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1. INTRODUCTION

Ginger (Zingiber officinale Rose.), an important spice crop, is much valued for 

its flavour and medicinal properties. This herbaceous rhizomatous perennial plant is 

believed to have been originated in South East Asia probably India or China.

It is commercially cultivated in India, China, Thailand, Taiwan, Philippines, 

Jamaica, Fiji, Brazil, Mexico, Japan and Indonesia. The area under cultivation in India 

is 1,55,063 ha with production of 7,55,618t ('www.indianspices.com). Karnataka is the 

leading state in cultivation (46511 ha area) with a production of 1,68,31 Ot. India is also 

the largest exporter of ginger, accounting for 19,850t of ginger valued at Rs. 16,863.10 

lakhs ('www.indianspices.com).

Crop improvement through selection and hybridization are not effective in 

ginger due to lack of variability and absence of natural seed set. The earlier crop 

improvement programmes were hence focussed on mutation breeding using y rays and 

ethyl methyl sulfonate (EMS). The mutants thus isolated were low yielders and the 

effect of mutagen treatment vanished in subsequent generations (Giridharan, 1984; 

Dutta and Biswas, 1985; Jayachandran 1989). Hence investigations were made to 

induce variability in ginger through biotechnological tools like in vitro pollination and 

exploitation of somaclonal variation.

Research on somaclonal variation in ginger was initiated at College of 

Horticulture, Kerala Agricultural University from 1996 onwards to exploit the tissue 

culture induced variability. Studies were undertaken in two cultivars viz. Maran and 

Rio-de-Janeiro. Regenerants were produced through various modes of regeneration 

viz. bud culture, indirect organogenesis, and embryogenesis. In vitro induction of 

mutation through y irradiation was also attempted and regenerants produced were 

maintained in the germplasm.

Currently, molecular marker techniques are widely employed to detect and 

. assess somaclonal variation in several crops as they are stable, detectable in all tissues 

and are not confounded by environment, pleiotropic and epistatic effects.

http://www.indianspices.com
http://www.indianspices.com
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RAPD markers could detect somaclonal variation in beet (Munthali et ah, 

1996), garlic (Zahim et ah, 1999), date palm (Saker et ah, 2000), banana (Gimenez et 

ah, 2001 and Mohamed, 2007), tomato (Soniya et ah, 2001) and potato (Ehsanpour et 

ah, 2007) in varying degrees.

Similarly, microsatellite markers were able to detect somaclonal variation in 

grapevine (Welter et ah, 2007), sugarcane (Singh et ah, 2008), cauliflower (Leroy et 

ah, 2001) and potato (Karacsonyi et ah, 2011). AFLP analysis has been used to study 

somaclonal variation in coffee (Sanchez-Teyer et ah, 2003) and eucalyptus (Mo et ah, 

2009).

Use of various molecular marker techniques like AFLP (Wahyuni et ah, 2003), 

ISSR (Prem et ah, 2008; Kizhakkayil and Sasikumar 2010) and RAPD (Sajeev et ah, 

2011; Paul et ah, 2012) have been reported in ginger for variability analysis.

The present investigations on “variability analysis in ginger {Zingiber 

officinale Rose.) somaclones using molecular markers” were conducted at Centre for 

Plant Biotechnology and Molecular Biology (CPBMB), College of Horticulture, 

Kerala Agricultural University, Thrissur during the period February 2012 to May 2013 

to assess somaclonal variation in ginger at molecular level, to study the influence of 

genotype and mode of regeneration on somaclonal variation, to assess the extent of 

variability in somaclones from the original source parent cultivars and to select out the 

variants.





2. REVIEW OF LITERATURE

Ginger is an important commercial spice crop esteemed for its aroma and 

pungency. As natural variability is limited in ginger, tissue culture induced variability 

is being utilized for improvement programmes. Though crop improvement research in 

ginger started as early as 1950, the earlier efforts were mainly focused on evaluation 

of germplasm and selection of high yielding clones (Nybe, 1978; Rattan, 1994) and 

mutation breeding.

The lack of variability for resistance to major diseases (Shankar, 2003) and 

extremely rare seed set make conventional breading programmes ineffective in ginger. 

The crop improvement through biotechnological interventions was attempted in 

ginger. Valsala (1994) tried in vitro pollination and fertilization in ginger, she could 

obtain seed set through in vitro placental pollination but the seed germination was yet 

to be refined. Under these circumstances, in vitro culture induced variation 

(somaclonal variation) constitutes an important source of variability for improvement 

of this valuable spice crop.

2.1 Somaclonal variation

Somaclonal variation is defined as variation originating in cell and tissue 

cultures (Larkin and Scowcroft, 1981). Presently, the term somaclonal variantion is 

universally used for all forms of tissue culture derived variants (Bajaj, 1990). It has 

been exploited in many crops for isolation of desirable plants types showing 

improvement in yield quality and ressistance /  tolerance to biotic and abiotic stresses 

(Bairu et al, 2011). Many factors are found to influence the rate of somaclonal 

variation. They include the mode of regeneration (Evans, 1988; Karp, 1989; Skirvin 

and Janick, 1996; Rani and Raina 2000; Saker et al., 2012), type and concentration of 

growth regulators (Shoemaker et al, 1991; Martin et al, 2006; Jin et a l, 2008), 

explants source (Tsai et al, 1997; Kawiak and Lojkowska, 2004; Chuang et al, 2009) 

Number and duration of subcultures (Bairu et al., 2006; Smykal et al, 2007) Effect of 

stress and genotype (Lee and Phillips, 1988; Etienne and Bertrand, 2003)
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Somaclonal variation was effectively utilized for production of useful 

phenotypic variants in banana (Tan et al, 1993), rye (Trojanowska, 2002) and pearl 

millet (Srivastav et al, 2003) for improving yield in sugarcane (Dhumale et al, 1994), 

barley (Li et al, 2001), banana (Nwauzoma et al., 2002), rice (Rasheed et al., 2003), 

wheat (Arun et a l , 2003) and sunflower (Encheva et al, 2004) for upgrading quality 

in geranium, (Ravindra 2004), chilli (Anu et al, 2004) for disease tolerance in black 

paper (Shylaja, 1996; Sanchu, 2000).

Several techniques of molecular biology are available now a days for detection 

of genetic polymorphism in crop plants. Molecular marker have been widely used for 

estimating genetic diversity, varietal finger printing, linkage mapping, and 

identification of somatic hybrids and for analyzing genetic stability of plants derived 

through tissue culture.

The present investigations entitled “variability analysis in ginger (Zingiber 

officinale Rose.) somaclones using molecular markers” were carried out to assess 

somaclonal variation in ginger at molecular level and to study the influence of 

genotype and mode of regeneration on the extent of somaclonal variability. The study 

also aimed to assess variability in somaclones from the original source parent cultivars 

and to select out the variants. The relevant literature on various aspects of the 

investigations are reviewed in this chapter.

2.2. Isolation of genomic DNA

One pre-requisite for molecular work is the isolation of good quality genomic 

DNA. Doyle and Doyle (1987) reported a protocol for rapid DNA isolation procedure 

from small quantities of fresh leaf tissue.

Porebski et al (1997) standardized DNA isolation protocol for plant material 

containing large quantities of polyphenols, tannins and polysaccharides. The method 

involved a modified CTAB extraction protocol, employing high salt concentration to 

remove polysaccharides and use of polyvinyl pyrrolidone (PVP) to remove 

polyphenols.
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Turmeric and ginger are used as spices and in alternative systems of medicine. 

They are rich in polysaccharides, polyphenols, and alkaloids. A simple and rapid 

method for isolating good quality DNA with fairly good yields from mature rhizome 

tissues of turmeric and ginger has been perfected. Isolated DNA was amenable to 

restriction digestion and PCR amplification Syamkumar et al (2003).

Sharma et al (2008) modified DNA extraction method in tuber crops by 

inactivating protein contaminants by using CTAB or proteinase K and precipitating 

polysaccharides in presence of high concentration of salt.

Amani et al (2011) optimized a simple, rapid and efficient method for leaf 

DNA extraction. This method involved the use of small amount of plant material to 

reduce inhibitory agents (alkaloids and phenol). The procedure involved 

homogenization of the plant leaf in extraction buffer, incubation at 60°C, extraction by 

chloroform: iso-amyl alcohol and finally DNA precipitation by cold isopropanol. The 

results showed that the extracted DNA could be used directly for PCR.

2.3- DNA bulking

Dulson et al (1997) examined the usefulness of bulking equal quantities of 

DNA from 14 to 20 individuals of a cultivar in a study using RAPD marker to 

distinguish between Brassica napus cultivars of varying genetic complexity. For the 

four cultivars assessed (Quantum, OAC Springfield, Innovator and AC Excel), 

consistent presence / absence scores were obtained from bulked DNA samples of three 

different RAPD markers despite a significant degree of variation among samples from 

individuals. Use of bulked DNA samples thus may enable identification of a 

distinguishing profile of RAPD markers whose presence / absence was uniform and 

stable even in complex cultivars.

The use of bulked leaf samples from individual plants for amplified fragment 

length polymorphism (AFLP) analysis was evaluated as a tool for assessment of 

genetic diversity in white clover (Trifolium repens L.). Bulking of leaf samples 

produced slightly simpler AFLP profiles compared to the combined profiles of 

individual plants from the same cultivar. Approximately 90% of bands which were
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present in individual plants were present in bulked samples of the same cultivar. 

Cluster analysis of AFLP data derived from individual plants resulted in a phenogram 

similar to that produced from data derived from bulked samples of the same plants. 

AFLP analysis of bulked samples detected significant amounts of genetic variability 

among 52 cultivars and accessions with genetic similarity values ranging from 0.42 to

0.92 (Kolliker et al, 2001).

Fu et al. (2003) assessed effectiveness of several bulking strategies in 

detecting RAPD variations and determining genetic relationships of five flax (Linum 

usitatissimum L.) landrace accessions. Bulking ten individuals before and after DNA 

isolations generated consistent RAPD variations. About 30 per cent of the 

polymorphic RAPD loci observed in the plant-by-plant (PBP) sample were difficult to 

score and / or undetected in the bulked samples of the same accession. Heterogeneity 

among the six bulked samples of the same accession was observed at 5.6 per cent of 

the loci scored. The frequency of a specific RAPD band present in those individuals 

used to form a bulk was at least 1/11 for its detection in the bulked sample. In spite of 

these limitations, bulking still generated compatible genetic relationships of the five 

accessions from its PBP sampling.

Genetic variability analysis using bulked DNA samples for Random Amplified 

Polymorphic DNA analysis have been conducted in alfalfa (Yu and Pauls, 1993), 

common buckwheat (Kump and Javomik, 1996) and tea (Goo et al, 2002).

2.4. Variability analysis

Genetic variability is usually measured as the amount of genetic diversity among 

individuals of a variety or population of a species (Brown, 1983). There are several 

methods for determining genetic variability in somaclones such as morphological, 

biochemical and molecular methods.

2.4.1. Morphological markers

Morphological markers generally correspond to the qualitative traits that can 

be scored visually. They have been found in nature or generated as the result of
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mutagenesis. Morphological markers are usually dominant or recessive (Chawla,

2010).

Moiphological characters have long been used to identify variants in clonal 

micropropagation. Variants can be easily detected based on characters such as 

difference in plant stature, leaf morphology and pigmentation abnormality (Israeli et 

ah, 1991). Off-types in banana can be visually detected during acclimatization of 

micropropagated plants in the green house before transplanting to the field. In the 

field, it is also possible to detect dwarf off-types by observing the stature and leaf 

index (leaf length/width) 3-4 months after establishment (Rodrigues et ah, 1998). 

Similarly, in date palm, the production of offshoots, excessive vegetative growth and 

leaf whitening are common morphological traits used in detecting somaclonal variants 

(Zaid and A1 Kaabi, 2003).

However, morphological traits are often strongly influenced by environmental 

factors and may not reflect the true genetic composition of a plant (Mandal et ah,

2001). In addition, morphological markers used for phenotypic characters are limited 

in number, often developmentally regulated and easily affected by environmental 

factors (Cloutier and Landry, 1994). Likewise, Jarret and Gawel, (1995) raised 

concerns about the irregular responses of the genomes under in vitro manipulation that 

can result in over or under estimations of the degree of closeness among somaclones. 

In most of the cases major changes of the genome, as a result of in vitro manipulation 

may not be expressed as an altered phenotype and vice versa. Furthermore, the 

detection of variants using morphological features is often mostly feasible for fully 

established plants either in the field or greenhouse. This is not an ideal technique for 

commercial application due to cost implications (Israeli et ah, 1995).

2.4.I.I. Variability analysis using morphological markers

In ginger, variability for morphological, yield, quality and disease reaction was 

reported by several workers. Mohanty and Sarma (1979) reported that the expected 

genetic advance and heritability estimates were high for the secondary rhizome and 

total root weight. Genetic coefficient of variation was high for weight of root tubes.
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Positive correlation of rhizome weight with plant height, number of tillers and leaf 

number was reported by Sreekumar et a l (1982).

Mohanty et a l (1981) observed significant varietal differences for all the 

characters except the number of tillers per plant and number of leaves per plant.

Nybe and Nair (1982) suggested that morphological characters are not reliable 

to classify the types, although some of the types can be distinguished to a certain 

extent from rhizome characters.

Sasikumar et al (1992) studied 100 accessions of ginger germplasm for 

variability. They found that rhizome yield was correlated with plant height, tiller and 

leaf number leaf number leaf length and width. Pandey and Dobhal (1993) observed a 

wide range of variability for most of the characters such as plant height, number of 

fingers, and yield / plant studied by them.

Ravindran et al (1994) characterized 100 accessions of ginger germplasm 

based on morphological, yield and quality parameters. Moderate variability was 

observed for many yield and quality traits. Tiller number per plant had the highest 

variability, followed by rhizome yield per plant. Among the quality traits the shogaol 

content recorded high variability followed by crude fiber and oleoresin.

Yadav (1999) reported high genotypic variation all the characters like length 

and weight of secondary rhizomes, weight of primary rhizomes number of primary 

and secondary rhizomes and rhizome yield / plant. Mohandas et a l (2000) found that 

all the cultivars differed significantly in tiller number and leaf number.

Morphological markers have limited application in breeding as they are few in 

number as well as dependant on the season and developmental stage of the plant and 

are influenced by the environment (Krishna and Singh, 2007).

Aragaw et a l (2011) assessed genetic variability of thirty-six ginger {Zingiber 

officinale Rose.) accessions for morphological and some quality attributes. The 

experiment was laid out in a 6x6 simple lattice design with two replications during 

2009-2010 main cropping seasons at locations i.e., Tepi and Bahir Dar in Ethiopia.
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Variances component method was used to estimate genetic variation, broad sense 

heritability and genetic advance. Number of plants per plot, fresh rhizome yield and 

dry rhizome yield showed high Genetic Coefficient of Variation (GCV) and 

Phenotypic Coefficient of Variation (PCV) at both locations. Relatively high 

heritability and genetic advance was obtained for oleoresin content, volatile oil 

content, fiber content, fresh rhizome yield and dry rhizome yield. The D analysis 

showed the 36 genotype grouped into 7 and 11 clusters at Tepi and Bahir Dar, 

respectively.

Jan et al. (2012) estimated genetic variability in turmeric {curcuma longa L.) 

germplasm using agro-morphological traits. The study was conducted to determine the 

extent of genetic variation and relationship among turmeric genotypes using 21 

qualitative and quantitative traits. A total of 20 genotypes collected from three eco- 

geographical areas (Bannu, Haripur and Kasur) of turmeric cultivation in Pakistan 

were studied under field conditions. In qualitative traits light green leaf color, light 

orange yellow rhizome color and greenish white flower color were found in 

abundance in most of the genotypes. The leaves, rhizomes and flowers of turmeric 

plants collected from Bannu and Haripur were light green, yellow and yellowish-white 

in color, while those of Kasur area were dark green, dark orange and whitish green in 

color, respectively. A considerable level of variability was displayed by various 

genotypes for some of the quantitative traits measured. Pattern of variation among the 

genotypes was different for different agro-morphological traits. The largest variation 

was observed for plant height, leaf length, leaf width, total and fresh number of leaves, 

whereas relatively low level of variability was detected in most of the remaining 

quantitative traits. Agro-morphological data was also analyzed by numerical 

taxonomic techniques using two complementary procedures: cluster and principal 

component analysis (PCA). Phenogram based on Euclidean distance coefficients 

placed 20 genotypes into two main clusters with three sub-groups in the 2nd cluster. 

Genotype groups were primarily associated with morphological differences among the 

collections and secondly with the consumer preference and horticulture use.
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2.4.1.2, Variability of ginger against pest and diseases

Ginger germplasm were screened for variability to the pest and disease 

incidences by many scientists. Nybe and Nair (1979) reported that cultivar Maran 

showed least infection for rhizome rot disease while Bajpai, Maran and Nadia 

cultivars showed most tolerance against leaf spot disease. Nybe et al. (1980) reported 

that cultivat Rio-de-Janeiro is tolerant to the shoot borer pest.

Paul and Shylaja (2012) studied screening of ginger {Zingiber officinale Rose.) 

somaclones derived through indirect organogenesis against soft rot and bacterial wilt 

diseases. Their study indicated that somaclones of cultivar Maran showed more 

tolerance to both diseases as compared to somaclones of cultivar Rio-de-Janeiro.

2.4.2. Biochemical markers

The physiological responses and / or biochemical markers for detecting 

variants are faster and can be carried out at juvenile stages to lower the possible 

economic loss (Israeli et al., 1995). The response of plants to physiological factors 

such as hormones and light can be used as basis to differentiate between normal and 

variant somaclones (Peyvandi et al, 2009).

Biochemical markers, such as allozymes are used to detect variability. 

Allozymes are allelic variants of enzymes encoded by structural genes. Enzymes are 

proteins consisting of amino acids, some of which are electrically charged. As a result, 

enzymes have a net electric charge, depending on the stretch of amino acids, 

comprising the protein. When a mutation in the DNA results in an amino acid being 

replaced, the net electric charge of the protein may be modified, and the overall shape 

(conformation) of the molecule can change. Because changes in electric charge and 

confirmation can affect the migration rate of proteins in an electric field, allelic 

variation can be detected by gel electrophoresis and subsequent enzyme-specific stains 

that contain substrate for the enzyme, cofactors and an oxidized salt. Usually two, or 
sometimes even more loci can be distinguished for an enzyme and these are termed 

isoloci. Therefore, allozyme variation is often also referred to as isozyme variation 

(Kephart, 1990; May 1992). Allozyme analysis is simple, quick and easy to use.
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Allozymes are codominant markers that have high reproducibility. Zymograms can be 

readily interpreted in terms of loci and alleles but they are less abundant, show low 

level of polymorphism and they are affected by environmental conditions.

Allozymes found applications in many fields such as diversity analysis 

(Lamboy et al, 1994; Hamrick and Godt, 1999), population genetics studies (Erskine 

and Muehlenbauer, 1991), population structure and divergence (Freville et al, 2001), 

interspecific relationships (Garvin and Weeden, 1994), fingerprinting purposes (Maass 

and Klaas, 1995).

2.4.2.I. Biochemical variability in ginger

Oleoresin is the extract of ginger containing all the flavoring principles as well 

as the pungent constituents. The oleoresin contains two important compounds- 

gingerol and shagoal that contributes to the pungency of ginger. On long term storage, 

gingerol is converted to shagol. The quality of ginger thus depends on the content of 

gingerol and shagoal. Zachariah et al (1993) classified 86 ginger accessions based on 

quality and grouped them into high medium and low quality types.

Shamina et al (1997) reported biochemical variability in ginger. They studied 

twenty-five accessions of ginger for variations in total free amino acids, proteins, total 

phenols and isozymes. Considerable variations were observed for total free amino 

acids, proteins and total phenols. The variability for the isozyme loci in the population 

was generally low. Dendrograms were prepared based on the average similarity of the 

accessions with respect to the isozyme profiles and accessions collected from the same 

geographical area had a tendency to cluster together.

2.4.3. Variability analysis using molecular markers
Molecular techniques are valuable tools for testing genetic fidelity of in vitro 

micropropagated plants. At the molecular level, variations observed in tissue culture 

derived plants are changes in chromosome number or structure, or more stable 

changes in the DNA (Gostimsky et al, 2005). The work by Botstein et al (1980) on 
the construction of genetic maps using restriction fragment length polymorphism 

(RFLP) was the first reported molecular marker technique in the detection of DNA
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polymorphism. 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 polymorphisms (Cloutier 

and Landry, 1994).

A molecular marker is a DNA sequence which is readily detected and whose 

inheritance can be easily monitored. They are based on naturally occurring 

polymorphism in DNA sequences. The molecular markers are directly linked to the 

genome. Their number is potentially unlimited in the genome and dispersion across 

the genome is complete. Molecular tools provide valuable data on variability through 

their ability to detect variation at the DNA level. Glaszmann et al (2010) reported that 

molecular markers have clarified the structure of genetic diversity in a broad range of 

crops.

Molecular markers have the advantages of being abundant, phenotypically 

neutral, show absence of epistasis and are not influenced by the developmental stage 

or tissue of the plant or environmental conditions (Mohapatra, 2007). Many molecular 

markers are utilized for numerous purposes such as characterization of germplasm, 

varietal identification and clonal fidelity testing, assessment of genetic diversity, 

validation of genetic relationships and marker-assisted selection (Hoogendijk and 

Williams, 2001; Sing, 2008). Molecular markers are highly heritable, obtainable at a 

high number and frequency and display enough polymorphism in closely related 

genotypes (Stuber et al, 1999; Archak et al, 2003; Weising et al, 2005).

Markers based on differences in DNA sequences between individuals 

generally detect more polymorphisms than morphological and proteins based on 

markers and constitute a new generation of genetic markers (Tanksley et al., 1989). 

Techniques which are particularly promising in assisting selection for desirable 

characters involve the use of two types of molecular markers such as hybridization 

based molecular markers such as Restriction Fragment Length Polymorphisms 

(RFLP) (Botstein et al., 1980) and Polymerase Chain Reaction (PCR) based molecular 
markers.
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Polymerase chain reaction (PCR) based techniques make use of random or 

specific primers to amplify DNA fragments from the genome. They are simple to 

perform, easily amenable for automation and be used to assay a large number of 

samples. Polymerase chain reaction was invented by Mullis and coworkers in 1983, 

and is based on the enzymatic in vitro amplification of DNA (Weising et ah, 2005). In 

PCR based techniques, a DNA sequence of interest is exponentially amplified with the 

aid of primers and a thermostable DNA polymerase. The reaction involves repeated 

cycles, each consisting of denaturation, primer annealing and elongation steps. Use of 

random primers eradicated the limitation of prior sequence information for PCR 

analysis (Agarwal et al., 2008). PCR based analytical techniques using various 

molecular markers provide an essential tool needed to reveal polymorphism at the 

DNA sequence level and solve the problems of introgression as well as lineage 

(Gostimsky et ai, 2005; Simmons et al., 2007).

Polymerase chain reaction (PCR) based techniques include Randomly 

Amplified Polymorphic DNA (RAPD) (Welsh and McClelland, 1990; Williams et al., 

1990), Amplified Fragment Length Polymorphisms (AFLP) (Vos et al., 1995), Simple 

Sequences Repeats (SSR) (Tautz, 1989 and Heame et al., 1992), Inter Simple 

Sequences Repeats (ISSR) (Zietkiewicz et al., 1994), DNA Amplification 

Fingerprinting (DAF), Sequence Tagged Sites (STS) (Fukuoka et al., 1994), 

Sequences Characterized Amplified Regions (SCAR) (Williams et al., 1990), and 

Expressed Sequences Tags (EST). Of these, RFLP and micro satellites markers are co

dominant markers while RAPD and AFLP markers are largely dominant markers. The 

utility of molecular markers in crop breeding is reviewed by Mohan et al. (1997) and 

Gupta and Roy (2002).

2.4.3.1. Molecular markers in variability analysis

2.4.3.1.1. Restriction fragment length polymorphism (RFLP)

Restriction fragment length polymorphism (RFLP) was developed by Botstein 

et al. (1980) Restriction fragment length polymorphism is a technique used for 

genome analysis of organisms, thereby providing a molecular basis for any observed
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differences. In RFLP, extracted DNA is digested with restriction enzymes and the 

resultant fragments are separated by gel electrophoresis according to their sizes (Karp 

et ah, 1996). Molecular variations in the organisms are revealed by the resultant 

length of the fragments after digesting with the restriction enzymes. This differential 

profile is generated due to nucleotide substitutions or DNA rearrangements like 

insertion or deletion or single nucleotide polymorphisms (Agarwal et ah, 2008).

Restriction fragment length polymorphism (RFLP) was one of the first 

techniques used to study somaclonal variation and has been widely used in several 

species. Jaligot et ah (2002) described methylation-sensitive RFLP markers that 

differentiated between normal and abnormal embryogenic calli of oil palm. The 

markers were useful for the early detection of somaclonal variation. Generally, RFLP 

markers are relatively highly polymorphic, co-dominantly inherited and highly 

reproducible (Agarwal et ah, 2008). 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 

ah, 1999). In addition, it involves the use of radioactive reagents, it requires the 

development of cDNA or genomic DNA probes when heterologous probes are 

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

less technically complex methods which are Polymerase chain reaction (PCR)-based.

Restriction Fragment Length Polymorphism (RFLP) was also used for the 

construction of genetic maps of agronomically important species and for mapping of 

heritable traits (Tanksley et ah, 1989). However, their utility has been hampered due 

to the involvement of radioactive isotopes, labour intensive and time consuming steps. 

Among the marker systems available SSRs have been proved to be more useful in 

marker assisted selection (Jena and Mackill 2008).

Halward et al. (1991) studied genetic variation among twenty-five unadapted 

germplasm resources of cultivated groundnuts from south America, Africa and China, 

using RFLP and reported high polymorphism among wild arachis species but very 

little among cultivated groundnut.
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Davis et al. (1998) reported a study to reveal genetic relationship among 

cultivated Avocado through RFLP analysis. They reported high level of 

polymorphism in 36 cultivars and all cultivars were assigned a unique genotype based 

on 14 genetic loci and grouped into three major clusters corresponding to the three 

major racial grouping in Avacado.

2.4.3.1.2. Randomly Amplified Polymorphic DNA (RAPD) markers

Random Amplified Polymorphic DNA markers are DNA fragments amplified 

by the Polymerase Chain Reaction (PCR) using short synthetic primers (generally 

lObp) of random sequences. These oligonucleotides serve as both forward and reverse 

primer, and are usually able to amplify fragments from 1-10  genomic sites 

simultaneously. Amplified fragments, usually within the 0.5-5 kb size range, are 

separated by agarose gel electrophoresis, and polymorphisms are detected, by 

ethidium bromide staining, as the presence or absence of bands of particular sizes. 

These polymorphisms are considered to be primarily due to variation in the primer 

annealing sites, but they can also be generated by length differences in the amplified 

sequence between primer annealing sites. They are quick and easy to assay. Only low 

quantities of template DNA are required, usually 5-50 ng per reaction. Since random 

primers are commercially available, no prior sequence data for primer construction are 

needed. Moreover, RAPDs have a very high genomic abundance and are randomly 

distributed throughout the genome but they are less reproducible (Schierwater and 

Ender, 1993).

Random Amplified Polymorphic DNA (RAPD) has been used for many 

purposes, ranging from studies at the individual level (genetic identity) to studies 

involving closely related species. In 1990, molecular markers generated using 

Arbitrarily Primed Polymerase Chain Reaction (AP-PCR) was used to identify 

Randomly Amplified Polymorphic DNA (RAPD) in several organisms including 

plants (Welsh and McClelland, 1990; Williams et al, 1990). Random Amplified 

Polymorphic DNA (RAPD) are commonly inherited as dominant markers, where the 

presence of a particular band is dominant, and its absence is recessive (Tingley and 

Tufo, 1993). RAPD analysis has found applications in population studies (Welsh et
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al., 1991), biosystematics (Stiles et a l , 1993), gene tagging (Ranade et a l, 2001) and 

fingerprinting (Moglayi, 2011). RAPD has also been successfully applied in molecular 

ecology (Hadrys et a l, 1992), genetic analysis (Williams et al., 1990), assessing 

variation in plants (Newbury and Ford-Lloyd, 1993) to study the extent of diversity 

within plant germplasm (Virk et al., 1995) and combining ability in rice (Radhidevi et 

a l, 2 0 0 2 ).

Rout et al. (1998) studied genetic stability of 14 mericlones of ginger cultivar V3 

Sis using RAPD markers. Out of 15 decamer primers tried for DNA amplification, 

three produced amplification. Amplification products were monomorphic for all the 

clones analaysed.

Li et al. (1999) reported rapid identification of tomato somaclonal variation 

with Random Amplified Polymorphic DNA (RAPD) marker. Total DNA was 

extracted from the leaves of in vitro-regenerated tomato (.Lycopersicon esculentum) 

plants selected after treatment with fusaric acid. Four out of 60 random primers were 

adapted for the identification of somaclonal variation by RAPD marker. Using those 

primers, physiologically tolerant clones were identified.

Polymorphism in banding pattern was detected in regenerants of upland rice 

cultivar IAC 47 regenerated through indirect organogenesis (Araujo et ah, 2001). The 

somaclones showed morphological variants and exhibited differences in reaction to 

rice blast.

Soniya et al, (2001) studied genetic stability of regenerants in tomato variety 

Shakti derived through indirect organogenesis using RAPD markers. They observed 

90 to 99 per cent genetic similarity between the calliclones and mother plants.

Salvi et al (2001) reported polymorphism in RAPD banding pattern in 

regenerants of turmeric cultivar Elite derived through indirect organogenesis. In their 

further studies with adventitious bud regenerants, they observed no RAPD 

polymorphism between somaclones and CP plants (Salvi et al, 2002).
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Mandal & Chand (2002) characterized 17 somaclones of tea along with control 

plant using RAPD markers. Four somaclones exhibited polymorphism in banding 

pattern while 13 somaclones and the control plant showed monomorphism in banding 

pattern.

Suja (2002) and Nirmal Babu et a l (2003) used RAPD profiles amplified by 

11 operon primers as an index for estimating genetic fidelity of selected variants 

among micropropogated and callus regenerated plants. They found high variability 

among selected plants.

Riji (2003) attempted RAPD analysis of 22 regenerants of turmeric derived 

through indirect organogenesis along with CP plant. Nine variants were detected 

which exhibited polymorphism in RAPD profiles. None of the caliclones showed 

similarity towards the CP plants. The clones TSC-1 showed highest polymorphism 

with CP.

Prakash et al, (2004) reported polymorphism in RAPD banding pattern in 

regenerants of mango ginger derived through indirect organogenesis.

The genetic variation among three Zingiber officinale cultivars, i.e. Z. 

officinale var. officinale, Z. officinale var. rubrum (halia bara) and Z. officinale var. 

rubrum (halia padi) was studied using RAPD analysis. The cultivars are useful in 

traditional medicine and as food flavorings in Peninsular Malaysia. Analysis was 

carried out on the RAPD profiles generated by 16 arbitrary primers to determine 

genetic differences between the cultivars. The clearest polymorphic bands were 

obtained from the OPA1, OPA8 , OPA9, OPA10, OPA13, OPA16 and OPA20 

primers. A total of 104 bands were scored and analysed (Muda et al, 2004).

Kuriakose et al (2005) conducted RAPD analysis of embryo derived clones of 

vanilla using 15 primers. Genetic variability to the extent of 58 per cent was observed.

