shoots. 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Rapid micropropagation of Mucuna pruriens var. utilis using axillary bud explants. a. 14 d old 
seedling of Mucuna pruriens var. utilis germinated in vitro. b. In vitro multiplication of shoots from axillary 
buds on MS + BAP (3.55 µM) after 30 d of culture. c. Multiplication in the number of shoots, after 
subculturing the shoots on the same medium. d. Adequate rooting on half-strength liquid MS medium 
augmented with NAA (16.20 µM). e & f. Acclimatization of in vitro regenerated plantlets in pots. 

 

 

Induction of multiple shoots 

 

Multiple shoots were observed at the end of second week, 
after transferring the auxiliary buds. Auxiliary buds cultured 
on hormone-free MS medium resulted in forma-tion of 
single shoot. More than one shoot was regenerated on MS 
medium supplemented with growth regulators singly as 
well as in combinations. The mean number of shoots 
produced per explant on different combinations of 
hormones is shown in Table 1. Of the various hormones 
tested, BAP alone was more effective over Kn and other 
combinations of hormones. Superiority of BAP over Kn for 
multiple shoot formation was also demonstrated in Eclipta 
alba (Franca et al., 1995), Sapium sebiferum (Siril and 
Dhar, 1997), and Pterocar-pus marsupium (Suresh and 
Ajay, 2004).  

Percentage response for shoot formation from the 
explants differed in different media supplemented with 
various concentrations of plant growth regulators. A maxi-
mum of 85.5% (data not shown) of explants cultured on 
MS medium containing 3.55 µM BAP formed shoots after 

 
 

 

30 days of culture. The same medium also resulted in 
highest number of 6.70 ± 1.15 shoots per auxiliary bud 
(Figure 1b), with an average shoot length of 1.07 ± 0.21 
cm. MS + Kn (23.20 µM) induced 5.33 ± 0.58 shoots per 
auxiliary bud with an average shoot length of 1.20 ± 0.00 
cm. Steady increase in number of shoots was noticed up 
to 3.55 µM in case of BAP and 23.20 µM in case of Kn, 
respectively. Cytokinin concentrations beyond these 
adversely affected the shoot development, as the 
regenerated shoots became stunted and dense. The 
stunted nature of shoot formation corresponding to in-
creased concentration of BAP in the medium was also 
reported in Orthosiphon (Lai-Keng and Leng, 2004) and 
Eupatorium (Martin, 2004). However, sub-culturing of 
shoots obtained on BAP (3.55 µM) on to the same 
hormonal medium for 30 d promoted shoot multiplication 
by nearly 2.5 times producing 16.33 ± 0.58 shoots (Figure 
1c), with average shoot length of 1.16 ± 0.29 cm (Table 2). 
Stimulatory effect of increased passage of sub-culturing on 
shoot bud induction is also reported in E. alba (Neeti and 
Kothari, 2005). 



 
 
 

 
Table 1. Effect of various concentrations and combinations of growth regulators on shoot 
induction from auxiliary bud. 

 

S/N Growth regulators  (µM) No. of shoots/explant
y Shoot length (cm)

