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Abstract

Rheum emodi commonly known as rhubarb is mainly found
in Northern Himalayas. It is a valuable medicinal plant
having major pharmacological activities such as
antimicrobial, anticancer, antioxidant, anti-inflammatory
and is used extensively as purgative, stomachic and
astringent tonic and improves gastro related problems. This
herb is used by the local communities for medicinal as well
as common eating purpose. This leads to its immense decline
in its natural habitat and now this herb falls under
threatened species and demands conservation. In this
prospective, an efficient in vitro propagation method firom
callus culture has been achieved using leaf explants excised
from the juvenile plant of R. emodi. Murashige and Skoog
(MS) basal medium was used for regeneration procedure
with different concentration of phytohormones. Maximum
frequency of callus formation (84.44+0.27%) was observed
in MS+36.19uM (2, 4-D) in combination with 11.10uM
(BAP). The highest percentage of adventitious shoot
regeneration was observed as 75.56+0.27% and the
maximum number of shoots per explant that is 3.67+0.27
was achieved on MS basal medium containing BAP (35.5
wM) and Kn (11.61 pM). The maximum frequency of rooting
was observed in MS full strength media + 44 (28.55 uM) +
BAP (8.88 uM). The highest firequency of roots per shoot was
observed as 3.0+0.47 with an average root length of
11+1.25mm. For ascertaining the clonal fidelity, 20 ISSR
markers and 15 RAPD markers were assayved and employed
to validate the true-to-type regenerants of Rheum emodi.

Out of 15 RAPD and 20 ISSR markers, 7 markers and 15
markers produced distinet, clear and scorable bands with an
average of 4.5 bands and 4.4 bands per marker respectively
among the fissue cultured progenies. For each primer, the
banding pattern was uniform and comparable to mother
plant and showed about 99% homology. All the markers
produce the monomorphic bands and no variation was
detected among the micropropagated plants. Thus, the
analysis of ISSR and RAPD patterns revealed that the bands
were shared by both in vitro raised plants and parent clump
confirming the genetic stabilitv. DNA based molecular
markers have proved to be versatile tools in diverse fields of
biology. These markers proved to be model tools for routine
analysis of clonal fidelity of micropropagated plants prior to
commercialization.

Keywords: Rheum emodi, Medicinal plant, Clonal fidelity,

In vitro propagation, RAPD and ISSR markers, Molecular
markers.
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Introduction

Rheum emodi (thubarb), locally known by Dolu, belongs to
family polygonaceae. It is an important medicinal herb
extensively used in Unani and Ayurvedic traditional
medicine systems. Rheum is distributed within the tropical
and the sub-tropical areas of the world specifically in the
Asian countries. This perennial herb is distributed in the
Himalayan region having an altitude of 2800-3600 M height
from the State of Kashmir to the Sikkim end in India. A
variety of compounds are present in this herb such as
anthraquinone, glycosides, flavonoids, tannins, saponins and
volatile oil, which are mainly used as purgative and laxative.
This herb is well known for its antimicrobial, antioxidant,
wound healing, anticancerous, immune -enhancing
properties. Along with its medicinal use, its roots are used as
natural dye in cosmetics, textiles and as food coloring agent.
Besides this, its leaves are used for preparing vegetables and
salads.

According to a recent study, ethyl acetate fraction of Rheum
possesses the strongest antioxidant contents. The
compounds associated with the antioxidant activity
of Rheum emodi were identified as myricetin, myricitrin and
myricetin 3-galloyl rhamnoside®. Rhewm is also a major
ingredient in many ayurvedic medicines such as
Kankayanvati, Chiniumco tablet, Arjin tablet etc.® Due to
these medicinal properties, this herb is extensively used by
local communities which led to its decline and now this herb
falls under threatened species and demands conservation®.

In nature, the conventional propagation of this medicinal
plant through vegetative or seed propagation is very slow as
this process is very much hampered by the environmental
conditions as well as poor germination power of seeds, even
the death of seedlings at 2- leaved stage. In addition to this,
these methods yield restricted number of propagules as it is
dependent on age as well as size of plant and the specific
time of the year. In the last two decades, plant tissue culture
through in vitro regeneration has been increasingly applied
for mass multiplication or clonal propagation of the highly
valuable, medicinally important plants with different degree
of success.