Nazeem et al (2005) studied the variability and relatedness among 49 

accessions of black pepper {Piper nigrum L.) using molecular marker RAPD and 

AFLP. The similarity matrix was subjected to cluster analysis and dendrogram
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generated using the software NTSYS pc 2.1. The dendrogram revealed an average 

similarity of 63 per cent among accessions. Two selections from the variety 

Karimunda, namely Subhakara and Shreekara, together form a single cluster with 

almost 90 per cent similarity. The dissimilarity observed between the varieties 

Panniyur-1 and Panniyur-3, the progenies of the same parentage, Uthirankotta and 

Cheriyakaniakkadan was only 18 per cent.

Nayak et a l (2005) studied the existing variation in 16 promising cultivars of 

ginger. The karyotypic analysis revealed a differential distribution of A, B, C, D and E 

type of chromosomes in different cultivars as represented by different karyotype 

formulas. A significant variation of 4C DNA content was recorded in ginger at an 

intraspecific level with values ranging from 17.1 to 24.3 pg. RAPD analysis revealed a 

differential polymorphism of DNA showing a number of polymorphic bands ranging 

from 26 to 70 in 16 cultivars. The RAPD primers OPC02, OPA02, OPD20 and 

OPN06 showing strong resolving power were able to distinguish all 16 cultivars. The 

genetic variation thus detected in promising cultivars of ginger has significance for 

ginger improvement programmes.

Palai and Rout (2007) carried out RAPD assay for identification and genetic 

variation within eight high yielding varieties of ginger. A total of 55 distinct DNA 

fragments ranging from 0.5-2.4 Kb were amplified by using twelve selected primers. 

The cluster analysis indicated that the eight varieties formed two major clusters. The 

first major cluster had only one variety ‘S-558’ with 43 per cent similarity with other 

seven varieties. Second major cluster having seven varieties and divided into two 

minor clusters. One minor cluster had six varieties (‘Jugijan’, ‘Turia local’, ‘Nadia’, 

‘Zo-17’, ‘Nahfrey’ and ‘Gurubathan) and other having only one variety ‘Surabhi’. The 

second minor cluster further divided into two sub-minor clusters. ‘Nadia’ and ‘ZO-17’ 

had 78 per cent similarity among themselves and 70 per cent similarity with ‘Jugijan’ 

and ‘Turia local’. ‘Jugijan’ and ‘Turia local’ were having 81 per cent similarity among 

themselves. However, ‘Nahfrey’ had 64 per cent similarity with ‘Jugijan’, ‘Turia 

local’, ‘Nadia’ and ‘ZO-17’. The study showed the distant variation within the 

varieties.
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Sheidai et al. (2008) used 30 decamer RAPD primers to study somaclonal 

variation among the parental plants as well as regenerated banana plants of the first, 

third, fifth, seventh and ninth sub-cultures. Eighteen out of thirty primers produced 

289 bands in all the genotypes studied. 140 bands (48.95%) were common in the 

parental genotype and the regenerated plants while 147 bands were polymorphic 

(51.40%). In total 74 specific bands were observed in the parental genotype and the 

regenerated plants of the sub-cultures. Grouping of the parental cultivar and their 

regenerated plants indicate the genetic distinctness of the genotypes studied as they 

are placed in different clusters/groups far from each other.

The genetic relatedness among 51 accessions, 14 species of the genus Zingiber 

and genetic variability of a clonally propagated species, Zingiber montanum (Koenig) 

Link ex Dietr., from Thailand were studied using random amplified polymorphic 

DNA profiles (Bua-in and Paisooksantivatana, 2010). In their study, twenty-nine 

random primers gave reproducible amplification banding patterns of 607 polymorphic 

bands out of 611 scored bands accounting for 99.40 per cent polymorphism across the 

genotypes. Jaccard's coefficient of similarity varied from 0.119 to 0.970, indicative of 

distant genetic relatedness among the genotype studied. UPGMA clustering indicated 

eight distinct clusters of Zingiber, with a high cophenetic correlation (r = 1.00) value. 

Genetic variability in Z. montanum was exhibited by the collections from six regions 

of Thailand. High molecular variance (87%) within collection regions of Z. montanum 

accessions was displayed by AMOVA and also explained the significant divergence 

among the sample from six collection regions. Their results indicated that RAPD 

technique is useful for detecting the genetic relatedness within and among species of 

Zingiber and that high diversity exists in the clonally propagated species, Z. 

montanum.

Sen et al. (2010) analysed genetic diversity in Piper species using RAPD 

markers. Among 22 decamer RAPD primers screened, 11 were selected for 

comparative analysis of different species of Piper. High genetic variations were found 

among different species of Piper.
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Identification of genotypic variations is a pre-requisite for ginger (Zingiber 

officinale Rose.) improvement programmes. Genetic diversity analysis was carried out 

in a set of forty-nine ginger clones cultivated in North-East India using random 

amplified polymorphic DNA (RAPD) markers. The set included clones of released 

varieties and clones collected from various parts of North East India. Jaccard’s genetic 

similarity, cluster analysis and principal component analysis identified five clusters. 

Cluster V included four clones traditionally cultivated in the Indian state of 

Meghalaya known for production of high-quality ginger indicating that the clones 

were a good candidate for ginger improvement. Specific bands for these clones were 

also identified. Principal component analysis of the molecular data supported grouping 

of the clones into six hypothetical populations based on their source or location of 

collection (Sajeev et al., 2011).

Paul et al. (2012) reported molecular characterization of selected somaclones 

in ginger using RAPD markers. In their study, twelve selected somaclones of ginger 

cultivars Maran and Rio-de-Janeiro were characterised using RAPD markers. Five 

primers of the series OPAH and OPP gave good DNA amplification. The primer 

OP AH 3 exhibited highest polymorphism (33.75%). The molecular characterization of 

somaclones revealed the occurrence of genetic variability in the clones evaluated. The 

extent of genetic variation was more in somaclones of cultivar Maran than clones of 

cultivar Rio-de-Janeiro. Genetic variation from the source parent cultivar was also 

more in somaclones of cultivar Maran.

Singh et al (2012) evaluated genetic diversity in turmeric (Curcuma longa L.). 

They examined the genetic diversity in turmeric accessions from 10 different agro- 

climatic regions comprising 5 cultivars and 55 accessions. Two DNA-based molecular 

marker techniques, viz., RAPD and ISSR were used to assess the genetic diversity in 

turmeric genotypes. A total of 17 polymorphic primers (11 RAPDs and 6 ISSRs) were 

used in this study. RAPD analysis of 60 genotypes yielded 94 fragments of which 75 

were polymorphic with an average of 6.83 polymorphic fragments per primer. 

Number of amplified fragments with RAPD primers ranged from 3 to 13 with the size 

of amplicons ranging from 230 to 3000bp in size. The polymorphism ranged from 45
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to 100 with an average of 91.4 per cent. The six ISSR primers produced 66  bands 

across 60 genotypes of which 52 were polymorphic with an average of 8.6 

polymorphic fragments per primer. The number of amplified bands varied from 1 to 

14 with size of amplicons ranging from 200 to 2000bp. The percentage of 

polymorphism using ISSR primers ranged from 83 to 100 with an average of 95.4 per 

cent. Nei’s dendrogram for 60 samples using both RAPD and ISSR markers 

demonstrated an extent of 62 per cent correlation between the genetic similarity and 

geographical location.

Affasiab and Iqbal (2012) analyzed somaclonal variants and gamma induced 

mutants of potato (Solarium tuberosum L.) cv. Diamant using RAPD-PCR technique. 

In their work, all the four selected somaclonal variants and five gamma induced 

mutants were differentiated by banding patterns obtained from 22  primers that 

generated 140 polymorphic bands. The presence of polymorphic bands in variants and 

mutants suggest that genetic variation occurred in all the treatments as compared to 

control. Similarity and clustered analysis were conducted using Jaccard’s coefficients 

and the un-weighted pair-group method using arithmetic averages. The dendrogram 

showed genetic diversity among the variants and mutants. The study showed that 

RAPD markers were efficient in discriminating somaclonal variants and induced 

mutants of potato.

Chinmayee et ah (2012) assessed genetic fidelity of micropropogated banana 

using RAPD. Plants showing normal and off-type morphology were selected from 

green house and field. Two arbitrary decemer primers have been used to amplify 

genomic DNA from selected plants (primer OPH-09 and OPJ-04), OPJ-04 showed 

polymorphism in the pattern as compared to normal plants. A total of six amplified 

products were obtained, out of which five were polymorphic.

Saker et al. (2012) conducted RAPD assay in potato using five selected 

primers to detect somaclonal variation. All the morphological variants were excluded. 

One of the regenerated plantlet derived from leaf-explants was true-to-type to the 

main in vitro plantlet, so it would be used as a source of explants for transformation
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experiments. The other regenerated plantlets derived from leaf explants and tuber 

discs were variant.

Sharma et a l (2012) conducted RAPD-PCR analysis in apple regenerants 

using 80 decamer primers initially. Out of these, 26 primers yielded consistent and 

reliable differences during repeated analysis. Total 134 scorable bands were observed 

with 58.2 per cent polymorphism. Similarity coefficient values were higher among 

regenerants than between regenerants and the mother plant. The dendrogram obtained 

from all 14 samples revealed four clusters and one separated regenerant which did not 

cluster with others.

Esmaiel et a l (2012) detected genetic polymorphism in carnation using RAPD 

technique. They used five primers to amplify DNA of the two selected carnation 

cultivars and their sixteen somaclones. A total of 62 amplification products were 

obtained, out of which 96.15 per cent showed polymorphism. Genetic similarity 

among the eighteen genotypes ranged from 0.32 to 0.91. In this study the regenerated 

somaclonal variant lines and their parents were classified into two clusters: The 

cultivar Lia and its 8 somaclones were grouped in one cluster while the cultivar White 

Liberty and its somaclones were included in another cluster. The study indicated that 

the use of RAPD technique was sensitive and powerful to detect genetic variation at 

the level of DNA among carnation variants.

Udayakumar et al. (2013) carried out RAPD analysis to study the genetic 

variations among 20 different populations of Withania somnifera (L.) Dunal collected 

from different habitats (locations) of South India. Out of 40 primers, 11 selected 

primers produced 96 consistent RAPD markers; out of which 75 were polymorphic. 

Similarity indices were estimated using the Dice coefficient of similarity and cluster 

analyses were carried out on the similarity estimates using the unweighted pairgroup 

method to produce a dendrogram using arithmetic average (UPGMA) in the NTSYS 

pc-version 1.80 software. The similarity coefficient ranges from 0.53 to 0.98, 

suggesting that the pronounced genetic variations exist among populations of W. 

somnifera in South India. The cluster analysis indicates that the 20 populations of W. 

somnifera were divided into five major groups, regardless of geographical locations.
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The RAPD analysis indicates existence of genetic variations in natural populations 

and it may influence and produce changes in phytochemical constituents of W. 

somnifera populations.

The genetic variation of 20 banana accessions (including 3 clones obtained by 

mutagenesis and somaclonal variation) was determined using random amplified 

polymorphic DNA markers. PCR products were analysed by electrophoresis in 1.5 per 

cent agarose gel and TBE buffer stained with ethidium bromide. Each genotype was 

reported taking the most intense bands creating one matrix of binary values analysed 

by UPGMA method using Jaccard's similarity coefficients. The analysis of main 

components was conducted by SPSS software for Windows and taxonomic 

classification (Peteira et al, 2003).

Detection of somaclonal variation using RAPD markers was attempted in 

several crops species such as beet (Munthali et al., 1996), garlic (Zahim et al., 1999), 

date palm (Saker et al., 2000), pear and apple (Caboni et al, 2000), asparagus 

(Raimondi et al, 2001), banana (Gimenez et al., 2001 and Mohamed, 2007), chilli 

pepper (Hossain et al, (2003) and potato (Ehsanpour et al., 2007) in varying degrees.

Paul (2004) characterized selected somaclones in ginger using RAPD markers 

and detected somaclonal variation in the clones evaluated.

2.4.3.I.3. Inter Simple Sequence Repeats (ISSR)

Inter Simple Sequence Repeats (ISSR) are DNA fragments of about 100- 

3000bp located between adjacent, oppositely oriented microsatellite regions. ISSRs 

are amplified by PCR using microsatellite core sequences as primers with a few 

selective nucleotides as anchors into the non-repeat adjacent regions (16-18bp). About 

10-16 fragments from multiple loci are generated simultaneously, separated by gel 

electrophoresis and scored as the presence or absence of fragments of particular size. 

The main advantage of Inter Simple Sequence Repeats (ISSR) is that no prior 

sequence information for primer construction is needed. Because the analytical 

procedures include PCR, only low quantities of template DNA are required (5-50 ng 

per reaction). Inter Simple Sequence Repeats (ISSR) are largely distributed throughout
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the genome. It is a multi locus molecular technique based on PCR that identifies 

insertions and deletions in DNA. It is highly sensitive, highly reproducible, provides 

Mendelian segregation and has been successfully applied in genetic and evolutionary 

studies of many species.

It can also be applied in studies involving genetic identity, percentage, clone 

and strain identification, and taxonomic studies of closely related species. It can be 

used to assess the genetic stability of micropropogated plants like ginger (Mohanty et 

al, 2011; Mohanty et al, 2012). In addition, Inter Simple Sequence Repeats are 

considered useful in gene mapping studies (Godwin et al, 1997; Zietkiewicz et al, 

1994; Gupta et al., 1994) and diversity analysis in many crops including ginger 

(Kizhakkayil and Sasikumar, 2010).

Leroy et al., (2001) detected in vitro culture-induced instability in cauliflower 

through inter-simple sequence repeat (ISSR) analysis.

Ngezahayo, et al (2007) studied the nature of somaclonal variation in rice cv. 

Nipponbare at the nucleotide sequence level. First, they investigated genomic 

variations by using two molecular marker systems: RAPD and ISSR. This was 

followed by sequencing of selected bands that represented genomic variations, and 

pairwise sequence analysis taking advantage of the whole genome sequence of rice. In 

addition, transpositional activity of the active MITE, mPing, was analysed by locus- 

specific PCR amplifications. The two-year-old calli and their regenerated plants, 

analysed with 24 RAPD and 20 ISSR primers, showed moderate levels of genomic 

variation (20.83% and 17.04%, respectively). Nevertheless, dendrograms constructed 

according to the Jaccard coefficient calculated by UPGMA of the ISSR bands 

revealed that the 5-azacytidine-treated and untreated somaclones were grouped into 

two distinct clusters, suggesting a possible indirect effect of the treatment on the 

genomic changes, depending on the marker used. Sequence analysis indicated a low 

level of variation (0.31%), with single-base-pair substitutions predominating.

Prem et al. (2008) conducted molecular characterization of ginger genotypes 

using RAPD and ISSR markers. They developed molecular fingerprints of elite, exotic
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and primitive ginger genotypes to characterize and protect the accessions. Among the 

30 molecular markers studied, 13 could easily discriminate the genotypes. Cluster 

analysis of data using UPGMA dendrogram placed the ginger genotypes into four 

separate groups. The grouping of elite genotype with the putative wild types in the 

dendrogram implies that there is some phylogenetic relationship between the putative 

wild types and modem cultivars. An exotic type from Japan, resembling the putative 

types in rhizome features, shared high similarity with the four indigenous putative 

types.

Genetic diversity analysis of ginger germplasm was undertaken by 

Kizhakkayil and Sasikumar (2010) using ISSR and RAPD marker. In this study global 

collections of ginger germplasm consisting of 46 accessions were characterized using 

two types of molecular markers, RAPD and ISSR. UPGMA dendrograms constructed 

based on three similarity coefficients, i.e., Jaccard’s, Sorensen-Dice and Simple 

Matching using the combined RAPD and ISSR markers grouped the accessions in 

four similar clusters in all the three dendrograms revealing the clustering patterns 

among the similarity coefficients and a rather less genetic distance among the 

accessions. Improved varieties/ cultivars are grouped together with primitive types. 

Moreover, in the clustering pattern of the accessions, a geographical bias was also 

evident implying that germplasm collected from nearby locations especially with 

vernacular identity may not be genetically distinct. The clustering of the accessions 

was largely independent of its agronomic features.

Mohanty et a l (2011) reported genetic stability of micropropagated Zingiber 

rubens Roxb. They evaluated clones periodically at an interval of six months up to 30 

months in culture using random amplified polymorphic DNA (RAPD) and inter 

simple sequence repeat (ISSR) analysis and genetic uniformity in all regenerants was 

confirmed.

Mohanty et al. (2012) suggested that the micropropagation protocol developed 

by them is suitable for clonal micropropagation of Curcuma amada, when they 

studied genetic stability assessment of micropropagated mango ginger {Curcuma 

amada Roxb.) using RAPD and ISSR markers.



Twenty seven bread wheat genotypes comprised two parental varieties 

(Gemmisa-1 and Sakha-69), six somaclonal variant lines derived from the parental 

cultivar (Gemmisa-1) .and seventeen somaclonal variant lines derived from the 

parental cultivar (Sakha-69) and two local check varieties were analysed using RAPD 

and ISSR marker systems. All generated dendrograms from standardized morpho- 

agronomic, ISSR, RAPD and the combined dendrogram (ISSR + RAPD + morpho- 

agronomic) data separated the twenty seven wheat genotypes into two main groups 

which diverged at similarity index of averages 0.479, 0.488, 0.501 and 0.282, 

respectively (Abouzied, 2012).

Rai et al, (2012) evaluated genetic homogeneity of one year old guava 

(Psidium guajava L.) plants developed through in vitro somatic embryogenesis. Seven 

randomly selected plants along with the mother plant were subjected to molecular 

analysis. A total of six SSR primer pairs produced reproducible and clear bands 

ranging from 100 to 300bp in size. Of the ten ISSR primers screened, six produced 

resolvable, reproducible and scorable bands. All the ISSR primers produced a total of 

25 bands, ranging between 300 and l,200bp length, and the number of scorable bands, 

for each primer varied from three to six with an average of 4.1 bands per primer. The 

amplification products were monomorphic across all the micropropagated plants 

produced by all SSR and ISSR primers applied. The monomorphic banding pattern in 

micropropagated plants and the mother plant confirms the genetic homogeneity of the 

in vitro raised plants and demonstrates the reliability of in vitro somatic 

embryogenesis for clonal micropropagation of guava.

Mishra-Rawat et al. (2013) investigated genetic differentiation and clonal 

identification of eight tea clones using morphological and molecular markers (RAPD 

and ISSR). Random Amplified Polymorphic DNA analysis produced 82.14 per cent 

polymorphism in the clones. Two main groups were recognized from cluster analysis, 

similarity within the clones ranged from 0.33 to 0.91. ISSR data also revealed a 

pattern similar to that of RAPD markers. ISSRs were found to be more discriminative 

in cultivar identification than RAPDs since clones that could not be distinguished by 

RAPD marker were easily differentiated by the ISSR markers.
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2.4.3.I.4. Microsatellites or Simple Sequence Repeats (SSR)

Microsatellites are tandem repeats of 1-6 base pairs. Microsatellites and their 

flanking sequences can be identified by constructing a small-insert genomic library, 

screening the library with a synthetically labeled oligonucleotide repeat and 

sequencing the positive clones. Alternatively, microsatellites may be identified by 

screening sequence databases for microsatellite sequence motifs from which adjacent 

primers may then be designed. In addition, primers may be used that have already 

been designed for closely related species. Polymerase slippage during DNA 

replication, or slipped strand mispairing, is considered to be the main cause of 

variation in the number of repeats units of a microsatellite, resulting in length 

polymorphisms that can be detected by gel electrophoresis.

They are codominant, highly abundant in eukaryotic genomes and are 

randomly distributed throughout the genomes with preferential association in low 

copy regions (Morgante et al, 2002). Only less quantities of template DNA is 

required (10-100 ng per reaction). It is highly reproducible and do not require high 

quality DNA. Although microsatellite analysis is, in principle, a single-locus 

technique, multiple microsatellites may be multiplexed during PCR or gel 

electrophoresis if the size ranges of the alleles of different loci do not overlap 

(Ghislain et al, 2004).

Microsatellite markers have been found immensely useful in establishing 

genetic stability of several micropropagated plants such as bananas (Hautea et al, 

2004; Ray et al, 2006), grapevine (Welter et al, 2007), sugarcane (Singh et al, 

2008), rice (Gao et al, 2009) and wheat (Khlestkina et al, 2010)

In black pepper, Meneze et al. (2009) reported nine microsatellite markers 

from an enriched library of Piper nigrum L. Twenty varieties from the Brazilian 

germplasm collection were analyzed, and observed and expected heterozygosity 

values ranged over 0.11-1.00 and 0.47-0.87. The nine microsatellite loci characterized 

contributed for studies on genetic diversity and conservation of Piper nigrum.
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Karacsonyi et a i (2011) identified the in wV/*o'somaclonal variation in potato 

(Solanum tuberosum) plantlets regenerated from callus, using simple sequence repeats 

(SSR markers).

Joy et a i (2011) used SSR markers to analyse genetic diversity among forty 

popular genotypes and four different species of black pepper in South India. A total of 

62 alleles with an average of 15.5 alleles over 4 loci were identified. All the SSR 

primers showed an average Polymorphism Information Content (PIC) value of 0.85. 

The estimated average shared allele frequency ranged between 1.57 and 20.12 per 

cent. The PCA plot revealed four closely related individual groups and identified 

Karimunda, wild pepper and a local landrace ‘local b’ as the most divergent 

genotypes. Cluster analysis exposed the genetic relatedness between hybrids and 

selections with other known cultivars.

Pandey et a i (2012) described early assessment of clonal fidelity in sugarcane 

plants regenerated through direct organogenesis using RAPD and SSR markers. 

Analysis of RAPD banding patterns generated by PCR amplification using 20 random 

primers gave no evidences for somaclonal variation and the percent of polymorphic 

bands in a total of 110 amplicons was 0.02 per cent. Random Amplified Polymorphic 

DNA patterns of the plantlets were identical with the original mother plant, indicating 

that direct adventitious organogenesis did not induce somaclonal variation that can be 

detected by RAPD. Also SSR banding pattern analysis generated 15 primers (112 

amplicons) gave no evidences for somaclonal variation. The genetic fidelity testing of 

micro-shoots based on a RAPD and SSR analysis indicated a strong genetic purity 

with the parent genotype. Lack of variation confirms the genetic purity of tissue 

culture plants of sugarcane raised through direct organogenesis and confirms the 

suitability of regeneration protocol for clonal micropropagation.

Eighteen ginger cultivars from Northwest Himalayan region, showing 

significant differences in rhizome size, texture and pungency, were selected and 

characterized both by chemical and genetic analyses. The genetic analysis was 

undertaken utilizing molecular markers (ISSR and SSR) while chemical 

characterization was done through HPLC of four chemical markers (gingerol
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homologues and shogaol). The data revealed moderate to high diversity in the 

collection, clustering them broadly into two groups. Both ISSR and SSR techniques 

were efficient in distinguishing all the 18 ginger cultivars, however, SSR markers 

were observed to be better in displaying average polymorphism (77.8%) than ISSR 

(66.7%). Based on statistical analysis, one ISSR and two SSR primers could be 

identified which effectively distinguished closely related ginger cultivars. Chemical 

profiling and subsequent multivariate analysis distinguished five lines which were 

distinct from rest of the collection (Pandotra, et al, 2013).

2.4.3.I.5. Amplified Fragment Length Polymorphism (AFLP)

Amplified fragment length polymorphism is a PCR-based tool for molecular 

analysis and DNA fingerprinting. It was developed in the early 1990s to overcome the 

limitation of reproducibility associated with RAPD. Theoretically, AFLP represent the 

ingenious combination power of RFLP and flexibility of PCR-based technology 

(Agarwal et al, 2008). It provides a novel and very powerful DNA fingerprinting 

technique for DNAs of any origin or complexity. In addition, cDNA AFLP and three 

endonuclease AFLP (TE-AFLP) which are used to quantify differences in gene 

expression levels and to detect transposable element mobility, respectively are 

variations of AFLP technique (Van Der Wurff et al, 2000; Weising et al, 2005).

In AFLP-PCR, genomic DNA is digested using two restriction endonucleases, 

typically one with a 6 -bp recognition sequence (usually EcoRI) and the other with a 4- 

bp recognition sequence (usually Msel). Thereafter, adapters of known sequence are 

ligated to complementary double stranded adaptors of the ends of the restriction 

fragments. A subset of the restriction fragments are then amplified using two primers 

complementary to the adaptor and restriction site fragments for two successive rounds 

of selective PCR amplification. The first round of PCR uses primers that match the 

adapters on the EcoRI end and Msel end of the fragments plus one extra nucleotide. 

The second round has an additional two nucleotides added to the +1 primer sequences. 

These rounds of selective amplification reduce the resulting pool of DNA fragments to 

a size more manageable for analysis (Vos et al, 1995). The fragments are visualized 

on denaturing polyacrylamide gels either through autoradiography or fluorescence
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methodologies (Weising et al, 2005). The resultant number of fragments for each 

AFLP assay depends on the number of selective nucleotides in the AFLP primer 

combination, the selective nucleotide motif, GC content, and physical genome size as 

well as its complexity (Agarwal et al, 2008).

AFLP techniques generate fragments of any DNA from any source even 

without any prior knowledge of DNA sequence and a recent study showed that it can 

be used to distinguish closely related individuals at sub-species level (Althoff et al, 

2007). AFLP analysis revealed the values of nucleotide diversity in regenerated 

Arabidopsis thaliana which was 2-3 orders of magnitude smaller than natural 

variations described for ecotypes of A. thaliana (Polanco and Ruiz 2002). This shows 

that AFLP is a very sensitive and reliable marker technique that could be useful for 

detecting specific genomic alterations associated with tissue culture variation and 

identifying slightly different genotypes.

AFLP analysis has also been used to study tissue culture induced somaclonal 

variation in species such as cork oak (Homero et al, 2001), coffee (Sanchez-Teyer et 

al, 2003), banana (James et al, 2004), and coneflower (Chuang et al, 2009). 

However, AFLP often requires more work with optimization and is relatively more 

expensive than RAPD (Weising et al, 2005). Also, the technique requires high quality 

DNA samples which are often difficult to obtain in some plants such as conifers (Piola 

eta l, 1999).

AFLP markers have been used to study the genetic diversity of various fruit 

species including European plum (Goulao et al, 2001), sweet cherry (Zhou et al,

2002) , apricot (Hagen et al, 2002; Geuna et al, 2003), citrus (Krueger and Roose,

2003) , peach (Aranzana et al, 2003), olive (Montemurro et al, 2005) and mango 

(Galvez-Lopez eta l, 2010).

It is essential to prospect wild Zingiber species for soft rot resistance, since the 

cultivated ginger is susceptible to the disease. Kavitha et a l (2007) evaluated the 

genetic diversity of Zingiber species and their response to Pythium aphanidermatum, 

the causal agent of soft rot using AFLP marker system.

Amplified Fragment Length Polymorphism (AFLP) technique was used to 

characterize the genetic variation in grapevine {Vitis vinifera) regenerated from anther
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culture (Popescu et al, 2002). They reported that all the analysed grapevine 

somaclones regenerated from in vitro-cultured anthers were genetically distinct from 

the original cultivars.

DNA variations of forty-eight Eucalyptus globulus plants, regenerated by 

successive culture from seven different explants were assessed by AFLP analysis 

using 18 primers. Analyzed plants showed 66.7 per cent variation and the number of 

polymorphic bands per plant ranged from 1 to 22. However, the more times of 

successive culture were done the more of polymorphic bands were found within the 

groups. On average, between 97.39 and 99.88 per cent of all fragments were shared 

within the same group. AMOVA analysis showed 39.33 per cent of the variation 

among the accessions that originated from different calii while 60.67 per cent was 

from same calii (Mo et al., 2009).
The genetic relationship among cassumunar gingers {Zingiber cassumunar) in 

Thailand was assessed by amplified fragment length polymorphism (AFLP). Twelve 

AFLP primer combinations generated a total of 309 fragments, of which, 242 bands 

were polymorphic with an average of 20.2 bands per primer pair. Pairwise similarity 

estimated between cassumunar gingers ranged from 0.7644 to 1.00 with an average of

0.879. Cluster analysis divided the samples into five groups. Genetic variability within 

and among collection regions was estimated by analysis of molecular variance 

(AMOVA). High molecular variance (84%) was found within samples from the same 

region. The genetic similarity assessed by AFLP showed the duplicate accessions in 

the germplasm collection (Kladmook et al, 2010).
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3. MATERIALS AND METHODS

The investigations on “variability analysis in ginger (Zingiber officinale Rose.) 

somaclones using molecular markers” were carried out at the Centre for Plant 

Biotechnology and Molecular Biology (CPBMB), College of Horticulture, Kerala 

Agricultural University, Thrissur during the period from February 2012 to May 2013. 

The materials used and methodologies adopted are discussed in this chapter.

3.1 MATERIALS

3.1.1 Plant materials

Ginger somaclones (180 Nos.) regenerated through various modes of 

regeneration viz. bud culture, indirect organogenesis / embryogenesis and in vitro 

mutagenesis, along with two source parent cultivars (Maran and Rio-de-Janeiro) were 

used for the present study. Germplasm of ginger somaclones were maintained as 

potted plants in the green house at CPBMB, College of Horticulture, Kerala 

Agricultural University, Thrissur.

Thirteen groups of somaclones (seven in Maran and six in Rio-de-Janeiro) 

based on mode of regeneration along with two source parent cultivars used for the 

study were as follows:

1. MB - Maran bud culture.

2. MC - Maran indirect organogenesis.

3. MSe - Maran indirect somatic embryogenesis.

4. MC(10Gy) - Maran indirect organogenesis (irradiated with y rayslO Gy).

5. MC (20 Gy) - Maran indirect organogenesis (irradiated with y rays 20 Gy).

6 . MSe (10 Gy) - Maran indirect somatic embryogenesis (irradiated with y rays

10 Gy).

7. MSe (20 Gy) - Maran indirect somatic embryogenesis (irradiated with y rays 

20 Gy).

- Maran source parent cultivar (control M).8. MSP
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9. RB

10. RC

11. RSe

12. RC (10 Gy)

13. RC (20 Gy)

14. RSe (10 Gy)

15. RSP

- Rio-de-Janeiro

- Rio-de-Janeiro

- Rio-de-Janeiro

- Rio-de-Janeiro 

10 Gy).

- Rio-de-Janeiro

20 Gy).

- Rio-de-Janeiro 

rays 10 Gy).

- Rio-de-Janeiro

bud culture.
indirect organogenesis.

indirect somatic embryogenesis.

indirect organogenesis (irradiated with y rays

indirect organogenesis (irradiated with y rays

indirect somatic embryogenesis (irradiated with y

source parent cultivar (control R).

The somaclones from bud culture of the two cultivars Maran and Rio-de-Janeiro 

were planted out for rhizome formation in 1999-2000 after passing through ten to 

twelve subculture cycles and the clones were evaluated for yield, quality and 

tolerance to soft rot and bacterial wilt diseases. Preliminary field evaluation, advanced 

variety trials, onfarm evaluation multilocational tests, large scale demonstration of 

selected clones were undertaken during the period from 2 0 0 2  to 20 1 0  and two 

selected superior somaclones from bud culture regenerants were released under the 

name Athira and Karthika during 2010.

The somaclones regenerated through indirect methods and regenerants from 

irradiated organogenic and embryogenic calli of the two cultivars were planted out for 

rhizome formation in 2004. Preliminary yield evaluation and evaluation for soft rot 

and bacterial wilt diseases in the clones were completed during 2006 to 2010. The 

evaluation of the clones at molecular level and variability analysis using two marker 

systems were attempted in the present study.

The ginger somaclones used for the study are presented in Plate 1. The list of 

180 ginger somaclones belonging to the two cultivars, Maran and Rio-de-Janeiro is 

presented in Table 1 and Table 2 respectively.



