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Vitis vinifera L. cv. Thompson seedless 

          Grapevines (Vitis sp.) were one of the first crops domesticated by humans and 

were very important for ancient cultures. The cultivation of grapevines dates back several 

thousand years and remains economically and socially important today. Grapevines (Vitis 

sp.) are grown worldwide for a variety of purposes including fresh fruit, jams, juice, 

raisins, jellies and wine and have tremendous scope because of their medicinal and 

neutraceutical properties. It also has innovative, advanced technologies in food 

processing industry and huge demand for packed ready to eat healthy fruit products. Vitis 

species are the most widely planted fruit crop in the world with an annual production of 

over 65 trillion tons valued at over $31trillion. 

          As members of the family Vitaceae, grapevines are perennial, woody vines that 

produce edible fruits.  There are over a dozen genera with over 500 species.  Of these, 

more than 50 species belong to the genus Vitis.  They have winding tendrils that generally 

arise opposite a leaf and their inflorescences are located in place of a tendril and are 

diploid (2n=38).  Most commercially important cultivars have perfect flowers, while 

unisexual male and female plants do exist (Bailey, 1924; Mullins et al., 1992; Columbia 

Encyclopedia, 2008). Most members of this genus can be found in either warm or 

temperate regions of the world. They are native to Mediterranean region, Central Asia 

and are grown in many countries like Italy, Iran, India, China, Spain, USA and France. 

Major grape growing states in India are Maharashtra, Karnataka, Andhra Pradesh, Tamil 

Nadu and the north-western regions. Maharashtra ranks first in terms of production 

accounting for more than 75% of total production in India. 

            The sultana is a "white" (pale green), oval seedless grape variety also called the 

sultanina, Thompson Seedless (United States), Lady de Coverly (England), and oval-

fruited Kishmish (Turkey, Palestine) (Bioletti; 1918). It is assumed to originate from the 

Asian part of the Ottoman Empire (Bioletti, Frederic T, 1918). This is perhaps the most 

widely eaten and one of the older varieties of seedless grapes. Oblong shaped with a light 

green skin, they are juicy and sweet with high sugar content half as glucose, and half as 

fructose. These grapes have a subtle sweet flavor, with a firm and juicy texture. 

Resveratrol, found mainly in the skins of grapes, is gaining attention for its disease 

fighting abilities that may impact on a wide variety of health issues such as viruses, 
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hearing loss and age-related conditions. This cultivar has also been used extensively as a 

parent for the development of new cultivars, such as 'Flame Seedless’ and ‘Crimson 

Seedless’. 

          Grapevines are traditionally propagated from cuttings of dormant one year old 

canes (Hartmann et al., 2002).  The goal of this project was to identify suitable explants 

for the rapid multiplication and in vitro regeneration for clonal propagation and to design 

cost effective media composition and reduction in multi step procedure for somatic 

embryogenesis. Potential benefits of this research include availability of increased plant 

materials.  

 

Punica granatum cv. Ganesh 

          The Pomegranate botanical name Punica granatum is a fruit-bearing deciduous 

shrub or small tree growing between 5 and 8 m (16–26 ft) tall. The pomegranate is one of 

the oldest known edible fruits. Its history dates to very ancient times. This fruit tree is one 

of the species mentioned in the Bible and the Qoran and is often associated to fertility. It 

is native to Persia and perhaps some surrounding areas. It was cultivated in ancient Egypt 

and early in Greece and Italy. The fruit was very popular in Iraq. In time it spread into 

Asia (Turkmenistan, Afghanistan, India, China, etc.), North Africa and Mediterranean 

Europe. The domestication process took place independently in various regions and not 

only in the Mediterranean region (Evreinoff, 1949; Zukovskij, 1950; Melgarejo and 

Martínez, 1992). 

          It is considered as an excellent tree for growing in arid zones for its resistance to 

drought conditions. It is now widely cultivated in Mediterranean, in tropical and 

subtropical areas. It can be encountered as regular plantations in Cyprus, Egypt, 

Morocco, Spain, Tunisia and Turkey. A high number of scattered trees on the borders or 

within other fruit orchards are reported in many Mediterranean countries where the fruit 

is very popular in local markets. It is cultivated in central Asia and to some extent in the 

USA (California), Russia, China and Japan for fruit production and is also developed as 

an ornamental tree in East Asia (Mars, 1996; Tous and Ferguson, 1996).  

