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1. INTRODUCTION

Western Ghats or Sahyadri is one of the 25 “hotspots” of biological diversity in the
world (Myers et al., 1988; 2000). It is also declared as ‘world heritage site’ by United Nations
Educational, Scientific and Cultural Organization (UNESCO) because of its high number of
endemic plant species (Kumar et al., 2012; Gaikwad et al., 2014). Due to anthropogenic
pressures several plant species, especially the endemics have already been appeared in Red
Data Book of Indian plants (Nayar and Sastry, 1987, 1988, 1990). The Southern Western
Ghats are rich in endemic tree species and genera (Ahmedullah and Nayar, 1986; Nayar,
1996; Ramesh and Pascal, 1997; Myers et al., 2000; Puyravaud et al., 2003). Some of these
species are very narrow in their distribution and exist in a very few fragmented populations,
which lead to genetic depletion due to inbreeding (Charlesworth, 2003; Charlesworth and

Willis, 2009).

India is very rich in terms of biodiversity and its endemic plant species having 5,725
angiosperms, 10 gymnosperms, 193 pteridophytes, 678 bryophytes, 260 liverworts, 466
lichens, 3500 fungi and 1924 algae (Sanjappa, 2005). Floristically Western Ghats is one of the
richest in the country (Myers et al. 2000). Out of nearly 17,000 plant species recorded in
India, it is estimated that Western Ghats may have about 4,500 more flowering plants species,
of which nearly 1,700 (nearly 38%) of these are endemic (Nair and Daniel, 1986; Subbaiyan
et al., 2014). It is also estimated that about 63% of India’s woody evergreen taxa are endemic
to the Western Ghats (Johnsingh, 2001). The Southern Western Ghats are rich in endemic

trees species and genera, while herb species endemism appears to be more in the Northern



Western Ghats (Ahmedullah and Nayar, 1986; Nair, 1991; Nayar, 1996; Ramesh and Pascal,

1997; Daniels, 2001).

Western Ghats consists of various type of forests which includes tropical wet
evergreen, semi evergreen, moist deciduous, dry deciduous, mountain sub-tropical and
temperate sholas and grasslands (Champion and Seth, 1968; Chauhan, 2014). However, it is
reported that flora and wildlife in the Western Ghats region is under threat from various
sources. This includes threat from commercial forestry and other competing agricultural land
use options. Many studies noted that deforestation is quite high in the forests of Western
Ghats (Chattopadhyay, 1985; Gunawardene et al., 2007; Kumar et al., 2012; Reddy et al.,

2013).

Biodiversity is categorized into three fundamental levels such as ecological, species
and genetic by the International Union for Conservation of Nature and Natural Resources
(IUCN) (McNeely et al., 1990). The ability of population to adopt environmental changes
decreases due to human anthropogenic activities like habitat destruction, mass collection in
case of medicinal plants and logging which ultimately decreases the biodiversity on the earth
(Chung and Park, 2008). In this scenario, maintenance and conservation of biodiversity is

important and worldwide issue (Izawa et al., 2007; Sodhi et al., 2014).

The understanding of the level of genetic diversity and variation within and among the
populations is needed for conservation and sustainable utilization. Population genetic diversity
studies are essential for the research, conservation program and restoration of threatened

populations of critically endangered and endemic plants. Evaluation of genetic diversity plays



an important role for their conservation management (Hamrick and Godt, 1996; Francisco-

Ortega et al., 2000; Zonneveld et al., 2012).

Comparative population studies using molecular markers are essential to collect
information on the level and pattern of genetic diversity of wild plant species, which is the
initial step towards their conservation (Geburek, 1997). To obtain consistent information on
the existing genetic diversity, a number of reliable and widely used markers have been
developed for Phyllanthus species (Uma Shaanker and Ganeshaiah, 1997; Chaurasia et al.,

2009; Rout and Aparajita, 2010).

ISSR and RAPD analysis is a popular method for estimating genetic diversity in plant
populations with several advantages such as speed, low cost and the use of small amounts of
plant material. ISSR techniques are also best suited for most of the plants since no sequence
information is required (Huff et al., 1993; Zietkiewicz et al., 1994; Ge et al., 1999; Nybom
and Bartish, 2000; Kingston et al., 2004; Parab et al., 2008; Parab and Krishnan, 2009; Rout

and Aparajita, 2010; Patel et al., 2014).

The conservation of biodiversity is a universal issue, which is predicated by
governments and communities (Sinclair et al., 1995). Biodiversity can also provide financial
returns (Daily et al., 2000). Hence, it is essential to document and conserve these biological
resources to utilize them for the human welfare (Sahu et al., 2008; Htun et al., 2010; Thapa

and Chapman, 2010; Htun et al., 2011).

Ongoing development, upcoming industries and greedy nature of human for food and

shelter have caused great extinction of species. After the critical evaluation on their status and



threat perception, a compiled Red Data Sheets have made, which are published in five

volumes of the Red Data Books of Indian Plants (Nayar and Sastry, 1987, 1988, 1990).

The critically endangered (CR) and endemic plant species are valuable natural
resources due to habit specificity, most of the endemic plants are susceptible to habitat
deterioration and fragmentation. At present many endemics are considered to be at a high risk
of extinction and hence most of these are included in the IUCN conservation lists. It becomes
important to conserve these plant species by way of in-situ and ex-situ conservation measures

for their survival (Nevo, 1998; Volis and Blecher, 2010; Reed et al., 2011).

In the recent years, conservation of biodiversity is widely considered as a high priority
field and several research projects have been funded worldwide for their conservation. Genetic
resources are renewable, if proper care is taken for its conservation and management. For the
conservation of the biodiversity, one should be wise enough to use the natural resources and
conserve the natural ecosystem for sustainable development (Kessler et al., 1992). The
tropical and subtropical areas are very rich in terms of floral and faunal biodiversity (Barrett et
al., 2001; Slik et al., 2015). India, being at the tropical region of the Earth, is rich in terms of
biodiversity due to varied climatic and physical features. Conservation can be achieved by two
means: (i) in-situ conservation of species diversity in nature by establishing Biosphere
Reserves, National Parks, Sanctuaries, Sacred groves etc. (ii) Ex-situ conservation such as in-
vitro propagation, gene banks, botanical gardens, herbal garden, cryopreservation etc

(Pavendan et al., 2012; Bastin and Jeyachandran, 2015).

The in-situ conservation is more difficult and may not always be feasible due to

limitation of resources and accessibility of the area. Ex-situ conservation, on the other hand,
4



involves a higher degree of protection and consequently greater isolation of germplasm than
in-situ conservation. Even where in-situ conservation is carried out like biosphere reserves,
wildlife sanctuaries have been set up, the status of RET (rare, endangered and threatened)

species have not been systematically investigated.

To strengthen in-situ conservation of the 'CR' plant resources, the following three
factors are essential and may be incorporated in all conservation oriented programmes: (a)
Prevention of destruction of populations and their habitats; (b) Maintenance and enhancement
of the population level and variability; (c) Prevention of collection and excessive commercial

exploitation of species (Withers, 1990).

OBJECTIVES OF THE PRESENT INVESTIGATION

With the above background, the present study aimed to assess the populations of
Phyllanthus talbotii Sedgw. and Pseudoglochidion anamalayanum Gamble and to locate new
population in their geographical distributional range, ecology, phenology and find its
taxonomic position using molecular sequences such as ITS, matK, and rbcL. The efforts were
also made to develop simple and rapid regeneration protocol using in vitro propagation
techniques and also by vegetative propagation using stem cuttings, air layering and root

suckers.

As a part of the study, we have investigated the genetic variation of these two critically
endangered plant species using ISSR markers. Such information will contribute to the better
understanding of the genetic profile of the plant populations that can be used to develop

strategies for their conservation. This will also become a starting point for further research on



population and evolutionary genetics of these species. Hence, the present work was

undertaken with the following specific objectives.

1. To survey and estimate the populations, study the ecology (environmental and
phenological data) of the two critically endangered plants Phyllanthus talbotii and

Pseudoglochidion anamalayanum from Western Ghats.

2. To develop and standardize the protocol for vegetative propagation with stem cuttings
using various plant growth regulators for both Phyllanthus talbotii and Pseudoglochidion

anamalayanum.

3. To develop and standardize the protocol for in-vitro regeneration, mass multiplication,

hardening and field transfer of Phyllanthus talbotii.

4. In-situ conservation of Phyllanthus talbotii and Pseudoglochidion anamalayanum by
reintroduction into their natural habitats to establish new populations, enrich the existing

natural populations and monitor their growth and performance.

5. Assessment of genetic diversity and variations within and among the populations of
Phyllanthus talbotii and Pseudoglochidion anamalayanum using inter simple sequence
repeats (ISSR) molecular markers and systematic positions using molecular gene

sequences.
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2. REVIEW OF LITERATURE

2.1. Genus Phyllanthus

Phyllanthus L. is the largest genus in family Phyllanthaceae estimating over 1,270
species worldwide spreading over the Asian, African, Australian and American continents
(Unander et al., 1995; Govaerts et al., 2000; Mabberley, 2008; Kathriarachchi et al., 2006).
Hooker (1887) in his Flora of British India provided the first comprehensive taxonomic
treatment of this genus for India. Phyllanthus dominates the tribe Phyllantheae Dumort., being
the largest genus in the family Phyllanthaceae. It has a wide variety of floral morphologies
and chromosome numbers and has one of the widest varieties of pollen types than any other
plant genus (Webster and Carpenter, 2002). Despite their variety almost all Phyllanthus
species express a specific type of growth called "phyllanthoid branching™ in which the leaves
on the main (vertical) plant axes are reduced to scales called “cataphylls™ while leaves on the
other axes plagiotropic (horizontal), deciduous and floriferous (flower-bearing) develop

normally.

Earlier, Roxburgh (1832) described 25 species of Phyllanthus. Webster (1956, 1957,
1958) divided the genus into eight subgenera namely Phyllanthus subgen. Isocladus G.L.
Webster, Phyllanthus subgen. Kirganelia (Juss.) G.L. Webster, Phyllanthus subgen. Emblica
(Gaertn.) Kurz, Phyllanthus subgen. Phyllanthus L., Phyllanthus subgen. Cyclanthera G.L.
Webster, Phyllanthus subgen. Eriococcus, Phyllanthus subgen. Conami (Aubl.) G.L. Webster,
Phyllanthus subgen. Xylophylla Scheele and over 62 sections based on vegetative architecture

and pollen morphology in addition to floral characters (Kathriarachchi et al., 2006).



2.4. Geographical Distribution

Genus Phyllanthus is mostly confined to humid tropics of the world (Govaerts et al.,
2000). In India, 53 species of Phyllanthus has been reported (Gangopadhyay et al., 2007).
Phyllanthus is distributed in all tropical and subtropical regions of the Earth. Leaf-flower is
the common name for all Phyllanthus species (Bancilhon, 1971). Pseudoglochidion Gamble
belonging to family Euphorbiaceae and it is an endemic monotypic tree genus found in
evergreen forests of Anamalai hills of Valparai, Coimbatore District, Tamil Nadu, at an

altitude of 1400m.

2.5. Habit and Habitat

Phyllanthus species have varying habit to adjust different environmental conditions
showing remarkable diversity of growth forms and floral morphology including annual and
perennial herbaceous, arborescent, climbing, floating aquatic, pachycaulous and
phyllocladous. Phyllanthus species are known to occur globally, mainly tropical and
subtropical regions of the world. It is found growing in all kinds of habitats including areas
like yards, fields, roadsides, river side’s and all forest types because of its diverse growth
forms. Pseudoglochidion is a small tree, growing up to 10-12 m high. Mostly erect tree and
sometimes branched especially those found along the road sides. Habitat is very specific and
confined to evergreen forest with canopy density of 50 to 80%. The plants are found to be

absent where vegetation is very thick and canopy is multi-storied.



2.6. Chemical Constituents

Phyllanthus species have been traditionally used to cure a wide number of diseases. In
Indian ayurvedic medicine, various herbaceous Phyllanthus species are commonly known as
Bhui Amla, a name previously assigned to Phyllanthus niruri L. only. Bhui Amla is
prescribed for jaundice, gonorrhea and diabetes (internal use) as well as poultices, skin ulcer

and other skin problems (external use) (Naik and Juvekar, 2003; Samali et al., 2012).

Phyllanthus  primarily contains lignans (phyllanthine and hypophyllanthin,
urinatetralin, dextrobursehernin, urinaligran), alkaloids (phyllanthoside), flavonoids, terpenes
(Quercetin, Quercetol, quercitrin), tannin and polyphenolic compounds (methyl brevifolin
carboxylate, trimethyl ester dehydrochebulic acid, n-octadecane, beta-sitosterol, ellagic acid,
daucosterol, kaempferol, quercetin, gallic acid, rutin) (Williamson, 2002; Samali et al., 2012).
The current research has focused on Phyllanthus potential for the treatment of Hepatitis B
virus. Indeed, studies suggest that it may suppress the growth and replication of the virus

(Venkateswaran et al., 1987; Lam et al., 2005; Sheng et al., 2014).

2.7. Conservation of Rare and Endangered Plants

The major threat to 'CR' plant populations are human activities, land clearing for
agriculture, mining and urban development, weed invasion, grazing and collection of plants
for medicinal, horticulture and ethnobotanical reasons (Coates and Dixon, 2007). The habitat
fragmentation, removal of key species from the particular ecosystem, susceptibility to fire,

pollinator decline and introduction of undomesticated animals have resulted in drastic losses



in plant diversity and populations (Lienert, 2004; Thomas, 2004; Coates and Dixon, 2007;
Saw et al., 2010). Smaller population size, isolation of population due to habitat destruction
and forest degradation leads to significant losses of unique evolutionary lineages (Coates,

2000; Hopper, 2000; Charlesworth and Willis, 2009).

During the formulation of policies for conservation programmes, existing and future
environmental threats such as taxonomic distinctiveness, geographic distribution, habitat
specialization, reproductive biology, evolutionary processes influencing population structure
and ex-situ conservation methods should be taken in to consideration (Havens et al., 2006).
Ex-situ conservation is often taken as the key conservation aspects, but preservation of
germplasm off-site should be considered as an ‘emergency ward’ targeting at extinction of
those species under the immediate threat. Despite of off-site conservation such as seed and
germplasm banks and in-vitro propagation, the in-situ conservation and conservation via
assisted migration are the premier approaches for global biodiversity conservation (Havens et
al., 2006; Singh and Tekale, 2009). The effective conservation strategies must be developed to
avoid further loss of essential species and ecosystem (Havens et al., 2006). The adaptive
management approach was one of the useful methods for linking research to operational
practicality in management and restoration of species and ecosystems (Bormann et al., 2007).
Integrated conservation approach mainly depends on the understanding of ecological and

genetic studies, in-situ research and ex-situ propagation (Falk, 1990; Singh and Tekale, 2009).

2.8. Conservation of Plants Through Tissue Culture

The studies have been carried out for the conservation of endangered and rare plant

species through biotechnological tools. Plant tissue culture plays an important role in
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propagation and mass multiplication of ‘CR’ plants (Seeni and Latha, 2000; Decruse et al.,
2003). In vitro propagation under controlled laboratory conditions have proven to be a
potential technique for mass production of critically endangered plant species (Faisal and
Anis, 2003; Martin and Pradeep, 2003; Pacheco et al., 2009; Chandore et al., 2010; Sharma et

al., 2010; Rani and Dantu, 2012; Daniel et al., 2015).

2.8.1. Tissue Culture Studies in Genus Phyllanthus

The achievements and advances in in-vitro regeneration of the genus Phyllanthus are
reviewed. Bhattacharyya and Bhattacharyya (2001) used Murashige and Skoog's medium
(MS) supplemented with kinetin (KIN), 6-benzylamino purine (BAP) singly or in combination
with indole-3-acetic acid (IAA) to develop direct regeneration of shoots from shoot tip culture

of Phyllanthus amarus Schumach. & Thonn.

Banu and Handique (2003) developed protocol for in-vitro regeneration of medicinal
plants Phyllanthus fraternus G. L. Webster using nodal explants by MS medium
supplemented with 1 mg/L BAP and 0.2-0.3 mg/L IAA and rooting was achieved with 87%
of the micro shoots on MS medium containing 1mg/L IAA and 0.5 mg/L indole-3-butyric acid

(IBA). No rooting was seen without plant growth regulators.

Catapan et al. (2000) developed efficient micropropagation protocol for the medicinal
plant Phyllanthus caroliniensis Walter used nodal segments for axillary shoot proliferation.
Maximum regeneration (21-23 shoots per ex-plant) was achieved on MS or Anderson
Rhododendron (AR) medium supplemented with either 5 uM BA or 1.25-5.0 uM kinetin or

2.5-5 uM 2-isopentanyl adenine (2-iP). Rooting was achieved 80-100% of the micro shoots
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on MS medium without growth regulators, although 1.25 uM 1-naphthaleneacetic acid (NAA)

and 1.25-5.0uM TAA promoted significant increase in the number of roots per ex-plant.

Shekhawat and Dixit (2007) developed a protocol for large scale cloning and plant
production of Phyllanthus amarus. Explants such as nodal shoot segments were used. After
sterilization the explants such as axillary buds, meristem were inoculated on MS medium +
2.0 mg/L 6-benzylaminopurine (BAP). Multiple shoots of P. amarus were obtained on
modified MS (MMS) + 0.1 mg/L IAA + 0.5 mg/L each of BAP and kinetin. Rooting of in
vitro shoots was done on half-strength MS medium containing 2.0 mg/L IBA + 2.0 mg/L 1AA

with 100 mg/L activated charcoal, the success of rooting of shoots was 78%.

Malayaman et al. (2014) standardized tissue culture protocol for the medicinal plant
Phyllanthus debilis J.G. Klein ex Willd. by using explants such as leaf and inter nodal
segments on MS medium with different concentrations and combinations of various growth
regulators. Maximum callus was produced on the leaf segments after 45 days (82.5%) when
MS medium supplemented with BAP (3.5 mg/L), NAA (2.5 mg/L) and 2, 4-D (0.5 mg/L).
The inter-nodal callusing (80%) was recorded in MS medium contained 3.0 mg/L BAP, 2.0
mg/L NAA and 0.5 mg/L 2, 4-D. It was observed that when hormonal concentration is low the

explants produced scanty callus.

Catapan et al. (2002) developed an efficient micropropagation protocols for callus
culture and root culture of medicinal plant Phyllanthus urinaria L. by using single node
explants. Maximum multiple shoots i.e. 16 to 20 shoots per explants was achieved on MS

media supplemented with 5.0 uM kinetin. MS and AR (Anderson Rhododendron) media
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promoted good shoot growth and number of shoots per explants. Successful rooting was
recorded (93-100%) of the micro shoots on MS medium with absence of growth regulators,
although NAA concentration of 1.25-5.0 uM significantly increased the number of roots per
explants. After successful acclimatization of regenerated plant about 91% of plantlets survived
when transferred to the field. It was observed that micropropagated plants produced flowers
after 3 to 4 weeks of acclimatization. High amount of callus formation and growth was
achieved when single node explants were inoculated horizontally on MS medium with 5.0 uM
IBA. Growth regulators such as 2, 4-D and NAA also induced moderate callusing when used
separately. Establishment of root cultures was successful on MS medium containing 1.1 uM

NAA.

Chitra et al. (2009) standardized the protocol for indirect organogenesis by using
internodes and leaf bits of Phyllanthus amarus. Callusing of internodes and leaf discs were
obtained on MS medium supplemented with NAA and 2, 4-D. The sub culturing of callus was
repeatedly done at an interval of three weeks for four cycles. High amount of callusing was
obtained on MS medium supplemented with BAP (1.0 mg/L) and glycine (50.0 mg/L). When
the callus was sub-cultured on MS medium supplemented with BAP (2.0 mg/L) and GA3 (0.5
mg/L) showed complete plantlets formation. Rooting (87.09%) was successfully achieved
with IBA (0.5 mg/L) and IAA (0.5 mg/L) on half strength MS medium. Regenerated plants

were successfully transferred to field after acclimatization.

Victorio et al. (2010) developed a protocol for direct and indirect organogenesis of
Phyllanthus tenellus Roxb. by using nodal segments obtained in vitro germination of plantlets.

The nodal segments were subculture on modified MS medium along with different plant
13



growth regulators such as IBA, IAA, KIN and GAgs. The proliferation rate was high when used
in combinations like IBA, KIN + gibberellic acid (GA3) (3.5 mg/L) and IBA + KIN (2.4
mg/L). Rooting was achieved 100% after 45 days when media was supplemented with IBA

for rooting. MS medium in combination of 2, 4-D showed the production of friable callus.

Sen et al. (2009) developed an in vitro regeneration protocol for the medicinally potent
plant species Phyllanthus amarus by using nodal segment as explants. Maximum number of
multiple shoots i.e. 15.275+£0.96 was recorded on MS medium along with BAP 0.5 mg/L after
3 to 4 weeks of inoculation. The sub culturing was done by separating the shoots from the
main cluster for elongation (BAP 0.5 mg/L). In vitro rooting was achieved on half strength
MS medium in combination with IBA 0.5 mg/L. After acclimatization, the regenerated plants

showed 80% survival.

Thilaga et al. (2013) developed an efficient protocol to induce high frequency of
somatic embryogenesis from in vitro derived juvenile leaf tissues of Phyllanthus emblica L.
on MS medium. A total of twelve combinations of MS medium supplemented with different
plant growth regulators such as 2,4-D, IAA, BAP and kinetin in various concentrations.
Highest callusing (67.5%) was on media containing 0.45 uM 2,4-D along with 22 uM BAP.
After 60 days of inoculation, three distinct types of callus were induced (Type I, Il and Ill).
Callus after repeated sub culturing led to somatic embryogenesis. Maturation of somatic
embryos was achieved within two weeks when treated with 3.78 uM abscisic acid (ABA).
After that matured embryos were transferred to MS medium supplemented with 0.46 pM KIN
for the further development into healthy plantlets. After acclimatization about 90% plantlets

were transferred to field establishment.
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2.8.2. Conservation of Plants Through Vegetative Propagation

Vegetative (asexual) propagation has an advantage over the plants raised through seeds
because of zygotic seed formation. Plantlets developed through vegetative propagation has the
ability to maintain desirable traits (elite clone) and characters due to maintaining superior
genotypes which can increase the yield, disease resistance, survivability and quality of
products (Leakey and Newton, 1994; Mudge and Brennan, 1999). Other advantages of
vegetative propagation are shortening of flowering, uniform population and act as a source of
plant material for propagation when seed set is low or sometimes is the only means of
propagation (Mudge and Brennan, 1999). Other advantages of vegetative propagation include
shortening of flowering period and uniform distribution of their population. It also acts as
source plant material for propagation when seed set is low or sometimes is the only means to

propagate.

Vashistha et al. (2009) worked on high yielding medicinal and aromatic plant species
namely Angelica glauca Edgew. and A. archangelica L. (Apiaceae) from Himalayan regions.
Due to over exploitation their ex-situ cultivation is recommended for conservation, sustainable
supply of raw material for ethno-medicinal uses and pharmaceuticals companies. Vegetative
propagation protocol was standardized using root inducing hormones such as IBA, IAA and
GA; in different concentrations (100, 200 and 500 ppm). Among the hormones, IBA 100 ppm

responded better in both the species.
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Eganathan et al. (2000) developed a large scale propagation protocol for three
mangrove species: Excoecaria agallocha L., Heritiera fomes Buch.-Ham. and Intsia bijuga
Kuntze. by using stem cuttings and air layering. IBA alone up to 2500 ppm showed maximum
rooting in cuttings and also in air layers of all the three species. The month of October was
found to be best for plantation of cuttings and initiation of air layering. After hardening all the

plants were transferred into the mangrove forests of Pichavaram, Tamil Nadu, India.

Akwatulira et al., (2011) developed a protocol for vegetative propagation of
Warburgia ugandensis Sprague an important medicinal tree species whose bark is having anti-
bacterial and anti-fungal properties. This tree is considered to be threatened and therefore
becomes a priority species for conservation and management. During this study, three types of
stem cutting were used, viz; hardwood, semi-hardwood and softwood. IBA was used as a root
inducing hormone. The data on callusing, rooting, root length and shoot formation was
recorded over a period of 93 days. The results showed significant variation (p < 0.05) in root
and shoot development, number and length of roots and shoots and callus formation for
different stem cutting types. The softwood cuttings recorded highest percentage of callusing,
rooting and shoot regeneration (46, 49 and 57%) when compared to hardwood and semi-

hardwood cuttings.

Danu et al. (2015) standardized the vegetative propagation protocol for Paris
polyphylla Sm. an important medicinal plant of Himalayan region. Due to over exploitation,
pressure on the natural habitats required a conservation plan. The propagation method was

developed using different combinations of IBA and GAs; and various soil compositions.
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Combination of 100 mg/L IBA and 100 mg/L GA; showed maximum rooting percentage

along with the potting medium composition of soil: loam: sand (3:2:1).

