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ABSTRACT

Glycyrrhiza glabra Linn. (Fabaceae) or licorice or sweet root is a perennial herb/undershrub,
which grows upto a height of 70 cm to 1.50 m. This particular herb is associated with
Mediterranean basin areas and sevral portions of Asia and Europe. Nowadays, the plant is also
cultivated in parts of Europe, USA and Asia, including India. The plant is well adapted in
temperate, warm and sub-tropical climatic conditions. The plants thrive well in deep, loose,
sandy and fertile soil, in full sun with sufficient supply of water. It can also grow well in dry
regions having minimal annual rainfall. This plant is the oldest ones that the traditional medicinal
community is aware of. The plant is prominent for its wide-ranging use in herbal medicines and
formulations for innumerable diseases. The importance is attributed to the presence of
glycyrrhizin, a non-sugar sweet-tasting agent, triterpene saponin with a characteristic sweet taste,
its sweetness being 50-200 times more than sucrose. Glycyrrhizin which is mainly concentrated
in the stolons and rhizomes, constitutes for about 2-15% dry weight which is dependent on
species, geographical and environmental conditions. Besides, having tremendous
pharmacological and biological properties, glycyrrhizin and its derivatives are widely used as
food additives, in confectionery, cosmetics and flavouring agent as low-calorie sweetener.
According to a recent report, the worldwide market for licorice stands at $ 848.9 million in the
year 2022 and is speculated to increase. Glycyrrhizin originates in the stolons or rhizomes of the
plant, resulting in extirpating the whole plant, which will endanger the sustainability of species
populations, in the long run. Moreover, despite its recognition as an essential medicinal herb and
commercial crop, yet it is diminutive of its management for mass cultivation. Little research has
been done to examine the species’ genetic foundation, especially, in India. It is time even in India
to tap all the advantages of biotechnological advancements to move forward with breeding
programmes by manipulating target genes and improving the crop vyielding maximum
glycyrrhizin. Nevertheless, considering the current status related to the plant, the research began
to profile elite high-yielding population of G. glabra, followed by determination of the range of
genetic variability in the species found in India and finally, establish a simple protocol that does
not affect the biochemical production and confirm heritable variability of the regenerated

plantlets.

Initially, optimization of various factors that affect the secondary metabolite extraction processes
viz., interval, temperature, solvent mixture type, root particle measure, dilution ratio, pH, and
sequence of steps involved in the recovery of glycyrrhizin were deliberated by RSM (response

surface methodology), divided into a preliminary (Plackett-Burman model) followed by Central



composite model and compared with ANN (Artificial Neural Network). Estimation of the
glycyrrhizin yield was done with the help of an optimized HPTLC technique. The key conditions
that were observed for utmost recovery of glycyrrhizin through the aforementioned method stood
at: 45 min. 55°C, 55% (v/v) ethanol, and 30 ml/g solvent-solute. The prototype was found to be
suitable as it showed good consistency between the experimental value of 7.6 mg/g (0.76%) and
the predicted value of 7.51 mg/g (0.751%) for glycyrrhizin amount. On comparison between
RSM and ANN performance wise, ANN modeling was found to be far better in optimizing the
glycyrrhizin yield.

In the study, 66 rhizome specimens of G. glabra were gathered from 12 distinct destinations
across 6 states of India viz., Punjab, Haryana, Delhi, Himachal Pradesh, Uttar Pradesh and
Maharashtra. The samples were approximately 2-3 years old and were collected during the fall
and winter months. Extraction was done by green extraction method i.e., microwave-assisted
extraction method and quantification of glycyrrhizin was done by HPTLC method. An average
of 1. 38% of glycyrrhizin yield was observed from the experiment. The yield was slightly higher
in Lucknow samples (2.18%) followed by Kurukshetra (2.12%) and the least amount was
observed in the accessions from Pune (0.07%). Glycyrrhizin levels in Haryana samples were
comparable to Lucknow samples which is perhaps due to analogous environmental settings in
the two locations. Relationship studies was carried out to evaluate the association between
glycyrrhizin yield and various environmental variables. The compound accumulation was
observed to be highly related with longitude at P<0.01, R?=0.104, and significantly with
longitude at P<0.05, R?=0.086.

Genetic diversity was evaluated in the cultivated, non-native G. glabra populations collected
from different geographical locations, especially from Northern parts of India. For the study, 50
individuals from 7 populations, viz., Punjab (Phagwara, Ludhiana, Patiala), Haryana (Hisar,
Kurukshetra), Uttar Pradesh (Lucknow), and New Delhi (South, West) were considered. DNA-
based molecular markers viz., RAPD and ISSR were used to evaluate the genetic variation
between and among the populations of the species. In total, 9 RAPD primers and 12 ISSR primers
produced clear, distinct and discrete. The marker information obtained for RAPD (PIC= 0.14;
MI=0.39; RP=1.32) and ISSR (PIC=0.22; M1=3.59; RP=2.46) revealed that ISSR markers were
much more effective in divulging information on polymorphism of the G. glabra populations.
At the species level, genetic variation obtained was high while a moderate range of variability
was recorded at the population level. On average, RAPD revealed (Ne=1.0617, H=0.0723,
1=0.0463) while on the basis of ISSR it revealed (Ne=1.0246, H= 0.1782, 1= 0.1122). The gene
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disparity coefficient at the population strata with RAPD (Gst =0.2247) and with ISSR
(Gst=0.2247) was lesser as compared to gene flow based on RAPD (Nm=2.883) and ISSR
(Nm=1.7255). Low genetic variation is in line with AMOVA results that revealed more
molecular variance within populations and less variation among the populations. The grouping
investigation of collective RAPD and ISSR records bared the grouping of populations in one
major cluster. Clustering was not formed in accordance with geographical distance as revealed
by Mantel’s test. In the dendrogram, LK, D, K, H, and L appeared in a major cluster, indicating
a close genetic relationship. P and LP populations intended to move away from the major cluster
exhibiting a lesser genetic relatedness. Results based on STRUCTURE were also in line with the
dendrogram. The STRUCTURE showed assigning of the individuals into 3 different sets but
exhibited admixture among individuals to some extent. In STRUCTURE analysis, P and LP
populations were in one cluster, suggesting the possibility of having a similar origin for all the

populations.

Based on the identification of high-yielding glycyrrhizin G. glabra species, nodal explants from
the mother plant (Lucknow) were subjected to direct organogenesis via the in vitro tissue culture
method. With growth media having MS and diverse doses of plant regulators, a prompt and easy
micro propagation procedure was generated. Genetic integrity was assessed with the aid of
molecular markers (ISSR). Furthermore, active compound (glycyrrhizin) consistency was
evaluated with the help of HPTLC assay. Direct morphogenesis was accomplished using nodal
explants. MS + BAP at a dose, 1.5mg/L showed the greatest recurrence of shoot development
(96.45 %) while growth media with BAP (1.5mg/L) and IBA (0.50 mg/L) had the highest sprout
multiplication (99.74%). Addition of IBA (1.0 mg/L) to 50% MS, and 5% sucrose stimulated in
producing the highest regeneration frequency (92.36%). The plantlets so regenerated unveiled
92% survival rate. Additionally, ISSR-based studies supported genetic integrity and suggested
authentic regenerants that are equivalent to the parent plant lacking soma clonal disparity. As
evidenced from HPTLC, the proportion of glycyrrhizin in the regenerant root (0.076%) was
fairly equal to that detected in parent roots (0.0752%), demonstrating its biochemical fidelity. As
a means for continuous supply of glycyrrhizin-producing plants, the suggested in vitro method

may be helpful.
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CHAPTER 1

INTRODUCTION

Plants and its products are long established to be inevitable for all communities across
the world as source of food, timber, pharmaceuticals and fuel among other purposes. It
is well known that the Sumerians used plants as their primary source of medicine at least
5000 years ago, and even ancient documents imply that people have been using plants
for therapeutic purposes for a long time (Sharma et al., 2008). Historically, medicinal
herbs were utilized in their crude form to alleviate abundant ailments, treat infections,
injuries and other health related disorders as evidenced in Ayurveda, Unani and Chinese
traditional medicine (CTM), Kampo etc (Itokawa et al., 2008). At the backdrop of
traditional healing systems, modern world has come a long way in acknowledging the
myriad of natural products. In this regard, natural products derived from plants act as
templates for new drug discoveries and research. The Indian sub-continent harbours
notable biological variation, making it amongst the seventeen mega hot-spots for
biodiversity. A total of 45000 species out of 2, 50,000 higher order plants in the universe,
have been reported from India, with different agricultural precincts, vegetations, biotic
expanse and biomes (Sen et al., 2011). As the trend for trade of natural products bloom
all over the world, it ultimately imposes a severe limitation on the resources that can
lead to total loss of germplasm.
1.1 Prospective of therapeutic plants and biologically active substances

Medicinal plants as a potent library of bioactive compounds awaiting to be used
as leads in drug discovery is well quoted (Adeola et al., 2021). Out of 250,000 higher
plants on the planet (Farnsworth and Soejarto, 1985), only about 5% of them have been
screened for medicinal values (Zakrzewski, 2002), suggesting a greater prospect of
harnessing numerous active components as pharmaceutical and nutraceutical agents.
Naturally occurring chemical compounds which are of paramount importance in
supporting life processes in plants, also exhibit ecological functions. They are involved
in adaptation to the environment by protecting from enemy attacks such as herbivores
and microbes. Furthermore, they act as agents to charm insects/ animals for pollination
and dispersal of seeds as well as allelopathic agents (Croteau et al., 2000).

Increasing interest in novel phytochemicals has enabled scientists and chemists to
investigate and isolate several thousands of active principles from plants such as quinine

from Cinchona, serpentine from Rauwolfia serpentina, cocaine from Erythroxylum



coca, codeine from Papaver somniferum, digitoxin from Digitalis purpurea, etc
following scientific processes (Verma and Singh, 2008). It has been established that
about 119 substances extracted naturally from about 90 plants are legally used in U.S
(Cragg and Newman, 2001). Currently, a significant number (65%) of the 185
authorised therapeutic compounds for cancer therapy (from 1981 to 2019) are natural
products in one form or another. (Newman and Cragg, 2020). Nowadays, a variety of
drug molecules are introduced into market for different pharmacological targets
including cancer, HIV/AIDS, Alzheimer’s, auto immune diseases, senile dementia,
malaria, and other infectious diseases. The estimation that 25%- 30% of prescribed
medicines contain at least some plant components is now well established (Farnsworth
and Soejarto, 1985; Shetty, 1997). Resurgence of the demand for plant-derived
medicines and its products are driven by cost effectiveness, lesser side effects as they
are ‘“natural” rather than synthetic chemo-therapeutic compounds, beliefs and
bioprospecting of new plant-derived drugs (Hoareau and DaSilva, 1999; Omogbadegun
etal., 2011). Notwithstanding remarkable journey and progress in the synthetic industry,
medicinal plants are exclusive in the pharmaceutical cultures in both developed and
developing nations.

According to recent report, the global trade in medicinal plants stands at over USD
33 billion (Riaz et al., 2021). It is reported by the World Health Organization (WHO)
that the annual growth rate of the economy of botanicals and their derived medicines is
at 15%. It is projected by WHO, that the requirement of raw materials is predicted to
proliferate beyond $ 5 trillion by 2050. Henceforth, the exploration of medicinal plants
as source for active principles for therapeutics and also as starting materials for
medicines, cosmetic, and food industries is anticipated.
1.2 Secondary metabolites

Organic substances known as secondary metabolites (SMs) or natural products are
necessary for interacting with the environment but not for growth or life (Pagare et al.,
2015). Unlike basic metabolites (sterols, lipids, nucleotides, amino acids etc) which are
universally present in all plants, secondary metabolites (SMs) are constrained to certain
taxa, with variation in the synthesis between and within plant groups and species, limited
to specific tissues, development stages and seasons (Singh et al., 2010; Borges et al.,
2017). SMs are broadly classified into terpenoids, phenolics and alkaloids (Hussain et
al, 2012). Besides, flavonoids, coumarins, saponins, lignans, sulfides, curcumins,

polyphenols, plant sterols and phathalides have been reported from plants (Craig, 1999).
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Apparently, its utility and economy as therapeutic agents, food additives, flavours and
other industrial substances has thrived the interest of many researchers to isolate
thousands of SMs and their chemical structures elucidated (Rhodes, 1994). However,
there is still a requisite for attaining maximum commercial applications (Vasconsuelo
and Boland, 2007).

Plant extracts serve as the foundation for contemporary world of medicines. Thus,
screening and isolation of the SMs from the medicinal plants is of paramount importance
(Jain et al., 2019). Therefore, for separation and characterization of bioactive principles,
sample preparation procedures and stability evaluation are highly crucial. The plant part
and the solvent are two of the most significant factors influencing the efficiency of
compound extract, with solvent type and strength acting as the limiting factors (Ngo et
al., 2017). Besides, temperature, ratio, agitation speed etc., are also deliberated for
optimal extraction (Azwanida, 2015). Nowadays, considerable advances have been
made in the sample preparation procedures with continuous modifications, economically
and in favour of green environment. Some modern techniques including microwave
assisted extraction (MAE), supercritical fluid extraction (SFE), accelerated solvent
extraction (ASE), pressurised liquid extraction (PLE) etc are stirred on decreasing or
completely eliminating the use of organic solvents. These methods of extraction of SMs
are optimized in favour of better recovery with lesser contaminants, cost and time and
more refined products (Starmans and Nijhuis, 1996; Ong, 2004; Azwanida, 2015).
Moreover, for further quantification and separation of target compounds, several
innovative methods are applied including high performance thin layer chromatography
(HPTLC), column chromatography (CC), flash chromatography (FC), High
performance liquid chromatography (HPLC) etc.

1.3 Natural sweeteners

Sweeteners act as a stimulus for taste buds to induce a typical sweet response
thus, improving the taste in which it is added. Sweeteners with varying degrees of
sweetness ranging from several hundreds to over several thousand times than sucrose
are used in food industries including the preparation of pastries, candies, beverages,
chewing-gums and others. Furthermore, in pharmaceutical industries, sweeting agents
are added as syrup base to retain stability, viscosity and to facade the unpleasantness of
the medicine (Priya et al, 2011; Abraham and Mathew, 2014). Sweeteners are either
natural, nutritive of saccharide origin (eg, honey, common sugar) or natural, non-

nutritive of non-saccharide origin and artificial sweeteners that are synthetically

3



prepared (Polyék et al, 2010; Priya et al, 2011). It is well established that high intensity
artificial sweeteners or chemically synthesized agents that includes aspartame,
saccharin, cyclamate, neotame, alitame and acesulfame-k are in the market (Polyék et
al, 2010).

However, over the last few decades, world-wide concerns for health implications
such as chronic diseases have prompted an increased inclination for sugar substitutes,
more specifically, low- calorie natural sweeteners which has provided a platform for
research. It has been reported that natural sweeteners exist in about 150 plants belonging
to more than 25 families including Leguminosae, Asteraceae, Verbenaceae,
Marantaceae, Rutaceae etc and constituting a myriad of bioactive chemicals (Hussain et
al, 1990; Kim and Kinghorn, 2002). Even though there are numerous naturally occurring
plant products with sweetness (Table 1.1), very few of them are industrialized. Some
examples such as glycyrrhizin, mogroside V, phyllodulcin, rebaudioside A, stevioside
and thaumatin are all used as sugar substitutes elsewhere around the world (Kim and
Kinghorn, 2002).

Table 1.1: Plants yielding natural sweeteners (Priya et al, 2011)

sweeter than

Plant species Family Sweetening principle Chemical Class No. of times
sucrose

Abrus precatorius  Leguminosae  Abrusoside and Triterpene glycosides  30-100
glycyrrhizin

Achras sapota Sapotaceae Glycyrrhizin Triterpene glycosides 100

Baccharis Gaudichaudioside-A Diterpene glycosides 100

gaudichaudiana

Cinnamomum Lauraceae trans-Cinnamaldehyde ~ Aromatic aldehyde 50

osmophloeum

Citrus aurantium  Rutaceae Neohesperidin Dihydrochalcone 1000
dihydrochalcone

Citrus limoni Rutaceae Hesperidin Dihydrochalcone 300
dihydrochalcone

Citrus sinensis Rutaceae Hesperidin Dihydrochalcone 300
dihydrochalcone

Citrus paradise Rutaceae Naringin Dihydrochalcone 1000
dihydrochalcone

Dioscoreophyllum  Menispermace Monellin Protein 2500

Cuminsii ae



Glycyrrhiza
glabra

Hydrangea
macrophylla

Lippia dulcis

Perilla frutescens

Periandra dulcis

Polypodium
glycyrrhiza

Polypodium
vulgare

Pterocarya paliurus

Smilax glycyphylla

Stevia rebaudiana

Siraltia grosvenorii

Symplococos
paniculata

Thamatococcus

1.3.1. Global status of natural low-calorie sweeteners

Leguminosae

Saxifragaceae

Verbenaceae

Labiata

e

Polypodiaceae

Polypodaceae

Liliaceae

Asteraceae

Symplocaceae

Marantaceae

Glycyrrhizin

Phyllodulcin

Hernandulcin

Perillartine

Periandrin V

Polypodoside

Osladin

Pterocaryoside A&B

Glycyphyllin

Steviosides

Mogroside V
Trilobatin

Thaumatin

Triterpene glycosides

Dihydroisocoumarin

Sesquiterpene

Monoterpenoid

Triterpene
glycosides

Saponin glycosides

Steroidal saponin
glycosides

Secodammaranoid
saponin

Dihydrochalcone
glycosides

Tricyclicditerpenoid
Glycosides

Triterpene glycosides

Dihydrochalcone
Glycosides

Protein

100

300-400

1000-1500
400-2000

100-200

600

50-100

50-100

100-200

200-300

250
400-1000

3000

Health consciousness is a major driving force behind increasing inclination

towards sugar free products. Today, a number of accepted low calorie natural sweeteners

derived from plants are incorporated in food and beverages, herbal and traditional

medicines. This has resulted in a surge for natural sweeteners, more specifically, of low-

calorie sweeteners including licorice across the world. According to FMI report, (2022),

the worldwide market for licorice, which was valued at $ 848.9 million in 2022, is

expected to grow to $ 1.42 billion by 2032, showing a growth rate of 5.3%. China and

India witnessed an increase in licorice consumption while major importers included

countries such as Germany, France, US, China and Netherlands.



1.4. Plant genetic diversity: A basis for conservation

Biological diversity is the epitome all types of variation viz., genetic, species,
and ecosystem diversity, in the living realms of the world (Begna, 2021). Genetic
diversity refers to the genetic variability among populations and within individuals of
the same species. Genetic diversity is denoted as differences in nucleotides, genes,
chromosomes or whole genome of plants. Thus, genetic variety is a statistical term to
denote variation among alleles of a gene or between populations or individual plants
within the individual loci. It conveys the kind of allemorphs predominant in the gene
pool that ultimately determines the type of genotype within populations. Genetic
diversity is an inevitable hierarchy without which a population cannot evolve and
acclimatize to environmental changes. Variation at the gene level acts as a raw material
for adaptation in the changing environment. The more is the variation, the better is the
chance of the individual survival which will further help in diversifying that particular
population into subsequent generations. The understanding of genetic variation as the
starting point of all forms of diversity thus, becomes crucial tool for taxonomic and
evolutionary studies and further, for devising future conservation and management
strategies of the genetic resources of a plant (Muhammed, 2012).

Identification, characterization and evaluation of genetic variation are the key
activities to be kept in mind while designing for conservation of biodiversity. Plant
characterization acts a discriminatory factor in establishing the uniqueness of each
individual and its genetic relationship among various genotypes. For any selective
breeding and for establishing conservation strategies, plant characterization is gauged
on the basis of phenotypic, biochemical and genetic characterization and evaluation
(Mondini et al, 2009). Morphological and biochemical characterization have its own
sets of limitations to determine the variation between and within species. However, with
the advent of molecular markers, it has become practical to portray gene diversification
and also infer genetic relationships among organisms at DNA level. DNA-based
molecular markers which are free from environmental interference are more promising
over other kinds as they readily provide fine and consistent information on hereditary
materials towards inferring genetic variations (Duran et al., 2009). A myriad of DNA-
based markers such as RFLP, RAPD, AFLP, ISSR, SSR, CAPS, SNP etc. are being used
today depending on the assay (hybridization or amplification- based) for ecological,

evolutionary, taxonomical, phylogenetic and genetic studies of plants. Some existing



literatures that have used DNA- based molecular markers that have contributed to

genetic diversity and conservation of medicinal plants are presented in table 1. 2.

Table 1.2: List of some DNA markers applied in medicinal plants

Medicinal plants

Acorus calamus

Mentha species

Panax

quinquefolius L.

Stevia rebaudiana

Hypericum

perforatum L.

Solanum trilobatum L.

Pimpinella anisum

L.

Tribulus terrestris

Moringa
Lam.

oleifera

Origanum spp.

Andrographis

paniculata

Type
molecular
marker

RAPD
Chloroplast

microsatellite

RAPD

RAPD

RAPD

ISSR

RAPD and
ISSR

RAPD and
ISSR

AFLP,
SAMPL,
ISSR and
RAPD

AFLP

EST-SSR,
SRAP

RAPD-
ISSR,
SCoT and
CBDP

and Appraisal of

Achievements

genetic
variation and population
structure

Assessments  of  genetic
relationships in 11
accessions from 6 taxa of
Mentha  developed by
CIMAP

Evaluation and inter and
intra specific variation

Estimation on accessions

from India for gene
variability
Gauging of genetic

divereness and relationship
of Hypericum L spp. From
Iran.

Estimation of gene
variation in 14 accessions
from five South Indian
states

Investigation genetic
variation

Assessment of  genetic
polymorphism from
populations of  various
precincts of India.

Analysis of genetic
variation

Genetic diversity
assessment

Study of gene divergence
and population structure

References

Ginwal et al,,

2011.

Khanuja et al.,
2000.

Schlag and
Mclintosh, 2012.

Chester et al.,,
2013.

Ma et al., 2021.

Shilpha et al,
2013.

Akgali
Giachino, 2020

Sarwat et al.,
2008.

Muluvi et al.,
1999.

Tascioglu et al.,
2018

Tiwari et al.,
2016.



1.5 Biotechnological manoeuvres to salvage therapeutic herbs

In India alone, out of approximately 45,000 plant species, nearly several thousand
have claimed to possess medicinal properties (Kala et al., 2006). It has been reported
that India has a rich medicinal plant resource of about 8000 species (Kadam and Pawar,
2000). However, due to the growing anthropogenic pressure to fulfil the ever-changing
life styles the medicinal plants are diminishing rapidly from its natural habitats (Jain et
al., 2012). Hence, conservation of medicinal plants has grown into a global concern
owing to a number of well-known pressures imposing a threat to plants’ sustenance.
According to a report, almost all the remedial raw resources for medicines are gathered
from the natural flora (Verma et al., 2012). The inconsiderate manipulation by locals
and industries, destructive harvesting etc would jeopardize the medicinal plant
population and its genetic resources (Shippmann et al., 2003). The retention of
medicinal plants and their genetic base is a subject of renewed attention worldwide due
to a rise in interest in natural products. Conservation of medicinal plants is achieved
either through on-site or off-site approaches. Numerous studies have found that both
strategies for conserving plant genetic resources are effective (Barazani et al, 2008;
Chen et al, 2016). While in-situ take measures to protect species and their habitats on
site, ex-situ allows preservation of genetic resources via botanicals, seed storage and
field gene banks. Nowadays, maximum efforts are channelled towards ex-situ
conservation of plants with resources, as it is regarded as the most suitable way for
protecting plants and their wild relatives away from their natural habitats (Pence et al.,
2020). The National Medicinal Plant Board was established by the Indian Government
in the year 2000 to coordinate and implement schemes and strategies for cultivation and
safeguarding of medicinal plants. In coordination with the agency, the ministry of
AYUSH has identified nearly 60 prioritized plants for cultivation, with Glycyrrhiza
glabra being one of them.