Plate 1. Somaclones of cultivar Maran and Rio-de-Janeiro maintained in net house



Table 1. List of somaclones derived from cultivar Maran

SI
No.

Group of somaclones Clone numbers No. of 
clones

1 MB 488M, 91M, 197M, 132M, 436M, 6 6 8M, 
79M, 393M, B3, S4, FP1056, B21, B24, 
B13, B16, 99M, 918M, Athira, Karthika

19

2 MC MC545, MC815, MC338, MC277, 
MC262, MC740, MC231, MC263, 
MC270

9

3 Mse MSe78, MSe21, MSel24, MSe357, 
MSe957 MSe27, MSe24, MSel074, 
MSe39, MSe8 , MSel050, MSe72, 
MSel9,

13

4 MC(10Gy.) MClKr322, M ClKrll2, MClKr266, 
MClKrl273, M ClKrl6 8 , MClKr99, 
MClKr624, MClKr47, MClKrl61, 
MClKr774, MClKrl064, MClKrl273, 
MClKr329, MClKrl38, MClKrl90, 
MClKr315, MClKrllO, MClKrl74, 
MClKrl08, MClKr330, MClKrl02

21

5 MC (20Gy.) MC2Kr337 1

6 MSe (lOGy.) MSelKr584, MSelKr200, MSelKr42, 
M SelKrll3

4

7 MSe (20Gy.) MSe2Kr536, MSe2Krl351, MSe2Kr54, 
MSe2Kr239, MSe2Kr418, MSe2Kr248, 
MSe2Kr246, MSe2Kr59, MSe2Kr33, 
MSe2Krl78, MSe2Kr260, MSe2Krl64, 
MSe2Kr383

13

8 Source parent cultivar Maran

Total No. of somaclones 80



Table 2. List of somaclones derived from cultivar Rio-de Janeiro

SI.
No.

Group of somaclones Clone numbers No. of 
clones

9 RB RVIII, 386R, 734R, 281R, 364R, 88R, 
478R, 292R

8

10 RC RC 665, RC1007, RC429, RC432, RC 
763, RC606, RC609, RC152, RC439, 
RC1599, RC425, RC1251, RC445, 
RC144, RC153, RC6 6 8 , RC30, 
RC280, RC132, RC504, RC460, 
RC31, RC150, RC692, RC423

25

11 Rse RSe32, RSel3, RSe30, RSe42, RSe24, 
RSe23, RSe469, RSel6 , RSe448, 
RSel24, RSe49, RSe27, RSe41, 
RSe33, RSe25, RSe44, RSe46, RSelO, 
RSe52, RSe439, RSe38, RSel 1, RSe5, 
RSe45, RSel4, RSe2, RSe29, RSe986, 
RSe982, RSe736, RSe648, RSe498, 
RSe311, RSe873, RSe872, RSe593, 
RSel346

37

12 RC (lOGy.) RClKr375, RClKr53, RClKr343, 
RClKr462, RClKrl94, RClKr245, 
RClKr445, RClKrl31, RClKr615, 
RClKr743, RClKr975, RClKrl265, 
RClKr667, RClKr740, RClKr73, 
RClKrl257, RClKrl046, RClKr313

18

13 RC (20Gy.) RC2Krl031 1

14 RSelO (lOGy.) RSelKrl053, RSelKr44, RSelKr989, 
RSelKr648, RSelKr650, RSelKrl8 8 , 
RSelKrl257, RSelKr48, 
RSelKrl052, RSelKr78, RSelKr239

11

15' Source parent cultivar Rio-de Janeiro
Total No. of somaclones 100
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3.1.2 Laboratory chemicals, glass wares and plastic wares

The chemicals used in the present study were of good quality (AR grade) 

procured from Merck India Ltd., HIMEDIA and SISCO Research Laboratories. The 

Tag DNA polymerase, dNTPs, Taq buffer and molecular marker 

(^DNA/Z/mt/III+^coRI double digest 100 bp) were supplied by Bangalore Genei Ltd. 

All the plastic wares used were obtained from Axygen and Tarson India Ltd. The 

decamer primers from Qperon Technologies Inc. (USA) and ISSR primers from 

Sigma Aldrich Chemical Pvt. Ltd, USA.

3.1.3 Equipment and machinery

The present investigations were carried out using the facilities available at 

CPBMB, College of Horticulture. Centrifugation was done in High speed-refrigerated 

centrifuge (KUBOTA 6500, Japan). NanoDropR ND-1000 spectrophotometer was 

used for the estimation of quality and quantity of DNA. The DNA amplification was 

carried out in Veriti (Applied Biosystems, USA). Horizontal gel electrophoresis 

system (BIO-RAD, USA) was used for agarose gel electrophoresis. Gel Doc - BIO

RAD was used for imaging and documenting the agarose gel.

3.2 METHODS

Variability analyses of thirteen groups of somaclones of ginger along with 

source parent cultivars were carried out with two different marker systems- Random 

Amplified Polymorphic DNA (RAPD) and Inter Simple Sequence Repeats (ISSR).

3.2.1 Genomic DNA extraction
For genomic DNA isolation, CTAB method reported by Rogers and Bendich 

(1994) and Sigma’s GenElute™ Plant Genomic DNA Miniprep kit were used. Young 

tender, pale green leaves (first or second fully opened leaf from the tip) were 

collected early in the morning from individual plants of each group of somaclones 

maintained in net house of CPBMB. Leaf surface was cleaned by wiping with 70 per 

cent alcohol and then used for DNA isolation. The leaves were then ground into a fine
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powder with liquid nitrogen using pre-chilled mortar and pestle, (3 -mercaptoethanol 

(50p.I) and a pinch of PVP were added before grinding.

3.2.1.1 DNA isolation by CTAB method

Reagents:

1. CTAB extraction buffer (2x)

2. CTAB (1 Ox)

3. P-mercaptoethanol

4. Chloroform : isoamyl alcohol (24:1)

5. Chilled isopropanol

6 . Ethanol (70 per cent)

7. RNase A (DNase free)

8 . Distilled water

The procedure for preparation of reagents for DNA isolation is given in Annexure I.

Young and tender leaf tissue (lg) was weighed and ground in liquid nitrogen 

using pre chilled mortar and pestle along with 50pl of p-mercaptoethanol and a pinch 

of Poly Vinyl Pyrrolidone (PVP). The sample was ground to a fine powder using 

excess of liquid nitrogen and 4 ml of extraction buffer (2x). The powder was 

transferred to a sterile 50 ml centrifuge tube containing 3 ml of pre-warmed extraction 

buffer (total 7 ml). The homogenate was incubated for 30 minutes at 65°C with 

occasional mixing by gentle inversion. Equal volume of chloroform: isoamyl alcohol 

(24:1) mixture was added to the tube, mixed gently by inversion and centrifuged at 

10000 rpm for 15 minutes at 4°C. The contents got separated into three distinct 

phases. The upper aqueous phase containing DNA was pipetted out into 50 ml of 

fresh autoclaved Oakridge tube. Then added l/10th volume of ten per cent CTAB and 

equal volume of chloroform: isoamyl alcohol (24:1) mixture, mixed gently by 

inversion and centrifuged at 10000 rpm for 15 minutes at 4°C. The supernatant was 

collected into 50ml of Oakridge tube, then 0.6 volume of ice cold chilled isopropanol 

was added and the contents were mixed gently. The sample was then incubated at - 

20°C for 30 minutes to precipitate the DNA completely. The DNA was then pelleted
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by centrifuging at 10000 rpm for 15 minutes at 4°C. Isopropanol was gently poured 

off. Washed the pellet with 70 percent ethanol by centrifuging at 10000 rpm for 10 

minutes, discarded ethanol and drained well. The pellet was air dried and finally 

dissolved in 50 pi sterile distilled water. The isolated DNA was electrophoresed on

0.8 per cent agarose gel along with XDNA / EcoRI+Hwaflll double digest as 

molecular marker.

3.2.1. DNA isolation by Sigma’s GenElute™ Plant Genomic DNA Miniprep kit 

Reagent preparation

Reagents were thoroughly mixed and examined for precipitation. If any reagent 

formed a precipitate, it was warmed at 55-65°C until the precipitate dissolved and 

allowed to cool at room temperature before use. The water bath was preheated to 

65°C. Diluted the wash solution concentrate with 72 ml (70 prep packages) of 95-100 

per cent ethanol. After each use, tightly caped the diluted wash solution to prevent the 

evaporation of ethanol. The elution solution was preheated to 65° C.

Disruption of cells

Fresh leaves were ground to a fine powder in liquid nitrogen using a chilled 

mortar and pestle to disrupt cells. Approximately 100 mg of the powder was 

transferred to a microcentrifuge tube. The samples were kept on ice for immediate 

use.

Cell lysis

Lysis solution (Part A) 350 ml and lysis solution (PartB) 50 ml were added to 

the tube; thoroughly mixed by vortexing and inverting. A white precipitate was 

formed upon the addition of lysis solution (Part B). The mixture was incubated at 

65°C for 10 minutes with occasional inversion to dissolve the precipitate. RNase A 

(50 units) was added to the lyses mixture just prior to incubation at 65°C.
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Precipitation of debris

Precipitation solution (130 ml) was added to the mixture, mixed completely by 

inversion and placed the sample on ice for five minutes. The sample was centrifuged 

at maximum speed (12,000-16,000 5g) for five minutes to pellet the cellular debris, 

proteins, and polysaccharides.

Filtration of debris

The supernatant from above step was carefully pipetted out onto a GenElute 

filtration column (blue insert with a 2  ml collection tube) to filter debris and 

centrifuged at maximum speed (12,000-16,000 5g) for one minute for removing any 

cellular debris not removed in previous step. The filtration column was discarded but 

the collection tube was retained.

Preparation of binding column

Binding solution (700 ml) was directly added to the flow-through liquid from 

above step and mixed thoroughly by inversion. Binding column was prepared by 

inserting a GenElute Miniprep binding column (with a red o-ring) into a 

microcentrifuge tube, if not already assembled. Added 500 ml of the column 

preparation solution to each miniprep column and centrifuged at 12,000 5g for 30 

seconds to 1 minute. The flow-through liquid was discarded. (The column preparation 

solution maximizes binding of DNA to the membrane resulting in more consistent 

yields).

Loading lysate

Carefully pipetted out 700 ml of the mixture to the column prepared and 

centrifuged at maximum speed (12,000-16,000 5g) for one minute. The flow-through 

liquid was discarded but the collection tube was retained. The column was returned to 

the collection tube. The remaining lysate was applied to the column. Repeated the 

centrifugation as above and discarded the flow-through liquid as well as collection 
tube.
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Column washing

For first column wash, the binding column was placed into a fresh 2 ml 

collection tube and applied 500 ml of the diluted wash solution to the column and 

centrifuged at maximum speed for one minute. The flow-through liquid was 

discarded and collection tube was retained. For second column wash, applied another 

500 ml of diluted wash solution to the column and centrifuged at maximum speed for 

three minutes to dry the column. Prevented the flow-through liquid to contact the 

column; wiped off any fluid that adhered to the outside of the column.

Elution of DNA

The binding column was transferred to a fresh 2 ml collection tube, to elute 

DNA. Pre-warmed (65 °C) 100 ml elution solution was applied to the column and 

centrifuged at maximum speed for one minute. The elution was repeated. The flow

through liquid did not allow contacting the column. Eluates may be collected in the 

same collection tube. Alternatively, a second collection tube may be used for the 

second elution to prevent dilution of the first eluate. The eluate contained pure 

genomic DNA. For short-term storage of DNA, 2-8°C is recommended. For long

term storage of DNA, -20 °C is recommended. Avoid freezing and thawing, which 

causes breaks in the DNA strand. Elution solution will help stabilize the DNA at these 

temperatures.

3.2.2 Assessing the quality of DNA by electrophoresis

The quality of isolated DNA was evaluated through agarose gel electrophoresis. 

Reagents and equipments

1. Agarose

2. 50XTAE buffer (PH 8.0)
3. 6X Loading /Tracking dye

4. Ethidium bromide (0.5pg/ml)

5. Electrophoresis unit, power pack (BIO-RAD), gel casting tray, comb
6. UV transilluminator (Herolab R)
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7. Gel documentation and analysis system (BIO-RAD)

Chemical composition of buffers and dyes are given in Annexure II.

Cleaned the work area, swabbed gel casting tray and comb with 70 per cent 

ethanol. The open end of gel casting tray was sealed with a cello tape and kept on a 

horizontal surface. The comb was placed desirably. Agarose (0.8 per cent) was 

weighed and dissolved in TAE buffer (IX) by boiling in micro wave oven until the 

agarose melted completely and solution became clear. Agarose solution was allowed 

to cool to about 42 to 45°C and added ethidium bromide (0.5pg/ml) and mixed well. 

Dissolved agarose was poured on to the tray. The gel was allowed to set for 30 

minutes. The comb and tape (used for sealing the tray) were removed carefully. The 

tray was kept in the electrophoresis tank with well side directed towards the cathode. 

IX TAE buffer was added to the tank. Then DNA sample (5 pi) along with tracking 

dye (1 pi) was loaded into the wells using a micropipette carefully. Suitable 

molecular weight marker (XONAJEcoKL+Hindlll double digest) was loaded in one 

lane. After closing the tank, the anode and cathode ends were connected to the power 

pack and the gel was run at a constant voltage (100V) and current (50 A). The power 

was turned off when the tracking dye reached 2/3rd length of the gel. Then the gel was 

taken from the electrophoresis unit and viewed under UV transilluminator for 

presence of DNA. The intact DNA appeared as orange fluorescent band under UV 

light due to ethidium bromide dye.

3.2.3 Gel documentation

The image was documented in gel documentation system (BIO-RAD). The gel 

profile was examined for intactness, clarity of DNA band, presence of contamination 

such as RNA and proteins.

3.2.4 Purification of DNA

The DNA contained RNA as contaminant and was purified by RNase treatment.
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Reagents

1. Chilled isopropanol

2. 70 per cent ethanol

3. TE buffer

4. Chloroform: Isoamyl alcohol (24:1, v/v)

5. One per cent RNase

The RNase A from Sigma, USA was used for the present study. One per cent 

solution was prepared by dissolving RNase in TE buffer at 100°C for 15 minutes. The 

solution was cooled to room temperature, dispensed into aliquots and stored at -20°C'

RNase solution (5 pi) was added to 100 pi DNA sample and incubated at 37° C 

in dry bath (Genei, Thermocon) for one hour. Then added equal volume of 

chloroform: isoamyl alcohol (24: 1) and centrifuged at lOOOOXg for 20 minutes at 4° 

C. The upper aqueous phase transferred to another tube. Repeated above step and 

finally precipitated the DNA from the aqueous phase with 0.6 volume of chilled 

isopropanol. The mixture was then incubated at -20° C for 30 minutes and centrifuged 

at 10000 rpm for 15 minutes at 4° C. The pellet of DNA was washed with 70 per cent 

ethanol. The pellet was air dried and dissolved in 50 to lOOpl autoclaved distilled 

water. Electrphoresis was carried out 0.8 percent agarose gel at constant voltage of 

100V to test the quality and to find whether there was any shearing during RNase. 

treatment.

3.2.5 Assessing the quality and quantity of DNA by NanoDrop method

The quality and quantity of genomic DNA was estimated using NanoDropR 

ND-1000 spectrophometer (NanoDrop Technologies Inc., USA). Before taking 

sample readings, the instrument was set to zero by taking lpl autoclaved distilled 

water as blank. One micro litre of nucleic acid sample was measured at a wavelength 

of 260 nra and 280 nm and OD260/OD280 ratios were recorded to assess the purity of 

DNA. A ratio of 1.8 to 2.0 for OD260/OD280 indicated good quality of DNA. The 

quantity of DNA in the pure sample was calculated using the formula OD260-  1 is 

equivalent to 50 pg double stranded DNA/ pi sample.
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10D at 260 nm = 50 jig DNA/ml 

Therefore OD260 * 50 gives the quantity of DNA in pg/ml.

3.2.6 Bulking of DNA

Bulking of DNA was done as per the procedure reported by (Dulson et al, 

1998). The DNA bulk was made with equal amount (10 pi) of diluted working stock 

from each of one eighty somaclones of ginger. Bulked samples of the thirteen groups 

of the one eighty somaclones along with two source parent cultivars were subjected to 

RAPD and ISSR analysis with selected primers. The genotype and mode of 

regeneration exhibiting more variability was focused for further indepth 

investigations, using individual DNA of each somaclone.

3.3 Molecular markers used for the study
Two different types of marker systems viz., Random Amplified Polymorphic 

DNA (RAPD) and Inter Simple Sequence Repeats (ISSR) were used for variability 

analysis.

3.3.1 DNA amplification conditions

The PCR condition required for effective amplifications in RAPD and ISSR 

analyses include appropriate proportions of the various components of the reaction 

mixture. The reaction mixture include template DNA, assay buffer A or B, MgCh, 

Taq DNA polymerase, dNTPs and primers. The aliquot of this master mix were 

dispensed into 0.2 ml PCR tubes. The PCR was carried out in Veriti (Applied 

Biosystem, USA).

Another important factor, which affect amplification rate is the temperature 

profile of thermal cycle. The thermocycler is programmed for desired duration and 

temperature for denaturation, annealing and polymerization.

3.3.2 RAPD (Random Amplified Polymorphic DNA) analysis

The good quality genomic DNA after bulking (35 to 40ng/pl) were subjected to 

RAPD assay. Random decamer primers supplied by ‘Operon Technologies’ USA
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with good resolving power was used for amplification of DNA. The decamer primers 

for RAPD assay were selected after an initial screening of primers.

The amplification was carried out in Veriti (Applied Biosystem, USA). PCR 

amplification was performed in a 20 pi reaction mixture as constituted below:

Composition of the reaction mixture for PCR (20.0 pi)

a) Genomic DNA (35ng/pl) -2.0 pi

b) 10X Taq assay buffer B -2.0 pi

c) MgCl2 - 2.0 pi

d) dNTP mix (lOmM each) -1.5 pi

e) Taq DNA polymerase (3U) - 0.4 pi

f) Decamer primer (10 pM) - 2.0 pi

g) Autoclaved distilled water -10.1 pi

Total volume - 20.0 pi

The thermocycler was programmed as follows:

93°C for 1 minutes - Initial denaturation

93°C for 1 minute Denaturation

37°C for 1 minute Primer annealing >- 40 cycles

72 C for 2 minutes - Primer extension >

72°C for 8 minutes -
i

Final extension

4 C for infinity to hold the sample
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3.3.2.1 Screening of random primers for RAPD analysis

Thirty-five decamer primers in the series of OP A, OPC, OPD, OPG, OPK, 

OPE, OPP, OPU, OP AH, (Operon Technologies, USA), S, RN (Reverse Neo), RY 

were screened for RAPD analysis using the bulked DNA from three somaclones viz. 

RVIII, MSelKr200 and MClKrl68. Details of the primers used for screening is 

given in Table 3. Out of the 35 decamer primers screened for RAPD analysis, primers 

which gave good amplification products were selected for further studies.

3.3.2.2 Random primers selected for RAPD Assay

The amplified products were run on two per cent agarose gel using IX TAE 

buffer stained with ethidium bromide along with marker (100 bp). The profile was 

visualized under UV (312 nm) transilluminator and documented using gel 

documentation system Gel DOC-It ™ Imaging system UVP (USA). The documented 

RAPD profiles were carefully examined for amplification of DNA as bands. The size 

of polymorphic band in kb / bp of bases was recorded in comparison with 100 bp 

ladder.

3.3.3 ISSR (Inter Simple Sequence Repeat) analysis

The good quality genomic DNA after bulking (35 to 40ng/pl) were subjected to 

ISSR assay. ISSR primers (ISSR Technologies, USA) with good resolving power 

were used for amplification of DNA. The ISSR primers for analysis were selected 

after an initial screening of primers. The amplification was carried out in Veriti 

(Applied Biosystem, USA). PCR amplification was performed in a 20 pi reaction 

mixture as constituted below:
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Table 3. Decamer primers used for screening DNA samples from ginger 
somaclones

SI. No. Name of Primer Nucleotide Sequence
1. OPA 02 5 ’TGCCGAGCTG3 ’
2 OPA 04 5’AATCGGGCTG3’
3 OPA 06 5’GGTCCCTGAC3’
4 OPA 08 5 ’ GTGACGTAGG3 ’
5 OPA 10 5 ’ GTG ATCGC AG35
6 OPA 12 5 ’ TGGGCG AT AG3 ’
7 OPA 27 5’GAAACGGGTG3’
8 OPA 28 5’GTGACGTAGG3’
9 OPC01 5 ’TTCGAGCCAG3 ’ .
10 OPC 02 5 ’ GTGAGGCGTC3 ’
11 OPC 04 5’GGTACGATGC3’
12 OPC 08 5 ’TGGACCGGTA3 ’
13 OPC 14 5’TGCGTGCTTG3’
14 OPD 10 5’GGTCTACCAC3’
15 OPD 15 5 ’ CATCCGTGCT3 ’
16 OPD 20 5 ’ ACCCGGTAAC3 ’
17 OPE 05 5 * CTGAGAATCC3 *
18 OPE 07 5 ’ AGATGCAGCC3 ’
19 OPG 08 5 ’TCACGTCCAC3 ’
20 OPK01 5 ’TGGCGACCTG3 ’
21 OPP 16 5 ’CCAAGCTGCC3 ’
22 OPP 17 5 ’TGACCCGCCT3 ’
23 OPU 03 5’CTATGCCGAC3’
24 OPU 07 5 ’ CTAC AGTGAG3 ’
25 OPU 13 5’GGCTGGTTCC3’
26 OPAH 1 5 ,TCCGCAACCA3 ’
27 OPAH3 S’GGTTACTGCCS’
28 OPAH 5 S’TTGCAGGCAGS ’
29 OPAH 6 5 ’ GTAAGCCCCT35
30 OPAH 9 5 ’ AGAACCGAGG3 ’
31 RN 07 5 ’ CAGCCCAGAG3 ’
32 RN 08 5 ’ ACCTC AGCTC3 ’
33 RY 08 5 ’ AGGCAGAGCA3 ’
34 S ll 5 ’ GTAGACCCGT3 ’
35 S 12 5 ’CCTTGACGCA3 ’
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Composition of the reaction mixture for PCR (20.0 pi)

a) Genomic DNA (35ng/pl) -2.0 pi

b) I OX Taq assay buffer B - 2.0 pi

c) MgCI2 -2.0 pi

d) dNTP mix (lOmM each) - 1.5 pi

e) Taq DNA polymerase (3U) - 0.4 pi

f) Primer (10 pM) - 2.0 pi

g) Autoclaved distilled water -10.1 pi

Total volume - 20.0 pi 

The thermocycler was programmed as follows:

94° C for 4 minutes - Initial denaturation 

94 C for 45 seconds - Denaturation 

42-47  C for 1 minute - Primer annealing ^ 35 cycles 

72 C for 2 minutes - Primer extension ^

72 C for 8 minutes - Final extension

4 C for infinity to hold the sample

3.3.3.1 Screening of primers for ISSR analysis

Thirty primers (ISSR Technologies, USA), were screened for ISSR analysis 

using the bulked DNA from three somaclones viz. RVIII, MSelKr200 and 

MClKrl68. Details of the primers used for screening is given in Table 4. Primers 

which gave good amplification of the DNA sample were selected for further studies.



48

Table 4. ISSR primers used for screening DNA samples from ginger 
somaclones

SI. No. Name of Primer Nucleotide Sequence

1. UBC 840 5 ’ GAGAGAGAGAGAGAGAYT3 ’
2 UBC 844 5 ’ CTCTCTCTCTCTCTCTRC3 9
3 UBC 890 5 ’ VHVGTGTGTGTGTGTGT3 ’
4 UBC 811 5 ’ GAGAGAGAGAGAGAGAC3 ’
5 UBC813 5 9 CTCTCTCTCTCTCTCTT3 ’
6 UBC 815 5 ’ CTCTCTCTCTCTCTCTG3 ’
7 UBC354 5 ’ CTAGAGGCCG3 9
8 UBC S 2 5’CTCTCTCTCGTGTGTGTG3 ’
9 UBC 866 55 CTCCTCCTCCTCCTCCTC3 ’
10 UBC 826 5 ’ AC AC ACACACACACACC3 9
11 UBC 848 5 ’ CACACACACACACACARG3 ’
12 UBC 845 5 ’ CTCTCTCTCTCTCTCTRG39
13 UBC 868 5 * GAAGAAGAAGAAGAAGA3 *
14 UBC 834 5 ’AGAGAGAGAGAGAGAGYT3 ’
15 UBC 835 5 ’ AGAGAGAGAGAGAGAGY3 *
16 UBC 836 5s AGAGAGAGAGAGAGAGY3 ’
17 UBC 807 5 ’AGAGAG AGAGAG AGAGT3 ’
18 UBC 817 5 ’ C AC AC AC AC AC AC AC A A3 ’
19 UBC 818 5 * CAC ACAC AC AC AC AC AG3 ’
20 UBC 820 5’GTGTGTGTGTGTGTGTC3’
21 ISSR 04 5’ACACACACACACACACC3’
22 ISSR 05 5 * CTCTCTCTCTCTCTTG3 ’
23 ISSR 06 5 ’ GAGAGAGAGAGAGAGAC3 *
24 ISSR 07 5 * CTCTCTCTCTCTCTTG3 ’
25 ISSR 08 5 * GAGAGAGAGAGAGAGAT3 ’
26 ISSR 09 5 ’ CTCTCTCTCTCTCTCTCG3 ’
27 ISSR 10 5 * AC AC AC AC ACACACACG3 ’
28 ISSR 15 5’TCCTCCTCCTCCTCC3’
29 SPS 03 59 GACAGACAGACAGACA39
30 SPS 08 59 GGAGGAGGAGGA39
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3.3.3.2 ISSR assay of selected primers

The amplified products were run on two per cent agarose gel using IX TAE 

buffer stained with ethidium bromide along with marker (100 bp). The profile was 

visualized under UV (312 run) transilluminator and documented using gel 

documentation system Gel DOC-It ™ Imaging system UVP (USA). The documented 

ISSR profiles were carefully examined for amplification of DNA as bands. The size 

of polymorphic band in kb / bp of bases was recorded in comparison with 100 bp 

ladder.

3.3.4 Scoring of bands and data analysis

Scoring of bands on agarose was done with the Quantity one software 

(BIORAD) loaded in Gel Doc. Molecular weight size marker 100 bp ladder, was used 

for each gel along with DNA samples. Clear and distinct bands were considered 

scorable and each band was scored as 1 for the presence and 0 for the absence and 

their size recorded in relation to the molecular weight marker used.

The results obtained from RAPD and ISSR assays were transformed into data 

matrix as discrete variables. Jaccard’s coefficient of similarity was used to derive the 

dissimilarity matrix and dendrogram was generated by using Unweighted Pair Group 

Method with Arithmetic Mean (UPGMA) as per Sneath and Sokal (1973). Only 

distinct and well resolved fragments were scored. The resulting data were analysed 

using the software package NTSYS pc version 2.02i (Rohlf, 2005).

Resolving power (Prevost and Wilkinson, 1999) was used to identify the 

primers that would distinguish the somaclones most efficiently. Resolving power 

(Rp) of a primer was calculated as the sum of ‘band informativeness’ of all the bands 

produced by the primer. Band information (lb) is = 1-[2(0.5 -p )],

where p is the proportion of the somaclones containing the bands. Resolving 

power of the primer is represented as: Rp= 2 lb.

Polymorphic Information Content (PIC) was used for assessing the suitability of 

the primers selected for variability analysis. The PIC value (Hollman et al., 2005) of a
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marker detects polymorphism within a population depending on the number of 

detectable alleles and their frequency.

PIC value was calculated according to Anderson (1993) as PIC = 1- 'Zp i , 

where pi  was the frequency of the Ith allele.





4. RESULTS

The investigations on variability analysis in ginger (Zingiber officinale Rose.) 

somaclones using molecular markers were conducted at the Centre for Plant 

Biotechnology and Molecular Biology (CPBMB), College of Horticulture, Kerala 

Agricultural University. The objectives of the study were to assess somaclonal 

variation in ginger at molecular level and to study the influence of genotype and 

mode of regeneration on the extent of somaclonal variability. The study also aimed to 

assess variability in somaclones from the original source parent cultivars and to select 

out the variants. The results of various aspects of the investigations are presented in 

this chapter.

4.1 Source of DNA

Ginger somaclones (180 Nos.) regenerated through various modes of 

regeneration viz. bud culture indirect organogenesis / embryogenesis and in vitro 

mutagenesis along with source parent cultivars (Maran and Rio-de-Janeiro) were the 

experimental materials in the present study. Leaves were collected from individual 

plant of each group of somaclones for extraction of total genomic DNA. Leaves at 

different stages of maturity were tried for isolation of DNA. Young, tender, fresh, 

pale green leaves (lg) yielded good quality DNA in sufficient quantity in ginger 

somaclones (Plate 2).

4.1.1 Isolation, purification and quantification of DNA

For isolation of genomic DNA, two methods were used. Genomic DNA 

isolated using CTAB method reported by Roger and Bendich 1994 had RNA 

contamination (Plate 3a). However, RNase treatment gave good quality DNA (Plate 

3b). The agarose gel electrophoresis indicated clear distinct bands without RNA 

contamination and spectrophotometric analysis gave ratio of UV absorbance (A260/280) 

between 1.8 and 2.0. Quality and quantity of DNA isolated using CTAB method from 

selected ginger somaclones are indicated in Plate 3 and Table 5. Genomic DNA 

isolated by Sigma’s GenElute™ Plant Genomic DNA Miniprep kit was pure without 

RNA contamination and are indicated in Plate 4 and Table 6.



A - Folded, immature

B - Young, tender and pale green - (ideal stage) 

C - Medium mature 

D - Mature

Plate 2. Different maturity stages of leaves tried for DNA isolation in ginger somaclones
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Table 5. Quality and quantity of DNA isolated by CTAB method in ginger 

somaclones

Sr. No. Group of somaclones A 260/280
(range in group)

Quantity (ng/pl) 
(range in group)

1 MB 1.81-1.92 986.93-1360.11
2 MC 1.81-1.96 1014.52-1210.21
3 Mse 1.81-1.92 996.77-1230.97
4 MC (10 Gy) 1.80-2.00 1011.30-1237.81
5 MC (20 Gy) 1.84 1186.01
6 MSe (10 Gy) 1.83-1.90 1086.54-1203.52
7 MSe (20 Gy) 1.82-2.00 1014.501275.88
8 Maran source parent 

cultivar
1.85 1213.77

9 RB 1.84-2.00 1094.59-1257.12
10 RC 1.81-1.91 998.98-1540.65
11 RSe 1.80-2.00 993.99-1339.37
12 RC(10Gy) 1.80-2.00 997.30-1246.32
13 RC (20 Gy) 1.84 1240.48
14 RSelO (10 Gy) 1.80-2.00 1093.21-1433.53
15 Rio-de-Janeiro source 

parent cultivar
1.90 1365.53



Plate 3a. DNA isolated by CTAB method before RNase treatment

Plate 3b. DNA isolated by CTAB methods after RNase treatment

M: Molecular weight marker X DNAlEco RI+ Hind III double digest (1 OObp)
B: Blank 8: RVIII
1:488M 9: 386R
2: 91M 10: 734R
3: 197M 11: 281R
4: 132M 12: 364R
5: 436M 13: MSelKr200
6: MC545 14: Mse2Krl351
7: MC815 15: MClKrl68

Plate 3. DNA isolation by CTAB method and removal of RNA contamination



M  B 1 2 3 4 5 6 7 8 9 10 11 12 13 1

I!

