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Abstract 

Nepenthes khasiana Hook f. is the only representative member of the genus 

Nepenthes foiind in India. It is endemic to the state of Meghalaya located in Northeast 

India. The species is in great demand for its ornamental value on account of the 

fascinating beauty of the pitchers. It also has some ethno-medicinal values. The local 

herbalists prescribe the fluid of the pitcher for the treatment of diabetes and painful 

urination. The unopened pitcher with its content is made into a paste and applied for 

various skin diseases, leprosy, sometimes it is taken to ease urinary troubles and 

blockages. 

The advent of biotechnological approaches has opened up newer areas for genetic 

improvement and micropropagation. Micropropagation methods allow rapid propagation 

of a large number of plants in short period of time in a limited space thereby protecting 

the biological, physiological and genetic specifications of the plant which are usually 

affected by environmental restrictions. However, the broader utility of any 

micropropagation system may be limited due to occurrence of cryptic genetic changes 

and development of somaclones. In a micropropagation programme, it is of paramount 

importance to produce true-to-type planting materials as somaclonal variations of any 

kind, if induced, may lead to loss of the chief characteristics of the parent rootstocks. 

Occurrence of somaclonal variations in tissue culture is a common phenomenon which 

makes it mandatory to check the genetic stability of in v/Yro-raised plants. In spite of 

several protocols for tissue culture being reported, the regeneration efficiency has been 



shown to be influenced by explant type, genotype and also the morphogenetic response 

varying within the same explant. In the present study, in vitro mass multiplication of Â . 

khasiana was successfully attempted through enhanced axillary branching for production 

of quality planting material at an accelerated pace within a short period of time. The half-

strength MS (Murashige and Skoog) medium supplemented with 2.5 mg/1 kinetin (KN) 

and 2.0 mg/1 6-benzyl aminopurine (BAP) was proven to be the best for shoot induction 

with maximum response of explants (91.68 %) as well as the maximum number of shoots 

per explant (19.16) with BFC index of 17.48. The regenerated shoots were successfully 

rooted in half-strength MS medium supplemented with 2.0 mg/1 a-naphthalene acetic 

acid (NAA) with maximum response of 95.54% with an average of 9.04 roots per shoot. 

The ultimate success of micropropagation on a commercial scale depends on the ability 

of the tissue culture-raised plants to acclimatize in the natural conditions. Of the different 

potting mixtures tested, garden soil with sand in the ratio of 1: l(v/v) was found to be best 

suited for the hardening of the complete plantlets showing the survival rate of 91.66%. 

The plantlets of the second and the third regenerations were raised using the explants 

collected from the 8-months-old rooted plants in culture belonging to the first and the 

second regenerations respectively. Assessment of genetic fidelity among the 

micropropagated plantlets of the three consecutive regenerations was carried out using 

various approaches. First and foremost, the morphology of the plantlets of the three 

consecutive regenerations was compared considering several growth parameters and it 

was observed that there was no difference in the external morphology of the 

micropropagated plantlets. However, lack of any phenotypic variation among regenerants 



does not necessarily imply a concomitant lack of genetic changes and it is, therefore, 

important to assay the outcomes of m v//ro-raised plantlets at the genotypic level. 

Somatic chromosome number as 2n=80 has been confirmed with no evidence of 

any nimierical variations in A'̂ , khasiana. The position of the centromere(s) could not be 

determined due to very small sized chromosomes. Therefore, variations only in the 

number of chromosomes have been studied in the micropropagated plantlets. All the cells 

analyzed from the mother plant showed normal somatic chromosome nimiber of 2n=80 

unambiguously. However, from the plantlets of the first regeneration showed normal 

somatic chromosome number of 2n=80 in 76.66% of the cells while the remaining 

23.33% cells showed deviant chromosome numbers of 2n=76, 78. In case of the plantlets 

of the second regeneration, 66.66% cells showed normal somatic chromosome number as 

2n=80 while the remaining 33.33% cells showed deviant chromosome numbers of 2n=70, 

76, 78, 84, 86. In the plantlets of the third regeneration, cells showing normal somatic 

chromosome number of 2n=80 was decreased to 60% and deviant chromosome 

complements of 2n=70; 76; 84; 86 were observed in 40% cells analyzed. 

The repetitive sequences located in the heterochromatin regions of the nuclear 

genome are also reported to influence chromosomal instability in tissue culture-raised 

plants. Therefore, in the present study, an attempt was made to observe if there was any 

change in the copy number of the heterochromatin repetitive sequences of the in vitro-

raised plants of N. khasiana using base-specific fluorochromes viz., chromomycin A3 

(CMA), 4-6-diamidino-2-phenylindole (DAPI). A total of 30 cells were analyzed in both 

the mother plant and the plantlets of the three subsequent regenerations. In the mother 



plant, the number of DAPI^ sites recorded was 5.33±0.73 with the range of 2-8. In case of 

the plantlets of the first regeneration, the number of DAPI"̂  sites was 5.74±0.47 with the 

range of 2-8 which was foimd to be increased to 6.61±0.39 with the range of 5-12 and 

6.74±0.57 with the range of 3-12 in the plantlets of the second and the third regenerations 

respectively. The number of CMA^ sites observed in the mother plant was 5.11±0.47 

with the range of 2-6. In the plantlets of the first regeneration, the number of CMA"*" sites 

observed was 5.00±0.30 with the range of 4-9 which was foimd to be decreased to 

4.63±0.45 with the range of 1-8, and 4.16±0.47 with the range of 0-8 in the plantlets of 

the second and the third regenerations respectively. These results indicated that there was 

an increase in the number of AT base pairs and a corresponding decrease in the number 

of GC base pairs with the increase in the regeneration stages of the micropropagated 

plants in culture. 

Genetic fidelity among the micropropagated plantlets of N. khasiana was also 

analyzed with the help of single primer amplification reactions (SPAR) methods using 

the molecular markers such as random amplified polymorphic DNA (RAPD), inter 

simple sequence repeats (ISSR) and directed amplification of minisatellite DNA 

(DAMD). A total of 136 primers for RAPD, ISSR and DAMD were screened out of 

which 41 primers were fmally selected for further profiling. Fourteen RAPD primers 

resulted in 74 clear, well-separated and reproducible bands out of which 10 bands were 

polymorphic exhibiting 13.51% polymorphism across all the plantlets of the three 

regenerations. The genetic distance recorded using Jaccard's coefficient of similarity 

ranged fi-om 0.94 to 1.00 among the micropropagated plantlets and the mother plant. In 



case of ISSR, twelve primers generated a total of 50 distinct and scorable bands of which 

7 bands were polymorphic exhibiting 14% polymorphism. The genetic distance recorded 

using Jaccard's coefficient of similarity ranged from 0.94 to 1.00 among the 

micropropagated plantlets and the mother plant. In DAMD profiling, 15 primers resuhed 

in 60 loniform and scorable bands out of which 10 bands were polymorphic showing 

16.66% polymorphism. The genetic distance recorded using Jaccard's coefficient of 

similarity ranged from 0.91 to 1.00 among the micropropagated plantlets and the mother 

plant. The cumulative analysis commonly regarded as SPAR was also carried out for the 

three molecular markers in which a total of 184 fragments were produced collectively of 

which 27 fragments were polymorphic indicating 14.67%. The cumulative data were also 

used to compute pairwise distances by Jaccard's coefficient which showed a distance 

range of 0.95-1.00 among the micropropagated plantlets and the mother plant. 

Using RAPD marker, 4.1% polymorphism was observed in the plantlets of the 

first regeneration which was increased to 6.9% and 9.4% in the plantlets of the second 

and the third regenerations respectively. In case of ISSR, 4.3% polymorphism was 

observed in the plantlets of the first regeneration which was increased to 6.1% and 10% 

in the plantlets of the second and the third regenerations respectively. DAMD marker 

detected 8.47% polymorphism in the plantlets of the first regeneration which was 

increased to 10.10% and 13.33% in the plantlets of the second and the third regenerations 

respectively. However, collective data regarded as SPAR approach detected 

polymorphism of 4.65% in the plantlets of the first regeneration which was subsequently 



increased to 7.77% and 10.87% in the plantlets of the second and the third regenerations 

respectively. 

In conclusion, from the present study it was observed that there was a subsequent 

increase in genetic variation from the plantlets of the first regeneration to the plantlets of 

the third regeneration although no perceptible difference in the general morphology of the 

regenerated plantlets of the three subsequent regenerations relative to their mother plant 

was observed. The efficient protocol described in the present study for the 

micropropagation of Â. khasiana through axillary bud multiplication facilitates the rapid 

propagation of this rare plant species. However, in the context of providing quality 

planting material of A'̂, khasiana germplasm it is particularly important to assess the 

genetic stability of the in v/Yro-raised plants. Micropropagation using axillary bud 

proliferation is considered to be one of the safest methods which give rise to genetically 

uniform and true-to-type plants. The present investigation clearly shows that this may not 

always be the case, which fiirther supports the need for testing micropropagated plantlets 

periodically well before their actual planting in the field and confirming the reliability of 

the micropropagation protocol for its large scale production. 
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Chapter 1 

General Introduction 

1.1 Insectivorous plants 

Nature has endowed the earth with diverse forms of plants ranging from the 

simplest cryptogams to complex angiosperms. In cryptogams, the plant body is called 

thallus in which there is no differentiation into root, stem and leaves. These plants, 

nevertheless, perform all the physiological functions required for their growth and 

development. Angiosperms, on the other hand, represent the most complex and advanced 

group of plants in which different parts of the plant perform various functions. Extreme 

genome size reductions with evolution have been reported in the angiosperm family tree 

over the period of time. It has been suggested that the compressed architecture of the 

genome of carnivorous plant, Utricularia gibba, indicates that a small fraction of 

intergenic DNA, with few or no active retrotransposons, is sufficient to regulate and 

integrate all the processes required for the development and reproduction of a complex 

organism (Ibarra-Laclette et al. 2013). In course of evolution, some of the plants have 

acquired special characteristics in order to adapt to the harsh environmental conditions. 

Plants inhabiting the nutrient limited environments are specialized for trapping a wide 

group of insects in order to supplement a part of their nutrition and hence are popularly 

known as insectivorous plants. This insects-trapping mechanism might have evolved as 



an adaptation to grow in nutrient deficient acidic soils, so as to provide a complemental 

source of nutrients, especially nitrogen (Givnish et al. 1984; Gallic and Chang 1997). 

Insectivorous plants are, therefore, among the curiosities of nature being different from 

the normal plants in their mode of nutrition. These plants have fascinated evolutionary 

ecologists, botanists and horticulturists for centuries. Charles Darwin (1875) provided the 

evidence for camivory in several genera for the first time. Carnivorous plants represent 

members of five orders including both monocotyledons and eudicotyledons: 

Caryophyllales, Oxalidales, Ericales, Lamiales and Poales. Over 600 species of 

carnivorous plants belonging to 9 families are found growing all over the world. 

Insectivorous plants of India belong to mainly three families: Droseraceae, Nepenthaceae 

and Lentibulariaceae. They have unique structural specialized organs such as pitcher-like 

leaves or analogous leaf arrangements to trap insects (Juniper et al. 1989; Barthlott et al. 

2007). 

The genus Nepenthes popularly known as tropical pitcher plants, belonging to the 

monotypic family Nepenthaceae is one of the largest genus among the insectivorous 

plants. It comprises about 134 species including numerous natural and many cultivated 

hybrids (McPherson 2009). Nepenthes species certainly attract and kill their prey through 

active production of attractive colours, sugary nectar, and even sweet scents. The plants 

primarily gain nitrogen and phosphorus through the trapped insects to supplement their 

nutrient requirements for growth, given that these soil nutrients are typically lacking. The 

most fi-equent prey belongs to abvmdant and diverse group of arthropods, with ants and 

other insects. Most of its species are characterized by an ontogenetic pitcher dimorphism 



with young rosette, self-supporting plants exhibiting terrestrial pitchers of the "lower" 

type and older climbing plants exhibiting aerial pitchers of the "upper" type (Cheek and 

Jebb 2001; Di Giusto et al. 2009). 

Indo-Malaysia is considered as the center of evolution of the genus Nepenthes. 

The genus is mostly distributed in the Malay Archipelago with the greatest diversity in 

Borneo and Sumatra and the Philippines with many endemic species. It is also found in 

Madagascar {N. madagascariensis and N. masoalemis), the Seychelles {N. pervillei), Sri 

Lanka (Â . distillatoria), India (Â . khasiana), Australia (N. mirabilis, N. rowanae, and Â . 

tenax) and New Caledonia (Â . vieillardii) in the Southeast. Â . mirabilis is the most 

widely distributed species in the genus, ranging from Indo-China to Australia (Jebb and 

Cheek 1997; Barthlott et al. 2007; McPherson 2009). Many of the species occur in hot 

and humid lowland areas, but most of the species are found growing in the tropical 

regions receiving warm and humid climate. Nepenthes species usually grow in acidic 

soils composed of peat, white sand, sandstone, or volcanic soils. A few species thrive in 

soils with high heavy metals (Â . rajah) and in sandy beaches (A'̂  albomarginata) 

(Barthlott era/. 2007). 

The name Nepenthes was formally published as a generic name in 1753 in 

Linnaeus's famous Species Plantarum, which established botanical nomenclature as it 

exists today. "Nepenthe" literally means "without grief and, in Greek mythology, is a 

drug that quells all sorrows with forgetfulness. In Homer's Odyssey, "Nepenthes 

pharmakon" is given to Helen by an Egyptian queen. Linnaeus (1737) explained: 



"If this is not Helen's Nepenthes, it certainly will be for all botanists. What 

botanist would not be filled with admu-ation if, after a long journey, he should find this 

wonderful plant. In his astonishment past ills would be forgotten when beholding this 

admirable work of the Creator!" [translated from Latin by H. J. Veitch, 1897] 

1.2 Nepenthes khasiana, an endemic insectivorous plant of Meghalaya, India 

Nepenthes khasiana Hook, f is the only representative member of the genus 

Nepenthes found in India with polyploid chromosome number of 2n=80 (Devi et al. 

2012). The species has been named after the Khasi Hills of the state of Meghalaya, India 

(Fig. 1.1a, b). It is a scandent insectivorous shrub of the tropical and subtropical climatic 

regions. The local communities of Meghalaya call the plant by different names which 

mean demon-flower or the basket of the devil. 

1.2.1. Distribution 

The plant species has a very localized distribution. It is endemic to Meghalaya 

and is found growing fi"om West Khasi Hills to East Khasi Hills, Jaintia Hills, East to 

West and South Garo Hills from 1000 to 1500 m altitude (Mao and Kharbuli 2002). It 

occurs in the Jarain area of Jaintia Hills and the Baghmara, Bandari, Chokpot area of 

Garo Hills, and few more localities, such as Nongstoin, Mukthapur, Bhagmara, Lawbah 

and Sonapahar in Meghalaya (Joseph and Joseph 1986). It is believed that the species 

represents ancient endemic remnants of older flora which usually occur in land masses of 

geological antiquity (Paleoendemics) (Bramwell 1972). 



Fig. 1.1. (a) Nepenthes khasiana in its natural habitat, and (b) well developed pitchers 



1.2.2. Habit 

Â . khasiana is a climbing undershrub which ranges from a few centimeters to 

several meters in height (Bordoloi 1977). Two heights of plant are noticeable, dwarf plant 

which grows on rocky or sandy pockets attaining a height of 10-15 cm only and tall plant 

which grows along hill streams or on moist soil strata of substantial depth, straggling up 

on to small trees or large shrubs with the help of tendrils and attaining a height of 15-20 

m. The plant has very superficial root system penetrating only a few centimeters into the 

soil. The stem is cylindrical, green in colour when young and ultimately turns brown in 

the older parts. The leaf is very interesting and of great morphological importance as 

parts of it undergoes different modifications to carry out different functions. The midrib 

of the leaf extends from the tip which modify into showy and brightly coloured pitchers 

to catch insects so as to balance the limited nutrients acquired from the soil (Kitching and 

Schofield 1986). Flowering season is from June to October. The plant is dioecious 

bearing male and female flowers on separate plants. The inflorescence is a raceme 

consisting of 2-flowered cymes approximately 25-60 cm long (Joseph and Joseph 1986). 

The male inflorescence is twice as long and denser compared to the female inflorescence 

(Fig. 1.2a, b). Fruits are elongated capsules ranging from 20 to 25 mm long (Fig. 1.2b). 



Fig. 1.2. (a) Male inflorescence, and (b) female inflorescence and mature capsules of Â . 
khasiana. 



1.2.3. Economic importance 

The species is of ethno-medicinal importance. It is traditionally used by different 

indigenous communities of Meghalaya for treatment of various ailments (Bordoloi 1977). 

The fluid of the unopened pitcher is used by local Khasis and Garos as an eye drop for 

redness, itching, cataract, night blindness and is also taken for stomach ailments and 

female diseases (Rao et al. 1969; Kimiar et al. 1980; Joseph and Joseph 1986). The 

unopened pitcher with its contents is made into a paste and applied for various skin 

diseases, including leprosy. The local herbalists of Khasi and Jaintia Hills prescribe the 

fluid of the pitcher effectively for the treatment of diabetes and painful urination (Rao et 

al. 1969; Kharkongar and Joseph 1981; Devi and VenugopaL 2006). Pitcher extract of A'̂  

khasiana has been reported to reduce the level of glucose and lipid significantly in rats 

confirming the traditional use of this plant in the treatment of diabetes (Shil et al. 2010). 

Staining properties of plumbagin, a kind of chemical naphthoquinone present in the 

leaves of the genus Nepenthes has also been studied (Cannon et al. 1980). 

Naphthoquinones are allelopathic substances and exhibit high biological activities such as 

insecticidal, moUuscidal, antifeedant and antifungal activities (Harbone 1982; Reynolds 

1987; Thomson 1987; Jayaram and Prasad 2005). In addition to its ethno-medicinal 

values, N. khasiana is also in great demand for its ornamental value on account of the 

fascinating beauty of the pitchers. The plant is, therefore, being collected from the wild 

and sold at the rate of Rs. 40-50 per plant in the markets of Meghalaya (Mao and 

Kharbuli 2002). 



1.2.4. Status in the natural habitat 

The majority of N. khasiana habitats have been destroyed, and remaining 

populations have declined severely as a result of unsustainable poaching and 

indiscriminate collection even by the students of Botany (Tandon et al. 2009). 

Unsustainable harvests due to phenomenal increase of prescription by the local medical 

practitioners have also led to rapid depletion of the species in its natural habitat. The 

species is also reported to be exported by local plant collectors to other states of India and 

has, thus, led to its further exploitation (Bhau et al. 2009). The rampant coal mining in 

Jaintia Hills of Meghalaya has drastically affected the regeneration of N. khasiana in 

nature (Prasad and Jeeva 2009). Habitat destruction, deforestation, urban development, 

developmental projects and modem agriculture, fragmentation of large contiguous 

populations into isolated small and scattered ones have rendered the species increasingly 

vulnerable to environmental stochasticity, which, if unchecked, would ultimately lead to 

its extinction. At present, N. khasiana has become threatened in its natural habitat. 

1.2.5. Conservation strategies 

In an attempt to protect the existing stands of N. khasiana in the wild, the 

Government of India harmed its export during the 1970s. N. khasiana is also included in 

the Appendix-I of CITES (Convention on International Trade in Endangered Species of 

Wild Fauna and Flora) and Negative List of Exports of the Government of India (Ziemer 

2010). The potential for long term survival of this species in the wild is uncertain, but 

will surely depend upon the continuing efforts of the local commimities to preserve its 

habitats. It is of paramount importance that all lineages of Â . khasiana are retained in 



cultivation and propagated to preserve the reproductive potential of this species. Under 

natural conditions, N. khasiana propagates mostly through seedlings produced from the 

rhizomatous basal portion of the stem as the seeds have been reported to take around 223 

days to germinate and the percentage of germination is also very low in nature (Bordoloi 

1977). However, propagation using in vitro seed germination is possible to obtam a large 

niunber of plants for the conservation of this rare, unique endemic pitcher plant of India 

(Nongrum et al. 2008). 

1.3 Plant tissue culture and assessment of genetic stability in regenerated plants 

Clonal multiplication can be accomplished, in nature, using vegetative 

propagation so that the desirable characteristics of the parent can be preserved in the 

offspring. However, vegetative propagation methods of some of the species may be 

cimibersome, season-dependent, and cost-intensive. The regeneration potential of 

vegetative propagules also declines with increase in age of the mother plant. Therefore, in 

vitro propagation has emerged as a powerful technique for large-scale propagation of 

commercially important plants. Plant tissue culture is recognized as one of the key areas 

of biotechnology because of its potential to regenerate elite and conserve valuable plant 

genetic resources. Plant tissue culture techniques have been successfully applied for rapid 

clonal multiplication of many rare and endangered plant species (Tandon and Kvimaria 

1998). Clonal multiplication has five major advantages over conventional methods of 

plant propagation: (i) can be used to multiply the elite clones of recalcitrant species; (ii) 

enables to multiply the plants irrespective of the season; (iii) pathogen-free plants can be 
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propagated; (iv) plant materials such as restorer lines, male sterile and fertility 

maintainer can be cloned; and (v) allows the propagation of a large number of plants in a 

short period of time in a limited space (Rani et al. 1995, 2000; Rani and Raina 1998, 

2000). For large-scale production of a plant species, efficiency of propagation methods is 

of prime importance, but perhaps even more important is the genetic stability of the in 

vitro regenerated plantlets (Haisel et al. 2001). Enhanced axillary branching and somatic 

embryogenesis are considered to give rise to genetically uniform and true-to-type plants, 

as the organized meristems are considered to be least susceptible to genetic modifications 

under in vitro conditions (Vasil 1985; Shenoy and Vasil 1992). However, genetic stability 

carmot be guaranteed in the tissue culture-raised plants as there are reports of genetic 

variations in micropropagated plants (Feyissa et al. 2007; Peyvandi et al. 2009). Many of 

the regenerated plantlets may not be the clonal copies of their donor genotype when 

passaged through in vitro cultures due to a phenomenon known as somaclonal variation. 

Culture environment, explant source, ploidy level and duration of in vitro culture are the 

primary factors inducing somaclonal variations (Rani and Raina 2000). These variations 

may appear due to cell cycle disturbances caused by exogenously supplied growth 

regulators, accumulation of mutations over a period of time, alteration in DNA 

methylation patterns, DNA damage and mutation, alteration of cell's ability to repair 

damaged and mutated DNA (Peschke and Phillips 1992; Phillips et al. 1994; Rodrigues et 

al. 1998; Leroy et al. 2000). Such occurrence of cryptic genetic defects in the tissue 

culture-raised plants can seriously limit the broader utility of the micropropagation 

system (Salvi et al. 2001). Somaclonal variations may occur in in v/Yro-raised plants 
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which require clonal uniformity, as in the horticulture and forestry where tissue culture 

techniques are widely employed for rapid propagation of elite genotypes. The risks of 

genetic changes induced by tissue culture and the importance of assessing the genetic 

stability of the micropropagated plants at regular intervals must be considered to 

minimize such defects at later stages (Panda et al. 2007; Chandrika and Rai 2009). 

Therefore, it is of paramoimt importance to monitor the genetic uniformity of the in vitro-

raised plants, for utilization of the techniques in large scale production of true-to-type 

plants of the desired genotype and also, to ascertain the suitability of a particular 

micropropagation protocol developed for a particular species, where commercial success 

in micropropagation depends solely on the maintenance of clonal imiformity (Larkins and 

Scowcroft 1981; Heinz and Schmidt 1995). 

In vitro multiplication of Nepenthes khasiana has been successfully attempted for 

its propagation at an accelerated pace within a short period of time (Rathore et al. 1991; 

Tandon and Rathore 1994). However, assessment of genetic fidelity of these 

micropropagated plantlets of iV. khasiana has not been carried out so far. 
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1.4 Objectives 

Considering the importance of genetic uniformity in the tissue culture-raised 

plants for production of desired genotypes, the main objective of the present study was to 

assess the genetic variations in the micropropagated plants of Nepenthes khasiana. For 

achieving this objective, the study was divided into the following: 

a. Micropropagation of Â. khasiana using nodal segments. 

b. Cytological evaluation of the germplasm and the regenerated plantlets to 

determine variability, if any. 

c. Use of appropriate PCR-based molecular markers to define the genetic 

variations observed. 
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Chapter 2 

Review of literature 

2.1 Micropropagation and genetic variations 

Plant Biotechnology has become increasingly important at the global level, as 

it offers opportunities to increase sustainability, profitability and international 

competitiveness in agriculture and forestry. One of the most extensively exploited 

components of Biotechnology has been the rapid clonal multiplication or 

micropropagation of selected genotypes to meet the growing demands for elite 

planting material in the current century. The concept of micropropagation using in 

vitro culture techniques originated from the pioneering research of Gottlieb 

Haberlandt (1902) who attempted to culture isolated plant cells for the first time in 

the history of Plant Tissue Culture. 

Micropropagation consists of three types of vegetative propagation viz., i) 

somatic embryogenesis in which structures containing a shoot and root connected by 

a close vascular system are formed, ii) adventitious shoot production comprising de 

novo meristem formation from callus tissue or du-ectly fi-om the organized tissues, 

and iii) axillary shoot production where axillary buds and meristems give rise to 

shoots that are excised and used to give additional such shoots. Micropropagation 

provides an alternative means of plant propagation and conservation of germplasm of 
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several plant species (Cervelli 1987; Arumugam and Bhojwani 1990; Rathore et al. 

1991; Prance 1997; Feijoo and Iglesias 1998; Lynch 1999). It has the advantage of 

rapid mass propagation of valuable genotypes in a limited space, especially in case of 

plants which are rare, threatened or critically endangered. Planting material of 

ornamental plants is in great demand for commercial production as well as for 

domestic gardens and landscaping. The better quality planting material is a basic need 

of growers for the enhancement of production. Chebet et al. (2003) reported the use 

of biotechnological approaches to improve horticultural crop production. It has direct 

commercial applications as well as value in basic research into cell biology, genetics 

and biochemistry. However, this technique is very expensive and if the explants used 

are infected, all the clones produced are vulnerable to the same infections since 

micropropagation results in monocultures. Moreover, all plants can not be 

successfully micropropagated as some of the plants produce secondary metabolites 

that kill the explants. The major limitation in the use of micropropagation is the 

inclusion of genetic variations in the in vjYro-raised plants. Therefore, the most crucial 

concern has been the maintenance of the genetic integrity of micropropagated plants 

with regard to the explant source, so that the advantages in the use of elite genotypes 

over natural seedlings are maintained. 

The sustainability of the micropropagation process depends upon the 

production of true-to-type plants and maintenance of the genetic integrity of 

micropropagules. Tissue-culture technique involves the application of plant growth 

regulators which are known to be associated with genetic instability in plants, a 
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phenomenon called somaclonal variation (Karp 1989; CuUis 1992; Phillips et al. 

1994). Although somaclonal variations might have been used as a source for 

variations to get superior clones, it could be also a very serious problem in the plant 

tissue culture industry resulting in the production of undesirable plant off-types (Karp 

1993; Cassells et al. 1999). Occurrences of tissue culture induced variations have 

been extensively reported in many plant species (Brown et al. 1993; Rani et al. 1995; 

Munthali et al. 1996; Hashmi et al. 1997; Chen et al. 1998). Such somaclonal 

variations are foxmd to be associated with point mutations, chromosomal 

rearrangements and recombination, DNA methylation, altered sequence copy number, 

transposable elements, etc. (Jain 1997; Veilleux and Johnson 1998; Jain et al. 1998). 

Somaclonal variations were first detected in sugarcane plant derived from cell 

cultures as early as 1969 by various researchers (Heinz and Mee 1969, 1971; Heinz et 

al. 1969). They observed considerable amount of variations in chromosome number 

in the cultured cells, as well as morphological and enzymatic variations among the 

regenerated plants. Variations were also detected by the high frequency of 

qualitatively segregating phenotypes observed among progeny of plants which were 

expected to be genetically identical (Larkin and Scowcroft 1981, 1983; Orton 1984; 

Ahloowahlia 1986; Larkin 1987; Sun and Zheng 1990; Peschke and Phillips 1992; 

Kaeppler and Phillips 1993). It was Larkin and Scowcroft (1981) who termed the 

variations in tissue culture-derived plants as 'somaclonal variations'. Later on, it 

became known that a wide array of alterations in nuclear and cytoplasmic genetic 
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elements contributed to the observed phenotypic variations, and many of them were 

of epigenetic nature (Micke 1999). 

The growth of plant cells in vitro and their regeneration into whole plants is an 

asexual process, involving only mitotic divisions of the cell and hence theoretically, it 

should not cause any variation. Ideally, clonal multiplication of genetically uniform 

plants is expected (Larkin 1998). The occurrence of uncontrolled and random 

spontaneous variations during the culture process is, therefore, an unexpected and 

mostly undesired phenomenon (Karp 1994). The presence of somaclonal variations in 

tissue culture-raised plants affects the use of tissue culture negatively and has 

remained a major problem. However, its usefulness in crop improvement through 

creation of novel variants is also well documented (Bouharmont 1994; Mehta and 

Angra 2000; Predieri 2001). 

The causes of somaclonal variations are not always well understood and have 

not been fully elucidated; although studied extensively, remain largely theoretical or 

unknown (Skirvin et al. 1993, 1994). According to George (1993), variations in tissue 

culture could either be pre-existing or tissue culture induced. Tissue culture itself acts 

as a mutagenic system because cells are subjected to traumatic experiences from 

isolation, and may reprogramme during plant regeneration which are different from 

conventional method under natural conditions. Reprogramming of events can create a 

wide range of epigenetic variations in newly regenerated plants (Jain 2000). The 

literature till date indicates that these variations could range from a specific trait to the 

whole plant genome. By revealing mitochondrially controlled male sterility using 
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restriction enzyme analysis of isolated mitochondrial DNA, Gengenbach and Umpeck 

(1982) demonstrated that somaclonal variations are not limited to nuclear DNA. 

Tissue culture-derived variations can be determined at the morphological, 

biochemical, cytological and molecular levels using several techniques. Traditionally, 

species identification and assessment of variations in plants were carried out on the 

basis of differences in phenotypic characters because of a range of morphological 

characteristics present for distinguishing closely related individuals. Somaclonal 

variants can be easily detected based on visible morphological characters such as 

differences in plant stature, leaf morphology and pigmentation abnormality (Bailey 

1983; Israeli et al. 1991; Pereira et al. 1996). The flower parts in the variant 

somaclones of Phalaenopsis showed significant abnormalities including colour and 

shape, when compared to normal flowers (Chen et al. 1998). Phenotypic changes 

associated with genetic alterations had also been reported among tissue culture-

derived plants of several species such as Allium, Pelargonium, Arachis, Musa and 

Saintpaulia (Novak 1980; Cassells et al. 1997; Eapen et al. 1998; Grajal-Martin et al. 

1998; Pack and Hahn 1999). Phenotypic off-types were detected in micropropagated 

bananas during acclimatization in the green house before transplanting to the field 

(Rodrigues et al. 1998). Zaid and Al Kaabi (2003) detected somaclonal variants in 

date palm on the basis of morphological traits such as excessive vegetative growth, 

leaf whitening and variegation. Variant morphologic characteristics were also 

observed in regenerated plants of Heliconia bihai, with regard to variation in plant 

statiire, colour and shape of the leaf, pseudostem and inflorescence (Rodrigues 2008). 
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However, the detection by phenotypic identification of plants is cumbersome, time-

consimiing and is more difficult in perennial crops, where many observations have to 

be made until maturity. Moreover, morphological markers used for phenotypic 

characters are limited in number, often highly influenced by environmental factors 

and all the genetic changes may not be reflected in the observed phenotypic changes 

(Cloutier and Landry 1994). Furthermore, the detection of variants using 

morphological markers is often mostly feasible for fiilly established plants either in 

the field or greenhouse (Bairu et al. 2011). 

The development of protein based markers over three decades ago greatly 

facilitated the understanding of existing genetic variations in plant populations. It is 

well known that morphological variation is a result of biochemical variation which is 

expressed as variation among proteins, isozymes were one of the most widely used 

markers for studying genetic variations in most organisms (Weising et al. 2005). 

Isozymes are defined as structurally different molecular forms of an enzyme with the 

same catalytic fimction. The isozyme profile of individual samples could be observed 

after specific staining (Hadacova and Ondrej 1972; Vallejos 1983; Soltis and Soltis 

1989). The discriminating property of isozymes is a function of the number of 

polymorphic loci that can be identified and genetically characterized in an organism 

(Jarret and Gawel 1995). Isozymes analysis has been used for various purposes such 

as to delineate phylogenetic relationships, to estimate genetic variability and 

taxonomy, to study population genetics and developmental biology, for 

characterization of plant genetic resources for management and plant breeding 
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(Bretting and Widrlechner 1995; Staub and Serquen 1996). Due to consistency in 

their expression, isozymes have been proven to be reliable genetic markers in 

breeding and genetic studies of plant species (Heinz 1987). Variations in somaclones 

can be detected by analysing clones for enzyme polymorphism. Isozymes such as 

peroxidase, malate dehydrogenase and superoxide dismutase have been extensively 

used to study variations in banana, sugarcane and beans (Bonner et al. 1974; Rivera 

1983; Srivastava et al. 2005; Gonzalez et al. 2010). Although, analyses of isozymes 

patterns of specific enzymes provide a convenient method for detection of genetic 

changes, isozymes are limited in number and only DNA regions coding for soluble 

proteins can be sampled (Venkathachalam et al. 2007). The banding profile obtained 

for a particular isozyme marker may change depending on the type of tissue used for 

the analysis (Kumar et al. 2009). 

2.2 Somaclonal variations at the chromosomal level 

Cytological approach has also been used to study genetic abnormalities among 

tissue culture-derived plants (Sti-aus 1954; Murata and Orton 1982; Rao et al. 1992; 

Maluszynska and Schweizer 1999). Changes in chromosome number and structure 

disfimction of mitotic spindle are the cytological characteristics commonly observed 

for somaclonal variations (Bayliss 1980; Lee and Phillips 1988; D'Amato 1990). 

Changes in chromosome number are more common, but structural chromosome 

changes have been observed with high frequency in some species (Joachimiak et al. 

1993). Chromosomal abnormalities associated with translocations involving 
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inversions and insertions or deletions are also observed frequently (Kaeppler and 

Kaeppler 2000). Chromosomal aberrations due to chromosomal breaks, chromatin 

abnormalities such as anaphase bridges and chromosome stickiness, and spindle 

failures resulting in disturbed and multipolar anaphases, lagging chromosomes, 

aneuploidy and polyploidy have been considered as mitotic abnormalities. The 

genetic features of explants, nutrient medium composition especially the kind and 

concentrations of plant growth regulators used, culture conditions as well as duration 

of culture influence the chromosomal aberration types and frequencies (Edallo et al. 

1981; McCoy et al. 1982; Lee and Phillips 1987). 

Occurrence of chromosomal variations originating in plant tissue culture was 

earlier reviewed for cultured cells and regenerated plants separately (Sunderland 

1977; D'Amato 1977; Bayliss 1980). However, subsequent studies with 

chromosomal variations in cultured cells as well as regenerated plants were 

undertaken and several hypotheses were presented to explain the origin of these 

variations (Lee and Phillips 1988; Phillips et al. 1994). Chromosome instability is 

believed to be one of the most common causes of the tissue culture induced 

variations. Cell division takes place after the completion of DNA replication in 

normal cell cycle, which is presumed to be disrupted by tissue culture, resuhing in 

chromosomal breakage which in turn causing aberrations (Phillips et al. 1994; 

Duncan 1997). Chromosomal variations have been reported in several tissue culture-

derived plant species, and their progenies (Ahloowalia 1976, 1983, 1986; Duncan 

1997; Roth et al. 1997; Gupta 1998; Kaeppler et al. 1998). Polyploidy observed in 
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tissue culture-derived plants generally results from endopolyploidization or nuclear 

fusion. Aneuploidy may be caused by non-disjunction, aberrant spindles, lagging 

chromosomes, chromosome breakage that produces dicentric and acentric 

chromosomes (Sunderland 1977; Bayliss 1980). Hang and Bregitzer (1993) found 

ploidy changes to be the most prevalent cytological changes among barley 

regenerants, although chromosome breakage was also observed. The frequency of 

anueploidy in potato regenerants derived from protoplasts varied from 20% to 82% in 

the morphological variants (Sree Ramulu et al. 1983). Several aneuploid and 

polyploidy cells were observed in root-tip cells of long term culture of Centaurea 

ragusina due to pronounced stickiness of the chromatin matrix which resulted in 

abnormal typical metaphases and anaphases (Radic et al. 2005). Roth et al. (1997) 

found that the embryogenic cell cultures of Abies alba had malformed suspensor cells 

and lost maturation capacity, and the chromosome counts of cells showed trisomy. 

Most of the karyotypic stability has been studied mainly in cultures regenerated from 

immature embryos, however explant source and genotype may influence the 

karyotypic abnormalities of the cultures; and only few reports are available on the 

plants regenerated from the callus (Gaponenko et al. 1988; Ziauddin and Kasha 1990; 

Hang and Bregitjer 1993). Although, a wide range of chromosomal abnormalities are 

known to occur in tissue culture, frequency of these abnormalities is generally 

reduced in regenerated plants due to reduced morphogenic potential and the viability 

of the aberrant cultured cells (Gupta 1998). 
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2.3 Somaclonal variations and the repetitive sequences of heterochromatin 

The degree of chromosomal instability in tissue culture-derived plants is 

influenced by repetitive sequences located in the heterochromatin which varies from 

one species to another (Gupta 1998). As a consequence of various cellular stresses, 

the copy number of tandemly repeated sequences in in v/7ro-raised plants is variable 

(Sutherland and Richards 1994). It is, therefore, expected that repeated sequence 

variation detected among the tissue culture regenerants may be responsible for some 

of the observed phenotypic variabilities among regenerants. Copy-number variability 

is most likely affected by mitotic recombination where either inter-chromatid unequal 

crossing over or intra-chromatid exchange of inverted repeats could result in the loss 

or gain of genetic information. The age of the callus also affects the frequency of 

chromosomal aberrations, hi general, as the callus gets older the frequency of 

chromosomal instability increases. However, in maize callus it was reported that there 

was no aging influence on chromosomal changes (Jain 2001). 