Nadeem et al. (2000) developed a vegetative propagation protocol for Podophyllum
hexandrum Royle, a medicinal plant and highly valued for podophyllotoxin. Due to its heavy
collection and increasing market demand it has been over exploited in the wild. To standardize
vegetative propagation protocol, the rhizome segments were treated with NAA and IBA
before planting. The root formation started 100 days in all the rhizome segments irrespective
of treatment. The results showed that NAA 10 uM (30.0+5.6) and 100 uM (40.0+0.0) and the
lower concentration of IBA 10 uM (40.0+4.7) had little effect on rooting percentage when
compared with higher concentration of IBA 100 uM (70.0+4.7), control showed 30.0+4.7

rooting percentage.

Chandra et al. (2006) developed vegetative propagation protocol using rooting runner
cuttings of Picrorhiza kurrooa Royle, a medicinal herb from Himalaya and a potential source
of patoprotective picrosides, and due to its over exploitation from its natural habitat it has
been listed as ‘endangered’. Vegetative propagation was carried out by using IBA and NAA.

The cuttings treated with 50 uM IBA showed 87% of rooting when compared to other.

2.9. Phylogenetic Studies

In recent years, molecular biological information have provided significant
contributions to understand the systematic and solving several evolutionary problems of plants
at scales ranging from relationships among the major lineages of land plants to relationships

within individual genera (Palmer et al., 1988; Taberlet et al., 1991; Dayanandan et al., 1997;
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Olsen and Schaal, 1999; Whitlock and Baum, 1999; Mathews et al., 2000). Specific genes can
be easily amplified from a wide range of taxa that have levels of sequence variation
appropriate to study population level or for studying closely related species (Schaal et al.,

1998).

The sequences of different genes are most widely used to understand the phylogeny
particularly above the genus level (Straub et al., 2012; Zimmer and Wen, 2012). Variations in
the coding and spacer regions of a number of chloroplast, mitochondrial and nuclear gene
sequence are utilized. Most widely used genes are ribulose-bisphosphate carboxylase gene
(rbcL) and MaturaseK gene (matK), both are coding genes. Internal transcribed spacers (ITS)
of the ribosomal DNA is also used to understand the phylogenetic relationship among plant
species (Chase et al., 1993; Clegg et al., 1994; Hsiao et al., 1994; Clark et al., 1995; Zhang
and Wendel, 1995; Alvarez and Wendel, 2003). The data in sequence are cumulative, the
potential sizes of informative data sets are immense, and the data are available in public
domains like National Center for Biotechnology Information (NCBI). These sequences of data
have been used and analyzed by different researchers and taxonomist to address in assessing
the plant systematic and phylogeny above the family or even genus level (Donoghue et al.,

1992; Chase et al., 1993; Duvall et al., 1993; Shaw et al., 2007).

2.9.1. Internal Transcribed Spacers (ITS)

The ITS, nuclear ribosomal DNA (nrDNA) sequences contain potential informative
sites and it is a useful molecular marker in studying phylogeny of many taxa mainly endemics
and endangered plant species (Lee et al., 2006; Vorontsova et al., 2007; Juthatip et al. 2010;

Luo et al. 2011). The ITS region separating 18S and 28S nrDNA and the 5.8S coding
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sequences have become widely characterized across the inter-specific and inter-generic level
divergence. The high copy number allows easy amplification of the region from the total DNA
(Baldwin et al., 1995). The ITS region is divided into two i.e. ITS-1 and ITS-2, both
immediately flanking the 5.8S gene sequence, with former upstream and the latter
downstream of that sequence. Both ITS regions (ITS-1, 5.8S, ITS-2) are ranges between 565

and 700 base pairs in almost all angiosperms with some exceptions (Maggini et al., 1998).

2.9.2. MaturaseK (matK)

The matK gene, earlier known as orfK, is another most widely used. The matK gene
also potentially contributes to plant molecular systematic and evolutionary studies (Johnson
and Soltis, 1994, 1995; Steele and Vilgalys, 1994; Liang and Hilu, 1996; Kathriarachchi et al.,
2005; Samuel et al., 2005). The matK gene with about 1500 base pairs (bp) is located within
the intron region of the chloroplast gene trnK, on the large single-copy section adjacent to the
inverted repeat. The matK gene has been used effectively in studying systematic problems in
the families like Saxifragaceae (Johnson and Soltis, 1994, 1995), Polemoniaceae (Steele and
Vilgalys, 1994; Johnson and Soltis, 1995), Poaceae (Liang and Hilu, 1996), Orchidaceae tribe

Vandeae (Jarrell and Clegg, 1994).

2.9.3. tRNA™ (UAA) trnL

The trnL is a chloroplast gene (cpDNA) is one of the most frequently used gene in
studying the phylogeny of many less known plant species (de Groot et al., 2011). Chen et al.
(2013) used to identify the fern gametophyte which plays an important role in ferns life cycle.
James and Schmidt (2004) used trnL gene in identification of potential allergens in specific

food crops like peanut, soyabean, canola, potato, wheat, corn and rice. Nepal and Ferguson
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(2012) made use of trnL gene in studying the phylogeny and to understand natural genetic
relationship among 13 species of Morus (Tribe: Moreae; Moraceae). Richardson et al. (2000)

studied the phylogenetic analysis of Rhamnaceae using trnL and other gene sequences.

2.9.4. Ribulose-bisphosphate carboxylase gene (rbcL)

To understand plant phylogeny of different taxonomic groups, chloroplast DNA
(cpDNA) is being extensively used (Clegg and Zurawski, 1991). The direct gene sequencing
of polymerase chain reaction (PCR) products has become a rapid expanding area of plant
systematics and evolution. The rbcL gene encoding the large subunit of ribulose-1,5-
bisphosphate carboxylase / oxygenase (RUBISCO), which is sequenced from numerous plant
taxa, is extensively used in plant phylogeny (Palmer et al. 1988; Chase et al. 1993 and Clegg

etal., 1994).

2.9.5. Molecular Phylogenetic Studies in Genus Phyllanthus

Lee et al. (2006) studied the phylogenetic relationships between 18 Phyllanthus
species commonly found growing in China. During this study DNA gene sequencing such as
ITS1 and ITS2 along with atpB (chloroplast gene) and rbcL sequences were used. They
showed that the cladistic results of this genus is paraphyletic and supported two confusing
species, P. niruri and P. amarus are two closely related, but they are of different species. Also

developed ITS (nrDNA)-based multiplex PCR assay for P. amarus, P. niruri and P. urinaria.

Hoffmann et al. (2006) studied the phylogenetic classification of Phyllanthaceae using
DNA sequence data of nuclear PHYC (phytochrome C) and plastid matK, atpB, ndhF

(chloroplast NADH dehydrogenase F) and rbcL along with its morphological characters.
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Using the gene sequences they have developed two new clades which were missing in the

earlier classifications.

Vorontsova et al. (2007) studied the phylogenetic relationships, morphology and
distribution of species Andrachne cuneifolia Britton by analyzing the nuclear gene ITS and
plastid matK sequences. After the scientific study, dendrogram confirmed that this species
belongs to genus Phyllanthus and subgenus Xylophylla. Morphological characters with closely
related species also supported the species placement. Later, it was correctly named

as Phyllanthus cuneifolius (Britton) Croizat.

Bandyopadhyay and Raychaudhuriy (2010) studied five medicinally important species
of genus Phyllanthus namely P. emblica, P. reticulatus, P. amarus, P. fraternus and P.
urinaria with the help of ITS 1 and ITS 2 sequences to identify them correctly because of their
similar vegetative characters and habitats. The phylogenetic tree generated using ITS 1
sequence was found more potential than ITS 2 in assessing their link at molecular level.
Sequence characterized amplified regions (SCAR) markers were designed for P. urinaria, P.
amarus and P. emblica based on ITS 1 sequences which helped in distinguishing these three

species from other closely related species.

Manissorn et al. (2010) analyzed the nucleotide sequences of 56 plant samples which
belong to 23 species of Phyllanthus. Plants were collected from their natural habitats in
Thailand and ITS spacers of ribosomal DNA sequence were used. The phylogenetic trees
were constructed for all the Phyllanthus species studied. A simple protocol was developed

using a PCR-RFLP  method to  distinguish  three  main  medicinally
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important Phyllanthus species, namely P. amarus, P. debilis and P. urinaria and successfully

applied to analyze the crude drug samples available in Thailand markets.

Luo et al. (2011) studied the systematic position of the most widespread species of
Phyllanthus i.e. P. reticulatus, which is being found almost all over the world including Asia,
Africa, Australia and Jamaica. By using nuclear ITS sequences, broad treatment of P.
reticulates has been worked out. The study showed that P. reticulatus collected from Jamaica
is originally introduced from Asia and not Africa, because the African P. reticulatus is
entirely different based on the ITS sequences and formed separate clade in the phylogenetic
tree. The study revealed that the P.reticulatus is introduced to Jamaica without its pollinators
(Epicephala moth), the pollination does not take place and hence no fruiting is observed and

show only vegetative growth phase.

Naik et al. (2013) studied the systematic position of Phyllanthus talbotii
(Phyllanthaceae) using ITS and matK gene sequences. The phylogenetic tree obtained by

analysing the ITS and matK confirms its position in subgenus Eriococcus.

2.10. Genetic Diversity Studies Using Molecular Markers

In recent years, conservation of endangered plant species is achieved by understanding
the genetic profile of particular species in a given population for the specific area and this is
the first step for their conservation. The understanding of genetic diversity in a particular
species is important in the view point of management and conservation (Geburek, 1997; Rao
and Hodgkin, 2002; Mehrotra et al., 2012). The level of genetic diversity and variation within

and among populations are essential for developing suitable conservation methods and
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sustainability (Barton and Keightley, 2001). Population genetic studies have been carried out
to understand the loss of genetic diversity and also to restore the threatened populations
(Hamrick and Godt, 1996). Loss of genetic variation is the major problem in conservation of
particular species, which can prevent a species from natural selection and limit its

evolutionary potential (Qamaruz-Zaman et al., 1998).

Population genetic diversity studies are essential for conservation program and
restoration of threatened populations (Hamrick and Godt, 1996; Chaurasia et al., 2009; Kumar
et al., 2014). The several DNA markers are now used in diversity studies of many plants. The
most commonly used marker systems are inter simple sequence repeats (ISSR), random
amplified polymorphic DNA (RAPD), amplified fragment length polymorphism (AFLP),
restriction fragment length polymorphism (RFLP) and microsatellites or simple sequence
repeats (SSR). All these molecular markers are used to characterize DNA variation patterns
within the species and among the closely related taxa (Albertson et al., 1999; Bakkeren et al.,
2000; Billotte et al., 2001; Wolfe and Randle, 2001; Sica et al., 2005; Parab et al., 2008;
Parab and Krishnan, 2009; Muthusamy et al., 2008; Shilpa et al., 2013; Kong et al., 2014;

Linos et al., 2014).

2.10.1. Use of RAPD Marker to Understand Genetic Diversity

Plant genetic diversity using RAPD markers have been successful because of the
availability of a large number of universal primers and the requirement of small quantity of
plant genomic DNA for analysis (Williams et al., 1990; Huff et al., 1993; Ge et al., 1999;
Nybom and Bartish, 2000; Kingston et al., 2004). RAPD technique is also more suited to

endemic and 'CR’ plant species since very little is known about the genetic diversity within the
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natural populations (Xiaohong et al., 2007). RAPD markers have also been commonly used
for genetic diversity analysis of plant populations in breeding programme, germplasm
collections, genotyping, genome mapping and phylogenetic studies in closely related plants
species of same family and genus (Vorontsova et al., 2005; Okumus, 2007; Gahlaut et al.,

2013).

2.10.2. Use of ISSR Marker

ISSR markers are used for the detection of polymorphism in inter-microsatellite loci
using specific primers (Wu et al., 1994; Zietkiewicz et al., 1994; Senapati et al., 2011). ISSR
markers show dominant inheritance, which are being used as an alternate tool in genetic
diversity studies (Tsumura et al., 1996). Since, no sequence information of a target DNA of
particular species is required, ISSR markers are more suited for the plant species (Xiaohong et
al., 2007). ISSR analysis is a popular method for estimating genetic diversity of plant
populations with several advantages such as speed, low cost and use of small amounts of
genomic DNA etc. In recent years, ISSR markers have been applied in genetic studies of
many ‘RET’ plant species. Also, these markers are highly sensitive, reproducible and effective
technique for the genetic studies of plants (Luo et al., 2007; Parab et al., 2008; Parab and

Krishnan, 2009).

2.10.3 Genetic Diversity Studies in Genus Phyllanthus

In Phyllanthus, number of molecular markers has been used to understand the genetic
diversity. Jain et al. (2003) studied the genetic variability of Phyllanthus amarus found in
India by using RAPD analysis. A total of 33 collections from different localities around the

country were made covering the states of Maharashtra, Karnataka, Tamil Nadu, Gujarat, West
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Bengal, Assam, Tripura, Uttar Pradesh, Punjab and Haryana. Results obtained through un-
weighted pair group method (UPGMA) showed up to 65% variation in all 33 samples. The
study showed that random hybridization must have taken place across the populations, within

the possible cross pollination range.

Li and Zhao (2007) studied the genetic diversity of four populations of P. emblica
sampled from dry-hot valleys of Yunnan, China, using ISSR markers. A total of 12 ISSR
primers were used in the study. Banding pattern showed 135 clear and reproducible DNA
fragments, of which 115 were polymorphic (85.19%). The results revealed that the P. emblica

populations have no significant association between genetic and geographical distances.

Palaniappan and Marappa (2008) investigated the genetic diversity in Phyllanthus
amarus and its two closely related species, Phyllanthus virgatus, and Phyllanthus debilis
using RAPD and ISSR markers. A total of 54 genotypes of P. amarus and 3 genotypes each of
P. virgatus and P. debilis were taken from different parts of Tamil Nadu, India. For the study
16 RAPD and 8 ISSR primers were used. The RAPD and ISSR markers showed the average
polymorphism of 68.2% and 69.7% respectively across all 54 genotypes of P. amarus and
after the addition of the P. virgatus and P. debilis genotypes, the average polymorphism was
increased to 97.5% and 96.5% respectively. The cluster analysis of all the 60 genotypes of all
three species using both RAPD and ISSR markers revealed P. virgatus, P. amarus and P.

debilis are distinct species of genus Phyllanthus.

Theerakulpisut et al. (2008) studied the DNA fingerprinting by using RAPD-PCR

techniques for Phyllanthus amarus, a highly used medicinal plant in traditional medicine in
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Thailand with its two intimately related species namely P. debilis L. and P. urinaria Klein ex
Willd., with less effective medicinal properties and these two species can be easily misguided
as P. amarus. Species specific RAPD markers were first identified and later primers for
SCAR were designed from nucleotide sequences of definite RAPD markers. This method was
highly specific and rapid for plant identification when analyzed against the DNA of closely

related species.

Chaurasia et al. (2009) investigated the genetic variability using RAPD markers of
commercially cultivated varieties of Indian gooseberry (Phyllanthus emblica), widely used as
a drug due to its nutraceutical properties. Cluster analysis shown that the three groups were
formed within the varieties of P. emblica which directly associated to their place of origin.
RAPD markers used were also capable to differentiate varieties of same parents and same

origin.

Rout and Aparajita (2010) studied the phylogeny of twelve Phyllanthus species from
India for identification of germplasm and phylogeny study for conservation with the use of
molecular markers mainly ISSR and RAPD. Nei’s similarity index varies from 0.26 to 0.81
for ISSR and 0.23 to 0.76 for RAPD marker. Cluster analysis was performed by UPGMA. The
phylogenetic tree obtained from both ISSR and RAPD markers formed two groups: Group |
comprising of only one species Phyllanthus angustifolius (Sw.) Sw. Group Il was with
remaining 11 species P. nivosus, P. flaternus, P. reticulus, P. acidus, P. nivosus “Varigata”,
Phyllanthus spp “Acc No.17, P. rotundifolius, P. emblica, P. uninaria, P. virgatus, P. amarus,
thus showing the comparable to notable morphological characteristics and genetic variation

among all twelve species of Phyllanthus.
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Bandyopadhyay and Raychaudhuri, (2013) developed SCAR markers by employing
RAPD and AFLP for the identification of five species genus Phyllanthus which are being used
in traditional medicine and herbal drug industries. The results showed that RAPD data
separated the P. urinaria from the remaining four species, but however AFLP method was

successful in distinguishing all the herbs, i.e., P. amarus, P. fraternus and P. urinaria.

Upadhyay et al. (2014) studied the clonal fidelity of synthetic seed-derived from
Phyllanthus fraternus plantlets by comparing with the mother plant using RAPD and ISSR.
The results showed no changes in molecular profiles of the synthetic seed-derived plantlets

and mother plant, thus confirming the genetic stability in regenerates.

Singh et al. (2014) studied the genetic diversity of eight varieties of Phyllanthus
emblica, the Indian gooseberry, found in arid regions by using RAPD markers. The ten RAPD
primers used in the investigation exhibited 56.18 % of polymorphism and the study reveals the

existence of genetic diversity among the eight varieties of P. emblica.
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3. MATERIALS AND METHODS

The present study was carried out as a part of Ph.D. programme of Department of
Botany, Goa University, during the period from April 2009 to April 2015. Details of the

methodology followed for the study is presented in this chapter.

3.1. Study Area

The study was carried out in the Western Ghats regions of Goa, Karnataka and
Tamil Nadu, India. Phyllanthus talbotii Sedgw. is mostly confined to riverine habitats
(fresh water river and stream beds) represented by deciduous, mixed deciduous and a few
patches of lowland of dry evergreen forests at an elevation ranging from 20 m to 608 m in
Goa and Karnataka. Pseudoglochidion anamalayanum Gamble occurence is very much
restricted to the evergreen forest areas of Anamalai Tiger Reserve (1100-1400 m),

Valparai, Tamil Nadu.

Field trips and surveys were carried out with the help of Forest Department, Goa
and Tamil Nadu. These regions were thoroughly surveyed and sampled for the collection

of both the plant species during the study period.

3.2. Survey and Estimation of Populations

Systematic field trips and surveys were carried out in Western Ghats regions of
Goa, Karnataka and Maharashtra for the location of different population of P. talbotii.
Field survey was also carried out to Anamalai Tiger Reserve, Valparai, Tamil Nadu for the
location of the population of P. anamalayanum. During field survey both the species were

collected from their naturally occurring population by referring earlier literature and
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herbarium specimens. The species were photographed in their natural habitats. Seeds were
collected, grown and maintained in poly-house at Department of Botany, Goa University,
Panaji- Goa. Collected plant species from new populations were identified by using
standard literature including local / regional floras and with herbarium specimens. During
the field survey latitude and longitude of different population were recorded using
handheld Global Positioning System (GPS). In addition, altitude, size of the population,
number and height of the plants were recorded. In case of P. talbotii the number of ramets

per plant was counted.

3.3. Study of the Ecology, Collection of Environmental and Phenological
Data 3.3.1. Soil Analysis

To understand the soil profile of P. talbotii and P. anamalayanum, the rhizosphere
soil samples were collected from all the population sites. From each population three soil
samples were collected in the place where plants are growing abundantly and made as one
composite sample and used for the analysis of pH, electrical conductivity (EC), macro and
micro nutrient contents etc. based on standard references provided in Tables 1, 2, 3
(Bangar and Zende, 1978; Gajbhiye, 1985; Caruso et al., 2007). Soil samples were brought
to laboratory, dried and sieved for further analysis. Soil testing was carried out in Soil
Testing Laboratory of Farmers Training Centre, Ela Farm, Directorate of Agriculture, Old

Goa, Goa.
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Table 1. Minimum requirement of micronutrients (Fe, Mn, Zn, Cu) in soil, Gajbhiye
(1985) (Standard).

Micronutrients Critical limits (ppm)
Fe 6.0
Mn 15.0
Zn 0.50
Cu 0.80

Table 2. Berger-Parker index for soil macro-nutrients (standard).

Nitrogen Ratings [kg/ha™]
Very low <140
Low 141-280
Medium 281-420
Moderately low 421-560
High 561-700
Very High >701
Potassium Ratings [kg/ha™]
Very low <100
Low 101-150
Medium 151-200
Moderately low 201-250
High 251-300
Very High >300
Phosphorus Ratings [kg/ha™]
Very low <7
Low 7.1-14
Medium 14.1-21
Moderately low 21.1-28
High 28.1-35
Very High >35




Table 3. Range and overall average of the pH and organic carbon, Banger and
Zende (1978) (Standard).

pH Ratings
Extremely alkaline >9.0
Strongly alkaline 8.4-9.0
Moderately alkaline 7.6-8.3
Slightly alkaline 7.1-75
Nearly Neutral 7.6-7.0
Slightly acid 6.0-6.5
Moderately acid 5.3-5.8
Strongly acid 4.5-5.2
Extremely acid <45

Organic Carbon

Ratings [per cent]

Very low <0.20
Low 0.21-0.40
Medium 0.41-0.060
Moderately low 0.061-0.080
High 0.081-1.00
Very High >1.00




3.3.2. Phenology

The periodic field visits were carried out for the understanding of flowering and
fruiting period. Vegetative and reproductive phases were recorded for both the species for
the duration of four years from May 2009 to May 2013. The plant species associated with

P. talbotii and P. anamalayanum were also recorded.

3.4. Vegetative Propagation of Phyllanthus talbotii
3.4.1. Stem Cuttings

Fresh stem cutting were collected from the natural populations which showed good
and luxuriant vegetative growth with high number of individuals in the population and
brought to plant nursery for providing hormonal treatments. Each stem cutting with two to
three nodes and about 10-15 cm in length were obtained from healthy plants. The bottom
portion of the cuttings was cut at a 45° angle just below the node as this considered being
good for root initiation and top portion of the cutting was with straight cut. The bottom
portion of the cuttings which was considered good for root initiation was cut at 45° angle

just below the node and the top portion was with straight cut.

3.4.2. Hormonal Treatments

Plant hormones such as indole-3-butric acid (IBA), indole-3-acetic acid (IAA) and
commercially available rooting powder namely rootex were used for induction of roots in
stem cuttings. Stem cuttings were treated with 50, 100, 150, 200, 250 and 300 ppm of IAA
and IBA for 24 hours. For rootex treatment, the stem cuttings at the base were made wet
with water and then dipped in rootex powder and transferred to root trainers. The steps

involved in vegetative propagation are provided in the form of flow-chart (Fig. 1).
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Vegetative propagation

Stem cuttings collected during the monsoon season from Western Ghats

l

Actively growing stem with no sign of pest and diseases were selected

l

Cuttings of 15-20 cm long with 2-3 internodes were used for treatments

l

Hormonal treatment of cuttings

l l

Indole-3-butric acid (IBA) Indole-3-acetic acid (IAA)
50, 100, 150, 200, 250 and 300 ppm 50, 100, 150, 200, 250 and 300 ppm
were used as treatment for 24 h. were used as treatment for 24 h.

l

After treatments, stem cuttings were planted in root trainers filled with garden soil and
sand (3:1) along with 20% vermicompost

|

Data were recorded at regular intervals

l

Observations were made regarding sprouting and rooting of cuttings

Fig. 1. Flow-chart of steps involved in vegetative propagation using stem
cuttings.



3.5. Vegetative Propagation of Pseudoglochidion anamalayanum
3.5.1. Stem cuttings

The vegetative propagation methods followed for P. anamalayanum was same as
that of P. talbotii as provided in section 3.4. except the changes in the hormonal

concentrations.

3.5.2. Hormonal Treatment
A total of 400 stem cuttings were treated with hormones such as indole-3-butyric
acid (IBA) and indole-3-acetic acid (IAA) of different concentrations (100, 250, 500, 750

and 1000 ppm).

3.5.3. Air-Layering

For the air-layering of P. anamalayanum, healthy stem bark region was scraped
using grafting knife. The hormonal solutions of 1000 ppm of (IBA), (IAA) and
commercial rootex were applied on the exposed region. Then handful of damp sphagnum
moss mixed with coco peat and vermicompost in the ratio of (3:1:1) was placed around the
cut surface of the stem. Before using the sphagnum moss was soaked in water for several
hours to ensure that it holds sufficient moisture. Excess water was squeezed out from the
sphagnum moss since it results in decay and deterioration of the plant tissue. Moss covered
portion was wrapped using a polyethylene film with holes in them and both ends were tied

using strong thread to ensure a tight seal.
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3.5.4. Root Suckers

Root suckers are characteristics of P. anamalayanum. Around 40 to 50 root suckers
were observed in each matured plant. A total of 555 root suckers were carefully removed
from the main roots without damaging them. These root suckers were immediately

transplanted directly in the field.