M: Molecular weight marker X DNAJEco RI+ Hind III double digest (1 OObp)
B: Blank 9: MC231
1: 79M 10: MC270
2: 688M 11: MClKrl38
3: 393M 12: MClKrl90
4: B3 13: MC1 Kr315
5: KARTHIKA 14: MClKrl273
6: ATHIRA 15: MCUCrllO
7: MC740 16: MClKrl61
8: MC263 17: MClKr99

Plate 4. DNA isolated using Sigma's GenElute1' 1 kit in ginger somaclones
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Table 6. Quality and quantity of DNA isolated using Sigma’s GenElute1 M Kit in 
ginger somaclones.

Sr.
No.

Group of 
somaclones

A 260/280
(range in group)

Quantity (ng/^il) 
(range in group)

1 MB 1.83-1.96 81.20-91.11
2 MC 1.80-1.91 57.99-81.09
3 MC (10 Gy) 1.81-1.91 68.66-91.42
4 RC 1.82-1.97 55.54-125.99
5 RSe 1.81-1.90 66.80-134.06
6 RC(10Gy) 1.85-1.91 59.99-107.56
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Even though the quantity of DNA isolated using Sigma’s GenEluteIM Plant 

Genomic DNA Miniprep kit was less, the quality of isolated DNA was pure without 

RNA contamination.

4.1.2 Bulking of DNA

Good quality genomic DNA from one eighty somaclones of ginger was used 

for group wise bulking. Bulked samples of the thirteen groups of somaclones along 

with two source parent cultivars were subjected to RAPD and ISSR analyses with 

selected primers.

4.2 Molecular marker analysis:

Two different marker systems viz. RAPD and ISSR were studied for 

variability analyses of somaclones. Different primers (35 RAPD and 30 ISSR) were 

screened with good quality genomic DNA bulked from RVIII, MSelKr200 and 

MClKrl68. The best twelve primers selected based on amplification for each marker 

system were used for amplifying the DNA from different groups of ginger 

somaclones.

4.2.1 Random Amplified Polymorphic DNA (RAPD) analysis:

Original source parent cultivars and thirteen groups of somaclones (seven in 

cultivar Maran and six in cultivar Rio-de Janeiro) were subjected to RAPD analysis 

using bulked DNA samples.

4.2.1.1 Screening of random primers for RAPD analysis

Thirty-five decamer primers were screened for RAPD analysis using good 

quality genomic DNA bulked from three somaclones viz. RVIII, MSelKr200 and 

MClKrl68. The analysis by RAPD marker system described in 3.3.2 gave good 

amplification. The amplification patterns of screened primers are presented in Plate 5 

and Table 7.



M: 1 OObp ladder / Marker 7: OPA 02 15: OPA 27
B: Blank 8: OPA 27 16: RN 07
1: OPA 04 9: OPAH 05 17: OPU 03
2: OPC 02 10: OPP 16 18: S 11
3: OPA 08 11: OPA 28 19: OPAH 09
4: OPAH 3 12: RY 08 20: OPD 20
5: OPA 12 13: RN 08 21: OPE 07
6: OPP 17 14: OPD 15

M: 1 OObp ladder / Marker 
B: Blank 
1: OPK-Ol
2: OPU-03 
3: OPG-08 
4: OPE-05 
5: OPU-07 
6: OPU-13

7: OPAH-09 
8: OPAH-06 
9: OPD-15 
10: OPD-IO 
11: OPA 10 
12: OPA 28 
13: OPA 27

14: OPA 06 
15: OPA 12 
16: OPCOl 
17: OPAHOl 
18: OPC04 
19: S 12 
20: OPC 02.

Plate 5. Screening of RAPD primers for amplification of DNA from ginger somaclones
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Table 7. Amplification pattern of primers screened for RAPD assay

SI. No. Primers
Amplification Pattern

No. of 
bands

Types of bands Remarks
Clear and distinct Faint

1 OPA 02 9 0 9
2 OPA 04 7 3 4 Selected
3 OPA 06 0
4 OPA 08 10 3 7
5 OPA 10 0
6 OPA 12 10 2 8 Selected
7 OPA 27 7 4 3 Selected
8 OPA 28 9 4 5 Selected
9 OPC01 2 0 2
10 OPC 02 3 0 3
11 OPC 04 1 0 1
12 OPC 08 4 0 4
13 OPC 14 4 0 4 —

14 OPD 10 0
15 OPD 15 12 5 7 Selected
16 OPD 20 8 2 6 Selected
17 OPE 05 2 0 2
18 OPE 07 4 4 0
19 OPG 08 0
20 OPK01 2 2 0 —

21 OPP 16 8 4 4 Selected
22 OPP 17 9 2 7
23 OPU 03 6 4 2 Selected
24 OPU 07 2 0 2
25 OPU 13 1 0 1
26 OPAH 1 0
27 OPAH3 9 3 6
28 OPAH 5 10 1 9
29 OPAH 6 4 1 3
30 OPAH 9 6 2 4
31 RN 07 11 2 9
32 RN 08 11 3 8 Selected
33 RY 08 12 6 6
34 S ll 8 4 4 Selected
35 S 12 2 0 2
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Of the 35 decamer primers screened, twelve decamer primers which gave 

good amplification pattern were selected for RAPD assay of thirteen groups ol ginger 

somaclones and their original source parent cultivars. The details of the selected 

primers are presented in Table 8.

Overall analysis of primer screening showed that primers of the OPA series 

gave good amplification as compared to OPD and OPAH series. Primerwise analysis 

of the screened primers showed that the primer OPD 15 gave the highest number of 

clear and distinct bands followed by OPA 27 and OPA 28.

4.2.1.2 Variability analysis in ginger somaclones with selected RAPD primers

The gel profile of RAPD analysis in thirteen groups of somaclones with 

selected primers is presented in Plate 6a and 6b. Polymorphism percentage was 

worked out for each primer. Size of the amplicons was measured using Quantity one 

software. The details of amplification pattern are presented in Table 9.

The polymorphism percentage ranged from 10 to 54.54 in the selected 

primers. The highest polymorphism percentage was recorded by the primer OPA 28 

(54.54) followed by OPD 15 (45.45) and S ll (45.45). Primerwise analysis is as 

shown below:

OPA 02

A total of eleven amplicons ranged in size 300 bp to 1100 bp were produced 

by the primer OPA 02. They were clear, distinct and reproducible. It could generate 

four polymorphic bands out of eleven amplicons (Plate 6a. 1) and the percentage 

polymorphism was 36.36.

Three loci of size 700 bp, 1000 bp and 1100 bp were found in all the groups 

except RC20 Gy. One loci of size 900 bp was found in all groups except RC20 Gy 
and RSelO Gy.
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Table 8. Details of selected RAPD primers

SI. No. Name of Primer Sequence

1 OPA-02 5’TGCCGAGCTG3’

2 OPA-04 5’AATCGGGCTG3’

3 OP A -12 5’ TCGGCGATAG3’

4 OPA-27 5’GAAACGGGTG3’

5 OPA-28 5’GTGACGTAGG3’

6 OPD-15 5’CATCCGTGCT3’

7 OPD-20 5’ACCCGGTAAC3’

8 OPP-16 5’CCAAGCTGCC3’

9 OPU-03 5’CTATGCCGAC3’

10 RN-08 5’ACCTCAGCTC3’

11 S-ll 5’GTAGACCCGT3’

12 OPAH-03 5’GGTTACTGCC3’
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OP A 04

The primer OPA 04 could generate a total of eight clear, distinct and 

reproducible bands (150 bp to 1500 bp) out of which only two were polymorphic. 

The percentage polymorphism was 25. The amplification profile is given in Plate 

6a.2.

Two loci of size 800 bp and 1500 bp were found in all groups except RC20 

Gy and RSelO Gy.

OPA 12

Twelve clear, distinct and reproducible amplicons were produced by the 

primer OPA 12 (Plate 6a. 3) ranged in size 300 bp to 1600 bp. It could detect five 

polymorphic amplicons out of twelve amplicons. The polymorphism percentage 

calculated was 41.66 per cent.

Three loci of size 1200 bp, 1300 bp and 1500 bp were found in all groups 

except RC20 Gy and RSelO Gy. One loci of size 1550 bp was found in regenerants of 

irradiated group viz. MC10 Gy, MC20 Gy, MSelO Gy, RC20 Gy and RSelO Gy. One 

loci of size 300 bp was found only in somaclones of Maran group.

OPA 27

OPA 27 generated ten clear, distinct and reproducible amplicons ranged in 

size from 400 bp to 1600 bp and only one of them was polymorphic (Plate 6a. 4). The 

percentage polymorphism was very less (10%) as compared to other primers.

One loci of size 1500 bp was found only in somaclones of Maran group.

OPA 28

Amplification of thirteen groups of ginger somaclones with the selected 

primer OPA 28 produced eleven clear, distinct and reproducible amplicons ranged in 

size 300 bp to 1500 bp (Plate 6a. 5). Six amplicons were polymorphic and the 

percentage polymorphism was very high as compared to other primers (54.54%).
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Two amplicons of size 1150 bp and 1200 bp were found in all groups of 

somaclones except RC20 Gy. One loci of size 1500 bp was found in all groups except 

MC20 Gy, MSe20 Gy, RC20 Gy and RSelO Gy. One loci of size 1300 bp was found 

in all groups except RC20 Gy and RSelO Gy. One amplicon of size 1250 bp was 

found in all groups except MC20 Gy, RC20 Gy and RSelO Gy. One amplicon of size 

1100 bp was found in all the groups except MC20 Gy and RC20 Gy.

OPD 15

The primer OPD 15 was able to generate eleven clear, distinct and 

reproducible amplicons (Plate 6a. 6). The amplicons were ranged in size 300 bp to 

1500 bp. Five amplicons were polymorphic giving 45.45 per cent polymorphism.

Three amplicons of size 800 bp, 1350 bp and 1500 bp were found in all the 

groups except RC20 Gy and RSelO Gy. Two amplicons of size 600 bp and 1000 bp 

were found in all groups except RC20 Gy.

OPD 20

The decamer primer OPD 20 could generate ten clear, distinct and 

reproducible amplicons ranged in size 200 bp to 1800 bp, three of them were 

polymorphic (Plate 6b. 7). The percentage polymorphism was 30.

Two amplicons of size 1500 bp and 1800 bp were found in all the groups 

except RC20 Gy and RSelO Gy. One loci of size 400 bp was found in all the groups 

except RC20 Gy.

OPP 16

Ten clear, distinct and reproducible amplicons were produced by the primer 

OPP 16 (Plate 6b. 8) ranged in size 400 bp to 1400 bp. The polymorphism per 

centage was less (20) as it could detect only two polymorphic amplicons out of ten 

amplicons.

Two amplicons of size 900 bp and 1400 bp were found in all the groups 

except RC20 Gy and RSelO Gy.
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OPU 03

OPU 03 could generate a total of ten clear, distinct and reproducible 

amplicons (400 bp to 1500 bp) and out of which two were polymorphic (Plate 6b. 9). 

The polymorphism percentage recorded was 20.

One loci of size 1400 bp was found in irradiated group viz. MC10 Gy, MC20 

Gy, MSelO Gy and MSe20 Gy. One loci of size 1500 bp was present only in 

somaclones of Maran group.

RN 08

Twelve amplicons were produced by RN 08 (300 bp to 1700 bp) and four of 

them were polymorphic. The bands were clear, distinct and reproducible (Plate 6b. 

10). The polymorphism percentage calculated was 33.33.

Three amplicons of size 1100 bp, 1300 bp and 1700 bp were found in all the 

groups except RC20 Gy and RSelO Gy. One loci of size 800 bp was found in MSe, 

MSelO Gy, MSe20 Gy and Maran source parent cultivar (control M).

S 11

The primer S 11 was able to generate eleven amplicons ranged in size 300 bp 

to 1800 bp, five of them were polymorphic. The bands were clear, distinct and 

reproducible (Plate 6b. 11). The polymorphism percentage was 45.45.

Four amplicons of size 1100 bp, 1300 bp, 1500 bp and 1800 bp were found in 

all the groups except RC20 Gy and RSelO Gy. One loci of size 300 bp was present 

only in somaclones of Rio-de-Janeiro group.

OPAH 03

OPAH 03 produced thirteen clear, distinct and reproducible amplicons (200 

bp to 1200 bp) and out of which five amplicons were polymorphic giving 38.46 per 

cent polymorphism. The profile showing the amplification pattern of OPAH 03 was 

presented in Plate 6b. 12.



5. Primer OPA 28 6. Primer OPD 15

M: 1 OObp ladder / Marker
B: Control 8: Control M
1: Maran Bud 9: Rio Bud
2: MC 10: RC
3: Mse 11: Rse
4: MC (10 Gy) 12: RC(10Gy)
5: MC (20 Gy) 13: RC (20 Gy)
6: Mse (10 Gy) 14: Rse (10 Gy)
7: Mse (20 Gy) 15: Control R

Plate 6 a. Amplification patterns in different groups of ginger somaclones with
selected RAPD primers



7. Primer OPD 20 8. Primer OPP16

*• "  i  a M i»  M || |,

—

9. Primer OPU 03

11. Primer S 11 12. Primer OPAH-03

M:
B:

1 OObp ladder / Marker 
Control 8: Control M

1: Maran Bud 9: Rio Bud
2: MC 10: RC
3: Mse 11: Rse
4: MC (10 Gy) 12: RC(10Gy)
5: MC (20 Gy) 13: RC (20 Gy)
6: Mse (10 Gy) 14: Rse (10 Gy)
7: Mse (20 Gy) 15: Control R

Plate 6 b. Amplification patterns in different groups of ginger somaclones with
selected RAPD primers
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Three amplicons of size 700 bp, 900 bp and 1100 bp were found in all the 

groups except RC20 Gy and RSelO Gy. Two amplicons of size 1000 bp and 1200 bp 

were present only in somaclones of Maran group.

4.2.1.3 RAPD data analysis

Reproducible, well resolved fragments were scored using Quantity one 

software (Biorad) and each scorable band was scored for presence (1) or absence (0). 

RAPD analysis using twelve selected primers produced a total of one twenty nine 

markers in the thirteen groups of ginger somaclones (Table 9). The number of 

scorable markers produced by each primer ranged from eight (OPA 04) to thirteen 

(OPAH 03) with an average of 10.75 markers per primer. The molecular weight of 

these markers ranged 150 bp to 1800 bp. The polymorphic bands were 34.10 per cent 

of the total, each primer detecting on an average 3.66 polymorphic bands.

The numerical series for the presence or absence of bands was entered into a 

binary data matrix and used for calculating the similarity coefficient using Jaccard's 

coefficient (Jaccard, 1908). The mean similarity coefficient for each accession pair 

was calculated and used for cluster analysis using the UPGMA method and a 

dendrogram generated using the software package NTSYS pc version 2.02i (Rohlf, 

1993). The dendrogram generated using NTSYS is given in Figure 1 and details of 

clusters are given in Table 10.

The dendrogram generated using NTSYS grouped the somaclones into two 

main clusters. Cluster I includes eleven groups of somaclones (MB, MC, MSe, MC10 

Gy, MC20 Gy, MSe 10 Gy, MSe20 Gy, RB, RC, RSe, RC10 Gy) and two source 

parent cultivars. Rio-de-Janeiro regenerants from calli irradiated with 20 Gy and 

somatic embryo regenerants from embryogenic calli irradiated with 10 Gy formed the 

second main cluster.

Cluster I was divided into two major sub clusters, with somaclones of Maran 

in first subcluster and somaclones of Rio-de-Janeiro in second subcluster.
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Table 9. Amplification pattern of selected primers for RAPD assay in ginger

Sr.
No.

Primer Total no. 
of

amplicons

No. of
polymorphic

amplicons

No. of
monomorphic

amplicons

Size of 
amplicons 
(range-bp)

Polymorphism
(% )

1 O PA -02 11 4 7 300-1100 36.36

2 O PA -04 8 2 6 150-1500 25

3 O P A -12 12 5 7 300-1600 41.66

4 O PA -27 10 1 9 400-1600 10

5 O PA -28 11 6 5 300-1500 54.54

6 O PD -15 11 5 6 300-1500 45.45

7 O PD -20 10 3 7 200-1800 30

8 O PP-16 10 2 8 400-1400 20

9 O PU -03 10 2 7 400-1500 20

10 R N -08 12 4 8 300-1700 33.33

11 S - l l 11 5 6 300-1800 45.45

12 O PA H -
03

13 5 8 200-1600 38.46

T otal 129 44 84 34.10

A verage 10.75 3.66 7



Figure 1. Dendrogram generated with RAPD profile in different groups of ginger

somaclones



Table 10. Grouping of ginger somaclones based on RAPD data

Cluster

number

Details of groups 

in each cluster

Name of the groups of somaclones

Cluster I Eleven groups of 

somaclones and 

two parent 

cultivar

MB, MC, MSe, MC10 Gy, MC20 

Gy, MSe 10 Gy, MSe20 Gy, Maran 

source parent cultivar, RB. RC, 

RSe, RC10 Gy, Rio-de-Janeiro 

source parent cultivar

Cluster II Two groups of 

somaclones

RC20 Gy and RSe 10 Gy
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Table 11. Jaccard’s similarity coefficient matrix with RAPD data in ginger somaclones

MB MC MSE MC10 MC20 MSE10 MSE20 CM RB RC RSE RC10 RC20 RSE10 CR
MB 1.0000
MC 0.9690 1.0000
MSE 0.9767 0.9922 1.0000
MC10 0.9535 0.9690 0.9767 1.0000
MC20 0.9225 0.9535 0.9457 0.9690 1.0000
MSE10 0.9535 0.9690 0.9767 1.0000 0.9690 1.0000
MSE20 0.9535 0.9845 0.9767 0.9845 0.9690 0.9845 1.0000
CM 0.9767 0.9767 0.9845 0.9767 0.9457 0.9767 0.9612 1.0000
RB 0.9302 0.9457 0.9535 0.9457 0.9147 0.9457 0.9302 0.9535 1.0000
RC 0.9302 0.9457 0.9535 0.9302 0.8992 0.9302 0.9302 0.9380 0.9845 1.0000
RSE 0.9302 0.9457 0.9535 0.9302 0.8992 0.9302 0.9302 0.9380 0.9845 1.0000 1.0000
RC10 0.9225 0.9380 0.9457 0.9380 0.9070 0.9380 0.9225 0.9457 0.9922 0.9922 0.9922 1.0000
RC20 0.6589 0.6744 0.6667 0.6589 0.6899 0.6589 0.6589 0.6667 0.7132 0.7132 0.7132 0.7209 1.0000
RSE10 0.7364 0.7519 0.7442 0.7209 0.7209 0.7209 0.7364 0.7287 0.7752 0.7907 0.7907 0.7829 0.9070 1.0000
CR 0.9225 0.9380 0.9457 0.9380 0.9070 0.9380 0.9225 0.9457 0.9922 0.9922 0.9922 1.0000 0.7209 0.7829 1.0000

MB: Maran bud culture, MC: Maran indirect organogenesis, MSe: Maran indirect somatic embryogenesis, MC10: indirect organogenesis 

(irradiated with y rays 10 Gy), MC20: Maran indirect organogenesis (irradiated with y rays 20 Gy), MSE 10: Maran indirect somatic embryogenesis 

(irradiated with y rays 10 Gy), MSE20: Maran indirect somatic embryogenesis (irradiated with y rays 20 Gy), CM: Maran source parent cultivar 

(control M), RB: Rio-de-Janeiro bud culture, RC: Rio-de-Janeiro indirect organogenesis, RSE: Rio-de-Janeiro indirect somatic embryogenesis, 

RC10: Rio-de-Janeiro indirect organogenesis (irradiated with y rays 10 Gy), RC20: Rio-de-Janeiro indirect organogenesis (irradiated with y rays 

20 Gy), RSE 10: Rio-de-Janeiro indirect somatic embryogenesis (irradiated with y rays 10 Gy), CR: Rio-de-Janeiro source parent cultivar.
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A genetic similarity matrix of different groups of ginger somaclones based on 

the proportion of shared RAPD fragments was also generated (Table 11). The 

pairwise similarity coefficient values varied between 0.6589 and 1.0000 indicating 34 

per cent variability in somaclones and induced mutants of different groups.

The extent of variability in somaclones from the source parent cultivar Maran 

was found more in MC20 Gy (5.4%) followed by MSe20 Gy (4%), MSelO Gy 

(2.5%), MC10 Gy (2.5%) MB (2.5%) and callus regenerants (2.5%) while somatic 

embryo regenerants without irradiation showed less variability (1.5%).

In Rio-de-Janeiro, the highest variability was recorded by RC20 Gy (28%) 

followed by RSelO Gy (22%). However, the indirect organogenic and embryogenic 

regenerants without irradiation showed less variability (1.1%) as compared to 

irradiated groups.

4.2.2 Inter Simple Sequence Repeat (ISSR) analysis

Original source parent cultivars and thirteen groups of somaclones (seven in 

cultivar Maran and six in cultivar Rio-de-Janeiro) were subjected to ISSR analysis 

using bulked DNA samples of each group.

4.2.2.1 Screening of primers for ISSR analysis

Thirty primers of which 20 belonging to UBC (University of British, Columbia) 

series, eight to ISSR (ISSR Technologies, USA) series and two to SPS series were 

screened for ISSR analysis using good quality genomic DNA bulked from three 

somaclones viz. RVIII, MSelKr200 and MClKrl68.

ISSR analysis with the thermal settings described in 3.3.3 gave good 

amplification. The amplification pattern of screened primers is presented in Plate 7 

and Table 12.

Out of 30 ISSR primers, twelve primers showed good amplification and hence 

they were selected for variability analysis in ginger somaclones. The details of the 

selected primers are presented in Table 13.



M - lOObp ladder /  M arker 
B- Blank
1: UBC 8 1 1
2: UBC 813 
3: UBC 815 
4: UBC S2 
5: UBC 844 
6: UBC 866

7: UBC 807 
8: UBC 834 
9: UBC 835 
10: UBC 836 
11: UBC 890 
12: UBC 817 
13: UBC 818

14: UBC 820 
15: UBC 840 
16: UBC 826 
17: UBC 845 
18: U BC 848 
19: U BC 868 
20: UBC 354

M - 1 OObp ladder /  M arker
B- Blank 7: UBC 868 14: SPS 08
1: UBC 811 8: UBC 354 15: ISSR 05
2: UBC 840 9: UBC 866 16: ISSR 09
3: UBC 815 10: UBC 844 17: ISSR 10
4: UBC 835 11: ISSR 07 18: ISSR 06
5: UBC 834 12: ISSR 15 19: ISSR 04
6: UBC 890 13: SPS 03 20: ISSR 08

Plate 7. Screening of ISSR primers for amplification of DNA from ginger somaclones
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Table 12. Amplification pattern of primers screened for ISSR assay

SI.
No.

Primers
Amplification Pattern

No. of 
bands

Types of bands Remarks
Distinct Faint

1 . UBC 840 5 3 2 Selected
2 UBC 844 3 3 0 Selected
3 UBC 890 0
4 UBC 811 3 0 3 —

5 UBC813 0
6 UBC 815 2 2 0
7 UBC354 0
8 UBC S 2 1 1 0
9 UBC 866 7 2 5 Selected
10 UBC 826 0
11 UBC 848 1 0 1
12 UBC 845 0 —

13 UBC 868 2 1 1
14 UBC 834 5 2 3 Selected
15 UBC 835 6 2 4 Selected
16 UBC 836 4 0 4 —

17 UBC 807 0
18 UBC 817 1 0 1
19 UBC 818 1 0 1
20 UBC 820 1 0 1
21 ISSR 04 7 2 5 Selected
22 ISSR 05 3 3 0 Selected
23 ISSR 06 6 1 5 Selected
24 ISSR 07 2 0 2
25 ISSR 08 4 2 2 Selected
26 ISSR 09 2 1 1
27 ISSR 10 6 2 4 Selected
28 ISSR 15 2 0 2
29 SPS 03 5 1 4 Selected
30 SPS 08 3 0 3
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Table 13. Details of selected ISSR primers

SI. No. Name of Primer Sequence Annealing 
temperature (°C)

1 UBC 834 5 ’ AGAGAGAGAGAGAGAGYT3 ’ 45

2 UBC 835 5 ’ AGAGAGAGAGAGAGAGY3 ’ 43

3 UBC 840 5 ’ GAGAGAGAGAGAGAGAYT3 ’ 45

4 UBC 844 5 ’ CTCTCTCTCTCTCTCTRC3 ’ 47

5 SPS-03 5’GACAGACAGACAGACA3’ 43

6 ISSR-04 5 ’AC AC AC AC AC AC AC ACC3 ’ 42

7 ISSR-05 5 ’CTCTCTCTCTCTCTTG3 ’ 42

8 ISSR-06 5 ’ GAGAGAGAGAGAGAGAC3 ’ 47

9 ISSR-08 5 ’GAGAGAGAGAGAGAGAT3 ’ 45

10 ISSR-09 5’CTCTCTCTCTCTCTCTG3’ 42

11 ISSR-10 5’ACACACACACACACACG3’ 47

12 ISSR-15 5 ’TCCTCCTCCTCCTCC3 ’ 42
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Primers of the ISSR series used for screening gave good amplification as 

compared to UBC and SPS series. The primers UBC 840, UBC 844 and lSSR05gave 

highest number of clear and distinct bands followed by ISSR 04 and ISSR 08.

4.2.2.2 Variability analysis in ginger somaclones with selected ISSR primers

The amplification pattern in thirteen groups of ginger somaclones and source 

parent cultivars using selected ISSR primers is depicted in Plate 8a and 8b. The 

percentage of polymorphism was worked out for each primer. The details of 

amplification pattern are presented in Table 14.

The polymorphism percentage ranged from 12.5 to 40 in the selected primers. 

The highest polymorphism percentage was recorded by the primer ISSR 05 (40) 

followed by UBC 835 (30.76), UBC 834 (36.36) and ISSR 06 (33.33). Primerwise 

analysis is as shown below:

UBC 834

A total of eleven amplicons ranged in size 200 bp to 1000 bp were produced 

by the primer UBC 834. They were clear, distinct and reproducible. It could generate 

four polymorphic bands out of eleven amplicons (Plate 8a. 1) and the percentage 

polymorphism was 36.36.

Two amplicons of size 700 bp and 1000 bp were found in all the groups 

except RC20 Gy and RSelO Gy. Two amplicons of size 300 bp and 500 bp were 

found in all groups except MC20 Gy and MSe20 Gy.

UBC 835

The primer UBC 835 could generate a total of thirteen clear, distinct and 

reproducible bands (200 bp to 900 bp) out of which four were polymorphic. The 

percentage polymorphism was 30.76. The amplification profile is given in Plate 8a. 2.

Two amplicons of size 650 bp and 900 bp were found in all the groups except 

RC20 Gy and RSelO Gy. One loci of size 750 bp was present only in all the 

somaclones of Maran group.
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One amplicon of size 600 bp was found in all the groups except, MSelO Gy, 

MSe20 Gy, RC20 Gy and RSelO Gy.

UBC 840

UBC 840 generated eleven clear, distinct and reproducible amplicons ranged 

in size 200 bp to 1100 bp and four of them were polymorphic (Plate 8a. 3). The per 

cent polymorphism was 36.36.

Two amplicons of size 1000 bp and 1100 bp were found in all the groups 

except the irradiated group RC20 Gy and RSelO Gy. One amplicon of size 800 bp 

was present in the MC 20 Gy, RC 10 Gy and Maran source parent cultivar (control 

M). One loci of size 400 bp was present only in somaclones of Rio-de-Janeiro group.

UBC 844

Six clear, distinct and reproducible amplicons were produced by this primer 

(Plate 8a. 4) ranged in size 300 bp to 1000 bp. The polymorphism percentage 

calculated was less (16.16%) as it could detect only one polymorphic amplicons out 

of six amplicons.

One amplicon of size 1000 bp was found in all the groups except RC20 Gy 

and RSelO Gy.

SPS 03

Amplification of thirteen groups of ginger somaclones with the selected 

primer SPS 03 produced eleven clear, distinct and reproducible amplicons ranged in 

size 300 bp to 1100 bp (Plate 8a. 5) three amplicons were polymorphic and the 

percentage polymorphism calculated was 27.27.

Two amplicons of size 350 bp and 1000 bp were found in all the groups 

except RC20 Gy and RSelO Gy. One amplicon of size 800 bp was present only in 

somaclones of Maran group.
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ISSR 04

The primer OPD 15 was able to generate thirteen clear, distinct and 

reproducible amplicons (Plate 8a. 6). The amplicons were ranged in size 200 bp to 

1100 bp. Only two of them were polymorphic giving 15.38 per cent polymorphism.

Two amplicons of size 500 bp and 1000 bp were found in all the groups 

except RC20 Gy and RSelO Gy.

ISSR 05

The primer ISSR 05 could generate ten clear, distinct and reproducible 

amplicons ranged in size 350 bp to 1100 bp. Four amplicons were polymorphic (Plate 

8b. 7) and per cent polymorphism was high among all the other primers screened 

(40%).

Two amplicons of size 670 bp and 1100 bp were found in all the groups 

except RC20 Gy. One amplicon of size 800 bp was found in all the groups except 

RC20 Gy and RSelO Gy. One amplicon of size 1000 bp was present only in 

somaclones of Maran group.

ISSR 06

Nine clear, distinct and reproducible amplicons were produced by the primer 

ISSR 06 (Plate 8b. 8) ranged in size 100 bp to 800 bp. It could detect three 

polymorphic amplicons out of nine. The polymorphism percentage calculated was 

33.33.

Two amplicons of size 550 bp and 800 bp were found in all the groups except 

RC20 Gy and RSelO Gy. One amplicon of size 100 bp was present only in 

somaclones of Maran group.
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ISSR 08

ISSR 08 could generate a total of eleven clear, distinct and reproducible 

amplicons (300 bp to 1000 bp), of which only two were polymorphic (Plate 8b. 9). 

The polymorphism percentage recorded was 18.18.

One loci of size 1000 bp was found in all the groups except RC10 Gy, RC20 

Gy and RSelO Gy. One amplicon of size 700 bp was found in all the groups except 

MC20 Gy, RC20 Gy and RSelO Gy.

ISSR 09

Eight amplicons were produced by ISSR 09 (200 bp to 1400 bp) and only one 

of them was polymorphic (Plate 8b. 10). The polymorphism percentage was less 

(12.5) among all the other primers as it could detect only one polymorphic amplicons 

out of eight amplicons.

One amplicon of size 900 bp was found in all the groups except MC10 Gy, 

RC20 Gy and RSelO Gy.

ISSR 10

The primer ISSR 10 was able to generate eleven amplicons which ranged in 

size from 200 bp to 900 bp and two of them were polymorphic. The bands were clear, 

distinct and reproducible (Plate 8b. 11). The polymorphism percentage was 18.18.

Two amplicons of size 400 bp and 600 bp were found in all the groups except 

RC20 Gy and RSelO Gy.

ISSR 15

ISSR 15 produced eight clear, distinct and reproducible amplicons (400 bp to 

1100 bp) and two amplicons were found polymorphic giving 25 per cent 

polymorphism. The profile showing the amplification pattern of ISSR 15 is presented 

in Plate 8b. 12.