Analysis of structural chromosome changes suggested that the chromosome 

breakage involved specific regions of late replicating chromosome carrying the 

heterochromatin blocks (Lee and Phillips 1987; Benzion and Phillips 1988). Possible 

mechanisms causing late replication of heterochromatin include abnormal cell cycles 

and metabolic disturbances such as imbalance of nucleotide pools (Peschke and 

Phillips 1992). A high proportion of chromosomal aberrations involves chromosome 

with nucleolar organizing regions as reported in the case of Crepis capillaries and 

Zea mays (Sacristan 1971; Lee and Phillips 1987). Similarly, non random 
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rearrangement has also been reported in many crops such as triticale, celery, oats 

(Brettell et ah 1986; Murata and Orton 1982; Johnson et ah 1987). The fact that most 

breakages were either between heterochromatic knobs and the centromere in maize, 

or within the centromeric heterochromatin in oat, led to the hypothesis that replication 

of heterochromatin occurs late in tissue culture leading to chromosome bridges and 

breakage events (Johnson et al. 1987). Hang and Bregitzer (1993) reported the 

involvement of heterochromatin in chromosome breakage events, further supporting 

this hypothesis. The chromosome breakage may create mutations directly through 

'position effect' or alteration in gene expression from chromosomal rearrangement 

(Psechke and Phillips 1992). Csink and Henikoff (1998) proposed that centromere 

function is also related to the time of replication which in turn is determined by the 

accumulation of heterochromatin forming repeats. It is, therefore, possible that the 

primary cytological aberrations observed in cells and tissues are caused by 

modification of the heterochromatin repeats under stress conditions. The degree of 

chromosomal instability in tissue culture varies from one species to another. Rye has 

been reported to exhibit more chromosomal instability than either barley or 

pearlmillet, which is due to repetitive sequences located in the heterochromatin of its 

genome (Gupta 1998). 

2.4 Somaclonal variations and PCR-based molecular markers 

During the last few decades, the use of molecular markers, revealing 

polymorphism at the DNA level, has revolutionized the entire scenario of biological 
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sciences. The development of molecular techniques for genetic analysis has led to a 

great contribution in our understanding of the structure and behavior of various plant 

genomes. DNA-based markers have become the most efficient tools for investigating 

various aspects which include characterization of genetic variability, genome 

fingerprinting, genome mapping, gene localization, analysis of genome evolution, 

population genetics, taxonomy, plant breeding, and diagnostics (Kumaria and Misra, 

2013). A success of any genetic maintenance programme is dependent on an 

understanding of the amount and distribution of the genetic variations present in the 

gene pool. Molecular markers, based on differences in the DNA sequence, are not 

envirormientally influenced, highly heritable and relatively easy to assay and, 

therefore, the same banding profiles can be expected for the same genotype. 

Molecular markers are generally classified as hybridization-based markers and 

polymerase chain reaction (PCR)-based markers. In case of hybridization-based 

markers, the restriction enzyme-digested DNA is hybridized to a labeled probe, which 

is a DNA fi-agment of known sequence and DNA profiles are visualized with 

autoradiography. On the other hand, PCR-based markers involve amplification of 

particular DNA sequences or loci, with the help of specifically or arbitrarily chosen 

oligonucleotide sequences called primers and a thermostable DNA polymerase 

enzyme. The amplified fi-agments are separated electrophoretically and banding 

patterns are detected by different methods such as autoradiography and staining. The 

PCR-based markers are technically simpler, cheaper, and less labour intensive than 

hybridization-based markers and require very small amount of DNA. PCR is a 
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versatile technique and its applications in research and clinical laboratories has 

increased tremendously after the thermostable DNA polymerase was introduced in 

1988 (Saiki et al. 1985). PCR is extremely sensitive and operates at a very high 

speed. Its application for diverse purposes has opened up a multitude of new 

possibilities in the field of molecular biology. The molecular markers such as random 

amplified polymorphic DNA (RAPD), amplified fi-agment length polymorphism 

(AFLP), restriction fi-agment length polymorphism (RFLP), inter-simple sequence 

repeats (ISSR), simple sequence repeats (SSR) and directed amplification of 

minisatellite DNA (DAMD) are used frequently to investigate clonal diversity and 

population genetics (Tani et al. 1998; Esselman et al. 1999; Rossetto et al. 1999). 

The concept of using variations at DNA level as genetic markers started with 

the RFLP technique. When the DNA of different individuals is digested with 

restriction enzymes, differences in size of the resulting fragments of DNA can be 

visualized via Southern hybridization with labeled probe (Southern 1975). The 

differences are due to evolutionary changes in sequence of nucleotides in the DNA of 

different individuals. The first documentation of RFLP came from viruses 

(Grodzicker et al. 1974) followed by a subsequent demonstration made in the human-

globin gene cluster (Jeffreys 1979). Also, RFLP was one of the first techniques used 

to study somaclonal variations in several plant species. Generally, RFLP markers are 

relatively highly polymorphic, co-dominantly inherited and highly reproducible 

(Agarwal et al. 2008). Jaligot et al. (2002) described methylation-sensitive RFLP 

markers that differentiated between normal and abnormal embryogenic calli of oil 
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palm. Although RFLP markers are useful for sampling various regions of the genome 

and are potentially unlimited, the technique is time consuming, costly and a large 

amount of plant tissue is required for analyses (Piola et al. 1999). Moreover, it 

involves the use of radioactive reagents and is technically demanding. It requires the 

development of cDNA or genomic DNA probes when heterologous probes are 

unavailable (Karp et al. 1996). These limitations led to the development of new set of 

less technically complex methods which are known as PCR-based molecular markers. 

Morphological variation is known to occur at a much lower frequency than at 

the DNA level (Evans et al. 1984). Moreover, genetic changes cannot be observed at 

a morphological level as the structural differences in the gene product may not alter 

its biological activity sufficiently to result in an altered phenotype (Sabir et al. 1992). 

It is, therefore, necessary to examine for potential variations at the molecular level in 

order to determine locations and extent of deviance from the true-to-type plants 

(Cloutier and Landry 1994). At the molecular level, variations in tissue culture-

derived plants arise from changes in chromosome number or structure, or from more 

subtle changes in the DNA (Gostimsky et al. 2005). These variations can be 

determined at an early growth stage, while still in tissue culture, prior to regeneration 

of complete plantlets. Presently, a number of molecular techniques are available to 

detect sequence variation between closely related genomes including differences 

between source plants and somaclones. These techniques involve the use of molecular 

markers which are useful in comparing the DNA from different samples for the 

differentiation in plants due to sequence variation by identifying random 
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polymorphisms (Cloutier and Landry 1994). DNA extracts from the leaf part are 

mostly used in investigations because of the ease of acquisition and preparation 

(Jarret 1986). As a result of the high specificity of DNA, molecular markers are able 

to identify a particular fragment of DNA sequence that is associated with a part of the 

genome and comparisons are usually made on the basis of the presence or absence of 

a DNA band. Polymorphism at DNA level has been reported in many tissue culture-

raised plants such as Frageria, Triticum, Populus, Oryza and Phoenix (Brown et al. 

1993; Rani et al. 1995; Damiano et al. 1997; Godwin et al. 1997; Saker et al. 2000, 

2005). 

PCR-based markers have come up as the most desirable tools for establishing 

genetic uniformity of the micropropagated plants. A recent PCR-based single primer 

for amplification reactions (SPAR) method is used as an effective tool for genetic 

diversity studies in plants and provides a comprehensive description of the nature and 

extent of the diversity. SPAR method generate reliable markers with a high 

throughput for analysis, rapidity for identification, discrimination of genotypes and it 

does not require any prior sequence information to design the primer (Williams et al. 

1990; Godwin etal. 1997). Thus, it is suitable for the assessment of genetic fidelity of 

the in v;>o-raised clones. This method includes (1) RAPD (Williams et al. 1990), (2) 

ISSR (Gupta et al. 1994), and (3) DAMD (Heath et al. 1993). 

RAPD involves the use of single short primers of arbitrary nucleotide 

sequence to reproducibly amplify segments of target genomic DNA. These short 

primers referred to as genetic markers are used to reveal polymorphisms among the 
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amplification products (Wiliams et al. 1990). A single primer (10-15 bp) is used for 

amplification for initial two cycles at low stringency. Subsequently, the remaining 

cycles are performed at higher stringency by increasing the annealing temperature 

(Welsh and McClelland 1990). It is an efficient technique for rapid identification and 

isolation of chromosome-specific DNA fi-agments. The use of RAPD markers is 

especially beneficial to discriminate between genetically dissimilar individuals, to 

evaluate genetic variability within a collection and to choose the components of the 

core collection (Piola et al. 1999). Technically, RAPD has been described as the 

simplest PCR-based marker with arbitrary primers used for detecting DNA variations 

(Weising et al. 2005). RAPD technique has been widely used to assess genetic 

relationship in several plants (Royo and Itoiz 2004; Devarumath et al. 2007; Kumar et 

al. 2011; Nongrum et al. 2012). Also, this technique has been successfully employed 

in assessing tissue culture induced variations in many other plant species (Rani et al. 

1995; Taylor et al 1995; Hashmi et al. 1997; Chen et al. 1998; Bairu et al. 2006). 

Several investigators reported the presence of genetic variations in micropropagated 

plants using RAPD markers. Bindiya et al. (2003) reported 32% polymorphism in 

sixth subculture of micropropagated Robinia pseudoacacia plantlets. Similarly, 

Hofinann et al. (2004) reported RAPD band polymorphism in embryogenic cultures 

of soybean that were treated with ethyl methanesulfonate (EMS). Guo et al. (2006) 

detected 24.87% polymorphism in regenerated plants oiCodonopsis lanceolata using 

RAPD markers. Nevertheless, RAPD technique has been inconclusive or ineffective 

in some species. RAPD markers could not detect variations in Begonia regenerated 
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from leaf explants treated with nitrosomethylurea as well as X-ray-induced garlic 

mutants (Anastassopoulos and Keil 1996; Bouman and De Klerk 2001). This 

technique also has a lower reproducibility and reliability and is less informative 

compared to other molecular markers thereby limiting its application in some species 

(Mulcahy et al. 1993; Vos et al. 1995; Jones et al, 1997). Despite all these limitations, 

RAPD has remained the choice of markers to researchers because of the fact that 

RAPD marker is cheaper and faster than other molecular markers such as AFLP, 

RFLP and microsatellites (Belaj et al. 2003; Weising et al. 2005). Moreover, it has 

been suggested that the problem of RAPD reliability and transferability among 

laboratories could be minimized and eliminated by following a standard protocol, 

replication of amplification reactions and a conservative criterion of band selection 

(Belaj e/a/. 2003). 

ISSR marker, on the other hand, has emerged as an alternative system with 

reliability and advantages of microsatellites (SSR). This technique involves 

amplification of genomic segments flanked by inversely oriented and closely spaced 

microsatellite sequences by a single primer or a pair of primers based on SSRs 

anchored 5' or 3' with 1-4 purine or pyramidine residues. SSRs or microsatellites are 

short tandem repeats of \-4 bases of DNA ubiquitously present in eukaryote genomes 

(Tautz and Renz 1984). They are dispersed throughout the genome and vary in the 

number of repeat units. The hypervariability of ISSR marker enables detection of 

small differences even at the sub-species level (Wolfe and Richard 1998). Studies 

have indicated that ISSRs produce more reliable and reproducible bands compared to 
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RAPDs because of their higher anneaUng temperature and longer sequences 

(Tsumura et al. 1996; Nagaoka and Ogihara 1997; Qian et al. 2001). ISSRs have 

proved to be useful in detecting clonal diversity and variations existing in closely 

related individuals (Zietkiewiez et al. 1994; Wolfe and Liston 1998; Esselman et al. 

1999; Joshi and Dhawan 2007). ISSR marker is advantageous due to its co-dominant 

inheritance nature, high abundance in organisms, enormous extent of allelic diversity 

as well as the ease of assessing microsatellite size variation using PCR with pairs of 

flanking primers (Li et al. 2002; Weising et al. 2005; Agarwal et al. 2008). For 

establishing genetic stability of several micropropagated plants such as trembling 

aspen banana, grapevine, sugarcane, London plane tree, wheat and sorghum, ISSR 

marker has been foimd immensely useful (Rahman and Rajora 2001; Hautea et al. 

2004; Ray et al. 2006; Welter et al. 2007; Singh et al. 2008; Haung et al. 2009; 

Khlestkina et al. 2010 Zhang et al. 2010). Guo et al. (2006) observed 15.72% 

polymorphism in regenerated plants of Codonopsis lanceolata using ISSR marker. 

Liu and Yang (2012) used ISSR marker for assessing genetic variations in 

micropropagated plants of Psidium guajava which revealed 1.65% polymorphism 

among the regenerated plantlets. ISSR has been employed to detect somaclonal 

variations in Artemisia amygdalina plantlets regenerated from nodal explants (Khan 

et al. 2013). Besides, screening of somaclonal variations produced in tissue-cultured 

plants of several other species has been done using ISSR marker (Salvi et al. 2001; 

Varshney et al. 2001; Rout and Das 2002; Singh et al. 2002, 2004; Venkatachalam et 

al. 2007; Joshi and Dhawan 2007; Bhowmik et al. 2008). 
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Heath et al. (1993) reported a technique, called direct or directed 

amplification of minisatellite region DNA amplified using the polymerase chain 

reaction (DAMD-PCR) to direct the amplification of tandemly repeated region of a 

genome. Minisatellites are tandem repeats of 10 to 60 bp DNA sequence many of 

which show high levels of length differences due to variations in the number of repeat 

units and are widely distributed throughout the eukaryote genomes (Jeffreys et al. 

1985). Variation in the tandem repeat copy number of minisatellite is proved to be 

the source of the polymorphism in several organisms (Jeffreys et al. 1985; Winberg et 

al. 1993). These sequences can be effective as PCR primers at relatively high 

stringencies yield reproducible DNA markers (Karaca and Ince 2008). It is speculated 

that minisatellites and the DNA sequences flanking them are involved in inversions, 

which results in their distribution on both strands in opposite orientations. Thus, it 

makes PCR possible using minisatellite core sequence as a single primer. DAMD 

technique has been successfully used to establish DNA fingerprints of species such as 

in Triticum, Oryza, Capsicum, Cucumis, Citrus (Bebeli et al. 1997; Zhou et al. 1997; 

Ince et al. 2009; Hu et al. 2011; Kumar and Nair 2013). 

SPAR methods have been used together for biodiversity and biosystematic 

studies in plants (Verma et al. 2004; Bhattacharya et al. 2005; Ranade et al. 2006, 

2009; Srivastava et al. 2007). The existing natural genetic variation at intra-specific 

level has been studied in Prosopis cineraria, Cymhidium spp., Mantisia spathulata, 

M. wengeri, Jatropha curcus, Vanda coerula using SPAR methods (Sharma et al. 

2010, 2011, 2012; Kumar et al. 2011; Maimers et al. 2013). These methods based on 
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different principles and experimental rationales generate different extent and nature of 

polymorphism that can be scored. The use of more than one DNA fingerprinting 

techniques which amplify different regions of the genome provides precise 

information regarding genetic variations in the regenerated plants (Palombi and 

Damiano 2002). Various molecular markers have been employed together for 

determination of genetic stability in micropropagated plants of several species 

(Venkatachalam et al. 2007; Bhatia et al. 2009; Nadha et al 2011; Singh et al. 2012; 

Razaq et al. 2012; Phulwaria et al. 2013). Till date no report is available on 

assessment of genetic fidelity of the in vitro raised plants of N. khasiana although 

genetic diversity among its different populations has been studied (Bhau et al. 2009; 

Nongrum era/. 2012). 
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Chapter 3 

In vitro establishment of three consecutive regenerations of 
Nepenthes khasiana plantlets using nodal segments 

3.1 Introduction 

Establishment of cell, tissue and organ culture and regeneration of plantlets under 

in vitro conditions has opened up new avenues in the area of plant biotechnology. 

Biotechnology can directly assist plant conservation programmes through in vitro 

technologies, molecular diagnostics, and cryopreservation (Tandon and Kumaria 2005; 

Tandon et al. 2009). The ability to grow plant cells and tissues in culture and to control 

their development form the basis of many practical applications in agriculture, 

horticulture and chemical industries and is a prerequisite for genetic engineering. Plant 

tissue culture has become one of the fundamental tools of plant science research and is 

extensively employed in conservation and improvement of plant genetic resources. The 

tremendous potential of tissue culture technique can be utilized for large scale 

propagation for providing elite planting material, particularly for the species with 

reproduction problems and/or extremely reduced population. 

Micropropagation leads to simultaneous accomplishment of rapid large scale 

propagation of true-to-type plants. The most crucial aspect of plant propagation is the 

retention of genetic integrity with respect to the mother plants; however, it is known that 
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in vitro culture techniques can induce genetic variability known as somaclonal variations 

(Larkin and Scowcroft 1981). There are no reports that authenticate the genetic stability 

of the micropropagated plantlets of N. khasiana.Thc present chapter deals with the in 

vitro establishment of three consecutive regenerations of N. khasiana plantlets so as to 

determine the genetic integrity of the micropropagated plantlets over a period of time in 

culture. 

3.2 Materials and methods 

3.2.1. Plant material, culture media and growth conditions for multiple shoot induction 

Single-nodal segments (2-3 cm) collected from the two-year-old mother plant 

were thoroughly washed under running water for 30 min to remove any adherent 

particles, immersed in 5% (v/v) laboratory detergent (Labolene, Qualigens, India) for 20 

min, and then rinsed under tap water before final treatment with fungicide (1% Bavistin) 

for 1 h. These were then surface sterilized with sodium hypochlorite and mercuric 

chloride at various concentrations (w/v) (0.1- 0.5%) for different time periods. The 

explants were then rinsed 4-5 times with sterilized distilled water to remove the traces of 

surface sterilants. Finally, the explants measuring -1.0 cm were excised aseptically and 

cultured in shoot induction medium. The nutrient medium used in all the experiments 

consisted of MS salts and vitamins (Murashige and Skoog 1962) with 3% sucrose (w/v) 

(Himedia, India). Activated charcoal (0.05% w/v) and ascorbic acid (50 mg/1) were also 

incorporated in the medium (Tandon and Rathore 1994). The medium was solidified with 

0.8% (w/v) agar (Himedia, India) and the pH of the mediimi was adjusted to 5.8 before 
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autoclaving at 12 r c for 15 min. The explants were cultured in half-strength MS medium 

(Tandon and Rathore 1994) supplemented with kinetin (KN) and 6-benzyIaminopurine 

(BAP) (1.0-3.0 mg/1), both singly and in combination. The percentage of explants 

producing shoots and the number of differentiated shoots per explant were recorded after 

8 weeks of culture. All the cultures were maintained at 25 ± 2°C under 14 h photoperiod 

with a photosynthetic photon flux density of 60.2 ^moles m' sec' supplied by cool white 

fluorescent lamps (40 W, Philips, India) with 65-70% RH. The bud-forming capacity 

(BFC) was calculated based on the average number of buds and percentage of response of 

the explants as follows (Tandon et al. 2007): 

BFC = (average number of buds per explants x % of explants forming buds) -^100 

3.2.2. Rooting and acclimatization 

The elongated shoots were transferred for rooting to half-strength MS medium 

supplemented with a-naphthaleneacetic acid (NAA) and indole-3-butyric acid (IBA) at 

various concentrations (0.5-2.5 mg/1). The cultures were maintained under similar 

physical culture conditions as described earlier. 

Plantlets with well-developed roots (2-3 cm) and shoots (7-8 cm) were washed 

with sterile water to remove any traces of agar from the roots before being transplanted 

into pots containing different substrata viz., (i) garden soil, (ii) garden soil with fine stone 

particles in the ratio of 1:1, (iii) garden soil, sand and powdered charcoal in the ratio of 

1:1:1, (iv) garden soil with sand in the ratio of 1:1, and (v) garden soil, sand and decaying 

litter in the ratio of 1:1:1 (v/v). The pots and plantlets were covered initially with 

perforated plastic bags for 2 weeks to ensure high humidity and finally transferred to the 
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glass house. The RH of the glass house was around 70-80%. The minimum and 

maximum temperatures of the glass house at the time of transplantation were 18°C and 

IS^C respectively. The plantlets were watered twice a day and survivability of the 

transferred plantlets was recorded after 8 weeks of transfer. 

3.2.3. Establishment of the second and the third regenerations 

The 8-months old rooted plantlets in culture raised in the first regeneration as 

described above were used as the source of explants for raising the plantlets of the second 

regeneration and the same method was adopted for raising the plantlets of the third 

regeneration. The plantlets of the second and the third regenerations were subsequently 

hardened, transferred to soil and were maintained in the glass house. BFC index and the 

morphology of the plantlets of the three consecutive regenerations were also compared. 

3.2.4. Statistical analysis 

All the experiments were performed with a minimum of 24 replicates for each 

treatment and each experiment was repeated thrice. For recording the shoot 

multiplication, the percentage of response of explants, mean number of shoots per explant 

and shoot length were measured after 8 weeks of culture. For root induction, mean 

nimiber of roots and root length were recorded after 4 weeks of culture in the rooting 

medium. Data were analyzed statistically using analysis of variance (ANOVA) to detect 

significant differences between means and the means were compared using Tukey's test 

at 5% probability level. 

37 



3.3 Results 

3.3.1. Standardization of surface sterilization 

The explants sterilized with different concentrations of sodium hypochlorite were 

found to be susceptible to ftmgal contamination within 6-7 d of culture. However, surface 

sterilization of explants with mercuric chloride was found to be suitable for overcoming 

the problem of contamination. Surface sterilization with 0.2% mercuric chloride for 8 min 

exposiire was found to be effective in obtaining healthy shoot proliferation without 

contamination. Explants were contaminated when lower concentration of mercuric 

chloride was used and duration of exposure was reduced. On the contrary, when the 

concentration and duration of mercuric chloride were increased, there was no 

contamination, however, shoot proliferation was delayed. Also, the exposure of explants 

to mercuric chloride for longer duration resulted in the browning and ultimate death of 

the explants within 4-5 d of treatment. Hence, the optimum concentration and the 

duration of exposure of explants to surface sterilant were standardised. 

3.3.2. Initiation of cultures and multiple shoot induction 

Shoots were induced from the nodal stem segments in half-strength MS medium 

supplemented with KN and BAP, either singly or in combination (Table 3.1; Fig. 3.1a). 

However, no response was observed from the nodal explants inoculated in the control and 

the medium supplemented with 1.0 mg/1 and 1.5 mg/1 of KN. The development of 

multiple shoots was observed after the shoots were subcultured in the medium with the 

same concentrations of KN and BAP. Of the different concentrations of KN (1.0-3.0mg/l) 
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Table 3.1. Multiple shoot formation from nodal explants ofN. khasiana cultured in half-

strength MS medium supplemented with KN and BAP 

KN (mg/1) 

Control 

1.0 

1.5 

2.0 

2.5 

3.0 

-

-

-

-

-

2.5 

2.5 

2.5 

2.5 

2.5 

BAP (mg/I) 

-

-

-

-

-

-

1.0 

1.5 

2.0 

2.5 

3.0 

I.O 

1.5 

2.0 

2.5 

3.0 

% of response 

o.o" 

o.o" 

o.o" 

33.32' 

50.23' 

41.66'" 

58.34'' 

66.67"= 

75.13' 

75.52" 

70.12" 

66.24" 

79.16" 

91.68" 

83.72" 

70.00" 

BFC 

0.0'' 

o.o" 

o.o" 

0.62" 

2.02" 

0.86" 

1.38" 

2.83" 

3.75" 

2.67" 

1.75" 

6.04" 

10.44" 

17.48" 

12.06" 

7.90" 

Average shoot 
number 

O.OiO.O" 

O.OiO.O" 

O.OiO.O" 

1.87d=0.65" 

4.04±0.72' 

2.08±0.56«" 

2.37±0.42* 

4.25±0.63'^ 

5.04±0.62''' 

3.54±0.44'̂ « 

2.50±0.34* 

9.12±0.25"' 

13.20±0.20"' 

19.16±0.23" 

14.41±0.26" 

11.29±0.28"' 

Mean shoot 
length(cm) 

O.OiO.O^ 

O.OiO.O^ 

O.OiO.O^ 

1.62±0.15' 

1.29±0.07''' 

2.05±0.00" 

2.10±0.04" 

1.13±0.04'*'' 

0.81±0.12' 

1.02±0.02''' 

1.32^0.07"* 

1.54±0.07'*' 

3.00±0.03" 

3.04±0.00" 

2.86±0.11" 

2.40±0.10" 

SE=Standard error. Means followed by the same letters within columns are not 

significantly different at the 5% level according to Tukeys test. Data recorded after 8 

weeks of culture 

39 



Fig. 3.1. Multiple shoot formation from nodal explants of N. khasiana. (a) Initiation of 
shoot buds in half-strength MS, (b) Multiple shoot induction in half-strength MS + 2.5 
mg/1 KN, (c) Multiple shoot induction in half-strength MS + 2.0 mg/1 BAP, and (d) 
Multiple shoot induction in half-strength MS + 2.5 mg/I KN + 2.0 mg/1 BAP. (Bar 5 mm) 
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used singly, the maximum number of shoots was initiated in the medium supplemented 

with 2.5 mg/1 of KN with an average of only 4.04±0.72 shoots per explant with the BFC 

index of 2.02 (Table 3.1; Fig. 3.1b). However, wdth 2.0 mg/1 BAP in the medium, the 

number of shoots was increased to 5.04±0.62 shoots per explant with the BFC index of 

3.75 (Fig. 3.1c). It was also observed that BAP (1.0-3.0 mg/1) when used in combination 

with the optimal concentration of KN (2.5 mg/1) resulted in significant enhanced shooting 

frequency. The medium supplemented with 2.5 mg/1 KN and 2.0 mg/1 BAP was proven 

to be the best for shoot induction with maximum response of explants (91.68 %) as well 

as the maximum number of shoots per explant (19.16±0.23) with the BFC index of 17.48 

and shoot length of 3.04 cm (Fig. 3.Id). 

3.3.3. Rooting and acclimatization 

In the present study, NAA was found to be more effective for root induction than 

IBA. A significant response in terms of root induction was observed within 4 weeks of 

culture in the medium supplemented with NAA. The regenerated shoots cultured in half-

strength MS supplemented with 2.0 mg/1 NAA resulted in maxunum response of 95.54% 

with an average of 9.04±0.46 roots/shoot (Table 3.2; Fig. 3.2a, b). However, addition of 

IBA in the medium did not have any significant effect on root induction. 
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Table 3.2. Rooting of in vitro regenerated shoots of Â . khasiana in half-strength MS 

medium supplemented with NAA and IB A 

Average root Mean root 
NAA(mg/l) ffiA(mg/l) % of response number 

length (cm) 

Control 

0.5 

1.0 

1.5 

2.0 

2.5 

-

-

-

-

-

-

-

-

-

-

-

0.5 

1.0 

1.5 

2.0 

2.5 

18.23^ 

54.16** 

62.50"' 

79.18"'' 

95.54" 

70.86""' 

33.35' 

41.12" 

50.00"* 

62.64"' 

45.74"* 

1.40±0.45' 

2.66±0.52''' 

3.4^0.57'" 

4.41±0.51*" 

9.04±0.46" 

5.12±0.70'' 

1.50±0.49' 

1.70±0.43' 

3.25±0.68^ 

2.66±0.44d'^ 

2.04±0.47^ 

1.32±0.12'̂  

1.07±0.20"^ 

2.00±0.32'"* 

3.39±0.36"'* 

3.58±0.16" 

2.10±0.40"'' 

0.37±0.11^ 

0.91±0.22'^ 

2.04±0.50'' 

1.21 ±0.19'^ 

1.39±0.3r 

SE = Standard error. Means followed by the same letters within columns are not 

significantly different at the 5% level according to Tukeys test. Data recorded after 4 

weeks of culture 
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Fig. 3.2. Rooting of/« vitro regenerated shoots of A'̂ , khasiana. (a) plantlet with roots in 
half-strength MS + 2.0 mg/1 NAA, and (b) complete plantlet with well developed 
pitchers. (Bar Smm) 
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Of the different potting mixtures tested, garden soil with sand in the ratio of 

1:1 (v/v) was found to be the best suited for the hardening of the complete plantlets with 

91.66% of survival rate after 8 weeks (Table 3.3; Fig. 3.3). The plantlets in this compost 

were healthy with well-developed pitchers. In the compost containing only garden soil, 

80.55% survival was observed, however, the number of pitchers per plant was only 

2.00±0.23. Also, the other composts used did not support the growth of the plantlets. The 

plantlets were established in the glass house in about 3-4 months time. The plantlets 

which were observed to be morphologically similar to the parental plant were 

subsequently transferred to earthen pots for further growth and development. 

The growth of the micropropagated plantlets in different regenerations varied. 

The average number of multiple shoots induced from the mother plant was 19.16±0.23 

shoots per explant with the BFC index of 17.48 which decreased to 15.75±0.34 shoots 

per explant from the plantlets of the first regeneration with the BFC index of 13.12 and 

13.58±0.54 shoots per explant from the plantlets of second regeneration with the BFC 

index of 12.46 (Table 3.4; Fig. 3.4a-f). The parameters viz., number of leaves per plant, 

leaf size, number of pitchers per plant, pitcher size, plantlet height and root length were 

considered for comparing the morphology of the hardened plantlets of the three 

consecutive regenerations and it was observed that there was no significant difference in 

the grov^h parameters of the plantlets of the different regenerations (Table 3.5). 
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Fig. 3.3. Hardened plantlets of Â. khasiana. (Bar 1 cm) 
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3.4 Discussion 

Organogenic potentiality of a species depends upon physiological status of the 

explants, culture medium and growth regulators incorporated in the nutrient medium for 

triggering the inherent regenerative capacity of the explants. Although different explants 

are capable of producing adventitious shoots, it is usually found that the explants excised 

from different organs, vary in morphogenic capacity. Therefore, the propagation rate and 

morphogenic response significantly vary to a greater extent according to the explant type. 

Thus, successfiil micropropagation depends not only on the selection of the most suitable 

explant, but also on the correct combination of growth regulators used in the medium for 

the explants response (Basu and Chand 1996; Martin 2004). Evaluation of medium for 

the metabolic needs of the cultured cells and tissues is a prerequisite step for developing 

efficient protocol for plant regeneration. Composition of the medium plays a major role 

in enhancing shoot proliferation. The nutritional requirement varies according to the 

cells, tissues, organs and protoplasts and also with respect to particular plant species. The 

appropriate composition of the medium largely determines the success of the culture 

(Balakrishnan et al. 2009). 

In the present study, the major difficulty encountered during the initial 

establishment of culture was the problem of fungal contamination which could be 

overcome through standardization of surface-sterilization procedure. For a successfiil 

micropropagation protocols, identification and maintenance of completely contamination-

free culture is an absolute prerequisite (Rani and Dantu 2012). The browning of culture 

medium and cultured explants o^N. khasiana could be checked by incorporating ascorbic 
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acid (50 mg/1) and activated charcoal (500 mg/1) in the medium. This might be attributed 

to the ability of ascorbic acid and activated charcoal to adsorb phenolic compounds 

produced by the explants. Earlier report suggested the use of ascorbic acid (50 mg/1), 

citric acid (10 mg/1) and polyvinylpyrrolidone (PVP) (500 mg/1) to reduce the brovming 

of the culture (Rathore et al. 1991). Incorporation of activated charcoal was also found to 

be effective to reduce browning of culture medium (Madhusudhanan and Rahiman 2000; 

Bahadur et al. 2008)). Addition of ascorbic acid in the medium has proven to be 

beneficial in overcoming the browning of cultures of Musa and Carizzo as well (Dantu et 

al. 2009; Ko et al. 2009; Germana et al. 2011). 

Concentration of salts in the basal medium often influences regeneration capacity 

of the explants. In the present study, the reduced strength of MS medium was used for 

shoot multiplication from nodal explants. Earlier reports have suggested that a low 

concentration of nutrients is required for growth ofN. khasiana (Kitching and Schofield 

1986). In Centaurea ultreiae also, half-strength of MS salts was foimd to be optimum for 

its in vitro regeneration (Mallon et al. 2010). 

Growth and morphogenesis in vitro are regulated by the interaction and balance 

between growth regulators supplied in the medium and the growth substances produced 

endogenously. The incorporation of growth regulators in the culture medium at various 

concentrations resulted in differential response with regard to number of shoots produced, 

growth and development of plantlets in the present study. Shoot bud induction and shoot 

proliferation could be achieved in the presence of cytokinins, BAP or KN incorporated 

singly and in combination in the medium. KN, when used alone in the culture medium. 
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resulted in an optimum of 4.04 ± 0.72 shoots per explant with 50.23% of response, 

whereas the explants inoculated in the medium supplemented with BAP produced an 

optimum of 5.04 ± 0.62 shoots per explant with 75.13% of response. Similar results were 

reported in shoot proliferation from nodal segments of Piper barberi in presence of BAP 

and KN incorporated singly in the culture medium (Anand and Rao 2000). Superiority of 

BAP to KN in inducing multiple shoot formation has been reported in several plants such 

as Medicago truncatula, Cypripedium flavum, and Justicia gendarussa (Neves et al. 

2001; Yan et al. 2006; Thomas and Yoichiro 2010; Magyar-Tabori et al. 2010). 

Similarly, the incorporation of BAP singly in the medium has been reported to promote 

shoot proliferation in Tuberaria, Maesa, Passiflora, and Metabriggsia (Goncalves et al. 

2010; Faizal et al. 2011; Garcia et al. 2011; Ma et al. 2011). However, in several other 

cases, KN was found to be more suitable for shoot proliferation as in Houttuynia and 

Castilleja (Chakraborti et al. 2006; Martinez-Bonfil et al. 2011). The promotory effect of 

BAP over other cytokinins could be due to its easy permeability, increased affinity for 

active cell uptake, less resistance to the enzyme cytokinin oxidase, or receptor abundance 

in its perception apparatus which interacts with the coupling elements in the signal 

transduction chain (Burch and Stuchbury 1987). Shoot proliferation, in the present study, 

was tremendously increased when the medium was supplemented with BAP and KN in 

combination. Similar results of high frequency of shoot multiplication using combination 

of two cytokinins has been reported in other plants (Rajeswari and Paliwal 2006; Frabetti 

et al. 2009; Swama and Ravindhran 2012; Singh et al. 2012). The stimulatory effect of 

BAP and KN in combination on efficient shoot multiplication has been also well 
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documented in many other plant species such as Cinnamomum camphora, Stevia 

rebaudiana, Artemisia vulgaris, Pinus kesiya, Vitex agnuscastus, Portulaca grandiflora, 

Jatropha curcas, Ilex khasiana (Babu et al. 2003; Ahmed et al. 2007; Sujatha and 

Kumari 2007; Tandon et al. 2007; Balaraju et al. 2008; Srivastava and Joshi 2009; 

Kumar et al. 2010; Dang et al. 2011). In the present study, the number of shoots per 

explant and percentage of response were decreased with an increase in the levels of KN 

and BAP in the medium suggesting the inhibitory effect of cytokinins at higher 

concentrations; confirming the results of Indhra and Dhar (2000). This might be due to 

the supra-optimal concentrations of the growth regulators which are not desirable for the 

growth of the plants (Sharma and Tandon 1986). The BFC index is an efficient indicator 

of bud induction as it takes into consideration both the number of explants showing bud 

induction as well as the number of buds formed per explant (Tandon et al. 2007). In case 

of Â . khasiana, the BFC was higher in the explants inoculated in the medium 

supplemented with BAP as compared to KN. This index was maximum (17.48) in case of 

explants inoculated in the medium incorporated with BAP (2.0 mg/1) and KN (2.5 mg/1) 

in combination. Elevation of BAP level beyond this concentration drastically reduced 

BFC index which could be due to the toxic effect of BAP at higher concentrations. 

Synthetic auxins NAA and IBA are commonly used in the nutrient medium to 

induce root meristem differentiation (Supriyanto and Rohr 1994; Cheng et al. 1995; 

Zhang et al. 2006). Earlier reports have shown the effectiveness of NAA on root 

initiation in N. khasiana (Rathore et al. 1991; Tandon and Rathore 1994; Latha and 

Seeni, 1994; Nongrum et al. 2008). Similarly, the efficiency of NAA on rooting has been 
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reported in several other plant species (Kalia et al. 2007; Viehmannova et al. 2007; 

Bhuyan et al. 2011). Maximum rooting was induced when the culture medium was 

supplemented with NAA in case of Portulaca grandiflora, Pinus massoniana. 

Chrysanthemum morifolium (Jain and Bashir 2010; Zhu et al. 2010; Verma 2012). 

Hardening and acclimatization of plantlets is essential for survival of plantlets 

under ex vitro conditions. The transfer of plantlets from the culture vessels to the glass 

house is a crucial step as the environmental conditions required for ex vitro growth of 

plants are different from those under controlled conditions (Hazarika 2003). In vitro 

plants are exposed to invariably controlled growth conditions such as high amount of 

organic and inorganic nutrients, plant growth regulators, carbon source, high humidity, 

low light and poor gaseous exchange. These may support rapid growth and 

multiplication, however, the controlled conditions induce structural and physiological 

changes in plants rendering them unfit to survive when transferred directly to the field. 

Thus, a gradual acclimatization of plantlets from laboratory to field condition is 

necessary. Plants often die during the transfer from in vitro to ex vitro conditions 

(Pospisilova et al. 1999). The overall success of the in vitro propagation depends on the 

successfiil hardening and transplantation of the plantlets in the field. Under controlled 

culture conditions, the anatomical and morphological conditions of in vitro plantlets such 

as development of cuticle, hairs, photosynthetic ability and conducting tissues, etc., 

required for the growth and development of plantlets remains non-functional. The 

stomata in in vitro cultured plants remain open. Generally, in vitro plantlets are very 

delicate and therefore wilt rapidly on direct transfer to normal green house conditions. In 
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the acclimatization process, excessive water loss from plantlets is a major problem 

(Hazarika 2006). Therefore, during acclimatization, the first and foremost requirement 

for successful transplantation is the maintenance of plantlets under very high humidity 

conditions (90-100%) for the first 10-15 d followed by gradual decrease in humidity (60-

70%). The plantlets are then gradually shifted from high moisture environment to regular 

envu-onment so as to gradually develop the protective system (Bhojwani and Razdan 

1983). Temperature is also very crucial for higher survival rate and growth of 

transplanted plants. During summer, plants are exposed to high irradiance and 

temperature (30-40°C), and low humidity. Carbon dioxide enrichment in the greenhouse 

for the cultivation of ornamental plants has a positive impact on production. Increased 

carbon dioxide concentration also lessens water stress of microcuttings by closing the 

stomata as reported by Matysiak and Nowak (1995). The plantlets hardened under such 

conditions showed better survival when transferred to the field. Successful 

transplantation also depends on suitable size of the plantlets and their state of growth in 

vitro. The in v//ro-raised plantlets need proper care before they are transferred to the 

outside environment. Thus, careful step-wise procedure is to be followed when in vitro 

plants are transferred to pots or in field conditions. In the present study, healthy plantlets 

with vigorously growing roots were transferred for higher, growth and easy establishment. 

Compost containing garden soil with sand in the ratio of l.T(v/v) gave the best results for 

the hardenmg of the complete plantlets. The compost used was suitable for growth of 

plantlets as it might have facilitated proper drainage and aeration for root respiration. 