y 

1 Control
x  1.00 ± 0.00 e

z 1.27 ± 0.26 
2 BAP 0.89  5.33 ± 0.58 abc 1.63 ± 0.03 

3 BAP 1.78  5.67 ± 1.53 ab 0.67 ± 0.29 

4 BAP 2.66  6.00 ± 0.00 ab 1.43 ± 0.40 

5 BAP 3.55  6.70 ± 1.15 a 1.07 ± 0.21 

6 BAP 4.44  5.67 ± 1.15 ab 0.93 ± 0.11 

7 BAP 13.32  4.00 ± 0.00 bcd 0.63 ± 0.05 

8 Kn 2.32  2.33 ± 0.58 de 1.50 ± 0.00 

9 Kn 4.64  4.00 ± 0.00 bcd 2.83 ± 1.04 

10 Kn 9.28  4.33 ± 0.58 bcd 1.83 ± 0.58 

11 Kn 23.20  5.33 ± 0.58 abc 1.20 ± 0.00 

12 BAP 4.44 + Kn 2.79 3.33 ± 0.58 cd 2.83 ± 0.29 

13 BAP 4.44 + Kn 4.65 4.33 ± 0.58 bcd 2.67 ± 0.29 

14 BAP 4.44 + NAA 3.24 4.00 ± 1.00 bcd 1.00 ± 0.00 

15 BAP 4.44 + NAA 5.40 4.33 ± 0.58 bcd 1.00 ± 0.00 

16 BAP 4.44 + IBA 4.56 4.67 ± 0.58 abc 1.67 ± 0.28 

17 BAP 4.44 + IBA 5.70 3.33 ± 0.58 cd 1.50 ± 0.00  
x
Control = Hormone free MS medium. 

Y
Values are mean ± standard deviation of three independent experiments, each treatment 

considered after 20 replicates.  
z
Means followed by same letters are not significantly different at the 5% significance level, as 

determined by Tukey’s HSD test. 
 

 
Table 2. Effect of different concentrations of BAP on sub-culturing of multiple shoots. 

 

S/N BAP (µM) No. of shoots/explant
y Shoot length (cm)

y 

1. BAP 0.44 13.33 ± 0.58 cz 1.67 ± 0.58 
2. BAP 0.89 15.33 ± 0.58 ab 1.00 ± 0.00 

3. BAP 1.78 14.00 ± 1.00 bc 1.00 ± 0.00 

4. BAP 2.67 14.33 ± 0.58 bc 1.17 ± 0.29 

5. BAP 3.55 16.33 ± 0.58 a 1.16 ± 0.29 

6. BAP 4.44 15.67 ± 0.58 ab 1.33 ± 1.04 
 

Y
Values are mean ± standard deviation of three independent experiments, each treatment 

considered after 20 replicates.  
z
Means followed by same letters are not significantly different at the 5% significance level, as 

determined by Tukey’s HSD test. 
 

 

Among the combinations of hormones tried, even the 
best hormonal combinations such as MS + BAP (4.44 µM) 
+ Kn (4.65 µM), MS + BAP (4.44 µM) + NAA (5.40 µM), as 
well as MS + BAP (4.44 µM) + IBA (4.56 µM) induced only 
4-5 shoots per axillary buds. This shows that, in M. 
pruriens var. utilis, combination of hormones do not 
produce synchronized effect towards large-scale bud-
break leading to multiple shoot formation as seen in other 
M. pruriens varieties. Chattopadhyay et al. (1995) and 
Faisal et al. (2006a, b), have earlier reported maximum 
multiple shoot induction on NAA + 2-isopentyl adenine 
(2ip) and NAA+BAP in M. pruriens var. pruriens and 
another variety of Mucuna (not specified), 

 
 

 

respectively. However, the latter hormonal combination 
produced only 4 - 5 shoots and induced significant amount 
of basal callus from explants in the present study. These 
differential responses, revealed by different Mucuna 
pruriens varieties for the type and concentrations of the 
hormones used indicate possible existence of genotype 
specific optimum responses within large group of M. 
pruriens varieties. Similar results have also been reported 
in Morus cultivars (Tewary et al., 1996). It is established 
fact that, in the cultured tissues, the requirement for 
exogenous hormone depends on the endogenous level of 
the plant tissue, which varies with organ, plant genotype, 
and the phase of the growth 



  
 
 

 
Table 3. Effect of different concentrations of NAA on root induction. 