          At the global level, India is the largest Pomegranate producer, followed by Iran. It 

is mainly produced in the Western Maharashtra, Andhra Pradesh, Rajasthan, Gujarat, 
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Tamil Nadu and Karnataka in India. Maharashtra is the leading State with 82 thousands 

hector area under cultivation, followed by Karnataka and Gujarat with 13.6 thousand ha 

and 5.8 thousand ha respectively.  

          Pomegranate is a shrub or small tree growing 6 to 10 m high; the pomegranate has 

multiple branches, and is extremely long-lived, with some specimens in France surviving 

for 200 years (Morton, 1987). P. granatum leaves are opposite or sub-opposite, glossy, 

narrow oblong, entire, 3–7 cm long and 2 cm broad. The flowers are bright red and 3 cm 

in diameter, with three to seven petals (Morton, 1987). Some fruitless varieties are grown 

for the flowers alone as ornamental garden plants.   

          Pomegranate is used in several systems of medicine for a variety of ailments. The 

synergistic action of the pomegranate constituents appears to be superior to that of single 

constituents (Jurenka, 2008). In the past decade, numerous studies on the antioxidant, 

anticarcinogenic, and anti-inflammatory properties of pomegranate constituents have 

been published, focusing on treatment and prevention of cancer, cardiovascular disease, 

diabetes, dental conditions, erectile dysfunction, bacterial infections and antibiotic 

resistance, and ultraviolet radiation-induced skin damage. Other potential applications 

include infant brain ischemia, male infertility, Alzheimer's disease, arthritis, and obesity 

(Jurenka, 2008). 

          Pomegranate fruit is having both pharmaceutical and nutritional significance with 

vitamin C, vitamin B, pantothenic acid, potassium, antioxidant polyphenols, a fair source 

of iron and a good source of fiber and low in calories (Fuhrman et al. 2007 and Raj et al. 

2010). Pomegranate tree parts such as leaves, immature fruits, fruit rind and flower buds 

have been used traditionally for their medicinal. The stem and root bark, leaves and fruit 

rind are a good source of secondary products such as tannins, dyes and alkaloids 

(Anonymous, 1982). 
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Molecular markers 

          In genetics, a molecular marker is a fragment of DNA that is linked with a certain 

position within the genome. Molecular markers are utilized in biotechnology and 

molecular biology to identify a particular sequence of DNA in a pool of unknown DNA. 

The use of molecular markers to track loci and genome regions in crop plants is now 

routinely applied in many breeding programs. The location of major loci is now known 

for many disease resistance genes, tolerances to abiotic stresses and quality traits. 

Improvements in marker screening techniques have also been important in facilitating the 

tracking of genes. For markers to be effective, they must be closely linked to the target 

locus and be able to detect polymorphisms in material likely to be used in a breeding 

program. The prime applications of markers in most breeding programs have been in 

backcross breeding where loci are tracked to eliminate specific genetic defects in elite 

germplasm, for the introgression of recessive traits and in the selection of lines with a 

genome make-up close to the recurrent parent. In progeny breeding, markers have proved 

valuable in building crucial parents and in enriching F1s from complex crosses. Markers 

have also improved the strategies for gene deployment and enhanced the understanding 

of the genetic control of complex traits such as components of quality and broad 

adaptation. 

          The commonly used polymerase chain reaction (PCR)-based DNA marker systems 

are random amplified polymorphic DNA (RAPD), amplified fragment length 

polymorphism (AFLP) and more recently simple sequence repeats (SSRs) or 

microsatellites (Staub et al., 1996; Gupta and Varshney, 2000; Pradeep Reddy et al., 2002). 

