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ABSTRACT 
 

Aims: To set up a prudent and standard protocol to frame in vitro recovery of Eclipta alba, a 
therapeutically significant plant, from nodal district by shoot culture initiation. 
Study Design:  Our examination was designed arbitrarily and treatment had threefold samples of 
30 explants each. All components including number of shoots per explants, shoot length, root 
length and so forth were determined from the complete number of explants from which cultures 
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were set up. The contaminated cultures were not regarded. Data were analyzed by using the 
“Statistical Analysis Software (SAS)” and all the information were directed to one-way classified 
analysis of variance (ANOVA) and means of treatments were compared based on Turkey’s 
honestly significant different test (HSD) at “0.01 probability level” using SAS. 
Place and Duration of Study: Department of Botany, College of Basic Science and Humanities, 
and Department of Agricultural Biotechnology, College of Agriculture, Orissa University of 
Agriculture and Technology, Bhubaneswar, between July 2019 and December 2020. 
Methodology:  

• Surface sterilization and preparation of explants  

• Preparation of Culture medium and culture conditions for in vitro plant regeneration 

• Acclimatization of regenerated plantlets 

• Assessment of genetic fidelity through PCR based RAPD investigation 
Results: BAP is the most effective Plant Growth Regulator for regeneration in E. alba and MS 
medium supplemented with BAP and Kin the foremost successful combination for multiple shoot 
proliferation. Soil: vermicompost (1:1) mixture has shown the best promising result of hardening. All 
the plantlets developed through in vitro culture have attended genetic stability with the mother 
plant. There is no genetic variation shown through RAPD analysis.  
Conclusion: It is a successful attempt to generate a quick, economic and reproducible protocol for 
the micropropagation of E. alba without any genetic alternation and maintaining homologous clonal 
propagation. 
 

 
Keywords: In vitro micro-propagation; Eclipta alba; genetic fidelity; RAPD; BAP; NAA. 
 

1. INTRODUCTION  
 

Biotechnological approaches nearby plant tissue 
culture offers an enormous apparatus for 
improving quality and measures of yields [1]. It 
can also provide steady planting material for the 
generation of new variety. An expanded 
enthusiasm for in-vitro culture strategies opens 
up scopes for mass increase and germplasm 
protection of uncommon, imperiled, and 
compromised therapeutic plants [2]. The 
technique further comes up with opportunities for 
genetic improvement by enhanced drug yield [3] 
higher disease resistance against virus, fungi 
and bacteria and most importantly a higher 
aptitude of abiotic tolerance (Jain et al., 2001). 
All this has been achieved by the accustomed 
techniques of tissue culture such as 
organogenesis and somatic embryogenesis. The 
recent emanation of cell suspension culture for 
enormous scope creation of auxiliary metabolites 
has become another incredible asset of in vitro 
culture [4]. The same technique has been 
reported in Eclipta alba [5] as well. Among all, 
micropropagation through organogenesis has 
end up being the most dependable method of 
recovery in the region of tissue culture. Anyway, 
hardly any reports have been recorded on 
commercial large-scale engendering of Eclipta 
alba utilizing nodal explants [6,7] and Defeat et 
al., 2006) till date. 
 

Genetic instability is a major problem in the 
course of commercial micro propagation (Lázaro-

Castellanos et al., 2018). A suitable conservation 
program requires genetic characterization of 
plants and their assessment for genetic stability. 
However, plant tissue culture creates large 
spectrum of fluctuation in recovered plants [8]. 
Induction of such variations is employed by 
manipulation of growth media, explants variants, 
regeneration mode, culture conditions and plant 
growth regulations through mutagenesis or 
somatic variation [9-11]. All such variations put a 
question mark on the hereditary analogy of the 
regenerated plants.   
 
At the same time, many reports also have 
archived the lower chances of genetic changes 
and variability, if an organized tissue like 
meristem is chosen for direct plant regeneration 
(Salvi et al., 2002; [10,11]. Further genetic 
stability can be inspected by a comparison of 
fidelity among mother plant to micropropagated 
plants. Bairu et al., [12] explains about all such 
conformations by several methods ranging from 
morphological, physiological, biochemicals to 
molecular level. Among every such strategy 
molecular markers are routinely being utilized for 
investigation of hereditary relations, populace 
hereditary qualities and hereditary portrayal 
among taxa of different ranks. [13,14,9,10]. 
RAPD (Random Amplified Polymorphic DNA) 
markers are always being popular among the 
scientific Diasporas for its enormous use in 
appraisal of all such studies related to diversity. It 
has been extensively utilized for evaluation of
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genetic diversity in a few plant types for example-
Triticum (Cao et al., 1999), Glycine 
max (Hotmans et al., 2004), Geranium [15] and 
furthermore in in vitro recovered propagules in 
various plants as detailed by Goel et al., [14] 
Kishor et al., [9] Rai et al., [16] Das et al., [11] 
and Sharma et al., [17] Artichoke [18] Bamboo 
[19] Jackfruit [20]. Due to its comparative easy 
management, cost effectiveness together with 
high reproducibility abilities, it is preferred over 
other molecular markers like ISSR, SSR, RFLP, 
AFLP and so forth [21,22].  
 