Given the pressure for consistency in demand and supply side-by-side
degradation of genetic resources, in-vitro techniques or biotechnological methods open
up avenues for improved mass cultivation and thereby, conserving the resources.
Revolutionary advancements in plant tissue culture have made it possible to quickly
multiply plants, triumphing over barriers like seasonal constraints, disease
manifestations and other physiological problems (Sharma et al, 2010). The

multiplication of the cells, organs or tissues of plants in solid or liquid media under



controlled environmental conditions to improve upon strains or cell lines is well quoted
(Gaurav et al., 2018). Breeding of botanicals, commercially, through meristematic and
adventitious organs or callus cultures and somatic embryogenesis in cells or callus have
been reported (Rout et al, 2005).

1.5.1. In vitro propagation.

There are primarily two approaches to plant in vitro propagation. The plants are
either multiplied via axillary buds and apical shoots or via the formation of adventitious
shoots or somatic embryos. Commonly, pre-existing axillary buds are frequently
encouraged to develop into numerous shoots that increase logarithmically with
succeeding subcultures (Sharma et al, 2010). Similar approaches to micropropagation
include organogenesis and somatic embryogenesis. Adventitious shoot formation is
synonymously regarded as direct organogenesis. In it, morphogenesis occurs without a
callus or suspension phase. Indirect organogenesis involves the formation of tissues by
way of callus initiation. Somatic embryogenesis can either siphon off straight away on
explants intact or diverge from explant cells via callus or suspension phase. Generally,
micropropagation consists of several steps like pre-propagation, initiation of explants,
subculturing, shoot and root formation followed by acclimatization. Application of in
vitro propagation techniques has a long history of its effectiveness in conserving
important medicinal plants such as Gymnema sylvestre (Komalavalli, 2000);
Podophyllum hexandrum (Nadeem et al., 2000); Urginea altissima (Baskaran et al.,
2018). For mass cultivation, tissue culture techniques would produce aseptic, high-
quality plants that would beneifit both the consumers and the farming community.

1.6. Aims and objectives

Glycyrrhiza glabra is one of the prioritized plants identified by the government for
cultivation. The plant is recognized for its destructive harvest, which results in the
exhaustion of high-yielding varieties or depletion of resources in the habitat.
Environmental factors, seasonal variations and genes impact synthesis or build-up of
active principles in medicinal plants. Hence, the study aims to determine any variation
at the biochemical and gene levels and to devise future conservation strategies and plant
breeding programmes through in vitro tissue culture techniques to ensure species

‘sustainability.



Objectives of the study:

1. Collection of licorice plants / germplasm (G. glabra) from different geographical
locations of India.

2. ldentification of high vyielding glycyrrhizin containing lines by HPTLC
fingerprinting of different populations of licorice

3. Assessment of genetic diversity of licorice by molecular markers.

4. Mass propagation of high yielding glycyrrhizin containing licorice through in

vitro technique.
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CHAPTER 2
REVIEW OF LITERATURE

2.1 Botanical description

Among the botanicals, Glycyrrhiza glabra Linn. is a prominently sought herb in
several traditional systems. It is a perennial hard herb or under-shrub attaining a height
of 70 cm to about 1.50 m (Fenwick et al., 1990; Henry et al., 1991), the most important
part being underground stems. The plants have a deep fusiform root system held by a
subterranean stem or rhizome that extends more than 1m or up to 17m in length,
especially in arid regions (Kushiev et al., 2005). The compound leaf bears elongated
ovalish leaflets numbering from 9 - 17, usually terminating in a single leaflet (Henry
et al., 1991). The flowers are in an unbranched inflorescence, bunched with 20 to 30
flowers per spike that are lavender to violet in colour (Kaur et al, 2013). The pods are
somewhat flattened and oblong, having few small rounded and greenish seeds (Henry
etal, 1991; Yaneva et al., 2020).

Figure 2.1: G. glabra from herbal garden, LPU, Punjab.

Kingdom Plantae
Division Angiospermae
Class Dicotyledonae
Order Rosales
Family Fabaceae
Genus Glycyrrhiza
Species glabra Linn.

Scientific classification (Sharma and Agrawal, 2013)
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2.2 Distribution and Ecology

Glycyrrhizza spp. consists of about 30 species found wild or under cultivation.
Of these, only few exhibits industrial potentials to be exploited including G. glabra L.,
G. glabra L. var. glandulifera, G. uralensis D, C and G. echinata L (Henry et al, 1991).
G. glabra is indigenously distributed in Southwestern Asia and the Mediterranean
countries (Hayashi and Sudo, 2009; Sharma and Agrawal, 2013). It is cultivated in
Italy, Russia, France, UK, Germany, Spain, USA, China, Japan, Pakistan, Iran, Iraq,
Afghanistan, Uzbekistan, Turkey etc. There are reports on cultivation of licorice in
India such as Punjab, Haryana, Uttar Pradesh, Delhi, Dehradun, Jammu and Kashmir
and in south India (Meena et al, 2010). The plant is well adapted in temperate, warm
and sub-tropical climatic conditions (Anagha et al, 2012; Dastagir and Rizvi, 2016).
The plants show optimal growth in deep, loose, sandy and fertile soil, in full sun near
streams or rivers for sufficient supply of water. The plants are even well adapted in dry
regions having annual rainfall not more than 50cm. Mohammad and Rehman, (1985)
reported successful growth of G. glabra in irrigated as well as rainfed sand dune areas
of Mastung area, Baluchistan. Reclamation of saline soils by growing G. glabra has
been demonstrated in the Aral Sea basin (Kushiev et al, 2005). Similarly, reclamation
of sodic lands by reducing soil pH and exchangeable sodium with the growth of licorice
has been reported in Karnal, Haryana (Dagar et al, 2015).
2.3 Glycyrrhizin- the most active principle
Previous studies on the chemistry reveal that licorice is composed of a complex of
compounds, of which glycyrrhizin is the most important constituent. Glycyrrhizin is a
triterpene saponin with a characteristic sweet taste; its sweetness being 50 — 200 times
more than that of sucrose. Glycyrrhizin which is mainly concentrated in the stolons
and rhizomes, constitutes for about 2-15% dry weight which is dependent on species,
geographical and environmental conditions. It occurs as calcium-potassium salts of
glycyrrhizic acid/glycyrrhizic/glycyrrhizinic acid and a glycoside of glycyrrhetinic
acid (Asl and Hosseinzadeh, 2008). Glycyrrhizin exhibits incredible pharmacological
properties. Moreover, glycyrrhizin and its derivatives are widely used as food
additives, in confectionery, cosmetics and as flavouring agent (Hayashi and Sudo,
2009).
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Figure 2.2: (a) Structure of glycyrrhizin, (b) Structure of its enoxolone,
glycyrrhetenic acid.
2.4. Pharmacological perspective of G. glabra

G. glabra has a long antiquity of custom in traditional medicine systems around
the world as a remedy for cold, cough, as a tonic and nutrition, to heal wounds, ulcerous
sores etc (Davis and Moris, 1991). Licorice extract and derivatives of 18 glycyrrhetinic
acid have been shown to have an antitussive effect similar to codeine (Anderson and
Smith, 1961). Licorice has been long used to treat coughs, sore throats, and bronchial
catarrh. It has demulcent and expectorant activities (Pastorino et al., 2018).
Glycyrrhizin has been found to be a good agent of thrombin inhibitor, an important
component of coagulation. Glycyrrhizin has been demonstrated to speed up the rates
at which plasma recalcification, thrombin, and fibrinogen clot. Additionally, it
prevented the platelet aggregation caused by thrombin (Mauricio et al, 1997). Mendes-
Silva et al. (2003) also confirmed glycyrrhizin’s ability to inhibit thrombin in vivo,
implying that its anticoagulant effect is presumably due to its anti-inflammatory
properties. In vitro studies have revealed glycyrrhizin as a potent antiviral agent against
the Japanese encephalitis virus (Badam, 1997). Glycyrrhizic acid was also found to
irreversibly inactivate the herpes simplex virus particles (Fiore et al, 2008). It has been
demonstrated that glycyrrhizin obstructs the duplication of the human
immunodeficiency virus (HIV) by managing the dosage (Ito et al, 1988) which is due
to interference with virus-cell binding (De Clercqg, 2000). Glycyrrhizin was
demonstrated to inhibit the Hepatitis A (Crance et al, 1994), Hepatitis B (Takahara et
al., 1994) and Hepatitis C virus in a dose-dependent fashion (Ashfaq et al., 2011).
Glycyrrhizin was demonstrated to have antiviral effects on the SARS coronavirus in
vitro (Cinatl et al., 2003). Due to its anti-inflammatory activity, licorice is reported to
treat arthritis and allergies. Dhingra et al., (2004) reported that G. glabra can be used

as a memory booster owing to its anti-inflammatory and antioxidant potential.
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Although numerous health beneficial effects of licorice have been underlined,
yet it is reported to be flanked by certain adverse effects. On administering graded
doses of dried aqueous extracts of licorice root to healthy subjects, only the ones
ingesting highest doses showed untoward side effects (Bernardi et al, 1994). Excessive
or prolonged licorice consumption can result in hypermineralocorticoid-like effects.
However, the effects of licorice are modifiable when consumption is stopped. A daily
dose of only about 0.015-0.229 mg glycyrrhizin/ kg body weight is recommended
(Isbrucker and Burdock, 2006).

Contemporary developments in pharmacological sciences have shown multiple
healing benefits associated with G. glabra, its extracts, glycyrrhizin and herbal
preparations, either by themselves or in synergy with other ingredients are enumerated
(Table 2.1).

Table 2.1: Recent advances in pharmacological activities of glycyrrhizin

Bioacitivity/ Model organism/cell Result Reference
adaptation
disease
Anticancer Human liver cancer Inhibition of hepatocellular carcinoma cell El-
(liver cell line HepG-2 migration, arrest of cell cycle at G2/M Senduny et
carcinoma) which in turn lead to induced apoptosis via al., 2019
the extrinsic pathway.
Anticancer Progesterone receptor Binding of glucoglycyrrhizin (GlucoGL)to Kabe et
membrane component Progesterone Receptor Membrane al., 2021
1 (PGRMC1) cancer Component 1 (PGRMC1) inhibited its
cells function and suppression of PGRMC1-
mediated cancer chemoresistance.
Anticancer Human colorectal Inhibition of cell growth in SW48. Inducted Zhang et
effects carcinoma cells SW48 apoptosis with increase in Bax expression, al., 2020
(colorectal Beclin-1, LC3B-I and LC3B-II. Supression
cancer) of Bcl-2 expression.
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Antihyperglyc
effect

emic
(Diabetes

mellitus)

Anti-
Alzheimer’s

disease

Anti—diabetic
(Alleviation of

atherosclerotic

lesion
by diabetes)

Hepatoprotecti

ve activity

Anti-

inflammatory
and protective
effects on acute

lung injury

Anti-viral

activity

(SARS-CoV-

2)

Antibacterial

effect (Dental

pathogens)

caused

Alloxan-induced

diabetic mice.

Wounded normal cells
(WI-38).

Sprague Dawley rats
induced with diabetic
mellitus (DM)-
antherosclerosis

lesions (AS)

Carbon tetrachloride
(CClg)-induced

hepatic damaged rats

Lipopolysaccharide
(LPS)-induced Acute
lung injured (ALI)

mouse

SARS-CoV-2
isolate infected Vero
E6 cells

Porphyromonas
gingivalis, Treponema
denticola, Tannerella
forsythia,
Streptococcus mutans,
and Enterococcus

faecalis

Significant reduction in the blood glucose
concentration comparable to reference

drug.

Glycyrrhizin and its derivative
glycyrrhetinic acids showed remarkable

healing activity to treated wounded cells.

Decreased blood sugar level, inhibited

biochemical parameters.

Reduction in liver wound by treatment

with glycyrrhizic acids.

Reduction in protein amount, inflammatory

cell counts and tumor necrosis.

Viral duplication was supressed with the
treatment of glycyrrhizin blocking protease

production.

surface was shown to inhibit
blood

Phosphopyruvate hydratase protein present

Corneal

production of new Vesses.

in all genera interacted with glycyrrhizin.
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etal., 2019

Zhao et
al., 2021

Huo et al.,
2020

Am Lee et
al., 2019

Van de
Sand et al.,
2021

Balamithra
et al., 2020



Anti- PD patients (YAHR Improved UPDRS, tremor with better Petramfar
Parkinson’s staging < 3) motor and rigidity tests (p>0.05). No etal., 2020
disease abnormality in electrolyte, changes in blood

pressure or blood glucose levels were

observed.

Immunotherap  Leishmania ~ major- Inhibition of the growth of L. Sheikhi et

eutic effect infected BALB/c mice major promastig_otes and _arpa_stigotes, al., 2022
lessened the lesions and inhibited the

(cutaneous parasites in the lymph regions.
Leishmaniasis)

2.5 Extraction and analytical methods for determination of glycyrrhizin and
related compounds.

The techniques for prototype preparation for further separation and categorization
come first after isolation of active components from any pharmaceutically significant
plants (Huie, 2002). Sample preparation requires the use of selective solvents to
separate soluble plant metabolites from insoluble residues. The solvents used range
from water to organic compounds of varying polarities to determine the solubility of
the bioactive constituents. From the available literature, traditional techniques for
sample preparation of Glycyrrhiza spp. include soxhlet extraction, heat reflux method,
room temperature extraction, batch single pot extraction, bulk extraction method
(Noori et al., 2018). Sample preparation technology has consistently grown from more
exhaustive to less taxing and more reliable methods including ultrasonic-assisted
extraction (Gupta et al., 2012; Charpe and Rathod, 2012; Jang et al., 2017; Lanjekar
and Rathod, 2021); microwave-assisted extraction (Talebpour et al., 2009; Shams et
al., 2015) and also coupled with ionic liquid (Bhan et al., 2017); pressurised hot water
extraction (Mukhopadhyay and Panja, 2009); molecularly imprinted solid phase
(Cirillo et al., 2011); super heated water (Shabkhiz et al., 2016); supercritical fluid
(Hedayati and Ghoreishi, 2016); aqueous two phase (Zhang et al., 2019); enzyme-
assisted extraction (Giahi et al., 2021). In almost all the methods, the most influential
parameters are the solvent type and strength although, other factors including
temperature, ratio, agitation speed, etc., are also considered for optimum extraction
(Azwanida, 2015). Several separation techniques are available nowadays to determine

the isolated secondary metabolites, which are depicted in Table 2.2.
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Table 2.2: Summary of phytochemical recovery methods for estimation of glycyrrhizin

and its related principles from G. glabra.

Analytical
technique

HPLC

Capillary
electrophoresis

NIR
spectroscopy;
RP- HPLC.
RP-HPLC

HPLC

HSCCC

Isocratic
HPLC

HPLC

Analyte

Glycyrrhizin

Glycyrrhizin
and
glycyrrhetinic
acid

Glycyrrhizin

Glycyrrhizic
acid

Glycyrrhizin

Glycyrrhizin

Glycyrrhizin

Glycyrrhizic
acid

Instrument condition

RP-18 column. Mobile
phase-methanol,  water,
acetic acid (60:34:6,
VIVIVv)

Sample time 5 s
hydrostatic;, run time
10min; voltage 25kV;
temp 25.0-25.5°C.
Buffer:20% acetonitrile

and 80% 0.02M sodium
dihydrogenphosphate; pH
7.5 with 0.05m NaOH

Mobile phase rate flow
1.0  ml/min.  Column
temp. 25+1°C. UV at 253
nm.

Retention time 4.35 min.

Reverse phase column
C18. Mobile phase:
methanol/water/acetic

acid (67:26:7 by volume);

256 nm.
Two  phase  solvent
system: ethyl acetate—

methanol-water (5:2:5 by
volume).

Water- acetonitrile
(62:38, v/v). Mobile
phase (pH 2.5, HsPOy).
Flow rate 1.2ml/min

Mobile phase (CHs CN,
H20), solvent modifier
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Sample
preparation

20+30ml water+2mL
NH4OH (37%); pH 7.0
with H3POs + 1 ml
10% diastase; CH3zOH

70% methanol.
Centrifuged for 10 min
at 1500 g. 2.5mg

cinnamic acid in 1ml
of 70% methanol.
Finally diluted to 25
ml with 70%
methanol.

65% methanol

Microwave-assisted
extraction (MAE), 50-
60% ethanol(v/v)

1.510.01% (wWiv)
NH4OH, Ethanol/
phosphate  aqueous
two-phase system:
alcohol (ethanol 60,
v/v)/ salt (phosphate or
sulphate) (15%, w/v).
Ultrasonic assisted
extraction; Methanol:
water  (70:30, by
volume).

Supercritical fluid

extraction: supply of
CO2 (15%) +modifiers
(70% (v/v) methanol);
30MPa and 60°C.

counter
extraction

Multi-stage
current

Reference

Hurst et al.,
1983

Chen and
Sheu, 1993

Chen and
Sorensen,
2000

Pan et al.,
2000

Tianwei et
al., 2002

Jiang et al.,
2004

Kim et al.,
2004

Wang et al.,
2004



HPLC+NIH
imaging

ME-TLC

Isocratic
HPLC

HPLC

HPLC

On-line
coupled
capillary
isotachophor
esis-capillary
zone
electrophores
IS

Glycyrrhizin

Glycyrrhizin
and others

Glycyrrhizin
and 18 pB-
Glycyrrheteni
c acid

Glycyrrhizin

18-
glycyrrhetinic
acid

Glycyrrhizin

(0.05% trifluoro acetic

acid), flow rate 0.8
ml/min, retention time
9.9min.

Mobile phase: Acetic
acid, acetonitrile(3:2v/v);
flow rate 1.0ml/min;
detection 254nm;

retention time 10min.

Mobile  phase: ethyl
acetate-formic acid-acetic
acid (17:1:1, viviv)

Cs column-stationary
phase. Mobile phase —
acetonitrile,  methanol,
water, glacial acetic acid
(35:35:30:1 by volume)

Mobile phase: (A) 0.1%
formic acid in water, (B)
0.1% formic acid in
acetonitrile. Detection at
254 nm. Temp 40°C and
rate flow 1.0 ml/min.

C-18 RP. Mobile phase:
acetonitrile-phosphoric
acid (3:1). Flow rate 0.6
ml/min (0.8 min), 0.4 ml/
min (8-20 min), UV
detection 230 nm.

Leading, terminating and
background electrolyte
using acidified methanol
of strength 30.
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(MCE; 5 stages, 60
min/  stage, 60°C,
6ml/g (solvent- water:
licorice)

Ultra sonic assisted
extraction: 0.5ml
methanol

Ultrasonic bath-40 ml
methanol for 30 mins.

19ml of ethanol: water
(1:1, viv)

Surfactant assisted
pressurized liquid
extraction (PLE),
Sodium dodecyl

sulfate (SDS) (0.1-
0.4%, wi/v) and triton
X-100 (0.1-1.0%, v/v);
sonication- methanol,
water (70:30)

20 ml  methanol.
Shaking (30  min),
centrigugation (5 min
at 700 g). 20 ml
methanol added to
residue, decanted after
30 min. supernatants
evaporated.

Ultra sonic- assisted
extraction; 20%
methanol in ultrasonic
bath.

Morinaga et
al., 2005

Cui
2005

et al.,

Sabbioni et
al., 2006

Eng et al,
2007

Esmaeli et
al., 2010

Kvasnicka
and
Voldrich,
2007



RP- HPLC

HPLC

RP-HPLC

uv
spectrophoto
meter

HPTLC

HPLC

Glycyrrhizin
and others

Glycyrrhizin

Glycyrrhizic
acid (GA) and
glabridin

Glycyrrhizic
acid

Glycyrrhizin

Glycyrrhizic
acid

Reversed phase; mobile
phase: 25mM phosphate
buffer (pH 2.5),
acetonitrile; peaks of
detection 254 nm.

Reverse phase gradient
elution; Mobile phase
(0.1%phosphoric  acid,
acetronile); flow rate
(0.8ml/m); retention time
(55.45 £+  0.31min);
detection (254nm,
230nm, 280nm, 320nm).

Mobile phase:
methanol/water  (70:30,
v/v) +1% acetic acid.
Flow rate 1.0ml/min; UV
wavelength 252 nm.

Based on vanillin sulfuric
acid method. Maximum
recovery at 110° C, 5 atm
with ratio of 0.01% (w/v)
ammonia solution in 40
ml/g.

Mobile  phase: ethyl
acetate, glacial acetic
acid, formic acid and
water  (15:2:1:1 by
volume); detection
252nm.

Mobile phase:

Methanol/acetonitrile/wa
ter/glacialacetic acid
mixture 35/35/30/1 by
volume. Flow rate 0.5ml/
min.
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80% methanol
(aqueous).

Ultrasonic assisted
extraction: 8mi
methanol

Ultrasonic  assisted
extraction: Ethanol-

Water (30:70, v/v);
60min dipping time
under50° C.

Pressurized hot water
extraction  (30-120°
C). Dissolved in
ammonia  (0.01-4%,
w/v) and pressurized
with carbondioxide at
varying pressure,
water to feed and
extraction time.

Ultrasonic assisted
extraction: 70% ethanol

Molecularly Imprinted
Solid Phase Extraction

(MISPE). Non
covalent MIP-
methacrylic acid
(MAA), 2-

(dimethylamino) ethyl
dimethacrylate
(EGDMA). Extraction

Wang and
Yang, 2007

Xie et al.,
2010

Tian et al.,
2008

Mukhopadh
yay and
Panja, 2008

Jadhav et
al., 2009

Cirillo et
al., 2011



uv
spectrophoto
metry

LC-DAD
and LC-
MS/MS;
HPLC

HPTLC

HPLC

HPTLC

HPLC

HPLC

RP-HPLC

Glycyrrhizic
acid

Glycyrrhizic
acid

18-
glycyrrhetinic
acid and pB-
sitosterol

Glycyrrhizic
acid

Glycyrrhizin

Glycyrrhizic
acid

Glycyrrhizic
acid

Glycyrrhizic
acid

256nm; solvent- distilled
water; distilled water as
blank.

Reverse  phase C18
column. Mobile phase:
phosphate buffer,
acetonitrile (13:7);
detection at 252 nm.

Mobile phase: toluene-
ethyl  acetate-methanol
(14.3:3.8:1.9, v/viv). Post
derivatization with 5%
sulphuric acid. Retention
0.32 + 0.01 and 0.71 %
0.01.