 

S/no. NAA (µM) Response (%) No. of roots/explant
y Root length (cm)

y 

1. Control
x 00.00 0.00 ± 0.00 cz 0.00 

2. NAA 2.70 60.00 3.67 ± 0.58 bc 4.61 ± 1.14 

3. NAA 5.40 100.00 5.00 ± 1.00 b 2.62 ± 0.74 

4. NAA 10.8 100.00 6.67 ± 1.15 b 2.27 ± 0.84 

5. NAA 16.2 100.00 16.67± 2.89 a 2.78 ± 0.51  
x
Control = Hormone free MS medium. 

Y
Values are mean ± standard deviation of three independent experiments, each treatment 

considered after 20 replicates.  
z
Means followed by same letters are not significantly different at the 5% significance level, as 

determined by Tukey’s HSD test. 
 

 

(Suresh and Ajay, 2004). Thus, the result establishes the 
need for independent standardization and examination of 
micro-propagation protocols in each of the varieties of M. 
pruriens, after careful consideration of variety identity, in 
this mopho-agronomically diverse species (Padmesh et 
al., 2006) of the genus Mucuna. 
 

 

Elongation and rooting 
 

Elongation of shoots was found to be best on GA3 
containing medium over other media supplemented with 
different hormones. Transferring the micro shoots to MS 

+ GA3 (2.89 - 14.43 µM) produced enhanced elongation 

(data not shown), with GA3 (2.89 µM) producing maximum 

elongation of 4.0 cm. The positive effect of GA3 on shoot 
elongation is well-established fact in plant tissue culture as 
reported by Jayanand et al. (2003). The elongated shoots 
were rooted on half strength liquid MS medium 
supplemented with NAA (0.00 -16.2 µM). Results of rooting 
experiments employing different concentrations of NAA 
are shown in Table 3. Hundred percent cultures exhibited 
rooting on NAA (16.20 µM), producing maximum of 16.67 
± 2.89 roots per shoot with average root length of 2.78 ± 
0.51 cm (Figure 1d) in 20 d of culture. NAA as a key 
hormone in inducing rhizogenesis is also reported in 
several established micro-propagation protocols like M. 
pruriens var. pruriens (Chattopadhyay et al., 1995), 
Pisonia alba (Jagadish Chandra et al., 1999), Hyptis 
suaveolens (Britto et al., 2001), Jatropha curcas (Rajore et 
al., 2002). In addition, for suppressing basal callus 
formation during rooting, an innovative method of 
supporting the shoot on arc-shaped filter paper wad with 
centrally drilled hole was employed during the present 
study. This method not only reduced the basal callus 
formation but also facilitated easy separation of shoots 
from the media during hardening process. 
 

 

Hardening and transplantation 

 

Plantlets  directly transferred from rooting medium to 

 
 

 

sand: soil mixture (1:1) exhibited low rate of survival (60 - 
70%). To subvert this, plantlets were first transferred to 
autoclaved mixture of peat moss and compost mixture 
(1:1) and maintained in growth chamber for 14 d. The 
plantlets were then transferred to sand: soil (1:1) mixture 
and allowed to harden for 30 d (Figure 1e, f) before finally 
transferring to field. This resulted in 95% survival of the 
plants. All the survived plants were successfully trans-
planted to the soil. 
 
 
RAPD analysis 

 

Modified Doyle and Doyle (1990) method employed during 
the present study yielded high purity DNA, suitable for 
PCR amplification. Addition of 0.5% activated charcoal 
along with 0.2% β-mercaptoethanol to the extraction 
buffer, tried out first time for Mucuna in this study, fully 
reduced the otherwise high polyphenol oxi-dation. 
Charcoal in the extraction buffer greatly reduces 
polyphenol oxidation by preventing the irreversible 
interaction of DNA with polyphenolics (Bi et al., 1996; 
Krizman et al., 2006). Restriction digestion of isolated DNA 
with EcoR I, Hind III, BamH I and Alu I showed 
characteristic smear on 0.8% agarose gel indicating high 
purity of the isolated DNA for molecular biology applica-
tions.  