The major limitations of these methods are low reproducibility of RAPD, high cost of 

AFLP and the need to know the flanking sequences to develop species specific primers 

for SSR polymorphism. ISSR-PCR is a technique that overcomes most of these 

limitations (Zietkiewicz et al., 1994; Gupta et al., 1994; Wu et al., 1994; Meyer et al., 

1993). It is rapidly being used by the research community in various fields of plant 

improvement (Godwin et al., 1997). The technique is useful in areas of genetic diversity, 

phylogenetic studies, gene tagging, genome mapping and evolutionary biology in a wide 

range of crop species. In this method SSRs are used as primers to amplify mainly the 

https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Genome
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inter- SSR regions. SSRs or microsatellites are short tandem repeats (STRs) or variable 

number of tandem repeats (VNTRs) of 1–4 bases of DNA ubiquitously present in 

eukaryote genomes (Tautz & Renz, 1984). They are dispersed throughout the genome 

and vary in the number of repeat units. 
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Micropropagtion is an important alternative to conventional methods of vegetative 

propagation. Indeed, the order of magnitude in demand for planting materials indicates 

that it will inevitably be necessary for mass propagation in different horticultural crops 

rapidly. It represents an efficient method of plant regeneration and rapid multiplication 

through axillary shoot proliferation, organogenesis and embryogenesis of any valuable 

genotype obtained by biotechnological approaches (Stamp et al., 1990) and therefore 

such approaches have been intensively studied (Torregrosa and Bouquet,1996; Mei-

Chun, 2005). Besides generating uniform clonal plants within a short time independent of 

season, the technique also has value in application of other tissue culture based 

techniques, i.e. induced mutation, in vitro screening, genetic engineering and germplasm 

exchange (Webster, 1995). 

 

Multiplication of Shoots in Grapevine (Vitis vinifera L.) 

          Grapevine (Vitis vinifera L.) is one of the most widely grown fruit crops in the 

world (Mederos-Molina, 2007). There are different methods for propagating grapevines 

such as layering, softwood cuttings and in vitro plant tissue culture. Each of these 

methods has advantages over the others depending on specific conditions and desired 

outcomes. Softwood cuttings are similar to dormant cuttings, except the cuttings are 

made from actively growing shoots and often require misting or other method for 

maintaining increased humidity while the cuttings develop their own roots (Avery, 1999). 

Propagation by the layering method involves burying a short length of a shoot until it 

sprouts and shows root growth from the buried section. At that point the short vine 

section that has sprouted is severed from the mother plant and replanted (Hartmann et al., 

2002). In vitro propagation (micropropagation or tissue culture) requires specialized 

facilities, equipment and expertise, but can potentially yield exponentially more plants 

(Terregrosa et al., 2001). 

          Genetic improvement of the classic cultivars in order to obtain high quality wine 

and table grape varieties through conventional hybridization methods does not appears to 

be practical and therefore many in vitro regeneration techniques have been proposed 

(Torregrosa and Bouquet,1996). A prerequisite to develop such approaches for grapevine 

is the ability to perform efficient “in vitro” regeneration techniques (Mederos-Molina, 
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2007), but in some instances the genetic variability of the material has been taken into 

account (Stamp et al., 1990; Thomas and Prakash, 2004). In vitro culture of grapevines 

was first reported by Morel (1944). Since that early study, callus culture, protoplast 

isolation and production, somatic embryogenesis, regeneration via direct and indirect 

organogenesis, and multiplication through axillary bud or nodal culture have all been 

attempted with different achievements and results. Several reviews of the topic have been 

published (Krul and Mowbray, 1984; Lumsden et al., 1994; Read, 2007; Sharp et al., 

1979; Torregrosa et al., 2001). 

          Grapevine plantlets rapid multiplication has been achieved through nodal segments 

bearing a single axillary bud (Buyukdemirci, 1997; Ikten, 2000; Minal- Mhatre et al., 

2000; Nas et al., 2005; Tapia and Read, 1998; Shinde et al., 2009). This method 

consistently yields true-to-type plants by avoiding potential somaclonal variation 

associated with hyperhydricity (vitrification) caused in part by excessive cytokinins in the 

multiplication medium (Heloir et al., 1997; Beauchesne, 1982). The incidence of 

somaclonal variation increases with the high rates of multiplication (Karp, 1999; Skirvin 

et al., 1994). Nodal tissue culture of grapevines can propagate elite or scarce varieties 

much quicker than traditional methods (Torregrosa et al., 2001). Grapevines achieved 

from micropropagated plants usually show signs of plant juvenility or excessive vigor for 

a few years. These characteristics reduce until the plants are indistinguishable from 

traditionally propagated plants after several years (Deloire et al., 1995; Martinez and 

Mantilla, 1995; Mullins et al., 1979).  