Eclipta alba (L.) is a little, spreading, yearly 
restorative herb with white blossom head in the 
family Asteraceae and is regularly known as 
false daisy (in English) and Bhringraj (in Hindi). It 
is nearby to the tropical and subtropical locale of 
the world. In India it is especially found as a 
weed mostly in countryside.  The ethno-
information portrays the utilization of the plant in 
the treatment of liver maladies, chest 
contamination, short-sidedness, skin issue, 
untimely turning grey of hair and furthermore 
exceptionally useful for memory improvement. 
[23] Ray and Bhattacharya, 2010[24]. The leaves 
of E. alba contain many bioactive compounds 
like stigmasterol, a-terthiemymethanol, 
wedelolactone, demeathylwedelolactone and 
olemethylweedelolactone-7 glucoside etc. [25]. 
The medicinal properties of the plant manifest a 
wide range of attribute from anti-inflammatory to 
bronchodilator [26] hepato-protective to anti-
hyperglycemic [27] anti-viral, anti- bacterial, 
spasmogenic, hypo-tensive, analgesic to anti-
oxidant [17] Karthikumar et al., 2007 [28] and 
Yadav et al., [29] cardio protective [30] to anti-
cancerous [29] and anti-diabetic [31] to anti-
anaphylactic [32] impacts. Hence its mass clonal 
propagation is a prerequisite step for large scale 
phytochemicals extraction by pharmaceutical 
industries to fulfil the global market demand. 
Thus, it is imperative to build up an effective 
micropropagation technique for E. alba for quick 
dispersal of recognized predominant clones. So, 
the current investigation intends to develop a 
standardized convention for in-vitro mass clonal 
proliferation of E. alba, its acclimatization and 
evaluation of hereditary loyalty of recovered 
plants through RAPD. 
 

2. MATERIALS AND METHODS 
 

2.1 Explant Source, Surface Sterilization 
and Preparation of Explants  

 

Nodal segments of the E. alba excised from the 
field grown plants from farm of Odisha University 

of Agriculture and Technology, Bhubaneswar, 
Odisha, India were used as a source of explant. 
Elongated shoots (each having one node) were 
thoroughly washed with sterile double distilled 
water to clear away the sand and soil particles 
and deliquated with 2% (v/v) cetrimide (a blend 
of various quaternary ammonium salts counting 
cetrimonium bromide) and three to four drops of 
Polysorbate-20 (MP Biomedicals, US) trailed by 
again washing with clean twofold refined water 
for the removal of all the detergents and 
disinfectants.  A short time later, surface 
disinfection was completed under aseptic 
conditions in laminar wind current in 0.05% 
mercuric chloride prepared afresh as long as 3-5 
minutes. Then it was washed thoroughly with 
sterile distilled water for four to multiple times. 
The nodal region of the stem section was cut 
transversely into pieces of 1-3mm thickness. 
These bits of nodes were utilized as explants for 
plant regeneration. 
 

2.2 Culture Medium and Culture 
Conditions for In vitro Plant 
Regeneration 

 
In vitro micro propagation was finished with the 
nodal explants by refined on MS (Murashige and 
Skoog's, 1962) basal medium enhanced with 3% 
(w/v) sucrose and various concentrations of 
development controllers like BAP, Kin (Kinetin), 
NAA (Sigma Chemical Co., St. Louis, MO, USA). 
The pH was changed in accordance with 5.8± 
0.02 with 0.1 N NaOH or 0.01 N HCl preceding 
autoclaving at 121 ◦C for 15 min. Agar 0.8% 
(w/v) was added to solidify the media (Merck 
India Ltd., Mumbai, India). The explants were 
inoculated in the MS medium after sterilization. 
All cultures were maintained at a temperature of 
26 ± 20C, under a photoperiod of 16-h and light 
intensity of 40 µmol m−2 s−1(executed by cool 
white, fluorescent cylinders, Crompton, India). 
The inoculants were sub-cultured in fresh MS 
medium every 3-4 weeks. The culture societies 
were subjected to different convergence of 
hormonal combinations in order to ascertain the 
accelerated recovery from the in vitro engaged 
explants. 