C-18 column, isocratic
elution with solvent A
(0.5% acetic acid in H20)
and solvent B (methanol)
[A: B is 55:45]. Detection
at 280nm.

Mobile  phase ethyl
acetate (EA): glacial
acetic acid: methanol:

water (6:2:2:1v/VIv)

Mobile phase: potassium
acetate buffer:
acetonitrile  (68.8:31.2,
v/v). Detection by PDA at
254 nm.

Mobile phase: Methanol
41%, water 59% (3%
acetic acid); flow rate
Iml/min; detection at
248nm.

Mobile phase: A: water-
acetic acid, B: methanol,
isocratic mode at 42.6%

20

20 ml ethanol/water

(5/5, viv)

Ultrasonic
extraction:
methanol

Hot water.

Ultrasonic

methanol, 1 hr (for -

sitosterol).

Chloroform (for 18p-
glycyrrhetinic acid).

Microwave
extraction

60% ethanol,

ammonia.

Ultrasonic

methanol solvent.

Ultrasonic
Adqueous

Supercritical method.
29.6 MPa, 68°C, CO>

flow rate
time

Methanol 46.5%

Superheated
extraction

100mI ammonia (8g/l);

Raja et al.,
2010

De et al,
2012

Potawale et
al., 2013

Shams et
al., 2015

Siddiqui et
al., 2015

Abu-Shandi
etal., 2015

Hedayati
and
Ghoreishi,
2015

Shabkhiz et
al., 2016



and 57.4% with flow rate

100°C, 15 mL/min flow

of 1.5mL/min. rate,120 min.

RP-HPLC- Glycyrrhizin -~ Mobile phase: Glacial Ultrasonic method: Ciganovic¢

DAD and others acetic acid, acetonitrile, 10%-90% glycerol; 360 et al., 2019
water (6:30:64 V/VIV); W, frequency 35 Hz,

Flow rate of 1.0 ml/min.  temperature (20°C-
70°C)

RP-HPTLC  Glycyrrhizin  Mobile phase: Methanol- Percolation  method- Alam et al.,
water (7:3 v/v). methanol (3x70 ml) 2017
Absorbance at 256 nm.

HPTLC Glycyrrhizin -~ Mobile  phase:  Ethyl Ethanolic extract Salunke
acetate, methanol, water, al., 2020
formic acid (15:2:1:1
volume); detection at
252nm.

Glycyrrhizic Mobile phase A: 0.2% Ultrasonic method- Li et
acid and others glacial acetic acid; B: 70% ethanol, 30 min. 2021
acetonitrile.
Glycyrrhizin Mobile phase: Methanol,  Ultrasonic method: Lanjekar
water and glacial acetic NADES solvent- and Rathod,
acid (7:3:1). Chlorine chloride, 2021
lactic acid (1:1), 30
min, 30°C

2.6. Molecular markers for diversity assessment of Licorice (Glycyrrhiza glabra)

Molecular markers are now persistently utilized to control and conserve the genetic
properties of medicinal floras. Genetic diversity can be gauged based on phenotypic
and biochemical and molecular characterization and evaluation (Mondini et al, 2009).
DNA-based molecular markers that are free from environmental interference are more
promising than other kinds as they readily provide fine and consistent information on
hereditary materials for inferring genetic variations (Subramanyam et al, 2009).With
the foreseeable future in the importance of Glycyrrhiza spp., numerous efforts are
underway to elucidate the genetic variety of Gylcyrrhiza species with the divergence
of wild populations and genetic relations within the species as listed in Table 2.3.
Recently, a phylogenetic study based on cpDNA variation in synergy with molecular
markers on three Glycyrrhiza species, viz., G. glabra, G. uralensis and G. korshinskyi

from North Eurasia established two main genetic lineages with considerable genetic
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variation between the former first two. The study found evidence of past and present
introgressive hybridization in all the species (Hantemirova et al., 2020). Genetic
variation assessments at the nuclear DNA level and other related subjects in different
Glycyrrhiza spp. have been accomplished utilizing RAPD (Gao et al, 2000; Khan et
al, 2009), ISSR in G. uralensis (Yao et al, 2008), SSR/ microsatellites (Erayman et al,
2014; Liu et al, 2015; Um et al, 2016), RT-gPCR (Maroufi et al, 2016), SNPs (Dang
et al., 2022). However, genetic assessment in G. glabra is limited and not well-
founded. Certain DNA level indicating systems utilised in the evaluation of changes in
hereditary materials in different Glycyrrhiza spp. are as below:

2.6.1 SSR markers

SSR markers or microsatellites are repetitons of short-sequences of DNA. They are co-
dominant markers and possess large number of alleles (Souza et al, 2008). SSRs are
highly polymorphic, specific and repeatable providing more detailed genetic insight
although they are costly to develop (Zalapa et al, 2012). In order to study the genetic
divergence of licorice, Erayman et al. (2014) endeavoured to transport SSR markers
from three unrelated legumes to Glycyrrhiza species. They reported that M. truncatula
markers show the maximum transferability rate with 33% and P. vulgaris markers
exhibited the highest genetic diversity value. Glycyrrhiza species revealed higher
genetic divergence than the unrelated legumes. Liu et al. (2015) in their study
efficiently developed SSR markers in G. uralensis where sixty-four pairs of SSA
primers could generate PCR amplification of genomic DNA. In the most recent work,
Um et al (2016) established genetic variability of G. uralensis based on publicly
available Glycyrrhiza EST databases. It generated 8 novel polymorphic microsatellites
which when screened across G. glabra and G. uralensis revealed correlative genetic
relationship between the species.

2.6.2 Random Amplified Polymorphic DNA (RAPD)

These group of primers are informative, easy to develop whereby; results are quickly
and readily obtained but lack reproducibility (Virk et al, 2000). It does not require plant
genetic expertise and only needs a small amount of genomic material. These powerful
techniques are based on PCR amplification followed by agarose gel electrophoresis.
These markers have been successfully used to study inter and intra specific gene
relationships, genetic variability, and molecular characterization of licorice. In one
study, it has been reported that Yamazaki et al. (1994) drew the interaction and relation
between four species of licorice with the aid of RAPD and AFLP. Phylogenetic trees
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construction based on the data, bared that glycyrrhizin-rich, G. glabra and G. uralensis
are more connected to one another while remotely related to G. inflata and G.
pallidiflora. Khan et al. (2009) demonstrated that 16 out of 52 primers produced
discrete amplifications for the species annotating correct identification of G. glabra.
2.6.3. ISSR markers

ISSR markers are amplifies by PCR employing a single primer complementary to a
target microsatellite. It is a dominant multilocus marker system which arbitrarily does
not require genetic information of the plant (Bornet and Branchard, 2001). Using ISSR
markers, the genetic variation of four wild populations of G. uralensis from various
locales have been effectively evaluated (Yao et al., 2008). In the study, 92.2%
polymorphic bands were generated with fourteen ISSR primers. Analysis of molecular
variation (AMOVA) exhibited a maximum of genetic divergence within the species

with 81% whilst among the populations was 19%.

Table 2.3: Genetic structure and variation studies using molecular markers in Glycyrrhiza

spp. (Pandey & Ayangla, 2018)

Plant species Tools used Achievements Reference
Glycyrrhiza species RAPD & Interspecific genetic association of Yamazaki et al.,
RFLP Glycyrrhiza glabra and 1994

Glycyrrhiza uralensis.

Glycyrrhiza RAPD Assessment on the effect of Gaoetal., 2000

uralensis spaceflight on alterations in
genomic DNA.

G. uralensis ISSR Estimation of genetic variation in  Yao et al., 2008
wild populations.

G. glabra RAPD Validation and identification of G.  Khan et al., 2009
glabra from Arbus precatorius.

G. uralensis AFLP Evalualtion of genetic divergence. Ge et al., 2009

Glycyrrhiza species SSR Estimation of marker Erayman et al.,
transportability from remotely 2014
related legumes to Glycyrrhiza
species.

G. uralensis SSR Development of SSR molecular Liuetal., 2015

markers and  transcriptome
analysis.
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G. uralensis EST- based Estimation of the divergence of Umetal., 2016

microsatellite  genes among the taxa.

G. pallidiflora

markers
G. glabra, G. SSR Comparison of genetic diversities Liuetal., 2019
uralensis, G. inflata, and appraisal of genetic structures.
G. glabra ISSR Evaluation of structure and Esmaeili et al,
variation of hereditary materials. 2020
G. glabra RAPD Study of genetic distinction. Mahboobeh et al.,
2020
G. glabra AFLP Diversity estimation for selection Hosseini et ali.,

of elite genotypes through 2021
association of markers.

2.7. Biotechnological methods for large scale multiplication of Glycyrrhiza glabra
Commonly, vegetative propagation of the plants is achieved through cuttings of
stolons, rhizomes with buds (Rao, 1993; Kohjyouma et al, 1995; Nezamabadi et al,
2007). However, growth of plants through such cuttings is slow and susceptible to viral
infections (Kohjyouma et al, 1995). Commercial cultivation using seeds is also rarely
practiced as it encounters delayed germination, consequently reducing multiplication
rate (Gupta et al, 1997; Sawaengsak et al, 2011). Conventional methods of propagation
thus obstruct industrial demands of the plant. Micropagation is increasingly envisaged
as a propitious scheme for the mass propagation as well as for plant improvement and
conservation. From the several available reports of in vitro multiplication of licorice,
the researchers mostly highlight the success of micropropagation following shoot tip
or nodal cultures.

2.7.1 Establishment of in vitro cultures: Direct oranogenesis

Selection of appropriate explants is crucial for any culture initiation. There have been
reports of using a variety of explants in the micropropgation of Glycyrrhiza glabra
namely, nodal segments, shoot tips, and leaves. Mousa et al. (2006) attempted to
establish clonal plants cultures from an individual plant source grown in controlled
condition for about three months. They reported that clipping of cultured plants
enhanced shoots. Also, response was increased by more than 50% when explants from
the clipped plants were compared to control. From the in vitro culture studies, it is

evident that aseptic culture conditions are maintained by religiously treating the
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explants with variety of chemicals. Mostly the chemical used includes mercuric
chloride for surface sterilization with moderate change in concentration and treatment
time. Such surface sterilization overcomes fungal and bacterial infections while
maximizing explants survival rate (Arya et al., 2009).

There are few studies which uphold the fact that the time of explant harvest
corresponds to regeneration rates. It is of the argument that explants gathered in late
winter are the best receptive (Thengane et al., 1998), while on contrary, nodal explants
collected in May through August show the highest regeneration rate (Yadav and Singh,
2012). In yet another work, nodal explants were induced to 90% rejuvenation (Arya et
al., 2009). It was recently confirmed again that the nodal explants were the most
effective method for establishing meristem culture, with a regeneration frequency of
66.67%. However, in recent times, it is documented that the most successful
establishment of meristem culture was through nodal explants with a regeneration
frequency of 66.67% which is in contrast to the previous studies (Badkhane et al.,
2016). All pointing to the fact that nodes are enriched with meristematic cells.

For ideal results, careful selection and manipulations of elements such as
culture media, the pH, plant growth regulators and their concentration are requisite.
The most widely used culture medium for G. glabra micropropagation is MS
(Murashige and Skoog, 1962), whether used as it is or in conjunction with cytokinins
and auxins. Semi-solid basal medium was a preferred choice because of the
observation of vitrification and faster rejuvenation (Arya et al., 2009). Several growth
hormones appended with basal media for efficient reawakening of G. glabra explants
include BAP, NAA, IAA, Kn etc.
2.7.1.1. Shoot multiplication
Numerous shoot duplication is observed mostly by adding shoot and/or root enhancing
hormones to the base as summerised in table 2.4 (Pandey and Ayangla, 2018). Media
formulations, subculturing and other culture settings, for example, photoperiod, pH etc
have significant impact (Mousa et al., 2006; Yadav and Singh, 2012). When MS
medium alone was utilised for induction, callus development was observed at the
proximal ends of explants (Kukreja, 1998). Addition of simply BAP at a concentration
of 1mg/L was effective in encouraging the growth of numerous shoots (Kohjyouma et
al., 1995). Contrarily, diverse number of shoot development was observed at higher
concentration of BAP at 5 mg/L (Sarkar and Roy, 2015). Frequency of multiplication
was speculated to enhance with BAP and NAA mixture rather than BAP only (Yadav
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and Singh, 2012). Addition of adenine sulphate combined with low concentrations of
BAP and Kinetin boosted multiplication rate by 8-9-fold (Arya et al., 2009). It was
recorded that lower BAP concentrations (2.22, 4.44 uM) showed efficacy towards
hardiness and multiplication of shoots (Thengane et al., 1998). Reduction of MS
macrosalts to % strength proved to have an added advantage of ten- fold on shoot
multiplication but further reduction in MS macrosalts to % or % strength proved to be
lethal. However, full strength of MS macrosalts supplemented with low BAP was
found to be the most effective combination for obtaining highest number of shoots per
explants (1.5) and also for maximum shoot length (Sawaengsak et al., 2011). This
report is in line with the results of Mousa et al. (2006) who held the view that full
strength MS basal medium enhanced with 2.0 mg/L BAP and 2.0 mg/L NAA
significantly enhanced plantlet regeneration rate of secondary shoot cultures. They
concluded that shoot cultures incubated in complete darkness for one week and then
for three weeks in the light considerably lengthened stems and increased the number
of micro-nodes to an average of nine per plantlet.

A more recent experiment extended the spectrum of G. glabra regeneration
procedure using three combinations of cytokinin-auxin in varying concentrations
(Badkhane et al., 2016). The greatest growth for shoot was seen with BAP (2.0 mg/L)
and NAA (0.50 mg/L), which was 86.67% while Kn and IBA was the least effective.
2.7.1.2. Root initiation
Root formation is an essential part of any micropropagation method that ultimately
guarantees plantlet survival. For efficient root induction in the explants of G. glabra,
auxin is observed to be indispensable. In the absence of auxin, the root either failed or
took longer duration to react (Yadav and Singh, 2012; Badkhane et al., 2016).
Conversely, when explants were left in the culture vessel without any growth regulator,
root development was witnessed (Kukreja, 1998; Sarkar and Roy, 2015). There have
been studies utilising a variety of media doses with diverse auxin concentrations. The
incidence of root rejuvenation was amplified when auxins viz., IAA, IBA were diluted
to semi solid MS media (Arya et al., 2009; Sawaengsak et al., 2011; Badkhane et al.,
2016). Addition of IAA (Kukreja, 1998; Sawaengsak et al., 2011; Yadav and Singh,
2012; Sarkar and Roy, 2015) and with NAA (Kohjyouma et al., 1995; Gupta et al.,
2013); BAP (Mousa et al., 2006) enhanced root multiplication of licorice. Inclusion of
3% wi/v of sucrose in a minute percentage of agar and 1AA or IBA exaggerated root

regeneration (Sawaengsak et al., 2011). They achieved high growth rate of root in any
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of the auxins. While the addition of IBA was the most ideal for the increase of root
length, IAA enabled maximum rooting ratio of explants. In contrary, Sarkar and Roy,
(2015) observed that root induction on IBA yielded brittle roots and on addition of IAA
root formation was the best. Yadav and Singh, (2012) studied the factors influencing
in vitro rejuvenation of licorice where they observed a 100% root response frequency
at 1.0 mg/L IAA. However, there was delayed response of root formation with increase
in IAA with maximum callusing at the shoot base. Root initiation was found to be
significantly related with sub culturing. Along with a reduction in the number of days
needed for root development with succeeding subcultures, swelling and callusing at
the base also gradually subsided. Furthermore, abundance of roots was observed at
2.0mg/L concentration of BAP, from 3 to 6™ node from the tip were selected as the
inoculating material. Direct root initiation followed by stolon regeneration was also
investigated (Gupta et al., 2013). They observed prosperous root response with
minutest amount of NAA along with 3% of sucrose in liquid MS medium.

2.7.1.3. Acclimatization

Consignment of micro propagated young plants to the field devoid of toughening and
acclimation become incompatible to environmental conditions. Focus has to be
channelled towards controlling of both physical and chemical conditions during this
stage for substantial growth and reduced mortality in plantlets (Chandra et al., 2010).
To serve the purpose of hardening and acclimatization for G. glabra plantlets, a range
of strategies have been described. Transfer of healthy plantlets to pots or poly bags
with vermiculite (Kohjyouma et al., 1995); different percentage of soil isto sand
(Thengane et al., 1998; Yadav and Singh, 2012; Gupta et al., 2013); equal quantity of
sand, farmyard manure, soil (Arya et al., 2009; Badkhane et al., 2016) were resourceful
to accustom the regenerated plantlets in either greenhouse or glasshouse conditions.
On transfer to field under natural conditions, varying degrees of survival rates (70%-

100%) has been reported for G. glabra.

Table 2.4: In vitro clonal propagation through direct organogenesis in Glycyrhizza
glabra (Pandey and Ayangla, 2018).

Explant Shoot induction Root induction Reference
(PGR in mg/L) (PGR in mg/L)

Stem segments with MS+1.00 BAP MS+0.5-0.10 NAA Kohjyouma

axillary buds etal., 1995
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Apical tips and axillary

buds.

Stem
nodes,
petiolar base

Shoot culture

Nodal
buds

Shoot tip

Nodal explants

Leaf

Nodal
auxillary buds

Nodal segments

Intermediate
segments

segments
axillary buds,

with

segments with

segments with

nodal

MS+ 2.22-4.44 uyM BA

MS+2.0 BAP+1.0 IAA

MS (FMS) + 2.0BA+
2.0NAA or % MS+ 2.0
BA+2.0 NAA

MS+2.0BAP,0.5Kn,50
adenine sulphate
MS(FMS)+0.5 BA

MS+ 2BAP+0.5 NAA

MS+5.0 BAP

MS+2.0 BA+0.50 NAA

MS+2mg/L TDZ

50%MS+IAA

(2.85uM) + IBA

(4.90 uM)

MS/NB +1.0 I1AA

MS(FMS)+2.0 BA

50%MS+0.11AA

50% B5+5.0 IAA

MS+1.0 IAA

MS+0.01
sucrose (3%)

MS+3.0 IAA

50% MS+1.0 IAA

MS+6.0 NAA

NAA+

Thengane et
al., 1998

Kukreja,
1998

Mousa et al.,
2006

Arya et al.,
2009

Sawaengsak
etal., 2011

Yadav  and
Singh, 2012

Gupta et al.,
2013

Sarkar and
Roy, 2015

Badkhane et
al., 2016

Shaheen et
al., 2020

2.7.2. Indirect organogenesis and somatic embryogenesis

In the indirect organogenesis, morphogenesis occurs through an intermediate
undifferentiated group of tissue, callus (George et al., 2008). While somatic
embryogenesis incorporates the transformation into zygotic embryos passing
through various developmental stages from a single or group of asexual donor
cells (Hossein et al., 2006). Induction of callus and embryogenesis can be
achieved for all plant species with the right choice of explants and by
manipulations in culture media and environmental conditions (Von Arnold et al.,
2002). However, in case of G. glabra, exploration on rejuvenating the plants
through callus phase and somatic embryogenesis are still emerging. It is indicative
that in the process of indirect morphogenesis, types of plant parts and media
composition with growth regulators and other elements are apparent. Explants
such as leaf, stem, hypocotyl and root induced to callus and then cell suspension

28



is observed is documented (Hayashi et al., 1988). Callus and suspension cultures
were established with seeds in B5, sucrose (2%), 2, 4-D (1.0 mg/L), Kn (0.1 mg/L)
(Arias-Castro et al., 1993). Bud segments were used for in vitro rejuvenation
(Dimitrova et al., 1994). Seeds callused to the maximum using MS with 2, 4-D
0.5mg/L, and Kn 0.2 mg/L as well as with NAA 1 mg/L, 2, 4-D 0.5 mg/L, Kn 0.5
mg/L (Shams-Ardakani et al., 2007). When leaves were cultured in B5, BAP 1.0
mg/L, NAA 0.5 mg/L, callogenesis was best (Sharma et al., 2008). Shoot
redevelopment from callus cultures of licorice was possible with with NAA and
BA added to MS or TDZ of different doses (Wongwicha et al., 2008). Highest
rate of callus was formed from nodes when cultured in B5, 2, 4-D (2.0 mg/L),
sucrose (20g/L) and agar 7.5 g/L (Sharma et al., 2010). In recent times, leaf and
stem segments were cultivated effectively in MS, BAP 2 mg/L, 2, 4-D 0.5 mg/L,
ascorbic acid 50 mg/L (Jaiswal et al., 2021).

In the taxa of Glycyrrhiza, an investigation was conducted to rejuvenate the
species by means of somatic embryogenesis and observed friable, white or yellow
callus that subsequently developed into short, delicate adventitious roots
(Kakutani et al., 1999). The effectiveness of suspension cultures and regenerating
callus of G. glabra for the synthesis of glycyrrhizin was investigated by Mousa et
al (2007). The modified Gamborg’s BS medium (Gamborg et al., 1968) was the
ideal way to start the basic embryogenic callus of all three clonal genotypes
revealing nodular, compact hard yellow—green callus. They hold the view that
secondary embryogenic callus formation and regeneration of the plants were
affected by the age of cell suspension cultures. Germination response of both
primary and secondary embryos showed shoot and root formation of 90% each in
B5 medium devoid of any hormones. Somatic embryogenesis was initiated from
hypocotyls resulting in callus with a maximum frequency of 94.3% clear and
glandular callus (Chunhua et al., 2010). In a recent report, Sarkar and Roy, (2015)
attempted to establish optimal types and concentrations of carbon sources on
somatic embryogenesis in G. glabra. When 2, 4-D was administered to the
medium, they observed healthy calli. Induction of somatic embryogenesis was
most efficiently promoted through suspension culture in a hormone - free medium
with usual 3% sucrose, supplemented with 3% maltose. In about 10 days of
germination of somatic embryos, its frequency was the highest at 47.0% with GA3

combined with basal medium.
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Table 2.5: Callus mediated, somatic embryogenesis & synthetic seed formation.
Medium + Plant Growth Hormones
(Pandey and Ayangla, 2018)

Explants Results/R

esponse.
Leaf Callus
Hypocot SE

yl

Young SE
leaflets

Leaf SE

Leaf Callus
and

stem

Callus

MS+NAA
(Img/L)

MS+ BAP
(2.0
mg/L) +
2,4-D (0.5
mg/L)

MS, 2,4-D
(2.5mg/L)

MS, 2
mg/L
BAP, 0.5
mg/L
2,4-D
and 50
mg/L

Induction

MS+0.5mg/L
BAP +0.5mg/L
Kn+ IBA (0.1

B5, sucrose
(2%) +2, 4-D
(2.0 mg/L) + Kn
(1.0mg/L).

MS+3% maltose

30

Matur Germination

MS+ME (malt

extract)
(500mg/L)

B5 only

MS+ GA3
(1.5mg/L),
(With usual
3% Sucrose).

References

Kakutani
et al.,
1999

Chunhua et
al., 2010

Mousa et
al., 2007

Sarkar and
Roy, 2015

Jaiswal et
al., 2021



CHAPTER 3

Collection of Glycyrrhiza glabra species from different geographical locations of India
(Punjab, Haryana, Delhi, Himachal Pradesh and Maharashtra) and identification of high-
yielding glycyrrhizin containing population by HPTLC fingerprinting.