RAPD analysis following Williams et al. (1990) was 
employed in order to assess the genetic integrity of tissue 
culture clones. RAPD pattern of 10 randomly selected 
micropropagules obtained from auxiliary bud explants 
were compared with mother plant. Of the fifteen primers 
(Table 4) screened, 14 primers yielded clear, reprodu-cible 
bands. The number of bands for each primer varied from 
03 in OPA-06 to 09 in OPB-01. Each primer produc-ed 
amplification products in the size range 0.2 kb in OPB-04 
to 2.0 kb in OPA-01. The 14 tested primers yielded totally 
925 scorable bands (number of propagules X number of 
screened markers) with an average of six bands per 
primer. All the tested primers produced mono-morphic 
pattern across all the shoots, confirming the genetic 
uniformity of the micro-propagated plant material.



 
 
 

 
Table 4. Number of amplification products generated with the use of RAPD primers in the analysis  
of genetic fidelity of in vitro propagated Mucuna pruriens var. utilis plants. 

 

S/N Primer Sequence (5’-3’) Number of generated bands 

1 OPA-01 CAGGCCCTTC 07 

2 OPA-02 TGCCGAGCTG 05 

3 OPA-03 AGTCAGCCAC 05 

4 OPA-04 AATCGGGCTG 06 

5 OPA-05 AGGGGTCTTG 08 

6 OPA-06 GGTCCCTGAC 03 

7 OPA-07 GAAACGGGTG 06 

8 OPA-08 GTGACGTAGG 05 

9 OPA-09 GGGTAACGCC 05 

10 OPA-10 GTGATCGCAG 08 

11 OPB-01 GTTTCGCTCC 09 

12 OPB-02 TGATCCCTGG 08 

13 OPB-04 GGACTGGAGT 06 

14 OPB-05 TGCGCCCTTC 04  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Agarose gel electrophoresis of RAPD products of M. pruriens var. utilis mother 
lines and regenerates generated with primer OPA-01 (A), OPA-06 (B) and OPA-07 (C). Lane 
1(P), mother plant; lanes 2 - 11, regenerates; lane 12(M), marker (λ/EcoR I + Hind III 
molecular weight marker indicated in Kb). 



 
 
 

 

As an example, the pattern obtained for primers OPA-01 
and OPA-06 and OPA-07 are shown in Figure 2a-c.  

The genetic integrity of micro-propagated plants can be 
determined with the use of various techniques. In this 
study, RAPD technique was employed, as it has the 
advantage of simplicity, is quickly performed and is of 
relatively low cost. It requires very little plant material and 
quick DNA extraction protocols are suitable (Rafalski et al., 
1993). The limitation of this technique lies in the possible 
comigration of different amplification products and 
questionable reproducibility (Rieseberg, 1996). The results 
presented in this paper demonstrate that the RAPD 
technique proved to be effective in generating reproducible 
results useful in assessment of genetic fidelity of micro-
propagated propagules in Mucuna culti-vars. Various 
authors have found RAPD technique useful in examining 
genetic fidelity of tissue culture-clones. With the use of 
RAPD markers, clonal fidelity of micro-propagated plants 
has been determined in Pinus thunbergii (Goto et al., 
1998), Lilium (Varshney et al., 2001) and Tylophora indica 
(Jayanthi and Mandal, 2001). Anna and Ewa (2004) have 
confirmed the suitability of RAPD technique for 
determining the genetic fidelity in two micro-propagated 
Drosera species, D. anglica and D. binata.  

In conclusion, a simple, efficient and high fidelity protocol 
for mass propagation of M. pruriens var. utilis from 
auxiliary bud explants has been established. Using this 
protocol it is possible to produce viable, uniform and 
healthy plants with maximum survival rate for the proposed 
in vitro germplasm. The protocol should also provide an 
efficient means for large-scale cultivation and in vitro 
manipulation of M. pruriens, an important green manure 
cover-crop with medicinal properties. 
 