3.6. In Vitro Propagation of P. talbotii
3.6.1. Sterilization Procedure
3.6.1.1. Sterilization of Glassware and Culture Vials

The glassware and culture vials used for in vitro culture were first washed in tap
water, soaked in dilute hydrochloric acid solution for the duration of two hours, followed
by a detergent. Then they were washed and rinsed with distilled water and drained.

Glasswares were sterilized by exposing to hot dry air oven at 100-120°C for 4 to 6 hours.

3.6.1.2. Sterilization of Inoculation Instruments

Instruments used for inoculation were sterilized by using wet sterilization method.
Forceps, surgical blade holders, surgical blades and cotton etc., were covered in aluminum
foil and kept for sterilization in an autoclave at 121°C and 15 psi pressure for 20 minutes.
After the sterilization they were removed and transferred to laminar air-flow chamber and

exposed to germicidal ultra violet (UV) light (253.7 nm) for 30 minutes before inoculation.

3.6.1.3. Sterilization of Culture Room
The culture room was maintained sterile by fumigating the area once in a month by
vapourising 1:2 ratio of ethanol and formaldehyde solution. The vapours were allowed to

remain in the closed culture room for about 24 hours. After the fumigation, formalin
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vapours were absorbed by placing ammonia solution in few Petri plates in the culture

room.

3.6.1.4. Laminar Air-Flow System

The inoculation of explants was carried out in a laminar air-flow system. Prior to
inoculation, inner surface of laminar air-flow system was swabbed with disinfectant
solution (dettol) and followed by cleaning using alcohol with cotton. Then the laminar air-
flow hood was exposed to germicidal UV (253.7 nm) for about 20-25 minutes. The
materials required for inoculation such as culture medium, explants etc. were then brought

to the laminar air-flow system.

3.6.2. Media Preparation

Murashige and Skoog’s (1962) (MS), Woody Plant medium (1981) (WPM) were
used for in vitro culture. The medium consisted of micronutrients, macronutrients,
vitamins, amino acids, carbon source, plant growth regulators and a gelling agent agar. The
chemicals required for the preparation of medium were weighed with the help of digital

weighing balance.

The compositions of chemicals used for the preparation of both MS and WPM
medium are provided in Tables 4, 6. For MS medium, separate iron stock solution was
prepared by weighing desired quantity of sodium ethylenediaminetetraacetic acid (EDTA)
and iron sulfate dissolved independently in 50 ml of double distilled water. Later, after
complete dissolving, both solutions were combined and stored in amber colored bottle at

4°C. The details of MS stock solution are given in Table 5.
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Table 4. The chemical composition of MS medium (Murashige and Skoog, 1962).

Nutrients Constituents (mg/L)
Ammonium nitrate (NH;NO3) 1650
Potassium nitrate (KNO3) 1900
Major salts | Calcium chloride (CaCl,.2H,0) 440
Magnesium sulfate (MgSO,4.7H,0) 370
Potassium dihydrogen orthophosphate (KH;, POy) 170
Boric acid (H; BO3) 6.2
Manganese sulfate (MnSQO,4.4H,0) 22.3
Zinc sulfate (ZnSQO,4.7H,0) 8.6
Minor salts | Potassium iodide (KI) 0.83
Sodium molybdate (Na;Mo00O,. 2H,0) 0.25
Cobalt chloride (CoCl,.6H,0) 0.025
Copper sulfate (CuSO4.5H,0) 0.025
Ferrous sulfate (FeSO,4.7H,0) 27.84
Iron sources | Sodium ethylenediaminetetraacetic acid 37.24
(Na; EDTA.2H,0)
Thiamine HCI 0.10
Organic Nic.otini.c acid 0.50
supplements Pyrld_oxme HCI 0.50
Glycine 2.00
Myo-inosital 100




Table 5. Stock Solutions of MS Medium.

Stocks Constituents Amount | Strength of Stocks_ to be ta_ken
(g/L) Stocks for 1 liter medium

NH;NO3 16.5

A KNO; 190 10X 100 ml
MgS0,.7H,0 37.0
MnS0O,.4H,0 2.23

B | zns0,.7H,0 0.86 100X 10mi
CuS0,4.5H,0 0.0025
CaCl,.2H,0 44.0

C Kl 0.083 100X 10 ml
CoCl,.6H,0 0.0025
KH; PO, 17.0

D H; BO; 0.62 100X 10 ml
Na,Mo00,4.2H,0 0.0025
FeS0O,4.7H,0 2.784

E | Na, EDTA.2H,0 |3.724 100X 10mi
Thiamine HCI 0.010
Nicotinic acid 0.050

F Pyridoxine HCI 0.050 100X 10 mi
Glycine 0.200
Myo-inosital 10.0




Table 6. The Composition of Woody Plant Medium (Lloyd and McCown, 1981).

Nutrients Constituents (mg/L)
Ammonium nitrate (NH;NO3) 400
Calcium nitrate (Ca(NO3),.4H,0) 556
Macronutrient Calcium chloride (CaCl,.2H,0) 96
Potassium dihydrogen orthophosphate (KH; PO,) 170
Magnesium sulfate (MgS0O,.7H,0) 370
Boric acid (H3BOs) 62
Manganese sulfate (MnSQ,4.4H,0) 22.3
Micronutrient Zinc sulfate (ZnS04.4H,0) 86
Copper sulfate (CuSO4.5H,0) 0.25
Sodium molybdate (Na;Mo00,.2H,0) 0.25
Ferrous sulfate (FeSO,4.7H,0) 27.84
Iron sources Sodium ethylene diamine tetra acetic acid 37.24
(Na; EDTA. 2H,0)
Thiamine HCI 1.00
Organic Nic-otini-c acid 0.50
supplements Pyridoxine Hcl 0.50
Glycine 2.00
Myo- inositol 100




3.6.2.1. Preparation of MS medium (Murashige and Skoogs, 1962)

Stock solutions of A and B 100 ml each, 10 ml of stock solutions C and F, 1 ml of
stock solutions of D and G and 0.1 ml of stock solution E was added to 400 ml of double
distilled water in 2 L flask and mixed well. Then, 30 g of sucrose was added and made the
volume to 900 ml with distilled water. After adding required amount of auxins and
cytokinins, medium pH was adjusted to 5.7 + 0.2 using 0.1 N NaOH or 0.1 N HCI. Then 8
g agar was added and made the volume one liter with double distilled water. The medium
was allowed to boil in microwave oven, cooled to 60°C, dispensed into culture vials and

autoclaved.

3.6.2.2. Preparation of Woody Plant Medium (WPM) (Lloyd and McCown, 1981)
Stock solutions of 100 ml each of A, B, C, D and E was added to 200 ml of warm
double distilled water in two liter beaker. Then 10 ml of stock solutions of F, G and H was
added and mixed well with glass rod (Table 7). Later, 30 grams of sucrose as carbon
source was added and mixed using glass rod. Volume of the medium was made to 900 ml
with distilled water. Medium pH was adjusted to 5.7 £ 0.2 using 0.1N NaOH or 0.1 N HClI,
after adding required amount of plant growth regulators (auxins or cytokinins) alone or in
combinations. Then 8 grams of agar was added and made the volume to one liter with
double distilled water. Medium was made to boil, cooled to 60°C, 15-20 ml of media
dispensed into culture vials and plugged with non-absorbent cotton. Medium containing
culture vials were autoclaved at 121°C and 15 psi pressure for 20 minutes. Basal medium
without any plant growth regulators was used as control. IAA was filter-sterilized and

added just before solidification of medium.
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Table 7. Stock solutions of Woody Plant Medium (WPM).

Stocks | Constituents Amount | Strength of Stocks | Stocks to be taken
(o/L) for 1 litre medium
A NH4NO; 40.0 10X (Macronutrient) 100 ml
B Ca(NOs3),.4H,0 55.6 10X (Macronutrient) 100 ml
C CaCl;,.2H,0 9.6 10X (Macronutrient) 100 ml
D KH, PO, 17.0 10X (Macronutrient) 100 ml
E MgSQ,.7H,0 37.0 10X (Macronutrient) 100 ml
H3BO3 0.620
MnSQ,.H,0O 2.230
F ZnS0,4.4H,0 0.860 Micrlcg)r?ljt(rient 10 ml
CuSO4 5H,0 0.025
Na,Mo00,4.2H,0 0.025
FeS0O4.7H,0 2.780
G NazEEl)TAZ.ZHZO 3740 | 100X (iron source) 10 ml
Thiamine HCI 0.10
Nicotinic acid 0.05
H Pyridoxine HCI 0.05 Organicls(ijopﬁlements 10 ml
Glycine 0.20
Myo- inositol 10.0




3.6.2.3. Preparation of Stock Solution of Plant Growth Regulators (PGRs)

The plant growth regulators (PGR's) such as cytokinins: 6-benzylaminopurine
(BAP), kinetin (KIN), and auxins: indole-3-acetic acid (IAA), indole-3-butyric acid (IBA),
a-naphthalene acetic acid (NAA), 2, 4-dichlorophenoxyacetic acid (2, 4-D) stock solutions
(mg/ml) were prepared (Table 8). All plant growth regulators were obtained from Sigma-
Aldrich Chemical Company, USA. For the preparation of stock solutions, 100 mg powder
of each hormone was weighed and dissolved in 1-2 ml of 1 M NaOH. Then 100 ml sterile
double distilled water was used to make the final volume and stored in amber coloured

bottles at 4°C.

3.6.3. Culture Condition

After inoculation, culture vials were placed in culture room with the temperature of
25 + 2°C under white fluorescent light (40 u mole m? S™) with 16 hours of photoperiod.
The cultures were examined at regular intervals under microscope as well as visually for

their growth and regeneration.

3.6.4. Plant Materials
Healthy plants of P. talbotii were developed through vegetative propagation and
maintained in the poly-house at Department Botany, Goa University, Goa. Explants were

also collected from the natural population.

3.6.4.1. Explants
Seeds, nodal segments, leaflets and shoot tips were collected from healthy plants

of P. talbotii and used for in vitro propagation.

35



Table 8. Plant growth regulators (PGRs) used for in vitro regeneration.

Molecular Stock
Plant growth regulators weight Solubility
-1 (mg/100ml)
(g/mol ™)

6-Benzylaminopurine (BAP) 225.25 1M NaOH 100
Kinetin (KIN) 215.22 1M NaOH 100
Indole-3-acetic acid (IAA) 175.19 1M NaOH 100
Naphthalene acetic acid (NAA) 186.21 1M NaOH 100
Indole-3-butyric acid (IBA) 203.24 1M NaOH 100
2,4-dichlorophenoxyacetic acid (2,4-D) 221.04 1M NaOH 100
TDZ - Thidiazuron (N-phenyl-N"-1,2,3- 990.95 0.1N KOH 50
thiadiazol-5-yl) urea '

Zeatin 219.24 1M NaOH 50




3.6.4.2. Surface Sterilization of Explants

The collected explants were first cleaned with water and running water. Then the
explants were soaked in aqueous solution of detergent (Teepol/ Tween-20) for 15 minutes.
Any dirt or other adhering particles on the surface were removed during this process.
Later, the explants were sterilized in absolute alcohol for about 20 seconds. Later, explants

were transferred to sterile Petri plate containing filter paper.

3.6.5. Inoculation

Seeds were inoculated directly after the sterilization process. However, nodal
segments were given fresh cut on both the sides and placed vertically, one side touching
the medium. Leaf-lets were also given fresh cuts before placing it on the medium. After
inoculation, culture tubes were sealed with sterile cotton plugs and labeled. Inoculated

culture vials were maintained in the plant tissue culture room.

3.6.6. Regeneration Medium

MS and WPM supplemented with different plant growth regulators (PGRs) at
various concentrations either singly or in combination, were tried for multiple shoots
induction (Table 9, 10). A total of ten treatment were tried, which includes (i) kinetin
(KIN), (ii) 6-benzylaminopurine (BAP); (iii) 2,4-dichlorophenoxy acetic acid (2,4-D); (iv)
Zeatin; (v) Thidiazuron (N-phenyl-N'-1,2,3-thiadiazol-5-yl) urea (TDZ) alone in various
concentrations and combinations of (vi) 6-benzylaminopurine (BAP) and indole-3-acetic
acid (IAA); (vii) 6-benzylaminopurine (BAP) and 1-naphthalene acetic acid (NAA); (viii)
6-benzylaminopurine (BAP) and TDZ; (ix) kinetin (KIN) and 1-naphthalene acetic acid

(NAA); (x) indole-3-acetic acid (IAA) and Zeatin. Explants were inoculated on the
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Table 9. Plant growth regulators used for direct multiple shoot formation.

Treatment | Treatment | Treatment | Treatment | Treatment
Q) (1 (1) (V) V)
KIN BAP 2,4-D TDZ Zeatin
mg/L mg/L mg/L mg/L mg/L
0.5 0.5 0.5 0.5 0.5
1.0 1.0 1.0 1.0 1.0
1.5 15 15 15 15
2.0 2.0 2.0 2.0 2.0
2.5 2.5 2.5 2.5 2.5
3.0 3.0 3.0 3.0 3.0
3.5 3.5 3.5 3.5 3.5
4.0 4.0 4.0 4.0 4.0
4.5 4.5 4.5 4.5 4.5
5.0 5.0 5.0 5.0 5.0




Table 10. Various combinations of plant growth regulators tried for direct multiple
shoot formation.

Treatments | KIN BAP IAA | NAA | TDZ ZEA
mg/L | mg/L | mg/L | mg/L | mg/L | mg/L
0.5 1.0 - - -
1.0 1.0 - - -
1.5 1.0 - - -
2.0 1.0 - - -
(V) 2.5 1.0 - - -
3.0 1.0 - - -
35 1.0 - - -
4.0 1.0 - - -
45 1.0 - - -
0.5 - 1.0 - -
1.0 - 1.0 - -
15 - 1.0 - -
2.0 - 1.0 - -
(VII) 2.5 - 1.0 - -
3.0 - 1.0 - -
35 - 1.0 - -
4.0 - 1.0 - -
4.5 - 1.0 - -
0.5 - - 1.0 -
1.0 - - 1.0 -
15 - - 1.0 -
2.0 - - 1.0 -
(VI 25 - - 1.0 -
3.0 - - 1.0 -
35 - - 1.0 -
4.0 - - 1.0 -
45 - - 1.0 -
0.5 1.0
1.0 1.0
1.5 1.0
2.0 1.0
(IX) 25 1.0
3.0 1.0
35 1.0
4.0 1.0
45 1.0
1.0 0.5
1.0 1.0
1.0 15
1.0 2.0
(0,9) 1.0 25
1.0 3.0
1.0 35
1.0 4.0
1.0 4.5




regeneration medium with the quantity of 15-20 ml each, made slanted in rimless culture

tubes of size 15025 mm (Borosil Glass Works Limited, India).

3.6.7. Data Collection and Statistical Analysis

The cultures were observed and monitored at regular intervals (every 4 days) on the
basis of visual observation and under the stereo-zoom light microscope to understand the
morphogenesis. Ten replications were maintained for every treatment. Experiments were
repeated for three times. Effect of plant growth regulators on callus induction and shoot
regeneration were calculated on the basis of percentage of cultures showing callus or shoot
bud formation. After 42 days of inoculation, the percentage of regeneration was recorded
for each treatment. Close-up photographs of cultures were taken using Nikon D90 DSLR

camera attached with Nikon 60 mm macro lens (Nikon Corporation, Tokyo, Japan).

3.7. In-Situ Conservation of Phyllanthus talbotii and Pseudoglochidion anamalayanum
3.7.1. Phyllanthus talbotii

Vegetative stem cuttings were collected from different population present in the
Western Ghats regions of Goa during September 2009, October 2010 and September 2012.
Stem cuttings were treated with various concentrations of root inducing hormone i.e. IBA,
IAA and commercial rootex. The detailed protocol is provided in Section 3.4. For in-situ
conservation 12,083 vegetative stem cuttings grown in root trainers were reintroduced into
25 localities in Goa either into the existing population to enrich them or planted in new
sites to establish new populations. For selecting new sites, soil parameters which closely
matched with natural habitats were considered. Transplantation was carried out in the
month of April in the years 2010, 2011 and 2012, prior to monsoon season in Goa. The

height of plants varied from 60 to 70 cm at the time of transplanting. The survivability was
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checked and the height of the plants was re-measured in the month of January 2011 for the
cuttings transplanted in April 2010, height was re-measured in January 2012 for the
cuttings transplanted in April 2011 and height of the plants was re-measured in January

2013 for those transplanted in April 2012.

3.7.2. Pseudoglochidion anamalayanum

As a first set of experiment, in the year 2010, a total of 200 stem cuttings of 30 cm
height of P. anamalayanum were reintroduced (planted directly) at two different locations
of Anamalai Tiger Reserve, Tamil Nadu, by giving sharp horizontal cut at the bottom with
a quick dip in root inducing hormone (IBA 500 ppm) during the monsoon season (June
and July). The second set of experiment was carried out during the month of July 2012, a
total of 555 root suckers of P. anamalayanum were transplanted by using crow-bar pitting
methods for in-situ conservation in 6 different locations of Anamalai Tiger Reserve, Tamil
Nadu. During the third set of experiment, a total of 796 suckers were transplanted in to two
different locations of Anamalai Tiger Reserve, Tamil Nadu. Re-introduced root suckers

were periodically monitored for their survival.

3.8. Genetic Diversity Studies

The study involves screening of twenty two ISSR primers for the evaluation of
genetic diversity between different population and within single population of P. talbotii
and P. anamalayanum. Details of primers used and their sequences are provided in Table

11.

3.8.1. Plant Material
Field trips were carried out for the collection of plant material. For DNA isolation,

leaf samples were collected from a healthy (diseased free) plants and brought to laboratory
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Table 11. List of random ISSR primers used for screening of genomic DNA of both
Phyllanthus talbotii and Pseudoglochidion anamalayanum.

Sr. | Oligo

No. | Name Primer Sequence 5'-3

1. 807 | AGA GAG AGA GAG AGAGT

808 | AGA GAG AGA GAG AGAGC

810 | GAG AGA GAG AGA GAG AT

811 | GAG AGA GAG AGA GAG AC

812 | GAG AGA GAG AGA GAG AA

2 B A ol I Sl A

817 | CAC ACACACACACACAA

7. 823 | TCTCTCTCTCTCTCTCC

8. 826 | ACACAC ACACACACACC

9. 828 | TGT GTG TGT GTG TGT GA

10. 834 | AGA GAG AGA GAG AGAGYT

11. 835 | AGA GAG AGA GAG AGA GYC

12. 836 | AGAGAGAGAGAGAGAGYA

13. 844 | CTCTCTCTCTCTCTCCTRC

14. 848 | CACACACACACACACARG

15. 855 | ACACACACACACACACYT

16. 861 | ACCACCACCACCACCACC

17. 868 | GAAGAAGAAGAAGAAGAA

18. 873 | GACAGACAGACAGACA

19. 876 | GATAGATAGATAGATA

20. 881 | GGGTGGGGTGGGGTG

21. 888 | BDBCACACACACACACA

22. 890 | VHVGTGTGTGTGTGTGT

Supporting information: Y = (C,T); B=(C,G,T); D=(A,G,T); H=(A,C,T); V=(AC,G);
R = Purine; Y= Pyrimidine.



(Department of Botany, Goa University). The materials were washed, cleaned, dried and

stored at -20°C deep freezer for further use.

3.8.2. Isolation and Purification of Genomic DNA

For the isolation and purification of genomic DNA, CTAB method (cetyl trimethyl
ammonium bromide) was employed (Edwards et al., 1991). Since, the leaf tissue of both
P. talbotii and P. anamalayanum contains high amount of secondary metabolites such as
polyphenolic compounds etc., and mucilage in P. talbotii, a modified CTAB method was
used (Doyle and Doyle 1990; Ramage, et al., 2004). Detailed procedure used during this

study is given below.

For each sample, 5 g of leaf tissue without mid-rib region was grounded to a fine
powder using liquid nitrogen. This was then suspended in 25 ml of preheated extraction
buffer (20 mM EDTA at pH 8.0, 100 mM Tris-HCI at pH 8.0, 1.5 M NaCl, 4% CTAB and
100 pl of gmercaptoethanol). The suspension was mixed by inverting the tubes three to
four times and incubated at 60 C for 60 minutes. Every 10 minutes centrifuge tube was
opened to release the gas and also samples were mixed by inverting 3 to 4 times. After 60
minutes, equal volume of chloroform: isoamyl alcohol (24:1) was added and centrifuged at
12000 rpm for 20 minutes at 4 C. Supernatant was carefully transferred to the new
centrifuge tube and 0.6 volume of ice cold isopropanol was added. The centrifuge tubes
were incubated at -20°C for 4 h. Then the DNA was pelleted by centrifugation at 12,000

rpm for 10 minutes at 4'C. After centrifugation, the supernatant was discarded and the

pellets containing DNA was dissolved in 700 ul of TE buffer (10 mM Tris-HCI and 1 mM
EDTA, pH 8.0) and the contents were transferred to new Eppendorf tube. After complete
dissolution, the purification of DNA was carried out by adding equal volume of phenol:

chloroform mixture (1:1) and the tubes were inverted three to four times followed by
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centrifugation at 8000 rpm for 10 minutes at room temperature (RT). Later, upper
transparent layer was transferred to a new Eppendorf tube. Then, equal volume of
chloroform was added and content was mixed three to four times and centrifuged at 8000
rpm for 10 minutes at RT and this step was repeated once again. After centrifugation,
upper layer was transferred to a new Eppendorf tube. Later, 40 pl of 3 M sodium acetate
(pH 5.2) and three volumes of 100% ethanol (1 ml) were added. Then the tubes were
incubated at -20°C for 12 h (overnight) followed by centrifugation at 8000 rpm for 15
minutes at RT. Supernatant was discarded and pellet was re-suspended in 1 ml of ethanol
(70%), gently vortexed and centrifuged at 8000 rpm for 10 minutes at RT. After
centrifugation, supernatant was decanted and DNA pellet was air dried or incubated at
37°C for 15 minutes till no water droplets present in the pellet. Then the DNA pellet was
dissolved in 100 pl of TE buffer and stored at -20°C for further use. The concentration of
DNA was estimated by agarose gel electrophoresis and staining with ethidium bromide
and also by spectrophotometric methods. To check the purity of the DNA, the optical
density (OD) was taken by measuring the samples at two different wave lengths i.e. 260
and 280 nm. A ratio obtained below 1.8 denotes that the DNA is contaminated with protein
and or other UV absorbers in the sample. A ratio higher than 2.0 indicates that the sample

may be contaminated with chloroform or phenol (CIMMYT, 2005).

3.8.3. Determination of Quality of DNA by Agarose Gel Electrophoresis

The quality of DNA was checked by agarose gel containing ethidium bromide.
Agarose power of 0.8 g of was added to 100 ml of 1X TBE buffer and melted using micro-
wave oven. On slight cooling 3 pl of ethidium bromide (stock 10 mg/ml) was added to the
agarose solution, mixed well, poured in to gel-casting tray with proper comb setting and

kept for 30 minutes for solidification of the gel. Agarose gel was carefully removed from
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gel casting tray and placed in electrophoresis unit containing 1X TBE buffer and the comb
was slowly taken out from the gel. Gel loading dye of 1 pl of 6X was taken in 0.5 ml
Eppendorf tube and placed in ice box. Then, 10 pl of DNA sample was added and mixed
well with loading dye. The DNA samples were carefully loaded into the wells and run
initially at 50 volt for 10 minutes. Then the voltage was increased to 100. When the DNA
samples reached three-fourth length of the gel, the electrophoresis unit was switched off.
Later, the gel was observed and photographed using the gel documentation system (Alpha

DigiDoc™, Alpha Innotech Corporation, California, USA).

3.8.4. Inter Simple Sequence Repeat (ISSR) Analysis

Genetic diversity studies were carried out using genomic DNA of both plant
species collected from different populations and within the population. ISSR analysis was
performed using universal random oligonulceotide primers. For primer synthesis, primer
sequences were provided to Sigma Chemical Company, USA, and the specific primers

were obtained. List of primers used during this study are summarized in Table 11.