Optimization of extraction factors for improved recovery of glycyrrhizin

3.1 Introduction

Glycyrrhiza glabra Linn. of the family: Fabaceae, is a classical therapeutic herb mainly
distributed in South-western Asia and the Mediterranean countries (Hayashi and Sudo, 2009;
Sharma and Agrawal, 2013). Nowadays, several countries including India has reportedly
initiated its cultivation at different scales (Gupta, 2016). The importance of G. glabra is
essentially because of the sweet- tasting component, glycyrrhizin, a triterpene-saponin which
is 50 times sweeter than sucrose. Glycyrrhizin is mainly accumulated in rhizomes and stolons
which accounts for about 2%-25% dry weight (Pastorino et al., 2018). The bioactive
compound glycyrhhizin occurs only in three species out of 30 species namely, G. glabra, G.
uralensis and G. inflata, with highest concentration (34.66 mg/g) being in G. glabra (Yang
et al., 2018). Glycyrrhizin is known to have an extensive array of pharmaceutical and
biological effects. Lately, there has been an escalation in willingness for items and
medications made from plants (Omogbadegun et al., 2011). Currently, trade in licorice has
also gained popularity because of its wide economic importance. However, over-exploitation
and destructive harvesting nature cause problem to its sustainability which eventually may
lead to genetic depletion (Karkanis et al., 2018). Taking into consideration the demand and
supply sustainability of licorice, cultivation and thereof, conservation of medicinal plants is
regarded as way for conforming the market needs and also for easing harvest stress on the
plants (Schippmann et al., 2002, Esmaeili et al., 2019). Moreover, environmental elements
including temperature, radiation, water, soil type and composition, salinity, geographical
differences constantly interact with the plants throughout their ontogeny which certainly
effect the total yield and quality of bioactive compounds. With that emphasis, it can be stated
that even same plant species growing in dissimilar environments will show variation in a
particular bioactive principle (Radusiené et al., 2012). Hence, it necessitates to screen for

any variation in the occurrence of glycyrrhizin in different populations.
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However, for analysis of any bioactive compound from medicinal plants, it is essential to
follow sample preparation. Extraction and separation processes determine both the quality
and quantity of the SMs from medicinal plants since they occur in very low amounts in the
plants (Yang et al., 2018). Glycyrrhizin is extracted by conventional methods which are
uneconomical and lengthy process. Today, extraction protocols are revolutionised and
directed more towards green technology for greener environment such as microwave assisted
extraction (Zhang et al., 2011). Extraction of SM is affected by factors viz., temperature,
time, pressure, plant material (Azmir et al., 2013), sample matrix, target compound (Mustafa
and Turner, 2011), solvent, particle size etc (Pandey and Tripathi, 2014). Hence,
optimization of various extraction factors with the application of improved extraction
techniques and modelling becomes important that aims at maximum recovery of the
bioactive compound with the minutest variation in their functions (Giacometti et al., 2018).
Nowadays, polished modeling and statistical techniques namely, Response Surface
Methodology (RSM) and Atrtificial Neural Network (ANN) are broadly utilised in medicinal
plants for processing and predicting wide range of complex information. RSM offers a
dynamic platform to overcome the wastage of time, economy, chemicals, and plant materials
and also allows to outperform multiple variable effect on the response in one test (Santelli et
al., 2008; Aydar, 2018). ANN is yet another computational and tool to evaluate non linear
and multifaceted data on the response function (Wesolowski and Suchacz, 2012; Simi¢ et
al., 2016). Further, fingerprinting of glycyrrhizin yield is evaluated by high performance thin
layer chromatography (HPTLC), the most advanced technique of thin layer chromatography.
HPTLC is a widely favoured technique for its efficiency, rapid, accuracy, requirement of less
extract and solvent and comparatively less expensive method of measure (Bala et al., 2015,
Misra et al., 2017).

3.2. Materials and methods for optimization

3.2.1. Standard chemical and other chemical substances

Ethanol, n-butanol, glacial acetic acid (S.D. Fine chemicals, Mumbai), glycyrrhizic acid
(ammonium salt) of purity > 95% (Sigma- Aldrich Chemicals, Bangalore), all of molecular-
grade were utilised.

3.2.2. Sample preparation and extraction

Gathering of rhizomes of G. glabra (of approximately 2 years old) were from herbal garden,
Lovely Professional University, Phagwara, Punjab, India. The rhizomes of G. glabra were

dried in hot air oven at 40°C, cut into smaller pieces and pulverized in a grinder to pass
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through mesh (30 and 16) for particle sizes (0.50 mm and 1 mm). 1 g of dry powdered
rhizomes of G. glabra was extracted by heat reflux, using a hot water bath (30-70°C) and
ethanol (30%-70%) in accordance to the experimental design. The suspensions were sieved
using Whatman filter paper No. 1 to extrude the impurities and filtrates were finally reduced
to 2 mL volume. The resultant prototypes were stored at 4°C for further examination.

3.2.3. HPTLC conditions for optimized glycyrrhizin yield

By using HPTLC, the entire amount obtained from the extracted samples of G. glabra was
calculated. The sample applicator consisted of a Linomat 5 applicator with a small syringe,
a scanner associated to winCATS application in the computer (CAMAG) and the TLC plates
(20 x 10 cm; 0.2mm thick silica gel 60 F 254) were used. Loading of standard and extracts (2
pL) on TLC plates was executed at 6 mm band breadth, 8 mm from base, 15 mm from lower
edge. The applicating frequency was maintained at 100nL/s for each solvent extract. The
solvent was ethanol. The chromatographic panes were subsequently generated in a twin
trough chamber (20.0 x 10.0 cm, Thermo Fischer Scientific) drenched with vapour of mobile
phase beforehand, at relavtively 25°C and 52% moistness. Plate progress was performed
using a linear ascending development. The solvent system used included a mixture of n-
butanol, water and glacial acetic acid (7: 2: 1 by volume). After drying for 10 minutes, in hot
air oven (60°C), the panes were densitometrically scrutinized at 254 nm (Fig. 3.1). The
standard curve of the reference compound was used to determine the amount of glycyrrhizin
present in the samples centred on peak regions.

3.2.4. Calibration curve of glycyrrhizin

The yield of glycyrrhizic acid was evaluated using a calibration curve obtained with a
standard concentration range (200-1000 ng/spot). To achieve a final concentration of 200,
400, 600, 800 and 1000 ng per application, stock solution of glycyrrhizin was sprayed on the
panes. The highest area for each concentration was plotted against the standard concentration
and subjected to linear square regression analysis. Subsequently, recovery of glycyrrhizin
was evaluated with the linear regression, equated with its corresponding peak area. By
creating a final volume (10 mL)/ of concentration (1mg/mL) in volumetric flask, stock

solution of glycyrrhizin (Img/mL) was made in absolute ethanol.
3.2.5 Validation of HPTLC method

In accordance to the standards, the conditions of precision studies, limits of detection and
quantification, specificity and recovery studies were taken into consideration using

glycyrrhizin as reference, to authenticate the proposed HPTLC approach.
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3.2.5.1.Precision studies

With replicated usage of reference for five times with 4 pL for every load, the instrument
accuracy was unwavering. Likewise, for authenticating the repeatability (inter - assay), 3
varying reference doses were tested on the same day and repeated the same after three days
to authenticate the reproducibility (inter- assay) and hence, Relative Standard Deviation
(RSD) was computed.

3.2.5.2. Limits of detection and quantification

After loading varying quantity of reference solution and using ethanol as a blank, the
standard deviation method was used to determine the limits of detection and quantification
interpreted as ratio of spectrum signal and noise. S stands for the calibration curve while SD
is the standard deviation of y-intercepts of regression line in the formulae for LOD (3x SD/S)
and LOQ (10x SD/S).

3.2.5.3. Specificity

By relating and validating the Rt values of reference solution and spot spectrums of the
samples, the accuracy of the suggested method to isolate glycyrrhizin from the sample matrix
was assessed.

3.2.6. Response Surface Methodology

3.2.6.1. Plackett-Burman (PB) Design for screening the significant extraction parameters

In this study, initially, screening out for significant independent factors was tested by the
Plackett-Burman design (Table 3.1). In this model, seven independent variables such as,
extraction time (X1), extraction temperature (X 2), solvent composition (X 3), particle size (X
4), solvent to solute ratio (X s), pH (Xe) and steps/cycles (X7) were selected to consider their
possible influence on GA. The scheme operates on the first order equation:

Y= B0+ Y BiXi (1)

with Y as the response function, Bo as the constant and S: as the regression coefficients.

The model was performed at two level (+) indicating the maximum and (-) the minimum
values consisting of 12 runs.

Table 3.1. Experimental domain of Plackett-Burman model showing extraction variables
with responses

Independent variables Variable code Range and levels
High (+) Low (-)
Extraction time (min) X1 60 30
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Extraction temperature (°C) X2 70 35

Solvent composition (%) X3 70 30
Particle size (mm) X4 1.0 0.5
Sample to solvent ratio (g/mL) Xs 1:40 1:20
pH Xe 9 5
Steps/ cycles X7 3 1

3.2.6.2. Optimization of glycyrrhizin yield by Central Composite Design (CCD)

Response surface approach (RSM) improved the delineation of the ideal extraction
conditions. Grounded on the preliminary PB design, those variables suggestively affecting
the extraction efficacy were hence, subjected to a standard central composite design (CCD).
The total compound yield as a function of the independent variable is predicted by the given
quadratic model:

Y= B0+ B1X1+ B2X2+ B3X3+ B5X5+ B11X12+ B22X22 +B33X32 + f55X52 + B12X1X2+
B13X1X3+ B15X1Xs + BoaXoX3+ BasXoXs+ BasXaXs 2)
Where Y is the response variable, Bo is the constant coefficients; 1828305, f11, B2, £33, Bss
and B12, B13, B1s, B23, B2s, B3s are coefficients of linear, quadratic and interactive coefficients
while X1, X2, X3, X5 are levels of extraction variables.

A full factorial Central composite design (CCD) with 31 runs having 16 factorial points, 7
centre points and 8 axial points was performed at five levels. The experimental range and
levels of the selected factors are depicted (Table 3.2). Experimental runs along with the
independent variables and yield of glycyrrhizin (GA) are shown.

Table 3.2 Experimental range of factors and corresponding levels (CCD)

Independent Symbol Range and levels
variables

Uncoded Coded -2 -1 0 1 2
Time of X1 X1 15 30 45 60 75

extraction in

minures

35



Temperature X2 X2 17.5 35 52.5 70 87.5

of extraction

in celcius

Solvent X3 X3 10 30 50 70 90
composition

(%)

Solute to X4 X4 10 20 30 40 50

solvent ratio

in g/mL

3.2.7. Computation by ANN method

ANN was performed to modell the experimental data that resulted from the optimised
extraction of glycyrrhizin. In the computation method of ANN, a multilayer perceptron
(MLP) is utilised for evaluation of the non-linear relationships of the multidimensional
variables. As a result, a three-layer ANN network design was created. The ANN complex
included an output representing target function, an input with four nodes constituting the
input parameters and one hidden stratum made up of a number of nodes. In the modelling,
70% of data was subjected for training, 15% for justification and 15% for complex testing.
The number of neurons for the hidden layer ranged from 1-15 during the training stage of
the data. Computations of ANN was performed with IBM SPSS Statistics 16 (IBM, Inc.,
New York, NY). The RSM and ANN (MLP) models were compared on the basis of
validation and performance as per the following equations:

1 ¢n
RMSE= (H Zi=1 (Ypredicted - Yexperimental)z)ll2 (3)

AAD (%) = (27 (Wierp = Yicas 1/Yiexp) /P) X100 @)

Where RMSE is the root mean square error and ADD is the absolute average deviation.
3.2.8. Statistical analysis

The statistical software Minitab was utilised for the optimization experimental work.

Analysis of variance (ANOVA) determined the extent to which the data fit statistically and

the competence of the model was predicted by the co-efficient of determination R?, p values

showing the significance of the regression.

3.3. Results and discussion
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3.3.1. Method validation

In the present densitometric study, the validation of the method and related features for
estimation of glycyrrhizin are presented (Table 3.3). The linear regression obtained was Y=
8.9265X + 3750.2, which showed a good linear correlation between the applied
concentrations of the standard versus observed peak areas (200 — 1000 ng per spot). The
observed correlation coefficient (R?) was found to be significant 0. 9957 (P<0.05) as in fig.
3.1. Without applying any post-derivatization techniques, separated components of the
mixture of standard compound and plant extract peaks were visible at 254 nm. The spectrum
of reference (Rf 0.36) was found to be similar in all of the extracts (Fig.3.2. A, B, C, D).
Table 3.3 Validation of analytical method (Pandey and Ayangla, 2018)

S.No Limitations Glycyrrhizin

1 Linearity range (ng/spot; n= 12%) 200-1000

2 Correlation coefficient (r ?) 0.9957

3 Regression equation Y=8.9265X + 3750.2
4 Calculated SD value (CATS software) 2.82

5 b _imit of detection (LOD) (ng) [ 3 x SD/S] 30

6 b Limit of quantification (LOQ) (ng) [10 x SD/S] 90

7 Rfand Amax (nm) 0.36 and 254

Precision and accuracy

8 Intra-day RSD (%), n=5 0.602

9 Inter-day RSD (%), n = 5 (day-1/day-2/day-3) 0.793
Recovery

10 Amount of standard in stolon samples (ug mg™) 7.60

containing highest glycyrrhizic acid
11 Amount of standard added in stolon sample (ug mg?) 4,8,12
12 Amount of standard found (g) 11.7,15.52, 19.68
13 Recovery (%) 100.862, 99.487, 100.408, 100.25

aFour concentration levels in triplicates

bSD is the standard deviation of the blank response and S is the slope of the calibration curve
3.3.1.1. Precision
Loading of 4 pL of the reference compound on the plate for five times, it was possible to

assess the repeatability of the devised method expressed as a percentage of RSD (Relative
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Standard Deviation). The devised approach is accurate, since RSD % was found to be less
tha 2%.

3.3.1.2. Specificity

The purity of the glycyrrhizin compound in the extracts was assessed to detetrmine its
specificity, which was validated by comparing the spectra of the sample solutions to
retardation factor (Ry) of the reference solution. Glycyrrhizin was isolated from the excipients
with Rf of 0.36. It was found that the excipients in the sample matrix did not obstruct with

the spectrum of glycyrrhizin.

Area A | B
12000 ‘
10000 y = 8.9265x +3750:2
8000 R?=0,9957
6000
4000
2000

0
0 200 400 600 800 1000

Fig 3.1: (A) Calibration curve and (B) HPTLC chromatogram of standard glycyrrhizin
3.3.2. Response Surface Methodology

3.3.2.1. Screening of the significant extraction parameters by Plackett and Burman Design.
In this study, efficacy of seven independent variables, namely, time of extraction (X1: 30-70
min), temperature of extraction (X2: 35-70 °C), solvent composition (X3: 20-40 %), particle
size (X4: 0.5-1.0 mm), solvent to solute ratio (Xs: 10-50 mL/g) and pH (Xe: 5-9) and extraction
steps (X 7:1-3) were examined. Significant correlations at (P< 0.05) were observed between
the yields of the compound and four independent variables (Table 3.4) summarized from
statistical analysis to further elucidate the interactive effects on the response (Table 3.5).
Interestingly, when subjected to linear regression based on the preliminary PB design, four
independent variables, namely, extraction time, extraction temperature, solvent composition
and solute-to-solvent ratio, were shown to be significant. Further, CCD design was assigned
to experiment the effect and relationship of four independent variables on the response
function of the compound of interest within the range of experiment (Tables 3.2). More so,

glycyrrhizin yield was quantified from G. glabra by densitometric HPTLC method.
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Table 3.4: Estimated effects and coefficients for glycyrrhizin yield (Plackett-Burman

Model)
Term Effect Coefficient ~ Standard T-value P-value
Error
coeficient
Constant 0.50833 0.005893 86.27 0.000
Time 0.08000 0.04000 0.005893 6.79 0.002
Temperature  -0.07667 -0.03833 0.005893 -6.51 0.003
Aqueous -0.08333 -0.04167 0.005893 -7.07 0.002
Ethanol
Particle size -0.01667 -0.00833 0.005893 -1.41 0.230
Solid: Solvent  0.08333 0.04167 0.005893 7.07 0.002
pH 0.02667 0.01333 0.005893 2.26 0.086
extraction 0.01667 0.00833 0.005893 1.41 0.230
steps
S =0.0204124 PRESS =0.015
R-Sq =98.02% R-Sq(pred) =82.14% R-Sq(adj) =94.54%
Table 3.5: ANOVA for glycyrrhizin yield (Plackett-Burman)
Source Degree of  Sum of Adjusted  Mean F P
freedom squares Sum of square
squares
Main 7 0.082300 0.082300 0.0117571 28.22 0.003
effects
Residual 4 0.001667 0.001667  0.0004167
error
Total 11 0.083967

Table 3.6 Experimental runs of Plackett-Burman and yield of total glycyrrhizin (GA)

Run Solvent Particle Sample: Steps/  Yield
order Time Temp compo  size solvent pH Cycles %
1 + - + - - - + 0.53
2 + + - + - - - 0.48
3 - + + - + - - 0.42
4 + - + + - + - 0.49
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5 + + - + + - + 0.58
6 + + + - + + - 0.52
7 - + + + - + + 0.36
8 - - + + + - + 0.48
9 + - - + + + - 0.61
10 + - - - + + + 0.69
11 - + - - - + + 0.46
12 - - - - - - - 0.48

+ 100.0
r [AU]
D + 80.0
L 700
L 60.0
t 50.0

40.0

30.0
b 200
t 100

il ) ) , . : : . 0.0
60,0 210.0 2200 230.0 240.0 2500 260.0 270.0 280.0 [nm] 300.0

Fig 3.2. HPTLC fingerprint profiles obtained from Plackett-Burman (A), (B), (C) Densitometric

chromatogram and (D) overlay spectra of all 12 G. glabra samples compared with standard.
3.3.2.2. Model fitting by Central Composite Design (CCD)
Tables 3.7 and 3.8 below provide an overview of the ANOVA results, the appropriateness,
and suitability of the suggested model. The association between the response and input
variable was demonstrated using the second-degree polynomial equation below:
Y=0.755857 + 0.007042X; + 0.011625X 2 + 0.021042X 3 + 0.007125Xs —0.057537X1% —
0.034537X2? - 0.042912X3 % — 0.048287Xs? - 0.007688X1X 2 - 0.014063X2Xs — 0.070813X
3X5

(®)
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The coefficient of determination (R?) was assessed to evaluate the goodness of fit of the

model (Table 3.7). The regression model was found to be fairly significant as the R? value

obtained was 99.60% with only 0.4 % of total variations unexplained by the model. The

value of R? agj 0.9924 which is also near to 1 implies a good correlation between the observed
R? value (0.9960) and predicted R? value (0.9798) (Jang et al., 2017). Since the statistical

significance was based on the confidence level (95%), the following model conditions with

p<0.05 were significant on the response variable (Table 3.8). Amongst the independent

variables, solvent composition and time factor exhibited the maximum (0.021) and minimum

(0.007) effects on the response function.

Table 3.7: ANOVA for extraction variables on linear, quadratic and interactions on response

variable
Source Degree of  Sum of Adj SS Mean P
freedom squares square
(D.F)
Regression 14 0.291732  0.291732  0.020838 281.33 0.000
Linear 4 0.016278  0.016278  0.004069 54.94 0.000
Quadratic 4 0.190965  0.190965  0.047741 644.55 0.000
Interaction 6 0.084489  0.084489  0.014082 190.11 0.000
Residual 16 0.001185 0.001185  0.000074
Lack-of-fit 10 0.000978  0.000978  0.000978 2.84 0.107
Pure error 6 0.000207  0.000207  0.000034
Total 30 0.292917
Table 3.8: Estimated regression coefficients of quadratic equations
Regression Coefficient Standard T- P-
- estimate error Value Value
coefficient
constant 0.755857 0.003253 232.365 0.000
Linear
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Extraction time
Temperature

Solvent composition
Sample to solvent ratio
Quadratic

Time x time

Temp x temp
Composition x compo

Sample: solvent x

sample:solvent
Interaction

Time x temp

Time X composition
Time x sample: solvent
Temp x composition

Temp x sample: solvent

Composition x sample: solvent

0.007042

0.011625

0.021042

0.007125

-0.057537

-0.034537

-0.042912

-0.048287

-0.007688

-0.002688
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Fig 3.3. HPTLC fingerprint profiles of (A) tracks 1-13; (B) tracks 14-25; (C) tracks 26-31 G.
glabra stolon along with glycyrrhizin standard (G) by CCD under visible light.

3.3.2.3. Interaction between the variables

As shown in Fig. 3.5, 2D-level plots were constructed to better understand the collaborations
between the chosen independent factors and how they affected the response variable. In plot
Fig. 3.5.A. solvent composition and solvent to solute ratio have an effect on vyield of
glycyrrhizin. As glycyrrhizin compound is a complex of calcium and magnesium salts, with
3 carboxyl and 5 hydroxyl groups, it is polar that readily gets solvated by ethanol-water
solution. With increasing ethanol concentration (10 %- 50 %) and ratio volume (10-30
mL/qg), yield of glycyrrhizin improved significantly attaining a maximum efficacy at 50%
ethanol concentration and 30 mL/g. However, further increase in both solvent composition
and volume ratio showed no difference in extraction which may be due to excessive
distension of plant material exhibited by maximum absorption of solvent by the component.
This outcome is in line with a recent investigation on triterpenoid saponin extraction from
Jatropha curcus leaves (Wei et al., 2015). As observed in Fig. 3.5.B. at approximately 53°C
and 30 mL/g ratio, percentage yield was found maximum but tends to decline beyond these
range which may be due to degradation of glycyrrhizin. With increase in temperature,
extraction of the compound surges because temperature facilitates faster desorption of the
components into the solution and improves solubility of solutes. Furthermore, higher
temperature increases diffusivity as it enhances the probability of particles collision (Li et
al., 2010). Fig. 3.5.C. also showed that at approximately 55°C and 50 % ethanol composition,
extraction is effective which is similar to the observations on triterpenoids by Pandey and
Kaur, (2018). Meanwhile, in Fig. 3.5.D. yield was escalated from 0.28%- 0.73% (w/w) when
time increased from 20-45 min. and solvent to solute ratio amplified from 10- 30 mL/g, but
beyond this range, the response of the target compound diminished, indicating unfavourable

effects with time extension resulting from conversion of analytes in the solution and over
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swelling of the plant material at higher solvent volume. Likewise, higher yields were
influenced by time and ethanol concentration as shown (Fig. 3.5.E.). However, as in Fig. 3.5.
F. after climaxing the yield till 45 min. and 53°C, it gradually has no further effect or show
negative effect as on the extraction. Similar results have been reported on how higher
temperature leads to destruction of the characteristic property of the analyte and decreases

the yield of saponins in bitter melons (Tan et al., 2015).