 
2.3 Acclimatization of Regenerated 

Plantlets 
 
In vitro developed plantlets from nodal explants 
having very much evolved shoots and roots were 
moved to 2.5 cm earthen pots containing 
sterilised soil. Plantlets were secured with 
polyethylene packs to keep up formidable 
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moistness and sprinkled with water at time 
intervals. Three blends were taken e.g., only soil, 
soil: sand (1:1) and soil: vermicompost (1:1) for 
hardening. Pots containing the plantlets were 
managed under nearly similar reputation of 
temperature at 24 ± 10 C, artificial light intensity 
of 50 µmol m−2 s−1 around fourteen days. Short 
time later those were moved to sunshine for a 
short period of time (2–2.5 h/day) at first.                       
The time was further extended, a tiny bit at a 
time till approaching the normal photoperiod.                     
It took 2.5–3 months for establishment                    
of the plantlets from pots to soil under field 
condition. 

 
2.4 Assessment of Genetic Fidelity 
 
To survey the hereditary devotion between the 
mother plant and in vitro recovered plants, 22 
recovered plants were haphazardly chosen. 
Genomic DNA was detached from lively and 
fresh leaves by C-TAB convention of Doyle and 
Doyle (1987). A short time later the quality and 
convergence of DNA were inspected by agarose 
gel electrophoresis (0.8%) and UV-visible 
spectrophotometer respectively. For PCR based 
RAPD investigation arbitrary decamer Operon 
Primers (Operon Tech., Alameda, USA) broke up 
in twofold disinfectedT10E1 buffer, pH8.0. 30 
chose preliminaries from OPA, OPD, OPC, OPN 
and OPAF arrangement (Operon Tech., 
Alameda, CA.) were utilized. Every reaction 
mixture has 25µl volume which contains 2.5µl of 
10X PCR buffer, 2.5µl MgCl2 (1.5mM), 1µl of 
dNTPs 25mM each (dATP, dCTP, dGTP and 
dTTP), 1µl of irregular preliminary (10pM), 0.5µl 
of Taq DNA polymerase (3 units; Bangalore 
Genei Private Ltd. Bangalore India) and 1µl of 
50ng of template DNA. The rest volume was 
adjusted by molecular grade water (MP 
Biomedicals, US). The amplification response 
was conveyed in Gene Amp PCR system 9700 
(Applied Biosystems, Germany). The 
strengthening was acted in three phases PCR. 
Beginning with, denaturation of layout DNA was 
done at 940C for 5 minutes in a solitary cycle. 
The subsequent step was completed in 40 cycles 
and each cycle comprises of three thermal 
reading steps i.e., one minute at 940C for final 
denaturation of template, one minute at 370C for 
annealing trailed by two minutes at 720C for 
chain extension. The last expansion step 
comprised of just one cycle i.e., 10 minutes at 
720C. Samples were stored at 40C until 
examination was completed. The PCR items for 
investigation were finished by 1.5% agarose 
(Seakem, FMC, USA) gels, by utilizing 1X Tris-

acetic acid–ethylene diamine tetra-acetic acid 
(TAE) buffer and recoloured with the recolouring 
operator ethidium bromide solution. After 
electrophoresis, the gel was archived in Gel Doc 
2000 (Bio-Rad, USA) for scoring the bands. The 
whole procedure was rehashed in any event 
threefold to affirm the reproducibility. 
 

2.5 Design of Experiment and Statistical 
Analysis 

 
Our examination was planned in a totally 
randomized way and treatment had threefold 
imitates of 30 explants each. All components 
including number of shoots per explants, shoot 
length, root length and so forth were determined 
from the complete number of explants from 
which cultures were set up. The contaminated 
cultures were not contemplated. Data were 
analyzed by using the “Statistical Analysis 
Software (SAS)” as per Swain et al., 2018. All the 
information were exposed to one-way classified 
analysis of variance (ANOVA) and means of 
treatments were compared based on Turkey’s 
honestly significant different test (HSD) at “0.01 
probability level” using SAS. 

 
3. RESULTS AND DISCUSSION 
 
In an attempt to establish an efficient and 
suitable methodology for rapid micropropagation 
the present study also aims for large scale clonal 
progenies within a short period of time. So, 
selection of suitable explants is crucial for 
development and success of such methodology. 
As the source of explants and the regeneration 
mode also control the hereditary strength of the 
in vitro recovered plants [33,34] the ongoing 
study took on the choice of nodal segments of E. 
alba as reliable explants. 
 