1. Primer UBC 834
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3. Primer UBC 840

2. Primer UBC 835

4. Primer UBC 844
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5. Primer SPS 03
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6. Primer ISSR 04

M: 1 OObp ladder / Marker 
B: Control 
1: Maran Bud
2: MC 
3: Mse
4: MC (10 Gy)
5: MC (20 Gy)
6: Mse (10 Gy)
7: Mse (20 Gy)

8: Control M
9: Rio Bud
10: RC
11: Rse
12: RC(10Gy)
13: RC (20 Gy)
14: Rse (10 Gy)
15: Control R

Plate 8 a. Amplification patterns in different groups of ginger somaclones with
selected ISSR primers
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7. Primer ISSR 05
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9. Primer ISSR 08

11. Primer ISSR 10

n i i n t i t i i f n e

8. Primer ISSR 06

10. Primer ISSR 09

3 0 s

12. Primer ISSR 15

M:
B:

lOObp ladder / Marker 
Control 8: Control M

1: Maran Bud 9: Rio Bud
2: MC 10: RC
3: Mse 11: Rse
4: MC (10 Gy) 12: RC (10 Gy)
5: MC (20 Gy) 13: RC (20 Gy)
6: Mse (10 Gy) 14: Rse (10 Gy)
7: Mse (20 Gy) 15: Control R

Plate 8 b. Amplification patterns in different groups of ginger somaclones with
selected ISSR primers
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One amplicon of size 900 bp was found in all groups except RC20 Gy and RSe 

10 Gy. One loci of size 550 bp was present in all groups except MC20 Gy.

4.2.2.3 ISSR data analysis

Reproducible, well resolved fragments were scored using Quantity one software 

(BIORAD) and each scorable band was scored and assigned the series of one for 

presence and zero for absence.

ISSR analysis using twelve selected primers produced a total of 122 markers in 

thirteen groups of ginger somaclones (Table 14). The number of scorable markers 

produced by each primer ranged from six (UBC 840) to thirteen (UBC 835 and ISSR 

05) with an average of 10.16 markers per primer. The molecular weight of these 

markers ranged 100 bp to 1400 bp. The overall mean of polymorphic bands was 

26.23 per cent, each primer detecting on an average 2.66 polymorphic bands.

The presence or absence of bands was entered into a binary data matrix and 

used for calculating the similarity coefficient using Jaccard’s coefficient (Jaccard, 

1908). The mean similarity coefficient for each accession pair was calculated and 

used for cluster analysis using the UPGMA method and a dendrogram generated 

using the software package NTSYS pc version 2.02i (Rohlf, 1993). The dendrogram 

generated using NTSYS is given in Figure 2 and details of clusters are given in Table 

15.

The dendrogram generated using NTSYS grouped the somaclones into two 

main clusters. Cluster I includes eleven groups of somaclones and two source parent 

cultivars. Rio-de-Janeiro regenerants from calli irradiated with 20 Gy and somatic 

embryo regenerants from embryogenic calli irradiated with 10 Gy formed the second 

main cluster.

Cluster I was divided into two major sub clusters. Somaclones of cultivar 

Maran were grouped in first sub cluster and somaclones of Rio-de-Janeiro were 

grouped in second sub cluster.
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Table 14. Amplification pattern in ginger somaclones with selected ISSR 
primers

Sr.
No.

Primer Total no. 
of

amplicons

No. of
polymorphic
amplicons

No. of
monomorphic

amplicons

Size of 
amplicon 

(range-bp)

Polymorphism
(%)

1 UBC 834 11 4 7 200-1000 36.36

2 UBC 835 13 4 9 200-900 30.76

3 UBC 840 11 4 7 200-1100 36.36

4 UBC 844 6 1 5 300-1000 16.66

5 SPS-03 11 3 8 350-1000 27.27

6 1SSR-04 13 2 11 200-1100 15.38

7 ISSR-05 10 4 6 350-1100 40

8 ISSR-06 9 3 6 100-800 33.33

9 1SSR-08 11 2 9 300-1000 18.18

10 ISSR-09 8 1 7 200-1400 12.5

11 ISSR-10 11 2 9 200-900 18.18

12 ISSR-15 8 2 6 400-1100 25

Total 122 32 90 26.23

Average 10.16 2.66 7.5



Coef&cieat

Figure 2. Dendrogram generated with ISSR profile in different groups of ginger

somaclones
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Table 15. Grouping of ginger somaclones based on ISSR data

Cluster number Details of groups 

in each cluster

Name of the groups of somaclones

Cluster I Eleven groups of 

somaclones and 

two parent 

cultivars

MB, MC, MSe, MC10 Gy, MC20 

Gy, MSe 10 Gy, MSe20 Gy, Maran 

source parent cultivar, RB, RC, 

RSe, RC10 Gy, Rio-de-Janeiro 

source parent cultivar

Cluster II Two groups of 

somaclones

RC20 Gy and RSe 10 Gy
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Table 16. Jaccard’s similarity coefficient matrix with ISSR data in ginger somaclones

MB MC MSE MC10 MC20 MSE10 MSE20 CM RB RC RSE RC10 RC20 RSE10 CR
MB
MC 0.9917 1.0000
MSE 0.9917 1.0000 1.0000
MC10 0.9752 0.9835 0.9835 1.0000
MC20 0.9504 0.9587 0.9587 0.9587 1.0000
MSE10 0.9835 0.9917 0.9917 0.9752 0.9504 1.0000
MSE20 0.9669 0.9752 0.9752 0.9587 0.9669 0.9835 1.0000
CM 0.9917 0.9835 0.9835 0.9669 0.9421 0.9752 0.9587 1.0000
RB 0.9669 0.9587 0.9587 0.9421 0.9174 0.9504 0.9339 0.9587 1.0000
RC 0.9669 0.9587 0.9587 0.9421 0.9174 0.9504 0.9339 0.9587 1.0000 1.0000
RSE 0.9669 0.9587 0.9587 0.9421 0.9174 0.9504 0.9339 0.9587 1.0000 1.0000 1.0000
RC10 0.9587 0.9504 0.9504 0.9339 0.9091 0.9421 0.9256 0.9504 0.9917 0.9917 0.9917 1.0000
RC20 0.7769 0.7686 0.7686 0.7851 0.7603 0.7769 0.7603 0.7686 0.8099 0.8099 0.8099 0.8182 1.0000
RSE10 0.7851 0.7769 0.7769 0.7934 0.7686 0.7851 0.7686 0.7769 0.8182 0.8182 0.8182 0.8264 0.9917 1.0000
CR 0.9669 0.9587 0.9587 0.9421 0.9174 0.9504 0.9339 0.9587 1.0000 1.0000 1.0000 0.9917 0.8099 0.8182 1.0000

MB: Maran bud culture, MC: Maran indirect organogenesis, MSe: Maran indirect somatic embryogenesis, MC10: indirect organogenesis 

(irradiated with y rayslO Gy), MC20: Maran indirect organogenesis (irradiated with y rays 20 Gy), MSE 10: Maran indirect somatic embryogenesis 

(irradiated with y rays 10 Gy), MSE20: Maran indirect somatic embryogenesis (irradiated with y rays 20 Gy), CM: Maran source parent cultivar 

(control M), RB: Rio-de-Janeiro bud culture, RC: Rio-de-Janeiro indirect organogenesis, RSE: Rio-de-Janeiro indirect somatic embryogenesis, 

RC10: Rio-de-Janeiro indirect organogenesis (irradiated with y rays 10 Gy), RC20: Rio-de-Janeiro indirect organogenesis (irradiated with y rays 20 

Gy), RSE 10: Rio-de-Janeiro indirect somatic embryogenesis (irradiated with y rays 10 Gy), CR: Rio-de-Janeiro source parent cultivar.
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A genetic similarity matrix of different groups of ginger somaclones based on 

the proportion of shared ISSR fragments was also generated (Table 16). The pairwise 

similarity coefficient values varied between 0.7603 and 1.0000.

The extent of variability in somaclones from the source parent cultivar Maran 

was found more in MC20 Gy (5.8%) followed by MSe20 Gy (4.1%), MC10 Gy 

(3.3%) and MSelO Gy (2.5%). However, callus and somatic embryo regenerants 

showed less variability.

In Rio-de-Janeiro somaclones the highest variability was recorded in RC20 Gy 

(19%) followed by RSelO Gy (18%). However, bud, callus and somatic embryo 

regenerants were found similar to source parent cultivar.

4.2.3. Variability analysis in different groups of ginger somaclones using 

combined RAPD and ISSR data

Amplification of thirteen groups of ginger somaclones along with two source 

parent cultivars produced a total of 251 markers by the RAPD and ISSR assay with 

an average of 10.45 markers per each primer. The total polymorphic bands were 

30.28 per cent, each primer detecting on an average 3.16 polymorphic bands per 

primer.

The RAPD and ISSR binary data matrix were combined, the NTSYS pc version 

2.02i was used for UPGMA analysis.

Based on the proximity matrix obtained from Jaccard’s coefficients, Sequential 

Agglomerative Hierarchical Non-overlapping (SAHN) clustering was done using 

Unweighted Pair Group Method with Arithmetic averages (UPGMA) method. The 

dendrogram generated using NTSYS is given in Figure 3 and details of clusters are 

given in Table 17.

The dendrograms generated based on RAPD and ISSR profiles grouped the 

somaclones into two separate clusters, with somaclones of Maran in first subcluster of 

cluster I and somaclones of Rio-de-Janeiro in second subcluster of cluster I.



Figure 3. Dendrogram generated with RAPD and ISSR profiles in different

groups of ginger somaclones
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Table 17. Grouping of ginger somaclones based on combined (RAPD and ISSR) data

Cluster number Details of groups 

in each cluster

Name of the groups of somaclones

Cluster I Eleven groups of 

somaclones and 

two parent 

cultivars

MB, MC, MSe, MC10 Gy, MC20 Gy, 

MSelO Gy, MSe20 Gy, Maran source 

parent cultivar, RB, RC, RSe, RC10 Gy, 

Rio-de-Janeiro source parent cultivar

Cluster II Two groups of 

somaclones

RC20 Gy and RSe 10 Gy
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Table 18. Jaccard’s similarity coefficient matrix with RAPD and ISSR data in ginger somaclones

MB MC MSE MC10 MC20 MSE10 MSE20 CM RB RC RSE RC10 RC20 RSE 10 CR
MB 1.0000
MC 0.9801 1.0000
MSE 0.9801 0.9920 1.0000
MC10 0.9641 0.9761 0.9761 1.0000
MC20 0.9363 0.9562 0.9482 0.9641 1.0000
MSE10 0.9681 0.9801 0.9801 0.9880 0.9602 1.0000
MSE20 0.9602 0.9801 0.9721 0.9721 0.9681 0.9841 1.0000
CM 0.9841 0.9801 0.9801 0.9721 0.9442 0.9761 0.9602 1.0000
RB 0.9442 0.9482 0.9482 0.9402 0.9124 0.9442 0.9283 0.9522 1.0000
RC 0.9482 0.9522 0.9522 0.9363 0.9084 0.9402 0.9323 0.9482 0.9880 1.0000
RSE 0.9442 0.9482 0.9482 0.9323 0.9044 0.9363 0.9283 0.9442 0.9841 0.9960 1.0000
RC10 0.9402 0.9442 0.9442 0.9363 0.9084 0.9402 0.9243 0.9482 0.9880 0.9920 0.9880 1.0000
RC20 0.7171 0.7211 0.7131 0.7211 0.7251 0.7171 0.7092 0.7171 0.7570 0.7610 0.7570 0.7689 1.0000
RSE 10 0.7610 0.7649 0.7570 0.7570 0.7450 0.7530 0.7530 0.7530 0.7928 0.8048 0.8008 0.8048 0.9482 1.0000
CR 0.9402 0.9442 0.9442 0.9363 0.9084 0.9402 0.9243 0.9482 0.9880 0.9920 0.9880 0.9920 0.7610 0.7968 1.0000

MB: Maran bud culture, MC: Maran indirect organogenesis, MSe: Maran indirect somatic embryogenesis, MC10: indirect organogenesis 

(irradiated with y rayslO Gy), MC20: Maran indirect organogenesis (irradiated with y rays 20 Gy), MSE10: Maran indirect somatic embryogenesis 

(irradiated with y rays 10 Gy), MSE20: Maran indirect somatic embryogenesis (irradiated with y rays 20 Gy), CM: Maran source parent cultivar 

(control M), RB: Rio-de-Janeiro bud culture, RC: Rio-de-Janeiro indirect organogenesis, RSE: Rio-de-Janeiro indirect somatic embryogenesis, 

RC10: Rio-de-Janeiro indirect organogenesis (irradiated with y rays 10 Gy), RC20: Rio-de-Janeiro indirect organogenesis (irradiated with y rays 20 

Gy), RSE 10: Rio-de-Janeiro indirect somatic embryogenesis (irradiated with y rays 10 Gy), CR: Rio-de-Janeiro source parent cultivar.
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The regenerants from Rio-de-Janeiro calli irradiated with 20 Gy and somatic 

embryogenic calli irradiated with 10 Gy formed the second main cluster.

A genetic similarity matrix of different groups of ginger somaclones based on 

the proportion of shared RAPD and ISSR bands was also generated (Table 18). The 

pairwise coefficient values varied between 0.7092 and 0.9960.

The extent of variability in somaclones from the source parent cultivar was 

found more in MC20 Gy (5.6%) followed by MSe20 Gy (4%), MC10 Gy (3%) and 

MSelO Gy (2.5%). However, bud, callus and somatic embryo regenerants of the 

cultivar Maran showed less variability (2%) as compared to irradiated groups.

In the case of Rio-de-Janeiro somaclones, the highest variability was recorded 

by RC20 Gy (24%) followed by RSelO Gy (21%). In Rio-de-Janeiro somaclones 

also, the irradiated group exhibited more variability as compared to non-irradiated 

groups.

The variability exhibited by the somaclones from source parent cultivars Maran 

and Rio-de-Janeiro is presented in Figure 4.

4.3. Resolving power of selected RAPD and ISSR primers

The Resolving power (Rp) was calculated for the twelve random primers are 

presented in Figure 5a. It ranged from 15.5 (OPA 04) to 23.3 (OPAH 03) with an 

average of 19.98. Primer OPAH 03 recorded highest (23.3) resolving power followed 

by RN 08, OPA 28 and OPD 15. Primer OPA 04 recorded lowest (15.5) resolving 

power compared to all RAPD primers.

Primers for ISSR assay recorded resolving power ranged from 11.7 (UBC 844) 

and 25.5 (ISSR 04) with an average of 19.13 (Figure 5b). The highest resolving 

power recorded by primer ISSR 04 (25.5) followed by UBC 835, ISSR 08 and ISSR 

10. Primer UBC 844 recorded lowest (11.7) resolving power compared to all ISSR

primers.



□ MB

■ MC

■ MSE

■ MClOGy

■ MC20 Gy

□ MSElOGy

■ MSE20 Gy

a. Variability from source parent cultivar Maran

■ RB

□ RC

□ RSE

□ RClOGy

■ RC20 Gy

□ RSElOGy

b. Variability from source parent cultivar Rio-de-Janeiro

Figure 4. Variability in groups of ginger somaclones from source parent cultivars



a. RAPD primers

b. ISSR primers

Figure 5. Resolving power (Rp) of selected RAPD and ISSR primers



a. RAPD primers

Popvmorphic Information Content of ISSR primers

b. ISSR primers

Figure 6. Polymorphic Information content (PIC) for selected RAPD
and ISSR primers
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4.4. Polymorphic Information Content (PIC) of the selected RAPD and ISSR 

primers

The Polymorphic Information Content (PIC) calculated for the twelve selected 

RAPD primers (Figure 6a) varied from 0.87 (OPU 03) to 0.92 (OPA 28 and OPAH 

03) with a mean of 0.90. Primer OPA 28 and OPAH 03 recorded highest Polymorphic 

Information Content value (0.92) followed by RN 08 and S 11. Primer OPU 03 

recorded lowest Polymorphic Information Content value (0.87).

Selected ISSR primers (Figure 6b) recorded Polymorphic Information Content 

values ranging from 0.69 (ISSR 06) to 0.92 (ISSR 04 and UBC 835) with an average 

of 0.87. The highest Polymorphic Information Content recorded by primer ISSR 04 

followed by UBC 835, ISSR 05 and ISSR 08. Primer ISSR 06 recorded lowest 

Polymorphic Information Content value (0.69).

In the present investigations, original source parent cultivars and thirteen groups 

of somaclones (seven in cultivar Maran and six in cultivar Rio-de-Janeiro) were 

subjected to group wise RAPD and ISSR analyses using bulked DNA sample of each 

group. Molecular marker data obtained from both the marker systems (RAPD and 

ISSR) compared between modes of regeneration, genotypes and source parent 

cultivars. RAPD and ISSR markers helped to assess the extent of somaclonal 

variation in ginger at molecular level as influenced by genotype and mode of 

regeneration. The Rio-de-Janeiro indirect organogenesis irradiated with 20 Gy and 

Rio-de-Janeiro indirect embryogenesis irradiated with 10 Gy were found to be more 

variable among all the groups of ginger somaclones. Hence these two groups were 

analysed for variability.

4.5. Molecular analysis of individual ginger somaclones of groups RC20 Gy and 

RSelOGy

Regenerants of Rio-de-Janeiro indirect organogenesis irradiated with 20 Gy and 

Rio-de-Janeiro indirect embryogenesis irradiated with 10 Gy were found to be more 

variable among all the groups of ginger somaclones. Hence these two groups were 

selected for further indepth investigations. The group RSelO Gy consists of eleven
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somaclones and RC20 Gy consists of only one somaclone. DNAs from twelve 

somaclones were used for further investigation on variability analysis.

Two RAPD and one ISSR primers which recorded higher polymorphism (Table 

9 and Table 14 respectively) were selected for the variability analysis of ginger 

somaclones of the group RC20 Gy and RSelO Gy. The RAPD primers S 11 and OPA 

28 recorded polymorphism percentage 69.23 and 64.28 respectively. The ISSR 

primer ISSR 05 recorded polymorphism percentage of 60. Hence OPA 28, S 11 and 

ISSR 05 were used for variability analysis of individual somaclones of the two 

groups.

4.5.1. Variability analysis of ginger somaclones of groups RC20 Gy and RSelO 

Gy using selected primers

The gel profile for DNA amplification of twelve ginger somaclones (one from 

RC 20 Gy and eleven from RSelO Gy groups) along with source parent cultivar 

(control R) with selected primers is presented in Plate 9. The polymorphism 

percentage was worked out for each primer. The details of amplification are presented 

in Table 19. The primerwise analysis is as shown below:

OPA 28

Amplification of twelve ginger somaclones along with source parent cultivar 

with the selected RAPD primer, OPA 28 produced fourteen clear, distinct and 

reproducible amplicons ranged in size from 300 bp to 1300 bp (Plate 9. a), nine 

amplicons were polymorphic and the per cent polymorphism calculated was 64.28.

Amplification pattern showed that one amplicon of size 1300 bp was present 

only in two clones (RSelKr 78 and RSelKrl257) and Rio-de-Janeiro source parent 

cultivar. One amplicon of size 1170 bp was present in five somaclones (RSelKrl88, 

RSelKr78, RSelKrl053, RSelKrl257, RSelKr239) and source parent cultivar. One 

loci of size 1150 bp was present in the RSelKr48, RSelKrl88, RSelKr78, 

RSelKr 1257, RSelKr239 somaclones and source parent cultivar. Two loci of size 

1000 bp and 1100 bp were present in all the somaclones except RC2Krl031.
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Table 19. Details of amplification with selected primers in individual ginger 
somaclones of group RC20 Gy and RSelO Gy

Sr.
No.

Primer Total no. 
of

amplicons

No. of
polymorphic
amplicons

No. of
monomorphic

amplicons

Size of 
amplicons 
(range-bp)

Polymorphism
(%)

1 O P A 2 8 14 9 5 300-1300 64.28

2 S 11 13 9 4 300-1500 69.23

3 IS S R 0 5 10 6 4 400-1500 60

Total 37 24 13 64.86

A verage 12.33 8 4.33
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One amplicon of size 200 bp was present only in three somaclones 

(RC2Krl031, RSelKr650 and RSelKr648).

S 11

The RAPD primer S 11 was able to generate thirteen clear, distinct and 

reproducible amplicons (Plate 9. b). The amplicons were ranged in size 300 bp to 

1500 bp. nine of them were polymorphic giving 69.23 per cent polymorphism.

The pattern of amplification showed that one amplicon of size 1500 bp was 

present only in the two clones (RSelKr48 and RSelKrl257) and Rio-de-Janeiro 

source parent cultivar. One amplicon of size 1050 bp was present in all the 

somaclones except RC2Kr 1031 and RSelKr 1052.

One amplicon of size 900 bp was present only in three somaclones (RSelKr48, 

RSelKr 1257, RSelKr239) and source parent cultivar. One loci of size 650 bp was 

present in all the somaclones except RC2Kr 1031. One amplicon of size 550 bp was 

present in all the somaclones except RSelKr 1052.

ISSR 05

The ISSR primer ISSR 05 could generate ten clear, distinct and reproducible 

amplicons ranged in size 400 bp to 1500 bp and six of them were polymorphic (Plate

9. c). The polymorphism per centage calculated was 60.

The amplification pattern showed that one amplicon of size 1500 bp was 

present only in two clones viz. RSelKr48 and RSelKr 1257 and source parent 

cultivar. One loci of size 1300 bp was present in five somaclones (RSelKr48, 

RSelKr 188, RSelKr78, RSelKr 1257, RSelKr239) and source parent cultivar. One 

amplicon of size 750 bp was present in all the somaclones except three somaclones 

viz. RC2Kr 1031, RSe 1 Kr 648 and RSe 1 Kr 1052.

4.5.2. Molecular data analysis

Reproducible, well resolved fragments were scored using Quantity one software 

(BIORAD) and each scorable band was scored for presence (1) and absence (0).



a. Amplification with RAPD primer OPA 28

c. Amplification with ISSR primer ISSR 05

M: lOObp ladder / Marker 
B: Control 
1: RC2Kr 1031 
2: RSelKr 48 
3: RSelKr 188

4: RSelKr 78 
5: RSelKr 650 
6: RSelKr 44 
7: RSelKr 1053 
8: RSelKr 648

9: RSelKr 1257 
10: RSelKr 989 
11: RSelKr 239 
12: RSelKr 1052 
13: Control R

Plate 9. Amplification patterns of ginger somaclones of the groups RC20 Gy and
RSelO Gy with selected primers
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The numerical series for the presence or absence of bands was entered into a 

binary data matrix and used for calculating the similarity coefficient using Jaccard's 

coefficient (Jaccard, 1908). The mean similarity coefficient for each accession pair 

was calculated and used for cluster analysis using the UPGMA method and a 

dendrogram generated using the software package NTSYS pc version 2.02i (Rohlf, 

1993). The dendrogram generated using NTSYS is given in Figure 7 and details of 

clusters are given in Table 20.

The dendrogram generated using NTSYS software grouped the somaclones 

into two main clusters. Cluster I includes five somaclones (RC2Krl031, 

RSelKrl052, RSelKr650, RSelKr648 and RSelKr44). Cluster II includes seven 

somaclones (RSelKr49, RSelKrl257, RSelKr 239, RSelKr 188, RSelKr 78, 

RSelKr 1053, RSelKr 989) and Rio-de-Janeiro source parent cultivar.

Cluster was I divided into two subclusters. RC2Krl031 and RSelKrl052 

somaclones formed first subcluster. In second subcluster RSelKr650, RSelKr648 

and RSelKr44 were grouped.

Cluster was II divided into two major subclusters. Somaclones RSelKr48, 

RSelKrl257, RSelKr239 and source parent cultivar (control R) were grouped in first 

subcluster. In second subcluster, RSelKrl88, RSelKr78, RSelKrl053 and 

RSelKr989 were clustered together.

A genetic similarity matrix of individual ginger somaclones of RC20 Gy and 

RSelO Gy groups along with the source parent cultivar (control R) using selected 

primers was also generated (Table 21). The pairwise coefficient values varied 

between 0.4167 and 1.0000.

The extent of variability of individual somaclones of the groups RC20 Gy and 

RSelO Gy from Rio-de-Janeiro source parent cultivar is presented in Figure 8. 

RC2Krl031 exhibited higher variability (59 %) followed by RSelKr 1052 (53%). 

Two other somaclones viz. RSelKr650 and RSelKr648 also exhibited higher 

variability of 48 per cent each and another somaclone RSelKr44 exhibited a 

variability percentage of 37.



Co«flkifnt

Figure 7. Combined dendrogram generated with RAPD and ISSR profiles 

for ginger somaclones of the groups RC20 Gy and RSelO Gy
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Table 20. Grouping of ginger somaclones of group RC20 Gy and RSelO Gy 

based on RAPD and ISSR data

Cluster number Number of 

somaclones in 

each cluster

Name of somaclones

Cluster I Five

somaclones

RC2Kr 1031, RSelKr 1052, RSelKr 

650, RSe 1 Kr 648 and RSe 1 Kr 44

Cluster II Eight

somaclones 

and source 

parent cultivar

RSelKr 49, RSelKr 1257, Rio-de- 

Janeiro source parent cultivar, RSelKr 

239, RSelKr 188, RSelKr 78, RSelKr 

1053 and RSelKr 989
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Table 21. Jaccard’s similarity coefficient matrix with RAPI) and 1SSR data in individual ginger somaclones of group RC20 Gy and 

RSelOGy

RC2Kr
1031

RSelKr
48

RSelKr
188

RSelKr
78

RSelKr
650

RSelKr
44

RSelKr
1053

RSelKr
648

RSelKr
1257

RSelKr
989

RSelKr
239

RSelKr
1052

Control
R

RC2Krl031 1.0000
RSelKr48 0.4722 1.0000
RSelKrl88 0.5278 0.8333 1.0000
RSelKr78 0.5278 0.8333 0.9444 1.0000
RSelKr650 0.8333 0.5833 0.6944 0.6389 1.0000
RSelKr44 0.7222 0.6944 0.7500 0.6944 0.8889 1.0000
RSelKrl053 0.5833 0.8333 0.8889 0.8889 0.6944 0.8056 1.0000
RSelKr648 0.8333 0.5833 0.6389 0.5833 0.9444 0.8889 0.6944 1.0000
RSelKrl257 0.4167 0.9444 0.8333 0.8889 0.5278 0.6389 0.8333 0.5278 1.0000
RSelKr989 0.6111 0.8056 0.9167 0.8611 0.7778 0.8333 0.9167 0.7222 0.7500 1.0000
RSelKr239 0.5000 0.9167 0.9167 0.9167 0.6111 0.7222 0.9167 0.6111 0.9167 0.8333 1.0000
RSelKrl052 0.8889 0.5278 0.5833 0.5833 0.8889 0.7778 0.6389 0.8889 0.4722 0.6667 0.5556 1.0000
Control R 0.4167 0.9444 0.8333 0.8889 0.5278 0.6389 0.8333 0.5278 1.0000 0.7500 0.9167 0.4722 1.0000
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Figure 8. Variability in individual somaclones of the group RC20 Gy and RSelO Gy
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So the variability exhibited by individual somaclones from source parent cultivar was 

found very high (39%) as compared to groupwise analysis (25%) (Fig. 7 and Fig. 3).

The present investigations on variability analysis in ginger somaclones using 

molecular markers could assess the variability in somaclones of two cultivars viz. 

Maran and Rio-de-Janeiro regenerated through various modes of regeneration and 

subjected to various doses of irradiation.

Molecular analyses with two marker systems viz. RAPD and ISSR showed that 

somaclones derived from cultivar Maran exhibited more variability than Rio-de- 

Janeiro. RAPD marker system was more effective for bringing out variability. The 

variability observed in RAPD assay was 28 per cent while in ISSR assay it was 21 per 

cent and in the combined it was 25 per cent.

Of the various modes of regeneration studied, irradiated callus and somatic 

embryogenic regenerants showed more variability. In both the marker systems, the 

groups RC20 Gy and RSelO Gy recorded higher variability from the source parent 

cultivar.

Callus regenerants of the irradiated group exhibited more variability as 

compared to somatic embryo regenerants. The clones regenerated subjected to 

irradiation dose of 20 Gy exhibited more variability than 10 Gy.

The groupwise variability analysis using bulked DNA gave an indication of the 

overall variability of the group from the source parent cultivar. However, the 

individual plant analysis of the variable groups gave a clear picture of the extent of 

variability from source parent cultivar. The variability exhibited in plantwise analysis 

using selected three primers (OPA 28, SI 1 and ISSR 05) was found very high (39%) 

as compared to groupwise analysis (25%). The somaclone RC2Krl031 of the callus 

regenerants and RSelKrl052 of the somatic embryo regenerants showed more 

variability exhibiting 59 and 53 per cent variability respectively from source parent 

cultivar Rio-de-Janeiro.





5. DISCUSSION

Ginger (Zingiber officinale Rose.) is one of the major spice crops and India 

accounts for 50 per cent of the worlds ginger production. The ginger family is a 

tropical group especially abundant in Indo-Malaysia, consisting of more than 1200 

plant species in 53 genera. The genus Zingiber includes about 85 species of aromatic 

herbs from East Asia and Tropical Australia. It is used as a spice on a large scale and 

in the preparation of medicines and confectionaries.

Zingiber officinale Rose, belongs to the family Zingiberaceae and in the 

natural order Scitaminae. Several cultivars are grown and are known by the particular 

geographical area where they are cultivated commercially. The important cultivars 

could be classified as high yielding, less fiber, high oleoresin, high dry ginger and 

high volatile oil types.

In India, most of the popular commercial varieties are clonal selections from 

traditional cultivars. Breeding in ginger is seriously handicapped by poor flowering 

and seed set. Most of the crop improvement programmes of this species are confined 

to evaluation and selection of naturally occurring clonal variations (Rout et ah, 1998; 

Palai and Rout, 2007). In such species, the extent of genetic diversity is low, unless 

samples are drawn from diverse agro-ecological conditions (Ravindran et al, 2005). 

Therefore, diversity analysis and identification of genetically distant clones or 

genotypes are very important for any ginger improvement programmes. Because of 

the medicinal value of ginger (Z. officinale), much of the available documented 

information are on its biochemical aspects (Singh et al, 2000; Wohlmuth et al, 

2006). Genetic diversity analysis based on morphological characters is not always 

reliable. Disagreement between germplasm classification based on morphological 

characters and molecular data is reported in literature (Wahyuni et al, 2003). Use of 

molecular markers for the estimation of genetic variability gives better insight into 

the similarity / differences at the genetic level. Several molecular markers viz., RFLP, 

AFLP, RAPD, ISSR and SSR have been extensively used for the variability analysis 

in ginger.



For crops like ginger where molecular information is limited, R.APD markers 

are the markers of choice because of their simplicity in use and low cost. RAPD 

markers have been widely used to assess the genetic diversity and phylogenetic 

relationship in different crop species (Isabel et al, 1993; Rani et al, 1995; Mimura et 

al, 2000; Da Costa et al, 2006). Using phylogenetic analysis and metabolic 

profiling, Jiang et al. (2006) studied diversity within and among Zingiber species and 

found that Z. officinale from different geographical origins were indistinguishable. 

Wahyuni et al. (2003) used AFLP markers to assess genetic diversity in 

morphologically distinct Indonesian ginger types and reported that there were no 

clear genetic differentiations between small and big type morphological variants of 

gingers.

5.1 Isolation, purification and quantification of the genomic DNA

Grinding in liquid nitrogen was found to improve the quality of DNA isolated. 

The addition of antioxidant like p-mercaptoethanol and sodium metabisulfite in the 

extraction buffer or during grinding was found effective for removal of phenolic 

compounds. Similar result was reported by Rogers and Bendich (1994) and (Ram and 

Sreenath, 1999) in coffee, which is a crop with high phenols.

The detergent used in the extraction buffer of the protocol is CTAB (Cytyl 

Trimethyl Ammonium Bromide), which helps in the disruption of the cell membrane 

thereby releasing nucleic acid into the extraction buffer and prevents co-precipitation 

of polysaccharides with nucleic acid by action as a selective precipitant of nucleic 

acids. CTAB is cationic detergent, which solubilises membrane and form a complex 

with DNA (Sghaier and Mhammed, 2005).