Pareto Chart of the Standardized Effects
(response is % Glycyrrhizin, Alpha = 0.05)
2.776
I
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Fig 3.4. Relative effect of the selected parameters for optimum extraction of glycyrrhizin.
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Contour Plot of % Glycrrhizin vs Solvent composition, Extraction Time Contour Plot of % Glycrrhizin vs Extraction Tempe, Extraction Time
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Fig 3.5. Contour plots showing effects of (A) solvent to solute ratio and solvent strength; (B)
solvent to solute ratio and temperature; (C) solvent strength and temperature; (D) solvent to
solute ratio and duration; (E) solvent strength and duration; (F) temperature and duration, on
the total glycyrrhizin yield.

3.3.2. Artificial Neural Network (ANN)-(MLP) modelling

ANN consists of a network of mimicking neurons which is capable of providing accurate
estimation of functions (YYadav et al., 2013). ANN-MLP, the most widely used model was
utilised to protray the glycyrrhizin yield in G. glabra root. As depicted in Fig. 3.6., the
constructed ANN complex contained a three-level network, an input with four nodes labelled
as X1, X2, X3, X4; an output denoted as Y for the target function and a hidden layer. In The
experimental data matrix applied in RSM was utilised for ANN computation (Table 3.9). In
the ANN modelling, the total 31 runs of CCD experimental data were subdivided into 3, with
21, 5 and 5 points to train, validate and test. In the process of model development, input
variables were limited by selecting the best combination that resulted in the activation
performance. In addition, the input variables and targets were also normalised from -1 to 1.
In the activation function which is the transfer function that decides the total input of neurons
into the output amplitude, plotting of hyberbolic tangent to softmax in the output was done.
The ANN for activation function was a feedforward architecture without any previous link
from output to input neurons. Thus, by training a variety of feed-forward networks with a
range of topologies, the ideal combination was selected with the highest R? and lowest MSE
for deciding the number of neurons in the hidden set. The selection of the ideal feedforward

arrangement of the network with its nodes and lines for the response function was carried
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out as follows: MLP-Y: (4:6:1), which corresponded to the neuron’s existent in the input,

hidden, and output covers respectively (Fig 3.6).

D)
X‘lO O
x2 (O o)
x3 O O v
x4 () O
O

Input Layer € R* Hidden Layer € R® Ouwutput Layer € R*

Fig 3.6 General architecture of the developed artificial neural network comprising of 3 layers.
Table 3.9. Total response on the yield of glycyrrhizin based on response surface methodology
(CCD) and ANN modelling

Run Time Tempe Solvent Sample:  Glycyrrhizi RSM  ANN
order rature composition solvent  nyield (%)
. X3 rit:o v y y
X2

1 -1 -1 -1 -1 0.433 0.429 0.430
2 1 -1 -1 -1 0.461 0.466 0.460
3 -1 1 -1 -1 0.496 0.495 0.500
4 1 1 -1 -1 0.512 0.502 0.510
5 -1 -1 1 -1 0.623 0.618 0.625
6 1 -1 1 -1 0.645 0.645 0.640
7 -1 1 1 -1 0.685 0.685 0.682
8 1 1 1 -1 0.691 0.681 0.689
9 -1 -1 -1 1 0.614 0.616 0.606
10 1 -1 -1 1 0.646 0.648 0.626
11 -1 1 -1 1 0.624 0.626 0.627
12 1 1 -1 1 0.630 0.627  0.630
13 -1 -1 1 1 0.510 0.521 0.520
14 1 -1 1 1 0.550 0.542 0.540
15 -1 1 1 1 0.546 0.532 0.540
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16 1 1 1 1 0.517 0.523 0.520
17 -2 0 0 0 0.511 0.511 0.510
18 2 0 0 0 0.535 0.539 0.533
19 0 -2 0 0 0.600 0.594 0.600
20 0 2 0 0 0.630 0.641 0.630
21 0 0 -2 0 0.543 0.542 0.543
22 0 0 2 0 0.620 0.626 0.620
23 0 0 0 -2 0.540 0.548 0.540
24 0 0 0 2 0.580 0.577 0.580
25 0 0 0 0 0.754 0.755 0.754
26 0 0 0 0 0.762 0.755 0.754
27 0 0 0 0 0.760 0.755 0.754
28 0 0 0 0 0.761 0.755 0.754
29 0 0 0 0 0.745 0.755 0.754
30 0 0 0 0 0.755 0.755 0.754
31 0 0 0 0 0.754 0.755 0.754

3.3.4. Comparison between RSM and ANN methods

Three statistical indices, R2, RMSE, and AAD, were used to assess the estimation abilities
and predictive performance of the RSM and the ANN (MLP) models. The anticipated values
of the target responses produced from the RSM and ANN models are shown in Table 3.9. A
statistical comparison supported the conclusion even more (Table 3.10). The R2, RMSE, and
AAD values showed that the ANN model outperformed the RSM in terms of prediction
performance since it had higher R2 values and lower RMSE and AAD values (Fig 3.7). Table
3. 10 shows that prediction performance of ANN is better than RSM. According to Kamparia
et al., (2020), the ability of ANN models to approximate nonlinear systems generally may
account for their superior predictive power, whereas RSM remains relevant when subjected
to linear regression of quadratic polynomial (Pandey and Kaur, 2018). As a result, it was
determined that ANN was more effective than RSM and showed greater precision and
dependability of performance estimate and also, apt target yield.

Table 3.10: Predictive ability of RSM and ANN, a comparative study

Parameters RSM ANN
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Coefficient of determination 0.996 0.997
R?)

Root mean square error 0.00639 0.00564
(RMSE)
Absolute average deviation 0.018653 0.01847
(AAD)

0.8 0.8

0.7 0.7

E 0.6 ? g 0.6 :
0.5 1 7A L 7B
0.4 4 . . . . 0.4, . . . .
0.4 0.5 0.6 0.7 0.8 0.4 0.5 0.6 0.7 0.8
Exp Exp

Fig 3.7. Graphical representation showing the comparison between RSM and ANN

3.4. Conclusion for optimization of glycyrrhizin extraction

The present work is the first to describe how to use RSM and ANN model systems to enhance
the separation of glycyrrhizin from roots of G. glabra.

The generated model equation's efficacy for maximising the response of the bioactive
substance was authenticated using the ideal conditions. Further, HPTLC analysis has been
demonstrated as an efficient method for quantitative estimation of glycyrrhizin content. The
established process has been proven to be simple, precise, and unambiguous. The
effectiveness of RSM for optimizing glycyrrhizin extraction from G. glabra roots is
elucidated. It was observed that the linear terms, such as extraction time, temperature, solvent
composition, and solvent to solute ratio, and also relations between these variables and
others, had a considerable impact on the compound's overall yield. The results of the analysis
of variance confirmed concurrence between experimental and predicted data, illustrating
accuracy and applicability of the created quadratic polynomial scheme. The findings of the
performance estimation suggested that ANN was a much better modelling technique than
RSM.

3.5 Materials and methods for screening of elite population

3.5.1 Chemicals
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HPTLC grade solvents all gotten from S.D. Fine chemicals, Mumbai, India were used.
Obtained standard marker compound, glycyrrhizic acid (purity > 95%) from Sigma- Aldrich
Chemicals Bangalore.

3.5.2. Sample collection and preparation

Plant materials of G. glabra were collected from 12 location sites, across 6 states of India
(Punjab, Haryana, Delhi, Himachal Pradesh, Uttar Pradesh and Maharashtra). Geographical
data of collection sites along with some climatic parameters are as shown in Table 3.11 and
3.12. Two cultivars (Haryana Mulhati-1) from HAU, Hisar, (Mishree) from CIMAP,
Lucknow were collected. All the collection of rhizomes were done on-site from herbal
gardens of various institutions/ botanical gardens of universities/ public, except samples from
Pune (procured from herbal vendor). Collection of the plant samples were done during the
period of 2018-2020, at fall and winter months which were approximately of 2-3 years old
and authenticated voucher specimens were deposited in the Department of Bioengineering
and Biosciences, Lovely Professional University, Punjab, India for future reference. The
rhizomes were then washed, dried in hot air oven at 40° C and powdered. Microwave-
assisted extraction method (MAE), a green extraction method was used for the extraction. In
100 mL glass beaker, powdered sample (1/2 g), dissolved in ethanol of dose 70% and solute
to solvent ratio of 1: 20 in g/mL was irradiated in a household microwave for 2 min for two
cycles (Xu et al., 2012). The suspensions were avoided overheating with 10 s power on and
off in each cycle (Pan et al., 2000). Following extraction, the filtrated residue of the material
was desiccated using a rotary evaporator before concocting a final volume of 1 mL with the
polar solvent. All the sample extracts were centrifuged at 10,000 rpm for 15 mins then,
strained for additional analysis.

Table 3.11. Geographical data of different G. glabra collection sites

Acc. Collection sites Latitude ("N) Longitude ("E)  Alt. (m)
No.

L1 Phagwara, Punjab 31.2232 75.7670 240

L2 Phagwara, Punjab 31.2552 75.7050 241

L3 Phagwara, Punjab 31.2693 75.7811 245

L4 Phagwara, Punjab 31.2707 75.7275 240

LS Phagwara, Punjab 31.2754 75.7764 242
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L6

L7

L8

P1

P2

P3

P4

PS

P6

P7

P8

P9

PAl

PA2

PA3

LAl

LA2

LA3

LA4

LAS

PO1

PO2

PO3

PO4

Phagwara, Punjab
Phagwara, Punjab
Phagwara, Punjab
Patiala, Punjab
Patiala, Punjab
Patiala, Punjab
Patiala, Punjab
Patiala, Punjab
Patiala, Punjab
Patiala, Punjab
Patiala, Punjab

Patiala, Punjab

Moti Bagh, Patiala, Punjab
Moti Bagh, Patiala, Punjab

Moti Bagh, Patiala, Punjab

Ludhiana, Punjab
Ludhiana, Punjab
Ludhiana, Punjab
Ludhiana, Punjab
Ludhiana, Punjab
Pune, Maharashtra
Pune, Maharashtra
Pune, Maharashtra

Pune, Maharashtra

31.2961

31.2433

31.2519

30.2132

30.2229

30.25681

30.29201

30.31729

30.3542

30.3645

30.3709

30.3996

30.1852

30.1890

30.1914

30.1966

30.6731

30.7311

30.8098

30.5440

18.5195

18.5210

18.5491

18.5694

50

75.6982

75.6855

75.6901

76.2716

76.2779

76.2798

76.2843

76.2894

76.2987

76.3614

76.3691

76.4120

76.2339

76.2971

76.3519

76.3519

75.5490

75.6510

75.8071

75.4757

73.8469

73.8567

73.9102

73.9206

245

213

215

268

269

272

280

283

291

293

297

300

246

248

250

229

236

247

250

253

550

554

562

567



H1

H2

H3

H4

H5

H6

H7

H8

H9

H10

C1

C2

C3

C4

C5

K1

K2

K3

K4

LK1

LK2

LK3

N1

N2

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

CPB, Hisar, Haryana
CPB, Hisar, Haryana
CPB, Hisar, Haryana
CPB, Hisar, Haryana
CPB, Hisar, Haryana
Kurukshetra, Haryana
Kurukshetra, Haryana
Kurukshetra, Haryana
Kurukshetra, Haryana
Lucknow, U. P
Lucknow, U. P
Lucknow, U. P
Nauni, Solan, H. P

Nauni, Solan, H. P

29.1416

29.1484

29.1491

29.1523

29.1554

29.1571

29.1500

29.1672

29.1689

29.1723

29.1400

29.1418

29.1436

29.1466

29.1496

29.5732

29.6631

29.7463

29.9690

26.8210

26.8329

26.8467

30.5144

30.6216

51

75.7112

75.7168

75.7192

75.7211

75.7280

75.7293

75.7322

75.7849

75.7879

75.7898

75.6893

75.6917

75.7036

75.7247

75.7182

76.4846

76.5894

76.6129

76.8798

80.9691

80.9720

80.9462

77.1080

77.1701

211

212

212

213

213

214

215

215

223

235

217

219

221

223

229

257

258

256

259

120

121

122

1520

1523



N3

N4

N5

J1

J2

J3

Ja

PB1

PB2

PB3

PB4

Nauni, Solan, H. P
Nauni, Solan, H. P
Nauni, Solan, H. P
South, New Delhi
South, New Delhi
South, New Delhi

South, New Delhi

Punjabi Bagh, New Delhi

Punjabi Bagh, New Delhi

Punjabi Bagh, New Delhi

Punjabi Bagh, New Delhi

PB5 Punjabi Bagh, New Delhi

30.7625

30.8192

30.8600

28.3047

28.4512

28.4910

28.5496

28.4090

28.5409

28.6620

28.7091

28.8632

77.1649

77.1729

77.1730

77.1447

77.1905

77.2101

77.1832

77.3120

77.4918

77.5242

77.6120

77.8827

1529

1530

1532

238

238

240

241

217

218

219

219

220

Note: Acc. No.- Accession numbers, La-latitude, Lo-longitude, Alt-altitude

Table 3.12. Climatic conditions of the collection sites in India

Acc. No AMP. (mm) AMT. (°C) AMx Temp  AMn Temp  Climate type
(O (O
L 686 24.1 33.6 12.7 Local steppe
P 754 24.5 33.5 13.6 Local steppe
PA 754 24.5 335 13.6 Local steppe
LA 726 24 33.9 12.9 Sub-tropical
PO 763 25 31.8 23 Local steppe
H 459 25.1 34.4 13.8 Local steppe
C 459 25.1 34.4 13.8 Local steppe
K 763 24.4 33.4 13.6 Local steppe
LK 1001 25.7 33.8 16 Warm
temperate
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N 1413 17.4 24.7 8.6 Warm

temperate
J 693 25.2 31.0 18.0 Local steppe
PB 693 25.2 31.0 18.0 Local steppe

Note: Acc. No: Accession number, L: Phagwara, Punjab, P: Patiala, Punjab, PA: Moti Bagh,
Patiala, LA: Ludhiana, Punjab, PO: Pune, Maharashtra, H: Hisar, Haryana, C: Centre for
Plant Biotechnology, Hisar, Haryana, K: Kurukshetra, Haryana, LK: Lucknow, Uttar
Pradesh, N: Nauni Solan, Himachal Pradesh, J: South Delhi, New Delhi, PB: West Delhi,
New Delhi, AMP: annual mean precipitation, AMT: annual mean temperature, AMXT:
annual maximum temperature, AMnT: annual minimum temperature

3.5.3. HPTLC analysis for glycyrrhizin fingerprinting

Estimation of glycyrrhizin contents in the extracts was enabled using a HPTLC technique
consisting of a Linomat 5 automatic sample applicator, a small syringe (100 ul), a twin-
trough plate development chamber (20cmx10cm), TLC scanner with WinCATS software
(all from CAMAG). With the aid of the spotter fixed with injector, 3 pl of each sample was
loaded onto the HPTLC plates (20 x 10 cm, 60 F-254, E. Merck, Germany) at a speed of 150
nL/s, retaining a band width of 6 mm and 8 mm between bands. The loaded panes were
subsequently run in a twin-through that had already been drenched with the eluent composed
of n-butanol, water, and glacial acetic acid in an approximate percent of 70%, 20% and 10%.
For each chromatography 10 mL of mobile phase used. The development of plates was
carried out at normal room temperature (25 + 2°C) and a relative humidity (64 +5) in a linear
ascending fashion. The plates were then dehydrated, staged on to the scanner which was
visible at 245 nm at a speed of 20 mm/s and split dimension of 4.00 x 0.30 mm. The
information so derived was evaluated using WinCATS 4 software.

3.5.3.1 Preparation of stock solution

Glycyrrhizin stock solution was prepared by diluting 10 mg of reference in 10 mL of ethanol
to achieve a final concentration of 1 mg/mL.

3.5.3.2. Calibration curve of glycyrrhizic acid

Using a calibration curve generated with a standard concentration range (200-1000 ng/spot),
the yield of the bioactive principle was measured. For calibration of the standard curve, stock
solution of the marker compound of glycyrrhizic acid (1 mg/mL) was prepared. The
reference solution was loaded to the panes in 5 different doses and by linear square

regression, the topmost area for each concentration which was plotted against the standard
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concentration was computed. Subsequently, the quantity of the analyte was evaluated with
the linear regression equated with the corresponding peak area.

3.6. Results and discussion

Quantitative densitometric HPTLC method was conducted to estimate the total yield of
glycyrrhizin in all the G. glabra accessions. The linear regression obtained was Y= 11.235X
+ 5106.1 (Fig.3.8), showing a good linear coefficient differentiation between the applied
concentrations of the standard versus observed peak areas (200 — 1000 ng/spot). The
observed correlation coefficient (R?) was established to be significant 0. 9931 (P<0.05). The
ensuing chromatograms from the standard glycyrrhizin compound and extracted samples,
the spikes were all visible at 254 nm (Fig. 3.9). The spots from all the test samples
corresponded to Rf 0.31 of the standard compound and the proportions of glycyrrhizin
content in all the accessions of G. glabra was calculated consistent to its peak area as
presented in Fig. 3.10 (A-L). HPTLC spectra of all samples obtained from MAE method is
shown (Fig. 3.10). The results indicated variation in the glycyrrhizin contents among the
various populations (Table 3.13). In congruence to the present findings, variations in
phytochemical contents have been reported in G. glabra populations collected from different
geographical locations (Hosseini et al., 2014; Basar et al., 2015; Esmaeili et al., 2019;
Eghlima at al., 2020). An average, 1. 38% of glycyrrhizin yield was observed from the
experiment. As evidence from the result, concentration of glycyrrhizin was found to be
slightly higher in Lucknow samples (2.18%) followed by Kurukshetra (2.12%) and the least
amount was observed in the accessions from Pune (0.07%) as shown in Fig. 3.11. The present
result is in good agreement with the literature which revealed variation of glycyrrhizin
content from 0.177-0.688% of dry weight obtained from different geographical origins
(Basar et al., 2014). Rezaei et al. (2017) reported that amount of the active principle varied
due to various environmental aspects. Likewise, in our present study, Haryana samples show
glycyrrhizin comparable to Lucknow populations which may be paralleled to similar climatic
conditions. Moreover, on an attempt to evaluate relationship between glycyrrhizin yield and
various environmental variables, it was found that the compound accumulation was
positively correlated with latitude at P<0.05, R?=0.086 and strongly positively correlated
with longitude at P<0.01, R?=0.104. In line to the findings, considerable differences in the
glycyrrhizin yield were detected owing to environmental factors viz., latitude (Oloumi and
Hassibi, 2011), longitude (Eghlima et al., 2020). There are reports that temperature plays an

imperative effect in the compound accumulation (Hosseini et al., 2014, Rezaei et al., 2017).
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However, in our case, temperature was not found to be significant. Variation of the phyto-
active compound in G. glabra may be therefore, an interactive result of various other
elements such as soil and morphological characteristics (Rezaei et al., 2017), morphological
elements alone (Behdad et al., 2020), season of harvest (Cheel et al., 2012), genetic

constrains (Kojoma et al., 2011, Hosseini et al., 2014), besides geographic factors.

Area
20000
y=11.235x + 5106.1
15000 R2= 0.9931..-'
.'..'.
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T
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Fig. 3.8. Linearity study of glycyrrhizin standard
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Fig 3.9. (A) HPTLC densitometric chromatogram and (B) Overlay absorption spectra of

glycyrrhizin at wavelength 254 nm.
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Fig. 3.10. HPTLC fingerprint profiles of glycyrrhizin:
chromatograms; (B, H, K) 2-D chromatograms; and (C, I, L) Overlay spectra of G. glabra
samples compared with standard compound (G).

(A, G, J) Densitometric

Table 3.13. Total glycyrrhizin yields in different populations of G. glabra

Acc. No. Collection sites Glycyrrhizic acid (%)
L1 Phagwara, Punjab 0.35+0.01
L2 Phagwara, Punjab 0.36 £0.02
L3 Phagwara, Punjab 0.39+0.01
L4 Phagwara, Punjab 0.39+£0.01
LS Phagwara, Punjab 0.42 +£0.03
L6 Phagwara, Punjab 0.43+0.01
L7 Phagwara, Punjab 0.42+£0.01
L8 Phagwara, Punjab 0.46 £0.01
P1 Patiala, Punjab 1.70£0.01
P2 Patiala, Punjab 1.77 £ 0.00

56



P3

P4

PS

P6

P7

P8

P9

PAl

PA2

PA3

LAl

LA2

LA3

LA4

LAS

PO1

PO2

PO3

PO4

H1

H2

H3

H4

H5

Patiala, Punjab

Patiala, Punjab

Patiala, Punjab

Patiala, Punjab

Patiala, Punjab

Patiala, Punjab

Patiala, Punjab

Moti Bagh, Patiala, Punjab
Moti Bagh, Patiala, Punjab
Moti Bagh, Patiala, Punjab
Ludhiana, Punjab
Ludhiana, Punjab
Ludhiana, Punjab
Ludhiana, Punjab
Ludhiana, Punjab

Pune, Maharashtra

Pune, Maharashtra

Pune, Maharashtra

Pune, Maharashtra

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana
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1.90+0.05

1.87 +0.02

1.66 £0.01

1.68 +0.01

1.78 +0.01

1.80 +£0.02

1.88 +0.00

1.39+0.02

1.47 +0.01

1.50+£0.05

0.46 +0.01

0.42+0.01

0.48 +0.01

0.36 + 0.02

0.54 +0.03

0.08 +£0.01

0.05+0.01

0.06 +0.01

0.09+0.01

1.67 +0.01

1.69 +0.02

1.80+0.01

1.67 +0.02

1.97+0.01



H6

H7

H8

H9

H10

C1

C2

C3

C4

C5

K1

K2

K3

K4

LK1

LK2

LK3

N1

N2

N3

N4

N5

J1

J2

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

Hisar, Haryana

CPB, Hisar, Haryana
CPB, Hisar, Haryana
CPB, Hisar, Haryana
CPB, Hisar, Haryana
CPB, Hisar, Haryana
Kurukshetra, Haryana
Kurukshetra, Haryana
Kurukshetra, Haryana
Kurukshetra, Haryana
Lucknow, U. P
Lucknow, U. P
Lucknow, U. P
Nauni, Solan, H. P
Nauni, Solan, H. P
Nauni, Solan, H. P
Nauni, Solan, H. P
Nauni, Solan, H. P
South, New Delhi

South, New Delhi
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1.95+0.01

1.96 + 0.02

1.95+0.01

1.96 +0.01

1.98 +0.01

1.67+£0.02

1.65+0.04

1.57+0.01

1.60 +0.01

1.72+0.01

2.07+0.01

2.13+0.01

2.15+0.01

212+ 0.01

2.18 +0.01

2.19+0.01

2.18 +0.01

1.22+0.01

1.25+0.01

1.31+0.01

1.30+0.01

1.29+0.01

1.65 +0.02

1.59+0.02



J3 South, New Delhi 1.58 £0.06
Ja South, New Delhi 1.56 +0.04
PB1 Punjabi Bagh, New Delhi 1.83 £ 0.02
PB2 Punjabi Bagh, New Delhi 1.82 +£0.02
PB3 Punjabi Bagh, New Delhi 1.86 +£0.03
PB4 Punjabi Bagh, New Delhi 1.86 + 0.03
PB5 Punjabi Bagh, New Delhi 1.81+0.03
PB6 Punjabi Bagh, New Delhi 1.70 £ 0.04

SD= standard deviation; with SD (n=3).