Advantages for in vitro propagation are its relatively short
period of production, ability fo generate plantlets throughout
the year, its massive multiplication ability, production of
healthy and disease-free plantlets. Plant propagation by the
tissue culture method generally aims at the possible
maximum multiplication rate without any mutation directly
from the nodal segments, lateral or auxillary buds!. The
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earliest references for the micropropagation of Rheum were
identified in many researches’.

Recent studies also support the micropropagation of Rheum
species. High rate of callus induction was obtained from both
the midrib and leaf explants'!. These protocols have
considerable implications showing the rapid multiplication
of this herb. However, deployment of these propagation
techniques on a commercial basis may be restricted or
hindered because of the somaclonal variation as it has been
reported in many crops!®.

Hence a quality checkup for the clonal fidelity at an early
stage of propagation is considered to be very functional in
plant tissue culture technique. Different molecular markers
served as significant tool to assess the genetic similarity and
the true to type nature of regenerated or micropropagated
plantlets. Among the different applied DNA based markers,
the AFLP (Amplified Fragment Length Polymorphism) and
RFLP (Restriction Fragment Length Polymorphism) are
among the most consistent markers for assessing of clonal
fidelity in micropropagated plants.

Conversely these approaches engage the extensive care
along with the use of radioactive labeling of very expensive
enzymes and consequently incompatible under certain
conditions whereas RAPD  (Random  Amplified
Polymorphism DNA) and the ISSR (Inter Simple Sequence
Repeats) markers require only a small quantity of DNA
sample, do not involve any radioactive labels and are also
fast, simple, easy to handle, cost effective with highly
reliable techniques. These markers have been effectively
applied to detect the somaclonal variation in many medicinal
plants>!2.

The objective of the present study was to establish the rapid
propagation of Rheum emodi herb through the callus
inducing propagation from leaf explant and to assess the
clonal fidelity of regenerants using RAPD and ISSR
molecular markers. Results of the study could prove that the
selected molecular markers are the ideal tools for routine
analysis of genetic fidelity of micropropagated plantlets
prior to commercialization and thus provide a way for better
conservation strategies for this threatened plant Rheum
emodi.

Material and Methods

Plant Material: Juvenile leaves of Rheum emodi served as
explants for callus initiation. The plants of Rheum emodi
were collected from village Baniyakund, District
Rudraprayag, Uttarakhand. Surface sterilization procedure
includes 0.1% mercuric chloride for 1min, 70% ethanol 1
min. 10% NaOCI for 30 seconds, rinse 5 times with the
double distilled sterile water to eliminate contaminants of
disinfectant from explants.

Media composition and Culture Condition: MS
(Murashige and Skoog medium) basal medium with

https://doi.org/10.25303/1809rjbt1980204
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vitamins, supplemented with 3% sucrose and 0.75% agar
was used for regeneration. Different growth regulators (2, 4-
D, BAP, Kinetin, IBA, IAA and TDZ) were filter sterilized
before adding to the autoclaved cultured media'®. All the
cultures were maintained in a growth chamber at
temperature 23°C with relative humidity as 70% and a
photoperiod of 16/8- hr of light / dark with light supplied by
the white cool fluorescent tube lights at an intensity of 50-60
umol m? s

Callus initiation and shoot regeneration: Juvenile leaves
having midrib were cut in 2-3 cm pieces before culturing on
the media®. All the explants were cultured in MS basal media
supplemented with 2, 4-D (2, 4-dichlorophenoxyacecetic
acid) ranging from 9 pM- 45 pM, IBA (Indole-3-butyric
acid) ranging from 9 pM - 49 uM, BAP (6-
Benzylaminopurine) ranging from 4 pM- 13 pM. These
cultures were further subcultured on the same medium after
the 15 days and were maintained up to 6 weeks. Media
devoid of growth regulators were used as control.