Adventitious shoot buds are induced within 1.5 
weeks of culture of explants in MS medium with 
and without growth regulators. Again, BAP was 
observed effective over other growth regulators 
for the quantity of shoots per explants, average 
length of shoot and response of shoot 
proliferation percentage (Table 1). The 
adventitious buds on shoot were marked initially 
leaning on peripheral region of the explants (Fig. 
1A and 1B), followed by the basal part of the 
explants (Fig. 1B).  
 
Finally, the adventitious buds grew into clumps. 
A similar perception was accounted for by 
Ghnaya et al., [35] and Singh et al., [36] in 
Spilanthes acmella and Brassica napus 
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respectively. The response for number of shoot 
proliferation was significantly affected by BAP at 
1% of Tukey’s HSD for various convergences of 
BAP inspected. Greatest percentage of 

acclamation for shoot multiplication was found in 
13.2µM, 15.4µM and 11µM which are statistically 
in a same group followed by 8.8µM, 4.4µM and 
17.6µM (Table 1).  

 

 
 

Fig. 1. In vitro plant regeneration of E. alba through nodal explants: (A) Shoot bud induction 
from nodal explant; (B) Induction of multiple shoot buds from basal region of explant; (C) 

Rooting in in vitro regenerated shoot on growth regulator free MS medium; (D) Acclimatised 
and well hardened plants of E. alba 

 

Table 1. Effect of BAP on shoot multiplication from nodal explant 
 

MS medium supplemented 
with BAP (µM) 

Response of 
explant (%) 

Shoots / explant Average shoot length 
(cm) 

- 71.00d 1.90e 4.50a 
2.2 75.83c 4.33e 4.10a 
4.4 89.33b 9.00d 3.80ab 
8.8 90.33b 15.33c 3.27bc 
11 97.33a 25.00b 3.00cd 
13.2 99.67a 29.00a 2.40de 
15.4 98.67a 26.67ab 2.10ef 
17.6 86.67b 18.00c 1.33f 
p-Value <.0001 <.0001 <.0001 
CV (%) 1.25 5.18 7.23 
Tukey HSD at 1% 4.0132 3.0206 0.7997 

* Means with same letter are not significantly different at p≤0.01 

A B 

C D 
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Interestingly exact similar type of observation 
was found in case of number of shoots per 
explant. Result of the present investigation 
strongly support that shoot regeneration capacity 
of the explant was positively affected by BAP. A 
consolidated impact of streamlined 
concentration(13.2µM) of BAP was additionally 
assessed with Kin and NAA on shoot 
proliferation. In the thick of entire treatment; the 
medium of MS accommodating 13.2µM, BAP 
with 4.6µM and 2.3µM Kin instituted as the best 
effectual assembly for shoot proliferation from 
the explant (Table2). Besides this 6.9µM Kin may 
be recommended as an effective concentration 
for shoot multiplication as per the statistical 
records. Upon 4.6µM and 2.3µM Kin with 13.2µM 
of BAP in MS medium, response of shoot 
proliferation (%) shoot multiplication was 100% 
and 99.67% with average shoots of 36 and 32 
per explant respectively [37-40]. When the 
mother explants were cultured on the same 
medium after removal of elongated shoots, 
average shoot number as well as shoot length 
increased. Moreover, application of combined 
BAP and NAA did not have any promising effect 
over the BAP to Kin combinations on the 
parameters studied. 
 
Shoots recovered from nodal explants were 
established on the MS medium (without growth 
regulator) following 7-10 days of subculture from 
multiplication media. The average percentage of 

rooting moved towards 100 % around. 13-15 
roots for every shoot were prompted after 3.5-4 
weeks of further culture (Fig. 1C). Ray and 
Bhattacharya [39-42] had communicated similar 
reports propounding the development of roots on 
shoots in medium, free of growth regulators. The 
plantlets having root were acclimatized and 
established in the soil successfully (Fig. 1D). The 
percentage of survival was observed to be 
highest (i.e. 93%) in soil: vermicompost (1:1) 
mixture as compared to soil and soil sand 
mixture (Fig. 2). The regenerated plantlets then 
were tested for homogeneity with the mother 
plant. 
 