Covering the plantlets with polythene bags was beneficial as it could retain moisture for 
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the growth of the plants. The surviving plantlets had a healthy root system and leaves 

v^th well-developed pitchers ensuring proper growth. Decrease in BFC index was 

observed in the subsequent regenerations. This might be due to reduced regenerative 

capacity of the in v/7ro-raised plantlets in culture conditions. However, the plantlets of the 

three successive regenerations were observed to be morphologically very similar. 

56 



Chapter 4 

Assessment of genetic fidelity through cytological analysis in 
regenerants oi Nepenthes khasiana 

4.1 Introduction 

Nepenthes khasiana belonging to the order Caryophyllales is a challenging taxon 

from taxonomical and phylogenetic point of view. Therefore, it is not surprising to note 

that there is still lack of basic information about somatic chromosome number of several 

species belonging to the genus Nepenthes. Although certain remarks about the 

chromosome counts were made by few researchers (Heubl and Wistuba 1997), authentic 

details of chromosome biology could not be traced till date. A critical perusal of 

published literature on cytogenetic of the order Caryophyllales reveals that while the 

genus Drosera has received the attention of chromosome workers, the genus Nepenthes 

belonging to the same order has failed to generate any enthusiasm among cytologists. 

Heubl and Wistuba (1997) probably were the first to report somatic chromosome number 

of 2n=80 in about 15 species of Nepenthes including Nepenthes madagascariensis, N 

pervillei, N. distillatoria, N khasiana, N. rafflesiana, N. truncata, N. stenophylla, N 

gracilis, N eymai, N. thorelii, N. veeitchii, N albomarginata, N. reinwardtiana, N 

tentaculata, and N. clipeata. An enormous spectrum of chromosome numbers has been 

reported in Droseraceae which is closely allied to Nepenthaceae and x=5 or x=10 was 
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found to be the most frequent basic number. It has been reported that diploid and lower 

polyploids have already gone extinct in Nepenthes and restricted to high ploidy level 

thereby challenging the C5^otaxonomic position of the genus (Heubl and Wistuba 1997). 

Due to several ambiguous assumptions and diverse spectrum of chromosome number, 

accurate cytotaxonomic studies of the single species of Nepenthes from Indian 

subcontinent viz., N. khasiana are by and large lacking. However, the chromosome 

complements of TV. khasiana were investigated for ascertaining the somatic chromosome 

number in various plant collections and the somatic chromosome number of 2n=80 has 

been recorded in all the cells studied. The investigations revealed the chromosomes to be 

small sized making it impractical to determine the position of the centromere(s) 

convincingly. Therefore, the approach of focusing on chromosome counts alone in 

micropropagated plants of N. khasiana could be helpful in the assessment of genetic 

fidelity at three successive regeneration stages. 

Nuclear instability of in vzYro-raised plant is very common and has been 

demonstrated in several plant species (D'Amato 1975; Sunderland 1977; Orton 1980). 

This instability is often manifested in the form of numerical and structural alterations in 

chromosomes of cultures as well plants regenerated from them (Kao et al. 1970; Sree 

Ramulu et al. 1983; McCoy and Bingham 1987). The frequency of such aberrations is 

reported to be very high, especially in the callus-mediated regenerants (Sunderland 1977; 

Yeoman and Sfreet 1977; Roy 1980) as compared to direct regeneration (Sheridan 1974; 

Mathur et al. 1987; Sen and Sharma 1991). In addition to biochemical, histological and 

molecular approaches, cytogenetical analysis is also one of the most reliable techniques 
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to assess any change in the genetic make-up during the process of regeneration. 

Chromosomal abnormalities have been observed in several tissue culture-derived plants 

and their progenies (Ahloowalia 1976, 1983, 1986; Duncan 1997; Roth et al. 1997; 

Kaeppler et al. 1998; Gupta 1998). Changes in chromosome number and structure 

disfunction of mitotic spindle are the cytological characteristics which have been 

commonly reported as somaclonal variations (BayUss 1980; Lee and Phillips 1988; 

D'Amato 1990). Although alterations of chromosome numbers have been reported to be 

more common, structural chromosome changes have been observed with greater 

frequency in some species (Joachimiak et al. 1993). Chromosomal abnormalities 

associated with translocations, inversions and duplications or deletions are some of the 

frequently reported chromosomal aberrations (Kaeppler et al. 2000). Such aberrations 

which could have resulted due to chromosomal breaks, chromatin abnormalities such as 

anaphase bridges and chromosome stickiness and spindle failures, lagging 

chromosomes/chromatids, aneuploidy or polyploidy were considered as mitotic 

abnormalities. The chromosomal aberration types and frequencies have been reported to 

be dependent on the genotype of the explants, composition of nutrient medium especially 

the kind and concentrations of plant growth regulators, overall culture conditions as well 

as duration of cultures (Edallo et al. 1981; McCoy et al. 1982; Lee and Phillips 1987). 
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4.2 Materials and methods 

4.2.1. Plant material and regeneration 

Axillary cultures of Â . khasiana were established in vitro through nodal explants 

as described earlier in Chapter 3. 

4.2.2. Cytological preparations for mitotic complements 

The root tips of about 0.5-1.0 cm long were excised from both in vivo (mother 

plant) and in vz/ro-raised plantlets of the three successive regenerations. The root tips 

were pretreated with 0.002 M 8-hydroxyquinoline solution for 3 h at room temperature 

before being fixed in Camoy's fluid consisting of propanol and propanoic acid in the 

ratio of 3:1 for 24 h at room temperature. The root tips were transferred to 70% (v/v) 

ethanol and stored in a refrigerator till utilized for squash preparations. For making 

squash preparation of chromosomes, the fixed root tips were thoroughly washed with 

distilled water 3-4 times and hydrolyzed in 5 N HCl for 1 h at room temperature. The 

hydrolyzed root tips, after washing thoroughly, were subsequently transferred to leuco-

basic fiischin solution and were kept for 45 min at room temperature under dark 

conditions. The stained root tips were squashed in a drop of 1% propiono-carmine under 

the cover glass. The cells were flattened by taping followed by removal of excess stain 

with Whatman filter paper pieces. 

4.2.4. Microphotography 

The micro-photographs were taken using Jenoptik CCD camera (Germany) 

attached to Labomed LX 400 fluorescent microscope. A minimum of five regenerants of 

in vitro cultures were selected from each regeneration. At least five slides were prepared 
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from the root tips of each micropropagated plantlet and on average six cells with clearly 

countable chromosomes from each slide were scored for the determination of 

chromosome counts. 

4.2.5. Magnification 

The illustrations in the present investigation were magnified at xlOOO to the 

original dimensions of the image, with no fiulher increase in the magnification during 

processing stage. 

4.3 Results 

Chromosome complements of Â . khasiana were studied for ascertaining the 

somatic chromosome number in various plant collections. Somatic chromosome number 

as 2n=80 has been unambiguously recorded in all the cells studied (Fig. 4.1 .a, b) with no 

evidence of any numerical variations, whatsoever. As the chromosomes are observed to 

be of small size, it was inconvenient to study the karyomorphology of the chromosomes. 

Therefore, the study was focused on chromosome counts alone. 

A total of 30 cells were analyzed from the mother plant and all the cells analyzed 

showed normal somatic chromosome number of 2n=80 with no evidence of numerical 

variations (Table 4.1; Fig. 4.2.a-d). 

In the plantlets raised in the first regeneration, a total of 30 cells were analyzed 

out of which 76.66% cells showed somatic chromosome number as 2n=80 while the 

remaining 23.33% cells showed chromosome number of 2n=76, 78 (Fig.4.3). 
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Table 4.1. Analyses of root tip cells observed at metaphase in the mother plant (control) 

and the regenerated plantlets ofN. khasiana 

Regen­
erations 

No. of 
cells 

analyzed 

Cells with normal 
chromosome 

Cells with deviant 
chromosome 

No. % No. % 

Deviant 
chromosome 

no. 

Control 

,rd 

30 

30 

30 

30 

30 

23 

20 

18 

100 

76.66 

66.66 

60.00 

0 

7 

10 

12 

0 

23.33 

33.33 

40.00 

2n=76 (2 

2n=78 (5 

2n=70 (6 

2n=76 (1 

2n=78 (1 

2n=84(1 

2n=86(1 

2n=70(7 

2n=76 (3 

2n=84(1 

2n=86(1 
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Out of 30 cells analyzed in the plantlets of the second regeneration, 66.66% cell 

showed normal somatic chromosome number of 2n=80 while the remaining 33.33% cells 

were observed to possess deviant chromosome numbers of 2n=70, 76, 78, 84, 86 (Fig. 

4.4). 

In the plantlets of the third regeneration, 60% cells showed normal somatic 

chromosome number of 2n=80 and deviant chromosome complements of 2n=70, 76, 84, 

86 were recorded in 40% cells (Fig. 4.5). 
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4.4 Discussion 

Documentation of chromosome numbers in the genus Nepenthes was probably 

first carried out by Heubl and Wistuba (1997) where they have reported a chromosome 

number of 2n=80 in about 15 species of Nepenthes as mentioned earlier in the present 

chapter. Members of the family Nepenthaceae are known for remarkable uniformity in 

chromosome numbers of 2n=80 without any indication of numerical variations. The 

present studies are in agreement with these reports. However, such observations need to 

be substantiated with informations on more number of species representing the entire 

genetic spectrum of the genus. It was also observed that chromosomes lack a single 

localized centromere in N. khasiana. The chromosomes of most eukaryotes have 

'localized centromere' which presents as a primary constriction. However, 'non-localized 

centromere' or 'diffuse centromere', which does not show any constriction or localized 

centromere position on chromosome, are known in some plants such as Luzula (Castro et 

al. 1949), and members of the family Cyperaceae (Hakansson 1958). In Drosera which is 

very closely related taxa with the genus Nepenthes, distinct primary constrictions or 

localized centromere has not been observed supporting the diffuse centromere hypothesis 

(Kondo et al. 1976; Kondo and Segawa 1988; Sheik et al 1995). Similarly, in Â . 

khasiana, the somatic chromosomes were observed to be very small in size and clear 

chromosomal gap between sister chromatids was not seen. In other words, the 

centromeres might have been probably diffused along the entire length of chromosome 

suggesting the holocentric nature of the chromosomes. Since the diffused type possesses 

centromere function dispersed along the whole chromosome length, in theory all 
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fragments of this type of chromosomes are stably transmitted after cell division. On the 

contrary, Kondo and Lavarack (1984) observed distinct primary constrictions in the 

larger chromosome of Nepenthes. Also, Junichi et al. (2011) reported that two larger 

chromosomes of Drosera arcturi showed primary constrictions and D. regia had 

localized-centromeric position or well-differentiated primary constrictions in most 

metaphase chromosomes. 

Chromosome size, condensing behavior of chromatin and interphase nuclei of the 

genus Nepenthes are considered to be similar to that of Droseraceae (Heubl and Wistuba 

1997). In view of the known phylogenetic background, one can assume that most 

members of Nepenthaceae are palaeopolyploids with the basic number x=5 or 10. The 

loss of taxa with lower ploidy levels, the high chromosome number, the palaeotropic 

distribution, uniformity in many characters and the reduced genetic variability support the 

assumption that in Nepenthes, diploid and lower polyploids have already gone extinct 

(Heubl and Wistuba 1997). Based on this study, N. khasiana, could be regarded as a 

polyploidy taxa (8x or 16x) accordingly the basic chromosome number of x=5 or 10. 

Chromosome counts provide indispensable information on genetic discontinuities within 

and among species and they contribute to the understanding of phylogenetic relationships 

at all taxonomic levels (Semple etal. 1989). Due to the lack of chromosome information 

on many other species of the genus as well as difficulties in karyotype studies of the 

species, it is premature to predict the cytogenetical mechanisms of evolution in the genus. 

Therefore, further cytogenetical investigations related to meiotic analysis of species their 
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hybrid derivatives are essential to ellucidate taxonomic and phylogenetic relationships 

among the species of the genus Nepenthes. 

It is a common belief that seedlings produced in nature through vegetative 

propagation are genetically more stable as compared to those produced by seeds since the 

desirable phenotypic characteristics of the parent remain undisturbed in the former. 

Vegetative propagation can take place through rhizome, corm, offsets, bulbs, tubers, 

suckers, etc. Stem cuttings, air layering, budding, grafting are some of the conventional 

methods employed for such propagation. However, these methods of propagation impose 

several limitations for large-scale production. Plant tissue culture holds great promise for 

rapid mass propagation of valuable genotypes in a limited space, especially in case of 

rare, threatened or critically endangered plants (Prance 1997; Feijoo and Iglesias 1998; 

Tandon and Kumaria, 1998; Lynch 1999). However, in vitro culture techniques are 

known to be associated with genetic instability in plants due to influencing factors like 

somaclonal variations (Karp 1989; CuUis 1992; Phillips et al. 1994). Tissue culture-

induced variations could be a very serious problem resulting in the production of 

undesirable plant off-types (Karp 1993; Cassells etal. 1999). 

Â . khasiana, naturally propagate mostly through seedlings produced from the 

rhizomatous basal portion of the stem (Bordoloi 1977). In the present study, it is clearly 

established that the plantlets were regenerated directly from nodal explants of in vivo N. 

khasiana plant. The regenerated plantlets were maintained for the three successive 

regenerations and genetic variability, if any, was assessed in tissue culture raised plants. 

From the present observation, it was seen that the plantlets of the first regeneration 
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showed less quantum of variation with 76.66% normal cells as compared to the plantlets 

of the second and the third regenerations recording 66.66% and 60% normal cells, 

respectively. Plant cells are subjected to stress at different stages of culture in artificial 

medium which leads to somaclonal variations in varying percentage of cells (Bairu et al. 

2006). In the first regeneration, only 23.33% cells showed deviant chromosome numbers 

which was increased to 33.33% and 40% in the second and the third regenerations 

respectively. The causes for origin of somaclonal variations have been reported to be 

manifold related to both external and internal aspects of plant tissue culture (Karp 1991). 

The level of genetic instability may be attributed to naturally occurring variation or 

accumulation of mutations during the culture period. Studies have shown that the 

presence or absence of variations during tissue culture depends upon the source of 

explants and the mode of regeneration including levels of growth regulators (Goto et al. 

1998; Martinet a/. 2006). 

The explant tissue can affect the frequency and nature of somaclonal variations 

(Kawiak and Lojkowska 2004; Chuang et al. 2009). It has been reported that somaclonal 

variations can arise from pre-existing mutations already present in the tissues of the 

donor plant or may be induced during the culture phase (Bairu et al. 2011). Cellular 

organization is a critical factor for plant growth and loss of cellular control gives rise to 

disorganized growth under in vitro conditions ultimately leading to genetic variations. 

Although direct organogenesis from meristem cultures, minimises the possibility of 

instability, the stabilising influence of the meristem is sometimes lost when the cells are 

grown in culture (Vasil 1994). In contrast, highly differentiated tissues generally produce 
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more variants, probably due to redifferentiation phase, than explants with pre-existing 

meristems illustrating the importance of the explants source from the donor plant with 

respect to its inherent genetic composition and genome uniformity, in any of its 

components (Sharma et al. 2007). The greater the cellular disorganization and the longer 

the duration of the disorganized phase, greater are the chances of somaclonal variations. 

In the present study, the nodal explants with the pre-existing buds were used for multiple 

shoot induction through direct organogenesis. However, 23.33% cells showed deviant 

chromosome numbers which might be due to the loss of the stabilizing ability of the 

meristems present in the pre-existing buds as reported by Vasil et al. (1994). 

The primary events, controlled by exogenously applied plant growth regulators 

(PGRs) that trigger morphogenesis via cell-cycle disturbance might induce variabilities 

(Peschke and Phillips 1992). In addition to natural growth hormones foimd in plants, 

incorporation of PGRs in tissue culture for promoting cell division and growth, subject 

the explants to in vitro stress ultimately leading to genetic instability. It is believed that 

growth regulators preferentially increase the rate of division of genetically abnormal cells 

(Bayliss 1980). There are evidences which indicate that growth regulators enhance 

somaclonal variations during the culture phase through their effect on cell division, 

degree of disorganized growth and selective proliferation of specific cell types (Roels et 

al. 2005; Siragusa et al. 2007; Radhakrishnan and Kumari 2008). PGRs such as auxins 

and cytokinins preferentially increase the rate of division in cells (Bayliss 1980). The 

genetic composition of a cell population can therefore, be influenced by the relative 

levels of growth regulators, especially synthetic compounds which have been reported to 
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be associated with somaclonal variations (D'amato 1975; LoSchiavo 1989; Vidal and De 

Garcia 2000). The possibility of unbalanced concentrations of auxins and cytokinins 

inducing polyploidy was also highlighted (Swartz 1991). High levels of BAP also greatly 

increased the genetic variability of rice callus cultures compared to that found in cultures 

incubated with low level of BAP (Oono 1985). Munthali et al. (1996) detected genetic 

variations in tissue cultured-raised plants of sugarbeet regenerated by adventitious shoot 

budding in which BAP was supplemented in the medium in combination with auxin. The 

presence of a relatively high concentration of BAP was implicated in inducing the 

chromosomal abnormalities in a somaclonal variant CIEN BTA-03 derived from the 

banana cultivar 'Williams' (Gimenez et al. 2001). However, the exposure of the banana 

cultivar 'Nanjanagudu Rasabale' to relatively high concentrations of BAP and KN was 

reported to cause no somaclonal variations (Venkatachalam et al. 2007). Feyissa et al. 

(2007) detected the occurrence of genetic variations m tissue culture-derived plantlets of 

Hagenia abyssinica regenerated using axillary buds in presence of BAP in combination 

with IBA. In another study, all somaclones regenerated from different parts of Solarium 

tuberosum investigated showed chromosomal instability detecting aneuploid and 

polyploid cells at high frequency (57-89%) when BAP was used in high concentrations 

(Jelenic et al. 2001). However, PGRs did not influence the genetic stability of the 

micropropagated plants of Foeniculum vulgare regenerated through somatic 

embryogenesis (Bennici et al. 2004). In the present study, the culture medium was 

supplemented with 2.0 mg/1 KN and 2.5 mg/1 of BAP in combination for successful 
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multiple shoot induction from the nodal segments. Both of these cytokinins are well 

known for inducing cell growth and development through enhanced cell division. 

In the present investigation, it was observed that the micropropagated plantlets of 

N. khasiana which is characterized by higher ploidy (probably at 8x level), produced 

cells with deviant chromosome numbers in vitro. Genetic variations among plants 

regenerated are always higher among polyploids and plants with high chromosome 

numbers than those with low ploidy and low chromosome number species (Watson et al. 

1992; Skirvin et al. 1994). Plants regenerated from mesophyll protoplast of tetraploid 

British cultivar 'Maris Bard' and 'Fortyfold' and Dutch cultivar 'Bintje' of potato 

revealed extensive variations in chromosome number reflecting the polyploid nature of 

potato (2n=2x=48), and its concomitant higher tolerance to chromosomal changes. 

Nimierical and structural variations in chromosome of tissue culture-raised plants are 

strong evidences for possible change in genetic composition of an organism (Kunitake et 

al. 1995; Al-Zahim et al. 1999). Karp and Maddock (1984) detected substantial changes 

in both nimiber and structure of chromosomes in plants of four different wheat (Triticum 

aestivum 2n = 6x = 42) cultivars regenerated via somatic embryogenesis. 

The frequency of somaclonal variations increases as the number of subcultures 

and their duration increases, especially in cell suspensions and callus cultures (Reuveni 

and Israeli 1990; Rodrigues et al. 1998; Bairu et al. 2006). Moreover, the rapid 

multiplication of a tissue or long-term cultures may also affect genetic stability and thus 

lead to somaclonal variations (Israeli et al. 1995). Hartmaim et al. (1989) showed that the 

long period in culture increased the number of somaclonal variants in wheat regenerants. 
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Rodrigues et al. (1998) observed 1.3% somaclonal variants in the fifth subculture during 

micropropagation of Musa which was found to be increased to 3.8% in the twelveth 

subculture. Similarly, Bairu et al. (2006) observed an increase in the rate of occurrence of 

variants with progressive sub-culturing of micropropagated plants of Musa spp. Zhenxun 

and Hongxian (1997) also reported that aneuploidy and mixoploidy were predominantly 

observed in banana regenerants cultured for long durations. A statistical model has been 

proposed for predicting the theoretical mutation rate with the number of multiplication 

cycles as the primary parameter and two main conclusions were derived from the model 

that a variant rate increase can be expected as an exponential function of the number of 

multiplication cycles and, variable off-type percentages can be expected after a given 

number of multiplication cycles (Cote et al. 2001). However, the model had limited 

applications because of the complexity of biological systems. Etienne and Bertrand 

(2003) described the effects of age of embryogenic cell suspensions on frequency and 

phenotype of variants of Coffea arabica, where somaclonal variation was increased to 

25% in plants produced from 12-month-old cell suspensions in plants as compared 

tol.3% in plants produced from 3-month-old cell suspensions. Therefore, it is not 

surprising that subsequent mcrease of genetic variations in the plantlets of the second and 

the third regenerations of Â . khasiana was observed in the present study. However, the 

plantlets of the three consecutive generations were morphologically very similar. This 

may be attributed to the ability of the normal cells to overcome the incompetent abnormal 

cells with decreased potential resulting in the normal phenotypic characters. Similarly, 

Browers and Orton (1982) observed that aberrant chromosome numbers occurred at an 
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appreciably high frequency in morphologically indistinguishable plants of celery derived 

through somatic embryogenesis. Although abnormal cells with deviant chromosome 

numbers are ubiquitous in tissue culture, regeneration acts as a sieve mostly permitting 

the growth of stable normal cells (D'Amato 1977). Moreover, chromosomal 

abnormalities such as loss or addition of few chromosomes arising from tissues of 

polyploid or hybrid origin can be tolerated (Heinz and Mee 1971; Sree Ramulu 1987; 

Jelenic era/. 2001). 

The present study reveals that the regenerated plantlets of the first regeneration of 

N. khasiana showed low percentage of cells with deviant chromosome numbers which 

was subsequently increased in the plantlets of the second and the third regenerations 

indicating that genetic stability could not be maintained in the regenerated plants of N. 

khasiana kept for longer duration of time in culture. However, no morphological 

variation was observed in the plantlets of the three consecutive regenerations. 
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Chapter 5 

Assessment of genetic fidelity in regenerants of Nepenthes 
khasiana based on differential flourochrome binding pattern 

5.1 Introduction 

Heterochromatin regions are the most intensively studied and best known 

chromosome markers in both plants and animals. The distribution pattem(s) of 

heterochromatin have been employed as a reliable marker for identification of 

individuals and/or intra- or inter-specific chromosomal variations (Marks and 

Schweizer 1974; Schweizer and Ehrendorfer 1976; Greilhuber and Speta 1989). 

Heterochromatic regions are generally analyzed by either C-banding techniques or 

direct detection with base-specific fluorochromes, such as chromomycin A3 (CMA), 

4-6-diamidino-2-phenylindole (DAPI), Hoechst 33258, mythramycin, quinacrin, etc. 

(Schmid and Guttenbach 1988; Sumner 1990; Guerra 2000). The origin of the 

differential staining of heterochromatin for detection of certain defined target loci is 

certainly related to one of the most universal characteristics of heterochromatin, i.e. 

the presence of tandem repetitive DNA sequences. 

Fluorochrome-based detection has the advantage of being a simpler, more 

reproducible and less destructive technique, as compared to the other known 

chromosome approaches (Guerra 1993). It is important to evaluate the distribution of 
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each heterochromatin type separately by cyto-molecular techniques as the bands of a 

single karyotype may be composed of different families of repetitive DNA with 

independent distribution patterns (Flavell 1982). This technique has been applied 

successfully for studying the distribution of heterochromatin in plant species such as 

Secale, Scilla, Hordeum, Aegelops (Appels et al. 1978; Deumling and Greilhuber 

1982; Brandes et al. 1995; Badaeva et al. 1996). Heterochromatin associated with the 

nucleolar organizing region (NOR) can be specifically identified by fluorescence in 

situ hybridization (FISH) using a probe which can localize 45 S rDNA sites in plants 

(Hizume et al. 1992; Galasso et al. 1996). An alternative way of discriminating 

heterochromatin types is to stain the chromosome with flourochromes that have a 

preferential affinity for AT- or GC- rich DNA which can differentiate the distribution 

of heterochromatin in the chromosome (Guerra 2000). Conventional staining 

techniques may show heteropycnotic regions that form the so-called prophase 

condensation pattern (Ikeda 1988; Fukai and Mukai 1988; Benko-Issepon and 

Morawetz 1993). Such regions have often been confused with heterochromatin 

patterns which may be very different from each other (Guerra 1988; Marawetz 1991). 

However, staining with base-specific fluorochrome has been recognized as a reliable 

method of discriminating different types of heterochromatin in plants (Vosa 1970, 

1976; Schweizer 1976). 

The specific binding of the fluorochromes with the chromosomes depends 

mainly on the nitrogenous base composition of the DNA molecule(s), in such a way 

so that each region of the chromosome may show a positive (+) or negative (-) 
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reaction with a given fluorochrome (Schweizer 1981). The fluorochromes CMA and 

DAPI are the most intensively used fluorochromes in plants, as these exhibit 

preferential staining for GC- and AT-rich DNA sequences, respectively. This allows 

the identification of different types of heterochromatin in a more convincing note. 

Morphological differences in the karyotypes can be effectively revealed using 

fluorescent based detection staining method. It is also possible to measure the 

differences in the amount and site of GC- and AT-rich base pairs on the chromosome 

complements, thereby, distinguishing different genomes. The base-specific 

fluorochrome reaction of heterochromatin for 58 species of plants showed the 

heterochromatin to be preferentially located in similar regions of chromosome, 

regardless of the distance from the centromere (Guerra 2000). Proximal bands were 

found to be more common in small sized chromosomes suggesting the possible role 

of the chromosome size in heterochromatin localization. In Allium subvillosum, 

heterochromatin has been reported to be localized in the telomeric regions of all the 

short arms, and in the interstitial regions of all the long arms (Guerra 2000). 

Insectivorous plants have always been the source of attention due to their 

extraordinary abilities for trapping a wide range of insects. In spite of the difficulties 

in establishing a clear relationship among the Drosera species using conventional 

karyomorphological and the molecular data, some researchers have attempted to 

differentiate the species based on the base-specific fluorochrome staining pattern 

(Sheik and Kondo 1995; Junichi et al. 2011). Sheik and Kondo (1995) observed the 

fluorophore binding sites at the terminal region revealing that GC- and AT-rich 
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segments were mostly aggregated at the ends of Drosera chromosomes (telomeric 

regions). They suggested that D. helodes and D. sewelliae are closely related on the 

basis of chromosome number and fluorescent binding AT/GC rich loci. They also 

observed that distinct primary constriction or centromere was conspicuously absent in 

any of the chromosomes of Drosera species. Their results confirmed that Drosera 

chromosome(s) might have diffused centromeres along their entire length. However, 

Junichi et al. (2011) observed primary constriction in D. regia contradicting the 

earlier hypothesis. In addition, based on the differential fluorescent staming they 

found AT and GC base pairs to be equally dispersed in the heterochromatin of all the 

chromosomes in D. arcturi and D. regia. 

From the forgoing reports, it is amply clear that the repetitive sequences found 

in the heterochromatin of the nuclear genome are vulnerable to major changes 

especially under culture conditions. Therefore, in the present chapter, an attempt has 

been made to observe such changes in the nuclear genome repetitive sequences of in 

v/Yro-raised plantlets of A', khasiana. 

5.2 Materials and methods 

5.2.1. Cytological preparation for CMA and DAPI binding sites 

Root tips of the mother plant and the plantlets of the three consecutive 

regenerations were pretreated with 0.002 M 8-hydroxyquinoline solution for 3 h at room 

temperature before being fixed in Camoy's fluid consisting propanol and propanoic acid 

(3:1) for 24 h at room temperature. The root tips were subsequently preserved in 70% 
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(v/v) ethanol and stored in a refrigerator till utilized. For fluorescent staining with CMA 

and DAPI, the root tips were subsequently washed with distilled water (2-3 times) and 

then macerated in an enzymatic mixture containing 2% cellulase and 20% pectinase at 

37°C for 1-2 h. Root tips were rewashed with distilled water and squashed in a drop of 

45% acetic acid under the cover glass which was subsequently removed by freezing in 

liquid nitrogen. Later the slides were stained with DAPI (2 îg/ml) : glycerol (1:1, v/v) 

solution to permit selection of the best cells. The slides were destained in ethanol/glacial 

acetic acid (3:1, v/v) for 30 min at room temperature and dehydrated in absolute ethanol 

for two hours at room temperature. The slides were subsequently air dried and aged at -

20°C for 3-4 d for CMA/DAPI staining. The aged slides were stained with 0.1 mg/ml 

CMA for 1 h and counterstained with 1 |ag/ml DAPI for 30 min, before being mounted in 

1:1 (v/v) Mcllvaine's buffer supplemented with 2.5 mM MgCl2 (pH 7.0) and glycerol. 

The slides were kept in the dark at room temperature for 3 d before observation. The 

cytogenetic preparations were observed and photographed under a fluorescence 

microscope with a BV (blueviolet) and UV (ultraviolet) filter cassette for CMA and 

DAPI staining respectively. 

5.2.2. Microphotography 

The micro-photographs were taken using Leica DFC310 FX camera (Germany) 

attached to Leica Microsystems CMS GmbH fluorescent microscope. A minimum of five 

plantlets of in vitro cultures were selected from each regeneration. At least five slides 

were prepared from the root tips of each regenerant and on average six cells from each 

slide were scored for the determination of specific fluorescent sites. 
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5.2.3. Magnification 

The illustrations in the present investigation were magnified at x 1000 to the 

original dimensions of the image, with no further increase in the magnification during 

processing stage. 

5.3 Results 

A total of 30 cells were analyzed from the mother plant and the plantlets of the 

three consecutive regenerations. Distribution of CMA and DAPI sites in the interphase 

nuclei of the mother and the regenerated plantlets of the three regenerations are 

summarized in Table 5.1. In case of the mother plant, the number of DAPI"̂  sites was 

5.33±0.73, on an average, with the range of 2-8 (Fig. 5.1). The number of DAPI"̂  sites 

was increased to 5.74±0.47 with the range of 2-8 in the plantlets of the first regeneration 

which was further increased to 6.61±0.39 with the range of 5-12 and 6.74±0.57 with the 

range of 3-12 in the plantlets of the second and the third regenerations respectively (Fig. 

5.2-5.4). 

The number of CMA^ sites observed, in case of the mother plant, was 5.11 ±0.47, 

on an average, with the range of 2-6 (Fig. 5.1). In the plantlets of the first regeneration, 

the number of CMA* sites was 5.00±0.30 with the range of 4-9 which was further 

decreased to 4.63±0.45 with the range of 1-8 and 4.16±0.47 with the range of 0-8 in the 

plantlets of the second and the third regenerations respectively (Fig. 5.2- 5.4). 
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Table 5.1. Distribution of CMA and DAPI sites in the interphase nuclei of the mother 

plant (control) and the regenerated plantlets ofN. khasiana 

Total 
Regene- no. of DAPf CMA^ DAPf/CMA^ 

. J MeaniSE Range Mean±SE Range Mean±SE Range 

Control 30 5.33±0.73 2-8 5.11±0.47 2-6 0.16±0.16 0-1 

1'* 30 5.74±0.47 2-8 5.00±0.30 4-9 0.61±0.23 0-3 

2"'' 30 6.61±0.39 5-12 4.63±0.45 1-8 0.77±0.20 0-3 

3"̂  30 6.74±0.57 3-12 4.16±0.47 0-8 0.77±0.35 0-5 

The number of CMA TDAPI sites, on an average, was 0.16±0.16 with the range 

of 0-1 in the mother plant (Fig.5.1). In the plantlets of the first regeneration, the number 

of CMA'^/DAPr sites was 0.61±0.23 with the range of 0-3 (Fig. 5.2). hi case of plantlets 

of the second regeneration, the number of CMA" /̂DAPÎ  sites was 0.77±0.20 with the 

range of 0-3 (Fig. 5.3). After the second regeneration, there was not much change in the 

number of CMA /̂DAPI"^ sites. The number of CMA^fDAPt sites observed was 

0.77±0.35 with the range of 0-5 in the plantlets of the third regeneration (Fig. 5.4). 

The number of CMA^ sites (GC-rich regions) was fewer than DAPI"̂  (AT-rich 

regions) sites in the mother plant and the same trend was observed in the regenerated 

plantlets studied in the three subsequent regenerations, with little deviation found in the 

first regeneration. This indicates that the AT base pairs are more than GC base pairs in 

the heterochromatin regions ofN. khasiana. 
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Fig. 5.1. Interphase nuclei of the mother plant of A', khasiana stained with DAPI (a, c) 
and CM A (b, d). (Bar 10 |im). Arrows indicate DAPI+ and CMA+ sites and arrowheads 
indicate CMA+/DAPI+ sites. 
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Fig, 5.2. Interphase nuclei of the micropropagated plantletlets of the 
first regeneration of Â. khasiana tained with DAPI (a), and CM A (b). 
(Bar 10 nm). Arrows indicate DAPI+ and CMA+ sites. 
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Fig. 5,3. Interphase nuclei of the micropropagated plantlets of the 
second regeneration of A'̂ . khasiana stained with DAPI (a), and CMA 
(b). (Bar 10 ^m). Arrows indicate DAPI+ and CMA+ sites and 
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Fig. 5.4. Interphase nuclei of the micropropagated plantletofs of the 
third regeneration of Â. khasiana stained with DAPI (a), and CMA (b). 
(Bar 10 ^m). Arrows indicate DAPI+ and CMA+ sites and arrowheads 
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5.4 Discussion 

Specific flourochrome-based detection has been employed as a reliable method 

for assessing the genetic stability in the tissue cultwe-raised plants. Tandem repetitive 

sequences found in the heterochromatin regions are reportedly associated with the 

nuclear genomic instability among the plants regenerated in vitro (Sutherland and 

Richards 1994; Gupta 1998). Changes in the copy number of repetitive sequences are 

reflected in the number of fluorescent based detection sites. Therefore, fluorochrome-

based detection method, being more reliable and more consistent, was employed in the 

present investigation for determination of genetic stability in the micropropagated 

plantlets of Â . khasiana. 

In the present study, the number of DAPr sites was increased in the first 

regeneration as compared to the mother plant. The number of DAPI^ sites was increased 

subsequently in the plantlets of the second and the third regenerations. This indicates that 

the heterochromatin regions of these plantlets showed an overall increase of AT base 

pairs. However, it was observed that there was a corresponding decrease in the number of 

CMA"*̂  sites in the three consecutive regenerations indicating that the amount of GC base 

pairs was decreased in the micropropagated plantlets. The number of DAPI^ sites, in the 

present study, was found to be approximately the same with the number of the CMA^ 

sites in the mother plant. This result suggests that heterochromatin regions of the mother 

plant are composed of equal amount of AT and GC base pairs. Thus, the amount of AT 

and GC bases are expected to be the same in the regenerated plantlets. However, the 

niraiber of DAPI^ sites was found to be little higher than the number of CMA* sites in the 
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plantlets of the first regeneration suggesting higher amount of AT base pairs in these 

plantlets. Similarly, in case of the plantlets of the second and the third regenerations, the 

number of DAPr sites was found to be more as compared to the number of CMA^ sites. 

This indicates that the amount of AT base pairs is more as compared to the amount of GC 

base pairs in the heterochromatin regions of the plantlets of the second and the third 

regenerations. 

Thus, the amount of AT and GC base pairs in the plantlets of all the three 

regenerations were different as compared to the mother plant signifying the changes in 

the copy number of tandem repetitive sequences in the heterochromatin regions of the in 

v/Yro-raised plants. Nevertheless, the pattern of distribution of AT and GC base pairs was 

observed to be the same in both the micropropagated plantlets and the mother plant 

implying that the heterochromatin regions of most of the micropropagated plantlets are 

mainly composed of AT base pairs as in the case of the mother plant. The changes in the 

amount of the repetitive sequences, in the present investigation, correspond to the 

changes in the chromosome number in the micropropagated plantlets in which cells with 

deviant chromosome numbers were found to be subsequently increased in the plantlets of 

the second and the third regenerations. The number of AT base pairs was higher than the 

number of GC base pairs in all the three subsequent regenerations indicating the 

instability of the chromosomes which might have ultimately led to the changes in the 

number of chromosome. Therefore, the tandem repeat sequences located in the 

heterochromatin regions must have involved in distressing the normal cell cycle leading 
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to chromosomal abnormalities as reported in earlier studies (Lapitan et al. 1984; Johnson 

et al 1987; Peschke and Phillips 1992; Phillips et al. 1994). 

The primary cytological changes observed among the regenerated plants and their 

progeny include chromosome rearrangements, numerical and structural changes in 

chromosome (Fluminhan et al. 1996). Cytological analysis of regenerated plants has 

shown that chromosome breakage and its consequences (deficiencies, duplications, 

translocations and inversions) are events quite frequently observed in plant tissue culture, 

and that breakpoints are often associated with late-replicating chromosome regions which 

are heterochromatic in nature. These results were observed by Sacristan (1971) in Crepis 

capillaris, where 82% of rearrangements induced in \itro involved chromosome breaks at 

the heterochromatic region of the long arm of the Sat-chromosome. McCoy et al. (1982) 

reported a high frequency of chromosome breakage in the late-replicating 

heterochromatic regions of the centromere in oat chromosomes. Similarly, break-points 

involved in translocations and deletions were also observed in heterochromatic regions in 

regenerated wheat and rye hybrids (Lapitan et al. 1984). However, in maize, it was 

reported that chromosome breakages occurred between the centromere and the distal 

heterochromatic blocks called knobs (Lee and PhiUips 1987). The involvement of 

heterochromatin in the breakage events led to the hypothesis that normally late-

replicating heterochromatic regions may replicate even later under the culture 

environment leading to the formation of anaphase bridges due to delayed separation of 

sister chromatids at heterochromatic regions and subsequent chromosome breakage (Lee 

and Phillips 1987, 1988). This model is based on the observation that heterochromatic 
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knobs are involved in chromosome breakage events in high-loss stocks of maize, 

presumably due to incomplete replication before mitosis (Rhoades and Dempsey 1972, 

1973). In addition, quantitative changes in repetitive DNA sequences have been observed 

in regenerated plants of several species, for eg. amplification of repeated sequences 

observed in tissue culture-regenerated plants derived from wheat and rye (Lapitan et al. 

1988;Karpe/a/. 1992). 