The CTAB was found superior in the present study. The advantageous effect 

of the CTAB along with PVP on the quality of DNA was also reported by Roger and 

Bendich (1994), Gallego and Martinez (1996) and (Ram and Sreenath, 1999). It 

effectively disrupts the cell membrane and together with NaCl separates the 

polysaccharides. Double treatment with chloroform: isoamylalcohol mixture and 

centrifugation effectively removes-the pigment and proteins. The addition of chilled
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isopropanol precipitates the DNA and washing the pellet with 70 percent alcohol 

followed by absolute alcohol removes the traces of CTAB, salt TE buffer rehydrates 

the DNA and dissolves it (Rogers and Bendich, 1994; Wettasingf and Peffley, 1998).

Problem encountered in the isolation and purification of high molecular 

weight DNA from certain plant species include: degradation of DNA due to 

endonuclease, polyphenols and other secondary metabolites that directly and 

indirectly interfere with subsequent enzymatic reactions as reported by Weishing et 

al. (1999). EDTA present in the extraction buffer could protect the DNA from the 

action of DNase enzyme by chelating and blocking the action of mg2+ions, which are 

the major co-factor of DNase enzyme. EDTA was also major component of TE buffer 

in which the DNA dissolved and stored.

RNase treatment was given in order to remove RNA contamination from the 

isolated DNA samples isolated using CTAB method similar to the result of Sambrook 

etal. (1989).

Genomic DNA isolated by Sigma’s GenElute Plant Genomic DNA 

Miniprep kit was pure without RNA contamination (Plate 4) but the quantity of DNA 

recovered was less compared to CTAB method as only 100 mg leaf sample was used 

for DNA isolation.

The quality of DNA was tested by subjecting it to agarose gel electrophoresis 

as well as by spectrophotometric method. In the former, the DNA was visualized on 

0.8 percent agarose gel under UV light by ethidium bromide staining. The stain was 

added directly to the melted agarose before casting the gel in order to have a better 

resolution. Nanda and Jain (1994) also reported similar results.

A DNA sample was reported as high quality if it had a band of high molecular 

weight with little smearing and a low amount of RNA (Wettasingf and Peffley, 

1998). The DNA extracted showed high amount of RNA as a smear below it. To 

remove RNA, RNase A was used. Use of RNase A was reported by Raval et al. 

(1998); Wettasingf and Peffley (1998) and Gallego and Martinez (1996). In present
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investigations, the RNase treated DNA sample when electrophoresed showed a high 

molecular weight DNA, which formed a single band just below the well. This 

indicted that the DNA under test was of good quality (Plate 3b).

In spectrophotometer method, the ratio of optical density at 260 and 280 nm 

was worked out to test the quality. The absorbance ratio was calculated as OD at 

260/280, for the various samples. Those samples with ratio between 1.8 and 2.0 were 

considered to be of high quality. All the samples recorded a ratio between 1.8 and 

2.0 (Table 5 and Table 6).

Quantification of the DNA on the basis of UV absorbance at 260nm indicated 

substantial yield of DNA from the tissue samples. Spectrophotometric determination 

of concentration of DNA was also reported by Gallego and Martinez (1996) and Ram 

and Sreenath (1999).

5.2. Bulking of genomic DNA

Good quality genomic DNA from one eighty somaclones of ginger was used 

for group wise bulking. Bulk samples of the thirteen groups of the one eighty 

somaclones along with two source parent cultivars were subjected to RAPD and ISSR 

analyses with selected primers. Dulson et al (1997) examined the usefulness of 

bulking equal quantities of DNA from 14 to 20 individuals in cultivar identification 

with RAPD DNA markers. Michelmore et al (1991) reported the RAPD analysis 

using bulked DNA samples. Kolliker et al (2001) reported use of bulked leaf 

samples from individual plants for amplified fragment length polymorphism (AFLP) 

analysis and evaluated it as a tool for assessment of genetic diversity in white clover 

(Trifolium repens L.).

5.3. Molecular marker analysis

Molecular markers have been proved to be a fundamental and reliable tool for 

fingerprinting varieties, establishing the fidelity of progenies, germplasm 

characterization, and detecting somaclonal variation etc. Molecular markers provide 

an important technology for evaluating levels and patterns of genetic variability and
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have been utilized in a variety of plant species. Molecular markers which detect 

variation at the DNA level overcome most of the limitations of morphological and 

biochemical markers. Molecular markers are independent of developmental stages of 

the crop and are not influenced by the varying environmental conditions. Hence it is 

preferred for variability analysis than traditional morphological markers (Spooner et 

al., 2005).

Most of the molecular marker are developed by PCR (Polymerase Chain 

Reaction) technology and amplifies unique regions in the genomic DNA based on the 

primers designed for DNA amplification. In present study, two such PQR based 

marker systems, RAPD and ISSR were utilized for variability analyses in ginger 

somaclones regenerated through various mode of regeneration.

5.3.1 RAPD assay of ginger somaclones

The advent of automated PCR technology made a new set of markers available 

to scientist interested in comparing organisms at molecular level. Williams et al. 

(1990) were the first to use RAPD markers and the technique relies on the differential 

enzymatic amplification of small DNA fragments using PCR with arbitrary decamer 

primers. In RAPD markers, polymorphism results from the changes in the sequence 

of the primer binding site. Usually, RAPD markers are dominant in nature (Waugh 

and Powell, 1992) because polymorphisms are detected as the presence or absence of 

bands. Technical problems associated with application of RAPD technique in the 

field of genetic variation research have been reported by many workers (Lynch and 

Milligan, 1994; Rajput et al., 2006). Use of high quality DNA is shown to be a key 

factor in obtaining reproducible RAPDs bands (Penner et al., 1993). In the present 

study the use of high quality DNA helped in getting reproducible bands using the 

standardised conditions for the thermal cycler.

However, the advantages of RAPD include simplicity, rapidity, requirement for 

only a small quantity of DNA, and ability to generate numerous polymorphisms 

(Cheng et al., 2007). The RAPD amplification can be classified into two types: 

constant (monomorphic) and vriable (polymorphic) between the genotypes. These



differences can be used to examine and establish systematic relationship (Hadrys et 

al, 1992).

RAPD marker system for assessment of somaclonal variation was attempted in 

several crops. RAPD markers could detect somaclonal variation in beet (Munthali et 

a l , 1996), garlic (Zahim et al, 1999), date palm (Saker et al., 2000), banana 

(Gimenez et al., 2001 and Mohamed, 2007), tomato (Soniya et al., 2001) and potato 

(Ehsanpour et al., 2007) in varying degrees. Paul (2004) characterized selected 

somaclones in ginger using RAPD markers and detected somaclonal variation in the 

clones evaluated.

5.3.1.1 DNA amplification conditions for RAPD

The amplification conditions standardized in the present study were suited to 

Mastercycler personal thermalcycler from Eppendorf (USA). Also, the anneling 

temperature was identified as the most critical with respect to number of amplified 

fragments and reproducibility of result. Cipriani et a l (1996) and Erlich et al. (1991) 

suggested 37°C as the best, and hence only time was varied for this step.

The amplification pattern produced by the different combinations of the 

ingredients of the reaction mixture indicated that the most important factor affecting 

the specificity and yield of amplification were concetration of MgCh in the buffer as 

well as concentration and type of DNA polymerase enzyme. In the present 

investigations, the enzyme used was Taq DNA polymerase supplied by Genei, 

Bangalore. The molarities of primers as well as dNTPs were also found to affect the 

intensity and number of amplifications. All reactions were performed in 20 pi final 

volume.

5.3.I.2. Screening of RAPD primers

Thirty-five decamer primers in the series of OP A, OPC, OPD, OPG, OPK, 

OPE, OPP, OPU, OP AH, (Operon Technologies, USA), S, RN (Reverse Neo), RY 

were screened for RAPD analysis using good quality genomic DNA bulked from 

RVIII, MSelKr200 and MClKrl68 (Plate 5 and Table 7).



Out of 35 decamer primers twelve decamer primers (Table 8) which showed 

good amplification pattern were selected for RAPD assay of thirteen groups of ginger 

somaclones and their original source parent cultivars.

5.3.I.3. Variability analysis in ginger somaclones with selected RAPD primers

The RAPD markers generated using the selected primers were visualised by 

electrophoresis, in a two per cent agarose gel stained with ethidium bromide (Plate 6a 

and 6b).

The selected primers produced clear and distinct amplification pattern (Table 

9) with the thirteen groups of ginger somaclones and their source parent cultivars 

selected for the investigation. There were 129 amplicons of which 44 were 

polymorphic giving a polymorphism of 34.10 per cent. The number of amplicons 

produced ranged from eight to thirteen with an average of 10.75 markers per primer 

and a mean of 3.66 polymorphic bands per primer. Paul et al. (2012) in the study of 

molecular characterization of selected somaclones in ginger using RAPD markers 

reported a total of 494 RAPD band positions, out of which 154 were polymorphic. 

Percent polymorphism exhibited by primers ranged from zero to 33.75 per cent. 

Kizhakkayil and Sasikumar (2010) reported a total of 269 scorable bands, out of 

which 126 were polymorphic in the study of genetic diversity analysis of ginger 

{Zingiber officinale Rose.) germplasm. Sajeev et al (2011) reported in the genetic 

diversity analysis of ginger clone a total of 109 fragments amplified, 101 (91.87%) 

were polymorphic and an average of 6.05 amplified fragments were produced per 

primer. Palai and Rout (2007) reported a total of 55 fragments were scored across 

eight varieties of ginger using selected primers, out of which only 25 fragments 

(45.5%) were polymorphic. Similar polymorphism was reported by Prakash et al. 

(2004) in mango ginger when they assessed variability in regenerants produced 

through indirect organogenesis.

Of the twelve primers studied, four gave polymorphism of above 40 per cent. 

The primer OPA 28 gave the highest polymorphism of 54.54 per cent. The 

polymorphism information content (PIC) of selected primers ranged from 0.87 (OPA
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04) to 0.92 (RN 08 and OP AH 03) with a mean of 0.90 (Figure 6a). The Resolving 

power (Rp) calculated for the 12 random primer ranged between 15.5 (OPA 04) and

23.3 (OPAH 03) with an average of 19.98 for RAPD primers (Figure 5a). This shows 

the effectiveness of selected RAPD primers in variability analysis.

Paul et al (2012) reported five primers of the series OP AH and OPP gave 

good DNA amplification in selected somaclones of ginger. The primer OPAH 3 

exhibited the highest polymorphism percentage of 33.75.

In the present investigations, the amplicons produced by selected random 

primers had a molecular weight ranging from 150 bp to 1800 bp. Sajeev et al (2011) 

reported band size in the range of 300 to 2500 bp when they analysed genetic 

diversity in forty nine ginger clones cultivated in North East India. Similarly, Palai 

and Rout (2007) reported RAPD fragments ranging in size from 500 to 2400 bp when 

they assessed genetic variation in eight high yielding varieties using twelve selected 

primers.

In the present study, RAPD assay showed clear and distinct variation between 

two ginger cultivars (Maran and Rio-de-Janeiro). Among the selected RAPD primers, 

OPA 12, OPA 27 OPU 03 and OPAH 03 produced unique amplicons which was 

present only in the Maran groups. The primer SI 1 produced an amplicon present only 

in Rio-de-Janeiro groups. So the RAPD primers OPA 12, OPA 27, OPU 03, S ll and 

OPAH 03 could be utilized for identification of Maran and Rio-de-Janeiro cultivars. 

Similarly, to separate the irradiated group from non-irradiated group, primer OPA 12 

could be employed as it produced unique amplicons only in irradiated groups of 

Maran and Rio-de-Janeiro. Further, the primer OPU 03 produced an amplicon 

specific to irradiated mutants of Maran clones which was absent in Rio-de-Janeiro 

clones.

5.3.I.4. Genetic distance between somaclones based on RAPD data

The binary data matrix was used for calculating the similarity coefficient 

using Jaccard’s coefficient (Jaccard, 1908). The mean similarity coefficient was
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calculated and used for cluster analysis using the UPGMA method and a dendrogram 

generated using the software package NTSYS pc version 2.02i (Rohlf, 1993).

The dendrogram generated using NTSYS grouped the somaclones into two 

main clusters. Cluster I includes eleven groups of somaclones (MB, MC, MSe, MC10 

Gy, MC20 Gy, MSe 10 Gy, MSe20 Gy, RB, RC, RSe, RC10 Gy) and two source 

parent cultivars. Rio-de-Janeiro regenerants from calli irradiated with 20 Gy and 

somatic embryo regenerants from embryogenic calli irradiated with 10 Gy formed the 

second main cluster.

Cluster I was divided into two major sub clusters, with somaclones of Maran 

in first subcluster and somaclones of Rio-de-Janeiro in second subcluster (Figure 1).

A genetic similarity matrix of different groups of ginger somaclones based on 

the proportion of shared RAPD fragments was also generated (Table 11). The 

pairwise coefficient values varied between 0.6589 and 1.0000. Kizhakkayil and 

Sasikumar (2010) reported the genetic similarity coefficients (Jaccard’s) in the range 

of 0.76-0.97 when they studied genetic diversity in ginger (Zingiber officinale Rose.) 

germplasm. Sajeev et al. (2011) reported a Jaccard’s similarity coefficient of 0.57- 

0.96, Palai and Rout (2007) reported the similarity matrix value was ranged from 0.34 

to 0.74, with a mean value of 0.54 when they assessed variability in ginger 

germplasm.

Dendrogam separated the somaclones derived from cultivar Maran and Rio- 

de-Janeiro into two separate groups. In the cluster for somaclones derived from 

cultivar Maran all the groups of somaclones irradiated with y rays showed more 

difference from rest of the groups. The extent of variability in somaclones from the 

source parent cultivar Maran was found more in MC20 Gy (5.4%) followed by 

MSe20 Gy (4%), MSelO Gy (2.5%), MC10 Gy (2.5%) Maran bud (2.5%) and callus 

regenerants (2.5%) while somatic embryo regenerants without irradiation showed less 
variability (1.5%).
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In Rio-de-Janeiro, the highest variability was recorded by RC20 Gy (28%) 

followed by RSelO Gy (22%). However, the indirect organogenic and embryogenic 

regenerants without irradiation showed less variability (1.1%) as compared to 

irradiated groups.

Among all the groups of somaclones, RC20 Gy and RSelO Gy groups were 

found to be most distant ones from the rest of the groups of somaclones. This has 

been attributed by the varying mode of regeneration and irradiation with y rays of 

both the groups.

5.3.2. Inter Simple Sequence Repeat (ISSR) analysis

The marker system called ISSR (Inter Simple Sequence Repeats) is PCR 

based methods that assess variation in the numerous microsatellite regions dispersed 

throughout the genome. In this technique reported by Zietkiewicz et al (1994), 

primers based on microsatellites are utilized to amplify inter simple sequence repeat 

sequences in the DNA. When the primer successfully locates two microsatellite 

regions within an amplifiable distance away on the two strands of the template DNA, 

the PCR reaction will generate a band of a particular molecular weight for that locus 

representing the intervening stretch of DNA between the microsatellites. The method 

uses a single oligonucleotide primer composed of 4 to 10 tri or di nucleotide repeats 

and ending with 3*- or 5’- anchor sequence.

ISSR is a multilocus molecular technique based on PCR that identifies 

insertions and deletions in DNA. It is highly sensitive, highly reproducible, provides 

Mendelian segregation and has been successfully applied in genetic and evolutionary 

studies of many species, including ginger. The ISSR marker requires small amounts 

of DNA and does not require information on DNA sequences. ISSR targets the highly 

variable microsatellite regions of the nuclear genome providing a large number of 

polymorphic fragments (Gupta et al, 1994). Therefore this technique has been used 

extensively to evaluate genetic diversity both within and between plant populations in 

angiosperms and gymnosperms (Oshbom et al, 2005).



5.3.2.1. DNA amplification conditions for ISSR

Both the proportion of components in the reaction mixture and the thermal 

profile used for ISSR assay gave good amplification of ginger samples. Good quality 

genomic DNA was used for ISSR analysis.

5.3.2.2. Screening of ISSR primers

Thirty primers, 20 belonging to UBC (University of British, Columbia) series, 

eight to ISSR (ISSR Technologies, USA) series and two to SPS series were screened 

for ISSR analysis using good quality genomic DNA bulked from three somaclones 

viz. RVIII, MSelKr200 and MClKrl68 (Plate 7 and Table 12).

Of 30 ISSR primers screened in the present study, twelve ISSR primers which 

showed good amplification pattern were selected for ISSR assay of thirteen groups of 

ginger somaclones with their original source parent cultivars (Table 13). Nayak et al. 

(2005) also reported the use of RAPD primers OPA 02 and OPD 20 for 

distinguishing 16 promising cultivars of ginger.

5.3.2.3. Variability analysis in ginger somaclones with selected ISSR primers

The selected ISSR primers produced a total of 122 amplicons of which 32 

were polymorphic giving a polymorphism of 26.23 per cent with an average of 10.16 

markers per primer and a mean of 2.66 polymorphic bands per primer (Table 14). 

Mohanty et al. (2012) reported a total 66 bands were produced with an average of 8.3 

bands per primer when they assessed stability of mango ginger through RAPD and 

ISSR markers. Kizhakkayil and Sasikumar (2010) reported a total of 160 scorable 

bands out of which 76 were polymorphic in the study of genetic diversity analysis of 

ginger (Zingiber officinale Rose.) germplasm. Prem et al. (2008) in the study of 

molecular characterization of ginger genotypes reported out of 14 primers studied 

maximum (62.5%) polymorphism was observed in case of (GA)8T and seven primers 

produced unique bands. Ahmed et al. (2012) reported a total number of 780 clear 

DNA bands with an average of 48 bands per primer in the ISSR analysis of



somaclonal variation in date palm plantlets regenerated from callus using 16 single 

primers

Out of the twelve primers studied, the primer ISSR 05 gave the highest 

polymorphism of 40 per cent. The polymorphism information content (PIC) of 

selected primers ranged from 0.69 (ISSR 06) to 0.92 (ISSR 04 and UBC 835) with an 

average of 0.87 (Figure 6b). ISSR primers recorded Rp values ranged from 11.7 

(UBC 844) and 25.5 (ISSR 04) with an average 19.13 (Figure 5b).

The amplicon size in the present investigation ranged from the molecular 

weight of 100 bp to 1400 bp. A similar range of amplicon size (250bp to 2900 bp) 

was reported by Mohanty et ah, 2012.

ISSR assay showed variation between somaclones derived from two ginger 

cultivars (Maran and Rio-de-Janeiro). Among selected ISSR primers, four primers 

(UBC 835, SPS 03, ISSR 05 and ISSR 06) produced unique amplicon which was 

present only in the Maran somaclones. The primer UBC 840 produced an amplicon 

which was present only in Rio-de-Janeiro group. So the ISSR primers also could be 

utilized for identification of Maran and Rio-de-Janeiro cultivars.

5.3.2.4. Genetic distance between somaclones based on ISSR data

A binary data matrix was used for calculating the similarity coefficient using 

Jaccard’s coefficient (Jaccard, 1908). The mean similarity coefficient was calculated 

and used for cluster analysis using the UPGMA method and a dendrogram generated 

using the software package NTSYS pc version 2.02i (Rohlf, 1993).

The dendrogram generated using NTSYS grouped the somaclones into two 

main clusters. Cluster I includes eleven groups of somaclones and two source parent 

cultivars. Rio-de-Janeiro regenerants from calli irradiated with 20 Gy and somatic 

embryo regenerants from embryogenic calli irradiated with 10 Gy formed the second 

main cluster.
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Cluster I was divided into two major sub clusters. Somaclones of cultivar 

Maran were grouped in first sub cluster and somaclones of Rio-de-Janeiro were 

grouped in second sub cluster (Figure 2). This is in confirmation with the RAPD data.

A genetic similarity matrix of different groups of ginger somaclones based on 

the proportion of shared ISSR fragments was also generated (Table 16). The pairwise 

similarity coefficient values varied between 0.7603 and 1.0000 in the present 

investigation. Kizhakkayil and Sasikumar (2010) reported genetic similarity 

coefficients (Jaccard’s) in RAPD and ISSR assay of ginger germplasm in the range of 

0.76-0.97.

The extent of variability in somaclones from the source parent cultivar Maran 

was found more in MC20 Gy (5.8%) followed by MSe20 (4.1%), MC10 Gy (3.3%) 

and MSelO Gy (2.5%). However, callus and somatic embryo regenerants showed less 

variability.

In Rio-de-Janeiro somaclones the highest variability was recorded in RC20 Gy 

(19%) followed by RSelO Gy (18%). However, bud, callus and somatic embryo 

regenerants were found similar to source parent cultivar.

5.3.3. Variability analysis based on the two markers (RAPD and ISSR) data

A total of 251 markers were produced by the amplification of thirteen groups 

of ginger somaclones and their source parent cultivars by RAPD and ISSR assay with 

an average of 10.45 markers per each primer. The total polymorphic bands were 

30.27 per cent, each primer detecting on an average 3.16 polymorphic bands per 

primer.

Using NTSYS, ginger somaclones were grouped into two main clusters. RAPD 

and ISSR markers successfully separated Maran and Rio-de-Janeiro groups of 

somaclones in two major sub clusters. Cluster I includes all groups of somaclones 

except RC20 Gy, RSelO Gy, these two groups formed Cluster II (Figure 3). This is in 

conformity with the clustering pattern obtained by RAPD and ISSR assay separately.



A genetic similarity matrix of different groups of ginger somaclones showed 

that the pairwise similarity coefficient values ranged from 0.7092 and 0.9960 (Table 

18). The extent of variability in somaclones from the source parent cultivar was found 

more in MC20 Gy (5.6%) followed by MSe20 Gy (4%), MC10 Gy (3%) and MSelO 

Gy (2.5%). However, bud, callus and somatic embryo regenerants of the cultivar 

Maran showed less variability (2%) as compared to irradiated groups.

In the case of Rio-de-Janeiro somaclones, the highest variability was recorded 

by RC20 Gy (24%) followed by RSelO Gy (21%). In Rio-de-Janeiro somaclones 

also, the irradiated group exhibited more variability as compared to non-irradiated 

groups (Figure 4).

5.3.4. Comparison of RAPD and ISSR marker systems

The average number of markers produced per primer in each marker system 

viz. RAPD and ISSR were 10.75 and 10.16 respectively. The number of polymorphic 

amplicons detected per primer in RAPD and ISSR marker system was 3.66 and 2.66 

respectively. The extent of genetic variation was more in somaclones of cultivar 

Maran than clones of cultivar Rio-de-Janeiro. Genetic variation from the source 

parent cultivar was also more in somaclones of cultivar Maran. Paul et al. (2012) also 

reported similar result when she did molecular characterization of selected 

somaclones in ginger using RAPD markers.

On the basis of various modes of regeneration viz. bud culture, indirect 

organogenesis / embryogenesis and in vitro mutagenesis, irradiated callus and 

somatic embryo regenerants showed more variability. Araujo et al, 2001 reported 

that .polymorphism was detected in banding pattern in regenerants of upland rice 

cultivar IAC 47 regenerated through indirect organogenesis and somaclones showed 

morphological variants and exhibited differences in reaction to rice blast. Afrasiab 

and Iqbal (2012) analyzed somaclonal variants and gamma induced mutants of potato 

(Solanum tuberosum L.) cv. Diamant using RAPD-PCR technique. The study showed 

that RAPD markers were efficient in discriminating somaclonal variants and induced 

mutants of potato.



It is clear that RAPD marker system is better than the ISSR marker system 

with respect to total number of markers and polymorphic markers detected. This is 

due to the ability of RAPD primers to amplify random regions of the genome. So for 

genetic variability analysis, RAPD marker system gives better result than ISSR. 

Suitability of RAPD markers in diversity analysis of ginger was also reported by 

Rout et al., 1998; Nayak et al, 2005; Palai and Rout, 2007; Paul et al, 2012.

The dendrogram as well as genetic similarity values calculated from the 

similarity matrix obtained by each marker system was found different. The 

dendrogram derived from combined molecular data revealed better representation of 

the relationships than individual markers. The dendrogram obtained by RAPD and 

ISSR systems showed some differences. This may be because RAPD and ISSR 

techniques use two different approaches to identify DNA sequence variations. RAPD 

identifies random regions of the genome, while ISSR identifies insertions and 

deletions in the DNA sequence.

5.3.5. Variability analysis in ginger somaclones of groups RC20 Gy and RSelO Gy

Initially, amplification of bulked DNA samples from each of the thirteen 

groups of ginger somaclones and their source parent cultivars was carried out using 

selected primers of each marker system. Amplification of thirteen groups of ginger 

somaclones and their source parent cultivars could reveal noticeable variability in 

RC20 Gy and RSelO Gy among all the groups of somaclones studied. This may be 

due to the mode of regeneration and effect of y irradiation on in vitro multiplication.

The groupwise variability analysis using bulked DNA gave an indication of 

the extent of variability of the group from source parent cultivars. Hence RC20 Gy 

and RSelO Gy groups were focused for further investigations. DNA from each of 

these twelve somaclones (one of RC20 Gy and eleven of RSelO Gy groups), were 

used for further variability analysis.

Two RAPD (OPA 28 and SI 1) and one ISSR (ISSR 05) primers which 

recorded highest polymorphism were used to amplify the DNA of individual



somaclones in RC20 Gy and RSelO Gy groups along with Rio-de-Janeiro source 

parent cultivar (Control R) (Plate 9).

The number of polymorphic amplicons detected by OPA 28, S 11 and ISSR 

05 primer were 9, 9 and 6 respectively. Hence polymorphism percentage recorded by 

OPA 28, S 11 and ISSR 05 primer was 64.28, 69.23 and 60 per cent respectively 

(Table 19). Variability exhibited in plantwise analysis using the three selected 

primers was thus very high (39%) as compared to groupwise analysis (25%). Similar 

observations were reported by Fu et a l (2003) when they assessed effectiveness of 

several bulking strategies in detecting RAPD variations in flax (Linum usitatissimum 

L.). In the study they observed that about 30 per cent of the polymorphic RAPD loci 

observed in plant-by-plant analysis were undetected in the bulked samples of the 

same accession.

Using NTSYS, individual ginger somaclones were grouped into two main 

clusters (Figure 7). From individual somaclones analysis five somaclones exhibiting 

more variability from source parent cultivar could be isolated (37% to 59%). Two 

somaclones RC2Krl031 of the callus regenerants and RSelKrl052 of the somatic 

embryo regenerants showed more variability exhibiting 59 and 53 per cent variability 

respectively from source parent cultivar Rio-de-Janeiro (Figure 8).

The mutants which exhibited more variability from source parent cultivar could 

be further evaluated for their desirable traits. The groups of somaclones which 

exhibited more variability in the present study were due to the absence of amplicons 

in the various molecular marker systems analysed. This may be due to the 

chromosome aberration and rearrangements, DNA methylation or histone 

modification as explained in somaclones and mutants by several workers (Larkin and 

Scowcroft, 1981; Skirvin and Janick, 1996; Bairu et al, 2011).

The Polymorphic Information Content (0.88 to 0.91) and resolving power 

(14.92 to 19.69) of the selected primers was found high.
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In the crops like ginger where natural variability is less, the present 

investigation could broaden the genetic base.

From the present investigations the following conclusions could be drawn:

• Molecular marker techniques could be employed for the assessing the 

variability in ginger somaclones.

• Of the two marker system studied, RAPD was more effective for bringing 

out variability. The variability observed in RAPD assay was 28 per cent 

while in ISSR it was 21 per cent and in the combined it was 25 per cent.

• The study could identify certain specific RAPD and ISSR markers for 

identification of Maran and Rio-de-Janeiro cultivars and also irradiated 

mutants from non-irradiated somaclones.

• The somaclone derived from cultivar Maran exhibited more variability than 

somaclones of Rio-de-Janeiro.

• Irradiated callus and somatic embryo regenerants showed more variability

• The groupwise variability analysis using bulked DNA gave an indication of 

the extent of variability of the group from source parent cultivars.

• The variability exhibited in plantwise analysis of the selected variable 

groups was found high and two plants with high variability could be 

selected.

• The somaclone RC2Krl031 of the callus regenerants and RSelKrl052 of 

the somatic embryo regenerants showed higher variability exhibiting 59 and 

53 per cent variability respectively from source parent cultivar Rio-de- 

Janeiro.

• In crops like ginger where the natural variability is very less, in vitro 

mutagenesis could be employed for widening the genetic base in ginger.



Molecular marker analysis of individual plants of the variable groups, use of 

advanced marker systems for assessment of somaclonal variation, use of more 

number of primers to bring out variability and more focus on in vitro mutagenesis for 

widening the genetic base in ginger are the future areas to be investigated.



______________________________________£

Summary



6. SUMMARY

The investigations entitled “variability analysis in ginger (Zingiber officinale 

Rose.) somaclones using molecular markers” were carried out at the Centre for Plant 

Biotechnology and Molecular Biology (CPBMB), College of Horticulture, Kerala 

Agricultural University, Thrissur during the period February 2012 to May 2013, to 

assess somaclonal variation in ginger at molecular level, to study the influence of 

genotype and mode of regeneration on somaclonal variation to assess the extent of 

variability in somaclones from the original source parent cultivars and to select out the 

variants.

Ginger somaclones (180 Nos.) regenerated through various modes of 

regeneration viz. bud culture, indirect organogenesis / embryogenesis and in vitro 

mutagenesis, along with two source parent cultivars (Maran and Rio-de-Janeiro) 

maintained as potted plants in net house of CPBMB, College of Horticulture, were used 

for the present study.

The salient findings of the study are summarised below:

1. The protocol suggested by Rogers and Bendich (1994) was found good for 

isolation of DNA from young and immature leaves of ginger somaclones. RNA 

contamination was completely removed through RNase treatment.

2. DNA isolated using Sigma’s GenElute™ Plant Genomic DNA Miniprep kit was 

found pure without RNA contamination.

3. The quality and quantity of DNA was analysed by NanoDropR ND-1000 

spectrophometer. The absorbance ratio ranged from 1.8 to 2.0 for OD260/OD280 

which indicated good quality of DNA. The recovery of DNA was sufficient for 
RAPD and ISSR analyses.

4. Bulking of DNA samples was attempted as per the procedure reported by Dulson 

e ta l  (1997).



5. Bulked DNA samples from thirteen groups of ginger somaclones along with their 

source parent cultivars were subjected to the molecular marker analysis. Two 

marker systems viz. Random Amplified Polymorphic DNA (RAPD) and Inter 

Simple Sequence Repeats (ISSR) were utilized for the analyses.

6. A total of 35 RAPD primers and 30 ISSR primers were screened for their ability 

to amplify DNA fragments. Out of these, twelve RAPD and twelve ISSR primers 

were selected for the analysis based on the banding pattern.

7. Random Amplified Polymorphic DNA (RAPD) analysis with twelve selected 

primers produced 129 amplicons, 44 were polymorphic with an average of 3.66 

polymorphic bands / primer and a polymorphism percentage of 34.10. The highest 

polymorphism percentage was recorded by the primer OPA 28 (54.54). The 

Polymorphism Information Content (PIC) of selected primers ranged from 0.87 

(OPU 03) to 0.92 (OPA 28 and OPAH 03) with a mean of 0.90. The Resolving 

power (Rp) for the twelve random primers ranged from 15.5 (OPA 04) to 23.3 

(OPAH 03) with an average of 19.98.