30 different RAPD primers were tried out under 
the standardized PCR conditions. Out of these 
only 10 primers delivered resolvable, 
reproducible and scorable bands. Intensification 
consequence of all the 10 primers were 
monomorphic in nature over all the recovered 
plantlets and the mother plant. The extent of 
intensified groups created by the primers 
reached out from 225 to 2100 bp and the amount 
of expound results noticed from 2 to 6. Fig. 3 
shows RAPD enhancement designs procured 
with primers OPC-20 (Fig. 3A) and OPN-11 (Fig. 
3B).  This sort of banding configuration approves 
the hereditary constancy of all the recovered 
plants with the original plant taken for 
regeneration as well as themselves [43-46]. In 
vitro recovered plants are presented to various 

 

Table 2. Combined effect of optimized concentration of BAP (13.2µM) with KIN 
or NAA on shoot multiplication from nodal explant 

 

Optimum concentration of BAP with 
plant growth regulators (µM) 

Response of 
explant (%) 

Shoots/ 
explant 

Average shoot 
length (cm) 

KIN NAA 

- - 99.67a 26.00cd 2.43a 
2.3 - 99.67a 32.00b 2.33ab 
4.6 - 100.00a 36.00a 2.13bc 
6.9 - 96.00ab 31.00b 1.93c 
9.2 - 93.00bc 29.00bc 1.60d 
11.5 - 90.00cd 26.00cd 1.63d 
13.8 - 86.33d 24.00d 1.53d 
- 2.6 78.00e 19.00e 0.87e-g 
- 5.3 71.67f 17.67e 1.10e 
- 7.9 69.67f 17.67e 1.00ef 
- 10.6 63.33g 16.00ef 0.87e-g 
- 13.3 61.00g 14.00fg 0.73fg 
- 15.9 51.33h 12.00g 0.67g 
p-Value  <.0001 <.0001 <.0001 
CV (%)  1.41 4.26 5.15 
Tukey HSD at 1% 4.0942 3.5177 0.2667 

* Means with same letter are not significantly different at p≤0.01 
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inherited and epigenetic changes by factors like 
types of explants, strategy for recovery, culture 
reputation, etc. So, the choice of a sorted-out 
tissue like nodal meristem in the present study 

has demonstrated to avoid genetic changes and 
variability and did not manifest any polymorphic 
bands in the RAPD analysis.  

 

 
 

Fig. 2. Survival percentage of in vitro regenerated plants in different potting substrate 
 

 
 

Fig. 3. DNA amplification obtained with RAPD primers: (A) OPC 20 and (B) OPN 11; M: DNA 
marker; MP: Mother plant; Lane 1 - 22: Micropropagated plants 

 

A 

B 
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A large number of the literature has announced 
the utility of transverse thin cell layer (tTLC) 
culture procedure in the in-vitro recovery together 
with hereditary changes investigations of 
different plant groups including E. alba [47-53]. 
They have described the use of tTLC as 
homogeneous explants which avoid genetic 
variations. Again, various reports demonstrated 
that the straight plant recovery over sorted out 
tissues of meristematic nature maintain a 
strategic distance from hereditary revisions and 
show lesser probability of inherited variability 
[37,10] (Salvi et al., 2002). However, the greater 
part of the writing is quiet on the use of nodal 
segments in E. alba as explants which offer 
similar homogenous property [54-56]. These 
explants have a bit of leeway due to the 
meristematic homogenous cell nature. 
Reiteratively the simple accessibility of 
development substances to such tissues 
elucidates the success of outstanding plant 
recovery. Our result of using nodal explants in 
Eclipta alba were in conformation with similar 
studies on tissue culture by Franca et al., 
[6,7,45,23,37]. Finally, RAPD has 
comprehensively checked hereditary loyalty or 
inconstancy of in vitro recovered plantlets in 
various plant groups [14,9,11,10,17]. 
 

4. CONCLUSION 
 
From the current study, it is concluded that BAP 
is the most effective Plant Growth Regulator for 
regeneration in E. alba and MS medium 
supplemented with BAP and Kin the foremost 
successful combination for multiple shoot 
proliferation. Soil: vermicompost (1:1) mixture 
has shown the best promising result of 
hardening. All the plantlets developed through in 
vitro culture have attended genetic stability with 
the mother plant. There is no genetic variation 
shown through RAPD analysis. This study aims 
to develop a standard protocol to initiate shoot 
culture at a standardized media and hormonal 
concentration of E. alba that will be beneficial for 
large scale in vitro production. Hence it is a 
successful attempt to generate a quick, 
economic and reproducible protocol for the 
micropropagation of E. alba without any genetic 
alternation and maintaining homologous clonal 
propagation. 
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