In the present study, it is clearly indicated that DAPÎ  sites and CMA^ sites found 

in the late replicating heterochromatin regions are variable in number in the 

micropropagated plantlets and the instability in the amount of AT and GC base pairs 

reveals genetic variations in the regenerated plantlets of Â. khasiana. However, the 

pattern of the distribution of AT and GC base pairs in the nuclear genomes of Â. 

khasiana was undisturbed in the micropropagated plantlets. In Chapter 4, it has been 

shown that the regenerated plantlets of the second and the third regenerations show 

significant variations in the chromosome number. The corroboratory results of molecular 

fluorescent studies reveal heterochromatin related abnormalities due to the changes in the 

AT and GC base pairs. 
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Chapter 6 

Assessment of genetic fidelity in regenerants of Nepenthes 
khasiana using DNA-based markers 

6.1 Introduction 

The development and use of molecular markers for the detection and exploitation 

of DNA polymorphism is one of the most significant achievement in the field of 

molecular genetics. Molecular markers offer numerous advantages over conventional 

assessment of variations on the basis of phenotypic characters as they are stable, 

detectable in all kinds of tissues regardless of growth, differentiation, development, and 

are not affected by the environment, pleiotropic and epistatic effects. DNA-based 

molecular markers are versatile tools in the fields of taxonomy, physiology, embryology, 

genetic engineering, population genetics (Schlotterer 2004). In the recent years, 

molecular techniques are used as the most desirable and valuable tools in the analysis of 

genetic variations induced by tissue culture in regenerated plants (Sabir et al. 1992; 

Isabel et al. 1993; Rani et al. 1995; Hashmi et al. 1997; Goto et al. 1998; Rout and Das 

2002; Rady and Nazif 2005; Feyissa et al. 2007; Gao et al. 2010; Khan et al. 2011; Singh 

et al. 2012; Khateeb et al. 2013). At present, a number of DNA-based markers such as 

RFLP, AFLP, RAPD, and SSRs are available to detect sequence variations between 

closely related species. More recently, PCR-based SPAR marker which includes RAPD, 

ISSR and DAMD methods has come up as an effective tool for studying genetic diversity 
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in plants and it collectively provides a comprehensive description of the extent of the 

existing diversity (Bhattacharya et al. 2005; Ranade et al. 2009; Sharma et al. 2010; 

Kumar et al. 2011). RAPD is advantageous being rapid, cost-efficient in terms of 

operational aspects, very small amount of DNA is required and information on template 

DNA sequence is not needed. Similarly, ISSR is simple and does not require previous 

knowledge of the sequence of the genome being tested. The technique, involves 

amplification of the region between two identical microsatellite repeats within the 

genome and its main advantage is the capability of analyzing multiple loci in a single 

reaction. DAMD profiles are generated fi^om minisatellite rich regions and reveal 

similarities among the repetitive sequence families. Thus, these three methods involve 

regions which have substantially different evolutionary histories and genome coverage 

(Powell et al. 1996; Parsons et al. 1997). These markers have been used widely, either 

alone or in tandem with morphological markers, to obtain more consistent information on 

the genetic variations in micropropagated plants. The combined data analysis of these 

methods considered together is expected to reveal a comprehensive pattern of genetic 

information amongst the regenerated plants. SPAR technique, therefore, would be more 

precise for the establishment of genetic fidelity in the micropropagated plants before 

being transferred to the field. However, very little information on study of genetic fidelity 

of in v/7ra-raised plants using SPAR approach can be traced in the published literature. 

Mishra et al. (2008) have successfully employed three single primer amplification 

reaction techniques viz. RAPD, ISSR and DAMD for the assessment of genetic stability 

in micropropagated plants of Aegle marmelos. In the present study, it is attempted to 
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assess the genetic stability of the in v//rc»-raised plants of N. khasiana using three 

different SPAR methods. Data generated by these three markers were analyzed for the 

three successive regenerations. 

6.2 Materials and Methods 

6.2.1. Genomic DNA extraction 

Total genomic DNA was extracted from fresh leaves of the mother plant and the 

in vitro-raxsQd plantlets of all the three successive regenerations using modified CTAB 

method (Porebski et al. 1997). The extraction buffer was supplemented with 3% CTAB, 

3 M NaCl and 1% PVP followed by purification of extracted DNA. The DNA extracted 

from the plant material, purified for protein fraction, treated with RNase A, was re-

precipitated with pre-chilled absolute ethanol and subsequently dissolved in TRIS- EDTA 

(TE) buffer. 

6.2.2. Quality check of genomic DNA 

Agarose gel electrophoresis was performed to check the quality of the isolated 

DNA of each plant sample. The tray and comb were washed thoroughly with distilled 

water and wiped with ethanol. Agarose gel (0.8%) was prepared by dissolving agarose in 

IX TBE (Tris-Borate-EDTA) to which 2 îl of ethidium bromide (10 mg/ml stock) was 

added. The gel solution was allowed to cool to about 60°C and poured slowly into the 

well leveled tray fitted with comb. The gel was allowed to polymerize for about Ih at 

room temperature and subsequently the comb was removed. The gel tray was placed into 

the submarine tank already filled with IX TBE. Samples for mupid electrophoresis check 
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were prepared by mixing 3 [il of isolated genomic DNA and 1̂ 1 of lOX loading buffer 

(0.21% bromophenol blue, 0.21% xylene cyanol FF, 0.2 M EDTA at pH 8.0, and 50% 

glycerol) and finally the volume was raised to 10 ^1 with IX TBE. Samples were then 

spinned down in a centrifuge and loaded in agarose gel submerged in IX TBE buffer and 

electrophoretically separated with appropriate voltage of current (50-100 V). The gels 

were then observed in the gel documentation system and photographed under UV with 

Gel Logic 100 Imaging System (Biosteps, Germany). Fragment size and nature of DNA 

were determined by comparing with 1 kb ladder which was loaded in the first well of the 

gel. 

6.2.3. Quantification of DNA 

The quantity and purity of the isolated DNA was checked using UV 

spectrophotometer. Five microlitre of the DNA sample was mixed with 295 |xl of TE 

buffer and the absorbance was recorded at 260 nm and 280 nm in a spectrophotometer 

with TE buffer as blank. The ratio of absorbance at two wavelengths (A260: A280) was 

compared with the standard ratio of pure DNA. The ratio i.e., Ajeo- A280 of a preparation 

of pure sample of DNA equal to 1.8 was taken as standard. 

If the ratio of A260: A280 is < 1.8, the DNA sample is considered to be 

contaminated by protein and phenol, and 

If the ratio of A260: A280 is > 1.8, the sample is considered to be contaminated with 

RNA. 
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The concentration of DNA was calculated as follows: 

A260 X 50 X Dilution Factor 
Concentration of DNA (|ig/|il) = r r r r 

(For double stranded DNA, 1 O.D. at 260 nm = 50 \ig/\il DNA) 

A 100 nl (10 ng/i^l) working DNA stock solution was prepared by diluting in ultra 

pure water and stored at 4°C until use. 

6.2.4. Single primer amplification reaction methods 

Four RAPD kits (OPA, OPC, OPK and OPH) comprising 20 decamer random 

primers per kit (total 80 primers) were procured from Operon Technologies, Alameda, 

CA, USA. A total of 36 ISSR primers and 20 DAMD primers were custom synthesized 

from Metabion Inc. Ltd., Germany. 

6.2.5. PCR optimization, primer survey and final amplification 

Varying concentrations of (i) template DNA (20, 30, 40, 50 and 60 ng), (ii) Taq 

DNA polymerase (0.5 - 3 U), and (iii) Mg^ salt (1- 5 mM) were used in various 

combinations to optimize the reaction conditions for PCR. The optimal amplification 

conditions for all the three SPAR methods, namely, RAPD, ISSR and DAMD were 

established. Eighty RAPD, 36 ISSR and 20 DAMD primers were screened to identify the 

most reproducible primers. After PCR optimization and primer screening, final 

amplification reactions vnth selected primers were carried out as per the optimized 

conditions with the plantlets of all the three successive regenerations and the mother 

plant. 
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6.2.6. SPAR and gel electrophoresis 

On the basis of PCR optimization and primer survey, all further reactions were 

carried out in 25 |il volumes containing 30 ng of template DNA, 200^M of each of the 

four dNTPs, IX PCR buffer (10 mM Tris pH 9.0; 50 mM KCl), 1.5 mM MgCl2, 0.6 U 

Taq DNA polymerase (Bangalore Genei, India), and 5 pmol of primers (in case of 

RAPD) and 10 pmol of primers (in case of ISSR and DAMD). 

The reactions for RAPD were performed according to protocol developed by 

Williams et al. (1990). PCR was performed with a programme consisting of pre-PCR 

cycle at 95°C for 4 min and 30 sec; 34°C for 1 min and 72°C for 2 min followed by 

initial denaturation at 94°C for 1 min and 40 cycles of 1 min at 94°C, 1 min at 38°C, 2 

min at 72°C and a cycle of final extension at 72°C for 10 min. In case of ISSR, the 

reaction programmes were set at 94°C for 3 min for initial denaturation followed by 40 

cycles of 1 min at 92°C, 1 min at aimealing temperature (42-58°C depending on the 

primer's Tm and/or according to GC contents), 2 min elongation at 72°C and a cycle of 

final extension at 72°C for 10 min. For DAMD, amplification reactions were carried out 

at 94''C for 3 min for denaturation followed by 40 cycles of 92°C for 1 min, 2 min at 

55°C, 2 min elongation at 72°C and a cycle of final extension at 72°C for 10 min. All the 

reactions were performed in a thermal cycler 2720 (Applied Biosystems Gene Amp PCR 

System, USA). After the genomic DNA had been amplified, the PCR products were 

mixed with 2.5 \i\ lOX blue dye and subsequently separated by electrophoresis using 

1.2% agarose gel for RAPD, and 1.5% agarose gel for ISSR and DAMD in IX TBE 

buffer stained with ethidium bromide under 70V constant power supply for 3 h. 
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Photography was done under UV with Gel logic 100 imaging system (Biosteps, 

Germany). Molecular ladders 500bp (Bangalore Genei, India) for RAPD and lOObp in 

case of ISSR and DAMD (Bangalore Genei, India) were used as markers for determining 

the size of the amplicons. 

6.2.7. Scoring and data analyses 

Each amplification product was scored across all the samples and considered as a 

marker. Bands were recorded as present (1) or absent (0). Faint bands with low intensity 

were not considered for final scoring. All amplifications were repeated at least twice and 

only reproducible bands were considered for analyses. A data set of amplified bands was 

scored manually fi:om the gel profiles and this included only the well-separated and 

distinct bands. The data were scored individually, first for all the primers in a SPAR 

method and subsequently the data sets for all the three methods collectively, which were 

combined together for the final neighbor-joining (NJ) analysis. A pair-wise matrix of 

similarity between the micropropagated plantlets and the mother plant was determined 

cimiulatively for all the three methods using Jaccard's coefficient (Jaccard 1902) by the 

NTsys-pc, version 2.02k (c). 

6.3 Results 

6.3.1. Quality check and quantification of isolated DNA 

Purity of the isolated DNA was found to be close to the standard ratio of pure 

DNA. The ratio at A260: A280 for the isolated DNA samples ranged within 1.5 to 2.0. The 

yield was high with less shearing. 
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6.3.2. Standardization of RAPD, ISSR and DAMD protocols and primer screening 

Of the different concentrations of template DNA (20, 30, 50, 60 ng), 30 ng was 

found to be the most suitable as it yielded good and scorable products. In addition, 1.5 

mM of MgClz, and 0.6 U Taq DNA polymerase were the most suitable among various 

concentrations tested. Of 136 primers screened, 41 primers (Table 6.1) produced 

analyzable amplification products for RAPD, ISSR, DAMD and were finally selected for 

further profiling. 

6.3.3. SPAR analysis and profile polymorphism 

6.3.3.1. SPAR analysis across the micropropagated plantlets of the three regenerations 

collectively 

A total of 80 RAPD primers were used for initial screening out of which only 14 

primers resulted in 74 clear, well-separated and reproducible bands of which 10 bands 

were polymorphic (13.51%) with an average of 0.71 polymorphic bands per primer 

across the three regenerations (Table 6.2; Fig. 6.1-6.3). A dendrogram generated by 

cluster analysis using the UPGMA method based on Jaccard's coefficient indicated 

genetic similarity ranging from 0.94 to 1.00 among the micropropagated plantlets and the 

mother plant (Fig. 6.4). 
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Table 6.1. Details of RAPD, ISSR and DAMD used in the present study 

SI. No. 

RAPD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
ISSR 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
DAMD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Primer name 

OPH-1 
OPH-5 
OPH-6 
OPH-11 
OPK-10 
OPK-11 
OPK-12 
OPK-13 
OPK-14 
OPK-17 
OPK-18 
OPK-19 
OPC-7 
OPA-11 

Nl 
N2 
N3 
N4 
N5 
N6 
N7 
N8 
N9 
NIC 
Ni l 
N12 

URPIF 
URP2F 
URP2R 
URP6R 
URP9F 
URP13R 
URP17R 
URP25F 
URP30F 
URP32F 
URP38F 
HBV5 
HVR 
INS 
YN73 

Primer sequence (5'-3') 

GGTCGGAGAA 
AGTCGTCCCC 
ACGCATCGCA 
CTTCCGCAGT 
GTGCAACGTG 
AATGCCCCAG 
TGGCCCTCAC 
GGTTGTACCC 
CCCGCTACAC 
CCCAGCTGTG 
CCTAGTCGAG 
CACAGGCGGA 
GTCCCGACGA 
CAATCGCCGT 

ACACACACACACACACT 
TGTGTGTGTGTGTGTGA 
GAGAGAGAGAGAGAGAYT 
CACACACACACAGG 
CACACACACACAAC 
CACCACCACGC 
GAGGAGGAGGC 
CACACACACACAGT 
ACACACACACACACACAG 
ACACACACACACACACAA 
ACGACGACGACGACGACG 
ACACACACACACACACGA 

ATCCAAGGTCCGAGACAACC 
GTGTGCGATCAGTTGCTGGG 
CCCAGCAACTGATCGCACAC 
GGCAAGCTGGTGGGAGGTAC 
ATGTGTGCGATCAGTTGCTG 
TACATCGCAAGTGACACAGG 
AATGTGGGCAAGCTGGTGGT 
GGACAAGAAGAGGATGTGGA 
GGACAAGAAGAGGATGTGGA 
TACACGTCTCGATCTACAGG 
AAGAGGCATTCTACCACCAC 
GGTGTAGAGAGGGGT 
CCTCCTCCCTCCT 
ACAGGGGTGGGG 
CCCGTGGGGCCGCCG 

IGV^z^ 
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15* regeneration 2"" regeneration 3''^ regeneration 
L M^ • ' '̂ ^ ~^L 

A O P H l 

1^^ regeneration 2"*̂  regeneration 3*̂ *̂  regeneration 
L M 

B O P H 5 

1^* regeneration 2"*̂  regeneration 3'̂ ^ regeneration 
L M ^ ' " " '̂ ' L 

13 '1 aaiiiiiit'iiiiiiiiiiii 

c 

L IVI 

O P H 6 

1** regeneration 2"** regeneration S*̂ *̂  regeneration 

D O P H l l 

1 ̂ Regeneration 2"^ regeneration 3'^^ regeneration 
L M' ' ^ ^ L 

E OPKIO 

Fig. 6.1. RAPD profiles of N. khasiana. (A) OPHl, (B) 0PH5, (C) 0PH6, (D) OPHll, 
and (E) OPK 10; Lane L: 500 bp ladder; Lane M: mother plant. Arrows indicate 
differences in the banding profiles. 
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O P K l l 

1®* r e g e n e r a t i o n 2"*^ r e g e n e r a t i o n 3'̂ '* r e g e n e r a t i o n 
L M , . , , , , L 

''-^t^^saiiiisitiiiitiiiiffii 
B OPK12 

L M 
1** r e g e n e r a t i o n 2"** r e g e n e r a t i o n S""*̂  regenerer t ion 

- -* ^ 

C OPK13 

1**regener«ation 2"** regenerat ion S*"** regenerat ion 
L M ' ' ^ * . ' ^ L 

miWIiklHSflasaBHillgiiVVIIIIf 

D OPK14 

E OPK17 

Fig. 6.2. RAPD profiles of yV. khasiana. (A) OPKll, (B) 0PK12, (C) 0PK13, (D) 
0PK14, and (E) OPK 17; Lane L: 500 bp ladder; Lane M: mother plant. Arrows indicate 
differences in the banding profiles. 
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15* regeneration 2"^ regeneration 3"̂ ^ regeneration 

L M' ' ^' ' ^' * L 

^^:=iiiiiii=^;3.;iiiil 
A OPK18 

1** regeneration 2"^ regeneration 3"̂ *̂  regeneration 
L M 

B 

1^* regeneration 
L M' 

OPK19 

2"<̂  regeneration 3''** regeneration 

OPC7 

1 ®* regeneration 2"^ regeneration Z^^ regeneration 
L M -̂  L 

rf ff rt ^ ^ 
8 t t S =r=s:rtss=5-

aiill 
D OPAll 

Fig. 6.3. RAPD profiles of ^. khasiana. (A) 0PK18, (B) 0PK19, (C) 0PC7, and (D) 
OPAl 1 Lane L: 500 bp ladder; Lane M: mother plant. Arrows indicate differences in the 
banding profiles. 
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In case of ISSR, out of 36 primers, 12 primers generated a total of 50 distinct and 

scorable bands of which 7 bands were polymorphic (14%) with an average of 0.58 

polymorphic bands per primer (Table 6.2; Fig.6.5-6.7). A dendrogram generated by 

cluster analysis using the UPGMA method based on Jaccard's coefficient indicated 

genetic similarity ranging from 0.94 to 1.00 among the micropropagated plants and the 

mother plant (Fig. 6.8). 

In DAMD profilmg, 15 primers resulted in 60 uniform and scorable bands out of 

which 10 fragments (16.66%) with an average of 0.66 polymorphic bands per primer 

(Table 6.2; Fig.6.9- 6.11). Of the three molecular markers used, DAMD revealed higher 

polymorphism (16.66%) in comparison to RAPD (13.51%) and ISSR (14%) respectively, 

across the three successive regenerations. A dendrogram generated by cluster analysis 

using the UPGMA method based on Jaccard's coefficient indicated genetic similarity 

ranging from 0.91 to 1.00 among the micropropagated plantlets and the mother plant 

(Fig. 6. 12). 

Collectively a total of 136 primers (80 RAPD, 20 DAMD and 36 ISSR) were 

screened collectively and 41 primers (14 RAPD, 15 DAMD and 12 ISSR) were finally 

selected for further profiling (Table 6.2). The cumulative analysis was also carried out for 

the three molecular markers commonly regarded as SPAR in which a total of 184 

fragments were produced collectively, of which 27 fragments were polymorphic 

(14.67%) with an average polymorphic bands of 0.65 fragments per primer. The 

cumulative data were also used to compute pairwise distances by Jaccard's coefficient 
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1 St regeneration 2"^ regeneration 3"̂ ^ regeneration 
L M ' * ^' ' L̂ 

i<MMIIIiNlfMUM»^-^»"'l 

A Nl 

1 ' * regeneration 2"^ regeneration 3*"̂  regeneration 
L M ' ' ^ ' ' • L 

B«||J|Mia|hF !-} t * ! « : 

B N2 

L M 
1** regeneration 2"^ regeneration 3"̂ *̂  regeneration 

-I »-* <U* m^ a ^ . 4 t^liiiiittl 

C N3 

1 ®* regeneration 2"^ regeneration 3"̂ ^ regeneration 

L M 

BHMkMliiiMllllHIi^HUiitiiiiiii 
D N4 

Fig. 6.5. ISSR profiles ofN. khasiana. (A) Nl, (B) N2, (C) N3, and (D) N4; Lane L: 100 
bp ladder; Lane M: mother plant. Arrows indicate differences in the banding profiles. 
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1** regeneration 2"^ regeneration 3"̂ ^ regeneration 
L M' " '̂ * ^' ' ^ L 

- \—8i i i **«* 
N5 

1 s* regeneration 2"^ regeneration 3"̂ ^ regeneration 
L M ' ' ^' ' " " L 

- .^^^•^.^sstia saassssuiauuad 

B 

L M 

N6 

1®* regeneration 2"^ regeneration S*̂** regeneration 

-=5iii==irH-
\ 

raiiff 

C N7 

1 ̂ ^ regeneration 2"̂  regeneration 3"̂ ^ regeneration 

N8 

Fig. 6.6. ISSR profiles of TV. khasiana. (A) N5, (B) N6, (C) N7, and (D) N8; Lane L: 100 
bp ladder; Lane M: mother plant. Arrows indicate differences in the banding profiles. 
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1st regeneration 2"*̂  regeneration 3"̂ ^ regeneration 

L M ' ' ' ' ' * L 

"<---4«-

N9 

1** regeneration 2"^ regeneration 3"̂"̂  regeneration 
L M 

»«»i i . I t * t « - }« •< r-i»-i ••!»'« f-i »-i M H H H M l i 

B NIO 

1^* regeneration 2"*̂  regeneration S*̂*̂  regeneration 
L M' 

i:SSSSSSSS88VIIHBSBIIIII|| 

N i l 

1** regeneration 2"*̂  regeneration 3"̂ ^ regeneration 
L M,^ '' N ,' * N / * N L 

D N12 

Fig. 6.7. ISSR profiles of Â . khasiana. (A) N9, (B)NIO, (C)Nil, and (D)N12; Lane L: 
100 bp ladder; Lane M: mother plant. 
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L M 
1»* regenerat ion Z"** regenerat ion S""** regenerat ion 

L M 
1** regenerat ion 

U R P I F 

2"*^ regenerat ion S""** regenerat ion 

l̂i' ^••••••lilkiiiiiUll 
B URP2F 

1 ' * regenerat ion 2""̂  regenerat ion 3"̂ *̂  regenerat ion 
L M 

t«-fii»illliiiaiill«A«i 
URP2R 

L M 
1* * regenerat ion 2"*^ regenerat ion S""*̂  regenerat ion 

.^^MMiaiaBMiissaaB*aaMii^ 
IJRP6R 

1 * * r e g e n e r a t i o n 2"*^ r e g e n e r a t i o n S"""̂  r e g e n e r a t i o n 
L M ' " ^' " ^' ' ^L 

E URP9F 

Fig. 6.9. DAMD profiles of ^. khasiana. (A) URPIF, (B) URP2F, (C) URP2R, (D) 
URP6R, and (E) URP9F; Lane L: 100 bp ladder; Lane M: mother plant. Arrows indi­
cate differences in the banding profiles. 
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1'* regeneration 2"*̂  regeneration S*"** regeneration 

A URP13R 

1'* regeneration 2""̂  regeneration S""*̂  regeneration 
L M 

^^ja^Mk—-.-.-.»...usaMSSfliJiBSSBBP 

B URP17R 

1** regeneration 2"*̂  regeneration S*"̂  regeneration 

L IVI ' " < ' '• ^ ' " ^ L 

"isis^aii'^^lBiimiis-iiff 
C URP25F 

1'* regeneration 2"^ regeneration S""*̂  regeneration 
L IVI ' " s > ^ ^ ^ ^L 

• IBIBBIHrzm 
D URP30F 

1** regeneration 2""̂  regeneration 3'"'̂  regeneration 

L M L 

N*N» 

•^•••••••li^aiiggis^iiigiti 
E U R P 3 2 F 

Fig. 6.10. DAMD profiles of ^. khasiana. (A) URP13R, (B) URP17R, (C) URP25F, (D) 
URP30F, and (E) URP32F; Lane L: 100 bp ladder; Lane M: mother plant. Arrows 
indicate the differences in the banding profiles. 
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1 ' * regenera t ion 2"̂ ^ regenerat ion S""*̂  regenerat ion 

L M '^ 

a u M i i iillllllllll J I I I 

A URP38F 

1* * regenera t ion 2"*^ regenerat ion Srd regenerat ion 
L M 

B 

L M 

H B V ( 7 1 8 4 5 ) 

1 * * regenera t ion 2"^ regenerat ion S""*̂  regenerat ion 

^Miir::-iiiiiE 5----s-!-r!-hie 
H \ T ? . ( 7 1 8 4 6 ) 

1 * * regenera t ion 2"^ regenerat ion Srd regenerat ion 
L M 

D I N S ( 7 1 8 5 0 ) 

1 * * regenera t ion 2"*^ regenerat ion 3''^ regenerat ion 

L M 

s^a|g»iafl — = ^ —H 

E YN73 (71851) 

Fig. 6.11. DAMD profiles of Â. khasiana. (A) URP38F, (B) HBV (71845), (C) (71846), 
(D) INS (71850), and (E) YN73 (71851); Lane L: 100 bp ladder; Lane M: mother plant. 
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which showed a distance range of 0.95-1.00 among the micropropagated plantlets and the 

mother plant (Fig.6.13). 

6.3.3.2. SPAR analysis for the plantlets of the first regeneration 

SPAR analysis for the plantlets of the first regeneration is shown in Table 6.3. A 

total of 80 RAPD primers were used for initial screening out of which 14 primers resulted 

in 72 clear, well-separated and reproducible fragments of which 3 were polymorphic 

(4.1%) with an average of 0.21 polymorphic bands per primer (Fig. 6.1-6.3). A 

dendrogram generated by cluster analysis using the UPGMA method based on Jaccard's 

coefficient indicated genetic similarity ranging from 0.98 to 1.00 among the 

micropropagated plantlets and the mother plant (Fig. 6.14a). 

In case of ISSR profiling, out of 36 primers screened, 12 primers generated a total 

of 46 fi-agments of which 2 bands were polymorphic (4.3%) with an average polymorphic 

band of 0.16 per primer (Fig. 6.5-6.7). A dendrogram generated by cluster analysis using 

the UPGMA method based on Jaccard's coefficient indicated genetic similarity ranging 

from 0.96 to 1.00 among the micropropagated plantlets and the mother plant (Fig. 6.14b). 

Out of 20 DAMD primers screened, 15 primers resulted in 59 clear and scorable 

bands of which 5 bands were polymorphic (8.47%) with an average of 0.33 polymorphic 

bands per primer (Fig. 6.9-6.11). A dendrogram generated by cluster analysis using the 

UPGMA method based on Jaccard's coefficient indicated genetic similarity ranging from 

0.94 to 1.00 among the micropropagated plantlets and the mother plant (Fig.6.14c). 
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(a) 

0.»8 

Coefficint 

(b) 

-T ' 1 

(c) 

Fig. 6.14. UPGMA dendrogram illustrating coefficient similarities among the micropropagated 
plantlets of the first regeneration and the mother plant oiN. khasiana: (a) RAPD; (b) ISSR; and 
(c) DAMD. 
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Cumulative dataset was used to estimate the efficiency of SPAR to determine 

genetic variation between the micropropagated plantlets of the first regeneration and the 

mother plant of Â . khasiana. Out of 177 fragments produced collectively, 10 bands were 

polymorphic (5.65%) with an average polymorphic band of 0.24 polymorphic bands per 

primer (Table 6.3). The cumulative data were also used to compute pairwise distances by 

Jaccard's coefficient which showed a distance range of 0.98-0.99 among the 

micropropagated plantlets and the mother plant (Fig. 6.15). 
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6.3.3.3. SPAR analysis for the plantlets of the second regeneration 

SPAR analysis for the plantlets of the second regeneration is presented in Table 

6.4. Fourteen RAPD primers resulted in 72 clear, well-separated and reproducible 

fragments of which 5 fragments were polymorphic (6.9%) exhibiting an average 

polymorphic bands of 0.28 per primer (Fig. 6.1-6.3). The genetic distance recorded using 

Jaccard's coefficients of similarity ranged from 0.96-1.00 among the micropropagated 

plantlets and the mother plant (Fig. 6.16a). 

In case of ISSR profiling, 12 primers generated a total of 49 fi-agments of which 3 

bands were polymorphic (6.1%) with an average polymorphic band of 0.25 per primer 

(Fig. 6.5-6.7) and showed a genetic distance of 0.95-1.00 among the micropropagated 

plantlets and the mother plant (Fig. 6.16b). 

Out of 20 DAMD primers screened, 15 primers resulted in 59 clear and scorable 

bands of which 6 bands were polymorphic (10.10%) with an average of 0.40 

polymorphic bands per primer (Fig. 6.9- 6.11). The genetic distance recorded using 

Jaccard's coefficients of similarity ranged fi-om 0.92 to 1.00 among the micropropagated 

plantlets and the mother plant (Fig. 6.16c). 

Out of 180 fi-agments produced collectively in second regeneration, 14 fragments 

were polymorphic (7.77%) with an average polymorphic band of 0.34 fragments per 

primer (Table 6.4). The cumulative data were also used to compute pairwise distances by 

Jaccard's coefficient which showed a distance range of 0.96-1.00 among the 

micropropagated plantlets and the mother plant (Fig. 6.17). 
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Fig. 6.16. UPGMA dendrograms illustrating coefficient similarities among the micropropagated 
plantlets of the second regeneration and the mother plant of iV. khasiana: (a) RAPD; (b) ISSR; 
and (c) DAMD. 
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6.3.3.4. SPAR analysis for the plantlets of the third regeneration 

SPAR analysis for the plantlets of the third regeneration is summarized in Table 

6.5. Out of 74 scorable bands produced in case of RAPD, 7 bands were polymorphic 

(9.4%) with an average of 0.5 polymorphic bands per primer (Fig. 6.1-6.3). The genetic 

distance among the micropropagated plantlets and the mother plant recorded was 0.95-

1.00 (Fig. 6.18a). 

Twelve ISSR primers generated a total of 50 fragments of which 5 fragments 

were polymorphic (10%) with an average of 0.41 polymorphic bands per primer (Fig. 

6.5-6.7). The genetic distance recorded using Jaccard's coefficients of similarity ranged 

from 0.94 to 1.00 among the micropropagated plantlets and the mother plant (Fig. 6.18b). 

In case of DAMD, 15 primers produced a total of 60 scorable bands of which 8 

bands were polymorphic (13.33%) with an average of 0.53 polymorphic bands per primer 

(Fig. 6.9-6.11). The genetic distance recorded using Jaccard's coefficients of similarity 

ranged from 0.91 to 1.00 (Fig. 6.18c). 

A total of 184 bands were generated collectively of which 20 fragments were 

polymorphic (10.87%) with an average of 0.48 polymorphic bands per primer (Table 

6.5), and genetic distance recorded using Jaccard's coefficients of similarity ranged from 

0.95 to 1.00 (Fig. 6.19). 
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Fig. 6.18. UPGMA dendrograms illustrating coefficient similarities among the 
micropropagated plantlets of the third regeneration and the mother plant ofN. khasiana: 
(a) RAPD; (b) ISSR; and (c) DAMD. 
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The efficiency of the molecular markers was also compared for assessing the 

genetic fidelity in the micropropagated plantlets of N. khasiana in the three successive 

regenerations. It was observed that DAMD markers detected higher polymorphism of 

8.47% in the plantlets of the first regeneration which was subsequently increased 

tolO.10% and 13.33% in the plantlets of the second and the third regenerations 

respectively, as compared to RAPD (4.1%, 69% and 9.4% in the plantlets of the first, the 

second and the third regenerations respectively) and ISSR (4.3%, 6.1% and 10% in the 

plantlets of the first, the second and the third regenerations respectively) (Table 6.6). 

However, collective data regarded as SPAR approach detected polymorphism of 4.65% 

in the plantlets of the first regeneration which was subsequently increased to 7.77% and 

10.87% in the plantlets of the second and the third regenerations respectively. 
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6.4 Discussion 

Molecular variation in tissue culture-derived plants has been characterized both at 

DNA and protein level. Variation at the DNA level has been most extensively studied 

using restriction enzyme analysis. The work by Botstein et al. (1980) on the construction 

of genetic maps using RFLP was the first reported molecular marker technique in the 

detection of DNA polymorphism. Somaclonal variations are one of the most serious 

drawbacks in propagation of true-to-type plants due to their unpredictable nature 

(Rahman and Rajora 2001). The phenotypic and genetic variations may occur during in 

vitro propagation and subsequently may give rise to somaclonal variants (Kaeppler et al. 

2000). The variations generated during tissue cultures are reported to be generally the 

consequences of chromosomal rearrangements and smgle gene mutations (Phillips et al. 

1994). These may also be caused by the activation of transposable DNA hypomethylation 

elements, genome adaptation to different regulatory microelements and the presence of 

hot spots (Hirochika et al. 1996; Jaligot et al. 2000; Linacero et al. 2000; Lukens and 

Zhan 2007). As mentioned earlier, the sub- and supra-optimal levels of plant growth 

substances, especially synthetic ones, have also been associated with somaclonal 

variations (Martin et al. 2004). 

For DNA isolation, the modified CTAB method described by Porebski et al. 

(1997) is generally used for plants rich in polysaccharides and polyphenols as it ensures 

uniformity and purity of the isolated DNA samples. This method has been successfully 

employed for extraction of DNA in case of plants such as Helianthus, Gossypium, 

Triticum, Rheum, Rosa (Home et al. 2004; Hameed et al. 2004; Hu et al. 2009; 
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Jabbarzadeh et al. 2009). Standardization of optimum conditions for PCR is necessary to 

generate consistent and analyzable amplification products. The temperature profile, 

concentrations of DNA polymerase, MgCli, primer and template DNA can affect the 

reproducibility of SPAR analysis (Macpherson et al. 1993; Meunier and Grimont 1993). 

The concentration of genomic DNA is considered to be crucial for any DNA-based 

moleciilar marker analysis; different plants require different concentrations of DNA 

depending on the quality as well as quantity of the isolated DNA samples. Several 

workers have reported DNA concentrations ranging fi-om 1-50 ng per 25 |j.l reaction 

volume to be optimal for generating reproducible bands. In the present investigation, 

DNA concentration of 30 ng per 25 îl reaction volume was found to be optimum in most 

of the plants. Virk et al. (1995) used as little as 1 ng DNA for RAPD analysis of rice 

germplasm whereas Karihaloo et al. (1995) used 25 ng DNA for the same analysis in 

Solanum melongena. On the other hand, Lescuyer et al. (1997) had to use as high as 100 

ng DNA per 50 |al reaction volume for genetic analysis in case of Plasmodium 

falciparum. 

The number of primers required is dependent on the extent of polymorphism 

detected per primer and the degree of variation between the genotypes and accessions to 

be investigated (Cao et al. 1998). It has been reported that the primer base composition 

influences amplification strength (Williams et al. 1990) and the total G + C content has 

been shovm to be positively correlated v^th ability and strength of amplification (Fritsch 

et al. 1993). The number of bands (2-9) produced in the present study was advantageous 
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as it reduced the chances of unpredictable level of homoplasy caused by co-migration of 

non-homologous DNA fragments (Thorman et al. 1994; Smith et al. 1994). 

In the present investigation, RAPD marker could detect polymorphism of 4.1% in 

the micropropagated plantlets of the first regeneration of Â . khasiana which was 

subsequently increased to 6.9% and 9.4% in the plantlets of the second and the third 

regenerations. The use of RAPD markers for assessing the genetic fidelity in 

micropropagated plants regenerated from explants has been reported in several plants 

(Hashmi et al 1997; Watanabe et al. 1998; Mondal and Chand 2002; Bindiya and 

Kanwar 2003; Rady 2006; Goel et al. 2009; Santos et al. 2008; Bhowmik et al. 2009). 

However, in several other instances, no genetic variation could be detected using RAPD 

as molecular marker (Rani and Raina 2000; Rout and Das 2002; Gaafar and Sakar 2006; 

Mallon et al. 2010; Swama and Ravmdhran 2012; Goswami et al. 2013). Also, no 

polymorphism in RAPD markers was observed between plants propagated in vitro and 

donor plants oiAnethum graveolens (Jana and Shekhawat 2011). Whether this is due to 

the lack of variation or detection method that is sensitive enough still is a debatable issue. 

However, such analysis examines only a fraction of the total genome, therefore, DNA 

fragment polymorphic profiles might not have been able to detect genetic variability but 

more probably stability in particularly selected sequences (Harding 2004). However, 

ISSR marker has proven to be much more efficient in assessing the genetic integrity 

among clonally propagated plants as reported by many workers in different plant species 

(Zietekiewicz et al. 1994; Bhatia et al. 2009, 2011; Mohanty et al. 2010). Moreover, the 

long length of ISSR primers (15-30 mers) as against RAPDs (10 mers) permits the use of 
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high annealing temperatures and thus leads to higher stringency. Martins et al. (2004) 

reported genetic homogeneity using ISSR marker in almond plantlets regenerated through 

axillary branching after 4-6 years of m vitro multiplication. Homogeneity in amplification 

profiles was also reported for all the micropropagated plantlets in Swertia chirayita 

through ISSR marker assay by Joshi and Dhawan (2007). However, in the study on N. 

khasiana, ISSR markers detected somaclonal variation of 4.3% in the plantlets of the first 

regeneration which was subsequently increased to 6.1% and 10% in the plantlets of the 

second and the third regenerations respectively. Guo et al. (2006) have successfully 

employed ISSR markers in detecting genetic variation of 10.62% in micropropagated 

plants of Robinia pseudoacacia. Genomic variations of 2.73% were observed in in vitro-

raised plantlets of Ochreinauclea missionis (Chandrika and Rai 2009). The application of 

ISSR markers for the analysis of genetic fidelity of micropropagated plants has been well 

exemplified in Brassica, Musa, Dictyospermum, Bambusa, Psidium, and Artemisia 

(Leroy et al. 2000; Venkatachalam et al. 2007; Chandrika et al. 2008; Negi and Saxena 

2010; Liu and Yang 2012; Khan et al. 2013). Using DAMD marker, 8.47% 

polymorphism in the plantlets of the first regeneration could be detected in N. khasiana. 

Subsequentiy, the polymorphism increased to 10.10% and 13.33% in the plantiets of the 

second and the third regenerations respectively. In DAMD PCR, minisatellite sequences 

used as primers are longer than RAPD and ISSR-PCR primers and, therefore, it can be 

effectively carried out at relatively high stringency reactions, thus yielding reproducible 

DNA markers (Karaca and Ince 2008). To date DAMD technique has been successfiiUy 

used to establish phylogenetic relationships and genetic diversity in several plants (Bebeli 
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et al. 1997; Zhou et al. 1997; Ince et al. 2009; Hu et al. 2011; Ince and Karaca 2012; 

Kumar and Nair 2013), however, information on application of DAMD marker in 

determination of genetic fidelity in tissue culture-raised plants is limited. 

In general, the use of one type of molecular marker to assess the stability of in 

vitro propagated plants may be insufficient. Therefore, several authors have suggested the 

use of multiple molecular markers to study somaclonal variations in regenerants of 

several plant species. In Actinidia deliciosa cultures, a relatively low level of 

polymorphism was detected with RAPD markers, whereas with SSR markers the level of 

polymorphism detected was higher (Palombi and Dimiano 2002). Genetic stability was 

analyzed in plantlets of ahnond {Prunus dulcis) regenerated by axillary branching with 

RAPD markers and confirmed by ISSR analysis (Sarmento 2005). The genetic fidelity of 

plantlets obtained by indirect somatic embryogenesis fi"om anthers and ovaries of Vitis 

vinifera cv. Grignolino and cv. Dolcetto was detected by SSR and AFLP analysis 

(Gribaudo 2009). Senapati et al. (2013) confirmed genetic stability in in v/rro-raised 

plantlets of Celastrus paniculatus which showed 100% monomorphism using RAPD and 

ISSR markers together. No variability was detected among the in vitro-regenerated 

plantlets of Dendrocalamus hamiltonii using both RAPD and ISSR markers (Singh et al. 