Table 3.14 Correlational studies between various climatic parameters and yield of glycyrrhizin

Climatic ~ Latitude Longitude Altitude AMP. AMT. AMXT AMnT Gly.

parameters (mm) — (C) (C) (€) yield

Latitude 1 219 .004 .048 -265* .015 -.811** .293*
Longitude .219 1 119 126 -013 -.099 .033 323**
Altitude .004 119 1 818**  -944** -909** -378** -156
AMP, .048 126 818** 1 -.826** -836** -326** -.107
(mm)

AMT. -265*  -.013 -944** - 825** 1 826**  624** 173

(O

AMXx .015 -.099 -909** -836  .852** 1 203 .087

Temp (°C)

AMn -.811** 033 -378**  -326** .624** 203 1 -.120
Temp (°C)

Gly. yield .293* 323** -.156 -107 173 .087 -120 1

Note: AMP: annual mean precipitation, AMT: annual mean temperature, AMXT: annual
maximum temperature, AMnT: annual minimum temperature. *Correlation is significant at
0.05 level (2-tailed); **correlation is significant at 0.01 level (2-tailed).
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Fig. 3.11 (A and B). Percentile representation of glycyrrhizin yield in all 66 samples of G.

3.7. Conclusion

In the present study, twelve populations of G. glabra collected from different geographical

locations across five states of India were subjected to HPTLC method to screen for elite

population. The mentioned method was found to be simple, efficient and economical in

quantifying the glycyrrhizin yield. From the results, it was found that yield in the

glycyrrhizin ranged from 0.07-2.18% dry weight among the collected accessions. On the

basis of result, content of the compound was found to be significantly correlated with

latitude and longitude, indicating the influence of geographical factors. However, variation
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in the glycyrrhizin content within and between populations of G. glabra was not
conspicuous, hence, influence of genes also cannot be ruled out. The information
ascertained from the present study could be useful for selection of the population with
highest glycyrrhizin content for further plant breeding programmes and cultivation

purposes for species’ sustainability.
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CHAPTER 4

Assessment of genetic diversity of licorice (G. glabra) populations by RAPD and ISSR
markers.

4.1. Introduction

Glycyrrhiza glabra Linn., a perennial herb of the family Fabaceae, is one of the oldest herbs
used in medicine, cosmetics, food and beverages. The presence of glycyrrhizin, a non-sugar
sweet-tasting agent found in the stolons or rhizomes of the plant, is attributed to its
significance. The plant is indigenous to northern parts of Asia, middle east countries and
southern parts of Europe (Um et al., 2016) and also cultivated in parts of Europe, USA and
Asia including, India (Parvaiz et al., 2014). The herb is broadly acknowledged for its antiviral
(Luo et al., 2020), antibacterial (Varsha et al., 2013), antioxidative and inflammatory
(Dhingra et al., 2004), antitumor (Huang et al., 2014), anti-diabetic (Rani et al., 2017),
hepatoprotective (Chigurupati et al., 2016), and other activities. Natural populations have
been rapidly declining over time as a result of over-exploitation of the species and high level
of plant demad in the pharmaceutical industry. Nowadays, the plant is categorized as a
protected species in Mongolia (Chunhua et al., 2010), prioritized as an endangered plant in
Bulgaria (Kozhuharova et al., 2017) or as threatened species in Iran (Hosseini et al., 2021).
To this end, prior knowledge of the genetic composition and variation at the allelic level is
crucial, for any successful breeding programme as part of crop improvement and for the
conservation and management of plant resources (Ismail et al., 2019). Despite the versatility
and reputation of G. glabra as a popular medicinal plant, little research has been done on how
to assess genetic variability in order to preserve the species.

For any selective breeding and for establishing conservation strategies, plant
characterization is determined on the basis of phenotypic, biochemical and genetic
characterization and evaluation (Mondini et al, 2009). However, unlike morphological and
biochemical characterization with its own limitations, with the advent of DNA molecular
markers, it is now possible to infer genetic variation and inter-relationships across organisms.
It provides pieces of evidences on numerous matters, namely, allelic frequency distribution,
the degree and spread of genetic variation both within and between individuals of populations,
population construction, etc. DNA-based molecular markers that are free from environmental
interference are more promising than other kinds as they readily provide fine and consistent
information on hereditary materials toward inferring genetic variations (Duran et al., 2009).
RAPD and ISSR alone or in combination are proved to be useful, extremely proficient in
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evaluating interspecific and intraspecific genetic variation, and phylogenetic relations in
plants with therapeutic significance (Tripathi et al., 2012; Rameshkumar et al., 2019). The
RAPD markers provide several advantages in that they exhibit amplifications without prior
knowledge of nucleotide sequence, require a limited amount of sample, detect variability
among individuals, easy to apply, provide fast results and are cost-effective (Sevindik et al.,
2019; Bi et al., 2021). ISSR markers are, reproducible, presence of abundant regions of
microsatellite, reveal high level of allelic variation. The markers are also simple to use,
economical and efficiently reliable (Palkar et al., 2019; Subositi et al., 2020). The previous
reports have been documented on the genetic differentiation of G. uralensis (Yao et al., 2008;
Um et al., 2016; Dashzeveg et al., 2018) and on taxa (Yamazaki et al., 1994; Atlay et al.,
2016; Yang et al., 2018). The genetic variability studies of G. glabra have received limited
attention up to this point, and the data that is available is scanty (Sorkheh et al., 2019; Hosseini
et al., 2021). Hence, in order to appraise the interspecific and intraspecific genetic variation
and also population organisation of G. glabra from various geographical sites of India, the

current study is conducted by utilizing RAPD and ISSR markers.

4.2. Materials and methods
4.2.1. Plant resources and population sampling

Overall, 60 individual plants of G. glabra, representing 7 populations were gathered from
several Indian sites spread through 5 states (Fig. 4.1). The altitude of populations under study
ranged from 120-300 m. The proximity of the collected samples from the locations varied
from 41.5 km (approx.) apart between LP and L to a maximum of 907.5 km (approx.) between
L and K samples. Five to twelve individuals were picked at each location, spaced at least five
metres in between, in accordance with the population size (Mutegi et al., 2015). All the
samples were taken from plants that had been grown vegetatively in botanical gardens and
fields. Fresh juvenile leaves weighing about 5 grams from each individual were collected in
zip-lock poly bags containing silica gel. Then, once the samples were brought to the

laboratory, they were immediately stored at -20 °C prior to DNA extraction.
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Fig. 4.1. Map identifying the locations of the overall fifty individual samples of seven

populations of G. glabra across the Northern-parts of India.

4.2.2. DNA isolation

Genomic DNA from the juvenile leaves were extracted by CTAB methods with required
modifications (Doyle and Doyle, 1990). About 200mg of dry young leaves was initially
dipped in chilled absolute ethanol (15min) before crushing with 1 ml CTAB buffer including
2% PVP (Polyvinylpyrrolidone). Separation of the slurry (10,000 rpm) was done after

incubating at 65°C for one hour (12 min). Subsequently, the afloating fluid was relocated to
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new eppendorf tubes, appended with RNase (2 ul) was left to sit at normal ambient conditions
(20 min). At this stage, phenol, chloroform, and isoamyl alcohol were poured in equal parts,
shaked slowly and thoroughly for about five minutes, ensuing isolation. The salvaged
separated mixture was treated with 1/10" of a volume of 3.0 M sodium acetate and thoroughly
shaked before filling the tube with chilled isopropanol. DNA precipitation was carried out by
storing sample tubes at -20 °C overnight for proper DNA precipitation. Centrifugation at
11,000 rpm (15 min.) was done, followed by decantation of the supernatant. The DNA pellets
so obtained were washed with 500 pl of chilled 70% ethanol, accompanied with centrifugation
at 10,000 rpm (10 min). Finally, the DNA pellets were air dried (15 min) or until properly
dried, then dissolved in 50 pl of TE buffer and stowed at -20 °C for all additional investigation.
Spectrophotometry at 260 nm and 280 nm was engaged to estimate the DNA's consistency
and amount. A total of 50 samples were chosen for further study from 60 samples that were
screened for DNA isolation. The purity of the obtained DNA was estimated with 1.4% agarose
gel electrophoresis where the resultant amplification was compared with 1kb and 100 bp DNA
ladder and opted for 100 bp DNA ladder in the subsequent PCR analysis. DNA bands so
obtained were finally detected in a gel documentation system (BIO-RAD) imaging system.
Table 4.1. Working concentration of CTAB-DNA extraction buffer.

Reagents/solvent Amount to add (for 10ml) Final concentration
Tris-Cl buffer (pH 8.0) 0.1 2ml 2%

M

EDTA 0.025 M 0.5ml 0.5%

NaCl 1.5 M 3ml 3%

CTAB 3ml 3%
-mercaptoethanol 0.1 mil 0.1%

PVP 029 0.2%

PCR water 1.4 ml 1.4%

Note: CTAB extraction buffer was freshly prepared every time for immediate use.
4.2.3. RAPD/ISSR- PCR analysis
A total of 21 PCR primers (Table 4.2), 9 out of 13 RAPD primers (Genei, India) and 12 out

of 20 ISSR primers (Sigma, USA) that exhibited clear amplifications were screened for
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further molecular characterization of G. glabra populations. The DNA amplification mixture
for both RAPD and ISSR comprised of 20 pl volume (Table 4.3). A thermal cycler having 96
wells (AB, USA), was used to carry out throughout the PCR analyses. For ISSR settings, at
the start of PCR, attenuation was at 94 °C for 5 min, trailed by 45 cycles of attenuation at 94
°C for 1 min, tempering at 50.5 °C for 1.30 min, extension step at 72 °C for 1.30 min, and
finally amplifying at 72 °C for another 7 min. For RAPD amplifications, same conditions
were followed except for tempering temperature which was ideal at 39°C. The amplified DNA
was resolved on 1.4 % agarose gel in 1 X TBE buffer at 90—100 V and visualised under a gel
documentation (BIO-RAD) imaging system. Every gel subjected to electrophoresis was
estimated using a reference of a 100 bp DNA ladder (Hi-media).

Table 4.2. RAPD and ISSR markers applied in the study of genetic diversity assessment of
G. glabra populations

Sl RAPD Primer SI. ISSR Primer sequence

No sequence No
1 OPJO1 CCCGGCATAA 1 UBC807 AGAGAGAGAGAGAGAGT
2 OPJO2 CCCGTTGGGA 2 UBC808 AGAGAGAGAGAGAGAGC
3 OPJO3 TCTCCGCTTG 3 UBC810 GAGAGAGAGAGAGAGAT
4 OPJ0O4 CCGAACACGG 4 UBC826 ACACACACACACACACC
5 OPJO5 CTCCATGGGG 5 UBC828 TGTGTGTGTGTGTGTGA
6 OPJ06 TCGTTCCGCA 6 UBC834 AGAGAGAGAGAGAGAGYT
7 OPJO7 CCTCTCGACA 7 UBC835 AGAGAGAGAGAGAGAGYC
8 OPJO8 CATACCGTGG 8 UBC841 GAGAGAGAGAGAGAGAYC
9 OPJ10 AAGCCCGAGG 9 UBC843 CTCTCTCTCTCTCTCTRA
10 UBC845 CTCTCTCTCTCTCTCTRG
11 UBC848 CACACACACACACACARG

12 UBC855 ACACACACACACACACYT
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Table 4.3. PCR reaction mixture for RAPD and ISSR analysis.

Biochemicals Volume for 1 Reaction
10x Tag DNA polymerase Buffer (Genei) 2 UL
2.5 mM MgClI (Thermo Scientific) 1.5uL
10mM dNTPs (Thermo Scientific) 1L
RAPD/ ISSR Primers (Genei) 1.5puL

1U/ pL Taq DNA polymerase (Sigma) 1U

DNA template 2 uL
PCR grade water 11 pL

4.2.4. Statistical analysis

The RAPD and ISSR amplified bands were recorded in binary format for presence (1) or
absence (0) of distinct, clear amplicons. The distinguishing characteristics for each primer
(Table 4.4 and Table 4.5) such as Polymorphic Information Content (PIC), Marker Index (M)
and Resolving Power (RP) were computed in Microsoft excel. PIC was evaluated as: PIC=2f
(1-f) where f means the frequency of amplified fragments (Lanteri et al., 2004). MI which
provides information of polymorphism was calculated as: MI=PIC x EMR (effective

multiplex ratio), where EMR= n 3, n being the mean of amplicons and f being the fraction of

PB
PB+MB

polymorphic loci i.e., p= (Powell et al., 1996, Milbourne et al., 1997). The resolving

power (RP) was computed with the formula, Rp = Zly, where Iy (Informative fragments) =1-

(2]0.5 - p|), with p representing the number of individuals having the amplified bands (Prevost
and Wilkinson, 1999).

The binary data matrices of both ISSR and RAPD primers were determined by
PopGene 1.32 software version (Yeh et al., 1999). All genetic diversity parameters including
allele number and frequencies in each locus and genotypic allele frequencies were evaluated
by PopGene 1.32 (Yeh et al., 1999). In order to define the level and relationships in the
populations and genotypes, Shannon information index (I), Nei’s genetic diversity (H) were
determined by the same. Distance based analyses including AMOVA, PCoA and Mantel test
were performed by GenALEXx 6.5 version (Peakall and Smouse, 2006). A tree and neighbour
joining dendrogram based on Nei’s genetic distance matrix is constructed by using MEGA 6

(Tamura et al., 2013). Genetic stratification of G. glabra populations, dependent on the
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Bayesian cluster analysis approach was assessed by STRUCTURE version 2.3.4 (Pritchard et
al, 2000). In the algorithm, the span of burn-in for each run consisted of 10,000 iterations of
Markov Chain Monte Carlo (MCMC), by ancestry-admixture conjecture and linked allele
frequency model. Before replications, K was fixed to a number between 2 and 8, with 10
repeats for each value. Parsing and summarization of the STRUCTURE outfile was evaluated
by STRUCTURE HARVESTER (Earl et al, 2012) to infer optimum K value that best fit the
data by executing the simulation method (Evanno et al, 2005).

4.3 Results

4.3.1. RAPD and ISSR based polymorphism

Based on RAPD, all the marker informative parameters are listed in Table 4.4. For RAPD,
the amplification ranged from 2 to 14 with OPO3 and OPO10. The least number of amplicons
was obtained with OPO3, while the maximum 14 bands was obtained with OPO10, exhibiting
a total of 81 bands. The amplified products varied from 100 bp to 1,200 bp in molecular size.
The polymorphic information content (PIC) varied from 0.10-0.20 for RAPD. The minimum
of PIC (0.10) was assessed for OPO1, OPO2, OPO5 and the maximum PIC (0.20) was
revealed by OPO3 with an average of 0.14 for every primer. Marker index (MI) ranged from
0.16-0.65, whereby, the highest (0.65) was attained with OPO 10 and least was observed for
OPO5 (0.16), with a mean of 0.39 for every primer. The resolving power (RP) fluctuated
between 0.44-2.20 where the maximum RP value was observed for OPO 10 (2.20) and
minimum for OPO3 (0.44), with an average 1.32.

Table 4.4 Description of RAPD marker information for G. glabra populations of India.

Primers TB PIC MI RP

OPO1 8 0.10 0.21 0.88
OPO2 8 0.10 0.21 0.88
OPO3 2 0.20 0.24 0.44
OPO4 9 0.16 0.54 1.56
OPO5 12 0.10 0.16 1.24
OPO6 10 0.16 0.65 1.80
OPO7 7 0.16 0.44 1.24
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OPO8

OPO10

Total

Average

0.14

0.14

0.14

0.43

0.61

0.39

1.64

2.20

1.32

Note: TB: Total bands, PIC: Plymorphic Information Content, MI: Marker index and RP:

Resolving power of the marker.

Altogether 13 ISSR markers were chosen for further analysis. All the marker

informativeness of the 13 ISSR primers used are listed in Table 4.5. The ISSR primers

produced amplicons ranging from 5 bands (UBC 845) which was the lowest, to 11 bands
(UBC 828) as the highest. The ISSR products showed molecular size varied between 100 bp

to 1,400 bp, revealing a total of 88 amplified bands. The polymorphic information content
(PIC) for ISSR was found between 0.09-0.36, the highest shown for UBC 826 (0.36) and
lowest for UBC for UBC 808, UBC 843 (0.09), with a mean of 0.22 for each primer. Ml value
was observed between 0.05-10.71, demonstrating a maximum for UBC 826 (10.71) and a

minimum for UBC 808 (0.05), indicating a norm of 3.59 for each primer. The resolving power
(RP) revealed values from 0.40-4.84, with its highest value observed RP for UBC 834 (4.84)

and lowest for UBC 808 (0.40), having an average of 2.46.

Table 4.5. Description of ISSR marker information for G. glabra populations of India.

Primers TB PIC Ml RP

UBC 807 7 0.16 0.43 1.12
UBC 808 4 0.09 0.05 0.40
UBC 810 10 0.15 0.57 1.72
UBC 826 9 0.36 10.71 4.64
UBC 828 11 0.27 4.45 3.80
UBC 834 10  0.30 8.69 4.84
UBC 835 7 0.12 0.20 0.96
UBC 841 6 0.34 10.04 3.92
UBC 843 6 0.09 0.08 0.48
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UBC 845 5 0.30 3.43 2.36

UBC 848 7 0.22 241 3.40
UBC 855 6 0.26 2.03 1.92
Total 88

Average 0.22 3.59 2.46

4.3.2. Interspecific genetic variability as revealed by RAPD and ISSR markers.

Both RAPD and ISSR markers were used to access any variations within all seven populations
as well as at the species level of G. glabra indicated in Table 4.6 and Table 4.7. From the
findings, it was observed that genetic polymorphism (100%) was high at the species level, as
revealed by ISSR while with RAPD it was recorded at 97.43%. At the species level, the
observed number of alleles (Na) for RAPD and ISSR were RAPD=1.9743, ISSR=2.0000;
number of effective alleles (Ne) for RAP was 1.0788 and that of ISSR was 1.2111; Shannon
information index (1) was 0.0710 with RAPD and 0.1555 and ISSR; Nei’s gene diversity (H)
for RAPD=0.1518 and ISSR=0.2747. However, the diversity at population level were low
with only an average of 20.63% (RAPD) to moderate with an average of 41.49% (ISSR).

4.3.3. Level of genetic disparity and its interactions.

With RAPD, 0.0441 was obtained for the genetic diversity within population (Hs) and 0.0518
for total genetic diversity (Ht). With ISSR, Hs value stood at 0.1122 and H; was 0.1447. The
genetic differentiation among populations (Gst) was found to be 0.1479 (RAPD) which
confirmed a moderately low genetic variation of 14.79% within populations. However, with
ISSR, Gst value was found to be higher at 0.2247, showing genetic variation of 22.47% within
the populations. The results indicated a substantially higher gene flow among the populations
with Nm value at 2.883 (RAPD) than with ISSR with its value recorded at 1.7255. The
outcomes of AMOVA (Fig. 4.2) disclosed that RAPD markers (85%) exhibited higher
variance within the population than did ISSR markers (81%). Genetic variation among
populations was low as exhibited by RAPD markers (15%) and ISSR markers (19%). At P=
0.003 and P=0.002, respectively, the differences for both RAPD and ISSR analysis was
statistically apparent (Table 4.8). Furthermore, Mantel's test was computed to consider any
link between genetic and geographic distance. However, it was found to be moderately

negatively correlated between geographical and genetic distance as shown by RAPD (r= -
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0.176 and P= 0.752) and ISSR markers (r= -0.247 and P= 0.799) (Fig. 4.3). The genetic

distance based on ISSR markers varied from 0.006 between H and D populations to 1.08

between P and D populations. However, based on RAPD it was found to be nil between K

and LK; K and D: and LK and D respectively, whereas, the maximum (0.026) was noted
between LP and K; LP and LK and between LP and D (Table 4.9).

Table 4.6. A comphrensive gene diversification and limitations in all the populations of G.
glabra by RAPD.

Populations Observ ~ Effecti  Shannon” Nei’s  PPB Ht Hs Gst Nm
edNo. veNo. s gene %
of of Informati  diversi
alleles alleles onlIndex ty (H)
(Na (Ne) )
LP 1.6914 1.2929 0.194 0.3080 69.14
P 1.0988 1.0275 0.0359 0.0209 9.88
L 1.0864 1.0201 0.0163 0.0291 8.64
H 1.5556 1.0894 0.0758 0.1443 55.56
K 1.0123 1.0023 0.0020 0.0037 1.23
LK 1.000 1.000  0.000 0.000 0.00
D 1.000 1.000  0.000 0.000 0.00
Average 1.2064 1.0617 0.0463 0.0723 20.63
Species  1.9743 1.0788 0.0710 0.1518 97.43 Total 0.05180.04410.14792.883

level

Where, PPB is percentage of polymorphic bands; H: is total genetic diversity; Hs is genetic

diversity within populations; Gst is the relative degree of genetic differentiation among

populations; Nm is the estimate of gene flow among populations.
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Table 4.7. A comphrensive gene diversification and limitations in all the populations of G.
glabra by ISSR

Population Observ  Effecti Shannon’ Nei’s PPB Ht Hs Gst Nm
s edNo. veNo. s gene %
of of Informati  diversi
alleles alleles onlIndex ty(H)
(Na) (Ne) U
LP 1.7234 1.4072 0.2479 0.3750 72.34
P 14468 1.2348 0.1479 0.2270 44.68
L 1.3298 1.1267 0.0852 0.1383 32.98
H 1.7447 1.1526 0.1177 0.2128 74.47
K 1.4255 1.1818 0.1171 0.1860 42.55
LK 1.1915 1.0860 0.0546 0.0861 19.15
D 1.0426 1.0246 0.0149 0.0224 4.26
Average 14149 1.0246 0.1122 0.1782 41.49
Species  2.0000 1.2111 0.1555 0.2747 100 Total 0.14470.11220.22471.7255

level

Where, PPB is percentage of polymorphic bands; H: is total genetic diversity; Hs is genetic

diversity within populations; G is the relative magnitude of genetic differentiation among

populations; Nm is the estimate of gene flow among populations.

Table 4.8. AMOVA showing the level of genetic disparity in G. glabra populations by
RAPD and ISSR markers.

Marker Source of Degree

Sum of Mean

Variance % of P

variations  of squares square components total value
freedom variance
RAPD Among 6 60.290 10.048 0.805 15 <0.003
populations
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Within 43 189.950 4.417 4.417 85 <0.003
populations

ISSR  Among 6 147.187 24531 2.174 19 <0.002
populations
Within 43 401.233 9.331 9.331 81 <0.002
populations

Fig. 4.2: Results of AMOVA exhibiting gene variation (A) RAPD showing 15% among and
85% within; (B) ISSR showing 19% among and 81% within the populations
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Fig. 4.3. Scatter plots of genetic and geographic distance among the populations (A) RAPD
(B) ISSR
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Table 4.9: Estimates of Nei’s unbiased measures of genetic identity, read above diagonal
and genetic distance, read below diagonal among the seven populations of G. glabra

obtained based on RAPD and ISSR and pooled data analyses.