          Rapid micropropagation of grape vine can be achieved not only by combining 

shoot proliferation and rooting of new shoots, but also by sequential rooting of one node 

shoot/stem segments from in vitro or greenhouse grown vines. The use of in vitro 

techniques for propagation of various Vitis vinifera cultivars has been well documented 

(Chee and Pool, 1985; Reisch, 1986; Singh et al., 2000; Mhatre et al., 2000; Singh et al., 

2004). Some reports concerning mass propagation of Vitis species by shoot apices 

(Barlass and Skene, 1978; Chee and Pool, 1982; Fanizza et al., 1984; Goussard, 1981; 

Harris and Stevenson, 1979; Li and Eaton, 1984; Monette, 1983; Morini, et al., 1985), 

axillary buds (Jona and Webb, 1978; Lee and Wetzstein, 1990; Novak and Juvova, 1982; 

Pool and Powell, 1975; Shinde et al., 2009), and via somatic embryogenesis (Krul and 
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Worley, 1977; Krul and Myerson, 1980; Mullins and Srinivasan, 1976; Srinivasan and 

Mullins, 1980) reports have demonstrated the feasibility of producing vines. 

          Benzyl amino purine (BAP) has been the most commonly used cytokinin in grape 

tissue culture media (Chee and Pool, 1982; Harris and Stevenson, 1982; Reisch, 1986; 

Martinez and Tizio, 1989; Thies and Graves, 1992; Mhatre et al., 2000; Singh et al., 

2004; Jaskani et al., 2008; Shinde et al., 2009). Some reports indicate that when BAP is 

combined with other hormones (NAA, IBA or GA3) enhances better response (Barlass 

and Skene, 1978; Reisch, 1986; Martinez and Tizio, 1989; Yae et al., 1990; Alizadeh et 

al., 2010).  Different plant growth regulators at varying concentrations show considerable 

variability for in vitro regeneration of different species or cultivars. Plant growth 

regulator (s) effective for one species may not be equally effective for another cultivar or 

species (Poudel et al., 2005; Singh et al., 2004). 

          During the course of in vitro growth and development, plant tissues not only 

deplete the nutrients that are supplemented to the medium, but also release substances 

that can accumulate in the cultures. These substances, such as phenols, may have 

detrimental physiological effects on the cultured tissues. Like other woody species, 

grapevine tissues exhibit high levels of polyphenols and tannins (Roubelakis-Angelakis, 

2001). Thus, activated charcoal was incorporated into the culture initiation as well as 

rooting medium to minimize such problems.  Since auxin stimulates root initiation but 

may inhibit subsequent root growth (George, 1993), the appropriate concentration is 

critical which helps in better rooting. There are many reports of different auxins to 

improve rooting and root length. There are reports of utilizing individual IBA and 

activated charcoal (Hicks and Dorey 1988; Poudel et al., 2005; Jaskani et al., 2008; 

Alizadeh et al., 2010) and combination of IBA with NAA (Lewandowski, 1991; Barreto 

et al., 2007; Butiuc-keul et al., 2009). In vitro rooting study by Aazami (2010) 

demonstrated that medium with NAA significantly increased percentage of rooted shoots, 

but root lengths were smaller compared with “in vivo” conditions. The stimulatory 

effects of NAA on adventitious rooting of “in vitro” produced grape shoots have been 

previously described (Gray et al., 1987, R. Chee et al., 1984, Barreto et al., 2007).   
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Embryo Rescue Technique 

           Embryo rescue technique was developed in the early 1900's enabling unripe seed 

or embryos from adult plants to be rescued to form small plants. This was done mainly 

with seed which had a very long dormancy period or when the seeds were particularly 

heterogeneous. With the continuing developments in tissue culture this technique was 

also used to save embryos from ovules and distantly related plants, which had been 

fertilized but had never developed into viable seeds on the mother plant. 