2013). 

In the present study, three SPAR methods collectively revealed 4.65% 

polymorphism in the plantlets of the first regeneration of Â . khasiana. The polymorphism 

was subsequently increased to 1.11% and 10.87 % in the plantlets of the second and the 

third regenerations respectively suggesting an overall increase of genetic variations 
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amongst the morphologically similar micropropagated plantlets of the three consecutive 

regenerations and the mother plant. These variations could be due to several factors such 

as in vitro process and its duration, in vitro stress induced by biochemicals, or other 

nutritional conditions, all of which are known to induce somaclonal variations 

(Devarumath et al. 2002). Plant tissues in culture conditions are also under high levels of 

oxidative stress which has been reported to cause DNA damage, including microsatellite 

instability (Jackson et al. 1998). Genomic instability in the phenotypically normal 

micropropagated plantlets, as in this case, implies that the culture-induced genomic 

changes largely occurred at non-coding regions which imposed little effect on gene 

expression (Guo et al. 2006). Using PCR-based molecular markers, polymorphism in the 

DNA profiles while analyzing for genetic fidelity have been reported in Codonopsis 

lanceolate. Vanilla planifolia, Dictyospermum ovalifolium, Spilanthes calva, (Guo et al. 

2006; Sreedhar et al. 2007; Chandrika et al. 2008; Razaq et al. 2012). The overall 

polymorphism frequency detected in micropropagated plantlets of Â . khasiana was 

14.67%. The polymorphic bands in the micropropagated plantlets included either loss of 

original band present in the mother plant or gain of novel band. This clearly indicated that 

complete genetic stability is lacking among the micropropagated plantlets. Similar 

findings on genomic variations in phenotypically normal plant regenerants have been 

made previously in other plant species (Rahman and Rajora 2001; Carvalho et al. 2004; 

Guo et al. 2006; Feyissa et al. 2007). 

In conclusion, SPAR methods proved to be highly informative for the assessment 

of genetic variations in the micropropagatd plants of N. khasiana. The combination of 
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RAPD, ISSR and DAMD markers could be used for estimation of genetic similarity 

among the micropropagated plantlets. The present investigation firrther supports the need 

for testing micropropagated plantlets periodically well before their actual planting in the 

field and confirming the reliability of the micropropagation protocol for its large scale 

production. 
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Summary 

Nepenthes khasiana Hook f. is the only representative member of the genus 

Nepenthes found in hidia. It is endemic to the state of Meghalaya located in Northeast 

India. The species is in great demand for its ornamental value on account of the 

fascinating beauty of the pitchers. It also has some ethno-medicinal values. The local 

herbalists prescribe the fluid of the pitcher for the treatment of diabetes and painful 

urination. The unopened pitcher with its content is made into a paste and applied for 

various skin diseases, leprosy, sometimes it is taken to ease urinary troubles and 

blockages. 

The advent of biotechnological approaches has opened up newer areas for genetic 

improvement and micropropagation. Micropropagation methods allow rapid propagation 

of a large number of plants in short period of time in a limited space thereby protecting 

the biological, physiological and genetic specifications of the plant which are usually 

affected by enviromnental restrictions. However, the broader utility of any 

micropropagation system may be limited due to occurrence of cryptic genetic changes 

and development of somaclones. In a micropropagation progranmie, it is of paramount 

importance to produce true-to-type planting materials as somaclonal variations of any 

kind, if induced, may lead to loss of the chief characteristics of the parent rootstocks. 

Occurrence of somaclonal variations in tissue culture is a common phenomenon which 
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makes it mandatory to check the genetic stabihty of in viVro-raised plants. In spite of 

several protocols for tissue culture being reported, the regeneration efficiency has been 

shown to be influenced by explant type, genotype and also the morphogenetic response 

varying within the same explant. In the present study, in vitro mass multiplication of Â . 

khasiana was successfully attempted through enhanced axillary branching for production 

of quality planting material at an accelerated pace within a short period of time. The half-

strength MS (Murashige and Skoog) medium supplemented with 2.5 mg/1 kmetin (KN) 

and 2.0 mg/1 6-benzyl aminopurine (BAP) was proven to be the best for shoot induction 

with maximum response of explants (91.68 %) as well as the maximum number of shoots 

per explant (19.16) with BFC index of 17.48. The regenerated shoots were successfully 

rooted in half-strength MS medium supplemented with 2.0 mg/1 a-naphthalene acetic 

acid (NAA) with maximum response of 95.54% with an average of 9.04 roots per shoot. 

The ultimate success of micropropagation on a commercial scale depends on the ability 

of the tissue culture-raised plants to acclimatize in the natural conditions. Of the different 

potting mixtures tested, garden soil with sand in the ratio of l:l(v/v) was found to be best 

suited for the hardemng of the complete plantlets showing the survival rate of 91.66%. 

The plantlets of the second and the third regenerations were raised using the explants 

collected from the 8-months-old rooted plants in culture belonging to the first and the 

second regenerations respectively. Assessment of genetic fidelity among the 

micropropagated plantlets of the three consecutive regenerations was carried out using 

various approaches. First and foremost, the morphology of the plantlets of the three 

consecutive regenerations was compared considering several growth parameters and it 
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was observed that there was no difference in the external morphology of the 

micropropagated plantlets. However, lack of any phenotypic variation among regenerants 

does not necessarily imply a concomitant lack of genetic changes and it is, therefore, 

important to assay the outcomes of in v/Yro-raised plantlets at the genotypic level. 

Somatic chromosome number as 2n= 8̂0 has been confirmed with no evidence of 

any numerical variations in N. khasiana. The position of the centromere(s) could not be 

determined due to very small sized chromosomes. Therefore, variations only in the 

number of chromosomes have been studied in the micropropagated plantlets. All the cells 

analyzed from the mother plant showed normal somatic chromosome number of 2n=80 

unambiguously. However, from the plantlets of the first regeneration showed normal 

somatic chromosome number of 2n=80 in 76.66% of the cells while the remaining 

23.33% cells showed deviant chromosome numbers of 2n=76, 78. In case of the plantlets 

of the second regeneration, 66.66% cells showed normal somatic chromosome number as 

2n=80 while the remaining 33.33% cells showed deviant chromosome numbers of 2n=70, 

76, 78, 84, 86. In the plantlets of the third regeneration, cells showing normal somatic 

chromosome number of 2n=80 was decreased to 60% and deviant chromosome 

complements of 2n=70; 76; 84; 86 were observed in 40% cells analyzed. 

The repetitive sequences located in the heterochromatin regions of the nuclear 

genome are also reported to influence chromosomal instability in tissue culture-raised 

plants. Therefore, in the present study, an attempt was made to observe if there was any 

change in the copy number of the heterochromatin repetitive sequences of the in vitro-

raised plants of N. khasiana using base-specific fluorochromes viz., chromomycin A3 
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(CMA), 4-6-diamidino-2-phenylindole (DAPI). A total of 30 cells were analyzed in both 

the mother plant and the plantlets of the three subsequent regenerations. In the mother 

plant, the number of DAPf sites recorded was 5.33±0.73 with the range of 2-8. In case of 

the plantlets of the first regeneration, the number of DAPI* sites was 5.74±0.47 with the 

range of 2-8 which was foimd to be increased to 6.61±0.39 with the range of 5-12 and 

6.74±0.57 with the range of 3-12 in the plantlets of the second and the third regenerations 

respectively. The number of CMA"̂  sites observed in the mother plant was 5.11 ±0.47 

with the range of 2-6. In the plantlets of the first regeneration, the number of CMA"̂  sites 

observed was 5.00±0.30 with the range of 4-9 which was found to be decreased to 

4.63±0.45 with the range of 1-8, and 4.16±0.47 with the range of 0-8 in the plantlets of 

the second and the third regenerations respectively. These results indicated that there was 

an increase in the number of AT base pairs and a corresponding decrease in the number 

of GC base pairs with the increase in the regeneration stages of the micropropagated 

plants in culture. 

Genetic fidelity among the micropropagated plantlets of N. khasiana was also 

analyzed with the help of single primer amplification reactions (SPAR) methods using 

the molecular markers such as random amplified polymorphic DNA (RAPD), inter 

simple sequence repeats (ISSR) and directed amplification of minisatellite DNA 

(DAMD). A total of 136 primers for RAPD, ISSR and DAMD were screened out of 

which 41 primers were fmally selected for further profiling. Fourteen RAPD primers 

resulted in 74 clear, well-separated and reproducible bands out of which 10 bands were 

polymorphic exhibiting 13.51% polymorphism across all the plantlets of the three 
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regenerations. The genetic distance recorded using Jaccard's coefficient of similarity 

ranged from 0.94 to 1.00 among the micropropagated plantlets and the mother plant, hi 

case of ISSR, twelve primers generated a total of 50 distinct and scorable bands of which 

7 bands were polymorphic exhibiting 14% polymorphism. The genetic distance recorded 

using Jaccard's coefficient of similarity ranged from 0.94 to 1.00 among the 

micropropagated plantlets and the mother plant. In DAMD profiling, 15 primers resulted 

in 60 uniform and scorable bands out of which 10 bands were polymorphic showing 

16.66% polymorphism. The genetic distance recorded using Jaccard's coefficient of 

similarity ranged from 0.91 to 1.00 among the micropropagated plantlets and the mother 

plant. The cumulative analysis commonly regarded as SPAR was also carried out for the 

three molecular markers in which a total of 184 fragments were produced collectively of 

which 27 fragments were polymorphic indicating 14.67%. The cumulative data were also 

used to compute pairwise distances by Jaccard's coefficient which showed a distance 

range of 0.95-1.00 among the micropropagated plantlets and the mother plant. 

Using RAPD marker, 4.1% polymorphism was observed in the plantlets of the 

first regeneration which was increased to 6.9% and 9.4% in the plantlets of the second 

and the third regenerations respectively. In case of ISSR, 4.3% polymorphism was 

observed in the plantlets of the first regeneration which was increased to 6.1% and 10% 

in the plantlets of the second and the third regenerations respectively. DAMD marker 

detected 8.47% polymorphism in the plantlets of the first regeneration which was 

increased to 10.10% and 13.33% in the plantlets of the second and the third regenerations 

respectively. However, collective data regarded as SPAR approach detected 
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polymorphism of 4.65% in the plantlets of the first regeneration which was subsequently 

increased to 7.77% and 10.87% in the plantlets of the second and the third regenerations 

respectively. 

In conclusion, from the present study it was observed that there was a subsequent 

increase in genetic variation from the plantlets of the first regeneration to the plantlets of 

the third regeneration although no perceptible difference in the general morphology of the 

regenerated plantlets of the three subsequent regenerations relative to their mother plant 

was observed. The efficient protocol described in the present study for the 

micropropagation of iV. khasiana through axillary bud multiplication facilitates the rapid 

propagation of this rare plant species. However, in the context of providing quality 

planting material of N. khasiana germplasm it is particularly important to assess the 

genetic stability of the in v;Vro-raised plants. Micropropagation using axillary bud 

proliferation is considered to be one of the safest methods which give rise to genetically 

uniform and true-to-type plants. The present investigation clearly shows that this may not 

always be the case, which further supports the need for testing micropropagated plantlets 

periodically well before their actual planting in the field and confirming the reliability of 

the micropropagation protocol for its large scale production. 

144 



References 

Agarwal M, Shrivastava N, Padh H (2008) Advances in molecular marker techniques and 

their applications in plant sciences. Plant Cell Rep 27: 617-631 

Ahloowalia BS (1976) Chromosomal changes in parasexually produced ryegrass. In: 

Jones K, Brandham P (eds) Current chromosome research. North Holland, 

Amsterdam, pp 115-122 

Ahloowalia BS (1983) Spectrum of variation in somaclones of triploid ryegrass. Crop Sci 

23:1141-1147 

Ahloowalia BS (1986) Limitations to the use of somaclonal variation in crop 

improvement. In: Semal J (ed) Somaclonal variation and crop improvement. 

Martinus Nijhoff, Boston, pp 14-27 

Ahmed MB, Salahin M, Karim MR, Razvy MA, Hannan MM, Sultana R, Hossain M, 

Islam R (2007) An efficient method for in vitro clonal propagation of a newly 

introduced sweetener plant (Stevia rebaudiana Bertoni.) in Bangladesh. Am Eur J 

Sci Res 2: 121-125 

Al-Zahim MA, Ford-Lloyd BV, Newbury HJ (1999) Detection of somaclonal variation in 

garlic (Allium sativum L.) using RAPD and cytological analysis. Plant Cell Rep 

18:473-477 

Anand A, Rao CS (2000) A rapid in vitro propagation protocol for Piper barberi Gamble, 

a critically endangered plant. In Vitro Cell Dev Biol 36: 61-64 

Anastassopoulos E, Keil M (1996) Assessment of natural induced genetic variation in 

Alstrommeria using random amplified polymorphic DNA markers. Euphytica 90: 

235-244 

Appels R, DriscoU C, Peacock WJ, (1978) Heterochromatin and highly repeated DNA 

sequences in rye (Secale cereale). Chromosoma 70: 67-89 

145 



Arumugam N, Bhojwani SS (1990) Somatic embryogenesis in tissue cultures of 

Podophyllum hexandrum. Can J Bot 68: 487-491 

Babu KN, Sajina A, Minoo D, John CZ, Mini PM, Tushar KV, Rema J, Ravindran PN 

(2003) Micropropagation of camphor tree (Cinnamomum camphora). Plant Cell 

Tiss Org Cult 74: 179-183 

Badaeva ED, Friebe B, Gill BS (1996) Genome differentiation in Aegilops. 1. 

Distribution of highly repetitive DNA sequences on chromosomes of diploid 

species. Genome 29: 293-306 

Balaraju K, Agastian P, Preetamraj JP, Arokiyaraj S, Ignacimuthu S (2008) 

Micropropagation of Vitex agnus-castus (Verbenaceae)—a valuable medical 

plant. In Vitro Cell Dev Biol Plant 44: 436-441 

Balakrishnan V, Ravindran KC, Robinson JP (2009) In vitro regeneration of Impatiens 

campanulata Wight an important grass land. Plant Bot Res Int 2 (2): 123-130 

Barthlott WS, Porembski RS, Theisen I (2007) The curious world of carnivorous plants: a 

comprehensive guide to their biology and cultivation. Timber Press, Portland 

Basu P, Chand S (1996) Regeneration of plantlets from root derived callus of Egyption 

henbane. Cell Chromosome Res 19: 31-34 

Bahadur V, Kirad KS, Mathew A, Singh DB (2008) Tissue culture studies in Nepenthes 

khasiana. Acta Hortic 786: 287-293 

Bailey DC (1983) Isozyme variation and plant breeders' rights. In: Tanksley SD, Orton 

TJ (eds) Isozymes m plant genetics and breeding, part A. Elsevier Science 

Publisher, Amsterdam, pp 425-440 

Bairu MW, Feimell CW, Staden J (2006) The effect of plant growth regulators on 

somaclonal variation in Cavendish banana (Musa AAA cv. 'Zelig'). Sci Hortic 

108:347-351 

Bairu MW, Aremu AO, Van Staden J (2011) Somaclonal variation in plants: causes and 

detection methods. Plant Growth Regul 63: 147-173 

Bayliss MW (1980) Chromosomal variation in tissue culture. Int Rev Cytol Suppl 11: 

113-144 

146 



Bebeli PJ, Zhou Z, Somers DJ, Gustafson JP (1997) PCR primed with mmisatellite core 

sequences yields DNA fingerprinting probes in wheat. Theor Appl Genet 95: 276-

283 

Belaj A, Satovic Z, Cipriani G, Baldoni L, Testolin R, Rallo L, Trujillo I (2003) 

Comparative study of the discriminating capacity of RAPD, AFLP and SSR 

markers and of their effectiveness in establishing genetic relationships in olive. 

Theor Appl Genet 107: 736-744 

Bennici A, Anzidei M, Vendramin GG (2004) Genetic stability and uniformity of 

Foeniculum vulgare Mill, regenerated plants through organogenesis and somatic 

embryogenesis. Plant Sci 166: 221-227 

Benko-Iseppon AM, Morawetz W (1993) Cold-induced chromosome regions and 

karyosystematics in Sambucus and Viburnum. Bot Acta 106: 183-191 

Benzion G, Phillips RL (1988) Cytogenetic stability of maize tissue cultures: a cell line 

pedigree analysis. Genome 30: 318-325 

Bhattacharya E, Dandin SB, Ranade SA (2005) Single primer amplification methods 

reveal exotic and indigenous mulberry varieties are similarly diverse. J Biosci 30: 

669-677 

Bhau BS, Medhi K, Sarkar T, Saikia SP (2009) PCR based molecular characterization of 

Nepenthes khasiana Hook. f.—^pitcher plant. Genet Res Crop Evol 56: 1183-1193 

Bhowmik SSD, Kumaria S, Rao SR, Tandon P (2009) High frequency plantlet 

regeneration fi-om rhizomatous buds in Mantisia spathulata Schult. and Mantisia 

wengeri Fischer and analysis of genetic uniformity using RAPD markers. Indian J 

ExptBiol47: 140-146 

Bhatia R, Singh KP, Jhang T, Sharma TR (2009) Assessment of clonal fidelity of 

micropropagated gerbera plants by ISSR markers. Sci Hortic 119: 208-211 

Bhatia R, Singh KP, Sharma TR, Jhang T (2011) Evaluation of the genetic fidelity of in 

vZ/A-o-propagated gerbera {Gerbera jamesonii Bolus) using DNA-based markers. 

Plant Cell Tiss Org Cult 104: 131-135 

147 



Bhuiyan MKR, Hossain MJ, Rahman MS, Rahman SML and Sattar ML (2011) Root 

initiation in mukhikachu (Colocasia esculenta) as influenced by lAA and NAA. 

Bangladesh J Agr Res 36(3): 487-494 

Bhojwani SS, Razdan MK (1983) Plant Tiss. Cult: Theory and practice. Vol. 5. Elsevier 

Amsterdam-Oxford. New York, Tokyo 

Bindiya K, Kanwar K (2003) Random amplified polymorphic DNA (RAPDs) markers 

for genetic analysis in micropropagated plants of Rohinia pseudoacacia L. 

Euphytica 132: 41-47 

Boimer JE, Warner RM, Brewbaker JL (1974) A chemosystematic study of Musa 

cultivars. Hortic Sci 9: 325-328 

Bordoloi RPM (1977) The pitcher plant Nepenthes khasiana. Sreeguru press, Guwahati, 

pp 2-10 

Bouman H, De Klerk GJ (2001) Measurement of the extent of somaclonal variation in 

begonia plants regenerated under various conditions. Theor Appl Genet 102: 111-

117 

Bouharmont J (1994) Application of somaclonal variation and in vitro selection to plant 

improvement. Acta Hortic 355: 213-218 

Botstein D, White RL, Skolnick M, Davis RW (1980) Construction of a genetic linkage 

map in man using restriction fragment length polymorphisms. Am J Hum Genet 

32:314-331 

Bramwell D (1972) Endemism in the flora of the Canary Islands. In: Valentine DH (ed) 

Taxonomy, phytogeography and evolution. Academic Press, London, pp 141-159 

Brandes A, Roder MS, Ganal MW (1995) Barley telomeres are associated with different 

types of satellite DNA sequences. Chromosome Res 3: 315-320 

Brettell RIS, Pallotta MA, Gustafson JP, Appels A (1986) Variation in Nor loci in 

triticale derived from tissue culture. Theor Appl Genet 7: 637-643 

Bretting PK, Widrlechner MP (1995) Genetic markers and plant genetic resource 

management. Plant Breed Rev 13: 11-86 

148 



Browers MA, Orton TJ (1982) A factorial study of chromosomal variability in callus 

cultures of celery (Apium graveolens). Plant Sci Lett 26: 65-73 

Brown PTH, Lang FD, Kranz E, Lorz H (1993) Analysis of single protoplasts and 

regenerated plants by PCR and RAPD technology. Mol Gen Genet 237: 311-317 

Burch LR, Stuchbury T (1987) Activity and distribution of enzymes that interconvert 

purine bases, ribosides and ribotides m the tomato plant and possible implications 

for cytokinin metabolism. Physiol Plant 69(2): 283-288 

Cao T, Duprez E, Borden K.LB, Freemont PS, Etkin LD (1998) Ret finger protein is a 

normal component of PML nuclear bodies and interacts directly with PML. J Cell 

Sci 111: 1319-1329 

Cannon JR, Lojanapiwanta V, Raston CL, Sinchai W, White AH (1980) The quinones of 

Nepenthes rafflesiana. Aust J Chem 33: 1075-1093 

Carvalho LC, Goulao L, Olivera C, Goncalves JC, Amancio S (2004) RAPD assessment 

for clonal and genetic stability of in vitro propagated chestnut hydrids. Plant Cell 

Tiss Org Cult 77: 23-27 

Cassells AC, Croke T, Doyle BM (1997) Evaluation of image analysis, flow cytometry 

and RAPD analysis for the assessment of somaclonal variation and induced 

mutation in tissue culture-derived Pelargonium plants. J Appl Bot 71: 125-130 

Cassells AC, Joyce SM, Curry RF, McCarthy TF (1999) Detection of economic 

variability in micropropagation. In: Altman A, Ziv M, Izhar S (eds) Plant 

biotechnology and in vitro biology in the 21st Century. Kluwer Academic 

Publishers, Netherlands, pp 241-244 

Castro D, Camara A, Mmalheiros N (1949) X-rays in the centromere problem of Luzula 

purpurea Link. Genet Iber 1: 49-54 

Cervelli R (1987) In vitro propagation of Aconitum noveboracense and A. napellus. 

Hortic Science 22: 304-305 

Chakraborti S, Sinha S, Sinha RK (2006) High-frequency induction of multiple shoots 

and clonal propagation from rhizomatous nodal segments of Houttuynia cordata 

Thunb.- an ethnomedicinal herb of India. In Vitro Cell Dev Biol 42: 394-398 

149 



Chandrika M, Thoyajaksha V, Rai R, Kini R (2008) Assessment of genetic stability of in 

vitro grovm Dictyospermum ovalifoliu. Biol Plant 52 (4): 735-739 

Chandrika M, Rai R (2009) Genetic fidelity in micropropagated plantlets of 

Ochreinauclea missionis an endemic, threatened and medicinal tree using ISSR 

markers. AM J Biotechnol 8(13): 2933-2938 

Chebet DK, Okeno JA, Mathenge P (2003) Biotechnological approaches to improve 

horticultural crop production. Acta Hortic 625: 473-477 

Cheek M, Jebb M (2009) Nepenthes group Montanae (Nepenthaceae) in Indo-China, with 

N. thai and N. bokor described as new. Kew bull 64: 319-325 

Chen WH, Chen TM, Fu YM, Hsieh RM, Chen WS (1998) Studies on somaclonal 

variation in Phalaenopsis. Plant Cell Rep 18: 7-13 

Cheng XF, Hua XM, Li WD (1995) Micropropagation and mycorrhizae formation of 

Pinus massoniana Lamb, in vitro. For Res 8: 241-246 

Chuang SJ, Chen CL, Chen JJ, Chou WY, Sung JM (2009) Detection of somaclonal 

variation in micropropagated Echinacea purpurea using AFLP marker. Sci Hortic 

120: 121-126 

Cloutier S, Landry B (1994) Molecular markers applied to plant tissue culture. In Vitro 

Cell Dev Biol Plant 30: 32-39 

Cote F, Teisson C, Perrier X (2001) Somaclonal variation rate evolution in plant tissue 

culture: contribution to understanding through a statistical approach. In Vitro Cell 

Dev Biol Plant 37: 539-542 

Csink AK, Henikoff S (1998) Large-scale chromosomal movements during interphase 

progression in Drosophila. J Cell Biol 143(1): 13-22 

CuUis CA (1992) The molecular biology of plant cells and cultures. In: Fowler MW, 

Warren GS (eds) Plant biotechnology. Pergamon Press, Oxford, pp 19-32 

Dang JC, Kumaria S, Tandon P (2011) Micropropagation of Ilex khasiana, a critically 

endangered and endemic holly of Northeast India. AoB Plants plr012 

doi: 10.1093/aobpla/plr012 

150 



Dantu PK, Kumar M (2009) Biotechnological approach to produce healthy clones of the 

banana cultivar Basrai. J Sci Eng Res 15: 67-71 

D'Amato F (1975) The problem of genetic stability in plant tissue and cell cultures. In: 

Frankel OH, Hawkes JG (eds) Crop genetic resources for today and tomorrow. 

Cambridge University Press, New York, pp 333-348 

D'Amato F (1977) Cytogenetics of differentiation in tissue and cell culture. In: Reinert J, 

Bajaj YPS (eds) Applied and fundamental aspects of plant cell, tissue and organ 

culture. Springer, New York, pp 343-464 

D'Amato F (1990) Somatic nuclear mutations in vivo and in vitro in higher plants. Caryol 

43: 191-204 

Damiano C, Monticelli S, Corazza L (1997) Somaclonal variability and in vitro 

regeneration of strawberry. Acta Hortic 447: 87-93 

Darwin C (1875) Insectivorous plants. Murray, London 

Deumling B, Greilhuber J (1982) Characterization of heterochromatin in different 

species of the Scilla siberica group (Liliaceae) by in situ hybridization of satellite 

DNAs and fluorochrome banding. Chromosoma 84: 535-555 

Devarumath R, Nandy S, Rani V, Marimuthu S, Muraleedharan N, Raina S (2002) 

RAPD, ISSR and AFLP fingerprint as useful markers to evaluate genetic integrity 

of micropropagated plants of three diploid and triploid elite tea clones 

representing Camellia sinensis (China type) and C. assamica ssp. Assamica 

(Assam-hidia type). Plant Cell Rep 21: 166-173 

Devarumath RM, Doule RB, Kawar PG, Naikebawane SB, Nerkar YS (2007) Field 

performance and RAPD analysis to evaluate genetic fidelity of tissue culture 

raised plants vis-a-vis conventional setts derived plants of sugarcane. Sugar Tech 

9(1): 17-22 

Devi R, Venugopal N (2006) The status of insectivorous plants in North - East India: 

their uses and conservation. J Swamy Bot Club 23: 75-80 

151 



Devi SP, Rao SR, Kumaria S, Tandon P (2012) Mitotic chromosome studies in 

Nepenthes khasiana- an endemic insectivorous plant of northeast India. Cytologia 

77(3): 381-384 

Di Giusto B, Gueroult M, Rowe N, Gaume L (2009) The waxy surface in Nepenthes 

pitcher plants: variability, adaptive significance and developmental evolution. In: 

Gorb S (ed) Functional surfaces in biology. Springer, Berlin, pp 183-203 

Duncan RR (1997) Tissue culture-induced variation and crop improvement. Adv Agron 

58: 201-240 

Eapen S, Kale DM, George L (1998) Embryonal shoot tip multiplication in peanut: clonal 

fidelity and variation in regenerant plants. Trop Agr Res Ext 1(1): 23-27 

Edallo S, Zucchinali C, Perenzin M, Salamini F (1981) Chromosomal variation and 

frequency of spontaneous mutation associated with in vitro culture and plant 

regeneration in maize. Maydica 26: 39-56 

Etienne H, Bertrand B (2003) Somaclonal variation in Coffea arabica: effects of 

genotype and embryogenic cell suspension age on frequency and phenotype of 

variants. Tree Physiol 23: 419-426 

Esselman EJ, Jianqiang L, Crawford DJ, Windus JL, Wolfe AD (1999) Clonal diversity 

in the rare Calamagrostis porter ssp. insperata (Poaceae): comparative results for 

allozymes and random amplified polymorphic DNA and intersimple sequence 

repeat markers. Mol Ecol 8: 443-453 

Evans DA, Sharp WR, Medina-Filho HP (1984) Somaclonal and gametoclonal variation. 

Am J Bot 71: 759-774 

Faizal A, Lambert E, Foubert K, Apers S, Geelen D (2011) /« vitro propagation of four 

saponin producing Maesa species. Plant Cell Tiss Org Cult 106: 215-223 

Feijoo MC, Iglesias I (1998) Multiplication of an endangered plant: Gentiana lutea L. 

ssp. Aurantiaca Lainz, using in vitro culture. Plant Tissue Cult Biotechnol 4: 87-

94 

Feyissa T, Welander M, Negash L (2007) Genetic stability, ex vitro rooting and gene 

expression studies in Hagenia abyssinica. Biol Plant 51(1): 15-21 

152 



Flavell R (1982) Sequence amplification, deletion and rearrangement: major sources of 

variation during species divergence. In: Dover GA, Flavell RB (eds) Genome 

Evolution. Academic Press, London, pp 301-323 

Fluminhan A, Aguiar-Perecin MLR de, Santos J A (1996) Evidence for heterochromatin 

involvement in chromosome breakage in maize callus culture. Ann Bot 78: 73-81 

Frabetti M, Pesce PG, Gyves EM, Rugini E (2009) Micropropagation of Teucrium 

fruticans L., an ornamental and medicinal plant. In Vitro Cell Dev Biol Plant 45: 

129-134 

Fritsch P, Hanson MA, Spore CD, Pack PE, Rieseberg LH (1993) Constancy of RAPD 

primer amplification strength among distantly related taxa of flowering plants. 

Plant Mol Biol Rep 11: 10-20 

Fukui K, Mukai Y (1988) Condensation pattern as a new image parameter for 

identification of small chromosomes in plants. Jpn J Genet 63: 359-366 

Gaafar RM, Saker MM (2006) Monitoring of cultivars identity and genetic stability in 

strawberry varieties grown in Egypt world. J Agri Sci 2 (1): 29-36 

Galasso I, Frediani M, Cremonini R, Pignone D (1996) Chromatin characterization by 

banding techniques, in situ hybridization, and nuclear DNA content in Cicer L. 

(Leguminosae). Genome 39: 258-265 

Gallic DR, Chang SC (1997) Signal transduction in the carnivorous plant Sarracenia 

purpurea -regulation of secretory hydrolase expression during development and 

in response to resources. Plant Physiol 115 (4): 1461-1471 

Gao X, Yang D, Cao D, Ao M, Sui X, Wang Q, Kimatu JN, Wang L (2010) In vitro 

micropropagation of Freesia hybhda and the assessment of genetic and epigenetic 

stability in regenerated plantlets. J Plant Growth Regul 29: 257-267 

Gaponenko AK, Petrova TF, Iskakov AR, Sozinov AA (1988) Cytogenetics of in vitro 

cultured somatic cells and regenerated plants of barley {Hordeum vulgare L.). 

Theor Appl Genet 75: 905-911 

Garcia R, Pacheco G, Falcao E, Borges G, Mansur E (2011) Influence of type of explant, 

plant growth regulators, salt composition of basal medium, and Ught on 

153 



callogenesis and regeneration in Passiflora suberosa L. (Passifloraceae). Plant 

Cell Tiss Org Cult 106: 47-54 

Gengenbach BG, Umpeck P (1982) Characteristics of T-cytoplasm revertants from tissue 

culture. Maize Genet Coop Newslett 56: 140-142 

George EF (1993) Plant propagation by tissue culture, Part 1: the technology. Exegetics 

Ltd, London 

Germana MA, Micheli M, Chiancone B, Macaluso L, Standardi A (2011) Organogenesis 

and encapsulation of in vrYro-derived propagules of Carrizo citrange {Citrus 

sinensis (L.) Osb. X Poncirius trifoliate (L.) Raf]. Plant Cell Tiss Org Cult 

106(2): 299-307 

Gimenez C, de Garcia E, de Enrech NX, Blanca I (2001) Somaclonal variation in banana: 

cytogenetic and molecular characterization of the somaclonal variant CIEN BTA-

03. In Vitro Cell Dev Biol Plant 37: 217-222 

Givnish TJ, Burkhardt EL, Happel RE, Weintraub JD (1984) Camivory in the bromeliad 

Brocchinia reducta, with a cost-benefit model for the general restriction of 

carnivorous plants to sunny, moist, nutrient-poor habitats. Am Nat 124(4): 479-

497 

Godwin ID, Aitken EAB, Smith LW (1997) Application of inter-simple sequence repeat 

(ISSR) markers to plant genetics. Electrophoresis 18: 1524-1528 

Goel MK, Kukreja AK, Bisht NS (2009) In vitro manipulations in St. John's wort 

{Hypericum perforatum L.) for incessant and scale up micropropagation using 

adventitious roots in Uquid medium and assessment of clonal fidelity using RAPD 

analysis. Plant Cell Tiss Org Cult 96: 1-9 

Goncalves S, Femandes L, Romano A (2010) High-frequency in vitro propagation of the 

endangered species Tuberaria major. Plant Cell Tiss Org Cult 101: 359-363 

Gonzalez A, De la Fuente M, De Ron A, Santalla M (2010) Protein markers and seed size 

variation in common bean segregating populations. Mol Breed 25: 723-740 

Gostimsky SA, Kokaeva ZG, Konovalov FA (2005) Studying plant genome variation 

using molecular markers. Russ J Genet 41: 378-388 

154 



Goswami K, Shanna R, Singh PK, Singh G (2013) Micropropagation of seedless lemon 

{Citrus limon L. cv. Kaghzi Kalan) and assessment of genetic fidelity of 

micropropagated plants using RAPD markers. Physiol Mol Biol Plants 19(1): 

137-145 

Goto S, Thakur RC, Ishii K (1998) Determination of genetic stability in long-term 

micropropagated shoots of Pinus thunbergii Pari, using RAPD markers. Plant Cell 

Rep 18: 193-197 

Grajal-Martin MJ, Siverio-Grillo G, Marrero-Dominguez A (1998) The use of randomly 

amplified polymorphic DNA (RAPD) for the study of genetic diversity and 

somaclonal variation in Musa. Acta Hortic 490: 445-454 

Greilhuber J, Speta F, (1989) A Giemsa C-bandmg and DNA content study in Scilla 

cilicica and S. morrisii, two little known sibling species of the 5". siberica alliance 

(Hyacinthaceae). Plant SystEvol 165: 71-83 

Gribaudo I, Marinoni TD, Gambino G, Mannini F, Akkak A, Botta R (2009) Assessment 

of genetic fidelity in regenerants from two Vitis vinifera cultivars. Acta Hortic 

827: 131-136 

Grodzicker T, Williams J, Sharp P, Sambrook J (1974) Physical mapping of temperature 

sensitive mutations. Cold Spring Harb Symp Quant Biol 39: 439-446 

Guerra M (1988) Characterization of different types of condensed chromatin in Costus 

(Zingiberaceae) Plant Syst Evol 158: 107-115 

Guerra M (1993) Cytogenetics of Rutaceae. V. High chromosomal variability in Citrus 

species revealed by CMA/DAPI staming. Heredity 71: 234-241 

Guerra M (2000) Patterns of heterochromatin distribution in plant chromosomes. Genet 

Mol Biol 23: 1029-1041 

Guo WL, Gong L, Ding ZF, Li YD, Li FX, Zhao SP, Liu B (2006) Genomic instability in 

phenotypically normal regenerants of medicinal plant Codonopsis lanceolata 

Benth. et Hook, f, as revealed by ISSR and RAPD markers. Plant Cell Rep 25: 

896-906 

155 



Guo W, Li Y, Gong L, Li F, Dong Y, Liu B (2006) Efficient micropropagation of 

Robinia ambigua var. idahoensis (Idaho locust) and detection of genomic 

variation by ISSR markers. Plant Cell Tiss Org Cult 84: 343-351 

Gupta PK (1998) Chromosomal basis of somaclonal variation in plants. In: Jain SM, Brar 

DS, Ahloowalia BS (eds) Somaclonal variation and induced mutations in crop 

improvement. Kluwer Academic Publishers, Dordrecht, pp 149-168 

Gupta M, Chyi YS, Romero-Severson J, Owen JL (1994) Amplification of DNA markers 

from evolutionarily diverse genomes using single primers of simple sequence 

repeats. Theor Appl Genet 89: 998-1006 

Haberlandt G (1902) Kulturversuche mit isoUierten pflanzenzellen. Naturwissenschaften 

111:69-92 

Hadacova V, Ondrej M (1972) Isoenzymy. Biol Listya 37:1-25 

Haisel D, Hofinan P,Vagneri M, Lipavska H, Ticha L, Schafer C, Capkova V (2001) Ex 

vitro phenotype stability is affected by in vitro cultivation. Biol Plant 44: 321-324 

Hakansson A (1958) Holocentric chromosomes in Eleocharis. Hereditas 44: 531-540 

Hameed A, Malik SA, Iqbal N, Arshad R, Farooq S (2004) A rapid (100 min) method for 

isolating high yield and quality DNA from leaves, roots and coleoptile of wheat 

(Triticum aestivum L.) suitable for apoptotic and other molecular studies. Int J 

Agri Biol 6 (2): 383-387 

Hang A, Bregitzer P (1993) Chromosomal variations in immature embryo-derived calli 

from six barley cultivars. J Hered 84: 105-108 

Harbone JB (1982) Introduction to ecological biochemistry. Academic Press, New York 

Harding K (2004) Genetic integrity of cryopreserved plant cells: a review. CryoLett 25: 

3-22 

Hartmann C, Henry Y, Buyser J, Aubry C, Rode A (1989) Identification of new 

mitochondrial genome organizations in wheat plants regenerated from somatic 

tissue cultures. Theor Appl Genet 77: 169-175 

156 



Hashmi G, Huettel R, Meyer R, Krusberg L, Hammerschlag F (1997) RAPD analysis of 

somaclonal variants derived from embryo cultures of peach. Plant Cell Rep 16: 

624-627 

Hautea DM, Molina GC, Balatero CH, Coronado MB, Perez EB, Alvarez MTH, Canama 

AO, Akuba RH, Quilloy RB, Frankie RB, Caspillo CS (2004) Analysis of induced 

mutants of Philippine bananas with molecular markers. In: Jain SM, Swermen R 

(eds) Banana improvement: cellular, molecular biology and induced mutations. 

Science Publishers, Enfield 

Hazarika BN (2003) Acclimatization of tissue-cultured plants. Curr Sci. 85: 1704-1712 

Hazarika BN (2006) Morpho-physiological disorders in in vitro culture of plants. Sci 

Hortic 108:105-120 

Heath DD, Iwana GK, Delvin RH (1993) PCR primed with VNTR core sequences yield 

species specific patterns and hypervariable probes. Nucleic Acid Res 21: 5782-

5785 

Heinz DJ (1987) Sugarcane improvement through breeding. Elsevier, Amsterdam 

Heinz DJ, Mee GWP (1969) Plant differentiation from callus tissue of Saccharum 

species. Crop Sci 9: 346-348 

Heinz DJ, Mee GWP (1971) Morphologic, cytogenetic, and enzymatic variation in 

Saccharum species hybrid clones derived from callus tissue. Am J Bot 58: 257-

262 

Heinz DJ, Mee GWP, Nickell LG (1969) Chromosome number of some Saccharum 

species hybrids and their cell suspension cultures. Am J Bot 56: 450-456 

Heinz B, Schmidt J (1995) Monitoring genetic fidelity vs somaclonal variation in 

Norway Spruce {Picea abies) somatic embryogenesis by RAPD analysis. 