3.8.4.1. Amplification of Genomic DNA

The genomic DNA was amplified using polymerase chain reaction (PCR).
Amplification reaction was carried with the final total volume of 25 ul, containing 30-50
mg of genomic DNA, 2.5 ul of 10X Taq assay buffer, 3 ul of 25 mM MqCl,, 2.5 ul of 10
mM dNTPs mix, 15 ng of primers, 0.5 units of Taq polymerase and final volume made
using sterile distilled water. All PCR chemicals were obtained from Merck-Genei,

Bangalore, India.
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3.8.4.2. Amplification Condition and Scoring of Bands

The PCR amplification was performed following the protocol described by Parab et
al. (2008) using a Mastercycler gradient PCR (Eppendorf AG, Hamburg, Germany). Initial
denaturation step of 5 minutes at 94°C, followed by 35 cycles of 94°C for 1 minute
(denaturation) and 72°C for 2 minutes (extension) and 10 minutes of final extension step at
72°C. The amplified products were analysed using 2% agarose gels in 1X TBE buffer.
Ethidium bromide was used for staining the gel, visualized under UV and photographed
using Gel Documentation System (AlphaDigiDoc™, Alpha Innotech Corporation,

California, USA). The number of bands present in the samples was visually scored.

3.8.4.3. Analysis of Data

Primer code was used for naming of ISSR amplified fragments. All informative
ISSR bands were scored independently as 1 for presence and 0 for absence of bands. To
calculate the percentage of polymorphism, the proportion of polymorphic bands over the
total number of bands were taken in consideration. Dendrogram and genetic distance were

made by clustering using BioDiversity Pro software a statistical package programme.

3.9. Systematic Positions of P. talbotii and P. anamalayanum Using Gene Sequences
3.9.1. Sample Collection

Periodic field survey and collection trips were carried out to different parts of Goa
and Karnataka for collection of P. talbotii plant materials for Herbarium and study
taxonomy. For molecular gene sequencing P. talbotii sample was collected from
Saccordem, Goa. Similarly, regular field survey and collection trips were made to
Anamalai hills, Valparai, Coimbatore District, Tamil Nadu, for the collection of P.

anamalayanum for genetic diversity studies and molecular gene sequencing.
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3.9.2. Herbarium Preparation

The collected samples from different natural populations of both plant species
were processed for herbarium using standard method (Vogel, 1987; Jain and Rao,
1977). All herbarium specimens are deposited in Herbarium, Department of Botany,

Goa University, Panaji - Goa.

3.9.3. Systematic Position Based on Gene Sequencing Data

To ascertain the taxonomic position of P. talbotii and P. anamalayanum, the
universal ITS, matK and rbcL primers were used (Table 12). A silica dried leaf samples
of both species were supplied to Rajiv Gandhi Centre for Biotechnology (RGCB),
Thiruvananthapuram, Kerala. For P. talbotii, ITS and matK sequences and for P.

anamalayanum, ITS, matK and rbcL gene sequences were obtained.

3.9.4. Phylogenetic Tree Construction

Along with the gene sequences obtained from RGCB, for P. talbotii and P.
anamalayanum, an identical gene sequences were retrieved from National Center for
Biotechnology Information (NCBI) and arranged in FASTA format and aligned with
the query sequences. The sequence alignment was carried out using clustalW (ver. 1.6).
The individual Maximum likelihood analysis was performed using Molecular
Evolutionary Genetics Analysis (MEGA) version 5.05, software (Tamura, et al.,
2004; 2011). 1000 replicates of bootstrapping for clades were performed for assessing

the confidence limit (bootstrap percentage) (Felsenstein, 1985).
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Table 12. Primers used for sequencing of ITS, matK and rbcL genes from
Phyllanthus talbotii and Pseudoglochidion anamalayanum.

Target PI\T;Tan Direction Sequence (5’ to 3’) Reference/Remarks
3F-KIM-F Forward g?gﬁ?ﬁfgngTTT CBOL Plant Working Group
matK (http://www.barcoding.si.edu
1R-KIM-R Reverse éﬁi¢g¥$gé¥$z(} /plant_working_group.html)
rbcLa-F Forward ﬁgigi%iC!A!Cn%%AC CBOL Plant Working Group
rbel (http://www.barcoding.si.edu
rbcL724-R Reverse S\E‘C“R“C“G‘TCAAGTCC Iplant_working_group.html)
ITS5-F Forward .?/S\QQ/SZQQAAGTCG CBOL Plant Working Group
ITS (http://www.barcoding.si.edu
ITS4-R Reverse ¥2$£%CGCTTATTGA Iplant_working_group.html)

The PCR amplification was carried out in a PCR thermal cycler (GeneAmp PCR System
9700, Applied Biosystems).
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4. RESULTS

The results reported here are based on the investigation of population studies,
ecology, propagation, conservation and molecular studies of two critically endangered
plant species namely Phyllanthus talbotii and Pseudoglochidion anamalayanum. During
this study, (i) Western Ghats of Goa, Karnataka, Tamil Nadu and adjacent regions were
surveyed for population studies and specimens collected for laboratory experiments and
processed for herbarium. (ii) Developed and standardized protocols for vegetative
propagation using various plant growth regulators for both P. talbotii and P.
anamalayanum. (iii) Developed and standardized protocols for in-vitro regeneration and
mass multiplication of P. talbotii. (iv) In-situ conservation of two critically endangered
plant species P. talbotii and P. anamalayanum by reintroduction into their natural habitats
to establish new populations, enrich the existing natural populations and monitor their
growth and performance. (v) Studied the genetic diversity and variation within and among
the populations of each of these two critically endangered plant species using ISSR
molecular markers, and assessed its taxonomic position using ITS, matK and rbcL gene

sequencing.

4.1. Taxonomic Description
4.1.1. Phyllanthus talbotii

Phyllanthus talbotii Sedgw. Journ. Ind. Bot. 2. 124. 1921. (as ‘talboti’); Singh &
Kulkarni, In: Red Data Book of Indian plants 3: 124. 1990. Balakrishnan & Chakrabarty.
Family Euphorbiaceae in India 374. 2007.

A monoecious sub-shrub, up to 150 cm high; stem terete, suffruticose, brown, often

with vertical streaks with prominent nodes; branchlets up to 25 cm long, with up to 100
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leaves, hirsute. Stipules triangular to deltoid, ¢. 1.5 x 1 mm, margin white or brown
acuminate at apex. Petiole c. 0.5 mm long; lamina oblong, up to 5.9 x 3 mm, rounded at
base, entire, acute or slightly apiculate at apex, midvein prominent, secondary veins 4 — 5
pairs, often invisible, sparsely hairy on both surfaces. Staminate flowers: axillary, solitary
or in clusters of 2 — 3, ¢. 25 x 2 mm. Bracts ovate, shorter than stipule; bracteoles
subulate. Pedicel capillary, c. 2 mm long, slightly dilated at apex. Sepals 4, obovate to
elliptic, ¢. 2 x 1.3 mm, acute to rounded at apex, green in the middle with a broad white
wavy margin, one veined. Disc of 4 distinct units, yellow. Staminal column c. 0.7 mm
long; anthers 4, in two pairs, ¢. 0.5 mm across, yellow. Pistillate flowers: solitary, axillary,
on the same branchlet as staminate flowers, c. 3 mm across when open. Bracteoles
lanceolate to ovate, up to 1 mm long. Pedicel c. 2 mm long, dilated at apex. Sepals 6, ovate
to elliptic, 1.5 — 2 x 1 mm, entire, acute to acuminate at apex, greenish and long in the
middle and white to creamy on either side. Disk yellow, wavy, slightly 5-lobed. Ovary 3-
lobed, c. 0.5 x 1 mm; styles 3, each distinctly forked. Fruiting pedicel c. 3 mm long,
dilated at apex. Capsule c. 3 x 4 mm, 3- lobed, hirsute; cocci 3; seeds 2 in each cocci, c.

1.8 x 1. mm, 3-angled, curved on dorsal side, smooth brown in colour (Plate 1).

Flowering and Fruiting: August — November.

Distribution: Western Ghats regions of Goa and Karnataka, along the fresh water streams
and rivers.

Specimens examined: INDIA, Goa; North Goa District, Sanguem , 23.9.1997, V. Joshi
and S. Rajkumar, 1022, 1070; Selaulim reservoir site, 30.8.2010, S.S. Naik, 4001, 4002,
Collem stream, 11.9.2010, S. S. Naik, 4003, 4004, Waddem stream, 12.10.2010, S. S. Naik,
4005, 4006, 4007; Dudhsagar waterfalls, 11.9.2010, S. S. Naik, 4008, 4009, 40010 (All the

herbarium specimens are deposited at Goa University Herbarium).
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4.1.2. Pseudoglochidion anamalayanum Gamble

Pseudoglochidion anamalayanum Gamble in Kew Bull. Misc. Inf. Kew 1925: 329.
1925. Balakrishnan & Chakrabarty, Family Euphorbiaceae in India 377. 2007.
Pseudoglochidion anamalayanum Gamble and Fl. Madras 2 (7): 1285. 1925; Chandrabose
in Henry et al., Fl. Tamil Nadu Ser. 1, 2: 239. 1987; Nayar and Sastry, Red Data Book of
Indian Plants 3: 126. 1990.

A monoecious tree, up to 10 m high; branches slender, irregular; branchlets
phyllanthoid. Leaves 10 — 14 per branchlet, distichous, ovate to lancelolate, 4 -9 x 1.5 -3
cm, rounded to acute at base, entire along margins, acute to acuminate at apex, glabrous,
lateral nerves regular on both the sides; stipules subulate, up to 4 mm long; petiole up to
2.5 mm long. Flowers either axillary or on special leafless branchlets; flowering branchlets
up to 14 cm long, might continue to grow and produce leaves after flowering. Staminate
flowers: in clusters; bracts and bracteoles subulate, at the base of pedicel; pedicel filiform,
5 — 6 mm long; sepals 6, biseriate, imbricate, ovate-lanceolate, ¢. 3 x 1 mm; petals 0;
stamens 3, joined at base by short filaments; anthers 3, ¢. 2 x 0.5 mm with prominent
apiculate connective, yellow, extrorse; glands 6, conspicuous. Pistillate flowers: solitary or
in clusters of 2 — 3, pedicel c. 1 mm long, thick; sepals 6, biseriate, as in staminate flowers,
often unequal; ovary 3-chambered, ovules 2 in each; styles fused to form a thick column of
up to 3 mm when young; stigma 6-toothed; disc minute, annular. Capsules 3-lobed, 8 — 10
mm in diameter, subglobose, glabrous, depressed at apex. Seeds three sided, dorsally
curved, 4 — 5 mm long, dotted, hilum black spotted (Plate 2).

Flowering and Fruiting: Throughout the year.
Distribution: Restricted to Anamalai Tiger Reserve of Anamalais (1,100-1,400 m),

Valparai, Coimbatore district, Tamil Nadu (India).
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Specimens examined: INDIA, Tamil Nadu; Coimbatore district, Valparai, lyerpadi,
23.1.2010, 4951, 4952, 4953, 4954, 4955, 4956, 4957, 4958, 4959. All specimens are
collected by M. K. Janarthanam, S. Krishnan and S. S. Naik; all herbarium specimens are
deposited at Goa University Herbarium.
4.2. Survey and Estimation of Natural Populations and Phenology
4.2.1. Survey and Estimation of Populations of Phyllanthus talbotii

The systematic field trips and survey were carried out in around Western Ghats
regions of Goa and Karnataka to locate the populations of P. talbotii. Different populations
located in the State of Goa and Karnataka is provided in Plate 3. Some of the habitats of
the populations are given in Plate 4. During the field visits latitude and longitude of
different populations were taken using handheld GPS. The latitude and longitude
(location), altitude, approximate size of each population, number of plants, ramets in each

plant and height of the plants for each population is given below:

1. Saccordem, Dharbandora, Goa (Plate 4a)

Location - N15°23.684' E74°04.881'
Altitude :51m
Size : Approximately 700 m?

Number of Plants  : 303
Ramets in each plant: 02-28
Height of the plants : 45-110 cm

This population has been found distributed along the sides of the stream and in the
middle wherein water flows throughout the year. The plants were always seen in shallow
parts of the stream. The population receives very bright sun light and plants showed the

accumulation of large amount of anthocyanin pigments.
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2. Waddem, Sanguem, Goa (Plate 4b)

Location : N15°09.143" E74°13.649'
Altitude t44m
Size : Approximately 600 m?

Number of Plants  : 185
Ramets in each plant: 02-14
Height of the plants : 55-65 cm

This population is located in a stream wherein water flows throughout the year.
The stream is very shallow and not too many large trees are present in the area, the sun
light is more and the plants showed lots of anthocyanin pigments. Threat to this population
is mainly due to the washing of mining trucks which leads to spillage of oil and other

pollutant.

3. Collem, Dharbandora, Goa (Plate 4c)

Location - N 15°20.290' E 074°14.767'
Altitude 255 m
Size : Approximately 600 m?

Number of Plants  : 327
Ramets in each plant: 02-45
Height of the plants : 50-60 cm

Collem is located at the foot-hills of the Western Ghats of Goa. Single population
of P. talbotii is found growing in a stream which comes from Dudhsagar. The stream is
shallow and perennial. The size of the population is comparatively larger than other
populations. People from neighboring areas come here for picnic which adds threat to this
population. Other threats are washing of trucks (mainly mining trucks) and washing of

clothes by the villagers very close to this population.
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4. Dudhsagar, Dharbandora, Goa (Plate 4d)

Location : N15°18.700" E74°18.843'
Altitude 1205 m
Size : Approximately 700 m?

Number of Plants 157
Ramets in each plant: 02-36
Height of the plants : 40-50 cm

This population is located exactly at the tourist spot where water from Dudhsagar
falls. The people mainly come for picnic to this place which causes threat to the
population. In this population, plants are found scattered on either side of the stream and

also found growing in the crevices of big boulders and rocks.

5. Salaulim Dam, Sanguem, Goa (Plate 4e).

Location : N15°12.807" E74°10.624'
Altitude :45m

Size : Approximately 300 m?
No. of Plants 32

Ramets in each plant: 02-45
Height of the plants : 55-65 cm

One population is found near Salaulim water reservoir with a very few number of

plants

6. Jog falls, Karnataka (Plate 4g)

Location ©N 14°13.942' E 074°49. 149’
Altitude 2470 m
Size : Approximately 10,000 m?

Number of Plants  : 157
Ramets in each plant: 03-26
Height of the plants :55-120 cm
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Jog falls is located in Uttar Kannada district of Karnataka. Plants of P. talbotii are
found growing in river and incidentally this is one of the type locality (syntypes from Supa
and Jog falls was mentioned in literature). The river flows throughout the year with very
little flow in summer. In this population, plants are found scattered on either side of the
stream and also found growing in the crevices of big boulders and rocks. Among the
surveyed area, about 50-60% area is occupied with water and boulders. Within few
hundred meters of this population the world famous Jog falls is present along the same

river. After the falls, no population of P. talbotii is found.

7. Agumbe, Karnataka (Plate 4h)

Location : N13°30.595' E75°05.190
Altitude 1636 m
Size : Approximately 250 m?

Number of Plants  : 116
Ramets in each plant: 03-22
Height of the plants : 55-80 cm
This is a small population but it is undisturbed.

8. Tunga River, Thirthahalli, Karnataka

Location : N13°41.084' E75°14.640'
Altitude 1608 m
Size : Approximately 750 m?

Number of Plants  : 127
Ramets in each plant: 03-26
Height of the plants : 55-80 cm

Phyllanthus talbotii is found growing in Tunga river bed in a place called

Thirthahalli in Shimoga district, Karnataka. The river flows throughout the year.
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9. Madanakka Village, Karnataka

Location : N13°30.408' E75°01.262'
Altitude :91m
Size : Approximately 400 m?

Number of Plants  : 208
Ramets in each plant: 03-27
Height of the plants : 55-80 cm

This is also an undisturbed population.

10. River near Halady, Karnataka

Location : N13°34.926' E74°51.471'
Altitude :25m
Size : Approximately 600 m?

Number of Plants  : 307
Ramets in each plant: 02-28
Height of the plants : 55-90 cm

This population is located in Dakshina Kannada of Karnataka at the bank of river
called Netravati near the village Halady. In this population, plants are found scattered on

either side of the stream.

11. Kubja-Nadi bridge, village, Karnataka

Location : N13°39.910' E74°47.296'
Altitude :20m
Size : Approximately 450 m?

Number of Plants  : 172
Ramets in each plant: 03-26
Height of the plants : 55-80 cm
This population is located in the bank of river called Netravati near the village

Bijre. Plants are found on either side of the stream.
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12. Jadkal, Karnataka

Location : N13°47.731' E74°48.274'
Altitude :32m
Size : Approximately 500 m?

Number of Plants  : 235
Ramets in each plant: 02-25
Height of the plants :50-120 cm

This population is located near the village Jadkal in Udupi District of Karnataka.

13. River near Hulikal, Karnataka

Location : N13°43.455' E75°00.541'
Altitude :578 m
Size : Approximately 350 m?

Number of Plants  :192
Ramets in each plant: 03-25
Height of the plants : 55-90 cm

In this population, plants are found on either sides of the stream.

4.2.2. Phenology of Phyllanthus talbotii

In P. talbotii senescence of leaves starts from the month of April and continues
through May and complete leaf shedding was observed in the month of June to July.
Depending on the monsoon rain, during the month of August when water level comes
down new shoots are seen and flowering starts. The flowering, fruiting and seed setting

were observed from August to November.

4.2.3. Survey and Estimation of Populations of Pseudoglochidion anamalayanum
The periodic field trips and survey were carried out in Anamalai Tiger Reserve,
Valparai, Tamil Nadu, for population study, plant samples collected for laboratory

experiments and processed for herbarium. Total of eight populations were located and
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distributional geographic area is provided in Plate 5. Some of the populations in Anamalai
Tiger Reserve are shown in Plate 6. Details of latitude and longitude (location), altitude,
total number of plants, total number of saplings through seeds or from root suckers, plant

height, numbers of plants fruiting and flowering are provided below:

1. 37" hair pin bend (Plate 6c)
Location: N10°22.191" E76°59.503'

Altitude: 1350 m

Total number of Plants 217
Total number of saplings 467
Number of plants with the height < 3m 08

Number of plants with the height > 3m 209

Number of plants in flowering and fruiting on the day of survey: 122
The plants are found growing between 36™ and 37" hair pin bends at the right hand
side when coming down to 37" hair pin bend. The plants are very healthy and show
luxuriant growth with thick branching and foliage. The soil near the plant is very loamy
and black brown in colour covered with dry leaf litter. The plants receives fair amount of

sun light.

2. Opposite side of 37" hair pin bend

Location: N10°22.329' E76°59.593'

Altitude: 1361 m

Total number of Plants 29
Total number of saplings 38
Number of plants with the height < 3m 08
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Plate 6

Plate 6. Habit, habitat and different populations of Pseudoglochidion
anamalayanum at Anamalai Tiger Reserve, Valparai, Tamil

Nadu.
a, b. Anamalai Tiger Reserve Forest.
c. Population at 37" hair pin bend.
d. Population in between 39™-40" hair pin bend.
e. Population behind Nature Conservation Foundation (NCF)

Center, lyerpady 11" Division Field.
f. Population close to PKT tea estates.
g. Population opposite to PKT tea estates.

h. Population in Sirukundra Tea Estate.
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Number of plants with the height > 3m 21

Number of plants in flowering and fruiting on the day of survey: 62
The plants are found growing to the upper side of 37" hair pin bend at the right
hand side when coming down to 38™ hair pin bend. The plants are very healthy and show
luxuriant growth. The soil near the plant is very loamy and black brown in colour covered

with dry leaf litter. The plants receives fair amount of sun light.

3. In between 39-40 hair pin bend (Plate 6d)
Location: N 10°21.847' E 076°59. 841’

Altitude: 1298 m

Total number of Plants 09
Total number of saplings 12
Number of plants with the height < 3m 04
Number of plants with the height > 3m 05

Number of plants in flowering and fruiting on the day of survey: 04

The plants are found growing in between 39™ and 40™ hair pin bend when coming

down to 40™ hair pin bend and very close to the road side. Many plants were damaged and

less luxuriant growth was observed. The plant receives moderate amount of sun light.
Since the plants are found growing very close to the road side; the possibility of land slide

affecting plant is noticed.
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4. Behind Nature Conservation Foundation (NCF) Centre, lyerpady 11" Division

(Plate 6e)
Location: N 10°22.223' E 076°58.947'

Altitude: 12954 m

Total number of Plants 469
Total number of saplings 698
Number of plants with the height < 3m 343
Number of plants with the height > 3m 126

Number of plants in flowering and fruiting on the day of survey: 148
The plants are found growing in the periphery of tea estates from where reserve
forest starts. The plants are very healthy and show luxuriant growth with thick branching
and foliage. The soil near the plant is very loamy and black brown in colour covered with

dry leaf litter. The plants receive fair amount of sun light.

5. Close to the Peria Karamalai Tea (PKT) estates
Location: N 10°21.917" E 076°58.049'

Altitude: 1275 m

Total number of Plants 42
Total number of saplings 151
Number of plants with the height <3m 10
Number of plants with the height > 3m 32

Number of plants in flowering and fruiting on the day of survey: 08
The plants are found growing near PKT tea estates at the left hand side (10 m
interior into the forest from the road) when going towards PKT tea estates. The plants are

very healthy and show luxuriant growth with thick branching and foliage. The soil near the
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plants is very loamy and black brown in colour covered with dry leaf litter. The plants

receive fair amount of sun light.

6. In PKT tea estates
Location: N 10°21.373' E 076°59.940'

Altitude: 1280 m

Total number of Plants 16
Total number of saplings 04
Number of plants with the height < 3m 14
Number of plants with the height > 3m 02

Number of plants in flowering and fruiting on the day of survey: 21
All plants are found growing just a meter away at left hand side of the road when
going towards PKT tea estates along the slopes and shows very poor growth but flowers
and fruits are in plenty, this may be due to more sunlight it receives as compared to other

populations.

7. Opposite to PKT tea estates (Plate 69)
Location: N 10°21.917" E 076°58.049'

Altitude: 1275 m

Total number of Plants 72
Total number of saplings 51
Number of plants with the height < 3m 15
Number of plants with the height > 3m 57

Number of plants in flowering and fruiting on the day of survey: 13
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This population is present to the opposite side of PKT tea estates at the right hand
side (20 m away from the road) when going towards Balaji temple. This is the only
population found growing in an open area with some shrubs and grasses. It was also
observed that Indian Gaur often comes to this area for grazing and it was noted that they
sometimes graze on P. anamalayanum may be due to which plants are very short with less
than 4 m in height and moderate foliage. The soil near the plants is very loamy and black

brown in colour covered with dry leaf litter. The plants receive good sun light.

8. Sirukundra Tea Estate, Valparai (Plate 6h)
Location: N 10°18.542' E 076°57.593'

Altitude: 1118 m

Total number of Plants 641
Total number of saplings 742
Number of plants with the height < 3m 310
Number of plants with the height > 3m 331

Number of plants in flowering and fruiting on the day of survey: 363
This population is found growing in private forest property of Sirukundra tea
estate. The plants are very healthy and show luxuriant growth with thick branching and
foliage. The soil near the plant is very loamy and black brown in colour covered with dry

leaf litter. The plant receives good sun light.

4.2.4. Phenology of Pseudoglochidion anamalayanum
P. anamalayanum is an ever green tree. Flowering and fruiting was observed
throughout the year. It was observed in the field that the fruits were severely damaged by

fruit borers. Fruit borers invariably damaged the fruits starting from early stages to
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maturity. When the damaged fruits are cut open, it was observed that entire seed including
the embryo was eaten by the larva. The various developmental stages of damaged fruits

and a larva which was found inside the fruit are depicted in Plate 7.

4.3. Environmental and Ecological Data
4.3.1. Phyllanthus talbotii

It is mostly found growing along the shallow stream and river beds. Substratum
varied from sandy to loamy soil, lateritic rocks, and rock crevices (Plate 4). They are
normally found growing in patches due to the dehiscent capsules and shedding seeds near
the mother plant. They germinate and establish in the vicinity of the mother plant.
Flowering and fruiting is from August to November. The seedlings are seen in the month
of November and December and start growing luxuriantly from January onwards. It was
observed that during the rainy season the plants are almost submerged in the water with no
leaves and survive in the form of leafless sticks in the month of June and July. The new
leaves start appearing in the months of August to September. The plant has strong root
system to hold the soil strongly thus preventing soil erosion as well as preventing plant
from getting uprooted in strong water currents. P. talbotii mostly associated with other
plants species such as Homonoia riparia, Rotula aquatica, Syzygium heyneanum and
Osmunda regalis. Major threats for P. tallbotii are sand quarry, construction of check

dams, pollution of streams and other anthropogenic activities (Plate 8).