          Seedless grapes were classified into two types, stenospermic and parthenocarpic. In 

the first type, fertilization occurred but embryos aborted during their earlier development 

(Stout 1936). Many stenospermic cultivars have large bunches and good fruit qualities, 

preferred for table grapes or raisin production around the world. 

          Thompson Seedless (V. vinifera L.), is important commercial table grape variety in 

the world. In spite of top fruit quality, most commercial table grape varieties are not very 

resistance to biotic and abiotic stresses. Although being seedless is one of the most 

important marketable characteristics of table grapes, it faces the limitation for grape 

improvement programs by conventional methods because these can be used as male 

parents with seeded varieties as female parents. This greatly reduces the chance of the 

progeny being seedless and many do not contain higher than 10-15% seedless progeny 

(Loomis and Weinberger, 1979). 

          In contrast to conventional breeding methods, biotechnological techniques such as 

in ovulo embryo rescue brings new opportunities in grapevine breeding. This method 

makes the use of seedless female possible, thereby increasing the feasibility of seedless 

progeny (Cain et al., 1983; Emershad and Ramming, 1984; Gray et al., 1987; Spiegel-

Roy et al., 1985; Gray et al., 1990). The method also increases the potential germplasm 

base for breeding new varieties with desired characters. These authors succeeded in 

rescuing embryos and obtaining hybrid plants, mainly to study the inheritance of 

seedlessness in the progeny and various parameters affecting embryo recovery and plant 

development like genotype, culture conditions, basal media and hormonal supplements. 

          Earlier in 1982, Ramming and Emershad (1982) first reported stenospermic grapes 

could generate plants via ovule culture. It enhanced the application of this in vitro 

method, embryo rescue, in seedless grape breeding. Presently, the conventional strategies 
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adopting seeded cultivars as female parents have been replaced by using stenospermic 

grapes as females directly. Compared to the old method, a higher seedless proportion can 

be obtained and fewer generations are needed with the new strategies (Ramming et al. 

1990). Hence, it has become a routine approach for new cultivars in seedless grapes, 

comprised by crossing, ovule culture, embryo excise and plant formation etc. (Burger et 

al. 2003, Kebeli et al. 2003). Most European seedless cultivars (Vitis vinifera) are highly 

susceptible to fungi diseases which are a worldwide problem for all breeders. Each year, 

expensive chemical sprayings for disease control can seriously contaminate the 

environment. Therefore, breeding for new resistant seedless cultivars has been a common 

purpose around the world. Moreover, the tool of embryo rescue seems to be much 

reliable, without any potential dangers to human health and the environment. 

          In this field, genotype and medium have been found playing crucial roles for the 

success of this technique (Goldy and Amborn 1987, Emershad et al.1989, Gribaudo et al. 

1993, Ponce et al. 2000). Specific objectives are to screen suitable genotypes for embryo 

rescue technique, to improve the efficiency by medium adaptation, and to identify the 

hybrid responses to fungi diseases subsequently. 

          Cain et al. (1983) reported in vitro embryo rescue for the first time in both seeded 

and seedless grapes with large abortive ovules. They obtained viable embryos from six 

self-pollinated seedless grapes and their crosses indicate that stenospermocarpic grape 

varieties can produce viable embryos when developing ovules are placed in a proper 

environment. Nitsch et al. (1960) and Baritt (1970) reported that embryo/endosperm 

breakdown in stenospermocarpic grapes occurred about 3 weeks after bloom. Though the 

exact reason for this is unknown, physiological imbalances in the parental tissues during a 

critical stage of ontogeny (Stout, 1936) and high hormone levels (Pearson, 1932) may lead to 

embryo abortion. 

          Emershad and Ramming (1984) reported the successful application of the technique 

with Thompson Seedless which has small abortive ovules. They also developed an ovule 

culture medium (called Emershad and Ramming (ER) medium) rich in amino acids. They 

obtained large embryos on medium containing L-cysteine, Ergostim® and L-glutamine, 

respectively. The endosperm, which controls embryo growth and development 

(Raghavan, 1966) is relatively rich in amino acids and organic acids. Since endosperm 
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development in seedless cultivars like Thompson Seedless stops at an early stage, growth 

can be enhanced by the incorporation of these compounds into media (Raghavan, 1966, 

Smith, 1973). The addition of activated charcoal has been reported to reduce tissue 

browning, callusing and media discoloration (Cain et al., 1983; Bouquet and Davis, 

1989) and also aided embryo maturation (Motoike et al., 2001). 