 
ACKNOWLEDGEMENTS 

 

Authors acknowledge Principal and Head, Dept. of 
Biotechnology, Sir MVIT for the facilities and Sri Ganesh 
Babu, FRLHT, Bangalore for authenticating the research 
material. Authors also acknowledge the financial support 
received from Sri Krishnadevaraya Educational Trust (Sri 
KET), Bangalore towards this project. 
 
 
REFERENCES 
 
Anna K, Ewa L (2004). Application of RAPD in the determination of 

genetic fidelity in micropropagated Drosera plantlets. In Vitro Cell. Dev. 
Biol. Plant 40: 592-595.  

Bi IV, Harvengt L, Chandelier A, Mergeai G, du Jardin P (1996). Improved 
RAPD amplification of recalcitrant plant DNA by the use of activated 
charcoal during DNA extraction. Plant Breed. 115: 205-206.  

Britto SJ, Robinson JJ, Natarajan E, Arockiasamy DI (2001). 
Micropropagation of Hyptis suaveolens (L.) Poit through nodal culture. 
Adv. Plant Sci. 14(11): 561-565.  

Capo-chichi L, Ja, DB, Morton C M (2003). The use of molecular markers 
in the study of genetic diversity in Mucuna. Trop. Subtrop. Agro 
Ecosyst. 1: 309-318. 

Chattopadhyay  S,  Datta SK,  Mahato SB  (1995).  Rapid  micropropa- 

  
  

 
 

 
gation for Mucuna pruriens f. pruriens L. Plant Cell Rep. 15: 271-273. 

Ding Y, Kinjo J, Yang C, Nohara T (1991). Triterpenes from Mucuna 
birdwoddiana. Phytochemistry 30(11): 3703-3707.  

Doyle JJ, Doyle LJ (1990). Isolation of plant DNA from tissue. Focus 12: 
13-15.  

Eilittä M, Bressani R, Carew LB, Carsky RJ, Flores M, Gilbert R, Huyck 
L, St-Laurent L, Szabo NJ (2002) Mucuna as a food and feed crop: an 
overview. In: Mucuna as a Food and Feed: Current Uses and the Way 

Forward. Ed. By Flores M, Eilittä M, Myhrman R, Carew L, Carsky R, 
Workshop held April 26-29, 2000 in Tegucigalpa, Honduras. CIDICCO 
Honduras. pp. 18-46.  

Faisal M, Siddique I, Anis M (2006a). An efficient plant regeneration 
system for Mucuna Pruriens L. (DC.) using cotyledonary node 
explants. In Vitro Cell. Dev. Biol. Plant. 42(1): 59-64(6). DOI 
10.1079/IVP2005717  

Faisal M, Siddique I, Anis M (2006b). In vitro rapid regeneration of 
plantlets from nodal explants of Mucuna pruriens - a valuable 
medicinal plant. Ann. Appl. Biol. 148 (1): 1–6. DOI 10.1111/j.1744-
7348.2005.00034.x  

Franca SC, Bertoni B W, Pererira AMS (1995). Antihepatoxic agent in 
micropropagated plantlets of Eclipta alba Plant Cell Tiss. Organ cult. 
40: 297-299.  

Goto S, Thakur RC, Ishii K (1998). Determination of genetic stability in 
long term micropropagated shoots of Pinus thunbergii Parl. Using 
RAPD markers. Plant Cell Rep. 18: 193-197.  

Jagadish Chandra KS, Rachappaji S, Gowda KRD, Thara Saraswathi KJ 
(1999). In vitro propagation of Pisonia alba (Linn.) Sapanogae (Lettuce 
Tree), A threatened species. Phytomorphology. 49: 43-47.  

Janardhanan K, Lakshmanan KK (1985). Studies on the pulse, Mucuna 
utilis. Chemical composition and anti-nutritional factors. J. Food Sci. 
Tech. 22: 369-37.  