Soil Analysis
Soil samples collected from each population of Phyllanthus talbotii were made as
composite sample and used for the soil analysis. Data revealed that the soil pH and

electrical conductivity (EC) is varying between different locations, however the pH
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recorded showed slight to moderate acidic nature of the soil both in Goa as well as
Karnataka populations (pH ranged from 5.6 to 6.4). Electrical conductivity also varied
from medium to high. The soil showed the presence of high to moderate amount of organic
carbon contents which are essential for healthy plant growth. It was observed that Goa
populations are rich in organic carbon when compared to the populations found in
Karnataka having moderate amount of organic carbon. The soil was with very less
phosphorus, while potassium content was found to be medium to very low. All other
micronutrients are found to be under required limit. Details of soil analysis are provided in

Table 13.

4.3.2. Pseudoglochidion anamalayanum

P. anamalayanum is located in the evergreen forests of Anamalai Tiger Reserve,
Valparai, Coimbatore district of Tamil Nadu. The plants found growing in loamy soil with
pH ranging from 5-6. In general, flowering and fruiting was observed throughout the year,
however, the plants found growing on the edge of the forest showed with gregarious
flowering since they are exposed to more sunlight. The plants growing deep in the forest
have not been observed either in flowering or fruiting. In these cases good numbers of
plants have been observed to be arising from suckers. It was also observed that the direct
germination of seeds have given rise to very few seedlings, which was found growing
beneath the mother plants. Very often capsules are attacked by insect borer and seeds are
found to be damaged (Plate 7). P. anamalayanum found growing with other associated
plants such as Clerodendrum viscosum, Cullenia exarillata, Elaeocarpus munronii,
Elaeocarpus serratus, Mallotus tetracoccus, Mesua ferrea and Nageia wallichiana. The
threats noticed includes chopping of tree branches which extends to the private tea estates.

In addition, these plants are also eaten by Indian Gaur (Bos gaurus) which has been noted.

59



Table 13. Soil analysis of natural populations of Phyllanthus talbotii.

Macro Nutrient Kg/ha

Micro Nutrients ppm

E.C. *Nitrogen/ | P K Zn Fe Mn Cu B
Locations pH | (mmhos/cm) | Org. C (%)
Goa
Saccordem 5.6 0.128 0.64 44 | 826 | 143 | 58.45 | 51.82 | 3.37 | 0.19
Waddem 6.1 0.138 0.77 6.4 | 132.7 | 2.62 | 51.34 | 57.28 | 2.76 | 0.18
Collem 5.9 0.179 1.33 42 | 8145 | 2.26 | 52.33 | 58.63 | 2.18 | 0.12
Dudhsagar 5.7 0.163 112 3.7 |93.72 | 2.09 | 43.89 | 45.39 | 2.11 | 0.16
Salaulim 6.1 0.195 117 41| 9887 | 285 | 5565|4813 | 3.3 | 0.19
Karnataka
Jog Falls 6.0 0.290 2.2 Tr. | 100.8 | 2.57 | 56.92 | 40.18 | 4.04 | 0.15
Agumbe 5.7 0.198 1.9 Tr. | 87.32 | 2.2 | 46.47 | 38.66 | 3.08 | 0.08
Thirthahalli 6.4 0.121 0.48 Tr. | 11.2 | 1.09 | 45.26 | 32.48 | 2.71 | 0.13
Madanakka village | 6.2 0.116 0.38 Tr. | 11.18 | 1.16 | 46.29 | 34.67 | 2.98 | 0.16
Halady 5.6 0.302 0.78 Tr. | 67.2 | 059 | 4831 | 7.17 | 3.09 | 0.09
Kubja-Nadi bridge | 5.9 0.143 0.87 0.3 |68.23 | 2.13 | 51.46 | 36.86 | 1.93 | 0.19
Jadkal 57 0.934 1.39 0.5 | 108.6 | 1.63 | 53.88 | 36.43 | 3.25 | 0.04
Halkal 5.7 0.749 1.33 04 | 128.6 | 1.88 | 51.77 | 39.47 | 3.05 | 0.06

* Nitrogen is one tenth of the organic carbon




Several herds of elephants and Indian Gaur have damaged the newly planted cuttings /

saplings by trampling (Plate 9).

Soil Analysis

Soil samples collected from each population of Pseudoglochidion anamalayanum
were made as composite sample and used for the soil analysis. Data revealed that the soil
pH and electrical conductivity (EC) is varying between different locations, however the pH
recorded showed slight to moderate acidic nature of the soil both in all the populations (pH
ranged from 5.6 to 6.4). Electrical conductivity was medium. The soil showed the presence
of high amount of organic carbon contents which is because of high amount of leaf litter
and other biomass decompositions. The soil showed very low to trace amount of
phosphorus, while potassium content was found to be very high in most of the populations,
except low (134.4 kg/Ha.) at lyerpady near PKT tea estates. All micronutrients are found
to be under required limit except manganese (Mn) which was very low at lyerpady near
PKT tea estates (1.12 ppm), behind NCF Information center (1.38 ppm) and Sirukundra (4.56 ppm)

populations. Details of soil analysis are provided in Table 14.
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Table 14. Soil analysis of natural populations of Pseudoglochidion anamalayanum,

Macro Nutrient Micro Nutrients
Kg/ha ppm
*
E.C. ON/C P K Zn Fe Mn Cu B
Locations PH | (mmhos/ rg.
cm) (%)
37" Hair pin bend 6.1 | 0.198 2.12 Tr. | 4704 | 5.87 | 38.78 | 17.43 | 0.59 | 1.16
39" Hair pin bend 5.7 | 0.117 2.54 11.9 | 313.6 | 7.88 | 62.76 | 20.52 | 0.072 | 0.67
lyerpady near PKT | 5.5 | 0.059 0.35 Tr. | 1344 |486|43.39|1.21 |0.093|0.11
tea estates
Behind NCF 5.3 | 0.098 2.05 Tr. |593.6 |6.27 |50.16 | 1.38 | 0.31 |0.44
Information center
Sirukundra 5.4 | 0.139 2.68 Tr. | 313.6 | 3.71 | 52.04 | 456 | 0.33 | 0.89
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4.4. Vegetative Propagation
4.4.1. Response of Stem Cuttings in Phyllanthus talbotii

During this study, various concentrations of IBA (indole-3-butric acid) and I1AA
(indole-3-acetic acid) were used for initiation of roots in vegetative stem cuttings of P.
talbotii. Stem cuttings started sprouting in all treatments of IBA and IAA after 15-20 days
of planting. Out of thirteen treatments used, both IBA and IAA showed similar results in
respect to the average shoot length (45 cm). Similarly, both IBA and IAA revealed the
survival rate of stem cuttings of about 90-95% after 15 days of planting in the root-trainer

under poly-house condition.

The number of primary root formation varied with different concentrations of IBA
and IAA. Among the IBA concentrations, maximum numbers of primary roots (9.8+1.3)
were observed in 150 ppm, followed by 100 ppm (9£1.8). In various concentrations of
IAA tried, 200 ppm revealed with maximum numbers of primary roots (10.2+0.8)
followed by 150 ppm (7.8+0.8) as compared to control (3.6+0.5). The length of root was
almost similar in 100 ppm of IBA (33.7£0.5cm) and 150 ppm of IBA (32.1+0.9 cm).
Among IAA concentrations, 200 ppm showed the maximum length of root (21.9+1.4 cm)
as compared to control (7.8+0.3 cm). Rootex was found to be effective when compared to

control, however, the survival rate was low (44.62%) (Table 15; Plates 10-12).

4.4.2. Response of Stem Cuttings in Pseudoglochidion anamalayanum

A total of 400 stem cuttings were used for vegetative propagation. Out of 400,
about 10-15% of stem cuttings induced roots and shoot development (Plate 13-14). The
low percentage of rooting was observed may be due to the non-availability of poly-house
facility at Valparai (Tamil Nadu) where the experiment was conducted in an open area.
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Table 15. Effects of IBA, IAA and Rootex hormones on induction of roots in stem
cutting of Phyllanthus talbotii.

Plant

c Cuttings Avg. no. of Avg. Roots length

onc. . .

Growth Responded Primary roots incm.

m

Requlators (ppm) (%) (180 days) (180 days)
50 91 6+1.0 21.9+1.4
100 94 9+1.8 33.7+0.5
150 96 9.8+1.3 32.1+0.9

IBA
200 93 6.8+0.8 25.7+0.6
250 92 4.8+0.8 17.8+0.5
300 89 3.8£0.8 16.7+£0.3
50 93 7.2+0.8 27.1+0.9
100 98 7.2+0.8 28.4+0.5
150 96 7.84£0.8 25.5+1.1
I1AA
200 94 10.2+0.8 21.9+1.4
250 89 5.8+0.8 29.1+0.5
300 87 3.8+0.8 15.8+0.4
Rootex Powder 45 9.2+0.3 25+0.4
Control Distilled water 58 3.620.5 7.8+0.3

Date represents mean * standard errors for five replicates.
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Rooted stem cuttings of four months old of about 25 numbers were brought from Valparai,
Tamil Nadu to Goa University and placed in poly-house condition for further growth
(Plate 14a, b). Later these plants were transferred to bigger pots with garden soil and farm-
yard manure in the ratio of 1:1 (Plate 14c—f). All these stem cuttings responded well and
showed luxuriant growth with random flowering. Presently, these plants have grown to the

height of 1.5 to 2 m as recorded during the month of March 2015 (Plate 14g, h).

4.4.3. Air-layering of Pseudoglochidion anamalayanum

Air-layering technigue was successful when compared to vegetative propagation by
stem cuttings. Air-layered branch showed the formation of fibrous and white root system.
Before the initiation of roots on the cut surface, swelling and callus formation was
observed. Air-layered portion was opened after 75 days and checked for rooting. The air-
layered branches were observed with profuse thick rooting (Plate 15a—g). A total of 70
branches were air-layered. Among them, 55 were rooted and survived. Among the
treatment, rootex showed highest percentage of rooting and survival, followed by IBA and
IAA respectively. However, control showed with 40% of rooting and survival (Table 16).
Subsequently, the rooted branches were transferred to poly-bags and then transported to
Research Nursery, Nature Conservation Foundation (NCF), Old Valparai, Tamil Nadu

(Plate 15h).
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Table 16. Effect of plant growth regulators on air layering of Pseudoglochidion
anamalayanum.

Total no. of air No. of air-layered % of air-layered

Treatment lavered ' lants branches rooted and branches rooted and

y P survived after 75 days | survived after 75 days
Control 10 4 40
IBA 20 17 85
1AA 20 16 80
Rootex 20 18 90
Total 70 55 -
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4.5. In-Vitro Regeneration of Phyllanthus talbotii
4. 5. 1. Responses of Explants

Different explants such as shoot tip, leaf, nodal segments and seeds were used for
in vitro regeneration. The vegetative propagated stem cuttings were also brought to the
poly-house and maintained for their active growth. These plants were used as source plants
to obtain explants regularly for tissue culture study. Among the explants seeds have
formed maximum quantity of callus and followed by nodal explants. However, none of the

explants or callus has regenerated in to shoots even after several sub-cultures.

4.5.2. In-Vitro Seed Germination

Sterilized seeds were inoculated aseptically on full and half strength Murashige and
Skoog’s medium (MS) without any plant growth regulators (Basal medium). The seeds
were swollen after 3 to 4 days of inoculation and germinated within a week (Plate 16a, b).
The half strength medium supported more for seed germination than full strength MS
medium. Cotyledons emerged after 10 days seedlings growth, during that time seedlings
were measured c. 2 cm in height (Plate 16c; Table 17). However, further seedling growth

was not observed and in vitro seedlings died due to shoot necrosis.

4.5.3. Effects of Plant Growth Regulators on Callus Formation
The various plant growth regulators such as auxin and cytokinins were tried
individually or in combinations for callus induction. Percentage of regeneration and callus

induction for each treatment was scored after one month of culture.

Seed and nodal explants were cultured on MS medium containing 2, 4-D at 0.5-5
mg/L showed callus formation after 7-14 days of culture. For seed explants, swelling of

seeds were observed in 3 to 4 days of culture. Initiation of callus was observed in seeds
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Table 17. Responses of in-vitro seed germination of Phyllanthus talbotii.

MS Basal Days taken for Seedling height Seed Germination
Medium germination after 10 days (cm) (%)

Full Strength 6-7 1.8 65

Half Strength 5-7 2.1 78

Table 18. Influence of 2, 4-D on callus induction of seed and nodal segments
explants in Phyllanthus talbotii.

Seed Explants Nodal Explants
MS + 2,4-D

(M9L) | Responded () | FEPOMC | Responcid o) | RESPOTSE

Control - - -
0.5 53.33 C 63.33 EC
1.0 56.66 EC 70.00 EC
2.0 46.66 EC 60.00 EC
3.0 40.00 C 56.66 EC
4.0 36.66 C 33.33 C
5.0 22.66 C 23.33 C

C: Explant produced callus

EC: Explant produced extensive callus




after one week of culture. Extensive callus formation was noted in 1 and 2 mg/L 2, 4-D.,
after one month inoculation (Plate 16e). In nodal segment explants, 2, 4-D., 0.5 to 3 mg/L
have produced substantial quantity of callus after 30 days of culture (Table 18; Plate 16d).
However, later the callus turned to pinkish colour due to the development of anthocyanin

and no further regeneration was observed.

Among the cytokinins BAP, KIN and Zeatin 0.5 mg/L produced extensive quantity
of callus (Table 19). In the nodal segments initiation of callus was observed prominently at
the cut surface of the explants. It was observed that, when the callus developed from nodal
segment it was compact, greenish in colour; while, when derived from seeds it was loose
in appearance and whitish in colour. However, both callus did not show any further

regeneration of plants when sub-cultured on cytokinin medium (Plate 17).

4.5.4. Direct Shoot Regeneration

For the direct multiple shoot formation explants such as shoot tips and nodal
segments were used. Both auxins and cytokinins were used individually and in
combinations with MS and WPM medium. Among the cytokinins BAP and KIN showed
some response especially the concentrations 0.5 and 1 mg/L (Plate 18a-f). Among the
media evaluated, MS medium was found to be more responsive than WPM. However, no

multiple shoot formations were observed in any of the cytokinins and auxin treatments.
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Table 19. Seed and nodal segments derived callus of Phyllanthus talbotii sub-cultured
on MS medium supplemented with cytokinins for regeneration.

Seed Explants Nodal Explants
MS + Cytokinins Culture Culture Responded
(mg/L) Responded (%) | Response (%) Response

Control - - - -
BAP (0.5) 51.66 EC 74 EC
BAP (1.0) 66.66 C 70 C
KIN (0.5) 65.00 EC 72 EC
KIN (1.0) 73.33 C 69 C
Zeatin (1.0) 63.33 C 70 C
Zeatin (0.5) 68.33 EC 72 EC

C: Explant produced callus EC: Explant produced extensive callus



4.6. In-Situ Conservation
4.6.1. Phyllanthus talbotii

For in-situ conservation of P. talbotii, river and stream beds of Western Ghats
region of Goa was surveyed. Based on the survey, four existing natural populations and 21
new suitable locations were identified for re-introduction. Soil analysis data was also taken
in consideration for the selection of new locations and suitability of the same for re-
introduction. The soil analysis study ensured that the soil characteristics of both natural
habitats as well as the newly selected sites for the reintroduction are almost similar (Table
20).

Reintroduction of P. talbotii was carried out in three successive years (April 2010
to April 2012). During this study, a total of 12,083 cuttings were transplanted
(reintroduced) to twenty five sites in Goa. Among the re-introduced sites, four were
existing populations (enrichment of existing populations) and 21 sites were new locations
of similar habitats for the reintroduction. Out of 12,083 cuttings reintroduced 7,260
(60.08%) cuttings survived. For the enrichment of existing populations cuttings from the
same populations or sites were used. At the end of nine months, survival percentage was
68.53% for the plants introduced during 2010 into the existing population and a new
population established in Valkinim has shown 61.41% survivability. During 2011 and
2012 more populations were established as well as existing population were enriched.
Among the cuttings planted in April 2011-12 the survival percentage is more than 60%
except for six populations (Table 21). At Dhuner and Zambaulim the survival percentage
of the cuttings was very low (22.88 and 09.39%). The sites such as Ganjem, Nanus and
Bhutpal also showed very less survival rate (35, 20.62 and 24.16%). However, wherever

cuttings survived, height increased over 50% to 90-110 cm and also produced 6-8 ramets
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Table 20. Soil analysis of newly established populations of Phyllanthus talbotii.

Macro Nutrient Kg/ha

Micro Nutrients ppm

E.C. *Nitrogen/ | P K Zn Fe Mn | Cu B
Locations pH | (mmhos/cm) | Org. C (%)
Valkinim 5.8 0.132 0.84 6.5 | 101.2 | 212 | 4413 | 61.92 | 2.11 | 0.28
Dhuner 6.1 0.138 0.77 6.4 | 132.7 | 2.62 | 51.34 | 57.28 | 2.76 | 0.18
Selaulim Garden | 6.0 0.158 1.33 6.2 | 71.2 | 3.31 | 53.82 | 38.73 | 3.98 | 0.06
Kodra 59 0.147 1.26 47 | 121.3 | 143 | 4155 | 61.72 | 3.11 | 0.53
Ganjem 6.3 0.173 1.41 39 | 775 | 262 | 45.13 | 59.45 | 298 | 0.15
Nanus 5.7 0.257 2.93 56 | 1524 | 1.38 | 57.62 | 58.32 | 3.13 | 0.07
Ansolem 5.9 0.128 0.98 7.2 | 1331|232 | 4822 | 64.21 | 3.81 | 0.37
Kahkdi 5.7 0.184 1.14 6.8 | 83.1 | 214 | 50.12 | 43.31 | 2.15 | 0.17
Satrem 6.1 0.318 2.21 6.3 | 79.3 | 243 | 49.15| 57.61 | 461 | 0.24
Valpoi 6.3 0.242 2.08 3.7 | 1233 |1.83|47.32|49.41 | 254|021
Waddem Bridge | 6.1 0.152 0.72 6.3 | 1214 | 1.98 | 46.38 | 71.72 | 2.02 | 0.51
Netravali 5.7 0.183 0.93 34 | 1432 | 2.88 | 51.47 | 57.83 | 3.17 | 0.43
Kazara 6.4 0.262 2.23 5.8 | 138.6 | 2.64 | 50.11 | 63.54 | 3.32 | 0.35
Zambaulim 5.9 0.273 2.85 8.9 | 198.3 | 341 | 52.43 | 70.14 | 4.14 | 0.04
Balli 6.2 0.306 0.83 149 | 179.2 | 2.58 | 49.66 | 40.12 | 3.79 | 0.05
Condimar 6.5 0.261 0.88 9.8 | 188.1 | 3.31 | 56.98 | 62.73 | 4.54 | 0.38
Ghorwawal 6.1 0.289 0.79 12.7 | 165.7 | 2.39 | 52.46 | 61.15 | 3.34 | 0.11
Barazan 5.8 0.189 0.81 9.7 | 1544 | 243 | 51.32 | 60.34 | 453 | 0.24
Butpal 6.0 0.321 2.63 48 | 156.3 | 1.93 | 42.34 | 53.31 | 4.01 | 0.21
Potrem 5.8 0.192 2.16 115 168.2 | 1.73 | 50.11 | 69.34 | 2.69 | 0.43
Wedia 5.6 0.131 0.65 43 | 828 | 197 |58.22 | 51.54 | 3.08 | 0.32

* Nitrogen is one tenth of the organic carbon




Table 21. Reintroduction of Phyllanthus talbotii in the year 2010, 2011 and 2012.

Sr. Alt. No. of NO'. of Survival
No. Place Names Lat. Long. (ft) Date Plan_ted survived %
Cuttings plants
1 | Waddem (E) N15°06.186" | E74°12.444" | 143 | 02.04.10 1500 1028 68.53
2 | Valkinim (N) N15°12.275' | E74°14.744" | 115 | 04.04.10 1003 616 61.41
3 | SelaulimDam (E) | N15°13.091' | E74°14.077' | 148 | 03.04.11 850 524 61.64
4 | Saccordem (E) N15°24.710" | E74°48.234' | 179 | 08.04.11 954 582 61
5 Collem (E) N15°20.290" | E74°14.767' | 181 | 08.04.11 355 223 62.81
6 Dhuner (N) N15°09.125' | E74°13.664' | 128 | 21.04.11 1112 254 22.88
7 Selaulim (N) N15°12.973' | E74°10.816' | 148 | 03.04.11 200 93 46.05
8 Kodra (N) N15°23.826' | E74°04.549' | 179 | 21.4.12 275 178 64.72
9 Ganjem (N) N15°28.011' | E74°05.014' | 17 | 21.4.12 320 112 35
10 | Nanus (N) N15°27.745' | E74°04.553' | 16 | 21.4.12 160 33 20.62
11 [ Ansolem (N) N15°29.775' | E74°08.654' [ 79 | 22.4.12 522 336 64.36
12 | Kahkdi (N) N15°30.190' | E74°08.223' [ 40 | 22.4.12 386 232 60.1
13 | Satrem (N) N15°36.604' | E74°12.921' | 311 | 22.4.12 396 241 60.85
14 | Valpoi (N) N15°32.176" | E74°08.931' | 297 | 22.4.12 100 63 63
15 [ Waddem (N) N15°06.358' | E74°12.618' | 135 | 23.4.12 180 124 68.88
16 | Netravali (N) N15°05.676' | E74°13.147' | 112 | 23.4.12 600 478 79.66
17 | Kazara (N) N15°05.199' | E74°10.309' | 263 | 23.4.12 540 434 80.37
18 | Zambaulim (N) N15°11.386' | E74°05.741' | 102 | 23.4.12 330 31 9.39
19 | Balli (N) N15°09.741' | E74°01.720" | 43 | 24.4.12 120 96 80
20 | Condimar (N) N15°08.261' | E74°01.471' | 85 | 24.4.12 420 361 85.95
21 | Ghorwawal (N) N15°07.275' | E74°02.086' | 194 | 24.4.12 450 276 61.33
22 | Barazan (N) N15°04.382' | E74°01.649' | 144 | 24.4.12 120 81 67.5
23 | Bhutpal (N) N14°59.969' | E74°05.126' | 49 | 24.4.12 120 29 24.16
24 | Potrem (N) N15°12.087' | E74°15.087' | 84 | 25.4.12 540 412 76.29
25 | Wedia (N) N15°09.962' | E74°15.202' | 208 | 25.4.12 530 423 79.81
TOTAL 12083 7260 60.08

E - planted for enriching the existing population; N - planted for establishing new

population
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thus establishing well. Thus the populations of P. talbotii have been established at different

localities (Table 21; Plates 19-22).

4.6.2. Pseudoglochidion anamalayanum

In situ conservation of P. anamalayanum was carried out by using vegetative stem
cuttings and root suckers. In the first set of experiment, a total of 200 stem cuttings of
approx. 30 cm height were cut directly from the trees and planted (reintroduced) in two
different sites. One site was selected near PKT tea estate and another site was near 39"
hair-pin bend of Anamalai Tiger Reserve, Valparai, Coimbatore district, Tamil Nadu. The
survival of the planted stem cuttings were checked after 35 days, it was observed that these

directly planted cuttings failed to establish and dried.

As a second set of experiment of in-situ conservation for P. anamalayanum, root
suckers collected from the different natural populations where they were found growing
abundantly. In case of P. anamalayanum, roots suckers formed an important vegetative
propagule for in-situ conservation since it produces profuse coppicing (formation of many
young shoots as new plantlets from the main roots) during their growth. These young
saplings (roots suckers) are directly formed from adventitious root buds and are good
source of planting material if separated carefully from the mother plants without damaging
roots. During this study, a total of 555 root suckers were planted in the year 2012 at six
different locations of Anamalai Tiger Reserve. Transplanted suckers were monitored
periodically for their successful establishment and survival in new sites. After checking for
their survival it was found that transplanted suckers established well and observed to be
healthy this showed an overall survival of 252 (45.40%) root suckers after eight months of

transplantation (Table 22; Plates 23, 24).
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Table 22. Reintroduction of Pseudoglochidion anamalayanum root suckers in the year

2012 and their survival at Valparai, Tamil Nadu.

S No | Place Names | GPS | Altitude | Planted %*ergg;]’qat:;‘ Survival in

' Coordinates | (meters) | Suckers 2012 March 2013
PKT N10°21.242'

1 . 1235 m 65 54 (83.07%) | 51(78.46%)
Opposite | E76°59 917
N10°21.242'

2 PKT Top 1239 m 40 08 (20.00%) 5 (12.5%)
E76°59.917"
Old N10°21.847"

3 Kadambarai 1350 m 100 78 (78.00%) 72 (72%)
Road E74°59.841'
Upper N10°26.130'

4 . 860 m 110 84 (76.36%) | 72 (65.45%)
Aliyar Dam E77°60.074"
N10°21.917"

5 'yeTrpady 1365m | 130 _ _

op E76°58.049'
N10°21.499'

6 Manambolli 596 m 110 87 (79.09%) | 52(47.27%)
E76°15.661"

Total 555 311 (56.04%) | 252 (45.4%)
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suckers at Anamalai Tirer Reserve, Valparai, Tamd Nado.