RAPD

LP P L H K LK D Population

FHxAxE - 0.975 0.977 0.975 0.974 0.974 0.974 LP

0.025 FARxxEx - 0.998 0.996 0.998 0.998 0.998 P

0.024 0.002 FRxAxA - 0.997 0.999 0.999 0.999 L

0.025 0.004 0.003 FARxAxE0.997 0.997 0.997 H

0.026 0.002 0.001 0.003 FAxxRx - 1.000 1.000 K

0.026 0.002 0.001 0.003 0.000 FHrxAxA - 1.000 LK

0.026 0.002 0.001 0.003 0.000 0.000 FRxxxx D

ISSR

LP P L H K LK D Population

FhRxxARx - 0.948 0.967 0.968 0.944 0.953 0.951 LP

0.053 FHRxAExA - 0.940 0.927 0.908 0.908 0.891 P

0.033 0.062 FAxxEx - 0.988 0.957 0.975 0.981 L

0.032 0.076 0.012 FARxAxE 0 0.981 0.990 0.994 H

0.058 0.096 0.044 0.019 FHRxEAEx - 0.985 0.974 K

0.048 0.096 0.025 0.010 0.015 FHRxRRx0.991 LK

0.050 1.08 0.019 0.006 0.026 0.009 FRxxExX D
Combined
LP P L H K LK D Population

FRxxEx - 0.961 0.972 0.972 0.958 0.963 0.962 LP

0.040 FAxxEx - 0.968 0.960 0.953 0.952 0.946 P
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0.029 0.032 FHRxAxA - 0.993 0.977 0.987 0.990 L

0.029 0.041 0.008 FARxxAx - 0.089 0.993 0.995 H

0.042 0.048 0.023 0.011 FHRxAxA - 0.992 0.986 K

0.037 0.049 0.014 0.007 0.008 FRxAxA - 0.995 LK

0.039 0.056 0.010 0.005 0.014 0.005 FRxxxx D

4.3.4. Evaluation of clustering and principal coordinate analysis

The combined form of UPGMA cluster algorithm for both RAPD and ISSR based on Nei’s
unbiased genetic distances was evaluated to compare the genetic divergence between the species
and populations (Fig. 4.4). While LK, D, K, H and L are present in one major cluster, LP and P
populations are present alone. Population P and LP showed an inclination to deviate away from
the major cluster, with LP closer to L population. Population LK and D populations were found
in a sub-cluster within the major cluster which lie in close proximity to one another indicating
its genetic relatedness, with D population lying closer to the rest through H population. P
population was found closer to LK population. To further depict the relationship among all the
fifty individuals of the seven populations, neighbour-joining cluster analysis based on Nei’s
genetic distance was performed. Comparable outcomes were portrayed from the neighbour-
joining technique using both RAPD and ISSR data (Fig. 4.5). In both cases, most of the
individuals of the same population remained in same clusters indicating close relations,
genetically. However, some individuals were scattered and intermixed with individuals of other
populations, representing genetic diversity.

Principal coordinate analysis (PCoA) was carried out to confirm the genetic
differentiation as demonstrated by cluster analysis algorithms and to ordinate the genetic
distances amongst the individuals in the form of two-dimensional scatter plots. PCoA
scattergram generated for RAPD, ISSR and collective records (Fig. 4.6 A-C) exposed that the
total genetic variation for the first and second coordinates accounted for 17.07% and 7.18 %
based on RAPD. For ISSR, it accounted for 12.85% and 8.99% for first and second coordinates
whiles in the combined scatter plot, the first coordinate represented 10.54% and the second
coordinate portrayed 9.39% of the total genetic diversity. The representation of individual

genotypes in the scatter plot and cluster analyses were found to be concordant to each other. The
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individual genotypes of LP and P were observed to be dispersed independently while the
individuals of other populations were nested as a mixture.

Population structure on the basis of Bayesian cluster analysis was obtained as in Fig. 4.6.
At K = 3, it was discovered that the delta K value derived from STRUCTURE HARVESTER
was ideal (Fig. 4.5). The population structure obtained by using ISSR dataset revealed similar
pattern as that of UPGMA dendrogram combined tree. As depicted in the structure pattern, the
individuals were assigned into 3 different sets (Fig. 4.6). The individuals of populations LP and
L (Green colour) were classified in 1 group; the populations of P, H, and K (Blue colour) were
in another cluster while populations D and LK (Red colour) were assigned into yet another
cluster. In the UPGMA dendrogram P and LP were found to be deviated from the other

populations however, in STRUCTURE analysis, they were in one cluster.

LK
A D

& K

AL

— $ P

0.0200 0.0150 0.0100 0.0050 0.0000

Fig. 4.4. Dendrogram construction for all seven populations of G. glabra on combined RAPD
and ISSR data matrix following UPGMA.
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Fig. 4.7. Slope of log probability curve (AK) with maximum K value estimated at 3.
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1 2 3 4 5 6 7

Fig. 4.8. Allocation of all populations of G. glabra into three clusters with STRUCTURE at
K=3.

L 12 3 4 5 6 7 8 9101112 L 1314 1516 17 18 19 20 21 22 23 24 25

L 26 27 2829 30 31 32 33 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 4849 50

Fig. 4.9 A. Bands produced with UBC 807; L lane 1-10 are LP samples, lane 11-16 are P
samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples, lane 40-
44 are LK samples and lane 45-50 are D samples.

1 2 3 4 5 6 7 8 91011 12 L 13141516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 4849 50

Fig. 4.9 B. Bands produced with UBC 810; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.
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1 2 3 4 5 6 7 8 91011 12 L 13 141516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 3536 37 L 38 39 40 41 42 43 44 45 46 47 4849 50

Fig. 4.9 C. Bands produced with UBC 826; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.

1 2 3 4 5 6 7 8 910 11 12 L 13 141516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 48 49 50

Fig. 4.9 D. Bands produced with UBC 828; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.

1 2 3 4 56 7 8 910 11 12 1314 L 1516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 35 36 37 38 39 L 40 41 42 43 44 45 46 47 48 49 50
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Fig. 4.9 E. Bands produced with UBC 834; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.

1 2 3 4 56 7 8 910 11 12 L 13 1415 16 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 3536 37 L 38 3940 41 42 43 44 45 46 47 48 49 50

Fig. 4.9 F. Bands produced with UBC 841; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.

1 2 3 4 5 6 7 8 9 10 11 12 1.L13 14 1516 17 18 19 20 21 22 23 24 25

' o

H

26 27 28 29 30 31 32 33 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 48 49 50

Fig. 4.9 G. Bands produced with UBC 848; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.
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1 2 345 6 7 8 9101112 L 13 14 1516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 3233 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 48 49 50

Fig. 4.9 H. Bands produced with OPJ01; L=DNA ladder, lane 1-10 are LP samples, lane 11-16
are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples, lane
40-44 are LK samples and lane 45-50 are D samples.

1 2 3 45 6 7 8 91011 12 L 1314 1516 17 18 19 20 21 22 23 24 25

Fig. 4.9 I. Bands produced with OPJ04; L=DNA ladder, lane 1-10 are LP samples, lane 11-16
are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples, lane
40-44 are LK samples and lane 45-50 are D samples.
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1 2 3 45 6 7 8 91011 12 L 1314 1516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 48 49 50

Fig. 4.9 J. Bands produced with OPJ05; L=DNA ladder, lane 1-10 are LP samples, lane 11-16
are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples, lane
40-44 are LK samples and lane 45-50 are D samples.

1 2 3 45 6 7 8 91011 12 L 13 14 1516 17 18 19 20 21 22 23 24 25

26 27 28 29 30 31 32 33 34 35 36 37 L 38 39 40 41 42 43 44 45 46 47 48 49 50

Fig. 4.9 K. Bands produced with OPJ10; L=DNA ladder, lane 1-10 are LP samples, lane 11-
16 are P samples, lane 17-21 are L samples, lane 22-33 are H samples, 34-39 are K samples,
lane 40-44 are LK samples and lane 45-50 are D samples.

4.4. Discussion

For any breeding programmes or species introduction and for large-scale cultivation, prior
information at the gene level is an obligation (Tripathi et al., 2012). Hence, the genetic
diversity and population structure of cultivated species of G. glabra plant from northern India
were investigated using ISSR, RAPD and joint markers. Until now, both the markers have
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been efficaciously applied by the scientific community to appraise the hereditary variability
of medicinal flora from different regions (Shilpha et al., 2013; Rameshkumar et al, 2019;
Suyal et al., 2022). The markers were used in combination because it allows wider details of
the plant genomics as well as gives better knowledge and information on inferred data

(Izzatullayeva et al. 2014; Selyutina et al., 2021).

At the instance of analysis, RAPD showed PIC=0.14, MI=0.39 and RP=1.32 while
with ISSR, PIC=0.22, MI=3.59 and RP=2.46 were obtained. The results indicated that ISSR
markers were far more capable of divulging better information when revealing the genetic
variation in G. glabra populations. Similar outcomes have been reported in Ocimum spp.
(Patel et al., 2015), Hypericum L spp. (Ma et al., 2021) etc. The genetic variation within the
G. glabra populations was found to be low, as shown by Shannon’s information index (I) and
Nei’s gene diversity (H) by RAPD that revealed 0.0463 and 0.07723 while ISSR markers
revealed 0.1122 and 0.1782 respectively. The PPB values by both RAPD=97.43% and
ISSR=100% demonstrated an elevated genetic variation at the species division, while a
moderate range of genetic diversity was recorded at the population level with 41.49% of PPB
(ISSR) and a low level of variation was detected by RAPD at 20.63%. These results were
similar to previously reported literature on G. uralensis by using ISSR markers (Yao et al,
2008) and a little higher than perennial herb Plumbogo spp through RAPD and ISSR markers
(Panda et al., 2015). Likewise, these outcomes coincide with previously reported literature on
the genetic diversity of other species of the Fabaceae family, assumed from ISSR and RAPD
(Bishoyi et al., 2014).

The population of long-lived herbaceous plant species is expected to have a significant
genetic diversity (Nybom et al., 2000). However, self-pollinated plants tend to exhibit lower
levels of gene flow inferring a lower genetic variability (Govindaraju et al., 1989). The degree
of genetic differentiation (Gst) values obtained were relatively moderate to high, RAPD=
0.1479 ISSR=0.2247. These results revealed by RAPD were a little lower than the average
Gst = 0.19 for long-lived plants and average Gst =0.032 for dicots while the results based on
ISSR were higher than the average of perennial plants but a little lower than dicotyledons of
the same (Nybom and Bartish, 2000; Nybom, 2004). Gene flow (Nm) was higher
(RAPD=2.883, ISSR=1.7255), confirming low genetic variation in self-pollinated plants. The
results are in agreement with that of various phytogeographical populations of G. glabra
grown in Iran, as inferred by using AFLP markers (Hosseini et al., 2021) and also in the same

taxa collected different provinces of China, using SSR markers (Liu et al., 2019). Low total
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genetic variation (H;) (RAPD=0.0518, ISSR=0.1447) and (Hs) (RAPD=0.0441,
ISSR=0.1122) values as revealed by both markers may be due to the effect of sparse
population of G. glabra in India. Similarly, low genetic variation was reported in G. echinata
species as a result of less population in Turkey (Altay et al., 2016). Scarcely distributed plants
generally exhibit lower levels of genetic variability when compared to their counterparts in
areas with higher abundance due to genetic drift and restricted gene flow (Nybom et al., 2004).
This is confirmed by the outcomes of intraspecific variation analysis as exhibited by AMOVA
that displayed greater disparity in the hereditary elements in the individuals, as expected in
perennial plants (Hamrick et al., 1992). Since the species is a non-native plant, gene flow may
have happened as a result of the plants’ essential medicinal value, leading to their transfer
from one location to another and creating a restricted genetic base (Bishoyi et al., 2014).
Lower genetic disparity at the interspecific level is further substantiated by overlapping and
intermixing of genotypes as shown by PCoA and confirmed by cluster analysis, which is
parallel to previous reports (Heikrujam et al., 2017, Selyutina et al., 2021). The cluster
analysis of pooled data showed that the populations were not grouped by geographic distance,
denoting that there is no association between the genetic and geographical distance as verified
by Mantel’s test. This result corroborates with another research work (Shilpha et al., 2013,
Akcali Giachino, 2020). The dendrogram depicted that populations LK, D, K, H and L,
appeared in a major cluster, indicating a close genetic relationship. Populations of LK and D
were clustered next to each other which depicted a closer relationship between the two.
However, P and LP populations intended to move away from the major cluster exhibiting a
lesser genetic relatedness. The clustering pattern is comparable to that documented for G.
uralensis (Yao et al., 2008). The STRUCTURE result also did not vary much with the cluster
analysis. No distinct cluster was observed in accordance with their respective populations and
geographical locations. However, one of the reasons for the existence of admixture among the
individuals in all the populations can be attributed to the presence of high inter- and intra-
cohort gene flow. While in cluster analysis P and LP seemed to be isolated, they appear
grouped in the STRUCTURE, demonstrating that there is a possibility of having similar
origins for all the populations. Extremely low seed formation, longer seed germination with
selfing and occasional inbreeding could be involved in maintaining a narrow genetic base and
slower genetic diversification (Gustafsson and Gustafsson, 1994; Bishoyi et al., 2014). Thus,
based on the uncommon perennial life form and limited population density, this threatened
species should be prioritized for intense protection and conservation, considering its high

medicinal niche in Ayurveda.
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4.5. Conclusion

This is a first comprehensive report on RAPD and ISSR markers-based population
genetics and structure to appraise the degree of genetic variability of G. glabra from Northern
parts of India. The investigation depicted a substantial disparity at intraspecific and a
moderate variation in the hereditary materials among the population. Measures and strategies
including, ex-situ conservation and cultivation need to be established to manage the existing
genetic base, enhance the population and acclimatize to the fluctuating surrounding settings.
The present results authenticate that RAPD and ISSR markers have the ability to measure the
heritable information of G. glabra. The evidence obtained from the study could certainly
contribute to the knowledge of genetic materials, which would be helpful in management of

the species and in devising any breeding programs for the species to thrive well in India.
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CHAPTER 5
Mass propagation of high yielding glycyrrhizin containing licorice (G. glabra L)

through in vitro tissue culture technique.

5.1. Introduction

Glycyrrhiza glabra Linn. (Family Fabaceae), is a lucrative undershrub with a variety of
pharmaceutical values. Diverse bioactivities, mostly from G. glabra root extracts are well
reported. The herb has demonstrated anti-diabetic properties (Pratama and Gusdinar, 2019),
anti-ulcer (Jalilzadeh-Amin et al., 2019), anti-oxidant (Martins et al., 2015), anti-microbial
(Jafari-Sales et al., 2018), anti-cancer (Goel et al., 2021), anti-inflammatory (Vasanth et al.,
2020) and anti-viral activities (Srivastava et al., 2020). The chemicals contained in licorice
have gained attention recently due to their numerous uses, including those in pharmaceuticals,
the food industry, and cosmetics. It is prevalent throughout the Mediterranean, as well as in a
few areas of Asia and Europe. The plant is extensively grown in some European nations,
although it is only sporadically grown in nations like India (Parvaiz et al., 2014). Even if the
use of licorice in the Ayurvedic therapeutic community is well established and dates back
millennia, little to no determined effort has been made to develop effective farming practises
and conservation measures (Badkhane et al., 2016). According to a report, we still depend on
other countries for the stolons and rhizomes (Sharma et al., 2010). A greater overexploitation
of medicinal plants from their natural environment is perceived at a fast pace. According to
an estimate, over 70% of therapeutic crops are harvested destructively (Sharma et al., 2010),
G. glabra being one of them. Moreso, ruinous or unreasonable manipulation of collection of
plants stresses out the persistence of the species. G. glabra is now an endangered species in
Mongolia (Chunhua et al., 2010) and Bulgaria (Kozhuharova et al., 2017). Yet, because of its
high demand and harsh harvesting methods, it has become a threatened species in Iran
(Hosseini et al., 2021). Using diverse biotechnological tactics for the preservation and
management of plant species should be regarded as part of conservation strategies and
resource management (Chen et al., 2016). In order to restore the population of high-yielding
medicinal plant species that have been depleted, it is essential to create effective large-scale

multiplication techniques (Moraes et al., 2021).

Stolons or rhizome cuttings are frequently used to breed G. glabra, despite showing a
detrimental effect due to the longer duration taken to mature and harvest the rhizomes plus
persistence rate is only about 40-50% (Sharma et al., 2010). Additionally, the asexual cloning
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of G. glabra is hindered by the few seeds per pod, low seed germination and growth, as well
as cost (Wang et al., 2013). Thus, ordinary routes for propagation of the plant species are not
effective. The plant tissue culture approach, on the other hand, is seen as a sustainable method
for generating exceptional, immune plants for bulk multiplication for the welfare of both
consumer and farmer communities. Consequently, it is essential to create a successful in vitro
propagation technique for mass multiplication in order to balance off the damaging
manipulation and, furthermore, to retain the genetic consistency of this important therapeutic
plant (Ramak et al., 2011; Savitikadi et al., 2020). Molecular markers have widespread
applications in medicinal herb community for establishing linkage maps and various breeding
programs (Kordrostami and Rahimi, 2015). Numerous researchers have validated the analogy
of in vitro plantlets to donor source in all respects, among various plant species using
molecular markers. ISSR markers have been shown to be very useful in determining gene
variability, gene tagging, genomic maps, fingerprinting and others (Pradeep Reddy et al.,
2002; Bakshipour et al., 2019). They are easy to use, highly informative, economical and
valuable (Pathak et al., 2012). ISSR markers have demonstrated efficacy in revealing
homogeneity of hereditary components between cultured plantlets and donors, in many
botanicals with therapeutic benefits including, Stevia rebaudiana, a natural sweetner (Lata et
al., 2013); Ochreinauclea missionis, an endemic plant (Chandrika and Rai, 2009);
Corallocarpus epigaeus, an endangered plant (Vemula et al., 2020); Lilium davidii, also an
edible plant (Yang et al., 2021) to name a few. Several researchers have documented the
successful in vitro multiplication of G. glabra however, only sparse reports are available on
the genetic fidelity estimation of tissue-cultured G. glabra plantlets (Mehrotra et al., 2012).
Based on the aforementioned viewpoint, the experiment was designed to create an effective
plant regeneration strategy for G. glabra mass propagation. Somaclonal differences in the
progenies were also ruled out by ISSR and phytochemical resoluteness was examined with

HPTLC between cultured plantlets and donor plant.

5.2. Supplies and techniques

5.2.1 Plant resource and explant decontamination

Plants growing in CSIR- CIMAP, Lucknow were selected as the donor plants for the study.
The nodes having axillary buds were preferred as the explants for the experiment. After
washing the explants under running water to remove any surface debris or microorganisms,
they were then submerged in tween-20 solution containing 0.5/100 mL/mL distilled water

(DW) (10 min) trailed by medication with bavistin solution, probably containing 2 gm in 100
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mL (DW) to protect them from fungus for an additional 10 minutes. Finally, all chemical
residues were removed with distilled water. To further eliminate all the pollutants, the effects
of two disinfectants, HgCl» 0.1g/100mL and Ca (OCIl). 5g/100mL, were then checked for a
few times varied times under airflow hooded workstations. The explants were then rinsed

with distilled water that had been autoclaved.
5.2.2. Growth broths, growth settings and bud formation

Growth broth was made up of MS (Murashige and Skoog's, 1962) that had been augmented
with 3% (w/v) sucrose and 0.8% agar as well as many plant growth hormones and used in
variable doses. The media was autoclaved (121°C) for 15 minutes and maintained acidic (5.7).
Then, the cultured jars were kept in a continuous lit environment using cool-white fluorescent
light at a rate of 50 u mol m -2 s -1 at a temperature of 25 + 2 °C. The disinfected nodal
portions of the plant were divided into lengths of 2 cm and immunised in growth base,
previously treated with varying doses of cytokinins including BAP and kinetin with altered
doses for encouraging bud rejuvenation. Through 1 month and half, the frequency of the effect

of hormones on the buds were noted.
5.2.3 Shootlet enhancement and root formation

Transferring to new jars was carried out by inserting in new growth base containing 6 BA of
concentration 1.5 mg/L and altered measures of IBA starting from 0.10 to 1.50 mg/L in order
to induce shoot multiplication. The secure young plants were then immunized in MS base or
50% MS base broth, both of which were enhanced with IBA in different dosages (0.10-1.50
mg/L) and 05% sucrose, for root induction, and monitored the growth for around 2-3 months.
In every instance, PGR-free media were used as controls. After six weeks, the root reaction
was evaluated. Next, the plantlets with healthy roots were put to the test to acclimatize.

5.2.4 Adaptation to natural settings

The regenerants with good roots were washed to eradicate any remaining agar and
transplanted in small pastic cups filled with vermiculite. All those plants that endured were
transferred to small bags filled with two parts of topsoil and a part of medium grain sand. The
plantlets were housed in environmental chambers by maintaining adequate settings for about
14 days. Slowly, the young plants that persisted were finally relocated to conservatory to

expose them to native surroundings.
5.2.5 Evaluation of heritable steadfastness
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Randomly chosen micropropagated plantlets were outlined for testing genetic conformity and
gauged using an ISSR approach based on PCR. Separation of nucleic DNA from nascent
leaves of the mother and in vitro acclimated plants were carried out by a slightly modified
CTAB technique (Doyle and Doyle, 1990). Just 7 of the 15 ISSR primers were evaluated for
scoring bands. An optimised 20 uL PCR mixture containing 0.5 U Tag DNA was utilised for
each reaction in a thermocycler under optimised PCR settings according to objective two. The
DNA molecules of all plant samples were separated in a gel electrophoresis by adding ethium
bromide (EtBr) to 1 X TBE buffer for illumination of DNA bands. Electrophoresis (Bangalore
Genei, India) was accomplished within 3 hours at about 90 volts and finally, the gel images
were envisaged with UV source through gel documentation system (Bio- Rad, USA). A 100
bp DNA ladder (Bangalore Genei, India) was applied in one of the well to estimate the size
of DNA molecules. Reproducible and clear DNA amplicons were documented for preparation
of binary data matrix.

5.2.6 Phytochemical analysis

5.2.6.1. Sample preparation

The rhizomes of G. glabra plants were processed into a fine powder with the aid of a home-
based crusher. The root powder was soaked in ethanol solution (1:1) for 1 day 24 h in normal
settings. The separated filtrates were then dehydrated completely in an evaporator at 40 °C.
The extract was diluted with ethanol, filtered through syringe mesh and then quantitative
estimation of glycyrrhizin was done with the help of HPTLC (Mallavadhani et al., 2019).