Jayanand B, Sudarsanam G, Kiran K, Sharma (2003). An efficient 
protocol for regeneration of whole plants of chickpea (Cicer arietinum  
L) by using meristem explants derived from in vitro germinated 
seedlings. In Vitro Cell Dev, Biol, Plant 39: 171-179.  

Jayanthi M, Mandal PK (2001) Plant regeneration through somatic 
embryogenesis and RAPD analysis of regenerated plants in Tylophora 
indica (Burm. F. Merrrii.). In Vitro Cell. Dev. Biol. Plant 37: 576-580.  

Krizman M, Jakse J, Baricevic D, Javornik B, Prosek M (2006) Robust 
CTAB-activated charcoal protocol for Plant DNA extraction. Acta agric. 
Slovenica 87(2): 427-433.  

Lai-Keng C, Leng W (2004) Plant regeneration from stem nodal 
segments of Orthosiphon stamineus Benth, a medicinal plant with 
diuretic activity. In Vitro Cell Dev. Biol. Plant 40: 115-118  

Manyam BV (1995). An alternative medicine treatment for Parkinson’s 
disease: results of a multicenter clinical trial – HP-200 in Parkinson’s 
disease study group. J. Alternat. Comp. Med. 1: 249-255.  

Martin KP (2004). Rapid axillary bud proliferation and ex vitro rooting of 
Eupatorium triplinerve. Biol. Plant. 47: 589-591.  

Mohan VR, Janardhanan (1993). Studies on the Indian tribal pulses. In 
proceedings of the national seminar on biodiversity: strategies for 
conservation and future challenges. Department of Botany. Bharathiar 
University. Ed. by Udaiyan K, Janardhanan K, Manian S, Reddy 
VRKP. pp. 116-125  

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

Neeti D, Kothari SL (2005). Micropapagation of Eclipta alba (L.) Hassk-
An important medicinal plant. In Vitro Cell. Dev. Biol. Plant 41: 658-
661  

Padmesh P, Reji J, Jinish Dhar M, Seeni S (2006). Estimation of genetic 
diversity in varieties of Mucuna pruriens using RAPD. Biol. Plant. 
50(3): 367-372.  

Rafalski A, Tingey S, Williams JGK (1993). Random amplified 
polymorphic DNA (RAPD) markers. In: Gelvin SB, Schilperoort RMS, 
Verma DPS eds. Plant molecular biology manual suppl 6 Dordrecht: 
Kluwer Academic Publishers, pp. 1-9  

Rajore S, Sardana J, Batra A (2002). In vitro cloning of Jatropha curcus 
(L.) J. Plant. Biol. 29(2): 195-198.  

Rieseberg LH (1996). Homology among RAPD fragments in inter-specific 
comparisons. Mol. Ecol. 5: 99-105. 

Siril EA, Dhar U (1997). Micropropagation of mature Chinese tallow tree 



 
 
 

 
(Sapium sebiferum Roxb.). Plant Cell Rep. 16: 637-640.  

Standley PC,  Steyermark JA  (1946).  Flora  of  Guatemala. Fieldian: 
Botany Vol 24 Part V  

Suresh C, Ajay KS (2004) In vitro shoot regeneration from cotyledonary 
node explants of a multipurpose leguminous tree, Pterocarpus 
marsupium Roxb. In vitro Cell. Dev. Biol. Plant. 40:167-170.  

Tewary PK, Raghunath MK, Venkateshwarulu M, Sarkar A (1996). 
Genotypic difference in response to in vitro shoot development of 
mulberry (Morus Spp.) Indian J. Seric. 35(2) 104-106. 

 
 
 
 

 
Varshney A, Lakshmikumaran M, Srivastava PS, Dhawan V (2001). 

Establishment of genetic fidelity of in vitro raised Lilium bulbets through 
RAPD markers. In Vitro Cell. Dev. Biol. Plant 37:227-231.  

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV (1990). DNA 
polymorphisms amplified by arbitrary primers are useful as genetic 
markers. Nucleic Acids Res. 18: 6531-6535. 