8. In ISSR assay, twelve selected primers produced total of 122 amplicons, 32 were 

polymorphic with an average of 2.66 polymorphic bands / primer and a 

polymorphism percentage of 26.23. The highest polymorphism percentage was 

recorded by the primer ISSR 05 (40). Polymorphic Information Content ranged 

from 0.69 (ISSR 06) to 0.92 (ISSR 04 and UBC 835) with an average of 0.87. 

Resolving power ranged from 11.7 (UBC 844) to 25.5 (ISSR 04) with an average 

of 19.13.

9. The study could identify certain specific RAPD and ISSR primers for 

identification of Maran and Rio-de-Janeiro cultivars and also irradiated mutants 

from non-irradiated somaclones. The RAPD primers OPA 12, OPA 27, OPU 03, 
S ll and OPAH 03 could be utilized for identification of Maran and Rio-de-
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Janeiro cultivars. To separate the irradiated group from non-irradiated group, 

primer OPA 12 could be employed as it produced unique amplicons only in 

irradiated groups of Maran and Rio-de-Janeiro. The primer OPU 03 could be 

employed to separate Maran irradiated mutants from Rio-de-Janeiro mutants.

10. The ISSR primers (UBC 835, SPS 03, ISSR 05 and ISSR 06) produced unique 

amplicon which only in the Maran somaclones. The primer UBC 840 produced 

an amplicon which was present only in Rio-de-Janeiro group. So the ISSR 

primers also could be utilized for identification of Maran and Rio-de-Janeiro 

cultivars.

11. Dendrogram generated based on the RAPD and ISSR profiles grouped the 

somaclones into two separate clusters, with somaclones of Maran in first 

subcluster of cluster I and somaclones of Rio-de-Janeiro in second subcluster of 

cluster I. The regenerants from Rio-de-Janeiro calli irradiated with 20 Gy and 

somatic embryogenic calli irradiated with 10 Gy formed the second main cluster.

12. The RAPD marker system was more effective for bringing out variability. In 

RAPD assay variability observed was 28 per cent while in ISSR assay variability 

was 21 per cent and in the combined system it was 25 per cent.

13. Somaclones derived from cultivar Maran exhibited more variability than 

somaclones of cultivar Rio-de-Janeiro.

14. Of the various modes of regeneration studied, irradiated callus and somatic 

embryogenic regenerants showed more variability.

15. In both marker systems, the groups RC20 Gy and RSelO Gy recorded higher 

variability from source parent cultivar.



16. The groupwise variability analysis using bulked DNA gave an indication of the 

overall variability of the group from source parent cultivar.

17. The individual plant analysis of the variable groups gave a clear picture of the 

extent of variability from source parent cultivar. The variability exhibited in 

plantwise analysis using selected three primers (OPA 28, SI 1 and ISSR 05) was 

found very high (39%) as compared to groupwise analysis (25%).

18. The somaclone RC2Krl031 of callus regenerants and RSelKrl052 of the 

somatic embryo regenerants showed more variability exhibiting 59 and 53 per 

cent variability respectively from the source parent cultivar Rio-de-Janeiro.





REFERENCES

Abouzied, H. M. 2012. A comparative study of genetic diversity in wheat variant lines 

based on morphological traits and ISSR and RAPP markers. J. o f King 

Abdulaziz University - Meteorology, Environment and Arid Land Agric. Sci. 

23(1): 65-81.

Afrasiab, H. and Iqbal, J. 2012. Genetic analysis of somaclonal variants and induced 

mutants of potato (solanum tuberosum L.) Cv. Diamant using rapd markers. Pak. 

J.Bot. 44(1): 215-220.

Agarwal, M., Shrivastava, N. and Padh, H. 2008. Advances in molecular marker 

techniques and their applications in plant sciences. Plant Cell Rep. 27: 617-631.

Ahmed, T. A., Alsamaraee, S. A., Zaidan, H. Z. and Elmeer, K. 2012. Inter-simple 

sequence repeat (ISSR) analysis of somaclonal variation in date palm plantlets 

regenerated from callus. International Proceedings o f Chemical, Biological and 

Environmental Engineering (IPCBEE), pp. 126-130.

Althoff, D. M., Gitzendanner, M. A. and Segraves, K. A. 2007. The utility of 

amplified fragment length polymorphisms in phylogenetics: a comparison of 

homology within and between genomes. Syst. Biol. 56: 477-484.

Amani, J., Kazemi, R., Abbasi, A. R. and Salmanian, A. H. 2011. A simple and rapid 

leaf genomic DNA extraction method for polymerase chain reaction analysis. 

Iranian J. o f Biotech. 9(1): 69-71.

Anderson, J. A. 1993. Optimizing parental selection for genetic linkage maps. Genome 

36: 181-186.

Anu, A., Babu, K. N. and Peter, K. V. 2004. Variation among somaclones and its 

seedling progeny in capsicum annum. Plant Cell Tissue Organ Cult. 76(37): 

261-267.



Aragaw, M., Alamerew, S., Girma, H. and Tesfaye, A. 2011. Variability of ginger 

{Zingiber officinale Rose.) accessions for morphological and some quality traits 

in Ethiopia. Int. J. Agric. Res. 6(6): 444-457.

Aranzana, M. J., Carbor, J. and Arus, P. 2003. Using amplified fragment length 

polymorphisms (AFLPs) to identify peach cultivars. J. Am. Soc. Hort. Sci. 128: 

672-677.

Araujo, L. G., Prabhu, A. S., Philippi, M. C. and Chaves, L. J. 2001. RAPD analysis of 

blast resistant somaclones from upland rice cultivar I AC 47 for genetic 

divergence. Plant Cell Tissue Organ Cult. 67: 165-172.

Archak, S., Gaikwad, A. B., Gautam, D., Rao, E. V., Swamy, K. R. and Karihaloo, J. 

L. 2003. Comparative assessment of DNA fingerprinting techniques (RAPD, 

ISSR and AFLP) for genetic analysis of cashew {Anacardium occidentale L.) 

accession of India. Genome. 46: 362-369.

Arun, B., Joshi, A. K., Chand, R. and Singh, B. D. 2003. Wheat somaclonal variants 

showing earliness, improved spot blotch resistance and higher yield. Euphytica. 

132:235-241.

Babu, T. P. H. 2000. RAPD analysis to assess the genetic stability in tissue culture 

derived black pepper {Piper nigrum L.) plant. M.Sc. (Ag.) Thesis, Kerala 

Agricultural University, Thrissur, 83p.

Bairn, M. W., Aremu, A. O. and Staden, J. V. 2011. Somaclonal variation in plants: 

causes and detection methods. Plant Growth Regul. 63: 147-173.

Bairu, M. W., Fennell, C. W. and van-Staden, J. 2006. The effect of plant growth 

regulators on somaclonal variation in Cavendish banana {Musa AAA cv. 

‘Zelig’). Sci. Hortic. 108: 347-351.

Bajaj, Y. P. S. (1990) Somaclonal variation - origin, induction, cryopreservation and 

implications in plant breeding. In: Bajaj, Y. P. S. (ed.) Biotechnology in



agriculture and forestry II. Somaclonal variation in crop improvement. Springer, 

Berlin, pp. 3-35.

Botstein, D., White, R. L., Skolnick, M. and Davis, R. W. 1980. Construction of a 

genetic linkage map in man using Restriction Fragment Length Polymorphism. 

Am.J. Genet. 32:314-331.

Brown, W. L. 1983. Genetic diversity and genetic vulnerability: An appraisal. Econ. 

Bot. 37(1): 4-12.

Bua-in, S. and Paisooksantivatana, Y. 2010. Study of clonally propagated cassumunar 

ginger {Zingiber montanum (Koenig) Link ex Dietr.) and its relation of wild 

Zingiber species from Thailand revealed by RAPD markers. Genet. Resour. 

Crop Evol 57(3): 405-414.

Caboni, E., Lauri, P., Damiano, C. and D'Angeli, S. 2000.Somaclonal variation 

induced by adventitious shoot regeneration in pear and apple. Acta Hort. (530): 

195-201.

Chawla, H. S. 2010. Introduction to Plant Biotechnology (Indian Reprint, 2010). 

Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi, 698p.

Cheng, K. T., Chang, H. C., Su, C. H. and Hsu, F. L. 2007. Identification of dried 

rhizomes of Coptis species using random amplified polymorphic DNA. Bot. 

Bull Acad. Sin. 38: 214-244.

Chinmayee, S. P., Aadeshkumar, S. S. and Monica, R. S. 2012. Random Amplified 

Polymorphic DNA (RAPD) detection of somaclonal variants in commercially 

micropropagated banana {Musa spp. Cultivar grand naine). Am. J. Biochem. Mol. 

Biol 2(4): 235-235.

Chuang, S. J., Chen, C. L., Chen, J. J., Chou, W. Y. and Sung, J. M. 2009. Detection 

of somaclonal variation in micro-propagated Echinacea purpurea using AFLP 

marker. Sci. Hort. 120: 121-126.



IV

Cipriani, 0 ., Renata, B. and Testolin, R. 1996. Screening RAPD primers for molecular 

taxonomy and cultivar fingerprinting in the genus Actinidia. Euphytica 90(2): 

169-174. *

Cloutier, S. and Landry, B. 1994. Molecular markers applied to plant tissue culture. In 

Vitro Cell Dev. Biol. Plant. 30: 32-39.

Da Costa, F. R., Pereira, T. N. S., Vitoria, A. P., De Campos, K. P., Rodrigues, R., Da 

Silva, D. J. H. and Pereira, M. G. 2006. Genetic diversity among Capsicum 

accessions using RAPD markers. Crop Breed. Appl. Biotech. 6: 18-23.

Davis, J., Henderson, D., Kobayashi, M., Clegg, M. T. and Clegg, M. T. 1998. 

Genealogical relationships among cultivated avocado as revealed through RFLP 

analysis. J. Heredity. 89(4): 319-323.

Dhumale, D. B., Ingole, G. L. and Durge, D. V. 1994. Variation for morphological and 

quality attributes in clones of callus regenerance in sugarcane cv. Co971. Indian 

J. Genet. Plant Breed. 54: 317-320.

Doyle, J. J. and Doyle, J. L. 1987. A rapid DNA isolation procedure for small 

quantities of fresh leaf tissue. Phytochem. Bull. 19: 11-15.

Dulson, J., Kott, L. S. and Ripley, V. L. 1998. Efficacy of bulked DNA samples for 

RAPD DNA fingerprinting of genetically complex Brassica napus cultivars. 

Euphytica. 102: 65-70.

Dutta, A. K. and Biswas, A. K. 1985. EMS induced mitotic consequences in three 

rhizomatous, spice yielding plants. Chromosome Inf. Serv. 38: 25-26.

Ehsanpour, A. A., Madani, S. and Hoseini, M. 2007. Detection of somaclonal 

variation in potato callus induced by UV-c radiation using RAPD-PCR. Gen. 

Appl. Plant Physiol. 33(1-2): 3-11.

Encheva, J., Tsevetkove, F. and Ivanov, P. 2004. Heritable tissue culture induced 

genetic variation in sunflower (Helianthus annus L.) as a tool for crop 

improvement. Helia. 27 (41): 163-172.



V

Erlich, H. A. 1989. PCR Technology Principles and Applications for DNA 

amplification. Stockton Press, New York.

Erskine, W. and Muehlbauer, F. J. 1991. Allozyme and morphological variability, 

outcrossing rate and core collection formation in lentil germplasm. Theor. Appl. 

Genet. 83: 119-125.

Esmaiel, N. M., Al-Doss, A. A. and Barakat, M. N. 2012. In vitro selection for 

resistance to Fusarium oxysporum f. sp. dianthi and detection of genetic 

polymorphism via RAPD analysis in carnation. J. Med. Plants Res. 6(23): 3997- 

4004.

Etienne, H. and 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.

Evans, D. A. 1998. Application of somaclonal variation. Biotech. Agric. (ed. Mizrachi, 

A. Z.) Alan R. Liss, New York, pp. 203-223.

Freville, H., Justy, F. and Olivieri, I. 2001. Comparative allozyme and microsatellite 

population structure in a narrow endemic plant species, Centaurea corymbosa 

Pourret (Asteraceae). Mol. Ecol. 10: 879-889.

Fu, Y. B., Guerin, S., Peterson, G., Carlson, J. E. and Richards, K. W. 2003. 

Assessment of bulking strategies for RAPD analyses of flax germplasm. Genet. 

Resour. Crop Evol. 50: 743-746.

Fucuoka, S., Inoue, T., Miyao, A., Monna, L., Zhong, H. S., Sakai, T. and Minobe, Y. 

1994. Mapping of sequence-tagged sites in rice by single strand confirmation 

polymorphism. DNA Res. 1: 271-277.

Gallego, F. J. and Martinez, I. 1996. Molecular typing of rose cultivars using RAPD. 

J. Hortic. Sci. 71(6): 901-908.



VI

Galvez-Lopez, D., Hemandez-Delgado, S., Gonzalez-Paz, M. and Becerra-Leor, E. N. 

2009. Genetic analysis of mango landraces from Mexico based on molecular 

markers. Plant Genet. Resour. 7: 244-251.

Gao, D. Y., Vallejo, V., He, B., Gai, Y. C. and Sun, L. H. 2009. Detection of DNA 

changes in somaclonal mutants of rice using SSR markers and transposon 

display. Plant Cell Tissue Organ Cult. 98: 187-196.

Garvin, D. F. and Weeden, N. F. 1994. Isozyme evidence supporting a single 

geographic origin for domesticated tepary bean. Crop Sci. 34: 1390-1395.

Geuna, F., Toschi, M. and Bassi, D. 2003. The use of AFLP markers for cultivar 

identification in apricot. Plant Breed. 122: 526-531.

Gimenez, C., Garcia, E. D., Enrech, N. X. D. and 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.

Giridharan, M. P. 1984. Effect of gamma irradiation in ginger (Zingiber officinale 

Rose.,). M.Sc. (Hort.) thesis, Kerala Agricultural University, Vellanikkara, India.

Glaszmann, J. C., Kilian, B., Upadhyaya, H. D. and Varshney, R. K. 2010. Accessing 

genetic diversity for crop improvement. Cun. Opinion Plant Biol. 13: 1-7.

Godwin, J. D., Aitken, E. A. B. and Smith, L. W. 1997. Application of Inter Simple 

Sequence Repeat (ISSR) markers to plant genetics. Electrophoresis 18: 1524- 

1528.

Goo, P. Y., Kaundun, S. and Zhyvoloup, A. 2002. Use of the bulked genomic DNA- 

based RAPD methodology to assess the genetic diversity among abandoned 

Korean tea plantations. Genet. Resour. Crop Evol. 1-7.

Gostimsky, S. A., Kokaeva, Z. G. and Konovalov, F. A. 2005. Studying plant genome 

variation using molecular markers. Russ. J. Genet. 41: 378-388.



Goulao, L., Monte-Corvo, L. and Oliveira, C. 2001. Phonetic characterization of plum 

cultivars by high multiplex ratio markers: Amplified Fragment Length 

Polymorphisms and Inter Simple Sequence Repeats. J. Am. Soc. HortL Sci. 126: 

72-77.

Gupta, M., Chyi, Y. S. and Romero-Severson, J. L. 1994. Amplification of DNA 

markers from evolutionarily diverse genomes using single primers of simple 

sequence repeats. Theor. Appl. Genet. 89: 998-1006.

Gupta, P. K. and Roy, J. K. 2002. Molecular markers in crop improvement: present 

status and future needs in India. Plant cell Tissue Organ Cult. 70: 229-234.

Hadrys, H., Balick, M. and Schierwater, B. 1992. Applications of random amplified 

polymorphic DNA (RAPD) in molecular ecology. Mol. Ecol. 1: 55-63.

Hagen, L., Khadari, B., Lambert, P. and Audergon, J. M. 2002. Genetic diversity in 

apricot revealed by AFLP markers: Spices and cultivar comparisons. Theor. 

Appl. Genet. 105: 298-305.

Halward, T. M., Stalker, H. T., Larue, E. A. and Kochert, G. 1991. Genetic variation 

detectable with molecular markers among unadapted germplasm resources of 

cultivated peanut and related wild species. Genome. 34: 1013-1020.

Hamrick, J. L. and Godt, M. J. W. 1999. Population genetic analysis of Elliottia 

racemosa (Ericaceae), a rare Georgia shrub. Mol. Ecol. 8(1): 75-82.

Hautea, D. M., Molina, G. C-, Balatero, C- H., Coronado, N. B., Perez, E. B., Alvarez, 

M. T. H., Canama, A. O., Akuba, R. H., Quilloy, R. B., Frankie, R. B. and 

Caspillo, C. S. 2004. Analysis of induced mutants of Philippine bananas with 

molecular markers. In: Jain, S. M. and Swennen, R. (eds) Banana improvement: 

cellular, molecular biology, and induced mutations. Science Publishers, Inc., 

Enfield, pp 45-58.

Heame, C. M., Ghosh, S. and Todd, J. A. 1992. Microsatellites for linkage analysis of 

genetic traits. Trends Genet. 8: 288-294.



Hoogendijk, M. and Williams, D. 2001. Genetic diversity of home garden crops In: 

Dickens, V. T. (ed.), Characterizing the genetic diversity o f  home garden crops: 

Some examples from America. Proceedings of the 2nd International Home 

gardens workshop, Witzenhausen, Federal Republic of Germany, pp 34-40.

Homero, J., Martinez, I., Celestino, C., Gallego, F. J., Torres, V. and Toribio, M, 

2001. Early checking of genetic stability of cork oak somatic embryos by AFLP 

analysis. Int. J. Plant Sci. 162: 827-833.

Hossain, M. A., Konisho, K., Minami, M. and Nemoto, K. 2003. Somaclonal variation 

of regenerated plants in chili pepper (Capsicum annuum L.). Euphytica. 130(2): 

233-239.

Isabel, N., Tremblay, L., Michaud, M., Tremblay, F. M. and Bousquet, J. 1993. 

RAPDs as an aid to evaluate the genetic integrity of somatic embryogenesis- 

derived populations of Picea mariana (Mill.) B.S.P. Theor. Appl Genet. 86: 81- 

87.

Israeli, Y., Lahav, E. and Reuveni, O. 1995. In vitro culture of bananas. In: Gowen, S. 

(ed.) Bananas and plantians. Chapman and Hall, London, pp. 147-178.

Israeli, Y., Reuveni, O- and Lahav, E. 1991. Qualitative aspects of somaclonal 

variations in banana propagated by in vitro techniques. Sci. Hortic. 48: 71-88.

Jaccard, P. 1908. Nouvelles recherche sur la distribution florale. Bull. Soc. Vaud. Sci. 

Nat. (French). 44: 223-270.

Jaligot E., Beule. T. and Rival, A. 2002. Methylation-sensitive RFLPs: 

characterisation of two oil palm markers showing somaclonal variation- 

associated polymorphism. Theor. Appl. Genet. 104: 1263-1269.

James, A. C., Peraza-Echeverria, S., Herrera-Valencia, V. A. and Martinez, O. 2004. 

Application of the amplified fragment length polymorphism (AFLP) and the 

methylation-sensitive amplification polymorphism (MSAP) techniques for the 

detection of DNA polymorphism and changes in DNA methylation in



ix

micropropagated bananas. In: Jain, S. M. and Swennen, R. (eds) Banana 

improvement: cellular, molecular biology, and induced mutations. Science 

Publishers, Inc., Enfield, pp. 287-306.

Jan, H. U., Rabbani, M. A. and Shinwari, Z. K. 2012. Estimation of genetic variability 

in turmeric {curcuma longa L.) Germplasm using agro-morphological traits. Pak. 

J.Bot. 44:231-238.

Jarret, R. L. and 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.

Jayachandran, B. K. 1989. Induced mutations in ginger. Unpublished Ph. D thesis, 

Kerala Agricultural University, Kerala, India.

Jena, K. K. and Mackill, D. J. 2008. Molecular markers and their use in marker- 

assisted selection in rice. Crop Sci. 48: 1266-1276.

Jiang, H., Xie, Z., Koo, H. J., McLaughlin, S. P., Timmermann, B. N. and Gang, D. 

R., 2006. Metabolic profiling and phylogenetic analysis of medicinal Zingiber 

species: tools for authentication of ginger {Zingiber officinale Rose.). 

Phytochemistry 67: 1673-1685.

Jin, S., Mushke, R., Zhu, H., Tu, L., Lin, Z., Zhang, Y. and Zhang, X. 2008. Detection 

of somaclonal variation of cotton {Gossypium hirsutum) using cytogenetics, flow 

cytometry and molecular markers. Plant Cell Rep. 27: 1303-1316.

Joy, N., Prasanth, V. P. and Soniya, E. V. 2011. Microsatellite based analysis of 

genetic diversity of popular black pepper genotypes in South India. Genet. 139 

(8): 1033-1043.

Karacsonyi, D. E., Chiru, N. and Nistor, A. 2011. Microsatellite analysis of 

somaclonal variation in potato plantlets regenerated from callus. Romania 

Biotech. Lett. 16(1): 81-83.



X

Karp A, Seberg, 0 . L. E. and Buiatti, M. 1996. Molecular techniques in the assessment 

of botanical diversity. Ann. Bot. 78: 143-149.

Karp, A. 1989. Can genetic stability be controlled in plant tissue cultures. Newsl. Int. 

ass. Plant Tissue Cult. 58: 2-11.

Kavitha, P. G. and Thomas G. 2007. Population genetic structure of the clonal plant 

Zingiber zerumbet (L.) Smith (Zingiberaceae), a wild relative of cultivated 

ginger, and its response to Pythuim aphanidermatum. Euphytica. 160: 89-100.

Kawiak, A. and 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.

Kephart, S. R. 1990. Starch gel electrophoresis of plant isozymes: a comparative 

analysis of techniques. Am. J. Bot. 94: 109-117.

Khlestkina, E., Roder, M., Pshenichnikova, T. and Bomer, A. 2010. Functional 

diversity at the Rc (red coleoptile) gene in bread wheat. Mol Breed. 25: 125-132.

Kizhakkayil, J. and Sasikumar, B. 2010. Genetic diversity analysis of ginger (Zingiber 

officinale Rose.) germplasm based on RAPD and ISSR markers. Scientia 

Horticulturae. 125: 73-76.

Kladmook, M., Chidchenchey, S. and Keeratinijakal, V. 2010. Assessment of genetic 

diversity in cassumunar ginger (Zingiber cassumunar Roxb.) in Thailand using 

AFLP markers. Breed. Sci. 60: 412-418.

Kolliker, R., Jones, E. S., Jahufer, M. Z. Z. and Forster, J. W. 2001. Bulked AFLP 

analysis for the assessment of genetic diversity in white clover (Trifolium repens 

L.). Euphytica. 121:305-315.

Krishna, S. K. and Sing, S. K. 2007. Biotechnological advances in mango (Mangifera 

indica L.) and their future implication in crop improvement -  A Review. 
Biotech. Adv. 25: 223-243.



XI

Krueger, R. R. and Roose, M. L. 2003. Use of molecular markers in the management 

of citrus germplasm resources. J. Am. Soc. Hort. Sci. 128: 827-837.

Kump, B. and Javomik, B. 1996. Evaluation of genetic variability among common 

buckwheat (Fagopyrum esculentum Moench) populations by RAPD markers. 

Plant Sci. 114: 149-158.

Kuriakose, L. S., Bin, T. H. and Nazzem, P. A. 2005. Induction of variability in vanilla 

through in vitro techniques. Proceedings o f National Symposium on 

Biotechnological Interventions for Crop Improvement o f Horticultural Crop, 

January 10-12, 2005 (eds. Rao, G. S. H., L. V., Nazzem, P. A., Girija, D., 

Keshavachandran, R., Joseph, L., and John, P.S.). Kerala Agriculture University, 

Thrissur. pp. 84-86.

Lamboy, W. F., Ferson, M. J. R., Westman, A. L. and Kresovich, S. 1994. Application 

of isozyme data to the management of the United States national Brassica 

oleraceaL. genetic resources collection. Genet. Resour. Crop Evol. 41: 99-108.

Larkin, P. and Scowcroft, W. 1981. Somaclonal variation - a novel source of 

variability from cell cultures for plant improvement. Theor. Appl. Genet. 60: 

197-214.

Lee, M. and Phillips, R. L. 1988. The Chromosomal basis of somaclonal variation. 

Annu. Rev. Plant Physiol. Plant Mol. Biol. 39: 413-437.

Leroy, X. J., Leon, K., Hily, J. M., Chaumeil, P. and Branchard, M. 2001. Detection of 

in vitro culture induced instability through inter-simple sequence repeat analysis. 

Theor. Appl. Genet. 102: 885-891.

Li, J. C., Choo, T. M., Ho, K. M., Falk, D. E. and Blatt, R. 2001. Barley somaclones 

associated with high yield or resistance to powdery mildew. Euphytica. 121(3): 

349-356.

Li, J. H., Shuang, S. H. and Qin, Z. X. 1999. Rapid identification of tomato 

somaclonal variation with RAPD. J. Trop. Subtrop. Bot. 7(4): 308-312.



Lynch, M. and B. Milligan. 1994. Analysis of population-genetic structure using 

RAPD markers. Mol Ecol. 3: 91-99.

Maass, H. I. and Klaas, M. 1995. Infraspecific differentiation of garlic (Allium sativum

L. ) by isozyme and RAPD markers. Theor. Appl Genet. 91: 89-97.

Mahandas, T. P., Pradeepkumar, T., Mayadevi, P., Aipe, K. C. and Kumaran, K. 2000. 

Stability analysis in ginger (Zingiber officinale Rose.) genotypes. J. Spices 

Aromat. Crops. 9: 165-167.

Mandal, A., Maiti, A., Chowdhury, B. and Elanchezhian, R. 2001. Isoenzyme markers 

in varietal identification of banana. In Vitro Cell Dev. Biol. Plant. 37: 599-604.

Mandal, T. K. and Chand, P. K. 2002. Detection of genetic variation among 

micropropogated tea (camellia sinensis (L.) O. Kuntze) by RAPD analysis. In 

Vitro Cellular dev. Biol. Plant. 38 (3): 296-299.

Martin, K., Pachathundikandi, S., Zhang, C., Slater, A. and Madassery, J. 2006. RAPD 

analysis of a variant of banana (Musa sp.) cv. grande naine and its propagation 

via shoot tip culture. In Vitro Cell Dev. Biol. Plant. 42: 188-192.

Matasyoh, G. L.,-Francis, N. W., Miriam, G. K., Anne, W., Thairu, M. and Titus, K.

M. 2008. Leaf storage conditions and genomic DNA isolation efficiency in 

Ocimum gratissimum L. from Kenya. Afr. J. Biotechnol. 7(5): 557-564.

May, B. 1992. Starch gel electrophoresis of allozymes. In: Hoelzel, A. R. (ed.), 

Molecular genetics analysis o f populations: a practical approach. Oxford 

University Press, Oxfored, UK. pp. 1-27.

Menezes, I. C., Cidade, F. W., Souza, A. P. and Sampaio, I. C. 2009. Isolation and 

characterization of microsatellite loci in the black pepper, Piper nigrum L. 

(piperaceae). Conserv. Genet. Resour. 1: 209-212.

Michelmore, R. W., Paran, and Kesseli, R. V. 1991. Identification of markers linked to 

disease-resistance genes by bulked segregant' analysis: A rapid method to detect 

markers in specific genomic regions by using segregating populations (random



amplified polymorphic DNA / restriction fragment length polymorphism) Genet. 

88: 9828-9832.

Mimura, M., Yasuda, K. and Yamaguchi, H. 2000. RAPD variation in wild, weedy 

and cultivated adzuki beans in Asia. Genet. Resour. Crop. Evol. 47: 603-610.

Mishra-Rawat, J., Nandi, S. K., Prakash, A. and Palni, L. M. S. 2013. Differentiation 

of tea clones using RAPD and ISSR markers. International J. Tea Sci. 8(4): 36- 

43.

Mo, X. Y., Long, T., Liu, Z., Lin, H., Liu, X. Z., Yang, Y. M. and Zhang, H. Y. 2009. 

AFLP analysis of somaclonal variations in Eucalyptus globulus. Biol. Plant. 

53(4): 741-744.

Mogalayi, M. 2011. DNA fingerprinting of selected black pepper (Piper nigrum L.) 

varieties. MSc. (Ag) thesis, Kerala Agriculture University, Thrissur. 11 lp.

Mohamed, S. 2007. Morphological and molecular characterization of some banana 

micropropagated variants. Int. J. Agric. Biol. 5: 707-714.

Mohan, M., Nair, S., Pentur, U., Rao, P. and Bennet, J. 1997. RFLP and RAPD 

mapping of the rice Gm2 gene that confers resistance to biotype 1 of gall midge. 

Theor. Appl Genet. 87: 782-788.

Mohanty, D. C. and Panda, B. S. 1994. Genetic resources in ginger. In Chadha, K. L. 

and Rethinam. Malhotra Pub., New Delhi. 9(2): 151-168.

Mohanty, D. C. and Sarnia, Y. N. 1979. Genetic variability and correlation for yield 

and other variables in ginger germplasm. Indian J. Agri. Sci. 49: 250-253.

Mohanty, S., Panda, M. K., Sahoo, S. and Nayak, S. 2011. Micropropagation of 

Zingiber rubens and assessment of genetic stability through RAPD and ISSR 

markers. Biologia Plant 55(1): 16-20.



xiv

Mohanty, S., Panda, R., Kuanar, A., Sahoo, S- and Nayak, S. 2012. Evaluation of 

genetic fidelity of in vitro propagated shampoo ginger {Zingiber zerumbet (L.) 

Smith) using DNA based markers. J. Med. Plants Res. 6(16): 3143-3147.

Mohapatra, T. 2007. Molecular markers in crop improvement: current application and 

future prospects. In: Keshavachandran, R., Nazeem, P., Girija, D., John, P. and 

Peter, K. V. (eds.), Recent Trends in Horticultural Biotechnology. New Delhi, 

New India Publishing Agency, pp. 1-10.

Montemurro, C., Simeone, R., Pasqualone, A., Ferrara, E. and Blanco, A. 2005. 

Genetic relationships and cultivar identification among 112 olive accessions 

using AFLP and SSR markers. J. Hort. Sci. Biotech. 80: 105-110.

Morgante, M. and Olivieri, A. M. 2002. PCR amplification of microsatellite markers 

in plant genetics. Plant J. 3: 175-182.

Muda, M. A., Ibrahim, H. and Norzulaani K. 2004. Differentiation of three varieties of 

Zingiber officinale Rose, by RAPD fingerprinting. Malaysian J. Sci. 23(2): 135- 

139.

Mullis, K. B. 1990. The unusual origin of the Polymerase Chain Reaction. Sci. Am. 5: 

36-43.

Munthali, M. T., Newbury H. J. and Ford-LIoyd, B. V. 1996. The detection of 

somaclonal variants of beet using RAPD. Plant Cell Rep. 15: 474-478.

Nayak, S., Pradeep, K., Naik, L., Mukherjee, A., Pratap, K., Panda, C. and Das, P. 

2005. Assessment of Genetic Diversity among 16 Promising Cultivars of Ginger 

Using Cytological and Molecular Markers. Z. Naturforsch. 60: 485-492.

Nazeem, P. A., Kesavachandran, R., Babu, T. D., Achuthan, C. R., Girija, D. and 

Peter, K. V. 2005. Assessment of genetic variability in black pepper {Piper 

nigrum L.) varieties through RAPD and AFLP analysis. In: Proc o f National 

Symposium on Biotechnological interventions for improvement o f horticultural 
crops’, issues and strategies. Trissur, Kerala, pp. 226-228.



XV

Newbury, H. J. and Ford-Lloyd, B. V. 1993. The use of RAPD for assessing variation 

in plants. Plant Growth Reg. 12: 43-51.