Plate 24. Sorvival of reet suckers of Porudirlocindion anaomalayanion after
8 manthx of reinbreduciien in the natoral habsais




Based on the success seen in the root suckers, an additional 796 root suckers were
transplanted during the onset of monsoon in the year 2013 at two new different localities
(Table 23). The survival rate of March 2013 transplanted root suckers could not be

assessed due to expiry of the working permit to work at Anamalai Tiger Reserve.
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Table 23. Reintroduction of Pseudoglochidion anamalayanum root suckers in
the year 2013 at Valparai, Tamil Nadu.

Sr.No | Place Names GPS Altitude Planted
' Coordinates (meters) Suckers
: N10°26.130'
1| e Aliyar 859 m 57
am E77°60.074'
N10°21.499'
2 Manambolli 595 m 739
E76°15.661'
Total

796




4.7. Genetic Diversity Studies
4.7.1. Genetic Diversity among the Populations of Phyllanthus talbotii
4.7.1.1. ISSR Band Pattern

Twenty two ISSR primers were initially screened using genomic DNA isolated
from Phyllanthus talbotii. Out of 22 primers used for amplification of genomic DNA, 12
primers did not amplify for any of the samples. Remaining 10 ISSR primers showed clear
and reproducible banding pattern were used during this study. ISSR analysis was carried
out in eight populations collected from different regions of Goa and Karnataka. Banding
patterns of amplified primers are shown in (Plate 25a-d). A total of 85 ISSR bands were
obtained from ten different primers and for each primer, the number of bands ranged from
05 to 12 with an average of 8.50 bands per primer. Of these sixty-one bands were
polymorphic with an average of 6.10 bands per primer. Average polymorphism across all
the samples was 71.85%, thus showing good genetic diversity in P. talbotii populations in
the State of Goa and Karnataka. The primer details, percentage of polymorphism and other

details are provided in Table 24.

4.7.1.2. Genetic Identity and Cluster Analysis

Pair wise genetic similarities were computed from ISSR data using BioDiversity
Pro software. The similarity matrix value obtained for the populations are given in (Table
25). ISSR data of eight different populations of P. talbotii was used to generate
dendrogram by using Bray-Curtis cluster analysis (single link) method through
BioDiversity Pro software. Dendrogram separated the populations based on the geographic
locations. The populations of Karnataka did not form any cluster and each population
stayed separately which may be due to different altitudinal ranges and distant geographical

locations of each population. However, populations of Goa, Saccordem and Waddem,

68



Plate 25a,b. ISSR banding pattern in 4 populations of Phyllanthus talbotii
from the State of Goa obtained from PCR amplification by
ISSR primer a. Oligo 807 and b. Oligo 817. M indicates
standard DNA marker; Lane 1. Dudhsagar; Lane 2. Collem;

Lane 3. Waddem and Lane 4. Saccordem.

c, d. ISSR banding pattern in 4 populations of Phyllanthus talbotii
from the State of Karnataka obtained from PCR amplification
by ISSR primer c. Oligo 807 and d. Oligo 817. M indicates
standard DNA marker; Lane 1. Jadkal; Lane 2. Halady, Lane
3. Jog Falls and Lane 4. Thirthahalli.

et ISSR banding pattern in 8 samples from single population of P.
talbotii from Waddem, Sanguem, Goa obtained from PCR
amplification by ISSR primer e. Oligo 807 and f. Oligo 817. M
indicates standard DNA marker; Lanes 1 to 8 are samples from

different individuals from single population.



Primer: UBC 807 GCoa Primer: UBC 817

Waddem, Sanguem taluka Goa

M 12 3 4 5 6 7 8 M 1 2 3 4 5 6 7 8

Primer- UBC 807 Primer- UBC 817

Plate 25. ISSR primers banding prefde of Phylanthius inlbotni within and ameng
the pepulatians



Table 24. Amplified, polymorphic bands, percentage of polymorphism and unique

bands in ISSR analysis among the populations of Phyllanthus talbotii from

Goa and Karnataka.

Primer Primer sequence I-\II_((J).t ?Jlf Polyl/\lrgb?:)hic P%Zﬂg;?;;m lJl\:ﬁd(L)J];
bands bands bands
807 | AGAGAGAGAGAGAGAGT 10 07 70 -
817 | CAC ACA CAC ACACACAA 11 08 72.72 01
828 | TGTGTGTGT GTG TGT GA 06 04 66.66 -
835 | AGA GAG AGA GAG AGA GYC 08 04 50 02
844 | CTCTCTCTCTCTCTCCTRC 07 07 100 -
848 | CAC ACA CAC ACA CAC ARG 09 06 66.66 -
868 | GAA GAA GAA GAA GAA GAA 08 03 37.50 -
873 | GAC AGA CAG ACAGACA 09 09 100 -
876 GAT AGA TAG ATAGAT A 12 09 75 01
881 | GGG TGG GGT GGG GTG 05 04 80 -
Average 85 61 - 04
Mean 8.5 6.1 71.85 -




Table 25. Similarity matrix among the populations of Phyllanthus talbotii based on

ISSR analysis.
Similarity Matrix

Saccordem|Collem|DudhsagarfWaddem|Jog FallsalThirthahallif Halady [Jadkal
Saccordem * 78.2609] 70.00 [91.6667( 76.1905 | 76.1905 | 70.00 | 50.00
Collem * * 85.7143 | 80.00 | 72.7273 | 81.8182 [66.6667[58.8235
Dudhsagar * * * 63.6364| 63.1579 | 84.2105 [66.6667|57.1429
\Waddem * * * * 78.2609 | 69.5652 [72.727344.4444
Jog Falls * * * * * 80.00 [73.6842/66.6667
Thirthahalli * * * * * * 73.6842/66.6667
Halady * * * * * * * (714286

Jadkal

*




Jadkal

Jog Falls

Fig.2. Dendregram of Bray Coric dosier analysis of genetic vamation and
similarities ameng eight populations of Phyllontkas srlbotii frem Gea and



Dudhsagar and Collem formed the clusters, this may be due to closer geographical

locations and similar altitudinal ranges (Fig. 2).

4.7.1.3. Genetic Diversity within the Population Phyllanthus talbotii

Ten primers were selected for the amplification of genomic DNA based on the
earlier screening as mentioned in 4.7.1.1. ISSR analysis was carried out for eight plant
samples collected within the single population of Waddem, Sanguem, Goa. Banding
profile of amplified ISSR primers is presented in (Plate 25 e-f). A total of 91 ISSR bands
were obtained from eight different randomly selected individual plants. For each primer,
the number of bands ranged from 05 to 09 with an average of 9.10 bands per primer. Of
these sixty-eight bands were polymorphic with an average of 6.80 bands per primer.
Average polymorphism across all the samples was 75.12%, thus showing good genetic

diversity in P. talbotii population at Waddem (Table 26).

4.7.1.4. Genetic Identity and Cluster Analysis

Pair wise genetic similarities were computed from ISSR data. Similarity matrix
value obtained for the populations are given in Table 27. ISSR data of eight individual
plants from single population of Waddem, Goa, was used to generate dendrogram.
Dendrogram showed two major clusters with sub-clade (Fig. 3). Even though the
population is small approximately with an area of 600 m? substantial genetic diversity

shown between the individuals within the single population.
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Table 26. Amplified, polymorphic bands, percentage of polymorphism and unique

bands in ISSR analysis within single of Phyllanthus talbotii from Waddem,

Sanguem, Goa.

Primer Primer sequence l-\lrc?.t ?f Polyll\lrﬁbgr)hic Pﬂzmg;f:;m miﬂ
bands bands bands
807 | AGAGAGAGAGAGAGAGT 10 08 80 -
817 | CAC ACA CAC ACACACAA 09 07 7777 -
828 | TGTGTGTGT GTG TGT GA 08 05 62.50 -
835 | AGA GAG AGA GAG AGA GYC 11 09 81.81 -
844 | CTCTCTCTCTCTCTCCTRC 09 08 88.88 01
848 | CAC ACA CAC ACA CAC ARG 10 05 50 -
868 | GAA GAA GAA GAA GAA GAA 08 05 62.50 -
873 | GACAGACAGACAGACA 09 07 7777 01
876 GATAGATAGATAGATA 10 07 70 -
881 | GGGTGGGGTGGGGTG 07 07 100 -
Average 91 68 - 02
Mean 9.1 6.8 75.12% -




Table 27. Similarity matrix within single population of Phyllanthus talbotii based on ISSR analysis.

Waddem-1 | Waddem-2 | Waddem-3 | Waddem-4 | Waddem-5 | Waddem-6 | Waddem-7 | Waddem-8

Waddem-1 * 76.9231 66.6667 76.9231 96.7742 93.3333 100.00 100.00
Waddem-2 * * 88.8889 90.00 80.00 83.3333 76.9231 76.9231
Waddem-3 * * * 77.7778 69.5652 72.7273 66.6667 66.6667
Waddem-4 * * * * 80. 83.3333 76.9231 76.9231
Waddem-5 * * * * * 96.5517 96.7742 96.7742
Waddem-6 * * * * * * 93.3333 93.3333
Waddem-7 * * * * * * * 100.
Waddem_8 * * * * * * * *




— Waddem 3

— Waddem 4

L Waddem2

Waddem &

Waddem 5

Waddem 8

Waddem 7

Waddem 1

Fig 3. Dendregram of Bray Curiis doster analysis of genetic variation
and smilarities within single pepulabien of Phyllanthax wnibotic at
Waddem, Sangonem, Gaa based an ISSR data.



4.7.2. Genetic Diversity among the Populations Pseudoglochidion anamalayanum
4.7.2.1. Band Pattern

Twenty two ISSR primers were initially screened using genomic DNA isolated
from P. anamalayanum and among them 11 primers did not amplify. Remaining 11 ISSR
primers showed reproducible banding patterns and used during this study. For ISSR
analysis, leaf samples were collected from eight different populations. Banding patterns of
amplified primers are shown in (Plate 26a, b). A total of 88 ISSR bands were obtained
from eleven different primers. For each primer, the number of bands ranged from 05 to 10
with an average of 5.27 bands per primer. Of these, 58 bands were polymorphic with an
average of 5.27 bands per primer Average polymorphism across all the populations was
65.73%, thus showing good genetic diversity among the populations of P. anamalayanum

(Table 28).

4.7.2.2. Genetic Identity and Cluster Analysis

Pair wise genetic similarities were computed from ISSR data. The similarity matrix
value obtained for the populations are presented in (Table 29). ISSR data of eight different
populations are used to generate the dendrogram. The population 37" hair pin bend and
39™ hair pin bend formed a cluster while other populations stood independently. However,
PKT populations linked with 37" and 39™ hair pin bend populations since they are found
within the closer geographical locations. Srikundra, 39" hair pin bend right and lyerpadi

11" division populations not clustered, this may be due to the geographical separations

mainly due to the tea estates which make them as distinct populations (Fig. 4).

70



Primer: Oligo 835 Primer: Olige 844

M 1 2 3 4 5 6 7 8 M 1 2 3 4 5 6 7 8

Primer: Oligo 835 Primer: Oligo 868

Plaie 26_ ISSR banding paidieren m & pepolatiens of Powdoslckidion
Olirn 835; b. Olire 844; M indicates siandard IMNA marker; lane 1_ 37
Hairpin Bend; Lane 2 PKT,; Lane 3_ 3% Hairpin bend (Righf); Lane 4.
Srikundra; Lane 5. Iyerpadi 2™ Divisian,; Lane €. 39 Hairpin Bend
(Left).

¢ and d_ ISSR banding pattern of 88 samplex frem simgle pepulation of
ISSE primer . Ohire 335; d Obee 363; M indicaies DNA soe marker;
1im 8 are sammplex fram 8 different imdividoals



Table 28. Amplified, polymorphic bands, percentage of polymorphism and unique
bands in ISSR analysis among the populations of Pseudoglochidion
anamalayanum from Valparai, Tamil Nadu.

Primer Primer sequence I-\lr(())j[?)lf Polyrﬁb?];)hic P%Z:;g;?:g;zm llj\ln?;qﬁl;
bands bands bands
808 AGAGAG AGAGAG AGAGC 09 05 55.55 -
810 GAG AGAGAGAGAGAGAT 05 02 40 -
812 GAG AGAGAG AGAGAG AA 06 04 66.66 -
817 CAC ACACACACACACAA 09 04 44.44 -
828 TGT GTG TGT GTG TGT GA 08 07 87.5 -
835 AGA GAG AGA GAG AGA GYC 08 03 37.50 -
844 CTCTCTCTCTCTCTCCTRC 10 03 30 -
848 CAC ACA CAC ACA CAC ARG 07 05 71.42 -
868 GAA GAA GAA GAA GAA GAA 07 07 100 02
873 GAC AGA CAG ACAGACA 09 09 100 01
881 GGG TGG GGT GGG GTG 10 09 90 03
Total 88 58 - 06
Mean 8 5.27 65.73% -




Table 29. Similarity matrix among the populations of Pseudoglochidion

anamalayanum based on ISSR analysis.

Lane 1 Lane 2 Lane 3 Lane4 Lane5 Lane6
Sll\r?;{ar&ty 37 Ha?? in lyerpadi | 39 Hairpin
Hairpin PKT P Srikundra 2" Bend
Bend B_end Division (Left)
(Right)
37 BHear:gp'” * 80.00 | 71.4286 | 73.3333 | 64.5833 | 85.2459
PKT * * 78.3333 79.6875 65.3846 83.0769
39 Hairpin * * *
Bend (Right) 69.0909 74.4186 75.00
Srikundra * * * * 70.2128 80.00
lyerpadi 2™ . . . . . 68.75
Division
39 Hairpin * - - - * -

Bend (Left)




Iyerpadi IT™ Division

= 39 OPE Right
: Shrikumdra
PKT
392 HPE Left
37 HPE
® % Simidlarily 50
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4.7.3. Genetic Diversity within the Population Pseudoglochidion anamalayanum
4.7.3.1. ISSR Band Pattern

For understanding the genetic diversity within the single population of P.
anamalayanum, leaf samples from eight individual plants were collected from single
population at PKT tea estate area of Anamalai Tiger Reserve. Eleven ISSR primers were
used and banding patterns are shown in (Plate 26c¢, d). A total of 88 ISSR bands were
obtained from eleven different primers. For each primer, the number of bands ranged from
04 to 10 with an average of 5.27 bands per primer. Of these, 58 bands were polymorphic
with an average of 7.72 bands per primer. Average polymorphism across all the individual
plant samples was 70.67%, thus showing the existence of good genetic diversity within the

single population (Table 30).

4.7.3.2. Genetic Identity and Cluster Analysis

Pair wise genetic similarities were computed using ISSR data. The similarity
matrix value obtained for these individual plants of single population is provided in (Table
31). ISSR data of eight different individual plants randomly selected from single
population of P. anamalayanum was used to generate the dendrogram. These eight
individual plants from single population formed two major clusters and sub-clades

indicating the presence of good genetic diversity within the single population (Fig. 5).
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Table 30. Amplified, polymorphic bands, percentage of polymorphism and unique
bands in ISSR analysis within single population of Pseudoglochidion

anamalayanum from PKT.

Primer Primer sequence Jg.t ?)If Polyl/\lrgb?:)hic P(g}el;?;g;?:;m quz
bands bands bands
808 AGA GAG AGAGAG AGAGC 08 03 62.50 -
810 GAG AGAGAGAGAGAGAT 07 06 85.71 -
812 GAG AGAGAG AGAGAG AA 08 04 50 -
817 CAC ACA CAC ACACAC AA 09 07 7777 -
828 TGT GTG TGT GTG TGT GA 04 04 100 -
835 | AGA GAG AGA GAG AGAGYC 10 06 60 02
844 CTCTCTCTCTCTCTCCTRC 05 04 80 01
848 CAC ACA CAC ACACAC ARG 07 05 71.42 -
868 GAA GAA GAA GAA GAA GAA 10 04 40 -
873 GAC AGA CAG ACAGACA 08 04 50 -
881 GGG TGG GGT GGG GTG 09 09 100 -
Total 88 85 56 03
Mean 8 7.72 70.67%




Table 31. Similarity matrix within single populations of Pseudoglochidion
anamalayanum based on ISSR analysis.

Similarity Matrix

Sample 1|Sample 2|Sample 3|Sample 4|Sample 5|Sample 6|Sample 7|Sample 8
Sample 1 * 61.2613 | 61.2613 | 63.7168 | 94.8718 | 85.7143 | 96.8153 | 92.9936
Sample 2 * * 85.2941 | 88.5714 | 60.177 | 65.9794 | 59.6491 | 57.8947
Sample 3 * * * 80.00 | 60.177 | 68.0412 | 59.6491 | 59.6491
Sample 4 * * * * 62.6087 | 70.7071 | 62.069 | 62.069
Sample 5 * * * * * 85.9155 | 96.8553 | 93.0818
Sample 6 * * * * * * 86.7133 | 82.5175
Sample 7 * * * * * * * 93.75

Sample 8

*




Sample3
Sample2

—— Sampleé
Sample8
Sample7
_E Sample5
Sample 1
® % Simiarity 58
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Fig5 Dendregram of Bray Coris doster analysis of genetic vanatisn and
smilarsties within single pepulatien of Paudorlvcindion anaomalayamion
frem PKT iea esiate, Anamalai Tiger Reserve, Valparai, Tamil Madn,
based en ISSR daia.



4.8. Systematic Positions Using Gene Sequencing
4.8.1. Analysis of Gene Sequences
Phyllanthus talbotii

Based on the morphological characters P. talbotii was placed in the subgenus
Eriococcus of Phyllanthus. During this study, sequencing of ITS and matK of P. talbotii
were carried out and sequences of 641 and 808 base pairs (bp) respectively were aligned
using Basic Local Alignment Search Tool (BLAST) with highly similar sequences. The
BLAST analysis involved Phyllanthus nucleotide sequences of 13 species for ITS and 15
species for matK along with query sequence. The phylogenetic tree generated using both
ITS and matK gene sequences in the present study revealed the position of P. talbotii
(Figs. 6, 7). Tree showed that it is closely related to P. cinereus, a plant found in Sri
Lanka. These species come under the subgenus Eriococcus. Both P. talbotii and P.
cinereus forms a major clade along with other species some of which fall under the same
subgenus of Eriococcus. The position of other species in the clade is not known in
literature, these species are distributed from North East India to South East Asia. Other
species of subgenus from India are mostly narrow endemics in Southern Western Ghats for

which sequences are not available to carry out analysis.

Pseudoglochidion anamalayanum

Pseudoglochidion anamalayanum, due to its intermediate characters of genus
Phyllanthus and Glochidion the efforts were made to analyse its taxonomic position using
ITS, matK and rbcL gene sequence. The ITS, matK and rbcL sequences of P.
anamalayanum of 658, 783 and 655 bp respectively obtained during this study and
BLAST analysis was carried out to get the highly similar sequences (above 90%

similarity) from NCBI. Further analysis was carried out using the highly similar nucleotide
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sequences of 17 species for ITS, 25 species for matK and 16 species for rbcL along with
query sequence. The phylogenetic tree drawn with ITS sequence showed that P.
anamalayanum is sister to Phyllanthus columnaris Muell. and Phyllanthus oxyphyllus
Mig. While for matK and rbcL sequence of P. anamalayanum showed that it is sister to
Phyllanthus polyphyllus and Phyllanthus emblica and P. oxyphyllus. All the species
forming clade with P. anamalayanum are tree species having phyllanthoid branching
pattern, which strongly support that P. anamalayanum is the sister to P. oxyphyllus, P.
columnaris, P. pollyphyllus and P. emblica. The phylogenetic tree generated showed that
P. anamalayanum nested amidst Phyllanthus species (Figs. 8-10) thus supporting the
position of P. anamalayanum under genus Phyllanthus as proposed by Webster (1994).
Thus it is proved that P. anamalayanum cannot be a distinct genus and hence treated here
as a species of Phyllanthus viz. P. anamalayanum (Gamble) G.L. Webster.
Phylogenetically P. anamalayanum comes closer to P. oxyphyllus, which is distributed

from Myanmar to Sumatra.

4.8.1.3. Gene Sequences Submitted to GenBank at NCBI

The ITS and matK sequences obtained for Phyllanthus talbotii and ITS, matK and
rbcL sequences obtained for Pseudoglochidion anamalayanum were submitted to
GenBank at NCBI and received the accession number. The details of sequences deposited

including the accession number are given below:
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Phyllanthus talbotii

ITS: KC414630

Bases 1 to 641

Basecount 165a 167c 173g 136t

Origin

1 tttccgtaag gtgaacctgc ggaaggatca ttgtcgaaac ctgcaactgce agaatgacce

61 gagaacaagt ttattcaccg cggagggtgc cttgtgctcc tgacgcaggg ccecegtgtgg
121 cgtaatgctc cattcggtgg ccacaagaac aaaccccgge gcggaaageg ccaaggaaaa
181 taacgaagaa gagagatcgg cccaattagt tgggaaacgt tctccttaaa aaacgactct
241 cggcaacgga tatctcggcet ctcgcatcga tgaagaacgt agcgaaatge gatacttggt
301 gtgaattgca gaatccecgtg aaccatcgag tttttgaacg caagttgcge ccgaagectt
361 cgggccgagg geacgtetge ctgggtgtca cgcaacgteg cteectccaa ceccatgetg
421 gggtattttg aaggttgggc ggaaattggc ctceegtgag catacatgtt tgcggttggc
481 ccaaaaaatg agaccaagtc ggcgaacgat gcgacattcg gtggtttaaa aattaccctc
541 acaatgtcgt tgtccgagtg ccaatcgaac aaggatctct caacgaccct cataactttt

601 gacgcgaccc caggtcaggc gggattaccc gctgagttta a
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Phyllanthus talbotii

matK KC514101

Bases 1 to 808

Base count 246a 127c 125¢g 310t

Origin

1 aatccttcge taccgggtta aagatactte ttctttgeat ttattacgat tttttcttca

61 cgagtattgg aattggaaca gttttatttt tcaaaaaaaa aaatttactt tttttgcaaa
121 aagtaatcca cgattattct tgtttctata taattctcat gtatatgaat atgaatccat
181 tttctttttt ctccgtaagc aatcctttca tttacgatca acattttttc gggtccttct
241 tgagcgaatc tatttttatg gaaaaataga acattttgca gaagtctttt ctaatgattt
301 tcaggctatt ttatggttgt tcaaagatcc tttcatgcat tatgttagat accaaggaaa
361 gtcaatcttg gctttaaagg atacccctct tctaataaaa aaatggaaaa gttaccttgt
421 caatttatgt caatgtcatt tttctgtgtg gtttcaatca gcaaagattt gtataaaccc
481 attatcgaag cagtctctca actttttggg ctatttttca agtctacgac tcaatttttc
541 agttgtacgg agtcaaatgc tagaaaatag ctttttaata gataatgcta tgacgaaagt
601 tgatacaaga attccaattt ttcctttgat tggatcattg gcaaaagcga aattttgtaa
661 cgcagtaggg catcctatta gtaaacctat ttggtctggt tcatccgatt ctgatattat
721 caaccgattt gtaggcatat ggagaaatct ttctcattgt tatagtgggt cttcaaaaaa

781 aaagagtttg tatcgaataa aatatata

75



Pseudoglochidion anamalayanum

ITS KC414629

Bases 1 to 658

Basecount164a 177c 170g 147t

Origin

1 tttccgtagg tgaacctgeg gaaggatcat tgtcaaaacc ttatactggt atgaccecgeg

61 aacaagttta gtcactgcgg atggtgeccc gtgcacctga agcaaggceca cgtggggtge
121 tatgctcctt gcgaaggceca cgtaatccaa ccccggegeg gaatgegeca aggaaaacga
181 atctaaatga gagaactcta cattcacctc ggaaacgatg tgtgcatggt agttgcettct
241 cctttcataa ccaaaacgac tctcggcaac ggatatctcg getctcgceat cgatgaagaa
301 cgtagcgaaa tgcgatactt ggtgtgaatt gcagaatccce gtgaaccatc gagtctttga
361 acgcaagttg cgcccaaagc cttcgggtcg agggceacgte tgectgggtg tcacgcaacg
421 tegctecctc acttccctca tgtagggcte gtgaatttgg ggcggaaaat ggcetteecat
481 gaacctcaag attgtggttg gcccaaacat gagaccaagt cggtcagtgc cgtggcattc
541 ggtggttgaa aataccctaa aaacgcctcg ttcatttgge cgaaccaaca aggatctcaa

601 cgaccctcta tgtatccgac gecgaccccag gtcaggeggg attaccegcet gagtttaa
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Pseudoglochidion anamalayanum

matK KC514100

Bases 1 to 783

Base count230a 133c 122g 298t

Origin

1 ttcttcttty catttattac ggttttttct tcacgagtat tggaattgga acagtcttat

61 ttttccaaat aattttcttt ctttttttgc aaaaggtaat ccacgattat tcctgtttct
121 atataattct catgtatatg aatatgaatc cattttcttt tttctccgta agcaatcctt
181 tcatttacga tcgacatttt ttcgggtcct tcttgagcga atatattttt ttggaaaaag
241 agaacatttt gcagaagtct ttgctaataa ttttcaggcc attctatggt tgttcaaaga
301 tcctttcatg cattatgtta gatatcaagg aaagtcaatc ttggcttcaa aggatacccc
361 tcttctatta aaaaaatgga aatactacct tgtcaattta tgtcaatgtc atttttctgt
421 gtggtttcaa ccagcaaaga tctgtataaa cccattatcg aagcagtctce tcgacttttt
481 gggctatctt tcaagtctac gactcaatct ttcagtggta cggagtcaaa tgctagaaaa
541 tgcattttta atagataatg ctatgaagaa agttgataca agaattccaa ttattccttt
601 gattcgatca ttggcaaaaa cgaaattttg taacgtagca ggacatccta ttagtcaacc
661 tatttgggct ggttcatcgg attctgatat tatcaaccga tttgtgcgca tatgcagaaa
721 tctttctcat tattatagtg ggtcttcaaa aaaaaagagt ttgtatcgaa taaaatatat

781 act
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Pseudoglochidion anamalayanum

rbcL  KC514096

Bases 1 to 655

Basecount18la 134c 147g 193t

Origin

1 gctggtgtta aagagtataa attgacttat tatactcctg actatgaaac caaagatact

61 gatatcttag cagcattccg agtaactcct caacctggag ttccgectga ggaagegggg
121 gctgeggtag cagetgaatce ttctactggt acatggacaa ctgtgtggac cgacggactt
181 accagtcttg atcgttataa aggacgatgc taccacatcg agcccgttge tggagaagaa
241 aatcaatata ttgcttatgt agcttatcct ttagaccttt ttgaagaagg ttctgttact
301 aatatgttta cttccattgt gggtaatgta tttgggttca aagccttacg cgctctgegt
361 ctggaagatt tgcgaatccc tectgettat tcgaaaactt tccaaggecce gectcatgge
421 atccaagttg agagagataa attgaacaag tatggccgcc ctctattagg ctgtactatt
481 aaaccgaaat tggggttatc cgctaagaat tacggtagag ctgtttatga atgtcttcge
541 ggtggacttg attttaccaa agacgatgaa aacgtaaact cccaaccatt tatgcgttgg

601 agagaccgtt tcttattttg tgctgaagca atttttaaag cacaagctga aacag
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5. DISCUSSION

5.1. Survey and Estimation of Populations and Ecology
5.1.1. Phyllanthus talbotii

Phyllanthus talbotii Sedg. is endemic to Western Ghats of Goa and Karnataka
belongs to genus Phyllanthus, first described by Sedgwick in 1921 based on the collections
made in 1918 and 1919 from North Kanara, it was known by its type collection till it was
collected from Agumbe in Shimoga district (Raghavan, 1969). Singh and Kulkarni (1990)

described it as 'rare’ in spite of it being represented by a single collection after the type.