For shoot regeneration, well established fragile calli
obtained from the callus induction were used. After 6 weeks,
proliferated fragile calli were transferred into the MS basal
medium supplemented with different concentration of BAP
(6-benzylaminopurine) as 8.8, 17.76, 26.64 and 35.52 uM or
thidiazuron (TDZ) as 9.09, 18.18, 27.02 and 36.36 puM or
kinetin as 6.97, 9.29, 11.61 and 13.94 uM for adventitious
shoot regeneration. Subculturing was done once in every two
weeks on fresh media and maintained for 5 weeks.
Observation on the percentage of shoot organogenesis,
average no. of shoots per callus and their mean shoot length
were recorded after 5 weeks. Study consists of 10 explants
for each replication and experiments were conducted 3
times.

Rooting and hardening of the Plantlets: 2-3 cm long
shootlets were excised from shoot cultures and transferred
onto rooting media (hormone free half MS/full MS) with
combination of IBA (12.3, 24.6 uM) and IAA (14.2, 28.5
uM) for 3 to 4 weeks. After 15 days, the cultures that showed
rooting were ftransferred to the fresh media and were
maintained up to 4 weeks. After the observed time, the
plantlets were successfully uprooted, washed one or two
times with the autoclaved distilled water to remove the
remaining basal callus and adhering media before
transferring them to a pot containing sterilized autoclaved
soil mixed with vermiculite in 1:1 ratio and pots were
covered with perforated poly-bags and kept inside culture
room for hardening for 2 weeks and then to greenhouse.
Observation on the average number of roots per shoot, the
percentage of rooting response and the mean root length
were recorded after the 4 weeks of culture.

DNA extraction: Genetic stability of in vitro raised plantlets
was analyzed by using RAPD and ISSR molecular markers.
DNA was isolated from the leaves of both mother plant and
the tissue cultured raised plants by modified CTAB method
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suggested by Doyle and Doyle?. Further the quality and
integrity of isolated DNA were confirmed by the gel
electrophoresis on agarose gel of 0.8% (w/v) prepared in 1X
TAE buffer. Ethidium bromide strain (1mg/L) was used to
visualize the DNA. The quantification of DNA was
measured by the spectrophotometric analysis using
BioSpec-nano UV-VIS Spectrophotometer (Shimadzu). The
isolated DNA dilution to 50ng/pl was performed and then
finally stored at -20°C'4,

Analysis (PCR) of RAPD and ISSR markers: PCR was
performed in thermocycler (Applied Biosystems by Thermo
Fisher Scientific). 15 random decamer oligonucleotide
RAPD and 20 ISSR markers were used for the amplification
purposes. The RAPD reaction was prepared in 20pl reaction
volumes containing 2 pul of genomic DNA, 2.0pl of 10 X taq
polymerase buffer, 3mM MgCl,, 1.6 pul of 0.2 mM dNTPs
mix, 0.4 ul of RAPD primer, 1U/ pl of Tag DNA Polymerase
and 12.65 pl of Mill-Q water. After initial denaturation at
94°C for 5 min, PCR were run for 40 cycles each of 1min at
94°C, annealing temperature was determined and changed
according to the primers. The final step consisted of 1 cycle
of 8 min at 72°C for complete polymerization.

The ISSR reaction was prepared in 20 pl reaction mixture
having 2 pl of genomic DNA, 2 pul of 10X Taq polymerase
buffer, 0.2 mM dNTPs mix, 0.4 pM of ISSR primer, 1U/pl
of Taq DNA polymerase and 12.65 pl of Milli-Q water.

Vol. 18 (9) September (2023)
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After the initial denaturation at 94°C for 5 min, PCR cycle
was run for 40 cycles consisting first of denaturation step of
30 sec at 94°C, in which annealing temperature differs
according to the primers and finally an extension at 72°C for
1 minute. A final extension was followed at 72°C for 10
minutes®.

Amplified PCR products were separated in 1% agarose gel
using 1X TAE buffer and the gels were visualized using a
gel documentation system (UVP Gel-Doc, Analytik Jena).
Two independent amplifications (PCR) for each sample with
ISSR and RAPD primers were performed and only scorable
bands were considered for analysis.