5.2.6.2. HPTLC conditions and evaluation of glycyrrhizin

By using a modified version of the HPTLC method reported by Mallavadhani et al., (2019),
the extent of glycyrrhizin in the extracted samples was assessed. Stock solution (1 mg/mL)
strength was made with 10 mg of standard glycyrrhizin by combining with 10 ml of ethanol.
A TLC scanner connected with winCATS software, Linomat 5 applier and a needle for
spotting were inclusive of the HPTLC. At a dosage rate of 100 nL/s, every spotting (2.0 uL)
of the sample was applied to the plates with a band width (6 mm). Afterwards, the panes were
allowed to stand in a twin trough at normal ambience while being drenched with the mobile
phase. The experiment employed ethanol as the solvent, n-butanol, water and glacial acetic
acid (70%, 20% and 1%) by volume as the eluent and silica gelled TLC plates as the stationary
phase. Skimming of bands was performed at wavelength of 254 nm and the bioactive

compound was spotted at Rr (0.35).
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5.2.7. Data prediction

Throughout each trial, 10 explants were used in triplicates for each treatment. Along the
experiments, morphological changes were observed and noted regularly. The detailed records
were then fed to SPSS for ANOVA and at 95% confidence interval, assessed with post hoc
test.

5.3. Results and discussion
5.3.1 Explant decontamination and de novo generation.

External sterilisation of the node pieces with 0.1% HgCl> for 3 min. was observed to be the
most suited for producing most robust shoots, with a survival rate of 88.78%, according to
early testing using HgCl> (0.1 g/100 ml) and Ca (OCl)2 (59/100mL) (Table 5.1). Both an
increase in the exposure time to HgCl2 and decrease in the same exposure period, as well as

all Ca (OCI). treatments, resulted in infection or browning of the explants.

The greatest mortality rate (98.24%) was seen after a 1-minute treatment with 5% calcium
hypochlorite. However, the survival rate improved with longer Ca (OCl). therapy periods.
(Bello et al., 2018). As demonstrated in Table 5.2, when the sterilised explants were
transferred to cultures with various doses of BAP and Kn, they showed differential response
frequencies. In PGR-free media, the explants failed to exhibit shoot initiation. Effective
morphological changes, were visible in the presence of PGRs within a week of the
inoculation. After three weeks, the shoot initiation on MS basal with 6-BA of 1.50 mg/L
displayed the highest mean shootlets at a rate (96.45%). Hence, for further shoot proliferation
treatments, this concentration was chosen. The frequency was significantly decreased when
the explants were grown in media with lower or higher does of cytokinin-6-BA. Comparably,
in Holostemma ada-kodien highest bud break in 6 BA at 1.50 mg/L was reported (Martin,
2002). There are also claims that G. glabra shoot development was more successfully induced
by MS basal enchanced with weaker 6 BA. When treatment changed to kn (0.50-3.50 mg/L),
all the samples countered some growth. Nonetheless, when decontaminated nodes were
injected to fresh media containing Kn (0.5mg/L), the least frequency of shoot growth was
observed (17.34 %) in our case which was in congruence with the observations that at more
kinetin dosage, response frequency was also elevated (Arya et al., 2009). The diverse
morphogenic changes of the botanical, de novo is portrayed in Fig. 5.1 (a-j).
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Table 5.1. Treatment of nodal explants with different concentrations of chemicals and time

in minutes to optimize surface sterilization.

0.1% HgClo/m 5% CaOCl2/m % contamination

0 - 100+0.00
1 - 89.02+0.01
2 - 57.19+0.03
3 - 11.22+0.02
100+0.00
98.24+0.02
76.68+0.01
39.05+0.02

1
w N = o

Table 5.2. Impact of growth hormones on G. glabra nodes during shoot rejuvenation
(Ayangla et al., 2022)

MS + PGRs in mg/L Frequency of Mean No. of Mean shoot

BAP Kn shoot shootstS.E length£S.E
induction (%) (cm)

0 - 00.00+0.00 0.00+0.00 0.00+0.00
0.5 - 69.45+0.04 1.45+0.13 1.68+0.24
15 - 96.45+0.20 3.33+0.29 4.78+0.11
2.5 - 50.77+0.56 2.29+0.15 4.08+0.35
3.5 - 42.65%0.19 3.28+0.16 2.86+0.11
- 0 00.00+0.00 0.00+0.00 0.00+0.00
- 0.5 17.34+0.10 2.13+0.12 3.93+0.30
- 1.5 24.48+0.58 2.36%0.13 3.40+0.26
- 2.5 46.60%0.75 1.61+0.16 3.14+0.22
- 35 68.66+0.39 1.8340.33 1.35+0.02
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For each experiment, ten explants were cultured and it was carried out three times. Post

dhoc test was conducted, with mean values significant at p=0.5.

Table 5.3. Impact of growth hormones on G. glabra nodes during shoot proliferation
(Ayangla et al., 2022)

MS + PGRs Conc. in Frequency of Meanshoot  Mean length +
BAP + [BA mg/L proliferation  for each S.E (cm)
(%) explantxS.E

BAP +IBA 0.0+0.00 00.00+0.00 0.00+0.00 0.00+0.00
BAP +IBA 15+0.00 46.92+0.34 2.81+0.22 3.49+0.17
BAP+IBA 15+0.10 53.87+0.36 1.68+0.21 3.96+0.32
BAP +IBA 15+0.50 99.74+0.26 6.26+0.05 7.47+0.12
BAP +IBA 15+1.00 62.26+0.03 3.93+0.33 5.16+0.05
BAP +IBA 15+150 31.66+0.02 2.81+0.43 3.50+0.26

For each experiment, ten explants were cultured and it was carried out three times. Post

dhoc test was conducted, with mean mean values significant at p=0.5.

Combining cytokinin and auxin is said to increase the responsiveness of G. glabra
shoot multiplication (YYadav and Singh, 2012). Consequently, after three weeks of culture, the
healthy plants were transplanted in fresh base containing 6 BA of 1.5 ppm and altered doses
of IBA, 30g/L sucrose and 7g/L agar for the purpose of promoting shoot multiplication. The
best response rate (99.74%) was obtained with the BAP (1.5 ppm) and IBA (0.5 ppm), which
also produced the highest mean shoots of 6.26 and mean length of 7.47. The lowest mean bud
of 1.68 and length of 3.96 cm were obtained with IBA concentrations as low as 0.1 mg/L
(Table 5.3). Relatedly, numerous studies have shown that minute doses of 6 BA and IBA have

a beneficial collegial result on shoot multiplication (Martin, 2002; Ramak et al., 2011).

The well-developed regenerants were sub-clultured in two different MS basal types
with variation in IBA dosage, augmented with sucrose 50g/L, for effective root induction.
Root generation of sugarcane was found to benefit from the addition 5% sucrose to culture
conditions (Gopitha et al., 2010). It was observed that root development in semi-solid MS
culture conditions was preferable to full strength (Table 5.4), which concur the observations
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in root regeneration documented (Thengane et al., 1997; Arya et al., 2009). Transferring the
botanical in semi-solid base along with IBA of 1.0 ppm, highest root frequency of 92.36%
was observed with 3.98 roots on each planted model and a length of 4.99 cm. Nevertheless,
the culture media with with IBA (0.5 ppm), the rhizome measure was maximum with 8.23
cm. Numerous researchers have noted that lower IBA concentrations were observed to
increase the root records and length for each plant in a variety of medicinal plants, including
Psoralea corylifolia, G. glabra, Stevia rebaudiana, Rauwolfia serpentina (Anis et al., 2005;
Sawaengsak et al., 2011; Laribi et al., 2012; Susila et al., 2013).

The plantlets were transferred to pots under controlled atmospheric conditions and finally
transplanted to polybags containing sand and soil mix in order to acclimatise the newly
sprouted plants to normal natural settings. After two weeks, the vigorous, acclimated plants
were grown successfully in the open (92% survival rate). The acclimated saplings were
revealed to be equivalent to their mother plants in all respects, without any dissimilarity in the

morphology.

Table 5.4. Impact of growth hormones on G. glabra nodes during rhizome initiation
(Ayangla et al., 2022)

Solid Semi Frequency Mean Length £
MS + solid of rhizome rhizome on S.E (cm)
IBA MS+IBA development each

(mgL?) (mgL™) (%) explant+S.E

0.0 0.0 00.00+0.00 00.00+0.00 00.00+0.00
0.1 - 18.00+0.36 0.91+0.26 1.54+0.21
0.5 - 28.63+0.13 3.64+0.53 2.61+0.39
1.0 - 30.16+0.06 2.65+0.20 1.74+0.01
1.5 - 44.46+0.22 1.61+0.31 1.43+0.23
0.0 0.0 00.00+0.00 00.00+0.00 00.00+0.00
- 0.1 33.11+0.51 1.37£0.15 1.86+0.41
- 0.5 70.13+0.02 2.61+0.27 8.23+0.12
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- 1.0 92.36+0.12 3.98+0.37 4.99+0.28

- 1.5 50.73+0.27 2.97+0.48 3.39+0.06

For each experiment, ten explants were cultured and it was carried out three times. Post

dhoc test was conducted, with mean values significant at p=0.5.

Fig. 5.1. Different phases of in vitro sprouting in G. glabra: (a, b and ¢) Shoot rejuvenation (d,
e and f) Shoot proliferation and growth (g) Rhizome initiation (h) Hardening in poly bags (i
and j) Shoot and rhizome development in one and a half month.

5.3.2 Genetic conformity of micro propagated plants

One of the main issues with tissue culture technique is the prevalence of somaclonal
variation which occur due to minute alterations in the nucleotides or a locus (Biswas et al.,
2022). Maintaining the homology in hereditary elements in the cultured-grown plants is
crucial and necessary for any plant regeneration operations (Bakhshipour et al., 2019).
Therefore, in the current investigation, the genetic consistency of ten randomly chosen
plantlets that had been acclimated were compared to the parent plant using few ISSRs.
Altogether, seven markers were utilized that characterised the DNA bands with 46 amplified
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fragments, ranging from 5-8 bands with an average of 6.57 bands for each marker (Table 5.5).
The lowest product was produced by ISSR 6 (five amplicons), while the highest bands were
produced by ISSR 4 (eight amplicons) as shown in the table. In the study, monomorphic
banding pattern was exhibited by all the ISSR primers in both in vitro produced plants and
donor plant, indicating that micropropagated plants are genetically indistinguishable to their
mother plants (Fig. 5.2). The findings confirm that de novo rejuvenation through meristematic
propagation is more advantageous for attaining analogous true-to type duplications (D’ Amato
and Bayliss, 1985). We did not observe any somaclonal variability, monomorphic banding
pattern was detected in the ISSR experiment. Parallel observations in ISSR — based inherent
stability tests in micro-clones have been successfully demonstrated in numerous
commercially important therapeutic plants, such as, Ochreinauclea missionis (Chandrika and
Rai, 2009), Stevia rebaudiana (Lata et al., 2013), Moringa peregrina (Khateeb et al., 2013),
Abutilon indicum (Seth and Panigrahi, 2019), Solanum khasianum (Chirumamilla et al.,
2021), Lilium davidii (Yang et al., 2021).

Table 5.5. ISSR primers used in evaluating genetic stability in the regenerants of G. glabra

S. Primer 5'- 3" sequencing No. of Total scale of
No code scorable bands amplified
bands (bp)
per
primer
1 ISSR 4 ACACACACACACACACC 8 100 - 800
2 ISSR 5 TGTGTGTGTGTGTGTGA 7 100 - 650
3 ISSR 6 AGAGAGAGAGAGAGAGYT 5 200 - 800
4 ISSR 8 AGAGAGAGAGAGAGAGYC 6 150 - 500
5 ISSR 10 CTCTCTCTCTCTCTCTRG 6 100- 600
6 ISSR 11 CACACACACACACACARG 7 100 - 700
7 ISSR 13 ACACACACACACACACYT 7 180 - 600
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Fig. 5.2. A fingerprint profile by ISSR 8 of G. glabra with DNA marker (Lane L), donor plant

(Lane P), arbitrarily picked micro-clones (Lane 1-9).
5.3.3. Biochemical fidelity

Evaluations of biochemical homogeneity in mother plants and clones is crucial for the
hypothesised culture to be successful. The biological components contained in the botanicals
are what give them their curative properties. In the present investigation, HPTLC was used to
quantitatively analyse glycyrrhizin yield. On the basis of the spiked area, the glycyrrhizin
concentration in the extracts of roots from the donor and the regenerated plantlets was
determined. The HPTLC results displayed that the total of glycyrrhizin in the plantlets was
0.076%, which was proportional to the yield of the parent plant (0.0752%) (Fig. 5.3).
According to the present research, plants grown using a particular technique do not have any
detrimental impact on the production of glycyrrhizin. Equivalent investigations evaluating the
biochemical reliability of other medicinal herbs using HPTLC have been reported in

Hedychium coronarium (Behera et al., 2018).

Fig. 5.3. HPTLC fingerprint profile of in vivo rhizome extracts: G=glycyrrhizin standard, 1=

in vivo root, 2-10= in vitro roots.
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5.4. Conclusion

The current study reveals a straightforward, dependable, and effective micro-clonal
morphogenesis from axiliary nodes of the valuable commercial botanical, G. glabra. The
revived microplants with the developed process were also assessed for genetic integrity
because any breeding procedure must unquestionably preserve genetic consistency. Contrary
to some reports that found modest polymorphism, the current investigation found no genetic
variation. Correspondingly, the consistency of the most active principle i.e., glycyrrhizin was
compared between the mature plant and plantlets by HPTLC. The suggested in vitro method
can be used to genenerate in bulk, without any differences in the bioactive compound and
hereditary materials to maintain and sustainably grow plant G. glabra.
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SUMMARY AND CONCLUSION

G. glabra L. also known as licorice/ sweet root, is one of the most important and oldest
medicinal herbs used in its crude form in various drugs and herbal formulations across the
world, including, India. The most active bio-component of this plant, glycyrrhizin, is found
in the rhizomes and is widely utilised as a seasoning and sweetening agent in the culinary
industry and confectioneries. In recent times, demand for natural products, including licorice
has been on the rise. However, as a requirement for medicine, glycyrrhizin content has to be
over 2.5 % which makes it pertinent to search for the best raw material in terms of glycyrrhizin
content and intensity of sweetness. Since, harvesting of the rhizome/stolons for obtaining
glycyrrhizin, is rather destructive, it can deplete the populations of the plant which will
eventually lead to extinction. Nowadays, many countries have assigned the plant for
protection and conservation as the plants have become threatened or endangered. In India, the
plant populations are quite limited as the species is hon-native but yet the plants have a long
history in Ayurveda. This made it more important to delve to the core of the genome of the
species so that knowledge on the genetic variation can be tapped to develop successful
breeding programmes and to improve the crop. Further, with the intervention of in vitro tissue
culture technique, the demand, cost and supply of elite G. glabra plants can be resolved in a
shorter duration. Mass propagating the elite plant species would enable incessant supply for

cultivation or ex-situ conservation for a wider scope.

For the purpose, a comprehensive study was planned and implemented to optimize
methods to estimate the maximum vyield of glycyrrhizin, evaluated interspecific and
intraspecific genetic variation of G. glabra species, aimed to contribute information on the
genetic resources for efficient management of the crop and developed a simple and efficient

revival of the species.

Secondary metabolites occur in very small amount, hence, to ensure high quality and
quantity of bioactive compounds optimization is required. To this end, optimization of various
factors that affect the extraction processes were considered by RSM (response surface
methodology) and compared with ANN. Through preliminary Plackett-Burman design,
significant variables viz., time, temperature, solvent composition, solid to solvent ratio were
subjected to central composite design (CCD). Estimation of the glycyrrhizin yield was done
with the help of optimized HPTLC technique. The ideal conditions for maximum yield of
glycyrrhizin through RSM was found to be fifty-five-degree celcius, for forty-five minutes of
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separation with 55 mL of ethanol solution and at 30 mL for a gram of solute in approximation.
The proposed model was found to be appropriate since a good agreement was drawn between
experimental (0.76%) and predicted (0.751%) percentage of glycyrrhizin. On comparison
between RSM and ANN performance wise, ANN modelling was found to be far better in
optimizing the glycyrrhizin yield.

For screening of the elite population producing the highest glycyrrhizin yield, G. glabra
rhizomes were collected from 12 geographical locations across 6 states of India viz., Punjab,
Haryana, Delhi, Himachal Pradesh, Uttar Pradesh and Maharashtra. A total of 66 samples
were collected including, Haryana Mulhati-1 from HAU, Hisar and Mishree from CIMAP,
Lucknow during 2018-2020. The samples were approximately 2-3 years old which were
collected at fall and winter months. Extraction was done by green method i.e., microwave
assisted extraction method and quantification of glycyrrhizin was done by HPTLC method.
An average of 1. 38% of glycyrrhizin yield was observed from the experiment. As evidence
from the result, concentration of glycyrrhizin was found to be slightly higher in Lucknow
samples (2.18%) followed by Kurukshetra (2.12%) and the least amount was observed in the
accessions from Pune (0.07%). In the study, Haryana samples showed glycyrrhizin
comparable to Lucknow populations which may be attributed to similar climatic conditions
in the two locations. Variations in the glycyrrhizin accumulation was observed which may be
due to various environmental factors. This was validated by evaluating relationship between
glycyrrhizin yield and various environmental variables, it was found that the compound
accumulation was found to have positive connection with latitude at P<0.05, R?=0.086 and
strong positive association with longitude at P<0.01, R?=0.104. However, contrary to some
report, in this case, effect of temperature on compound accumulation was ruled out. Variation
of the phyto-active compound in G. glabra may be therefore an interactive result of various

other elements such as soil characteristics, season of harvest, genes along geographic factors.

Since time immemorial, G. glabra has a long history with Ayurveda. Despite the
importance of the plant, less efforts are focussed towards cultivation and conservation of the
non-native medicinal plant. Till date, only limited efforts are being shown towards assessment
of genetic variation of G. glabra and if available are only scanty. Evaluation of genetic
diversity will demonstrate the magnitude of genetic foundation, allowing breeders to apply
the information for the crop improvement. Hence, in order to determine the genetic variation,
DNA-based molecular markers which are more advantageous than phenotypic and

biochemical markers were selected as they are free from any environmental interference. The
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study used RAPD and ISSR markers because of their ease of use, degree of polymorphism,
speed and cost effectiveness, and simplicity and efficiency. Altogether, 50 individuals
representing 7 populations were nominated from Punjab (Phagwara, Ludhiana, Patiala),
Haryana (Hisar, Kurukshetra), Uttar Pradesh (Lucknow) and New Delhi. DNA isolation of
juvenile leaves was done by modified CTAB method. For PCR analysis, amplification
conditions for both markers were optimized. In total, 9 RAPD primers and 12 ISSR primers
were screened for discrete amplifications. The marker information obtained for RAPD (PIC=
0.14; MI=0.39; RP=1.32) and ISSR (PIC= 0.22; MI=3.59; RP=2.46) revealed that ISSR
markers were much more effective in divulging information on polymorphism of the G.
glabra populations. ISSR produced PPB=100%, while RAPD showed PPB=97.43%,
depicting substantial blending of hereditary elements within the populations. A moderate
range of genetic diversity was recorded at the population level based on RAPD
(PPB=20.63%) and ISSR (PPB=41.49%). G. glabra is a perennial plant expected to have high
genetic diversity. Also, the plant has selfing mode of breeding for which gene flow is expected
to be lower. However, genetic differentiation (Gst) was found to be lower than gene flow (Nm)
in both cases, implying the movement of genes among the individuals than in between the
populations. Low genetic variation (Ht) and (Hs) values may be the effect rendered by limited
population of G. glabra in India. These findings are also in congruence with AMOVA results
that revealed more molecular variance within populations and less variation among the
populations. Gene flow may have occurred due to the movement of plants from one region to
another, attributed to medicinal value of the plant species. PCoA analysis and later UPGMA
cluster analysis supported the presence of low genetic variation by revealing overlapping and
intermixing of genotypes. The cluster analysis of pooled data of RAPD and ISSR revealed
differentiation of populations in one major-cluster. Clustering was not formed in accordance
with the geographical distance as revealed by Mantel’s test. In the dendrogram, LK, D, K, H
and L appeared in a major cluster, indicating close genetic relationship. LK and D populations
were clustered next to each other which depicted a closer relationship between the two.
However, P and LP populations intended to move away from the major cluster exhibiting a
lesser genetic relatedness. Results based on STRUCTURE were also in line with the
dendrogram. The STRUCTURE showed assigning of the individuals into three different sets
but exhibited admixture among individuals to some extent. The individuals of populations LP
and L (Green colour) were classified into one group; the populations of P, H, and K (Blue
colour) were in another cluster while populations D and LK (Red colour) were assigned to

yet another cluster. In the UPGMA dendrogram, P and LP were found to be deviated from the
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other populations however, in STRUCTURE analysis, they were in one cluster, suggesting
the possibility of having a similar origin for all the populations. Thus, considering its limited
population density in India, the plant has to be assigned for conservation and breeding
programmes have to be devised for improving the genetic variability of the species.

G. glabra is propagated asexually via rhizome cuttings and sexually via seed formation
and germination. However, due to fewer seeds per pod, low seed viability, high cost and slow
succession. Furthermore, practice of destructive harvesting to obtain glycyrrhizin from the
plant may lead to population depletion. Hence, strategies have to be developed to alleviate the
demand for and availability of superior plant stock at a faster pace. Towards this end, plant
tissue culture was chosen as means to abridge the exploitation and demand by mass-producing
the plants with genetic uniformity. The mother plant was obtained from Lucknow as it showed
a higher content of glycyrrhizin. For direct organogenesis using the in vitro tissue culture
approach, nodes with axillary buds were employed. For shoot initiation, effects of PGRs +
MS viz., BAP and Kn were evaluated for response frequencies. With BAP (1.5 mg/L),
maximum response rate (96.45%), shoots (3.33 cm) and length (4.78 cm) were yielded. For
shoot multiplication, maximum growth (99.74), shoot/explant (6.26 cm) and length of shoot
(7.47 cm) was observed with low doses of 6-BA and IBA. The best MS medium for root
stimulation were half-strength versions with 5% sucrose. When subcultured in improved basal
medium pooled with IBA (1.0 mg/L), the highest rate of rooting (92.36%) was perceived with
3.98 cm roots per explant and roots length measuring 4.99 cm. With IBA (0.50 ppm), we
observed maximum rhizome length of 8.23 cm. Genetic fidelity was investigated on the
acclimated in vitro regenerants with a 92% survival rate to rule out any somaclonal changes,
which is an unfavourable phenomenon in regenerates. A total of seven ISSR markers
produced distinct, clear and discrete amplifications ranging from 100 bp to 800 bp in size.
The resolution of monomorphic banding patterns by all the markers demonstrated the
consistency in heritable elements in the arbitrarily picked regenerates and donor. The genetic
soundness was established since no genetic disparity was observed, nor polymorphic banding
was seen. Furthermore, biochemical fidelity was also evaluated by means of HPTLC to check
the consistency of glycyrrhizin content in the tissue cultured raised plantlets and donor plants.
Glycyrrhizin yield in the regenerated plants exhibited (0.076%) which was akin to the
concentration found in the parent plant (0.0752%), according to HPTLC data. The
investigation showed that the proposed tissue culture methodology had no effect on the

glycyrrhizin accumulation. In order to preserve improved plant quality and the long-term
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viability of G. glabra, a producer of glycyrrhizin, the recommended method of

micropropagation could be applied.
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