During this study, thirteen natural populations were located from the Western
Ghats region of Goa and Karnataka. It is found growing in sandy loam soil and in between
the rocks along the fresh water streams and river beds. Out of 13 populations, five are
present in Goa at the altitudinal range of 40 to 60 m except Dudhsagar population at 205
m. In Karnataka, eight populations are found along the river beds at different altitude (20
to 636 m). All the Karnataka populations are restricted to Dakshin Kannada, Uttar
Kannada, Udupi, Shimoga districts. In this study, P. talbotii specimens were re-examined,
detailed taxonomic characteristics and systematic position has been studied (Naik et al.,

2013).

The population structure, species composition, ecological and environmental data
of P. talbotii has been studied. During this study it is estimated that the P. talbotii occupies
an area of about 16,150 m? and individual population size varied from 250-700 m? except
the Jog Falls populations alone covers an area of 10,000 m? but with only 157 individuals.

Total number of plants in all the populations is 2,518. Number of plants in the population
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is varied from 32 (Salaulim dam, Goa) the smallest population to 327 (Collem, Goa) the
largest population. The number of ramets per plant varied from 2 to 45. The populations of
P. talbotii are found growing in the altitude ranging from 20 to 636 m. The altitudinal
variation might be due to variation in temperature, relative humidity, radiation values,
wind movements and edaphic factors (Nakashizukg et al., 1992). Swamy et al. (2000)
studied the vegetation structure and species composition of 244 species belongs to 183
genera and 76 families at Veerapuli and Kalamalai reserve forests in the Western Ghats of

Tamil Nadu, India.

5.1.2. Pseudoglochidion anamalayanum

Pseudoglochidion anamalayanum Gamble [=Phyllanthus anamalayanus (Gamble)
G.L. Webster]: due to its intermediate characters between Phyllanthus and Glochidion J.
R. Forst. &. Forst. (Euphorbiaceae), this species has been assigned to a new genus
Pseudoglochidion by Gamble. Pseudoglochidion is monotypic genus (one of the six
endemic tree genera of the Western Ghats) and distribution is restricted to above 1400 m in
Anamalais and known from few populations (Rajkumar, 2001; Nayar, 2010). These areas
are nearer to tea estates, roadsides and some populations were located in Sholayar dam
reported to be submerged under water and experiencing greater threat. Due to this, it may
be lost forever if not recovered and conserved. However, Webster considered
Pseudoglochidion congeneric to Phyllanthus and within that genus it is somewhat related
to Phyllanthus baeobotryoides (Balakrishnan and Chakrabarty, 2007) which distributed in
Eastern Himalayas up to Myanmar. Subjectivity of the taxonomic status (Kruckberg and
Rabinowitz, 1985) is a concern when it comes to conservation, and for this taxon rarity at
the generic level is lost if it is considered as a species of Phyllanthus. Ahmedullah and

Nayar (1990) could not find collections in herbaria (there are some collections at MH
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collected from 1963; all from the same narrow geographical range of Anamalais) and
assigned indeterminate status to this. However, IUCN Red List assigns 'CR' status [B1+2C

(ver 2.3; 2015)] to this species (World Conservation Monitoring Centre 1998).

Pseudoglochidion anamalayanum is restricted only to Anamalai Tiger reserve,
Valparai, Tamil Nadu and it experiencing greater threat. Hence, for purpose conservation
elaborate study has been carried out. During this study, eight populations were located at
different places in Anamalai Tiger reserve and recorded that the populations are found

growing at an altitude ranging from 1,118 to 1,354 m. The plants found growing in the
periphery of the forest receives good sunlight and showed luxuriant growth. In all the

populations, a total of 1,495 matured plants and 2,163 saplings of P. anamalayanum were
recorded. Muthuramkumar et al. (2006) recorded a small population of only 13 plants from
Akkamalai forest in Anamalai Tiger reserve. However, during this study even after two

days of through field survey the population in Akkamalai forest could not be relocated.

5.2. Vegetative Propagation

5.2.1. Phyllanthus talbotii

In the present study, various concentrations of IBA and IAA were used for
vegetative propagation using stem cuttings. The strong fibrous rooting was observed in all
treatments of IBA, IAA including Rootex powder in comparison with control. Experiment
was carried out in poly house condition with humidity for the induction of roots in the
stem cuttings. Majada et al. (2011) reported in Pinus pinaster Ait. that IBA treatments
significantly influenced the rooting at 25°C and not at 4°C. Danu et al. (2015) standardized
the vegetative propagation protocol for Paris polyphylla an important medicinal plant of

Himalayan region and 100 mg/L IBA and 100 mg/L GAj3; showed maximum rooting.
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Chandra et al. (2006) developed vegetative propagation methods for Picrorhiza kurrooa
using root runner cuttings treated with IBA and NAA. Auxin induced effect on rooting of
cuttings is presumed to be mediated through its effect in mobilising the reserve food
material by enhancing the activity of hydrolytic enzymes. The benefit of stem cuttings
over the other kinds of vegetative propagation methods is that it restores the genetic

homogeneity among propagules (Nanda et al., 1968).

5.2.2. Pseudoglochidion anamalayanum

During this study, vegetative stem cuttings of Pseudoglochidion anamalayanum
showed very low percentage of survival. This may be due to non-availability of poly-house
facility at Valparai, Tamil Nadu, as temperature and humidity control are crucial factors
responsible for induction of rooting in stem cuttings. However, few stem cutting of P.
anamalayanum was survived and shown luxuriant growth. Eganathan et al. (2000)
reported that the environmental condition and seasonality play an important role in the

growth of the cuttings and survivability.

Air-layering of P. anamalayanum was successful. In the present study, a total of 70
branches were air-layered and 55 shown profuse thick rooting. Rooted air-layered
branches were transferred to Research Nursery, Nature Conservation Foundation (NCF),
Old Valparai, Tamil Nadu. This revealed that the P. anamalayanum favors air-layering
method of propagation. Also, it shows an advantage of using this technique over the stem
cutting since P. anamalayanum is a tree species. Rooting occurs faster in such marcotting
than stem cuttings which do not root easily. When compared to other methods of

vegetative propagation, branch rooting is most convenient method and factors such as
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growth of stem and other physiological process greatly influence the success of air

layering (Eganathan et al., 2000).

5.3. In Vitro Regeneration of Phyllanthus talbotii
5.3.1. Explants

During this study, shoot tips, leaf, nodal segments and seeds were used as explants
for in-vitro regeneration of P. talbotii. Nodal segments and seeds responded well and
produced substantial quantity of callus, however, these callus were not regenerated to
plants even after several sub-cultures. Danaee et al. (2015) reported the use of leaf and
inter-nodes as explants in Phyllanthus pulcher Wall. ex MIIl. Arg. for callogenesis and
secondary metabolites activities. Catapan et al. (2001) used nodal segments as explants
which gave rise to axillary shoot proliferation in Phyllanthus stipulates. Chitra et al.
(2009) carried out in vitro regeneration of Phyllanthus amarus using leaf discs and
internodes as explants and derived whole plantlets from the callus. Sen and Batra (2013)
reported the formation of high amount of callus by using internodal segments as explants

and studied its phenolic contents and antioxidant activity in Phyllanthus amarus.

5.3.2. Induction of Callus

In present study, callus formation was observed in nodal segments and seed
explants when cultured on MS medium supplemented with auxin (2, 4-D) and cytokinins
(BAP and KIN) individually. The callus growth was obtained on media supplemented with
BA and Kinetin alone. The callus developed was morphologically compact, greenish and
not showing any further regeneration in to plantlets. The callus appeared loose and whitish
when MS media supplemented with 2, 4-D. Seeds formed callus after 6 to 8 days of in

vitro culture. Among the treatments extensive callus formation was observed in MS
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medium supplemented with 2, 4-D (1 and 2 mg/L) and for nodal segment 2, 4-D (0.5to 3
mg/L) after one month of in vitro culture. Danaee et al. (2015) observed the formation of
callus on leaf explants of Phyllanthus pulcher when cultured on MS medium
supplemented with four different concentrations of 2,4 -D (5, 10, 15 and 20 mg/L). The
highest callus induction (90%), callus fresh weight (109.5 + 4.5 mg) and dry weight (36.58

+ 3.8 mg) were seen at 15 mg/ L of 2, 4-D.

Pagare et al. (2009) reported the extensive callus formation in Phyllanthus amarus
when leaf explants cultured on MS medium supplemented with combination BA (5 uM) +
2, 4-D (5 pM) and Kin (2.5 uM) + 2, 4-D (5.0 uM). Similarly Unander et al., (1995)
studied the callus formation from stem or branch pieces of Phyllanthus amarus by using
several media combinations. Optimum induction and growth of friable, undifferentiated
calli occurred on MS medium with either BAP 0.5 mg/L or BAP 1 mg/L and 2, 4-D 1
mg/L. Jeyakumar et al. (2014) investigated that the callus growth was more in explants
taken from apical bud and nodal segment nearer to the apical bud in medicinally important

Phyllanthus niruri.

Catapan et al. (2001) showed the high frequency callus development Phyllanthus
stipulates when nodal segments was cultured on MS medium supplemented with 5.0 uM
NAA or 1.25 to 5.0 uM BA or 2iP on MS medium. Chitra et al. (2009) reported significant
profuse callus growth in Phyllanthus amarus when leaf discs and intermodal segments

cultured on MS medium supplemented with 4 mg/L NAA along with 4 mg/L 2, 4-D.

During this investigation, large quantity of anthocyanin pigment in the callus was
observed, in almost all the treatments callus turned to purple-pink due to the accumulation

of anthocyanin pigments and never regenerated to plantlets even after several sub-culture
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with various cytokinin treatments. In woody plants, phenolic exudates are a frequently
encountered problem while establishing explants in culture. These phenolic compounds
oxidize to form a brown material in the medium and inhibit shoot formation (Ahmad et al.,
2013). Santiago et al. (2000) have shown histochemically in Phyllanthus tenellus that the
mature leaves with spongy cells are the main source of phenolic compounds and these

substances accumulate randomly in the cells.

5.3.3. Direct Shoot Regeneration

Explants such as shoot tips and nodal segments were evaluated for direct multiple
shoot formation in MS or WPM medium supplemented with various concentrations of
cytokinins alone and in combinations with auxin. Among the individual concentrations and
in cytokinin and auxin combinations, only BAP 0.5 mg/L and KIN 1 mg/L showed some
response, but no multiple shoot development was observed in any of the treatments used

during this investigation.

Bhattacharyya and Bhattacharya (2001) carried out in vitro culture of Phyllanthus
amarus and shown that shoot tip explants when cultured on MS medium supplemented
with KIN, BAP singly or in combination with IAA produced direct shoot regeneration.
Catapan et al. (2000) used nodal segments of Phyllanthus caroliniensis and developed
efficient micropropagation protocol for the production of axillary shoot proliferation.
Maximum number of shoots of 21-23 per explants was recorded when cultured on MS or
Anderson Rhododendron (AR) medium containing 5 uM BA or 1.25-5.0 uM Kkinetin or

2.5-5 uM 2-iP.

Shekhawat and Dixit, (2007) used nodal shoot segments as explants in Phyllanthus

amarus and developed protocol for multiple shoot formation on modified MS medium
85



supplemented with 0.1 mg/L IAA + 0.5 mg/L BAP or 0.1 mg/L 1AA + 0.5 mg/L KIN. Sen
et al. (2009) developed protocol for multiple shoot formation in Phyllanthus amarus using
nodal segments. MS medium supplemented with BAP 0.5 mg/L induced maximum

number multiple shoots of 15.275+0.96 after 3 to 4 weeks of culture.

In the present study, interference of phenolic compounds may probably the major
reasons for no multiple shoot formation even after several sub-culturing on MS medium
supplemented with various auxin and cytokinin combinations. Bairu and Kane (2011)
reported that the woody plant species shows recalcitrant characteristics with the presence
of phenolic compounds which prevents them from regeneration to shoot/root or any other

organized structures which may eventually get developed into new plantlets.

5.4. In-Situ Conservation

The effective conservation strategies must be developed to avoid further loss of
essential species and ecosystem (Havens, 2006). In situ conservation of species is carried
out in the field, so that it maintains and recovers the populations in the surrounding where
they have developed their distinctive properties. This process helps to adapt the plant in the
location site and thus its survivability. It is one of the traditional methods to improve and

maintain the homogeineity of the plant.

In the present study, based on the survey, 21 new suitable locations were identified
for re-introduction of Phyllanthus talbotii. Soil condition parameter was taken as one of
the criteria for selection of new sites for reintroduction. Total of 12,083 cuttings
propagated through vegetative method were re-introduced to twenty five sites in Goa (four
existing populations for the enrichment, 21 sites). Among them 7,260 (60.08%) plants

survived. Dhuner and Zambaulim the survival percentage of the cuttings was very low
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(22.88 and 09.39%) because they were washed off due to torrential rain and fast water
flow in the stream. The sites such as Ganjem, Nanus and Bhutpal also showed very less
survival rate (35, 20.62 and 24.16%) the reason behind these is that the streams remained
flooded for a longer time after the offset of the monsoon and the plants were submerged
for longer time under the water which resulted in death of plants. However, wherever
cuttings survived, it produced 6-8 ramets, height of the plant also increased and
establishing well. Thus the populations of P. talbotii have been established at different

locations in the State of Goa.

In situ conservation of Pseudoglochidion anamalayanum, total of 555 root suckers
was re-introduced at six different locations of Anamalai Tiger Reserve. Re-introduced
plants were periodically monitored for successful establishment and survival in new
locations. It was found that re-introduced root suckers established well and showed
survival of 252 (45.40%) root suckers after eight months of re-introduction. Based on this
survival an additional 796 root suckers were reintroduced in two locations of Anamalai
Tiger Reserve for establishment. Yadav et al. (2009) re-introduced a critically endangered
and endemic grass of Hubbardia heptaneuron Bor, in 16 different ghat regions of Western
Ghats. Re-introduced plants showed good growth and seed setting. This was the first
successful reintroduction in the natural habitats for in situ conservation. Chandore et al.
(2010) propagated Ceropegia fantastica a critically endangered and endemic to Western
Ghats through in vitro culture. About 250 hardened tissue cultured plants were

reintroduced in to 18 different locations of natural habitats for in situ conservation.
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5.5. Genetic Diversity Studies of Phyllanthus talbotii and Pseudoglochidion
anamalayanum

For developing appropriate conservation and management strategies, understanding
the level of genetic diversity within and among the natural populations is very important
(Frankham et al., 2002). Loss of genetic diversity may lead to an extinction of particular
species and it can also stop a species to respond to evolutionary process of natural
selection (Qamaruz-Zaman et al., 1998). The plants species which are widely distributed to
larger geographical areas have good genetic diversity (Hamrick and Godt, 1990). In nature,
high genetic variation among the natural populations of same species is a sign of positive

breeding and evolutionary prospective of the species (Falk and Holsinger, 1991).

In recent years, molecular markers are used as novel tools to differentiate the
relationships among the plants. Several studies were carried out for the understanding of
genetic diversity in various plant species (Luo et al., 2007). The different methods are used
to measure the genetic variation among and within the population of a species. Presently,
inter-simple sequence repeat (ISSR) markers are most commonly used method (Yang et
al., 1996; Nagaoka and Ogihara, 1997; Parab et al., 2008; Parab and Krishnan, 2009). This
technique is also shown to be useful in understanding the population genetic studies and
detecting genetic variation in rare endangered and endemic plant species (Zietkiewicz et
al., 1994; Jarne and Lagoda, 1996; Fang and Roose, 1997; Esselman et al., 1999; Raina et

al., 2001; Qiu et al., 2004).

Li and Zhao (2007) used 12 ISSR primers to investigate the genetic diversity in
populations of Phyllanthus emblica from dry-hot valleys of Yunnan, China. The banding

pattern revealed the polymorphism of 85.19% among the studied populations without
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linking to their geographical locations. Palaniappan and Marappa (2008) studied the
genetic diversity in 54 genotypes of Phyllanthus amarus and each three genotypes of
Phyllanthus virgatus and Phyllanthus debilis respectively using ISSR primers. Analysis
showed 68.2% polymorphism in all 54 genotypes of P. amarus, however genotypes of
other two related species are added, the polymorphism was increased to 96.5% showing

that all three are distinct species of Phyllanthus.

During this investigation, genetic diversity and variation was studied among and
within the populations of Phyllanthus talbotii and Pseudoglochidion anamalayanum using
ISSR markers. A total of 10 ISSR primers were used for understanding the genetic
diversity among eight different populations of P. talbotii from Goa and Karnataka.
Average polymorphism of 71.85% was recorded among the eight populations and 75.12%
polymorphism was recorded in within single population at Waddem, Sanguem, Goa. This
is the first report showing the use of ISSR markers for analyzing the genetic variation and
determination of genetic relationship in P. talbotii. Based on the cluster analysis, the
populations of Karnataka did not form any cluster and each population stayed separately
indicating the distant geographical locations of each population. Whereas, the populations
of Goa, Saccordem and Waddem, Dudhsagar and Collem formed clusters by exhibiting the

closer geographical locations and similar altitudinal ranges.

In case of Pseudoglochidion anamalayanum, eleven ISSR primers were employed
for understanding the genetic diversity and variations. In the present study, an average of
65.73% polymorphism was seen among six populations of Pseudoglochidion
anamalayanum. This revealed that the populations have good genetic diversity and they

are separated based on the geographical distribution patterns of the populations. The
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populations of 37" and 39™ hairpin bend stood together, this may be due to their closer
geographical locations. While, other populations stood independently may be due to their

geographical separations mainly by tea estates which makes them as distinct populations.

ISSR analysis of eight randomly selected individual plants of single population of
Pseudoglochidion anamalayanum located in PKT tea estate of Anamalai Tiger Reserve
exhibited 70.67% polymorphism with good genetic diversity. This indicated the presence
of higher genetic variability within the small region taken up during this study. In the
cluster analysis, single population formed two major clusters and sub-clades. This revealed
that there is a good genetic diversity and variation within the small population thus
indicating their strong existence and survival of the population. Besides the geographical
distribution, the population genetic structure is affected by various other factors viz.
evolutionary history, mutation, gene flow, seed dispersal and natural selection (Hamrick

and Godt, 1990).

5.6. Phylogenetic Studies
5.6.1. Phyllanthus talbotii

Phylogenetic analysis of family Phyllanthaceae has been studied by several
researchers using different gene sequences (Wurdack et al, 2004; Kathriarachchi et. al,
2005, 2006; Samuel et al, 2005; Hoffmann et al, 2006; Vorontsova et al, 2007;
Awomukwu et al, 2015). The systematic position of Phyllanthus reticulatus was
confirmed by Luo et al. (2011) using nuclear ITS sequences in Africa. However, all these
earlier workers have not studied the systematic position of P. talbotii. In the present study
ITS and matK genes were sequenced for P. talbotii and the sequences obtained were used

for the construction of phylogenetic tree. The maximum likelihood tree revealed that the P.
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talbotii nested in the same clade of Phyllanthus cinereus, which belong to subgenus

Eriococcus supporting the treatment given by Balakrishnan and Chakrabarty (2007).

5.6.2. Pseudoglochidion anamalayanum

The systematic position of Pseudoglochidion anamalayanum remained a point of
deliberate discussion as Webster (1994) transferred it to Phyllanthus and made new
combination as Phyllanthus anamalayanus (Gamble) G.L. Webster. Webster (1994)
transferred the genus Pseudoglochidion to Phyllanthus based on morphological
similarities. However, over the years the plant name Pseudoglochidion anamalayanum has
been treated as accepted name by various indices like www.plantlist.org and

http://www.tropicos.org.

In present study, ITS, matK and rbcL genes were sequenced for Pseudoglochidion
anamalayanum. Phylogenetic tree generated using maximum likelihood method showed
that Pseudoglochidion anamalayanum nested in Phyllanthus clade, thus supporting the
position of Pseudoglochidion anamalayanum under genus Phyllanthus as proposed by
Webster (1994). Thus, the present study confirmed that Pseudoglochidion cannot be
considered as a distinct genus and hence treated here as a species of Phyllanthus viz.
Phyllanthus anamalayanus (Gamble) G.L. Webster. Phyllanthus oxyphyllus, confined in
Myanmar to Sumatera, while P. columnaris, P. polyphyllus and P. emblica are in

peninsular India.
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CONCLUSION

A total of 13 natural populations with 2,518 individuals of Phyllanthus talbotii
have been located in the States of Goa and Karnataka all in river beds occupying an
estimated area of 16,150 m. Individual population size varies from 250 to 700 m? except
one population which is about 10,000 m? area but only with 157 individuals.
Pseudoglochidion anamalayanum is distributed in eight wild populations (1495 matured
plants and 2163 saplings) all located in Anamalai Tiger reserve, Valparai, Coimbatore
district, Tamil Nadu. It was observed that the sand quarrying, construction of check dams
and pollution of streams are the major threats for P. talbotii. Indian Gaur has been seen
grazing on P. anamalayanum and threat is also in the form of trampling by elephants and
Indian Gaur. The vegetative propagation using stem cuttings is successful method of
propagation of P. talbotii. Hormonal treatment IBA 150 ppm found to be very effective in
inducing roots in stem cuttings. Root induction through air layering method is successful
for P. anamalayanum. IBA and IAA treatments produced profuse rooting in air-layering.
For in situ conservation of P. talbotii, a total of 12,083 plants propagated through
vegetative method have been reintroduced in 25 localities of which 21 are new locations
and 4 are existing populations. Among them, 7,260 (60.08%) cuttings survived and
established. In situ conservation of P. anamalayanum, a total of 555 root suckers have
been introduced in 6 localities of which 252 (45%) plants survived and established in the
forest. An additional 796 root suckers are also reintroduced into two locations of Anamalai
Tiger reserve. ISSR primers revealed the existence of good genetic diversity among and
within the populations of both P. talbotii and P. anamalayanum. Molecular phylogenetic
studies using ITS and matK gene sequences of P. talbotii showed that it belongs to

subgenus Eriococus. ITS, matK, and rbcL gene sequences of Pseudoglochidion
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anamalayanum nested it in Phyllanthus under subgenus lIsocladus. Thus the study
confirms that Pseudoglochidion cannot be considered as distinct genus and it to be treated

as a species of Phyllanthus viz. Phyllanthus anamalayanus (Gamble) G.L. Webster.
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SUMMARY

Phyllanthus talbotii and Pseudoglochidion anamalayanum are critically

endangered plants which are endemic to Western Ghats of India.