Results and Discussion

Callus formation and shoot regeneration: Among the
different auxins concentration tested, the highest percentage
of callus formation (84.44= 0.27 %) was observed in MS
medium 36.19 pM of 2, 4-D in combination with 11.10 pM
of BAP after 6 weeks, with a fragile yellowish-brown callus.
The results showed the combination of auxins with
cytokinins as the most appropriate hormone combination for
callus induction from the leaves explants of Rheum emodi.
Further, decrease in callusing was observed in MS basal
medium devoid of plant growth hormone. The callus was
subcultured once in every 2 weeks before it showed the signs
of regeneration.

Table 1
Effect of different cytokinins (treatments) on regenerative response of 6-week callus cultures derived from leaves
explant of R emodi.

Phytohormones (PPM) % of Shoot Regeneration Mean No. of Shoots/Callus Mean Shoot
BAP Kn TDZ Mean +SE + SE Length(mm)+ SE
2 1.5 - 35.55+0.27bc 1.33+0.54a 6.00+2.49abc
4 1.5 - 53.33+0.47defgh 2.33+0.27ab 7.67+1.78abc
6 1.5 - 55.56+ 0.27efghi 2.33+0.27ab 9.33+2.76abce
8 1.5 - 51.11+0.27cdefgh 1.33+0.27a 8.67+1.09abc
2 2 - 53.33+0.82defgh 1.00+0.47a 7.33+3.03abc
4 2 - 62.22+0.27ghij 1.67+0.72ab 10.33+4.53abce

6 2 - 66.67+0.47hij 2.00+0.47ab 16.67+0.98¢
8 2 - 55.56+0.27efghi 1.67+0.27ab 9.33+1.44abce
2 2:5 - 48.89+0.27cdefg 2.00+0.47ab 10.67+0.54abce
4 2:5 - 71.11£0.27ij 2.33+0.72ab 10.33+2.60abce
6 25 - 75.56+0.27] 3.67+0.27b 19.00+1.70e
8 2.5 - 60.00+0.47ghi 2.33+0.72ab 14.00+2.9bce
2 3 - 44.44+0.27bcdef 1.67+0.72ab 9.00+3.74abc
4 3 - 46.67+0.47bcdefg 1.33+0.27a 15.33£2.37ce
6 3 - 48.89+0.54cdefg 2.00+0.82ab 12.33+1.91abce
8 3 - 42.22+0.72bcde 1.67+0.27ab 12.33+1.19abce
- - 2 20.00+1.25a 1.33+0.54a 5.33+2.37ab

= - 4 37.78+0.72bcd 1.00+0.47a 3.67=1.52a

- - 6 31.11+0.72ab 0.67+0.27a 5.33+£2.37ab

- - 8 20.00+1.25a 0.67+0.54a 3.00+2.45a

Means of values having the same letters in columns are not significantly different by Duncan's multiple range test (P = 0.05).

https://doi.org/10.25303/1809rjbt1980204
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Fig. 1: Shoot regeneration from the leaves (explants) of Rheum emodi. (A) Callus induction and Initiation of shoots;
(B) Shoot initiation on the MS medium complemented with 36.19 pM of 2,4-D in combination with 11.10 pM
of BAP after 6 weeks of calli; (C), (D) Multiple shooting from calli on MS+BAP (8.88 uM) after 6 weeks;
(E) In vitro rooting on MS medium perforated with IAA (28.5 pM) + BAP (8.88 nM) after 3 weeks;
(F) Plantlets under acclimatization phase

Table 2
Effect of different concentration and combination of auxins and strength of MS medium on rooting of adventitious
shoots of Rheum emodi

Treatments No. of roots per shoot Root length(mm)