Euphytica 85: 341-345 

Heubl GR, Wistuba A (1997) A cytological study of the genus Nepenthes L. 

(Nepenthaceae). Sendtnera4: 169-174 

157 



Hirochika H, Sugimoto K, Otsuki Y, Tsugawa H, Kanda M (1996) Retrotransposons of 

rice involved in mutations induced by tissue culture. Proc Natl Acad Sci USA 93: 

7783-7788 

Hizume M, Ishida F, Murata M (1992) Multiple locations of the rRNA genes in 

chromosomes of pines, Pinus densiflora and P. thunbergii. Jpn J Genet 67: 389-

396 

Hofinann NE, Raja R, Nelson RL, Korban SS (2004 ) Mutagenesis of embryogenic 

cultures of soybean and detecting polymorphisms using RAPD markers. Biol 

Plant 48: 173-177 

Home EC, Kumpatla SP, Patterson KA, Gupta M, Thompson SA (2004) Improved high-

through-put sunflower and cotton genomic DNA extraction and PCR fidelity. 

Plant Mol Biol Rep 22: 83a-83i 

Hu Y, Xie X, Wang L, Yang J, Zhang H, Li Y (2009) An effective and low-cost method 

for DNA extraction from herbal drugs of Rheum tanguticum (polygonaceae). Afr 

J Biotechnol 8 (12): 2691-2694 

Hu JB, Li JW, Wang LJ, Liu LJ, Si W (2011) Utilization of a set of high-polymorphism 

DAMD markers for genetic analysis of a cucumber germplasm collection. Acta 

Physiol Plant 33: 227-231 

Huang WJ, Ning GG, Liu GF, Bao MZ (2009) Determination of genetic stability of long-

term micropropagated plantlets of Platanus acerifolia using ISSR markers. Biol 

Plant 53(1): 159-163 

Ibarra-Lactette E, Lyons E, Hernandez-Guzman G, Perres-Torres CA, Carretero-Pauler 

L, Chang TH, Lan T, Welch AJ, Juarez MJA, Simpson J, Fernandez-Cortes A, 

Arteaga-Vazquez M, Gongora-Castillo E, Acevedo-Hemandez G, Schuster SC, 

Himmelbauer H, Minoche AE, Xu S, Lynch M, Oropeza-Aburto A, Cervantes-

Perez A, Ortega-Estrada MJ, Cervantes-Leuvano JI, Michael TP, Mockler T, 

Bryant D, Herrera- Estrella A, Albert VA, Herrera- Estrella L (2013) Architecture 

and evolution of a minute plant genome. Nature 498: 94-98 

158 



Ikeda H (1988) Karyomorphological studies on the genus Crepis with special reference to 

C-banding pattern. J Sci Hiroshima Univ 22: 65-117 

Ince AG, Karaca M, Onus AN (2009) Development and utilization of diagnostic DAMD-

PCR markers for Capsicum accessions. Genet Resour Crop Evol 56: 211-221 

Ince AG, Karaca M (2012) Species-specific touch-down DAMD-PCR markers for Salvia 

species. J Med Plant Res 6(9): 1590-1595 

Indhra DB, Dhar U (2000) Micropropagation of Indian wild strawberry. Plant Cell Tiss 

Org Cult 60: 83-88 

Isabel N, Tremblay L, Michaud M, FM Tremblay, Bousquet J (1993) RAPDs as an aid to 

evaluate the genetic integrity of somatic embryogenesis-derived populations of 

Picea mariana (Mill.) BSP. Theor Appl Genet 86: 81-87 

Israeli Y, Reuveni O, Lahav E (1991) Qualitative aspects of somaclonal variations in 

banana propagated by in vitro techniques. Sci Hortic 48: 71-88 

Israeli Y, Lahav E, Reuveni O (1995) In vitro culture of bananas. In: Gowen S (ed) 

Banana and plantians. Chapman and Hall, London, pp 147-178 

Jabbarzadeh Z, Khosh-Khui M, Salehi H, Saberivand A (2009) Optimization of DNA 

extraction for ISSR studies in seven important rose species of Iran. Ame-Eurasian 

J Sustain Agric 3(4): 639-642 

Jaccard P (1901) Etude comparative de la distribution florale dans ime portion des Alpes 

et des Jura; Bull Soc Vaudoise Sci Nat 37: 547-579 

Jackson AL, Ru C, Lawrence LA (1998) Induction of Microsatellite mstability by 

oxidative DNA damage. Proc Natl Acad Sci USA 95: 12468-12473 

Jain SM (2000) Mechanisms of spontaneous and induced mutations in plants. Radiation 

Res 2: 255-258 

Jain SM (2001) Tissue culture-derived variation in crop improvement. Euphytica 

118:153-166 

Jain SM, Brar DS, Ahloowalia BS (1998) Somaclonal variation and induced mutations in 

crop improvement. Kluwer Academic Publishers, UK 

159 



Jain AK, Bashir M (2010) In-vitro propagation of a medicinal plant Portulaca 

grandiflora Hook. World J Agr Sci 6 (3): 327-330 

Jaligot E, Rival A, Beule T, Dussert S, Verdeil JL (2000) Somaclonal variation in oil 

palm {Elaeis guineensis Jacq.): the DNA methylation hypothesis. Plant Cell Rep 

19: 684-690 

Jarret RL (1986) Biochemical/genetic markers and their ixses in the genus Musa. In: 

Persley GJ, Langhe EA (eds) Banana and plantian strategies, Cairns, Australia. 

Australia Centre for International Agricultural Research (ACIAR) proceeding 

no.21, Canberra 

Jarret RL, Gawel N (1995) Molecular markers, genetic diversity and systematics in 

Musa. In: Gowen S (ed) Bananas and plantians. Chapman and Hall, London, pp 

66-83 

Jana S, Shekhawat GS (2012) In vitro regeneration of Anethum graveolens, antioxidative 

enzymes during organogenesis and RAPD analysis for clonal fidelity. Biol Plant 

56(1): 9-14 

Jayaram K, Prasad MNV (2005) Rapidly in vitro multiplied Drosera as reliable source 

for plumbagin bioprospection. Curr Sci 89: 447-448 

Jebb M, Cheek M (1997) A Skeletal Revision of Nepenthes (Nepenthaceae). Blumea 42: 

86-87 

Jeffrey AJ (1979) DNA sequence variants in the GA and B - globin genes of Man. Cell 

18:1-10 

Jeffreys AJ, Wilson V, Thein SL (1985) Hypervariable 'minisatellite' regions in human 

DNA. Nature 314: 67-73 

Jelenic S, Berljak J, Papes, Jelaska S (2001) Mixoploidy and chimeric structures in 

somaclones of potato (Solanum tuberosum L.) cv. Bintje. Food Technol 

Biotechnol 39 (1): 13-17 

Joachimiak A, Przywara L, Ilnicki T, Kowalska A (1993) Megachromosomes in tissue 

culture of Allium. Genetica 90: 35-40 

160 



Johnson SS, Phillips RL, Rines HW (1987) Possible role of heterochromatin in 

chromosome breakage induced by tissue culture in oats (Avena sativa L.). 

Genome 29: 439-446 

Jones CJ, Edwards KJ, Castaglione S, Winfield MO, Sala F, van de Wiel C, Bredemeijer 

G, Vosman B, Matthes M, Daly A, Brettschneider R, Bettini P, Buiatti M, Maestri 

E, Malcevschi A, Marmiroli N, Aert R, Volckaert G, Rueda J, Linacero R, 

Vazquez A, Karp A (1997) Reproducibility testing of RAPD, AFLP and SSR 

markers in plants by a network of European laboratories. Mol Breeding 3: 381-

390 

Joseph J, Joseph KM (1986) Insectivorous plants of Khasi and Jaintia Hills, Meghalaya, 

India: a preliminary survey. Botanical Survey of India, Calcutta 

Joshi P, Dhawan V (2007) Assessment of genetic fidelity of micropropagated Swertia 

chirayta plantlets by ISSR marker assay. Biol Plant 51 (1): 22-26 

Junichi S, Nagano K, Hoshi Y (2011) A chromosome study of two centromere 

differentiating Drosera species, D. arcturi and D. regia. Caryologia 64(4): 453-

463 

Juniper BE, Robbins RJ, Joel DM (1989) The carnivorous plants. Academic Press. 

London 

Kaeppler SM, Phillips RL (1993) DNA methylation and tissue culture-induced variation 

in plants. In Vitro Cell Dev Biol 29: 125-130 

Kaeppler SM, Phillips RL, Olhoft P (1998) Molecular basis of heritable tissue culture-

induced variation in plants. In: Jain SM, Brar DS, Ahloowalia BS (eds) 

Somaclonal variation and induced mutations in crop improvement. Kluwer 

Academic Publishers, Dordrecht, pp 465-484 

Kaeppler SM, Kaeppler HF, Rhee Y (2000) Epigenetic aspects of somaclonal variation in 

plants. Plant Mol Biol 43: 179-188 

Karaca M, Ince AG (2008) Minisatellites as DNA markers to classify bermudagrasses 

{Cynodon spp.): confirmation of minisatellite in amplified products. J Genet 87: 

83-86 

161 



Karihaloo JL, Brauner S, Gottlieb LD (1995) Random amplified polymorphic DNA 

variation in the eggplant, Solarium melongena L. (Solanaceae). Theor Appl Genet 

90: 767-770 

Karp A (1989) Can genetic mstability be controlled in plant tissue cultures? Newslett Int 

Assoc Plant Tiss Cult 58:2-11 

Karp A (1991) On the current understanding of somaclonal variation. Plant Mol Cell Biol 

7: 1-58 

Karp A (1993) Are your plants normal? Genetic instability in regenerated and transgenic 

plants. Agro-Food-Industry Hi-Tech May/June, pp 7-12 

Karp A (1994) Origins, causes and uses of variation in plant tissue cultures. In: Vasil IK, 

Thorpe TA (eds) Plant cell and tissue culture. Kluwer Academic Publishers, 

Dordrecht, pp 139-152 

Karp A, Maddock SE (1984) Chromosome variation in wheat plants regenerated from 

cultured immature embryos. Theor Appl Genet 67: 249-255 

Karp A, Owen PG, Steele SH, Bebeli JP, Kaltsikes PJ (1992) Variation in telomeric 

heterochromatin in somaclones of rye. Genome 35: 590-593 

Karp A, Seberg O, Buiatti M (1996) Molecular techniques in the assessment of botanical 

diversity. Ann Bot 78:143-149 

Kalia RK, Arya S, Kalia S, Arya ID (2007) Plantlet regeneration from fascicular buds of 

seedling shoot apices of Pinus roxburghii Sarg. Biol Plant 51 (4): 653-659 

Kao KN, Miller RA, Gamborg OL, Havery BL (1970) variation m chromosome number 

and structure in plant cell grown in suspension cultures. Can J Genet Cytol 12: 

297-301 

Kawiak A, Lojkowska E (2004) Application of RAPD in the determination of genetic 

fidelity in micropropagated Drosera plantlets. In Vitro Cell Dev Biol Plant 40: 

592-595 

Khan S, Saeed B, Kauser N (2011) Establishment of genetic fidelity of in-vitro raised 

banana plantlets. Pak J Bot 43(1): 233-242 

162 



Khan M, Ganai BA, Kamili AN, Akbar M (2013) Inter-simple sequence repeat (ISSR) 

analysis of somaclonal variation in Artemisia amygdalina Decne. plantlets 

regenerated from nodal explants. J New Biol Rep 2(1): 40-43 

Kharkongar P, Joseph J (1981) Folklore medico botany of rural Khasi and Jantia tribes in 

Meghalaya. In: Jain SK (ed) Glimpses of Indian ethnobotany. Oxford IBH 

Publishing Co, New Delhi, pp 124-136 

Khateeb WA, Bahar E, Lahham J, Schroeder D, Hussein E (2013) Regeneration and 

assessment of genetic fidelity of the endangered tree Moringa peregrina (Forsk.) 

Fiori using inter simple sequence repeat (ISSR). Physiol Mol Biol Plants 19(1): 

157-164 

Khlestkina E, Roder M, Pshenichnikova T, Bomer A (2010) Functional diversity at the 

Re (red coleoptile) gene in bread wheat. Mol Breed 25: 125-132 

Kitching R, Schofield C (1986) Every pitcher tells a story. New Scientist 23: 48-51 

Ko WH, Su CC, Chen CL, Chao CP (2009) Control of lethal browning of tissue culture 

plantlets of Cavendish banana cv. Formosana with ascorbic acid. Plant Cell Tiss 

Org Cult 96:137-141 

Kondo K, Segawa M, Nehira K (1976) A cytotaxonomic study in four species of 

Drosera. Mem Fac Int Arts Sci Hiroshima Univ 2: 27-36 

Kondo K, Llavarack PS (1984) A cytotaxonomic study of some Australian species of 

Drosera L. (Droseraceae). Bot J Linn Soc 88: 317-333 

Kondo K, Segawa M (1988) A cytotaxonomic study in artificial hybrids between 

Drosera anglica Huds. and its certain closely related species in series Drosera, 

section Drosera, subgenus Drosera, Drosera. La Kromosoma II 51-52: 1697-

1709 

Kumar YK, Haridasan S, Rao RR (1980) Ethnobotanical notes on certain medicinal 

plants among some Garo people around Balphakram Sanctury in Meghalaya. Bull 

Bot Surv India 22: 161-165 

Kumar P, Gupta VK, Misra AK, Modi DR, Pandey BK (2009) Potential of molecular 

markers in plant biotechnology. Plant Omics J 2(4): 141-162 

163 



Kumar S, Kumaria S, Tandon P (2010) Efficient in vitro plant regeneration protocol from 

leaf explant of Jatropha curcas L - a promising biofuel plant. J Plant Biochem 

Biotechnol 19(2): 275-277 

Kumar S, Nair KN (2013) Genetic variation and phylogenetic relationships among Indian 

Citrus taxa revealed by DAMD-PCR markers. Genet Resour Crop Evol 60: 1777-

1800 

Kumar S, Kumaria S, Sharma SK, Rao SR, Tandon P (2011) Genetic diversity 

assessment of Jatropha curcas L. germplasm from Northeast India. Biomass 

Bioenerg 35: 3063-3070 

Kumaria S, Misra AK (2013) Applications of molecular markers in plant tissue culture. 

In: Sharma HP, Dogra JVV, Misra AN (eds) Plant tissue culture: totipotency to 

transgenic. Agrobios, Jodhpur, pp 431-444 

Kunitake H, Koreeda K, Mii M (1995) Morphological and cytological characteristics of 

protoplast-derived plants of statice {Limonium perezii Hubbard). Sci Hortic 60: 

305-312 

Lapitan NLV, Sears RG, Gill BS (1984) Translocations and other karyotypic structural 

changes in wheat-rye hybrids regenerated from tissue culture. Theor Appl Genet 

68: 547-554 

Lapitan NLV, Sears RG, Gill BS (1988) Amplification of repeated DNA sequences in 

wheat-rye hybrids regenerated from tissue culture. Theor Appl Genet 75: 381-

388. 

Latha PG, Seeni S (1994) Multiplication of the endangered hidian pitcher plant 

{Nepenthes khasiana) through enhanced axillary branching in vitro. Plant Cell 

Tiss Org Cult 38: 69-71 

Larkin PJ (1987) Somaclonal variation: history, method, and meaning. Iowa State J 61: 

393-434 

Larkin PJ (1998) hitroduction. hi: Jain SM, Brar DS, Ahloowalia BS (eds) Somaclonal 

variation and induced mutations in crop improvement. Kluwer Academic 

Publishers, Dordrecht, pp 3-13 

164 



Larkin PJ, Scowcroft WR (1981) Somaclonal variation - a novel source of variability 

from cell cultures for plant improvement. Theor Appl Genet 60: 197-214 

Larkin PJ, Scowcroft WR (1983) Somaclonal variation and crop improvement. In: 

Kosuge T, Meredith MP, HoUaender A (eds) Genetic engineering of plants: an 

agricultural perspective. Plenum press, New York, pp 289-314 

Lee M, Phillips RL (1987) Genome rearrangements in maize induced by tissue culture. 

Genome 29: 122-128 

Lee M, Phillips RL (1988) The chromosomal basis of somaclonal variation. Aimu Rev 

Plant Physiol Plant Mol Biol 39: 413-437 

Leroy X, Leon K, Branchard M (2000) Plant genomic instability detected by 

microsatellite-primers. Electron J Biotechnol 3:1-9 

Lescuyer PS, Picot V, Bracchi J, Bumod J, Austin J, Perard A, Ambroise TP (1997) 

Deletion of RAPD markers correlated with chloroquine resistance in Plasmodium 

falciparum. Genome Res 7: 747-753 

Li YC, Korol AB, Fahima T, Beiles A, Nevo E (2002) Microsatellites: genomic 

distribution, putative functions and mutational mechanisms: a review. Mol Ecol 

11:2453-2465 

Linacero R, Alves EF, Vazquez AM (2000) Hot spots of DNA instability revealed 

through the study of somaclonal variation. Theor Appl Genet 100: 506-511 

Liimaeus C (1737) Nepenthes. Hortus Cliffortianus, Amsterdam 

Linnaeus C (1753) Nepenthes. Species Plantarum, Stockholm 

Liu X, Yang G (2012) Assessment of clonal fidelity of micropropagated guava (Psidium 

guajava) plants by ISSR markers. Aust J Crop Soc 6(2): 291-295 

Lo Schiavo F, Pitto L, Giuliano G, Torti G, Nuti-Ronchi V, Marazziti D, Vergara R, 

Orselli S, Terzi M (1989) DNA methylation of embryogenic carrot cell cultures 

and its variations as caused by mutation, differentiation, hormones and 

hypomethylating drugs. Theor Appl Genet 77: 325-331 

165 



Lukens L, Zhan S (2007) The plant genome's methylation status and response to stress: 

implications for plant improvement. Curr Opin Plant Biol 10: 317-322 

Lynch PT (1999) Tissue culture techniques in in vitro plant conservation. In: Bensen EE 

(ed) Plant conservation biotechnology. Taylor and Francis, London, pp 41-62 

Ma G, Teixeira da Silva JA, Lu J, Zhang X, Zhao J (2011) Shoot organogenesis and plant 

regeneration in Metabriggsia ovalifolia. Plant Cell Tiss Org Cult 105: 355-361 

Macpherson JM, Eckstein P E, Scoles GJ, Gajadhar AA (1993) Variability of the random 

amplified polymorphic DNA assay among thermal cyclers and effect of primer 

and DNA concentration. Mol Cell Probe 7: 293-299 

Madhusudhanan K, Rahiman BA (2000) The effect of activated charcoal supplemented 

media to browning of m vitro cultures of Piper species. Biol Plant 43: 297-299 

Magyar-Tabori K, Dobranskzi J, Teixeira da Silva JA, BuUey SM, Hudak I (2010) The 

role of cytokinins in shoot organogenesis in apple. Plant Cell Tiss Org Cult 101: 

251-267 

Mao AA, Kharbuli P (2002) Distribution and status of Nepenthes khasiana Hook, f., a 

rare endemic pitcher plant of Meghalaya, India. Phytotaxonomy 2: 77-83 

Mallon R, JR Oubina, Gonzalez ML (2010) In vitro propagation of the endangered plant 

Centaurea ultreiae: assessment of genetic stability by cytological studies, flow 

cytometry and RAPD analysis. Plant Cell Tiss Org Cult 101: 31-39 

Maluszynska J, Schweizer D (1999) Chromosomal instability of polysomatic plant in 

tissue culture. In Vitro Cell Dev Biol Plant 35: 168-169 

Manners V, Kumaria S, Tandon P (2013) SPAR methods revealed high genetic diversity 

within populations and high gene flow of Vanda coerulea Griff ex Lindl (Blue 

Vanda), an endangered orchid species. Gene 519(1): 91-97 

Marks GE, Schweizer D (1974) Giemsa banding: karyotype differences in some species 

oiAnemone and in Hepatica nobilis. Chromosoma 44: 405-416 

Mathur A, Kukreja AK, Ahuja PS, Tyagi BR (1987) Establishment and multiplication of 

colchi-autotetraploids of Rauvolfia serpentine L. Benth. Ex. Kurz. through tissue 

culture. Plant Cell Tiss Org Cult 10: 129-134 

166 



Martin KP (2004) Plant regeneration protocol of medicinally important Andrographis 

paniculata (Burm. f.) Wallich ex Nees via somatic embryogenesis. In Vitro Cell 

Dev Biol Plant 40: 204-209 

Martin M, Sarmento D, Oliveira MM (2004) Genetic stability of micropropagated 

almond plantlets, as assessed by RAPD and ISSR markers. Plant Cell Rep 23: 

492-496 

Martin K, Pachathundikandi S, Zhang C, Slater A, Madassery J (2006) RAPD analysis of 

a variant of banana (Musa sp.) cv. Grande Naine and its propagation via shoot tip 

culture, hi Vitro Cell Dev Biol Plant 42: 188-192 

Martinez-Bonfil BP, Salcedo-Morale G, Lopez-Laredo AR, Ventura- Zapata E, 

Evangelista-Lozano S, Trejo-Tapia G (2011) Shoot regeneration and 

determination of iridoid levels in the medicinal plant Castilleja tenuiflora Benth. 

Plant Cell Tiss Org CuU 107: 195-203 

Matysiak B, Nowak J (1995) Acclimatization of ex vitro Homalomena 'Emerald Gem' as 

affected by nutrient solution concentration and CO2 enrichment. Acta Hortic 390: 

157-160 

McCoy TJ, Bmgham ET (1987) Regeneration of diploid alfafa plants from cells grown in 

suspension culture. Plant Sci Lett 10: 59-66 

McCoy TJ, Phillips RL, Rines HW (1982) Cytogenetic analysis of plants regenerated 

from oat (Avena sativa) tissue cultures; high frequency of partial chromosome 

loss. Can J Genet Cytol 24: 37-50 

McPherson SR (2009) Pitcher plants of the old worid. Volumes 2. Redfem Natural 

History Productions, Poole. 

Mehta YR, Angra DC (2000) Somaclonal variation for disease resistance in wheat and 

production of dihaploids through wheat 9 maize hybrids. Genet Mol Biol 23: 617-

622 

Meunier JR, Grimont PA (1993) Factors affecting reproducibility of random amplified 

polymorphic DNA fingerprinting. Res Microbiol 144: 373-379 

167 



Micke A (1999) Mutations in plant breeding. In: Siddiqui BA, Khan S (eds) Breeding in 

crop plants- mutations and in vitro mutation breeding. Kalyani Publishers, New 

Delhi, pp 1-19 

Mishra M, Chandra R, Pati R (2008) In vitro regeneration and genetic fidelity testing of 

Aegle marmelos (L.) Corr. Plants. Ind J Hort 65(1): 6-11 

Mondal TK, Chand PK (2002) Detection of genetic variation among micropropagated tea 

[Camellia sinensis (L). O. Kuntze] by RAPD analysis. In Vitro Cell Dev Biol 

Plant 38: 296-299 

Mohanty S, Das AB, Ghosh N, Panda BB, Smith DW (2010) Genetic diversity of 28 wild 

species of fodder legume Cassia using RAPD, ISSR, and SSR markers: a novel 

breeding strategy. J Biotech Res 2: 44-55 

Morawetz W (1981) C-banding in Liriodendron tulipifera (Magnoliaceae): some 

karyological and systematic implications. Plant Syst Evol 138: 209-216 

Mulcahy DL, Cresti M, Sansavini S, Douglas GC, Linskens HF, Mulcahy GB, Vighani 

R, Pancaldi M (1993) The use of random amplified polymorphic DNAs to 

fingerprint apple genotypes. Sci Hortic 54: 89-96 

Munthali MT, Newbury HJ, Ford-Lloyd BV (1996) The detection of somaclonal variants 

of beet using RAPD. Plant Cell Rep 15: 474-478 

Murata M, Orton TJ (1982) Analysis of karyotypic changes in suspension culture of 

celery. In: Fujiwara A (ed) Plant tissue culture. Japanese Association for Plant 

Tissue Culture, Tokyo, pp 435-436 

Murashige T, Skoog F (1962) A revised mediimi for rapid growth and bioassays with 

tobacco tissue culture. Physiol Plant 15: 473-497 

Nadha HK, Kumar R, Sharma RK, Anand M, Sood A (2011) Evaluation of clonal fidelity 

of in vitro raised plants of Guadua angustifolia Kunth using DNA-based markers. 

J Med Plant Res 5(23): 5636-5641 

Nagaoka T, Ogihara Y (1997) Applicability of inter-simple sequence repeat markers in 

wheat for use as DNA markers in comparison to RFLP and RAPD markers. Theor 

Appl Genet 97: 597-602 

168 



Negi D, Saxena S (2010) Ascertaining clonal fidelity of tissue culture raised plants of 

Bambusa balcooa Roxb. using inter simple sequence repeat markers. New Forest 

40:1-8 

Neves LO, Tomaz L, Favereiro MPS (2001) Micropropogation of Medicago truncatula 

Gaertn. c.v. Jemalong and Medicago truncatula ssp. narbonensis. Plant Cell Tiss 

Org Cult 67: 81-84 

Nongrum I, Kumaria S, Tandon P (2008) Multiplication through in vitro seed 

germination and pitcher development in Nepenthes khasiana Hook, f, a unique 

insectivorous plant of India. J Hortic Sci Biotechnol 84(3): 329-332 

Nongrum I, Kumar S, Kumaria S, Tandon P (2012) Genetic variation and gene flow 

estimation of Nepenthes khasiana Hook. F- A threatened insectivorous plant of 

India as revealed by RAPD markers. J Crop Sci Biotech 15(2): 101-105 

Novak FJ (1980) Phenotype and cytological status of plants regenerated from callus 

cultures of Allium sativum L. Z Pflanzenzeucht 84: 250-253 

Oono K (1985) Putative homozygous mutations in regenerated plants of rice. Mol Gen 

Genet 198: 377-384 

Orton TJ (1984) Genetic variation in somatic tissues: method or madness? Adv Plant 

Path 2: 153-189 

Orton TJ (1980) Chromosomal variability in tissue cultures and regenerated plants of 

Hordeum. Theo Appl Genet 56: 101-102 

Pack KY, Hahn EJ (1999) Variations in African violet 'Crimson Frost' micropropagated 

by homogenized leaf tissue culture. Hort Technol 9(4): 625-628 

Palombi MA, Damiano C (2002) Comparison between RAPD and SSR molecular 

markers in detecting genetic variation in kiwifiiiit (Actinidia deliciosa A Chev). 

Plant Cell Rep 20: 1061-1066 

Panda MK, Mohanty S, Subudhi E, Acharya L, Nayak S (2007) Assessment of genetic 

stability of micropropagated plants of Curcuma longa L. by cytophotometry and 

RAPD analyses. Int J Integr Biol 1: 189-195 

169 



Parsons BJ, Newbury HJ, Jackson MT, Ford-Llyod BV (1997) Contrasting genetic 

diversity relationships are revealed in rice {Oryza sativa L.) using different 

marker types. Mol Breed 3: 115-125 

Pereira S, Fernandez J, Moreno J (1996) Variability and grouping of northern Spanish 

chestnut cultivars. II. Isoenzyme traits. J Am Soc Hortic Sci 121: 190-197 

Peschke VM, Phillips RL (1992) Genetic implications of somaclonal variation in plants. 

Adv Genet 30: 41-75 

Peyvandi M, Noormohammadi Z, Banihashemi O, Farahani F, Majd A, Hosseini-

Mazinani M, Sheidai M (2009) Molecular analysis of genetic stability in long-

term micropropagated shoots of Olea euroaea L. (ev. Dezfiil). Asian J Plant Sci 8: 

146-152 

Phulwaria M, Rai MK, Shekhawat NS (2013) An improved micropropagation ofArnebia 

hispidissima (Lehm.) DC. and assessment of genetic fidelity of micropropagated 

plants using DNA-based molecular markers. Appl Biochem Biotechnol 170(5): 

1163-1173 

Phillips RL, Kaeppler SM, Olhoft P (1994) Genetic instability of plant tissue cultures: 

Breakdown of normal controls. Proc Natl Acad Sci USA 91: 5222-5226 

Piola F, Rohr R, Heizmann P (1999) Rapid detection of genetic variation within and 

among in vitro propagated cedar (Cedrus libani Loudon) clones. Plant Sci 141: 

159-163 

Porebski S, Bailey LG, Baum BR (1997) Modification of a CTAB DNA extraction 

protocol for plants containing high polysaccharide and polyphenol components. 

Plant Mol Biol Rep 15: 8-15 

Pospisilova J, Ticha I, Kadlecek P, Haisel D, Plzakova S (1999) Acclimatization of 

micropropagated plants to ex vitro conditions. Biol Plant 42: 481-497 

Powell W, Morgante M, McDevitt R, Vendramin GG, Rafalski JA (1995) Polymorphic 

simple sequence repeat regions in chloroplast genomes: applications to the 

population genetics of pines. Proc Natl Acad Sci USA 92: 7759-7763 

170 



Prance GT (1997) The conservation of botanic diversity. In: Maxted N, Ford-Llyod BV, 

Hawkes JG (eds), Plant genetic conservation. Chapman and Hall, London, pp 3-

14 

Prasad MNV, Jeeva S (2009) Coal mining and its leachate are potential threats to 

Nepenthes khasiana Hook. f. (Nepenthaceae) that preys on insects - an endemic 

plant in North Eastern India. Bio Di Con 2/3: 29-33 

Predieri S (2001) Mutation induction and tissue culture in improving fruits. Plant Cell 

Tiss Org Cult 64: 185-210 

Qian W, Ge S, Hong DY (2001) Genetic variation within and among populations of a 

wild rice Oryza granulata from China detected by RAPD and ISSR markers. 

Theor Appl Genet 102: 440-449 

Radic S, Prolic M, Pavlica M, Pevalek-kozlina B (2005) Cytogenetic stability of 

Centaurea ragusina long-term culture. Plant Cell Tiss Org Cult 82: 343-348 

Rahman MH, Rajora OP (2001) Microsatellite DNA somaclonal variation in 

micropropagated trembling aspen (Populus tremuloides). Plant Cell Rep 20: 531-

536 

Rao TA, Shanware PG, Tribedi GN (1969) A note on the pitcher plant habitat in Assam. 

Ind For 95: 611-613 

Rao SR, Pandey R, Chandel KPS (1992) Genetic stability studies in regenerated plants of 

Allium tubersum Rottl. ex. Spreng. - A cytological approach. Cytologia 57: 339-

347 

Radhakrishnan R, Ranjitha Kumari B (2008) Morphological and agronomic evaluation of 

tissue culture derived Indian soybean plants. Acta Agric Slov 91:391-396 

Rady MR, Nazif NM (2005) Rosmarinic acid content and RAPD analysis of in vitro 

regenerated basil (Ocimum americanum) plants. Fitoterapia 76: 525-533 

Rady M (2006) In vitro culture of Gypsophila paniculata L. and random amplified 

polymorphic DNA analysis of the propagated plants. Biol Plant 50: 507-513 

171 



Rajeswari V, Paliwal K (2006) In vitro propagation ofAlbizia odoratissima L.F. (Benth.) 

from cotyledonary node and leaf nodal explants. In Vitro Cell Dev Biol Plant 42: 

399-404 

Ranade SA, Rana TS, Srivastava AP, Nair KN (2006) Molecular differentiation in 

Murraya Koenig ex L. species in India inferred through ITS, RAPD and DAMD 

analysis. Curr Sci 90:1253-1258 

Ranade SA, Rana TS, Narzary D (2009) SPAR profile and genetic diversity amongst 

pomegranate (Punica granatum L.) genotypes. Physiol Mol Biol Plants 15: 61-70 

Rani V, Raina SN (1998) Genetic analysis of enhanced- axillary branching derived 

Eucalyptus tereticornis Smith and E. camaldulensis Dehn. plants. Plant Cell Rep 

17: 236-242 

Rani V, Raina SN (2000) Genetic fidelity of organized meristem derived 

micropropagated plants: a critical reappraisal. In Vitro Cell Dev Biol Plant 36: 

319-330 

Rani D, Dantu PK (2012) Direct shoot regeneration from nodal, intemodal and petiolar 

segments of Piper longum L. and in vitro conservation of indexed plantlets. Plant 

Cell Tiss Org Cult 109: 9-17 

Rani V, Parida A, Raina SN (1995) Random amplified polymorphic DNA (RAPD) 

markers for genetic analysis in micropropagated plants of Populus deltoides 

Marsh. Plant Cell Rep 14: 459-462 

Rani V, Singh KP, Shiran M, Nandy S, Goel S, Sreenath HL, Raina SN (2000) Evidence 

for new nuclear and mitochondrial genome organizations among high frequency 

somatic embryogenesis-derived plants of allotetraploid Coffea arabica L. 

(Rubiaceae). Plant Cell Rep 19: 1013-1020 

Rathore TS, Tandon P, Shekhawat NS (1991) In vitro regeneration of pitcher plant 

{Nepenthes khasiana Hook, f.) - A rare insectivorous plant of India. J Plant 

Physiol 139: 246-248 

Ray T, Dutta I, Saha P, Das S, Roy SC (2006) Genetic stability of three economically 

important micropropagated banana {Musa spp.) cuhivars of lower Indo-Gangetic 

172 



plains, as assessed by RAPD and ISSR markers. Plant Cell Tiss Org Cult 85: 11-

21 

Razaq M, Heikrujam M, Chetri SK, Agrawal V (2012) In vitro clonal propagation and 

genetic fidelity of the regenerants of Spilanthes calva DC. using RAPD and ISSR 

marker. Physiol Mol Biol Plants 19(2): 251-260 

Reuveni O, Israeli Y (1990) Measures to reduce somaclonal variation in in vitro 

propagated bananas. ActaHortic 275: 307-313 

Reynolds EH (1987) Early treatment and prognosis in epilepsy. Epilepsia 28: 97-106 

Rhoades MM, Dempsey E (1972) On the mechanism of chromatin loss induced by the B 

chromosomes of maize. Genetics 71: 73-96 

Rhoades MM, Dempsey E (1973) Chromatin elimination induced by B chromosomes of 

maize. I. Mechanism of loss and the pattern of endosperm variegation. J Heredity 

64: 12-18 

Rivera FN (1983) Protein and isoenzyme banding patterns among Philippine cooking 

bananas and theu- wild parents (Musa species). Paradisiaca 6: 7-12 

Rodrigues PHV (2008) Somaclonal variation in micropropagated Heliconia bihai cv. 

Lobster Claw I plantlets (HeUconiaceae). Sci Agric 65: 681-684 

Rodrigues PHV, Tuhnaim Neto A, Cassieri Neto P, Mendes BMJ (1998) Influence of the 

number of subcultures on somaclonal variation in micropropagated Nanico {Musa 

spp., AAA group). Acta Hortic 490: 469-473 

Roels S, Escalona M, Cejas I, Noceda C, Rodriguez R, Canal MJ, Sandoval J, Debergh P 

(2005) Optimization of plantain {Musa AAB) micropropagation by temporary 

immersion system. Plant Cell Tiss Org Cult 82:57-66 

Roth R, Ebert I, Schmidt J (1997) Trisomy associated with loss of maturation capacity in 

a long-term embryogenic cultures of Abies alba. Theor Appl Genet 95: 353-358 

Rossetto M, Shepherd M, Cordeko GM, Harriss, FCL, Lee LS, Henry RJ (1999) Cross 

species amplification of microsatellite loci: a valuable tool for genetic studies in 

plants. Plant and Animal Genome VII Conference, San Diego, California, USA, 

17-21 January 

173 



Rout GR, Das G (2002) An assessment of genetic integrity of micropropagated plants of 

Plumbago zeylaneca by RAPD markers. Biol Plant 45(1): 27-32 

Roy SC (1980) Chromosomal variation in the calliises tissues of Allium tuberosum dXidA. 

cepa. Protoplasma 102: 171-176 

Royo JB, Itoiz R (2004) Evaluation of the discriminance capacity of RAPD, isoenzymes 

and morphologic markers in apple (Malus x domestica Borkh.) and the 

congruence among classifications. Genet Resour Crop Evol 51: 153-160 

Sabir A, Newbury HJ, Todd G, Catty J, Ford-Loyd BV (1992) Determination of genetic 

stability using isozymes and RFLPs in beet plants regenerated in vitro. Thoer 

Appl Genet 84: 113-117 

Sacristan MD (1971) Karyotypic changes in callus cultures from haploid and diploid 

plants ofCrepis capillaries (L) Wallr. Chromosoma 33: 173-183 

Saiki RK, Scharf S, Faloona F, MuUis KB, Horn GT, Erlich HA, Amheim N (1985) 

Enzymatic amplification of beta-globin genomic sequences and restriction site 

analysis for diagnosis of sickle cell anemia. Science 230: 1350-1354 

Saker MM, Bekheet SA, Taha HS, Fahmy AS, Moursy HA (2000) Detection of 

somaclonal variations in tissue culture-derived date palm plants using isoenzyme 

analysis and RAPD fingerprints. Biol Plant 43: 347-351 

Saker MM, Adawi SS, Mohamad AA, Ei-itriby HA (2005) Monitoring of cultivar 

identity in tissue culture derived date palms using RAPD and AFLP analysis. Biol 

Plant 50: 198-204 

Salvi ND, George L, Eapen S (2001) Plant regeneration from leaf base callus of turmeric 

and random amplified polymorphic DNA analysis of regenerated plants. Plant 

Cell Tiss Org Cult 66: 113-119 

Sarmento D, Martins M, Oliveira MM (2005) Evaluation of somaclonal variation in 

almond using RAPD and ISSR. Options Mediterraneennes 63: 391-395 

Santos MDM, Buso GCS, Torres AC (2008) Evaluation of genetic variability in 

micropropagated propagules of ornamental pineapple [Ananas comosus 

174 



\2^.bracteatus (Lindley) Coppens and Leal] using RAPD markers. Genet Mol Res 

7 (4): 1097-1105 

Schlotterer C (2004) The evolution of molecular markers - just a matter of fashion? Nat 

Rev Genet 5:63-69 

Schmid M, Guttenbach M (1988) Evolutionary diversity of reverse (R) fluorescent 

chromosome bands in vertebrates. Chromosoma 97: 101-114 

Schweizer D, Ehrendorfer FW (1976) Giemsa banded karyotypes, systematics, and 

e\o\ution in Anacyclus (Asteraceae-Anthemideae). Plant Syst Evol 126: 107-148 

Semple JC, Chmielewski JG, Lane MA (1989) Chromosome number determinations in 

fam. Compositae, tribe Astereae. III. Additional coimts and comments on generic 

limits and ancestral base numbers. Rhodora 91: 296-314 

Sen J, Sharma AK (1991) In vitro propagation of Coleus forskohlii for forskohlin 

synthesis. Plant Cell Rep 9: 696-698 

Senapati SK, Aparajita S, Rout GR (2013) Micropropagation and assessment of genetic 

stability in Celastrus paniculatus: an endangered medicinal plant. Biologia 68(4): 

627-632 

Sheridan WF (1974) Plant regeneration and chromosome stability in seven year old callus 

culture of lily. Abst. No. ICPCATC 

Sharma SK, Tandon P (1986) Influence of growth regulators on asymbiotic germination 

and early seedling development of Coelogym puntulata Lindl. In: Vij SP (ed) 

Biology, conservation and culture of orchids. Affiliated East-West Press Pvt Ltd, 

New Delhi, pp 441-451 

Sharma S, Bryan G, Winfield M, Millam S (2007) Stability of potato (Solanum 

tuberosum L.) plants regenerated via somatic embryos, axillary bud proliferated 

shoots, microtubers and true potato seeds: a comparative phenotypic, cytogenetic 

and molecular assessment. Planta 226: 1449-1458 

Sharma SK, Rawat D, Kumar S, Kumar A, Kumaria S, Rao SR (2010) Single primer 

amplification reaction (SPAR) reveals intra-specific natural variation in Prosopis 

cineraria (L.) Druce. Trees Struct Funct 24: 855-864 

175 



Sharma SK, Kumaria S, Tandon P, Rao SR (2011) Single primer amplification reaction 

(SPAR) reveals inter- and intra-specific natural genetic variation in five species of 

Cymbidium (Orchidaceae). Gene 483: 54-62 

Sharma SK, Bhowmik SSD, Kumaria S, Tandon P, Rao SR (2012) Low genetic diversity 

as revealed by SPAR methods possibly leads to extinction of two critically-

endangered and endemic species of Mantisia. Biol Plant 56 (2): 292-300 

Sheikh SA, Kondo K, Hoshi Y (1995) Study on diffiised centromeric nature of Drosera 

chromosomes. Cytologia 60: 43-47 

Sheikh SA, Kondo K (1995) Differential Staining with Orcein, Giemsa, CMA, and DAPl 

for Comparative ChromosomeStudy of 12 Species of Australian Drosera 

(Droseraceae). Am J Dot 82: 1278-1286 

Shenoy VB, Vasil IK (1992) Biochemical and molecular analysis of plants derived from 

embryogenic tissue cultures of napier grass {Pannisetum purpureum K Schum). 