Population Study, Environmental and Phenological Data

A total of 13 natural populations with 2,518 individuals of Phyllanthus talbotii
have been located in the State of Goa and Karnataka, found growing in river beds of rocky
to sandy loam areas, occupying a total area of about 16,150 m? with individual populations
covering an area of 250-700 m? except a populations in Jog Falls area which occupies
about 10,000 m? but with only 157 individuals. The highest numbers of plants are recorded
in population found at Netravati River near to Halady village in Karnataka with 307
individuals and lowest at Salualim dam site in Goa with 32 plants. Flowering and fruiting
is from August to November and new seedlings appear in the month of November. It is
associated with other plants such as Homonoia riparia, Rotula aquatica, Syzygium

heyneanum and Osmunda regalis.

For Pseudoglochidion anamalayanum, a total of eight wild populations (1,495
matured plants and 2,163 saplings) which are very narrow in their distribution, being
restricted to only a small pocket of Anamalai Tiger Reserve, Valparai, Coimbatore district,
Tamil Nadu. The highest numbers of plants are recorded in population found at Behind
Nature Conservation Foundation Center, lyerpady, with 469 numbers of individual and
lowest numbers of 9 individuals was found in between 39™ and 40" hair pin bend. The
populations are found in protective area under Section 20 of Indian Forest Act 1927 of
Anamalai Tiger Reserve and also in private forests under tea estates given for lease.

Flowering and fruiting is observed throughout the year. The soil is loamy with pH from 5-
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6. It is associated with other plants such as Clerodendrum viscosum, Cullenia exarillata,
Elaeocarpus munronii, E. serratus, Mallotus tetracoccus, Mesua ferrea and Nageia

wallichiana.

Vegetative Propagation

Phyllanthus talbotii: The vegetative stem cuttings were treated with plant growth
regulators such as indole-3-butric acid (IBA), indole-3-acetic acid (IAA) and commercially
available rootex powder with the concentrations of 50, 100, 150, 200, 250 and 300 ppm of
IAA and IBA for 24 hours. After planting in poly-house condition, cuttings sprouted in all
treatments of IBA and IAA about 15 to 20 days. Among thirteen treatments, IBA 150 ppm

was more effective in induction of roots in stem cuttings.

Pseudoglochidion anamalayanum: Total of 400 stem cuttings were treated with
various concentrations of IBA and IAA such as 100, 250, 500, 750 and 1000 ppm for
induction of roots. Further, air layering was carried out using IBA, IAA and Rootex
powder. Air-layered portion was opened after 75 days and observed with profuse thick
rooting. A total of 70 branches were air-layered, of which 55 were rooted and survived.
Among the treatment, rootex showed highest percentage of rooting and survival, followed

by IBA and IAA respectively.

Tissue Culture of P. talbotii

For in vitro regeneration seeds, shoot tip, nodal segments and leaf explants were
used. The various plant growth regulators such as auxin and cytokinins were tried
individually or in combinations. Seed and nodal explants when cultured on MS medium
supplemented with 2, 4-D (0.5-5 mg/L) showed callus formation after 7-14 days.

Extensive callus development was observed in 1 and 2 mg/L 2, 4-D after 30 days of
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culture. Later the callus developed anthocyanin pigments hence no further regeneration
was observed. For direct multiple shoot formation explants such as shoot tips and nodal
segments were tried using auxins and cytokinins individually and in combinations. Among
the concentrations 0.5 and 1 mg/L BAP and KIN showed some response. However, no
multiple shoot formations were observed in any of the treatments. In the present study,
interference of phenolic compounds were seen in the cultures which may be the major
reason for no multiple shoot formation and no organogenesis from the callus even after

several sub-culturing with various auxin and cytokinin combinations.

In-Situ Conservation

Phyllanthus talbotii: During this investigation, a total of 12,083 cuttings were
reintroduced to twenty five sites in Goa in which four were existing populations for
enrichment and 21 sites were new locations. Among the reintroduced plants 7,260
(60.08%) cuttings survived. Re-introduction among existing populations, Waddem showed
the maximum survival of 68.53% and among the newly introduced site Condimar showed
the highest survival of plants of 85.95%. At Dhuner and Zambaulim the survival
percentage of reintroduced plants was very low (22.88 and 09.39%). Reintroduced sites
such as Ganjem, Nanus and Bhutpal also showed very less survival of 35, 20.62 and
24.16% respectively. However, wherever cuttings survived, height increased over 50% to

90-110 cm, produced 6-8 ramets and establishing well.

Pseudoglochidion anamalayanum: First set of reintroduction was carried out
using direct stem cuttings of 200 numbers treated with plant growth regulators in two
different sites viz. near PKT tea estate and adjacent to 39™ hair-pin bend of existing
populations of Anamalai Tiger Reserve, Valparai, Coimbatore district, Tamil Nadu, for

their enrichment. However, reintroduced cuttings were failed to establish. In the second set
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of reintroduction, total of 555 root suckers were planted in six different sites to establish as
new populations in Anamalai Tiger Reserve. Transplanted suckers were monitored
regularly and found that the transplanted suckers established well with the overall survival

of 252 (45.40%) root suckers after eight months of reintroduction.

Assessment of Genetic Diversity Using ISSR Markers

Phyllanthus talbotii: Total of 22 ISSR primers were screened, among them 10
showed clear and reproducible banding pattern were used during this study. ISSR analysis
was carried out with samples collected from eight populations covering the State of Goa
and Karnataka. Average polymorphism across all samples of eight populations was
71.85% indicating good genetic diversity. Dendrogram separated the populations based on
the geographic locations. Genetic diversity within a single population at Waddem showed

average polymorphism of 75.12% with good genetic diversity.

Pseudoglochidion anamalayanum: Out of 22 ISSR primers screened 11 showed
the reproducible banding patterns. Eight populations were studied to understand the
genetic diversity. A total of 88 ISSR bands were obtained, of which 58 bands were
polymorphic. An average polymorphism across all the populations was 65.73% indicating
good genetic diversity among the populations. Dendrogram separated the populations
based on the geographical locations. For the understanding of genetic diversity within a
single population, leaf samples from eight individual plants were collected from
population near PKT tea estate area of Anamalai Tiger Reserve. Average polymorphism
across all individual plants was 70.67% and showed with the existence of good genetic

diversity.
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Systematic Positions Using Gene Sequencing

For understanding the systematic positions ITS and matK genes of Phyllanthus
talbotii and ITS, matK and rbcL genes of Pseudoglochidion anamalayanum were
sequenced and the sequences of the same were submitted to GenBank at NCBI. The
phylogenetic tree constructed for Phyllanthus talbotii using ITS and matK gene sequences
revealed the position of P. talbotii as close relative of P. cinereus, a plant found in Sri
Lanka. It also confirms that the P. talbotii belong to the subgenus Eriococcus. For
Pseudoglochidion anamalayanum, ITS, matK and rbcL sequences were used for the
construction of phylogenetic tree which supported the position of Pseudoglochidion
anamalayanum under genus Phyllanthus as proposed by Webster (1994). Thus it is proved
that Pseudoglochidion anamalayanum cannot be a distinct genus hence treated here as a
species of Phyllanthus viz. Phyllanthus anamalayanus (Gamble) G.L. Webster.
Phylogenetically Pseudoglochidion anamalayanum closer to Phyllanthus oxyphyllus that is

found distributed from Myanmar to Sumatra.
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Abstract

Phyllanthus talbotiiSedgw. (Phyllanthaceae) is endemic to Western Ghats regions of Goa and Karnataka, India
and is critically endangered. For a long time, it was known only from the type collection and a subsequent
untraceable collection and hence taxonomically not fully understood, though a recent treatment has
placed it under subgenus £riococcus. In the present study, attempts were made to confirm its position using
morphological characters and sequences of nuclear internal transcribed spacer (ITS) of nuclear ribosomal
DNA (nrDNA) and chloroplast mat K genes. Results from ITS and mat K phylogenetic analyses supported its

placement in subgenus Friococcus.

Keywords: CR plant, ITS, matK, Phyllanthaceae, Phyllanthus talbotii, phylogeny, systematic.

Introducion

Phyllanthus dominates tribe Phyllantheae, being the
largest genus in the family Phyllanthaceae. The
genus has a remarkable diversity of growth forms
and floral morphology (Bancilhon, 1971). Webster
(1956, 1957, 1958) divided the genus into eight
subgenera and over 30 sections based on vegetative
architecture and pollen morphology in addition to
floral characters.

Phyllanthus talbotii Sedgw. (Phyllanthaceae) is
a rare, critically endangered (CR) and endemic
species of Western Ghats region of Goa and
Karnataka. It was described by Sedgwick (1921)
based on collections made in 1918 and 1919 from
North Kanara, presently in Karnataka State, India
and later it was again collected from Agumbe
in adjacent Shimoga district (Raghavan, 1969).
Known by a single untraceable collection after
type, Singh and Kulkarni (1990) reported it as rare
species. Though poorly known taxonomically,
Balakrishnan and Chakrabarty (2007) placed it in
subgenus Eriococcus.

The internal transcribed spacers (ITS) nrDNA
sequences contain potential informative sites
and been used as a useful molecular marker in
studying phylogeny of many taxa (Lee ef al., 2006;
Maria et al., 2007; Juthatip et al., 2010; Shi-Xiao ef al.
, 2011). The matK gene also potentially contributes
to plant molecular systematic and evolutionary
studies (Steele & Vilgalys, 1994; Liang & Hilu,
1996; Kathriarachchi et al., 2006; Samuel et al., 2005).

The matK gene with about 1500 base pairs (bp) is
located within the intron of the chloroplast gene
trnK. The present study is aimed at understanding
the systematic position of P. talbotii using ITS
and matK gene sequences and also to provide an
adequately detailed description which was not
available in the literature.

Materials and Methods
Taxon sampling

Leaf samples were collected from naturally
occurring healthy plant population from
Saccordem (Longitude - E 074°09.647’ and Latitude
-N 15°24.822’; altitude 49 m), Goa [Goa University
Herbarium 4011] and silica gel dried. Flowering
twigs were collected and processed for herbarium
and morphological study. Fresh and pickled
specimens were studied and photographed under
Leica EZ4D microscope with inbuilt camera.

Isolation of DNA and sequencing;:

Silica gel dried leaf materials were used for the
extraction of DNA. Total genomic DNA was
isolated using CTAB method (Doyle & Doyle, 1990)
with modification. Polymerase chain reaction was
performed for the amplification of genes such as
ITS and matK by using universal random primers
(Table 1). The PCR products were further purified
using Exo-SAP-IT (GE Healthcare) treatment. The
Exo-SAP treated PCR products were used for
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Fig.1. Phyllanthus talbotii Sedgw.: a. Habitat; b. Habit; c. Staminate flowers; d. Pistillate flowers; e. Capsule; f. Seeds.
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Table 1. Primers used for sequencing of ITS and mazK genes.

Target Primer Sequence (5> 3') Reference
gene name
ITS ITS5-F GGAAGTAAAAGTCGTAACAAGG White et al., 1990
ITS4-R TCCTCCGCTTATTGATATGC
3F KIM-F CGTACAGTACTTTTGTGTTTACGAG CBOL Plant Working Group
mat K (http://www.barcoding.si.edu/
IRKIM-R | ACCCAGTCCATCTGGAAATCTTGGTTC plarﬁ_working_group.}%tml)

gene sequencing. Both the genes were sequenced
using the Big Dye terminator v3.1 sequencing kit
and ABI 3730 DNA Analyzer (Applied Biosystem,
USA). DNA isolation, amplification and Gene
sequencing was carried out at Rajiv Gandhi Center
for Biotechnology, Regional Facility for DNA
fingerprinting, Thiruvananthapuram, Kerala,
India. The sequences are deposited at NCBI (ITS:
Acc. No.KC414630; matK: Acc. No. KC514101).

Sequence Analysis

The sequence analysis was carried out using
Sequence  Scanner Software vl (Applied
Biosystems). Sequence alignment and required
editing of the obtained sequences were carried
out using Geneious Pro v5.1. The ITS and matK
sequences were blast with highly similar sequences
of related species. The maximum identical
sequences to P. talbotii were retrieved from NCBI

]

Phyllanthus pulcher

in FASTA format and aligned with the query
sequences.

Sequence alignment and construction of

phylogenetic tree

For ITS, indent value was taken as 83% and above
and for matK 95% and above. The sequence analysis
involved Phyllanthus nucleotide sequences of 13
species for ITS and 15 species for matK along with
query sequences. The sequence alignment was
carried out using clustalW (ver. 1.6) and improved
by visual treatment (Kelchner, 2000). Further
analysis was carried out using the Maximum
Likelihood tree model (Tamura et al., 2004, 2011).
The confidence limit (bootstrap percentage) for
clades was assessed by performing 1000 replicates
of bootstrapping (Felsenstein, 1985). The individual
Maximum likelihood analyses were performed
using MEGA (version 5.05) software.

100

71
54

63 || Phyllanthus sikkimensis

Phyllanthus talbotii
Phyllanthus cinereus
Phyllanthus guangdongensis
Phyllanthus taxodiifolius*
Phyllanthus calycinus

Phyllanthus hainanensis *

Subg.: Eriococcus
Phyllanthus ruber

Phyllanthus acutissimus

x

| Subg.:Isocladus

100 Phyllanthus glaucus
97 Phyllanthus reticulatus
58 Phyllanthus pervilleanus

Phyllanthus acidus

Subg.: Kirganelia

Fig 2. Maximum likelihood tree using ITS gene sequences of Phyllanthus talbotii (Bootstrap percentage indicated on
side). Asterisks' indicate that the position of these species is not known.
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Results and Discussion

Taxonomc description

Phyllanthus talbotii Sedgw., J. Indian Bot. Soc. 1:
124, f. 2. 1921 (as “talboti’); Singh & Kulkarni in Red
Data Book of Indian PI. 3: 124. 1990; Balakrishnan
& Chakrabarty, Family Euphorbiaceae in India,
374.2007. Fig. 1

A monoecious subshrub, up to 150 cm high; stem
terete, suffrutescent, brown, often with vertical
streaks with prominent nodes; branchlets up to 25
cm long, with up to 100 leaves, hirsute. Stipules
triangular to deltoid, c. 1.5 x 1 mm, margin white
or brown, acuminate at apex. Petiole c. 0.5 mm
long; lamina oblong, up to 5.9 x 3 mm, rounded
at base, entire, acute or slightly apiculate at apex,
mid vein prominent, secondary veins 4 or 5-pairs,
often invisible, sparsely hairy on both surfaces.
Staminate flowers: axillary, solitary or in clusters
of 2 or 3, ¢. 2.5 x 2 mm. Bracts ovate, shorter than
stipule; bracteoles subulate. Pedicels capillary,
c. 2 mm long, slightly dilated at apex. Sepals 4,
obovate to elliptic, c. 2 x 1.3 mm, acute to rounded
at apex, green in the middle with a broad white
wavy margin, one-veined. Disc of 4 distinct units,
yellow. Staminal column c. 0.7 mm long; anthers
4, in two pairs, c. 0.5 mm across, yellow. Pistillate
flowers: solitary, axillary on the same branchlet
as staminate flowers, c. 3 mm across when open.
Bracteoles lanceolate to ovate, up to 1 mm long.

64 | Phyllanthus oligospermus *

3

— Phyllanthus reticulatus

Phyllanthus flexuosus *
Phyllanthus pervilleanus

811 U Phyllanthus casticum

Phyllanthus matitanensis

—— Phyllanthus muellerianus

Pedicel c. 2 mm long, dilated at apex. Sepals 6, ovate
to elliptic, 1.5-2 x 1 mm, entire, acute to acuminate
at apex, greenish in the middle and white to
creamy on either side. Disk yellow, wavy, slightly
5-lobed. Ovary 3-lobed, c. 0.5 x 1 mm; styles 3, each
distinctly forked, horizontal, adpressed to ovary.
Fruiting pedicel ¢. 3 mm long, dilated at apex;
fruiting calyx reflexed. Capsule subglobose, c. 3 x
4 mm, distinctly 3-lobed, hirsute; cocci 3; seeds 2
in each cocci, c¢. 1.8 x 1 mm, 3-angled, curved on
dorsal side, smooth brown in colour.

Flowering & Fruiting: August — November.

Specimens examined: INDIA. Goa, North Goa
District, Sanguem , 23.9.1997, V. Joshi & S. Rajkumar
1022, 1070; Selaulim dam site, 30.8.2010, S.S. Naik
4001, 4002, Collem stream, 11.9.2010, S.S. Nauik,
4003, 4004, Waddem stream, 12.10.2010, S.S. Naik,
4005, 4006, 4007; Dudhsagar waterfalls, 11.9.2010,
S.S. Naik, 4008, 4009, 4010. (All the specimens are
deposited at Goa University Herbarium).

Morphologically, P. talbotii with the characters such
as woody shrub, 4 sepals in staminate flowers,
connate filaments and 6 sepals in pistillate flowers
place it in subgenus Eriococcus of Phyllanthus,
as proposed by Balakrishnan and Chakrabarty
(2007).

Systematic position using molecular phylogeny

The ITS and matK based phylogenetic studies

Subg.: Kirganelia

Dyl P

100

L

Phyllanthus sellowianus

sac ] us

*

Ph)

| Subg.: Xylophylla

Phyllanthus epiphyllanthus | - Subg.: Xylophylla

Phyllanthus calycinus | Subg.:Isocladus
Phyllanthus liukivensis *
100 ﬂ[ Phyllanthus talbotii
100 Phyllanthus cinereus Subg.: Eriococcus
Phyllanthus pulchroides *
64 l— Phyllanthus pulcher
0.005

Fig 3. Maximum likelihood tree using matK gene sequences of Phyllanthus talbotii (Bootstrap percentage indicated on
side). Asterisks' indicate that the position of these species is not known.



have contributed largely for understanding the
evolutionary and ancestral relationships within
the family Phyllanthaceae and specifically within
the genus Phyllanthus. Shi-Xiao et al. (2011) used
nuclear ITS sequences to disentangle Phyllanthus
reticulatus Poir. in Africa. Maria et al. (2007) reported
the use of ITS and matK gene sequences to solve the
taxonomic position of Andrachne cuneifolia Britton.
Kathriarachchietal. (2006) studied the phylogenetic
relationship within the tribe Phyllantheae using
ITS and matK sequences of 95 species.

Phyllanthus talbotiiis taxonomically an insufficiently
known species till Balakrishnan and Chakrabarty
(2007) placed it in the subgenus Eriococcus. The
earlier works such as Webster (1956, 1957, 1958)
and Kathriarachchi (2006) never dealt this species
due toitsnarrow endemic nature. The phylogenetic
tree constructed (Fig. 2) using ITS gene sequences
shows the species nesting in a distinct clade
along with P. cinereus Miill. Arg., P. pulcher (Baill.)
Wall. ex Miill. Arg., P. sikkimensis Miill. Arg., and
P. hainanensis Merr. which are members of the
subgenus Eriococcus (Kathriarachchi et al., 2006;
Balakrishnan & Chakrabarty, 2007; Juthatip et al.,
2010). This clade is supported by 100% boot strap
value. The sub-clade formed by P. cinereus and P.
talbotii is supported by 71% bootstrap value, though
geographically these are the closely distributed
species among the species studied. Tree constructed
using mat K sequences (Fig. 3) also supported the
grouping of P. talbotii with P. cinereus and P. pulcher
along with three more species with 100% boot
strap value thus providing additional support for
placing P. talbotii in the subgenus Eriococcus. As in
ITS sequence, within the clade, bootstrap value
supporting the subclade formed by P. talbotii and
P. cinereus is low (65%). However, the systematic
position of P. talbotii in subgenus Eriococcus is well
supported by both ITS and mat K sequences.

Conclusion

The position of P. talbotii, a less known endemic
and Critically Endangered (CR) species, in
subg. Eriococcus has been confirmed by present
morphological and molecular studies. Analyses of
its closely related endemic species in the Western
Ghats will certainly strengthen the knowledge on
the group.
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GU botanists on mission to
save endangered plant

The Species Is So Rare That It Has Not Been Named By Locals

Gauree Malkarnekar | iy

Panaji: The Save Tiger cam-
paign may have hogged all the
limelight, but three botanists
from the Goa university (GU)
are silently working towards
saving from extinction Phyl-
lanthus Talbotti, an endan-
gered plant that is entwined
with the sensitive ecology of
the Western Ghats.

In 199798, the botanists
found a small population of
the species near a river belt,
the natural habitat of the
plant, in Netravali. But when
they visited the place next, to
their utter horror, they found
that the shrubs had been clear-
ed for construction of a check
dam. The botanists, though,
struck gold again, when near-
ly adecade of toiling led to the
discovery of another popula-
tion of the plant at a river bed
in Mollem,

The Phyllanthus Talbotti
populationat Mollem found by
the team is the only identified
growth of it in the world. The
Phyllanthus Talbotti, a plant
specific to the Western Ghats,
has been entered as an endan-
gered plant species by the In-
ternational Union for Conser-
vation of Nature (IUCN), a
wing of the United Nations, in
itsred listcategory.

“It is an endemic species,
which means that it isrestrict-
ed only to smaller geographi-
cal areas. There too, the plant
exists in rare pockets. If these
pockets are destroyed the spe-
cies will be eliminated forev-
er,” said M K Janarthanam,
professor from the GU depart-
ment of botany.

Before the GU began work-
ing on the project, funded by
the Department of Bio Tech-
nology (DBT) in New Delhi,
the existence of the Phyllan-
thus Talbotti was recorded on-
ly twice in human history -

first by a groupof British biol-
ogists in 1883 from near Jog
falls and Supa in Karnataka
and then by an Indian botanist
in 1965,

However, the second collec-
tion is untraceable.and only
the first and only collection,
until the Goa University pro-
Jject, in the world remains pre-
served atalaboratory in Mum-
bai. This first collection
earned the plant its name after
its collector Talbotti in 1921
when the plant was establish-
ed as a species unknown to
science until then.,

The Western Ghats, ac-
cording to Janarthanam, is
oneof 84 biodiversity hotspots
around the world and is home
to several endangered species,
Phyllanthus Talbotti being
one of them.

,Under the project - with
generous help from the state
forest department - the bota-
nists try to locate new popula-
tion of the species and save

them to reintroduce the spe-
cies in new places where its
natural conditionsexist.

. “Theplant’sextinction can
adversely affect the sensitive
ecology of the Western Ghats.
We do not know how badly it
can affect the adjoining life
such as butterflies, insects etc
as far as pollination is con-

‘cerned. If youdonot take mea-

sures to preserve it, it will be
extinet soop,” said associate
professor Krishnan. What
the botanists do know is that
this plant is one of the vital
species that prevents soil ero-
sionnear river beds.

At the successful end of
five yearsof the project in2013,
the DBT is hoping to replant
the plantlets in its natural hab-
itat throughout the Western
Ghats to save it from extinc-
tion.

The botanists mainly use
the tissue culture method
which enables them to pro-

duce 1,000 of plantlets from a

single shoot or seed. Till date,
the botanists have planted
2,5000f the cuttings intwonew
habitats, which have to be first
established to be the same as
the plant’s natural habitat.

“Sixty per cent of the re-
planted population is surviv-
ing so far. The shrubs have to
survive the monsoons now.
The plants are such that they
get submerged completely in
the rivers during monsoon
with only twigs remaining.
The shrub shoots grow again
only once the monsoons end,”
junior research fellow, Sid-
hesh Naik, explained.

Janarthanam added, “The
plant is so rare that it has not
even been named by the local
population living near its hab-
itatand, therefore, hasnolocal
Konkani name. A particular
thing hastoeither beamenace
or should be widely used for it
tobe named. Itdoes notfitinei-
ther category, so has remained
anonymous,”

Article published in Times of India (Goa Edition) on February 3, 2011
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