Mean +SE Mean +SE

HalfMS 1.33+0.27a 7.66+0.54

FullMS 1.33=0.27a 9.33£0.98

MS+IBA(2.5uM) +BAP (2 uM) 3+£0.47b 9.66+0.98

MS-+IBA(SuM) +BAP (2 tM) 3.33=0.27bc 10.00+0.47

MS+IBA(2.5uM) +BAP (4 uM) 4.0+0bcd 10.0+£0.47

MS+IBA(SuM) +BAP (4 uM) 4.33x0.27 cd 11.0+0.47

MS+IAA(2.5uM) +BAP (2 pM) 4.33£0.27cd 10.66+0.98
MS+IAA(5pM) +BAP (2 pM) 5.0+0.47d 11£1.25

MS+IAA(2.5uM) +BAP (4 pM) 3+£0.47b 11.33+£0.54

MS+IAA(5uM) +BAP (4 pM) 4.33+0.27cd 10.66+0.54

Mean Values that are followed by the same letters are not significantly different (P < .05), according to test
(Duncan's multiple range test).

Shoot regeneration (Fig. 1) was observed. Table 1 shows the
maximum frequency of adventitious shoot regeneration
(75.56+0.27%) and the maximum number of shoots per
explant (3.67£0.27) was observed on MS medium
containing BAP (35.5uM) and Kn (11.61uM). No
regeneration was observed in hormone—free medium.

Rooting and hardening: The shoots of about 15-20 mm
height were transferred to hormone free MS basal medium

https://doi.org/10.25303/1809rjbt1980204

or full-strength MS basal medium. The high frequency of
rooting was observed in MS basal medium (full strength) +
TAA (28.55 uM) in combination with BAP (8.88 pM) with
the maximum frequency of roots per shoot of 5.0+0.47 with
an average root length of 11+1.25mm (Table 2). The rooted
plantlets were carefully transferred to pots having sterilized
soil mixed with the vermiculite in 1:1 ratio and then pots
were covered with the poly-bags with holes and were kept
inside the culture room for acclimatization for 15 days.
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Assessment of clonal fidelity of regenerated plants: The
major drawback among the in vitro cultured plantlets is
incidence of somaclonal variation that relies on the level of
plant growth hormones, source of explant and the mode of
their regeneration. Assessment of genetic homogeneity of in
vitro raised plantlets is a precondition in the application of
biotechnology for the micropropagation of true-to—type
clones. The molecular markers could be proved as a
innovative tool as effectively engaged to evaluate the genetic
stability and true-to-type nature of the in vifro regenerated
plants.

In the present study, to assess the genetic fidelity, randomly
selected nine in vitro regenerated Rheum emodi plants with
a control plant (mother plant) were taken and assessment
was done by using RAPD and ISSR markers.

Out of 15 RAPD primers that were screened, 7 primers
produced reproducible, scorable and resolvable 32 bands,
having the length ranging from the 300 to 2500 bp and

Vol. 18 (9) September (2023)
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number of the distinct bands aimed for each primer set varied
from 02 (REi7) to 07 (REi10) with an average of 4.5 bands
per primer (Table 3). All the 7 RAPD markers showed the
identical and similar DNA banding pattern among all the
regenerated plants in respect to their mother plant, indicating
the monomorphic nature. Similarly, among the 20 ISSR
marker screened, 15 primers produced a total of 66 bands
with the length ranging from 300 to 2700 bp. The number of
scorable bands for each primer was wide-ranging from 02
(IRr13) to 10 (IRrl5) with an average of 4.4 bands per
primer (Table 4).

All the 15 ISSR markers showed scorable, resolvable,
monomorphic banding pattern. Thus, the current study
confirms that no polymorphism was detected during RAPD
and ISSR analysis, revealing the genetic stability among the
in vitro raised plantlets. Fig. 2 shows the monomorphic
amplification pattern of in vitro generated Rheum emodi
plantlets obtained with RAPD primer REi4 and REi6 and
ISSR primer IRr17 and IRr16.