           Two culture methods have been successfully used for rescuing embryos under in 

vitro conditions. Emershad and Ramming (1984), Gray et al., (1987) used liquid embryo 

culture technique in which ovules and excised embryos were placed on filter paper 

supports while others like Cain et al., (1983) and Spiegel-Roy et al., (1985) used solid 

medium which significantly increased embryo germination and plant development.  

          Direct embryo germination from the ruptured ovules (Gray et al., 1987) or intact 

ovules (Spiegel-Roy et al., 1985; Tsolova, 1990) eliminated need of embryo excision and 

reduced losses, but many authors found dissection was necessary to recover 

ungerminated embryos and to increase frequency of germination (Cain et al., 1983; 

Barlass et al., 1988). Fernandez et al. (1991) cultured ovules after removing about ¼ 
th

 of 

the seed coat and adjacent endosperm at the chalazal end and obtained embryo 

germination in some ovules but no plants could be established. Direct germination was 

achieved only in varieties with soft seed coats as mechanical resistance of hard seed coats 

prevented germination (Agüero et al., 1996; Valdez and Ulanovsky, 1997). 

           Embryo germination is often one of the limiting factors for obtaining plantlets. 

Grape seed exhibit dormancy which can be broken by cold stratification (Flemion, 1937) 

and treatment with cytokinins and gibberellins (Yeou-der et al., 1968). Rescued embryos 

also show dormancy and failed to germinate when stratified at 4 ºC for 6 weeks but was 

alleviated by the exogenous addition of growth hormones like cytokinins (Bouquet and 

Davis, 1989; Gray et al., 1990). Benzyladenine (BA) significantly promoted and nearly 

doubled embryo germination in spite of abnormal development of the embryos. Liquid 

culture seemed detrimental for germination, in spite of addition of gibberellic acid and 

2iP (N-(3-methyl-2-butenyl)-1H-purin-6-amine) to the culture medium (Emershad and 

Ramming, 1984). 

          The age of the ovules at the time of culturing affect embryo survival and 

subsequent plant development (Singh et al., 1991; Pommer et al., 1995). In various 
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reports, ovules as early as 10 days and as late as 100 days after bloom were used, the 

optimal time being 40 - 60 days after bloom (Cain et al., 1983; Emershad and Ramming, 

1984). When ovules are cultured at early stages of development, their survival was poor 

or lead to callusing under in vitro conditions while culture at late stages is not useful as 

the ovule shriveled, indicating breakdown of embryo. Singh and Brar (1992) reported that 

the best time for culturing ovules in seedless cultivars like Thompson Seedless was 20 

days after anthesis, since after this period the number of shriveled ovules increased 

drastically. 

          The problem of incompatibility barriers due to distant hybridizations can be 

overcome by using embryo rescue technique. Interspecific hybridization along with 

embryo rescue thus offer a stable solution for obtaining desirable fruit quality and pest 

resistance in table grape varieties by crossing them with varieties possessing resistance 

traits. The effect of genotype and cross compatibility plays an important role in recovery 

of embryos and plant development (Goldy et al., 1988; Bouquet and Davis, 1989). 

Ovules of some genotypes or clones may be cultured more successfully than others. This 

may be due to genotypic variations like seed trace size and ripening season (early, mid, 

late maturing) since these may influence embryo viability. Ovule number per berry is also 

an intrinsic character of a genotype and was influenced by seed trace size and eventually 

had an effect on embryo recovery (Pommer et al., 1995). Hence it is important to identify 

potential germplasm having greater response to in vitro culture conditions for obtaining 

desired number of progeny for selection.      