Theor Appl Genet 83: 947-955 

Singh A, Negi MS, Moses VK, Venkateswarlu B, Srivastava PS, Lakshmikumaram M 

(2002) Molecular analysis of micropropagated neem plants using AFLP markers 

for ascertaining clonal fidelity. In Vitro Cell Dev Biol Plant 38: 519-521 

Singh M, Saroop J, Dhiman B (2004) Detection of mtra-clonal genetic variability in 

vegetatively propagated tea using RAPD markers. Biol Plant 48: 113-115 

Singh R, Srivastava S, Singh S, Sharma M, Mohopatra T, Singh N (2008) Identification 

of new microsatellite DNA markers for sugar and related traits in sugarcane. 

Sugar Tech 10: 327-333 

Singh SK, Rai MK, Sahoo L (2012) An improved and efficient micropropagation of 

Eclipta alba through transverse thin cell layer culture and assessment of clonal 

fidelity using RAPD analysis. Ind Crop Prod 37: 328-333 

Singh SR, Dalai S, Singh R, Dhawan AK, Kalia RK (2013) Ascertaining clonal fidelity 

of micropropagated plants of Dendrocalamus hamiltonii Nees et Am. ex Munro 

using molecular markers. In Vitro Cell Dev Biol Plant 49(5): 572-583 

176 



Siragusa M, Carra A, Salvia L, Puglia A, De Pasquale F, Carimi F (2007) Genetic 

instability in calamondin (Citrus madurensis Lour.) plants derived from somatic 

embryogenesis induced by diphenylurea derivatives. Plant Cell Rep 26:1289-1296 

Skirvin RM, Norton M, McPheeters KD (1993) Somaclonal variation: has it proved 

useful for plant improvement? Acta Hortic 336: 333-340 

Skirvin RM, McPheeters KD, Norton M (1994) Sources and frequency of somaclonal 

variation. Hortic Sci 29: 1232-1237 

Smith JJ, Scott-Craig JS, Leadbetter JR, Bush GL, Roberts DL, Fulbright DW (1994) 

Characterization of random amplified polymorphic DNA (RAPD) products of 

Xanthomonas compestris and some comments on the use of RAPD products in 

phylogenetic analysis. Mol Phylo Evol 3: 135-145 

Soltis DE, Soltis PS (1989) Isozymes in plant biology. Dioscorides Press, Portland 

Southern EM (1975) Detection of specific sequences among DNA fragments separated 

by gel elecfrophoresis. J Mol Biol 98(3): 503-508 

Sreedhar RV, Venkatachalam L, Bhagyalakshmi N (2007) Genetic fidelity of long-term 

micropropagated shoot cultures of vanilla {Vanilla planifolia Andrews) as 

assessed by molecular markers. Biotechnol J 2: 1007-1013 

Sree Ramulu K (1987) Genetic instability during plant regeneration in potato: origm and 

implications. Plant Physiol 6: 211-218 

Sree Ramulu K, DijkhuisP, Roest S (1983) Phenotypic variation and ploidy level of 

plants regenerated from protoplasts of tetraploid potato (Solarium tuberosum L. 

cv. 'Bintje'). Theo Appl Genet 65: 329-338 

Srivastava A, Joshi AG (2009) In vitro behaviour of nodal explants of Portulaca 

grandiflora under the influence of cytokinins. Acta Univ Latv 753: 43-48 

Srivastava S, Gupta PS, Srivastava BL (2005) Genetic relationship and clustering of 

some sugarcane genotypes based on esterase, peroxidase and amylase isozyme 

polymorphism. Cytologia 70: 355-363 

Staub JE, Serquen FC (1996) Genetic markers, map construction, and their application in 

plant breeding. Hortic Sci 31: 729-741 

177 



Straus J (1954) Maize endosperm tissue grown in vitro. II. Morphology and cytology. 

Am J Bot 41: 833-839 

Sujatha G, Kumari BDR (2007) Effect of phytohormones on micropropagation of 

Artemisia vulgaris L. Acta Physiol Plant 29: 189-195 

Sumner AT (1990) Chromosome Banding. Unwin Hyman, London 

Sun ZX, Zheng KL (1990) Somaclonal variation in rice. In: Bajaj YPS (ed) 

Biotechnology in agriculture and forestry. Springer-Verlag, Berlin, pp 288-325 

Sunderland N (1977) Nuclear cytology. In: Street HE (ed) Plant tissue and cell culture. 

Blackwell Scientific Publishers, Oxford, pp 177-205 

Supriyanto Rohr R (1994) In vitro regeneration of plantlets of Scots pine {Pinus 

sylvestris) with mycorrhizal roots from subcultured callus initiated fi-om needle 

adventitious buds. Can J Bot 72: 1144-1150 

Sutherland GR, Richards RI (1994) Dynamic mutations. Am Sci 82: 157-163 

Swama J, Ravindhran R (2012) In vitro propagation and assessment of genetic integrity 

of Talinum triangulare (Jacq.) Willd: a valuable medicinal herb. Acta Physiol 

Plant 34(5): 1987-1996 

Swartz HJ (1991) Post culture behaviour, genetic and epigenetic effects and related 

problems. In: Debergh PC, Zunmerman RH (eds) Micropropagation: technology 

and application. Kluwer Academic Publishers, Dodrecht, pp 95-122 

Schweizer D (1976) Reverse fluorescent chromosome bandmg with chromomycin and 

DAPI. Chromosoma 58: 307-324 

Schweizer D (1981) Counterstain-enhanced chromosome banding. Hum Genet 57: 1-14 

Tandon P, Rathore TS (1994) Mass clonal propagation of the threatened Indian 

insectivorous plant (Nepenthes khasiana) through shoot bud culture. In: Tandon P 

(ed) Advances in plant tissue culture in India. Pragati Prakashan, India, pp 185-

192 

Tandon P, Kumaria S (1998) Threats to plant diversity in high altitude of North-East 

India and conservation of rare and endangered plants using biotechnological 

178 



approaches. In: Saha S, Ray PK, Sinha B (eds) Science at high altitude. Pro Natl 

Sym Allied PubUshers Ltd, India, pp 140-147 

Tandon P, Kumaria S (2005) Prospects of plant conservation biotechnology in India with 

special reference to Northeastern region. In: Tandon P, Sharma M, Swarup R 

(eds) Biodiversity: status and prospects. Narosa Publishing House, New Delhi, pp 

79-92 

Tandon P, Kumaria S, Choudhury H (2007) Plantlet regeneration of Pinus kesiya Royle 

ex Gord. from mature embryos. Indian J Biotechnol 6: 262-266 

Tandon P, Kumaria S, Nongrum I (2009) Conservation and management of plant 

resources of Northeast India. Indian J Tradit Know 8(1): 29-34 

Tani N, Tomaru N, Tsumura Y, Araki M, Ohba K (1998) Genetic structure within a 

Japanese stone pine (Pinus pumila Regel) population on Mt. Aino-dake in Central 

Honshu, Japan. J Plant Res 111:7-15 

Tautz D, Renz M (1984) Simple sequences are ubiquitous repetitive components of 

eukaryotic genomes. Nucleic Acids Res 12: 4127-4138 

Taylor PWJ, Geijskes JR, Ko HL, Fraser TA, Henry RJ, Bnch RG (1995) Sensitivity of 

random ampUfied polymorphic DNA analysis to detect genetic changes in 

sugarcane during tissue culture. Theor Appl Genet 90: 1169-1173 

Thomas TD, Yoichiro H (2010) In vitro propagation for the conservation of a rare 

medicinal plant Justicia gendarussa Burm. f by nodal explants and shoot 

regeneration from callus. Acta Physiol Plant 32: 943-950 

Thomson RH (1987) Naturally occurring qumones III. Chapman and Hall, New York 

Thorman CE, Farreira ME, Camargo LEA, Tivang JG, Osbom TC (1994) Comparison of 

RFLP and RAPD markers to estimate genetic relationships wdthin and among 

cruciferous species. Theor Appl Genet 8: 973-980 

Tsumara Y, Ohba K, Strauss SH (1996) Diversity and inheritance of inter-simple 

sequence repeat polymorphisms in Douglas-fir (Pseudotsuga menziesii) and sugi 

{Cryptomeria japonicd). Theor Appl Genet 92: 40-45 

179 



Vallejos CE (1983) Enzyme activity staining. In: Tankley SD, Orton TS (eds) Isozymes 

in plant genetics and breeding. Elsvier, Amsterdam, pp 469-516 

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

genetic fidelity of in vitro raised Lillium bulblets through RAPD markers. In Vitro 

Cell Dev Biol Plant 37: 227-231 

Vasil nc (1985) Somatic embryogenesis and its consequences in gramineae. In: Henke R, 

Hughes K, Constantin M, HoUaender A (eds) Tissue culture in forestry and 

agriculture. Plenum Press, New York, pp 31-47 

Vasil IK(1994) Automation of plant propagation. Plant Cell Tiss Org Cult 9: 105-108 

Veilleux RE, Johnson AAT (1998) Somaclonal variation: molecular analysis, 

transformation, interaction, and utilization. Plant Breed Rev 16: 229-268 

Veitch HJ (1897) Nepenthes. J R Hortic Soc 21(2): 226-262 

Verma OP (2012) Standardization of auxin concentration for root induction in 

Chrysanthemum morifolium. Adv Appl Sci Res 3 (3): 1449-1453 

Verma A, Kumar N, Ranade SA (2004) Genetic diversity amongst landraces of a 

dioecious vegetatively propagated plant, betelvine (Piper betle L.). J Bios 29: 

319-328 

Venkatachalam L, Sreedhar RV, Bhagyalakshmi N (2007) Genetic analysis of 

micropropagated and regenerated plantlets of banana as assessed by RAPD and 

ISSR markers. In Vitro Cell Dev Biol Plant 43: 267- 274 

Vidal MDC, De Garcia E (2000) Analysis of a Musa spp. somaclonal variant resistant to 

yellow Sigatoka. Plant Mol Biol Rep 18: 23-31 

Viehmaimova I, Fernandez CE, Hnilicka F, Robles CD (2007) The influence of growth 

regulators on root induction in vitro of the Musa genus. Agricultura Tropica Et 

Subtropica 40 (3): 115-120 

Virk PS, Newbury HJ, Jackson MT, Ford-Lloyd BV (1995) The identification of 

duplicate accessions within a rice germplasm collection using RAPD analysis. 

Theor Appl Genet 90: 1049-1055 

180 



Vos P, Rogers R, Bleekers M, Reijans M, Lee TV, Homes M, Frijters A, Pot J, Peleman 

J, Kuiper M, Zabeau M (1995) AFLP: a new technique for DNA finger printing. 

Nucleic Acid Res 23: 4407-4414 

Vosa CG (1970) Heterochromatin recognition with fluorochromes. Chromosoma 30: 

366-372 

Vosa CG (1976) Heterochromatin classification in Vicia faba and Scilla sibirica. 

Chromosomes Today 5: 185-192 

Watanabe A, Araki S, Kobari S, Sudo H, Tsuchida T, Uno T (1998) In vitro propagation, 

restriction fragment length polymorphism, and random amplified polymorphic 

DNA analysis of Angelica plants. Plant Cell Rep 18: 187-192 

Watson JD, Gihnan M, Witkowsk J, Zoller M (1992) Recombinant DNA. Scientific 

American Books, New York 

Weising K, Nybom H, Wolff K, Kahl G (2005) DNA fingerprinting in plants: principles, 

methods, and applications. Taylor and Francis, New York 

Welsh J, McClelland M (1990) Fingerprinting genomes using PCR with arbitrary 

primers. Nucleic Acids Res 18: 7213-7218 

Welter L, Gokturk-Baydar N, Akkurt M, Maul E, Eibach R, Topfer R, Zyprian E (2007) 

Genetic mapping and localization of quantitative trait loci affecting fungal disease 

resistance and leaf morphology in grapevine (Vitis vinifera L). Mol Breed 20: 

359-374 

Williams, JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV (1990) DNA 

polymorphism amplified by arbitrary primers are usefiil as genetic markers. 

Nucleic Acids Res 18: 6531-6535 

Winberg BC, Shod Z, Dallas JF, Mclntyre CL, Gustafson JP (1993) Characterization of 

minisatellite sequences from Oryza sativa. Genome 36: 978-983 

Wolfe AD, Liston A (1998) Contributions of PCR-based methods to plant systematics 

and evolutionary biology. In: Soltis DE, Soltis PS, Doyle JJ (eds) Molecular 

systematics of plants II, DNA sequencmg. Kluwer Academic Publishers, New 

York, pp 43-86 

181 



Wolff K, Richards MM (1998) PCR markers distinguish Plantago major subspecies. 

Theor Appl Genet 96: 282-286 

Yan N, Hu H, Huang JL, Xu K, Wang H, Zhou ZK (2006) Micropropagation of 

Cypripedium flavum through multiple shoots of seedlings derived from multiple 

seeds. Plant Cell Tiss Org Cult 84: 114-118 

Yeoman MM, Street, HE (1997) General cytology of cultured cells, hi: Street HE (eds) 

Plant cell and tissue. Volume 2. University of California Press, Berkely, pp 136-

176 

Zaid A, Al Kaabi H (2003) Plant-off types in tissue culture-derived date pahn {Phoenix 

dactylifera L.). Emirates J Agric Sci 15: 17-35 

Ziauddin A, Kashi JK (1990) Long-term callus cultures of diploid barley {Hordeum 

vulgare). II. Effects of auxins on chromosomal status of cultures and regeneration 

of plants. Euphytica 48: 279-286 

Zhang Y, Wei Z-M, Xi M-L, Shi JS (2006) Direct organogenesis and plantlet 

regeneration from mature zygotic embryos of masson pine (Pinus massoniana L.). 

Plant Cell Tiss Org Cult 84: 119-123 

Zhang M, Wang H, Dong Z, Qi B, Xu K, Liu B (2010) Tissue cultureinduced variation at 

simple sequence repeats in sorghum {Sorghum bicolor L.) is genotype-dependent 

and associated with down-regulated expression of a mismatch repair gene, MLH3. 

Plant Cell Rep 29: 51-59 

Zhenxim W, Hongxian L (1997) Chromosome aberration m banana micropropagation. 

Acta Genet Sin 24: 550-560 

Zhou Z, Bebeli PJ, Somers DJ, Gustafson JP (1997) Direct amplification of minisatellite-

region DNA with VNTR core sequences in the genus Oryza. Theor Appl Genet 

95: 942-949 

Zhu LH, Wu ZQ, Qu HY, Ji J, Ye JR (2010) Micropropagation of Pinus massoniana and 

mycorrhiza formation in vitro. Plant Cell Tiss Org Cult 102: 121-128 

Ziemer B (2010) Exciting conservation news: the rare A'epe«//ie5'collection 

project! Camiv Plant Newslett 39(3): 67 

182 



Zietkiewiez E, Rafalski A, Labuda D (1994) Genome fingerprinting by simple sequence 

repeat (SSR)-anchored polymerase chain reaction amplification. Genomics 20: 

176-183 

183 



CURRICULUM VITAE 

Name 

Date of birth 

Nationality 

Sex 

Present Address 

Soibam Pumima Devi 

3'''March 1985 

Indian 

Female 

Plant Biotechnology Laboratory 
Department of Botany 
North-Eastem Hill University 
Shillong-793022, Meghalaya 
Email: devipumima9@gmail.com 

Permanent Address Singjamei Makha Kakv^a Huidrom Leikai 
Imphal West-795008, Manipur 

Educational Qualifications 

Degree Board/ University Year of passing Division Percentage (%) 

HSLC BOSEM, Imphal 

HSSLC COHSEM, Imphal 

B. Sc. (Botany Hons) M f , Imph*J 

M. Sc. (Botany) NEHU, Shillong 

2000 

2002 

2005 

2007 

I 

I 

I 

I 

68.16 

72.20 

82.88 

67.17 

Other achievements 

• Secured 1'' class l" rank in the B. Sc (Hon) Botany Exam conducted by MU, 2005. 
• Secured 1" class 2""* rank in the M. Sc. Botany Exam conducted by NEHU, 2007. 
• Awarded NASI-Swama Jayanti Puraskar Award for the best paper presentation 

during 83'''' Annual Session and Symposium on "Space for Human Welfare" 5* -7* 
December, 2013 held at Goa University, Goa. 

mailto:devipumima9@gmail.com


Publications 

• Devi SP, Rao SR, Kumaria S, Tandon P (2012) Mitotic chromosome studies in 

Nepenthes khasiana- an endemic insectivorous plant of northeast India. Cytologia 

77(3):381-384 

• Devi SP, Kumaria S, Rao SR, Tandon P (2013) In vitro propagation and assessment 

of clonal fidelity oi Nepenthes khasiana Hook, f; a medicinal insectivorous plant of 

India. Acta Physiologeae Plantarum 35: 2813-2820 

• Devi SP, Kumaria S, Rao SR, Tandon P (2014) Single primer amplification reaction 

(SPAR) methods reveal subsequent increase in genetic variations in micropropagated 

plants of Nepenthes khasiana Hook, f maintained for three consecutive 

regenerations. Gene 538: 23-29 

Workshop/Conference attended 

• "Himalayan Biodiversity: Prospects and Challenges", 20* -21" March, 2014 held at 

North-Eastem Hill University, Shillong. 

- Presented a paper (oral) entitled "SPAR analysis for the assessment of genetic 

stability in in v/rro-raised plants of N. khasiana Hook, f; an endangered 

insectivorous plant of India". 

• Workshop on Hands on training on "Next Generation Sequencing and its 

Applications" 3"* - 10* March, 2014 organized under the DBT State level Biotech 

Hub Project at the Department of Botany, North-Eastem Hill University, Shilllong. 

• 83*̂ ^ Annual Session and Symposium on "Space for Human Welfare", 5* -7* 

December, 2013 held at Goa University, Goa. 

- Presented a paper (oral) entitled "Inter simple sequence repeat based evaluation of 

genetic fidelity of micropropagated plants of Nepenthes khasiana Hook, f; a rare 

and endemic insectivorous plant of India". 

• Workshop on "Recend Trends in Genomics and Databases" 24* - 27* September, 

2012, conducted by Bioinformatics Centre, North-Eastem Hill University, Shilllong. 



National Symposium on Plant Cell Tissue and Organ Culture: The Present Scenario 

and XXXI Annual Meeting of Plant Tissue Culture Association (India), 3^*'-5* March 

2010 held at University of Calcutta, Kolkata. 

- Presented a paper (oral) entitled "High plantlet regeneration of Nepenthes 

khasiana Hook. f. in vitro propagation of nodal explants". 

Work experience 

• Worked as Junior Research Felllow (September, 2008 - March, 2011) in DBT 

sponsored research project entitled 'Species recovery programme for Nepenthes 

khasiana, Mantisia spathulata and M. wengerii" sanctioned to Prof Pramod Tandon 

[Research Grant No. BT/PR-7055/BCE/08/437/2006]. 

• Worked as Junior Research Felllow (June, 2011 - till present) in DBT sponsored 

project entitled 'Establishment of State level Biotech Hub" sanctioned to Prof 

Pramod Tandon [Research Grant No. BT/04/NE/2009]. 



©2012 The iapanMcmkl Society O'Wfogw 77(3): 381 384 

Mitotic Chromosome Studies in Nepenthes khasiana. 
An Endemic Insectivorous Plant of Northeast India 

Soibam Pumima DevP, Satyawada Rama Rao^*, 
Suman Kumaria^ and Pramod Tandon^ 

' Dq>artinem of Botany, Nortb-E»siem Hill University, Sliillong-793022, Indii 
' Deparlnienl of Biotechnology & Bioinformatics, North-Easteni Hiil University, 

Shil!on^793022, India 

Received April 23. 2012; accepted Aug?al 5. 2012 

Summary Chromosome counts were carried out in root tip celts of Nepenthes khasiana 
(Nq>enthaceae). a threatened insectivorous plant of Northeast India. N. khasiana has become threat­
ened in its natural habitat due to overexploitation for its medicinal uses as well as its ornamental im­
portance. Plantlcts o( Nepenthes khasiana collected from Jarein, Meghalaya were cytologically ana­
lyzed. All the root tip cells analyzed showed the chromosome number of 2n=%0 without any 
variati(»is. Kaiyomorphoiogical studies were not plausible in this species due to the relatively small 
9ze of the chromosomes. 

Key wonb Nepenthes khaxiana. Mitosis. Insectivorous, Polyploidy, Karyotype. 

The genus Nepenthes belonging to the family Nepenth^eae is one of the largest genus among 
the insectivorous plants. It comprises of about 134 species (McPherson 2009) of which only one 
species is found in India (Bordoloi 1977). Nepenthes khasiana Hook, f. is the only species found in 
India and occurs as an endemic species of Meghalaya. ]t is believed that the species represents an­
cient endemic remnants of oldo* iiora w h ^ usually occur in land masses of geological antiquity 
(Paleoendemics), (Bramweil 1972). In India, it is usually found growing from the west Khasi Hills 
to the east Khasi Hills, in the Jaintia Hills, and in the east to west and south Garo Hills from 1000 
to 1500 m altitude (Mao and Khaibuli 2002). It is a climbing undershmb which ranges from a few 
centimeters to several meters in height (Bordoloi 1977). The midrib of its leaves extends from the 
tip of the leaf which modify into showy and brightly colcnircd pitchers to trap a wide group of in­
sects so as to compensate nitrogen and energy deficiency in the soil (Kitcbing and Schofield 1986). 

The population of N. khasiana has dwituiled in the last few decades due to multifarious an­
thropogenic activities such as dcforest^on, jhura cultivation, ovcrcxploitation and forest fires (Jain 
and Sastry 1980). Consequently, it has become threatened in Its natural habitat and has been re­
garded as an endangered plant in Appendix I of CITES. The plant is also being collected, regularly, 
by local plant collectors because of its fascinating pitcher. N. khasiana is often purchased from the 
markets and hybridized to produce a diversity of pitcher characters (Mao and ICharbuli 2002). 
Therefore, the species is of great botanical and horticultural interest (Khoshbakht and Hammer 
2007, Mukcrjcc et at. 1984). 

Although many researchers have worked on Nepenthes on dilTercnt aspects such as enzymes 
present in the digestive fluid (Nakayama and Amagase 1968, Tokes el al. 1974, Rottloff et al. 
2011); development of the pitchers (Owen and Lennon 1999); insect trapping mechanism (Salmon 
1993, Moran 19%); taxonomy (Check and Jcbb 1009); multiplication and micropropagation (Laiha 
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and Seent 1990, Rathore et al. 1991. Nongmra et al. 2008); and recently a few concerted efforts for 
molecular characterization of genomic DNA have been made (Meimberg et al. 2005, Eilenberg et 
al. 2006, Bhau et al. 2009, Nongrum et al. 2012). However, there is still a lack of basic information 
of the genetics such as chromosome number. Although certain passing rcmarics about the chromo­
some counts were made by a few researchers (2«=80; Heubl and Wistuba 1997), no convincing in­
formation on chromosome biology can be traced in the published literature. Therefore, an approach 
to determine the somatic chromosome number of Indian representatives of Nepenthes has been 
made in the present investigation. 

Materials and methods 

The plant materials used in present investigation were collected from Jarain, Meghaiaya, 
Northeast India. The plants were grown in greenhouse conditions at the Plant Biotechnology 
Laboratory. Department of Botany, North-East«Ti Hill University, Shillong. Plante were raised in 
earthen pots for obtaining actively growing root tips. The collection time of root tips was around 9 
a.m. The root tips of about 0.5-1.0cm long were excised and prctrcatcd with 0 . 0 0 2 M 8-hydroxy-
quinoline solution for 3 h at room temperature before they were fixed in Camoy's fluid consisting 
of 3:1 of propanol and propanoic acid for 24 h at room temperature. The rootstock were preserved 
after fixation in 70% (v/v) ethanol and stored in a refrigerator till utilized for squash preparations. 
The fixed root tips were hydrolyzed in 5N HCl a for 1 h at room temperature and were subse­
quently stained in leuco-basic fiischin stain for 45 min under dark conditions. The stained root tips 
were squashed in a drop of 1% propiono-carmine under the cover glass. The cells were flattened by 
taping followed by removal of excess stain with Whatman filter paper pieces. Micro-photographs 
were taken using a Jenoptik CCD camera (Germany) attached to a Labomed LX 400 fluorescent 
microscope at lOOX magnification. At least 5 celb with countable chromosomes from each slide 
were used for the determination of chromosome counts. 

\ 
Results and discussion 

Chromosome complements ofN. khastana were studied to ascertain the somatic chromosome 
number in various plant collections. Somatic chromosome number has been unambiguously re­
corded as 2«=80 in all the cells studied (Figs. 1, 2) with no evidence of any numerical variations 
whatsoever. The chromosomes arc characterized by their small size and it was not practicable to 
determine the position of the centromere(s) convincingly. Therefore, the study has been focused on 
chromosome counts alone. 

Documentation of chromosome numbers in the genus Nepenthes was probably first carried out 
by Heubl and Wistuba (1997) where they have reported a chromosome number of 2«=80 in about 
14 species of Nepenthes including Nepenthes madagmcariensUs, N. perviUe't, N. distillatoria, N. 
khasiana, N. rafflesiana, N. truncata, SI. stenophylla, N. gracilis, M. eymai, N. thorelii, N. veeitchii, 
N. albomarginata, N. reinwardtiana, N. tentaculata. Members of Nepenthaceac arc known for re­
markable uniformity in chromosome numbers of 2n=80 without any indication of numerical varia­
tions. Our studies are in agreement with these reports. However, Kondo (1969) reported a deviant 
chromosome number of 2«-78 in N. rafflesiana and N. thorelii. Thus, there is good evidence that 
Nepenthes could be a dibasic genus with Jt=5 or 10. However, such observations need to be sub­
stantiated with infonnation on greater numbera of species representing the entire genetic spectrum 
of the genus. 

Chromosome size, condensing behaviour of chromatin and interphase nuclei are considered to 
be similar to that of Droseraceae (Heubl and Wistuba 1997). In view of the known phylogenetic 
background, one can assume that most members of Nepenthaceac are palaeopolyploids with the 
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F ^ 1-2. Chromosoine comptemeats of Nepenthes kheafanc showing somatic chromosome number 
2n=80. (Magnification lOOOx) 

basic number jr»5 or 10. The loss of taxa with lower ploidy levels, the high chromosome number, 
the pataeotropic distribution, uniformity in many characters and the reduced genetic variability all 
support the assumpticm that in Nepenthes, diploid and lower polyploids have already gone extinct 
(Heubl and WIstuba 1997). Based on our study, N. khasiana. could be regarded as a polyploidy 
taxa (8r or Idx), and accordingly the basic chromosome number of jr=5 or 10. Chromosome counts 
provide indispensable information on genetic discontinuities within and among species and they 
contribute to our understanding of phylogenetic relationships at all taxonomic levels (Semple et al. 
1989). Due to the lack of chromosome information on many other species of the genus as well as 
difficulties in karyotype studies of the species, it is premature to predict the cytogenetical mecha­
nisms of evolution in the genus. Therefore, ftirther cytogenetical investigations related to meiotic 
analysis of species and their hybrid derivatives are essential to ellucidate taxonomic and phyloge­
netic relationships among the species of the genus Nepenthes. 
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Abstract An efficient in vitro protocol for large-scale 
multiplication of Nepenthes khasiana, a threatened insec­
tivorous plant of India, has been developed from nodal 
stem segments. The highest shoot proliferation of 
19.16 ± 0.23 shoots/explant was recorded in half-strength 
Murashige and Skoog (MS) medium supplemented with 
2.5 mg/1 kinetin, 2.0 mg/1 6-benzyl aminopurine, 3 % 
sucrose and 0.8 % agar. The best rooting was achieved in 
half-strength MS medium supplemented with ZO mg/1 
a-naphthalene acetic acid with an average of 9.04 ± 0.46 
roots/shoot. The plantlets were successfully transferred to 
the greenhouse with survival rate of 92 %, exhibiting 
normal development. Cytological and random amplified 
polymorphic DNA (RAFD) analyses were carried out to 
assess the genetic integrity of the regenerated plantlets. 
Cytological analysis revealed no change in chromosome 
number with cells studied showing 2n = 80. Of the 80 
primers screened for RAPD analysis, 14 primers resulted in 
clear and scorable bands. A total of 72 amplification 
products were obtained out of which only 4.1 % bands 
were polymorphic. Cluster analysis of the RAPD profile 
revealed an average similarity coefficient ranging from 
0.98 to 1.0, thus suggesting genetic stability in the micro-
propagated plants of N. khasiana. 
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Introduction 

Nepenthes khasiana Hook. f. is the only insectivorous 
pitcher plant found in India. It belongs to the monogeneric 
family Nepenthaceae with polyploid chromosome number 
of 2« = 80 (Devi et al. 2012). The plant species is endemic 
to Meghalaya and is found growing from West Khasi Hills 
to East Khasi Hills, Jaintia Hills, East to West and South 
Garo Hills from 1,000 to 1,500 m altitude (Mao and 
Kharbuli 2002). The leaves of N. khasiana modify into 
brightly coloured pilchos that develop at the tip of the 
leaves to trap a wide group of insects so as to compensate 
nitrogen and energy deiiciency in the soil (Kitching and 
Schotield 1986). The plant is traditionally used by different 
indigenous communities of Meghalaya for treatment of 
various ailments viz. cataract, night blindness, various skin 
diseases, diabetes, urinary troubles, cysts, vaginal tumours 
and leprosy (Bocdoloi 1977). The local herbalists of Khasi 
and Jaintia hills prescribe the fluid of the pitcher for the 
effective treatment of diabetes and painful urination (Devi 
and Venugopal 2006). Unsustainable harvest due to phe­
nomenal increase of unscientific prescription by the local 
(M-actiticneis has led to rapid depletion of the species in its 
natural habitat. The species is also in great demand for its 
ornamental value due to its curious pitcher and has thus led 
to its fuither exploitation. Also, the rampant coal mining in 
Jaintia Hills of Meghalaya drastically affects die regener­
ation of this species (Prasad and Jeeva 2009). The con­
servation ofN. khasiana is imperative because it is on the 
verge of extinction. The plant has been listed as an 
endangered plant in Appendix-I of CITES (Convention on 
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Imernatioiial Trade in Endangered Species of Wild Fauna 
and Flora) and Negaiive Usl of Exports of the Government 
of India (Ziemer 2010). 

Under natural conditions, seeds of N. khasiana take 
223 days to genninate and the percentage of germinatioa is 
also very low (Botdoloi 1977). In vitro techniques are 
considered as reliable methods for the rapid propagation 
and conservation of several rare and endangered plants 
(Tandon and Kumaria 1998). In vitro muMpUcation for 
large-scale pFCf>agation of N. khasiana has been adiieved 
using seeds to conserve this rare and unique pitcher plant 
of India (Nongrum et al. 2008). Although there are reports 
of plantlet regeneration in N. khasiana by some workers 
(Rathone et al. 1991; Tandon and Raihore 1994; Lariia and 
Seeni 1994; Bahadur et al. 2008) through enhanced axillary 
branching, the number of shoots initiated in die explants is 
relatively low. Also, the sustainability of the tissue culture 
techniques depends upon the production of true-to-type 
plants and maintenance of the genetic integrity of in vitro 
raised plants with regard to the explant sotirce so that the 
advantages in the use of elite gerulypes over natural 
seedlings is maintained. Axillary branching is considered 
to be one of the methods which are least susceptible to 
somaclonal variations. However, genetic stability cannot 
be guaranteed in the tissue culture-rmsed plants as thoe are 
reports of genetic variations in micropropagated plants 
(Feyissa et al. 2O07; Peyvandi et aL 2009). Therefore, 
periodic monitoring of the degree of genetic stability of 
in vitro raised plants is of utmost imp<Htance for com­
mercial utilization of the technique for large-scale pro­
duction of true-to-type plants of the desired goiotype 
(Larkin and Scowawft 1981). 

Molecular markers along with the cytological studies 
can be used to assess die genetic homogeneity of the 
regenerated plants. Among the different molecular mark­
ers, polymerase chain reaction (PCR)-based random 
amplified polymorphic DNA (RAPD) marker is exten­
sively used to analyse genetic stability in tissue culture-
derived plants (Lattoo et al. 2006; Mallon et al. 2010; 
Swama and Ravindhran 2012). RAPD is technically 
simple, quick to perform, requires small amounts of 
DNA and no prior information about the genome is 
required (Williams et al. 1990). Although there are reports 
on the study of genetic diversity among the different 
populations of N. khasiana (Bhau et al. 2009; Nongrum 
et al. 2012), there are no reports available yet on analysis 
of genetic stability in micropropagated plants of f/. kha­
siana. Therefore, the present study attempts to develop an 
efficient and reproducible method for the mass propaga­
tion of N. khasiana and to assess the genetic stability in 
the micropropagated plants using cytological as well as 
molecular approaches. 

Materials and methods 

Plant material, culture media and growth conditions 
for multiple shoal induction 

Single-nodal segments (2-3 cm) collected from the two-
ycars-old donor plant were thoroughly washed under run­
ning water for 30 min to remove any adherent particles, 
immersed in 5 % (v/v) laboratory detergent (Labolene, 
Qualigens, India) for 20 min, rinsed under tap water and 
kept for 1 h in a fungicide (1 % Bavistin). These were then 
surface sterilized with 0.2 % l^Cl2 (wAr) solution for 8 min 
and rinsed 4-S times with stoilized distilled water. Finally, 
ihe explants (~ 1.0 cm) were excised aseptically and cul­
tured in shoot induction medium. The nutrient medium used 
in all the experiments consisted of MS (Murashige and 
Skoog 1962) salts and vitamins with 3 % (w/v) sucrose 
(Himedia, India). Activated charcoal (O.OS % w/v) and 
ascorbic acid (50 m ^ ) were also added in the medium. The 
mediimi was solidified with 0.8 % (w/v) agar (Himedia, 
India) and the pH of the medium was adjusted to 5.8 before 
autoclaving at 121 °C for 15 min. The explants were cul­
tured in full strength, half-strength and one-fourth strength 
MS medium supplemented with kinetia (KN; 1.0-3.0 mg/l) 
and 6-benzyl amincyurine (BAP; 1.0-3.0 mg/l), »ngly and 
in combination. The percentage of explants producing 
shoots and the number of differentiated shoots per explant 
were recorded after 8 weeks of culture. All the cultures were 
maintained at 25 ± 2 °C under 14 h photoperiod with 
a photosynthetic photon flux density (PPFD) of 
60.2 nmol m~^ s~' supplied by cool white fluorescent 
lamps (40 W, Philips, India) with 65-70 % RH. 

Rooting and acclimatization 

The elongated shoots were transferred to half-strength MS 
mecUum supplemented with various concentrations 
(0.5-2.5 mg/l) of a-Napdialeneacetic acid (NAA) and 
Indole-3-butyric acid (IBA). The cultures were maintained 
under similar physical culture conditions as described 
earlier. Plantlets with well-developed roots (2-3 cm) and 
shoots (7-8 cm) were washed with sterile water to remove 
any traces of agar iirom Ihe roots before being transplanted 
into diennocol pots containing different substrata viz., 
garden soil with fine stone particles in the ratio 1:1, sand 
with charcoal and garden soil in the ratio 1:1:1 and garden 
soil with sand in the ratio of I:l(v/v). Hie pots and 
plantlets were covered with perforated plastic bags to 
ensure high humidity. The plastic bags were removed after 
2 weeks and the plants were transferred into a greenhouse. 
The survivability of the transferred plantiets was recorded 
after 8 weeks of transfer. 
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Statistical analysis 

All the experiments were p«f ormed with a tninimuni of 20 
replicates for each treatment and each experiment was 
repeated three times. In shoot multiplication, the percent­
age of response of explants, mean nvunber of shoots per 
explant and shoot length were measured. FCH° root induc­
tion, mean number of roots and root length v/etc recorded. 
The data were collected after 8 weeks for shoot multipli­
cation and 4 weeks for rooting experiments. Data were 
analysed statistically using analysis of variance (ANOVA) 
to detect significant differences between means and the 
means were compared using Tukey's test at 5 % proba­
bility level. 