Table 3
RAPD primers used for assessing the genetic stability in micropropagated plantlets of Rireum emodi

Primer Code Primer Sequence No. of total bands Range of
(5-3) amplification(bp)
REi2 GGGTAACGCC 06 300-1300
REi4 AAGACCCCTC 05 600-2000
REi6 GAGTGGTGAC 03 600-1600
REi7 AACGCGTCGG 02 1600-1800
REi8 AAGGGCGAGT 06 600-1200
REil0 CAAACGTCGG 07 550-3000
REill GGACTGGAGT 03 1300-2500

56 78 M LM 123 45 67 8 9
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Fig. 2: RAPD and ISSR profiles of the invifro regenerated plants and mother plant and Rheum emodi. (A)PCR
amplification products obtained with RAPD- REi4 (5>~-AAGACCCCTC-3’) and RAPD-REi6 (5-GAGTGGTGAC-3’)
primer; (B) PCR amplification products obtained with ISSR-IRr17 (5>-AGTCGTAGTACACACACACACAC-3)
and ISSR-IRr16 (5>-GAGAGAGAGAGAGAGACGACTC-3’) primer. Lane L, 100 bp DNA ladder (Himedia); Lane
M, mother plant; Lane 1-9, randomly selected micropropagated plants.
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Table 4
ISSR primers used for assessing the genetic stability in micropropagated plantlets of Rheum emodi
Primer Code Primer Sequence No. of total Range of
(5-3) bands amplification (bp)
IRr2 AGAGAGAGAGAGAGAGCTA 03 650-1400
IRr3 CTCTCTCTCTCTCTCTAGC 01 900
IR16 AGAGAGAGAGAGAGAGCTT 04 500-1200
IR19 GAGAGAGAGAGAGAGACTG 04 650-1500
IRr10 GAGAGAGAGAGAGAGAC 06 550-1800
IRrll AGAGAGAGAGAGAGAGT 06 650-1700
IRr12 AGAGAGAGAGAGAGAGC 04 1100-2000
IRrl13 AGAGAGAGAGAGAGAGG 02 700-1500
IRr14 GAAGAAGAAGAAGAAGAA 03 550-1700
IRr15 GAGAGAGAGAGAGAGACTT 10 550-2700
IRr16 GAGAGAGAGAGAGAGACGACTC 04 600-1200
IRr17 AGTCGTAGTACACACACACACAC 06 300-1600
IRr18 AGTACGAGTTGTGTGTGTGTGTG 03 350-800
IRr19 ACGAGTAGGGTGTGTGTGTGTGT 04 450-1600
IR120 CTGAGTCGTCACACACACACACA 06 350-2000
Conclusion markers could be proved to be an ideal tool for schedule

Rheum emodi, a highly medicinal plant in Uttarakhand, now
belongs to the endangered list. Local communities use
thizome and rhizome preparation for many medicinal
properties as well as common eating purposes. Due to its
overexploitation and climatic changes, the plant has been
under tremendous pressure. All this leads to its decline in its
natural habitat, thus this herb species demands conservation.
Rheum emodi seeds have very low viability; they reduced
their germination potential by half in six months. All these
circumstances focus the interest to the plant regeneration
through the tissue culture techniques as it can be proved to
be a better option for its propagation, thus leading to its
conservation and can be implemented for the mass
propagation in forestry.

The current study focuses on the complete plant regeneration
of Rheum emodi, which was obtained from MS media
perforated with the 35.5 M of BAP and 11.61 uM of
Kinetin. This method is useful for those plants in which
production of seeds is very less, the viability of seeds is low
or the seeds are very expensive. These approaches could be
used in the future for mass propagation of Rheum emodi.
More studies and experiments should be performed for
improved and better output. Development of medicinal plant
sector should be done and dissemination of synthetic seeds
should be promoted.

In current study, a total of 7 RAPD and 15 ISSR primer sets
generate 98 distinct amplicons that give rise to the
monomorphic patterns across all the randomly selected
regenerated plantlets analyzed. Results shows that there is
no polymorphism within the RAPD and ISSR analysis
among the in vitro raised plantlets and the mother plant and
thus confirms the genetic homogeneity of in vifro raised
plantlets. These DNA based molecular markers have acted
as versatile tools in different fields of biology. These

https://doi.org/10.25303/1809rjbt1980204

analysis of genetic stability within the micropropagated
plantlets prior to commercialization.
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