   

Somatic Embryogenesis in Grapevine (Vitis vinifera) 

           Somatic embryos are formed from somatic plant cells that are not normally 

involved in the development of embryos, i.e. ordinary plant tissue. No endosperm or seed 

coat is formed around somatic embryos. Applications of this process include clonal 

propagation of genetically uniform plant material, elimination of viruses, provision of 

source tissue for genetic transformation, generation of whole plants from single cells 

called protoplasts and development of synthetic seed technology. Cells derived from 

competent source tissue are cultured to form an undifferentiated mass of cells called a 

callus. Plant growth regulators in the tissue culture medium can be manipulated to induce 



32 
 

callus formation and subsequently changed to induce embryos from the callus. The ratio 

of different plant growth regulators required for inducing callus or embryo formation 

varies with the type of plant as well as explant. Asymmetrical cell division also seems to 

be important in the development of somatic embryos. 

           Somatic embryogenesis can be a very useful tool for grapevine genetics and 

breeding (Martinelli and Gribaudo 2001). It can be used to develop in vitro selection 

systems for obtaining resistant plant to different kinds of stress (Bouquet and Torregrosa 

2003), to eliminate viruses in infected plant material (Goussard  et al. 1991, Gambino et 

al. 2006), to produce hypocotyls highly compatible for micrografting ( Torres-Viñals et 

al. 2004) or to introduce genes by genetic transformation (Kikkert et al. 2001). The 

somatic embryogenesis process in grapevine is highly dependent on the interaction 

among genotype, explants source and culture medium, so each Vitis vinifera cultivar 

requires an adapted protocol (Martinelli and Gribaudo 2001). Reports have been 

published on grape regeneration via somatic embryogenesis (Li et al., 2000; Pinto-Sintra 

2007; Yuan et al., 2007; Araya et al., 2008; Zhi et al., 2010). Somatic embryogenesis and 

subsequent regeneration has been described in several species including Vitis vinifera, V. 

longii, and V. rupestris (Gray and Meredith, 1992; Reisch and Pratt, 1996) and V. 

rotundifolia (Robacker, 1993). Also other cultivars have been shown to be competent for 

somatic embryo production. It was first reported in V. vinifera L. cv "Cabernet 

Sauvignon" by using nucellar tissue (Mullins and Srinivasan, 1976) and thereafter with a 

variety of explants such as leaf segments (Clog et al., 1990; Robacker, 1993; park et al. 

2001; Jaskani et al., 2008), zygotic embryos (Emershad and Ramming, 1994; yang et al., 

2006; Yang et al., 2008 ), shoot tips (Barlass and Skene, 1978; Clog et al., 1990; 

Robacker 1993), nodal segments (Wang et al., 1985; Clog et al., 1990;  Jaskani et al., 

2008; ) tendrils (Salunkhe et al., 1999), tendrils (Salunkhe and Mhatra, 1997), ovules 

(Srinivasan and Mullins, 1980), anthers (Rajasekaran and Mullins, 1979; Salunkhe et al., 

1999; Stamp and Meredith, 1988), stigma and style (Morgana et al., 2004; Carimi et al., 

2005) and ovaries (Gray and Mortensen, 1987; Nakano et al. 1997). The number of 

genotypes from which somatic embryogenesis can be induced is increasing but still 

limited (Nakajima and Matsuta 2003).  



33 
 

          Although several types of tissues have been successfully used, anthers are 

considered the most suitable explants for the regeneration of somatic embryos. Therefore, 

they are currently used to induce the regeneration of embryos in many genotypes 

(Bouquet and Torregrosa 2003). In some cases the embryogenic potential of ovary 

explant and stigma and style tissue was higher as compared to anther explants (Martinelli 

et al. 2001, 2003; Morgana et al., 2004). Since embryogenic calli obtained from stigma 

and style culture may have been derived solely from cells of somatic origin, the 

regenerated embryos have a genetic constitution that is identical to that of the plant 

source, excluding somaclonal variation. Usually, anther cultures can produce embryos 

that arise from diploid cells of the connective tissue and are therefore of somatic origin 

with a genome identical to that of the mother plant (Faure et al. 1996, Salunkhe et al. 

1999). However, it has been reported that the embryos regenerated from anther culture 

may arise from the haploid cells of gametic origin (Bouquet and Torregrosa 2003). 

Secondary embryogenesis from primary somatic embryos is a crucial aspect for a long 

time preservation of embryogenic cultures (Vilaplana and Mullins 1989, Martinelli et al. 