Cytological analysis 

Mitotic slides for cytological studies were prepared fol­
lowing the method of Devi et al. (2012). Actively growing 
root tips (0.5-1.0 cm) excised from five randomly selected 
7-month$-old micK^ropagatcd plants and the mother plant 
were pretreated with 0.002 M 8-hydroxyquinoline solution 
for 3 h at room temp^ature. The root tips were then fixed 
for 24 h at room ten^rature in Camoy's fluid consisting 
of 3:1 propanol and propanoic acid The fixed root tips 
were hydiolysed in 5 N HQ for I h at room temperature 
and were subsequentiy stained in leuco-basic fiischin stain 
for 45 min in dark condition. The stained root tips were 
squashed in a drop of 1 % {xopiono-carmine under the 
cover glass. The micro-photographs were taken using Je-
noptik CCD camera (Germany) attached to Labomed UC 
400 fluorescent microscope at x 100 magnification. At least 

ten cells with countable chromosomes from each slide were 
used for the determination of chromosome counts. 

DNA exU'action and RAPD analysis 

Total genomic DNA was extracted from fresh leaves of the 
mother plant and right randomly selected in vitro regen­
erated plants using modified CTAB m ^ o d (Porebski et al. 
1997). The DNA quality was checked by electrophoresis 
on 0.8 % agarose gel and the quantification was done with 
Lamda 35 qiectrometcr (PeikinElmer, USA). 

Random amplified polymorphic DNA (RAPD) analysis 
was performed following the method described by Wil­
liams rt al. (1990). PCR were carried in a total volume of 
25 111 conlaining 30 ng template DNA, 200 \iM each 
dNTPs, 1.5 mM MgCla, IX PCR buffer, 0.6 U Taq poly­
merase (Bangalore Genei, India) and 5 pmol of primers 
(Operon Technologies, USA). PCR was performed in a 
Thermal Cycler (Applied Biosystem, USA) with a pro­
gramme consisting of pre-PCR cycle at 95 "C for 4 min 
and 30 s; 34 °C for I min and 72 °C for 2 min followed by 
initial denaturation at 94 °C for I min and 40 cycles of 
1 min at 94 *C, I min at 38 °C, 2 min at 72 "C and a cycle 
of final extension at 72 °C for 10 min. Amplification 
products were separated by electrophoresis using 1.2 % 
agarose gel in IX Tris borate-EDTA (TBE) buffer stained 
with ethidium bromide under 70 V constant power supply 
for 3 h and photographed under UV with Gel logic 100 
imaging system (Biosteps, Germany). A total of 80 de-
camer oligonucleotide primers from OPA, OPC, OPH and 
OPK series were screened for amplification of RAPD 
fr^ments. 

Table 1 Effect of BAP and 
KN on multiple sboot 
fonnation linxii nodal 
explants of N. khasiana 
cultured in 1/2 MS medium 

Means followed by the same 
letters witliin columns are not 
significantly different at tbe 3 % 
level according to Tiilceys test 
Data recorded after 8 weeks of 
culture 
S£ staixlard error 

KN(mgfl) 

1.0 

U 
2.0 
2.5 
3.0 

-
-
-
-
-
25 
25 
25 
25 
25 

BAP(mgA) 

-
-
-
-
-
1.0 
15 
2.0 
2.5 
3.0 

1.0 
15 
2.0 
2.5 
3.0 

%of lesponse 

O.rf' 
erf" 
33.32° 
50.23' 
41.66^ 
58.34* 

66.67* 
75.13* 
75.52* 
70.12* 
66.24' 
79.16* 
91.68* 
83.72* 
70.00* 

Avetage shoot numbn 

0.0 ± 0.0* 
0.0 ± 0.0* 

1.87 ±0.65' 
4.04 ± o.ir 
2X» ± 0.56" 
237 ± 0.42* 

4.25 ± 0.63* 
SM ± 0.62* 
354 ± 0.44** 
250 ± 0.34* 

9.12 ± 0.25" 
13.20 ± 0.20^ 
19.16 ± 0.23* 
14.41 ± 0.26'" 
11.29 ±0.28*" 

Mean shoot length (cm) 

0.0 ± O.O' 
oja ± 0.0* 

1.62 ± 0.15' 
U 9 ± 0.07" 
2J0S±0.(Xf 
2.10 ± 0.04" 

1.13 ± 0.04* 
0.81 ±0.12* 
1.02 ± 0.02* 
1-32 ± 0.07" 
154 ± 0.07" 
3.00 ± 0.03* 
3.04 ± 0.00* 
2J6±0.U* 
2A0 ± O.Vf 
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Fig. 1 Micropropagatioo of 
Nepenthes khasUma a Initiatioo 
of shoot bud m 1/2 
MS + 2^ mg/I KN + 2.0 mgrt 
BAP (Bar 1 cm), b Multiple 
shoot inductioa after subculture 
in the same medium; 5 weeks 
old (Bar 1 cm), c bolated shoot 
before rooting (Bar 1 cm). 
d Plantlet with well developed 
pitchers (Bar I cm), e Complete 
plantlet with toots in MS 
medium supplemented widi 
2.0 mg/I NAA (Bar 1 cm). 
f Hardened plantlets (Bar 5 cm) 

Results and discusskui 

Multiple shoot induction 

Single shoot emerged within 2 weeks of culture from the 
nodal stem segments in half-strength MS medium treated 
with KN and BAP, eilher alone or in combination. The 
development of multiple shoots was observed after the 
single shoots were subcultured in the media supplemented 
with the same concentrations of KN and BAP Of the 
different concentrations of KN (1.0-3.0 mg/1) used singly, 

the maximum number of shoots with an average of only 
4.04 ± 0.72 shoots per explant were initiated at 2.5 mg/I 
KN in the medium (Table 1). However, with 2.0 mg/1 BAP 
in (he medium, the number of shoot was increased to 
5.04 ± 0.62 shoots per explant. In the present study, it was 
also observed that BAP (1.0-3.0 mg/1) when used in 
combination with the optimal concentration of KN 
(2.5 mg/1) significantly enhanced the shooting frequency. 
The medium supplemented with 2.5 mg/1 KN and 2.0 mg/1 
BAP was proven to be the best for shoot induction with 
maximum response of explanis (91.68 %) as well as the 
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Table 2 Rooting of in vitro 
regenerated shoots of N. 
khasiana in 1/2 MS naedtum 
suppletneoted with NAA and 
IBA 

Means followed by the same 
letters within columns are not 
significantly different at the 5 % 
level acomling to Tukeys test. 
Data recorded after 4 weeks of 

culture 
S£ standard error 

NAA(mg/l) 

05 
1.0 
IJi 
10 
2J 

-

IBA (mg/1) 

-

-
-

0 5 
1.0 

2.0 
2.5 

% of response 

54.l6*« 
62.50" 
79. IS"" 
95.54* 

70.86** 
33.35" 
41.12'* 
50.00^^ 
62.64-
45.74°' 

Average root number 

2.66 ± 0.52* 
3.41 ± 0.57"" 
4.41 ± 0.51'" 
9.04 ± 0.46* 

5.12 ± 0.70* 
1-50 ± 0.49' 
1.70 ± 0.43* 
3.25 ± 0.^' 
2.66 ± 0.44d'' 

2.04 ± 0.47' 

Mean root length (cm) 

1.07 ± 0.20°^ 
2.00 ± 0.32'" 
339 ± 0.36"* 
3J8±0.16* 
2.10 ± 0.40=* 
0 J 7 ± 0 . 1 I ' 
0.91 ± 0.22*' 
2.04 ± 0.50° 
1.21 ± 0.19^ 
1J9 ± 0.31* 

I . • • • • \ ;%• » • . . « I 
/ #1 : : / 

F ^ 2 Chromoeotse complonents of NepetiAes Hiaaitma, 2ii = 80 
(Bar 10 (im) 

maximum number of shoots (19.16 ± 0.23 shoots pa 
explant) and shoot length (3.04 ± 0.00 cm) (Fig. la , b; 
Table 1). KN and BAP had a synergistic effect on multiple 
shoot induction in N. khasiana. Similar stimulatory effect 
of cylokinins on shoot multiplication has been well docu­
mented in other plant species (Babu et al. 2(K)3; Ahmed 
et al. 2007; Tandon el al, 2007; Kumar et al. 2010; Dang 
et al. 2011). The number of shoots per explant was found to 
decrease with an increase in the levels of KN and BAP in 
ihc medium suggesting the inhibitory effect of cytokinin at 
higher concentrations, confirming the results of Swama and 
Ravindhran, (2012). This may be due to the supra-optimal 
concentrations of the growth regulators which are not 
desirable for the growth of the plants (Sharma and Tandon 
1986). Addition of activated charcoal (0.05 % w/v) and 
ascorbic acid (50 mg/1) reduced leaching from the cultured 
cxplants. This may be attributed to their ability to adsorb 
phenolic compounds produced by the explants. In the 
present study, the reduced strength of medium was found to 
be suitable for shoot multiplication from nodal explants as 
it had be«i reported that a low concentration of nutrients is 

required for growth of ;V. khasiana (Kitching and Schofield 
1986). 

Rooting and acclimatization 

The effect of diffwent auxins on root induction of shoots 
has been presented in Table 2. In the present study, NAA 
was found to be more effective than IBA for root induction, 
A significant response on root induction and pitcher 
development was observed within 4 weeks of culture in the 
medium supplemented with NAA (Rg. Ic-e). The regen­
erated shoots cultured in half-strength MS supplemented 
with 2.0 mg/1 NAA developed maximum frequency of 
95.54 % with an average of 9.04 ± 0.46 roots/shoot 
(Table 2). However, the addition of IBA in the medium did 
not have any significant effect on root induction. Earlier 
reports have also shown the elTectiveness of NAA in root 
initiation in N. khasiana (Rathore et al. 1991; Tandon and 
Rathore 1994). Similarly, the efficiency of NAA on rooting 
was reported in several plant species (Ceasar et al. 2010; 
Swama and Ravindhran 2012). 

Of the different potting mixtures tested, garden soil with 
sand in the ratio of l:l(v/v) was found to be best suited for 
the hardening of the complete plantlets (Hg. If). The 
compost used was suitable for growth of plantlets as it 
might have facilitated p r t ^ r drainage and aeration for root 
respiration. Use of polythene bags was beneficial as it 
could retain moisture for the growth of the plants. These 
plantlets had a healthy root system and leaves with well-
developed pitchers ensuring proper growth. The plantlets 
were established in the glass house in about 3-4 months 
with 92 % of survival rate. The regenerated plants were 
transplanted to soil successfully and were observed to be 
morphologically similar to the parental plants. 

Cytological analysis 

Cytogenetic analysis showed that thne was no change in 
chromosome number of the regenerated plants. All the cells 

Springer 



2818 Aoa Physiol Plant (2013) 35:2813-2820 

M 1 2 3 4 5 6 7 8 9 M M 1 2 3 4 5 6 7 8 9 M 

W? 

Fig. 3 RAPD profiles of Nepenthes khanana with inimen a OPKIO, b OWM. Lane M SOD bp ladder. Lane 1 mocber ptem. Lane* 2-9 
micropropagatcd plants 

Tables Details of RAPD 
pnmers used in detecnng 
genetic stability in the 
regenerated plants 
of N. khanana 

SI. 
no. 

1 
2 

3 
4 

S 

6 
7 

8 

9 

to 
11 
12 

13 
14 

Primer 
code 

OPH-1 
OPH-5 

OPH-6 

OPH-11 

OPK-10 
OPK-U 

OPK-I2 

OPK-13 
OPK-14 

OPK-17 

OPK-18 
OPK-19 

OPC-7 

OPA-ll 

Pnmer sequence 
(5'-3') 

GGTCGGAGAA 

AOTCGTCXXX: 

ACGCATCGCA 
CTTCCXJCAaT 

GTCX:AACGTG 

AATGCCCCAG 

TGGCCCrCAC 

GGTTGTACXX: 

CCCGCTACAC 
CXX:AGCTGTG 

CCTAGTCGAG 
CACAGGCOOA 

GTCCCGACGA 

CAATCGCCGT 

Total 

No. of scorable bands 
per primer 

2 

3 

6 

3 
7 

7 

5 

5 
5 

9 
7 

3 

5 
5 

72 

No. of polymorphic 
band 

0 

1 

0 
0 

0 

0 
0 

1 

0 

0 
0 
0 

0 
1 

3 

% polymorphic 
bands 

0 

33.3 

0 

0 

0 

0 

0 

20 

0 
0 

0 
0 

0 
20 
4.1 

from the root tips of the mother plant and the microprop-
agated plants exhibited chromosome number of 2n = 80 
(Rg. 2). Due to the very small size of the chromosomes, 
the study has been focused on the chromosome count only. 
Mitotic irregularities underlie the occurrence of chromo-
scxnal variations in plant tissue culture (Larkin and 
Scowcroft 1981). Therefore, cytogenetic studies can pro­
vide information about abnormal mitosis or changes in 
ploidy levels (Radic et al. 2005). Unequal chromosome 
distributim, involving the distribution of replicated chro-
mosonws unequally into only one daughter cell, results in 
polyploidization in tissue culture (Lee and Phillips 1988). 
Cytologjcal approach has been successfully used to deter­
mine the genetic stability/variations in micropropagatcd 
plants (Pandey et al. 1992; Mallon et al. 2010; Hao and 
Deng 2002). 

RAPD analysis 

A total of 80 primers were screened for assessment of 
genetic homogeneity of the regenerated plantlets and 
among them 14 primers resulted in clear, unambiguous, 
consistently reproducible unifonn and scorable bands. Of 
the 72 amplification products, only 4.1 % bands were 
polytnorphic, while the rest were monomorphic. The 
number of bands varied from 2 (OPH-1) to 9 (OPK-17) 
(Fig. 3a, b; Table 3). Amongst the 14 amplified primers, 11 
primers produced monomorphic bands and 3 primers pro­
duced polymorphic bands. A dendrogram (Rg. 4) was 
generated by cluster analysis using Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) method based on 
Jaccard's coefficient which indicated that genetic similarity 
amtxig the micropropagatcd plants ranged from 0.98 to 
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J 

CMOUUM 

LM 

F ^ 4 Deodrogtun iUustntiqg coefficient similarities ainang c^m-
eiated plants and die motber ^ant by the UFGMA duster analysis 
(NTSYS) 

1.00. Relatively low genetic variation in D N A (4.1 %) 

observed amongst the regenerants and ihe mother plant 

may be due to various factors such as in vitro process and 

its duration, hormonal balance, in vitro stress, induced by 

added biochemicals, or other nutritional conditions, all of 

which are known to induce somaclonal variations (De-

varumath et al. 2002) . Cknetic variations induced in the 

morphologically similar regenerants have also been 

reported in other plant species (Feyissa et al. 2007; 

Chandrika et al. 2008; Razaq et al. 2012). R A P D tedinique 

has widely been used to test the genetic stability o f in vitro 

grown planu including Musa paradisiaca (Venkatachalam 

et al. 2(X)7), Dendrocalamus hamiltonii (Agnihotri et al. 

2009), Mantisia spathulata and M. wengeri (Bhowmik 
et al. 2009) and Talinum triangulare (Swama and Rav-
indhran 2012). 

Conclusion 

The present investigation describes an efficient and simple 
method for the micropropagation ofN. khasiana which can 
be effectively used for its conservation through mass 
propagation and also reports, for the first time, the 
assessment of ^netic stability in the regeneranu. This 
study also demonstrates that RAPD marker in conjunction 
with the cytogenetic study could be successfully employed 
to evaluate the genetic stability of the tnicropropagated 
plants of N. khasiana. 
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A B S T R A C T 

The genetic fidelity of in vitm-rased plants of three successive r^enentions oINepemhes khasiana Hook. f. was 
assessed usmg three different single primer amplificabon reaction (SPAR) methods, viz, random amplified poly­
morphic DMA (RAPO), inter-simple sequence repeat (ISSR) and dirett amplification of minisatellite ONA region 
(DAMD) markers. Out of 80 RAPD primers screened, 14 pnmcrs reflected a gcretic varianon of 4IX in the first 
regenerationwhichwasincieasedto94S!iiithelh»dregeneration lnthecaseoflSSR,outor36pnmerssaeened 
for assessment of genetic homogenatyof the regenerated planUets. 12 pnmcrs showed an increase of genetic 
variation from 4.3% to lOX from the first to the third regenerations. In DAMD profiling, 15 pnmers were used 
for the evaluation of genetic fidelity where 8.47% of polymorphism was observed m the first regeneration 
which was inaeased to 13.33% m the third regeneration. TTie cumulative analysis reflected a genetic variation 
of S.65% in the first regeneration wh«:h increased subsequently to 7 77% in the second regeneration and 
10£7% in the third regeneration, the present smdy demonstrates SPAR technique to be an efliacnt tool for the 
assessment of ckmal fidelity of in vitra-ratsed plants. 

C 2014 Elsevier av All rights neserved. 

1. Intniductioii 

Nepenthes khasiana Hook, f., the only representaave of the genus 
Nepenthes in India belraigs to the monotypit family Nepal thaceae and 
is a rare and endangered insectivorous plant found in Northeast India 
This species captures insects with the help of curious and attrartive 
pitchers and digests the proteins of trapped insects thereby 
supplementing nitrogenous salts. The species is of great botanical and 
horticultural interest (Khoshbakht and Hammer. 2007; Mukeqee 
et al., 1984). The fluid of the unopened pitcher of N. khasiana is used 
by local inhabitants as an eye drop for redness, itching, to ciu-e cataract 
and night blindness and is also taken for stomach troubles, diabetes, 
leprosy and for female diseases (Joseph and Joseph, 1986; Kumar 
et al. 1980; Rao ei al., 1969). Habitat destruaion. deforestation, urban 
develt^ment developmental projects, road laying and modern agncul-
ture, and fragmentation of large contiguous populations into isolated 
small and scattered ones have rendered the species increasingly 

Abbtrvmtioiu KN. irnean, BAP, e-beiuylaminopunne; NAA, a-fupttvaleneacedcaod, 
MS,MurdshigeandSkoogined]uiTi,PCR,j)olymer£ecluinre«cUon RAPD.r̂ ndomampli-
fled polymorphic DNA ISSR, inter smpie sequence repeats DAMD d red amp̂ fiĉ tion of 
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vulnerable to environmental stochasticity, which would ultimately 
lead to its extinction. Tile plant is also being collected and exported by 
kjcal plant collectors to other states of India on account of the fascinat­
ing beauty of its pitcher (Bhau et al. 2009). The species has been classi­
fied as a threatened species and is included in the list of rare and 
threatened taxaoflndia (Jain and Baishya, 1977, Jain and Sastn, 1980). 

Plant tissue culture techniques have been successfully applied for 
rapid clonal multiplication and conservation of many rare and endan­
gered plant species (Tandon and Kumaria, 1998). In vitm mulnplicaaon 
for laige-scale propagation of N khasiana has been achieved using seeds 
as well as explants in order to conserve this pitcher plant of India (Latha 
andSeeni, 1994,NongrumetaL,2009;RathoreetaL, 1991, Tandon and 
Rathore, 1994) For large-scale production, efficiency of propagation 
methods is of pnme importance, but perhaps even more important is 
the genetic stability of m vitro regenerated plantlets (Haisel et al, 
2001) Many of the regenerated plantlets may not be the clonal copies 
of their donor genotype when passaged through m vitro cultures The 
occurrence of cryptic genetic defects ansmg due to somadonal varia­
tions in the regenerants can senously limit the broader utility of 
the micropropagation system (Salvi et al, 2001) Therefore, it is of 
paramount importance to monitor the genebc uniformity in the 
micropropagated plants for the commercial utilizaaon of true-to-type 
plants of the desired genotype. 

Of the vanous DI^A-based molecular markers, random amplified 
polymorphic DNA (RAPD) and inter simple sequence repeats (ISSR) 

http://www.alsavier.com/locata/gsne
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are very simple, fast, cost-effective, highly discnminatrve and reliable. 
They require only a imall quanuty of DNA sample and do not need 
any pnor sequence information to design the primer They are, thus, 
widely used for assessment of the genetic fidelity of in vitro raised 
clones as well as genetic diversity studies, in the recent years, the 
PCR-based single pnmer ampliflcaaon reaction (SPAR) methods 
which include (a) direct amplification of minisatellite DNA regions 
(DAMD) (Heath et al., 1993); (b) inter simple sequence repeat (ISSR) 
(Gupta et al., 1994) and (c) random amplified polymorphic DNA 
(RAPO) (Welsh and McClelland, 1990; Williams et aL, 1990) are gaming 
prominence as effective tools f « genetic diversity studies in plants and 
they collectively provide a cwTiprehensive descnption of the nature and 
extent of the diversity (Bhattacharya et aL, 2005; Ranade et al.. 2009). 
This technique would be more precise for the establishment of genetic 
fidelity in the micropropagated plants before they are transferred to 
the field for conservation. However, little information on studies of 
genetic fidelity of m vitro-raised plants using SPAR approach can be 
traced in the literatures. In the present study, we attempt to assess the 
genetic stability of in vitro-raised plants of N. khmiana using three 
different SPAR methods. 

2. IVUterials and methods 

21 Ptam material and culture conditions 

Axillary cultures of N. Wtasiana were established m vitro through 
nodal explants collected from Jarain, Meghalaya, Northeast India 
following the protocol descnbed by Devi et al. (2013). Single-nodal 
segments (2-3 cm) were thoroughly washed under running water for 
30 mm to remove any adherent particles, immersed in 5% (v/v) 
laboratory detergent (Labolene.Qualigens, India) for 20 mm, and rinsed 
under tap water before finally treating with fungiade (1% Bavistin) for 1 
h. These were then surface stenlized with 0.2% HgQi (wA') solution for 
8 min and nnsed 4-5 times widi stenlized disDiied water. The explants 
(-1.0 cm) were finally excised aseptically and cultured in shoot induc-
non medium. The nutrient medium used consisted of MS salts and vita­
mins with 3% (w/v) sucrose (Himedia, India) (Murashige and Skoog, 
1962). Artivated charcoal (0.05% w/v) and ascorbic acid (50 mg'l) 
were also incorporated in the medium. The medium was solidified 
widi 0.8% (wAf) agar (Himedia, India) and the pH of the medium was 
adjusted to 5.8 before autoclaving at 121 °C for 15 min. The explants 
were cultured in half-strength MS supplemented with 25 mg,1 kmetm 
(KN) and 2.0 mg/16-benzyl aminopunne (BAP). The elongated shoots 
were transferred to half strength MS medium supplemented with 
2.0 mg/l a-napthaleneacetic acid (NAA) for roonng. The second and 
third regenerations were raised using 6 month old nodal stem seg­
ments of the first and the second regenerations respectively All the Clo­
tures were maintained at 25 ± 2 X under a 14 h photopenod with a 
photosynthenc photon flux density (PPFD) of 60.2 nmol m" ' ' s" ' sup­
plied by cool white fluorescent lamps (40 W, Philips, India) with 65-
70% RH. 

22. DNA extiXKtion 

Leaf material for DNA extraction was collected from the donor plant, 
as well as from in vitro propagated plants of the three consecutive 
regenerations (Figs. 1A-F). Frozen leaves were ground and powdered 
in a pre-chilled mortar using liquid nitrogen, and the DNA was then 
extracted using modified CTAS method (Porebski et al, 1997). The 
DNA extracted from the plant matenal, punfied for protein fi-action, 
treated with RNase A was re-preapitated with pre-chilled absolute 
ethanol and subsequently dissolved m Tns-EDTA (TE) buffer The 
quality of DNA was checked by electrophoresis on 0.8% agarose gel and 
the quantification was done with Lambtla 35 spectrometer (RerkinHmer, 
USA). 

23. Amplification reactions with RAPD, ISSR and DAMD pnmers 

RAPD analysis was performed following the method descnbed by 
Williams et al. (1990). Polymerase Chain Reactions were earned in a 
total volume of 25 pi containing 30 ng template DNA 200 (iM each 
dNTPs, 1.5 mM MgCh. I x PCR buffer. 0.6 U Taq polymerase (Bangalore 
Genei, India) and 5 pmol of pnmers (Operon Technologies, USA) 
Initially, pnmers from four kits (A C, H and K) compnsing 20 decamer 
random primers per kit were screened for RAPD reactions with seleaed 
N. khasiana DNA templates. Based on this saeening. pnmers that 
resulted in well-separated hands on agarose gels were selected for the 
amphfication of all the three consecutive regenerations and the donor 
plant PCR was performed m a Thermal Cycler (Applied Biosystems, 
USA) with a program consisting of pre-PCR cycle at 95 °C for 4 mm 
and 30 s; 34 'C for 1 mm and 72 °C for2 mm followed by mitial denatur-
ation at 94 °C for 1 min and 40 cycles of 1 mm at 94 °C, 1 mm at 38 °C, 
2 mm at 72 °C and a cycle of final extension at 72 °Cfor 10 mm. 

A set of 36 ISSR primers was procured from University of Bntish 
Columbia. Canada. DNA amplification was earned out according to 
Gupta et al. (1994). PCR amplification of 50 ng DNA was performed 
40 ng template DNA, 200 \M each dNTTs, 1.5 mM MgOj, 1 x PCR buffer, 
0 6 U Taq polymerase (Bangalore Cenei. India) and 10 pmol of primers 
(Metabion, (>rmany). After initial denaturation at 94 °C for 3 min, 
each cycle cwisisced of I mm denaturation at 94 °C 1 mm of anneahng 
temperature 42-58 'C (depending on the pnmei's Tm and/or according 
to GC contents), at 52 "C, 2 min extension at 72 °C along with 10 min 
extension at 72 °C at the end was earned out 40 dmes 

The DAMD pnmers were custom synthesized ft'om Metabion, 
Germany. DNA amplification was earned out according to Zhou et al. 
(1997). The reaction mixture contained 40 ng template DNA 200 fiM 
each dNTPs, 1.5 mM Mga2, 1 x PCR buffer, 0.6 U Taq polymerase 
(Bangalore Cenei, India) and 10 pmol of primers. DNA amplification 
was performed by ininal denaturation at 94 T for 2 min and 40 cycles 
of 1 mm at 92 X 2 min at 55 °C 2 mm at 72 °C and a cycle of final 
extension at 72 "C for 10 min. 

2.4 Gel efeciropliorcsis 

Amphfication products were separated by electrophoresis in 1.2% 
(RAPD) and 1.5% (ISSR and DAMD) agarose gel in 1 y TBE buffer stained 
with ethidium bromide under 70 V constant power supply for 3 h and 
photographed under UV with Gel logic 100 imaging system (Biosteps, 
Germany). 

23. Data scoring and anafysh 

Only clear and well separated amplicons were scored across all 
samples. These bands were scored independently as either present (1) 
or absent (0). The data were sconfd individually, first for all the primers 
in a SPAR method and subsequently the data sets for all the three 
methods used. A dendrogram was generated by cluster analysis using 
the UPCMA method based on Jactard's coefficient Data generated by 
the three markers were analyzed for the three successive regenerations. 
The cumulative analysis was also earned out for the three molecular 
markers commonly regarded as SPAR for all the three successive 
regenerations. 

3. Results and discussion 

A total of 136 pnmers were screened and 41 pnmers were finally 
selected for further profiling (Table 1). Companson of three different 
SPAR methods and the extent of polymorphism m the three consecutive 
regenerations are represented in Table 2. 
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31 SPARanaljias^r the/irst regeneration 

A total of 80 primers were used for initial screening out of whith 14 
RAPD primers lesulted m 72 cleai, well separated and reproducible 
fragments of vvhich 3 fragments were polymorphit (4 \%) with an 
average of021 polymorphii. bands per primer (Rg 2A) The genetic 
disume recorded using J.xcard s coefficients of similarity ranged from 
0 98 to 1 00 In the case of ISSR profiling 12 primers generated a total 
of 46 fragments of which 2 bands were polymoiphic (4 3%) with an 
average polymorphic band of 0 16 per primer (fig 2B) and showied a 
genetic distance of 096-1 00 Out of 20 DAMD primers screened 15 
pnmers resulted in 5^ clear and scorable bands of which 5 bands 
were polymorphic ( 8 4 A j withanaveiageof0 2l polymorphic bands 
per primer (Fig. 2C) The genetic distance recorded using Jaccard s 
coefficientsofsiniilanty iangedfroiTi098to 1 00 Out of 177 fragments 
produced collectively in the first regeneration, 10 fragments were poly­
morphic (5 65%) with an average polynx)rphK band of 0 24 fragments 
per primer The cumulative data were also used to compute paiiwise 
distances by Jaccard s coeffiaent which showed a distance range of 

0 98-0 99 with an average value of 0 98 amofig the micropropagated 
plants and the mother plant (Fig. 3A) 

32 SPARamlyss pr the second regeneration 

Fourteen RAPD primers resulted in 72 clear well-separated and 
reprixlucible fragments of which 5 fragments were polymorphic 
(6.9%) exhibiting an average polymorphic band of 0 28 per primer 
(Fig 2A) The genetic distarKe recorded using Jaccard s coefficients of 
similarity ranged from 0 96 to 1 00 In the case of ISSR profiling, 12 
pnmers generated a total of 49 fragments of which 3 bands were poly­
morphic (6 ]%) with an average polymorphic band of 0 25 per primer 
(Fig. 2B) and showed a genetic distance of 095-1XK) Out of 20 OAMU 
primers screened 15 primers resulted m 50 clear and sc or able bands 
of which 6 bands were polymorphic (10 10*) with an aveiage ol 0 40 
polymorphic bands per pnmer( Fig 2C) Tlie genetic distance recorded 
using Jaccard s coefficients of similarity ranged from 0 92 to 1 00 Out of 
ISOfiagmaitspioducedcollectivelyintlieseiondiegeiieration, lOfrag 
ments were polymorphic (7 77'^) with average polymorphic bands of 
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Tlblrl 
Details of RAPD, ISSR ^nd DAMD used in the piesent study. 

SLna 

RAPD 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

esR 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

DAMD 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

Primer naine 

OfH-l 
OPH-5 

OPH-8 
OfH- I l 

OPK-10 

OPK-ll 

OPK-12 
OPK-13 
OrK-14 
OPK-17 

OPK-18 
OPK-19 

orc-y 
OPA-11 

Nl 
N2 
N3 
N4 
NS 
N6 
N7 
N8 
N9 
N10 
Nil 
N12 

URBF 

URP2F 
URP2R 

UliI<6R 
URP9F 

URP13lt 
U m 7 R 

URP25F 

URPJOf 

URP32f 
UKraSF 

HBV5 
HVX 
INS 
YN73 

F^mer sequ«iKe (5'-3') 

GCTCCGAGAA 

AcroCTCor 

ACCCATCGCA 
CTTCcGowrr 

GTCCA«:GrC 

MKCaXAC 
TGCCCCTCAC 
GCTTCTACCX: 

CCCGCTACAC 
aCACCTCTG 

tXT^TCGAC 
CACACCCCGA 

GTCCCCACCA 
CAATCCCCCT 

AMCACACACACACAa 

TCTCTCTCTCTCTCTGA 
CACAGAGACACAGACAYT 

CACACACACACACC 

CACACACACACAAC 

CACCACCACCC 
GACGACGACCC 
CACACACACACACT 

ACACACACACACACACAC 
ACACACACACACACACAA 

ACGACCACCACEACCAa; 

ACAaOKACACACACCA 

ATCGMCaCCCACACAACC 

CTGTCCGATCACTTCCTCCC 
aCAGCAAOCArCGCNCAC 
CtXAACCTCCTGCCACCTAC 

ATGTCTCCGATCACmCClt; 

TACATCCCAACTCACACACC 
AATCTCCCCAACCTtWrcCr 
GGACAAGAAGACGATGTCGA 

CCACAACAACAGCATCTCCA 

TACACOOCGATCTACACG 
AACACCCAntTACCACCAC 

CCTCTAGACACCCCT 

ccrcncccTOT 
ACACCCCTCCCG 

(XCCTCGCCCCCCCC 

4.39 fragments per primer. The cumulative data were also used to 
compute pairwise distances by Jaccard's coefficient which showed a 
distance range of 0.96-1.00 with an average value of Q.98 among the 
micropropagated plants and the mother plant (Fig. 3B). 

33. SPAR analpisfor Sie tlunt regenerabon 

Out of 74 scorable bands produced in the case erf RAPD, 7 bands were 
polymwphic (9.4%) with an average of 0.5 polymorphic bands per 
pnmer (Fig. 2A). The genetic distance among the micropropagated 
plants and the mother plant was 0.96-1.00. 12 ISSR primers generated 
a total of 50 fragments of which 5 fragments were polymorphic 
(10.0%) with an average of 0.41 polymorphic bands per primer 
(Fig. 2B). The genetic distance recorded using Jaccard's coefficients of 
similarity ranged from 0.92 to 1.00. In the case of DAMD, 15 primers 
produced a total of 60 scorable bands of which 8 bands were polymor­
phic (13.33%) with an average of 0.53 polymorphic bands per pnmer 
(Fig 2C). The genetic distance recorded using Jaccard's coefficients of 
similarity ranged from 0.95 to 1.00. A total of 184 bands were generated 
collective^ of which 20 fragments were polymorphic (10.87%) whh an 
average of 0.48 polymorphic bands per primer and genetic distance 
recorded using Jaaard's coefficients of similarity ranged from 0.95 to 
I.00(Hg.3C). 
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4. Discussion 

Somatlonal variation is oneof tlie most senous drawbatks in propa­
gation of Crue-to-type plants due to their unpredictable nature (Rahman 
and Rajora, 2001). The phenotypic and genetic variations may occur 
during In vitro propagation and subsequently may give rise to 
somadonal variants (Kaeppler ei al„ 2000). The variations generated 
dunng tissue cultures are generally the consequences of chromosomal 
rearrangements and single gene mutations (Phillips et al.. 1994). 
These may also be caused by the activation of transposable elements 
(Hirochika et al.. 1996), DNA hypomethylation (Jaligot et aL, 2000; 
Keyte et d., 2006; Lukens and Zhan, 2007). genomeadaptatirai to differ­
ent regulatory microrfements (Bogam et al., 1996) and the presence of 
hot spots (Lmacero et aL, 2000). The sub- and supra-optimal levels of 
plant growth substances, espeaally synthetic ones, have also been 
associated with somadonal vanaoon (Matinset al, 2004). 

Genetic variations induced in tissue cultured plants are most likely 
to be reflected in the banding profiles developed by different marker 
systems (Phillips et al., 1994). The use of more than one DNA finger­
printing techniques generates discrete PCR profiles from different 
genomic regions that do not always overlap between them, and, there­
fore ensuring a much wider coverage rf the genome being analyzed 
(Palombi and Damiano, 2002). Therefore, the present investigation 
deals with three different single primer based TCR amplification 
methods to analyze genetic variation in miiropropagated plants of 
N. khasiano maintained for the three consecutive regeneraoons. SPAR 
techniques have been used to analyze intra- as well as inter-species 
genetic diversity in Oryza (Winberg et al., 1993; Zhou et al.. 1997), 
Piper (Verma et al., 2004), mulberry (Bhattachatya et al., 2005), Murraya 
species (Ranade et aL, 2006), Jfllrop/ifl (Kisnar et aL, 2011; Ranade et aL, 
2008), Sopindus (Mahar et aL, 2011), Montisio species (Sharma et al., 
2012) and Vanda (Manners et al, 2013). 

In the present study. DAMD revealed higher percentage of polymor­
phism m comparison to RAPD and iSSR (Table 2), confirming DAMD to 
be the best suited marker system for determining the genetic variation 
m regenerated plants of W khmxma. The three SPAR methods collective­
ly as well as uidividually revealed an inaease of genetic variation 
among the moiphologicaiiy similar regenerants and the dontH- mother 

plant from the first regeneration to the third tegeneranon (Table 2). In 
the present mvesnganon, cumulaave data set showed that genetic 
variation was increased from 5.65% (first regeneration) to 10.87% 
(thud regeneration). This may be due to an increase in duration of the 
regenerants under tissue culture conditions being exposed to various 
factors which induce somadonal variations. Also, the genetic variations 
occur due to accumulation of mutation by factors such asm vitro process 
and Its duration, m w'fro stress induced by biochemtals, or other num-
tional conditions, aB of which are known to induce somackinal vanation 
(Devarumath et al., 2002). In the present study, durmg the initianon of 
cultures, mercuric chlonde was used to surface sterilize the primaiy 
explants which is known to cause o>udanve stress (Patra et al., 2001). 
Moreover, the culture medium was also incorporated with essential 
nutrients md the plant growth regulators, which might be involved in 
resulting oxidative stress, for tnggenng the growth and development 
of the plants. High levels of oxidaove stress cause DNA damage, 
including microsatellite instability in tissue culture raised plants 
(Jackson et aL, 1998). Genomic instability in the phenotypically normal 
regenerants, as m this case, implies ttiat the culture-induced genome 
changes largely occurred at non-coding regions which imposed little 
effect on gene expression (Guo et al, 2006). Polymorphism in the 
DNA profiles while analyzing for genetic fidelity has been reported in 
Codonofsfj lanceolate (Cuo et al.. 2006), Dactyospermum ovahfblium 
(Chandrika et aL, 2008) and ^ilanthes calva (Razaq et al., 2012) using 
PCR-based molecular markers. Corroboratory results using RAPD and 
ISSR markers for testing the clonal fidelity have also been reported in 
other plant speaes (Alizadeh and Singh, 2009, Sreedhar et al, 2007). 
Mishra et al. (2008) could suaessfully employ three single primer 
amplification reaction (SPAR) techniques viz. RAPD, ISSR and DAMD 
for the assessment of genetic stability m micropropagated plants of 
Aegk mamelcs. 

5. Conduston 

SPAR techniques revealed an mciease of genetic variation, although 
relatively low, from first to third regenerations of the micropropagated 
plants of N. khasiana. This variation may further increase if the 
regenerants are cultured for a longer period of time. MiCTopropagation 
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ng. 2. SPAR profiles ofNepfi«(icstft(Blanool«am«lwiihRAfOpnmer(OPKl 3, LantM 5O0bpljdd«nA).ISSRpniTin(N7;LaMM 100b()l»(idCT,B),DAMDpnmer(URP2F UneM 5(X) 
bp Udder, O . U n e l nwther pUnt, lanes 2-9 miaopropagaud plants ot UK first [egenerJUait, L îes 10-17 niiaopiopagated pUmsotllK second regeneration, UIKS 18-25 
ncropropagated pfanis ofUie Itiiid regeneraion. 
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Fig. 3. UPGMA dei>Elrogi9n) generated fbrcumulative band data from the three SPAR methods (KAPD, DAMD and ISSR} illustrating coefficient similarities among regenerated plantsand 
the mother plant (first regeneration. A, second regeneration, B, third regenaation C) 
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using axillary bud proiiferation is considered to be one of the methods 
w h c h g i v e s n s e t o genetically uniform and tnie-to type plants Howev 
er the present investigation clearly shows that this may not always be 
the case which further supports the need for testing nucropropagated 
pfantfets periodically well before thar actual planting m the field and 
confirming the reliability of the miaopropagaoon protocol for its large 
scale production 
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