Ngezahayo, F., Dong, Y. S. and Liu, B. 2007. Somaclonal variation at the nucleotide 

sequence level in rice {Oryza sativa L.) as revealed by RAPD and ISSR markers, 

and by pairwise sequence analysis. J. Appl Genet. 48(4): 329-336.

Nirmal Babu, L., Ravindran, R. N. and Sasikumar, B. 2003. Field evaluation of tissue 

cultured plants of spices and assessment of their genetic stability using molecular 

markers. Department of Biotechnology Project Report, Indian Institute of Spices 

Research, Calicat, Kerala, India. 94p.

Nwauzoma, A. B., Tenkouano, A., Crouch; J. H., Pillay, M., Vuylstcke, D. and Kalsio, 

C. A. D. 2002. Yield and disease resistance in plantain {Musa spp. AAB group) 

somaclones in Nigeria Euphytica. 123(31): 323-331.

Nybe, E. V. 1978. Morphological studies & quality evaluation of ginger {Zingiber 

officinale Rose.) types. MSc thesis, Kerala Agriculture University, Thrissur.

106p.

Nybe, E. V. and Nair, P. C- S. 1979. Studies on the morphology of the ginger types. 

Indian cocoa Arecanut Spices J. 3: 7-13.

Nybe, E. V., Nair, P. C. S. and Mohanakumaran, N. 1980. Assessment of yield and 

quality components in ginger. In: Proc. National Seminar on Ginger and 

Turmeric, 8-9 April Calicut. Central Plantation Crops Research Institute, 

Kasaragod, India, pp 24-29.

Nybe, E. V., Nair, P. C. S. and Kumaran, N. M. 1982. Assessment of yield and quality 

components in ginger. In: Nair, M. K. Premkumar, T., Ravindran, P. N. and 

Suma, Y. R. (eds.) Ginger and Turmeric, CPCRI, Kasaragod, India, pp 24-29.

Oshbom, B., Lightfoot, D. R. and Hill, A. 2005. Assessment of genetic polymorphism 

of Pinus ponderosa by Inter Simple Repeats (ISSR). J. Sci. 1: 46-51.



XVI

Palai, S. K. and Rout, G. R. 2007. Identification and genetic variation among eight 

varieties of ginger by using random amplified polymorphic DNA markers. Plant 

Biotech. 24: 417-420.

Pandey, G. and Dobhal, V. V. 1993. Genetic variability, character association and path 

analysis for yield components in ginger. J  Spices Arom. Crops. 2: 16-20.

Pandey, R. N., Singh, S. P., Rastogi, J., Sharma M. L. and Singh, R. K. 2012. Early 

assessment of genetic fidelity in sugarcane (Saccharum officinarum) plantlets 

regenerated through direct organogenesis with RAPD and SSR markers. Aust. J. 

CropSci. 6(4): 618-624.

Pandotra, P., Gupta, A. P., Husain, M. K., Gandhiram and Gupta, S. 2013. Evaluation 

. of genetic diversity and chemical profile of ginger cultivars in north-western 

Himalayas. Biochemical Syst. Ecol. 48: 281-287.

Paul, R. 2004. Induction of variation in vitro and field evaluation of somaclones in 

ginger. Ph.D. (Hort.) Thesis, Kerala Agricultural University, Vellanikkara, 

Thrissur, Kerala, India. 181p.

Paul, R. and Shylaja, M. R. 2012. Screening of ginger (Zingiber officinale Rose.) 

somaclones derived through indirect organogenesis against soft rot and bacterial 

wilt diseases. J. Med. Arom. Plant Sci. 34: 28-32.

Paul, R., Shylaja, M. R. and Nazeem, P. A. 2012. Molecular characterization of 

selected somaclones in ginger using RAPD markers. Indian J. Hort. 69(2): 221- 

22.

Penner, G. A., Bush, A., Wise, R., Kim, W., Domier, L. and Kasha, K. 1993. 

Reproducibility of random amplified polymorphic DNA (RAPD) analysis among 

laboratories. Genome Res. 12: 341-345.

Peteira, B., Finalet, J. A., Fernandez, E., Sanchez, I. and Miranda, I. 2003. 

Characterization of genetic variability in Musa spp. using RADP markers. Riv. 

Prot. Vegetal 18(2): 112-118.



Peyvandi, M., Noormohammadi, Z., Banihashemi, 0 ., Farahani, F., Majd, A., 

Hosseini, M. and Sheidai, M. 2009. Molecular analysis of genetic stability in 

long term micropropagated shoots of Olea europaea L. (cv. Dezful). Asian J. 

Plant Sci. 8: 146-152.

Piola, F., Rohr, R. and Heizmann, P. 1999. Rapid detection of genetic variation within 

and among in vitro propagated cedar (Cedrus libani Loudon) clones. Plant Sci. 

141:159-163.

Polanco, C. and Ruiz, M. L. 2002. AFLP analysis of somaclonal variation in 

Arabidopsis thaliana regenerated plants. Plant Sci. 162: 817-824.

Popescu, C. F., Falk, A., Glimelius, K. and Vitis. 2002. Application of AFLPs to 

characterize somaclonal variation in anther-derived grapevines. Acta Hortic. 

41(4): 177-182.

Porebski, S., Bailey, L. G. and Baum, B. B. 1997. Protocols for plants containing high 

polysaccharide and polyphenol components. Plant Mol. Biol. Rep. 15(1): 8-15.

Prakash, S., Elangomathavan, R., Seshadri, S., Kathiravan, K. and Ignacimuthu, S. 

2004. Effeceint regeneration of curcuma amada Roxb plantlets from rhizome 

and leaf sheath explants. Plant Cell Tissue Organ Cult. 78: 159-165.

Prem, J., Kizakkayil, J., Thomas, E., Dhanya, K., Syamkumar, S. and Sasikumar B. 

2008. Molecular characterization of primitive, elite and exotic genotypes to 

project the biowealth of elite ginger accessions. JSpices  Arom. Crops. 17(2): 

85-90.

Radhidevi, R. P., Nagarajan, P., Shanmugasundaramm, P., Chandrababu, R., Jayanthi, 

S. and Subrammni, S. 2002. Combining ability analysis in three line and two line 

rice hybrids. Plant Archives. 2: 99-102.

Rai, M. K., Phulwaria, M., Harish, Gupta, A. K., Shekhawat, N. S. and Jaiswal, U. 

2012. Genetic homogeneity of guava plants derived from somatic embryogenesis 

using SSR and ISSR markers. Plant Cell Tissue Organ Cult. 111(2): 259-264.



Raimondi, J. P., Masuelli, R. W. and Camadro, E. L. 2001. Assessment of somaclonal 

variation in asparagus by RAPD fingerprinting and cytogenetic analyses. 

Scientia Horticulturae. 90(1/2): 19-29.

Rajput, S. G., Wable, K. J., Sharma, K. M., Kubde, P. D. and Mulay, S. A. 2006. 

Reproducibility testing of RAPD and SSR markers in tomato. Afr. J. Biotech. 

.5(2): 108-112.

Ram, A. S. and Sreenath, H. C. 1999. A method for isolation and amplification of 

coffee DNA using random octamer and decamer primers. J. Plantn. Crops. 

27(2): 125-130.

Ranade, S. A., Farooqui, N., Bhattacharya, E. and Verma, A. 2001. Gene tagging with 

random amplified polymorphic DNA (RAPD) markers for molecular breeding in 

plants. CRC Crit. Rev. Plant Set 20: 251-275.

Rani, V. and Raina, S. 2000. Genetic fidelity of organized meristemderived 

micropropagated plants: a critical reappraisal. In Vitro Cell Dev. Biol. Plant. 36: 

319-330.

Rani, V., Parida, A. and Raina, S. N. 1995. Random amplified polymorphic DNA 

(RAPD) markers for genetic analysis in micropropagated plants of Populus 

deltoids Marsh. Plant Cell Rep. 14: 459-462.

Rasheed, S., Fatima, T., Bashir, K., Hussain, T. and Riazuddin, S. 2003. Agronomical 

and physiochemical characterization of somaclonal variants in indica basmati 

rice. Pakist. J. Biol. Sci. 6(9): 844-848.

Rattan, R. S. 1994. Improvement of ginger. In: Advances in Horticulture: Vol. 10 

Plantation and Spice Crops, Part II. K. L. Chadha and P. Rethinam (Eds.). 

Malhotra Publishing House, New Delhi, pp. 546-62.

Raval, R. R., Lau, K. W., Tran, M. G., Sowter, H. M., Mandriota, S. J., Li, J. L., Pugh, 

C. W., Maxwell, P. H., Harris, A. L. and Ratcliffe, P. J. 1998. Contrasting



XIX

properties of Hypoxia-Inducible Factor 1 (HIF-1) and HIF-2 in von Hippel 

Lindau Associated renal cell carcinoma. Mol. Cell Biol. 25: 5675-5686.

Ravindra, M. S., Kulkarni, B. N., Gayathri, M. C. and Ramesh, S. 2004. Somaclonal 

variation for some morphological traits, herb yield, essential oil content and 

essential oil composition in an Indian cultivar rose scented geranium. Plant 

Breed. 123(1): 84-86.

Ravindran, P. N. and Babu, N. K. 1994. Genetic resources of black pepper. Advances 

in Horticulture vol 9 Plantation Crops and Spices Part I. (ed. Chadha, K. L. and 

Rethinam, P.). Malhotra Publishing House, New Delhi.

Ravindran, P. N., Nirmal, B. K. and Shivam, K. N. 2005. Botany and crop 

improvement of ginger. In: Ravindran, P.N., Nirmal, B.K. (Eds.), Ginger: The 

Genus Zingiber. CRC Press, New York, pp. 15-85.

Ray. T., Dutta, I., Saha, P., Das, S. and Roy, S. C. 2006. Genetic stability of three 

economically important micropropagated banana (Musa spp.) cultivars of lower 

Indo-Gangetic plains, as assessed by RAPD and ISSR markers. Plant Cell Tissue 

Organ Cult. 85: 11-21.

Riji, V. S. 2003. Molecular characteristics of callus regenerated plants of turmeric 

(Carcuma longa L.) using RAPD markers. M.Sc. thesis, Perigar University, 

Thiruchengode, Tamilnadu. 54p.

Rodrigues, P. H. V., Tulmann, N. A., Cassieri, N. P. and Mendes, B. M. J. 1998. 

Influence of the number of subcultures on somoclonal variation in 

micropropagated Nanico (Musa spp., AAA group). Acta Hortic. 490: 469-473.

Rogers, S. O. and Bendich, A. J. 1994. Extraction of total cellular DNA from plants, 

algae and fungi; In: Gelvin SB and Schilperoort RA (eds.) Plant Mol. Biol. 1:1- 

8.

Rohlf, F. J. 2005. NTSYSpc Numerical Taxonomy and Multivariate Analysis System. 

Verson 2.2. Exeter software, New York.



XX

Rout, G. R., Goel, D. S. and Raina, S. N. 1998. Determination of genetic stability of 

micropropogated plants of ginger using RAPD {Zingiber officinale Rose.) 

markers. Bot. Bull. Acad. Sinica. 39: 23-27.

Sajeeva, S., Roya, A. R., Iangraib, B., Pattanayakb, A. and Dekaa, B. C. 2011. Genetic 

diversity analysis in the traditional and improved ginger {Zingiber officinale 

Rose.) clones cultivated in North-East India. Scientia Horticulturae. 128: 182- 

188.

Saker, M. M., Bekheet, S. A., Taha, H. S., Fahmy, A. S., and Moursy, H. A. 2000. 

Detection of somaclonal variations in tissue culture derived date palm plants 

using isoenzyme analysis and RAPD fingerprints. Biol. Plant 43(3): 347-351.

Saker, M. M., Moussa, T. A., Heikal, N. Z., Ellil, A. H. and Abdel-Rahman, R. M. 

2012. Selection of an efficient in vitro micropropagation and regeneration system 

for potato {Solanum tuberosum L.) cultivar Desiree. Afr. J. Biotech. 11(98): 

16388-16404.

Salvi, N. D., George. L. and Eapen, S. 2001. Plant regeneration from leaf base callus 

of turmeric and Random Amplified Polymorphic DNA analysis of regenerated 

plants. Plant Cell Tissue Organ Cult. 66: 113-119.

Salvi, N. D., George, L. and Eapen, S. 2002. Micropropogation and field evaluation of 

micropropogated plants of turmeric. Plant Cell Tissue Organ Cult. 68: 143-151.

Sambrook, J., Fritsch, E. F. and Maniatis, T. 1989. Molecular Cloning. A Laboratiry 

Mannual. Academic Press, New York, USA, 1322p.

Sanchez-Teyer, L. F., Quiroz-Figueroa, F., Loyola-Vargas, V. and Infante, D. 2003. 

Culture-induced variation in plants of Coffea arabica cv. Caturra rojo, 

regenerated by direct and indirect somatic embryogenesis. Mol. Biotech. 23: 107- 

115.

Sanchu, C. R. 2000. Variability analysis in calliclones of black pepper {Piper nigrum 

L.). M.Sc. Thesis, Kerala Agriculture University, Thrissur. 96p.



Sasikumar, B., Nirmal Babu, L., Abraham, J. and Ravindran, P. N. 1992. Variability 

correlation and path analysis in ginger germplasm. Indian J. Genet. 52: 428-431.

Schierwater, B. and Ender, A. 1993. Different thermo stable DNA polymerases may 

apply to different RAPD products. Nucleic Acids Res. 21: 4647-4648.

Sen, S., Skaria, R. and Muneer, P. M. 2010. Genetic diversity analysis in Piper spices 

using RAPD markers. Mol Biotech. 46: 72-79.

Sghaier, Z. A. and Mohammed, C. 2005. Genomic DNA extraction method from pearl 

millet leaves. Afr. J. Biotech. 4(8): 862-866.

Shamina, A., Zachariah, T. J., Sasikumar, B and Johnson, K. G. 1997. Biochemical 

variability in selected ginger (Zingiber officinale Rose.) germplasm accessions. 

J. Spices Arom. Crops. 6(2): 119-127.

Shankar, G. 2003. Exploitation of induced variability for crop improvement in ginger 

(Zingiber officinale Rose.) MSc thesis, Kerala Agriculture University, Thrissur. 

175 p.

Sharma, K., Mishra, A. K. and Misra R. S. 2008. A simple and efficient method for 

extraction of genomic DNA from tropical tuber crops Afr. J. o f Biotech. 7(8): 

1018-1022.

Sharma, R., M'odgil M. and Sharma, P. 2012. Adventitious shoot regeneration from 

apple leaf explants and rapd analysis of regenerants. Grog. Agric. 12(1): 1 -10.

Sheidai, M., Aminpoor, H., Noormohammadi, Z. and Farahani, F. 2008. RAPD 

analysis of somaclonal variation in banana {Musa acuminate L.) cultivar Valery. 

Acta Biol. Szeged. 52(2): 307-311.

Shoemaker, R. C., Amerger, K. A., Palmer, R. G., Oglesby, L. and Ranch, J. P. 1991. 

Effect of 2, 4- dichlorophenoxy acetic acid concentration on somatic 

embyogenesis and heritable variation in soyabean {Glycine max L.mer. R.) In 

vitro cell Dev. Biol. 27: 84-88.



Shylaja, M. R. 1996. Somaclonal variation in black paper (Piper nigrum L.) Ph.D. 

thesis, Kerala Agriculture University, Thrissur. 195 p.

Simmons, M. P,, Zhang, L. B., Webb, C. T. and Muller, K. 2007. A penalty of using 

anonymous dominant markers (AFLPs, ISSRs, and RAPDs) for phylogenetic 

inference. Mol Phylogenet. Evol. 42: 528-542.

Sing, B. D. 2008. Biotechnology Expanding Horizones (2nd Ed.). Kalyani Publishers, 

New Delhi, 919p.

Singh, R., Srivastava, S., Singh, S., Sharma, M., Mohopatra, T. and Singh, N. 2008. 

Identification of new microsatellite DNA markers for sugar and related traits in 

sugarcane. Sugar Tech. 10:327-333.

Singh, A., Lai, M., Singh, M., Lai, K. and Singh, S. 2000. Variations for red rot 

resistance in somaclones of sugarcane. Sugar Tech. 2: 56-58.

Singh, S., Panda, M. K. and Nayak, S. 2012. Evaluation of genetic diversity in 

turmeric (Curcuma longa L.) using RAPD and ISSR markers. Ind. Crops 

Products. 37: 284- 291.

Skirvin, R. M. and Janick, J. 1996. Tissue culture induced variation in scented 

pelargonium spp. J. Am. Soc. hort. Sci. 101: 281-290.

Smykal, P., Valledor, L., Rodriguez, R. and Griga, M. 2007. Assessment of genetic 

and epigenetic stability in long-term in vitro shoot culture of pea (Pisum sativum 

L.). Plant Cell Rep. 26: 1985-1998.

Sneath, P. H. A. and Sokal, R. R. 1973. Numerical taxonomy - the principles and 

' practice o f numerical classification. W. H. Freeman, San Francisco.

Soniya, E. V., Banerjee, M. S. and Das, M. R. 2001. Genetic analysis of somaclonal 

variation among callus derived plants of tomato. Curr. Sci. 80: 1213-1215.

Spice Board. 2013. Item Wise Export o f Spices from India [online]. Available: 

http.7/www.indianspices.com/pdf/export. [25 July 2013].

http://www.indianspices.com/pdf/export


XXIII

Spice Board. 2013. Spice Wise Area and Production [online]. Available: 

http://www.indianspices.com/pdfyspicewisearprd.xls. [25 July 2013].

Spooner, D., Treuren, R. V. and Vicente, M. C. D. 2005. Molecular markers for 

genebank management. IPQRI Technical Bulletin No. 10. International plant 

Genetic Resources Institute, Rome. 127p.

Squirrell, J., Hollingsworth, P. M., Woodhead, M., Russell, J., Lowe, A. J., Gibby, M. 

and Powell, W. 2003. How much effort is required to isolate nuclear 

microsatellites from plants? Mol Ecol 12: 1339-1348.

Sreekumar, V., Indrasenam, G. and Mammen, M. K. 1982. Studies on quantitative and 

qualitative characters of ginger cultivar. In: Nair, M. K., Pradeepkumar, T., 

Ravindran, P. N., and Sarma, Y. R. (eds.) Ginger and Turmeric. Proc. Of 

National Seminar, CPCRI, Ksaragod, India, pp. 47-49.

Srivastav, S. E., Khothari, S. L. and Shrivastav, S. 2003. Assessment of somaclonal 

variation in two lines of pearl millet (Pennisetum glaucum (L.) R. Br.). Indian J. 

Genet. Plant Breed. 63(4): 295-298.

Stiles, J. I., Lemme, C., Sondur, S., Morshidi, M. B. and Manshardt, R. 1993. Using 

randomly amplified polymorphic DNA markers and evaluating genetic 

relationships among papaya cultivars. Theor. Appl. Genet. 85: 697-701.

Stuber, C. W., Polacco, M. and Senior, M. L. 1999. Synergy of empirical breeding, 

marker-assisted selection, and genomics to increase crop potential. Crop Sci. 39: 

1571-1583.

Suja, G. 2002. Somaclonal variation in micropropogated and callus regenerated plants 

of ginger {Zingiber officinale Rose. ) by RAPD polymorphism. M.Sc. Thesis, 

University of Madras, Tamilnadu, 11 Op.

Syamkumar, S., Lowarence, B. and Sasikumar, B. 2003. Isolation and amplification of 

DNA from rhizomes of turmeric and ginger. Plant Mol. Biol. Rep. 21: 171a- 

171e.

http://www.indianspices.com/pdfyspicewisearprd.xls


xxiv

Tan, Y. P., Ho, Y. W., Mak, C. and Ibrahim, R. 1993. Factom-l-an early flowering 

mutants derived from mutation induction of gamma rays Nain, a Cavendish 

banana. Mutation breed. Newsl. 40: 5-6.

Tanksley, S. D., Young, N. D., Paterson, A. H. and Bonierbale, M. W. 1989. RFLP 

mapping in plant breeding: Bio. Tech. 7: 257-264.

Tautz, D. and Renz, M. 1984. Simple sequences are ubiquitous repetitive components 

of eukaryotic genomes. Nucleic Acids Res. 12: 4127-4138.

Tingley, S. V. and Tufo, D. 1993. Genetic analysis with random amplified 

polymorphic DNA markers. Plant Physiol 101: 349-352.

Trajanouska, R. M. .2002. The effect of growth regulators on somaclonal variation in 

rye (Secale cereal L.) and selection of somaclonal variants with increase 

agronomic traits. Cellular Mol. Bio. Lett. 7(4): 1111-1120.

Tsai, C. K, Chien, Y. C., Ke, S. Q., He, Z. C., Jiang, R. X., Zhou, Y. C., Ye, Y. P., 

Hing, S. R. and Huang, R. H. 1997. Studies on somaclonal variation of 

regenerated plants from protoplast of Actinocilia deliciosa. Acta Bot. Sinica. 34 

(11): 822-828.

Udayakumar, R., Kasthurirengan, S., Mariashibu, T. S., Sudhakar, B., Ganapathi, A., 

Kim, E. J., Jang, K. M., Choi, C. W. and Kim, S. C. 2013. Analysis of Genetic 

Variation among Populations of Withania somnifera (L.) in South India based on 

RAPD Markers. Eur. J. Med. Plants. 3(2): 266-280.

Valsala, P. A. 1994. Standerdisation of in vitro pollination and fertilization for 

generating variability in Zingiber Officinale (Rose). PhD thesis, Kerala 

Agriculture University, Thrissur. 133 p.

Van der Wurff, A. W. G., Chan, Y. L., Van Straalen, N. M. and Schouten, J. 2000. 

TE-AFLP: combining rapidity and robustness in DNA fingerprinting. Nucleic 

Acids Res. 28: el05.



Virk, P. S., Newburry, H. J., Jackson, M. T. and Lloyd, B. V. 1995. The identification 

of duplicated accession within a rice germplasm collection using RAPD analysis. 

Theor. Appl. Genet. 90: 1049-1055.

Vos, P., Hogers, R., Bleeker, M , Reijans, M., van de Lee, T., Homes, M., Frijters, A., 

Pot, J., Peleman, J., Kuiper, M. and Zabeau, M. 1995. AFLP: a new technique 

for DNA fingerprinting. Nucleic Acids Res. 23: 4407-4414.

Wahyuni, S., Xu, D. H., Bermawie, N., Tsunematsu, H. and Ban, T. 2003. Genetic 

relationships among ginger accessions based on AFLP marker. J. Biotech. 

Pertanian. 8: 60-68.

Waugh, R. and Powell, W. 1992. Using RAPD markers for crop improvement. Trends 

Biotech. 10(6): 186-191.

Weising, K., Atkinson, G. and Gardner, C. 1999. Genomic fingerprinting by 

microsatellite-primed PCR: a critical evaluation of PCR methods. Appl. Curr. 

Sci. 4: 249-255.

Weising, K., Nybom, H., Wolff, K. and Kahl, G. 2005. DNA fingerprinting in plants: 

principles, methods, and applications. CRC Press, New York, 426p.

Welsch, J., Honeycutt, R. J., McClelland, M. and Sobral, B. W. S. 1991. Parentage 

determination in maize hybrids using the arbitrarily primed polymerase chain 

reaction (AP-PCR). Theor. Appl. Genet. 82: 473-476.

Welsh, J. and McClelland, M. 1990. Fingerprinting genomes using PCR with arbitrary 

primers. Nucleic Acids Res. 18: 7213-7218.

Welter, L. J., Baydar, N. G., Akkurt, M., Maul, E., Eibach, R., Topfer, R. and Zyprian, 

E. M. 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.

Wettasinghe, R. and Peffley, E. B. 1998. A rapid and efficient extraction method for 

onion DNA. Plant Breed. 117: 588-589.



XXVI

Wiliams, J. G. K., Hanafey, M. A., Rafalski, J. A. and Tingey, S. V. 1990. Genetic 

analysis using random amplified polymorphic DNA markers. Methods Enzymol. 

218:704-740.

Williams, J. G. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A. and Tingey, S. V. 1990. 

DNA polymorphisms amplified by arbitrary primers are useful as genetic 

markers. Nucleic Acids Res. 18: 6531-6535.

Williams, M. N. V., Pande, N., Nair, S., Mohan, M. and Bennett, J. 1991. DNA 

polymorphisms amplified by arbitrary primers are useful as genetic markers. 

Theor. Appl. Genet. 82: 489-98.

Wohlmuth, H., Smith, M. K., Brooke, L. O., Myers, S. P. and Leach, D. N. 2006. 

Essential oil composition of diploid and tetraploid clones of ginger (Zingiber 

officinale Rose.) grown mAust. J. Agric. Food Chem. 54: 1414-1419.

Yadav, R. K. 1999. Genetic Variability in ginger (Zingiber officinale Rose.) J. Spices 

Arom. Crops. 8: 81-83.

Yu, K. and Pauls, K. P. 1993. Rapid estimation of genetic relatedness among 

heterogeneous populations of alfalfa by random amplification of bulked genomic 

DNA samples Theor. Appl. Genet. 86(6): 788-794.

Zachariah, T. J., Sasikumar, B. and Ravindran, P. N. 1993. Variation in ginger 

accessions. Indian Perfumer 37: 87-90.

Zahim, M. A., Ford-Lloyd, B. V. and,Newbury, H. J. 1996. Detection of somaclonal 

variation in garlic (Allium sativum L.) using RAPD and cytological analysis. 

Plant cell Rep. 18: 473-477.

Zaid, A. and A1 Kaabi, H. 2003. Plant-off types in tissue culture-derived date palm 

(Phoenix dactyliferaL.). Emirates J. Agric. Sci. 15: 17-35.

Zhou, L., Kappel, P. A., Hampson, C., Wiersma, P. A. and Bakkeren, G. 2002. 

Genetic analysis and discrimination of sweet cherry cultivars and selections



XXVII

using amplified fragment length polymorphism fingerprints. J. Am. Soc. Hort. 

Sci. 127: 786-792.

Zietkiewicz, E., Rafalski, A. and Labuda, D. 1994. Genome fingerprinting by inter 

simple sequence repeat (ISSR) anchored polymerase chain reaction 

amplification. Genomics. 20: 176-183.





ANNEXUREI

Reagents required for DNA isolation

Reagents:

1. 2x CTAB extraction buffer (100 ml)

CTAB : 2 g

(Cetyl trimethyl ammonium bromide)

Tris HC1 : 1.21 g

EDTA : 0.745 g

NaCl : 8.18 g

PVP : 1.0 g

Adjusted the pH to 8 and made up final volume up to 100 ml.

2. CTAB ( 10 per cent, 100 ml)

CTAB : 10g

NaCl : 4.09 g

Dissolved in autoclaved distilled water

3. Chloroform- isoamylalcohol (24:1)

To chloroform (24 parts), isoamyl alcohol (1 part) was added and mixed 

properly.

4. Chilled isopropanol

Isopropanol was stored in refrigerator at 0°C and was used for the study.

5. Ethanol ( 70 per cent)

To 70 parts of absolute ethanol (100 per cent), 30 parts of sterile distilled 

water was added to make 70 per cent ethanol.



6. TE buffer (pH 8,100 ml)

TrisHCl(lOmM) : 0.1576 g

EDTA(lmM ) : 0.0372 g

7. TAE buffer (50 X)

Tris base : 242 g

Glacial acetic acid : 57.1ml

0.5M EDTA (pH 8) : 100 ml

The solution was prepared, autoclaved and stored at room temperature.



ANNEXUREII

Composition of buffers and dyes used for gel electrophoresis 

1. TAE Buffer 50X

Tris base : 242 g

Glacial acetic acid : 57.1 ml

0.5M EDTA (pH 8.0) : 100 ml

Loading Bye (6X)

0.25% bromophenol blue

0.25% xylene cyanol

30% glycerol in water

3. Ethidium bromide

The dye was prepared as a stock solution of 10 mg/1 in water and was stored 

at room temperature in a dark bottle.
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ABSTRACT

Ginger (Zingiber officinale Rose.), an important spice crop grown in India, is 
much valued for its flavour and medicinal properties. As natural variability available 

in the crop is limited, somaclonal variation is being utilized for crop improvement 
programmes. Currently, molecular marker techniques are widely employed to detect 

and assess somaclonal variation in several crop species as they are stable, detectable 
in all tissues and are not confounded by environment, pleiotropic and epistatic effects.

The present investigations on “variability analysis in ginger (Zingiber 

officinale Rose.) somaclones using molecular markers’5 were carried out at the Centre 
for Plant Biotechnology and Molecular Biology, College of Horticulture, Kerala 

Agricultural University during February 2012 to May 2013. The objectives of the 
investigations were to assess somaclonal variation in ginger at molecular level, to 

study the influence of genotype and mode of regeneration on somaclonal variation, to 

assess the extent of variability in somaclones from the original source parent cultivars 
and to select the variants. Two molecular marker systems viz. Random Amplified 

Polymorphic DNA (RAPD) and Inter Simple Sequence Repeats (ISSR) were utilized 

for the analyses.

Ginger somaclones (180 Nos.) regenerated through various modes of 
regeneration viz. bud culture, indirect organogenesis / embryogenesis and in vitro 

mutagenesis, along with two source parent cultivars (Maran and Rio-de-Janeiro) were 

used for the present study. The genomic DNA was extracted from somaclones using 
CTAB method (Rogers and Bendich, 1994) and Sigma’s GenEIute™ Plant Genomic 

DNA Miniprep kit.

The somaclones were grouped as per genotype and mode of regeneration. 
DNA extracted from individual somaclones was bulked as per the procedure reported 
by Dulson (1998). Bulked. DNA samples of the thirteen groups of somaclones along 
with two source parent'cultivars were subjected to RAPD and ISSR analyses with 
selected primers.



Of the 35 RAPD primers screened, twelve gave good amplification. RAPD 

analysis using selected primers produced 129 amplicons, 44 were polymorphic with 

an average of 3.66 polymorphic bands / primer and a polymorphism percentage of 

34.10. In ISSR assay, twelve selected primers produced 122 amplicons, 32 were 
polymorphic with an average of 2.66 polymorphic bands / primer and a 

polymorphism percentage of 26.23. The study could identify certain specific RAPD 

and ISSR primers for identification of Maran and Rio-de-Janeiro cultivars and 

irradiated mutants from non-irradiated somaclones.

The dendrograms generated based on RAPD and ISSR profiles grouped the 
somaclones into two separate clusters, with somaclones of Maran in first subcluster of 

cluster I and somaclones of Rio-de-Janeiro in second subcluster of cluster I. The 

regenerants from Rio-de-Janeiro calli irradiated with 20 Gy and somatic embryogenic 
calli irradiated with 10 Gy formed the second cluster.

RAPD and ISSR marker systems showed that somaclones derived from 
cultivar Maran exhibited more variability than Rio-de-Janeiro. RAPD marker system 

was more effective for bringing out variability. The variability observed in RAPD 

assay was 28 per cent while in ISSR assay it was 21 per cent and in the combined it 
was 25 per cent. In groupwise variability analysis using bulked DNA, the groups 

RC20 Gy and RSelO Gy recorded higher variability from source parent cultivar. The 
variability exhibited in plantwise analysis using three selected primers (OPA 28, SI 1 

and ISSR 05) was found very high (39%) as compared to groupwise analysis (25%). 

The somaclone RC2Krl031 of the callus regenerants and RSelfCrl052 of the somatic 
embryo regenerants showed more variability exhibiting 59 and 53 per cent variability 

respectively from the source parent cultivar Rio-de-Janeiro.

The extent of variability in ginger somaclones could be assessed using 
molecular markers and in vitro mutagenesis could be employed to widen the genetic 
base in ginger.