2001). Secondary embryogenesis has several advantages when compared to primary 

somatic embryogenesis, such as a high multiplication rate, independence of explant 

availability (i.e. flowers or immature leaves are available only for a short period), 

moreover embryogenic cell lines can be maintained for several years (Raemakers et al. 

1995). It is usually easy to distinguish between non-embryogenic and embryogenic callus 

on the base of its colour and morphology. Embryogenic callus consists of white PEMs 

(Morgana et al., 2004). 

          Several protocols have been developed to induce somatic embryogenesis from 

different Vitis vinifera cultivars, different types of media including, Nitsch and Nitsch 

medium (NN), (Rajasekaran and Mullins, 1979; Carimi et al., 2005; Morgana et al., 

2004; Yang et al., 2008) and Murashige and Skoog’s medium (MS), (Wang et al., 1985; 

Clog et al., 1990; Robacker, 1993; park et al. 2001; Jaskani et al., 2008), have been 

studied. 

          Previous studies proposed culture media, whose composition has been improved to 

reduce genotypic differential responses to somatic embryogenesis induction and plant 

regeneration (Torregrosa 1998, Perrin et al. 2004). Nevertheless, even in these media the 
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variability of embryogenesis among genotypes was important, so different experimental 

conditions have to be tested to optimize this process for specific cultivars. 

          The cytokinin and auxin levels required for the induction of somatic 

embryogenesis, depended on the explant type. Under Morgana et al. (2004) experimental 

conditions, anthers required lower levels of cytokinin in the culture medium as compared 

with stigmas and styles. 

          Scientists have reported the use of different PGRs at different concentrations for 

induction of embryogenic callus;  6-Benzylaminopurine (BAP), α-naphthalene acetic acid 

(NAA), dichlorophenoxyacetic acid (2,4-D),  Indole-3-acetic acid (IAA),  (Rajasekaran 

and Mullins, 1979; Wang et al., 1985; Clog et al., 1990; Robacker, 1993; park et al., 

2001; yang et al., 2006; Morgana et al., 2004; Jaskani et al., 2008; Yang et al., 2008 ). 

          Somatic embryogenesis in Vitis vinifera L. Thompson Seedless have been reported 

earlier using different explants such as leaves (Singh et al., 1991, Scorza et al., 1996, 

Malabadi et al., 2010, Li et al., 2014), shoot apices and nodal segments (Singh et al., 

1991), zygotic embryos (Bharathy and Agrawal, 2008; Scorza et al., 1995) and stamen 

(Fan et al., 2008, Li et al., 2014, Zhou et al., 2014). There are reports on induction of 

embryogenic callus using varieties of PGRs such as NAA, 2,4-D, BAP, TDZ, (Singh et 

al., 1991; Scorza et al., 1995;  Scorza et al., 1996; Bharathy and Agrawal, 2008; Fan et 

al., 2008;  Malabadi et al., 2010; Li et al., 2014; Zhou et al., 2014). 

          Somatic embryogenesis is a multistep procedure and also too tedious. It requires 

different media, takes more time over half a year to induce somatic embryos (Tsvetkov et 

al., 2000; Mulwa et al., 2007; López-Pérez et al., 2008; Dhekney et al., 2008; Vidal et 

al., 2009). Therefore new efficient protocols involving the use of alternative explants for 

the induction of somatic embryogenesis offer a highly attractive system for physiological 

and genetic studies.  

          In this present study, an attempt was made to develop a relatively simpler and more 

feasible protocol for plantlet regeneration from in vitro segments of petiole from cv. 

'Thompson Seedless' via somatic embryogenesis. These investigations would be potential 

use in advanced genetic engineering.  
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Somatic embryogenesis in Punica granatum L. cv Ganesh 

           In vitro plant regeneration has been greatly helped by development of somatic 

embryogenesis technique, started more than five decades ago by Steward et al. (1958). 

Somatic embryogenesis technology is an important pathway of regeneration from cell 

culture systems of field grown mature woody plants .The production of true to type plants 

with desired traits against various biotic and abiotic stresses through in vitro selection is 

essential for crop improvement. This technology will greatly change the way crops are 

planted as synthetic seeds and genetically altered in the future. According to Sharp et al. 

(1980) somatic embryogenesis in a culture can be initiated in two ways; (i) directly from 

the original explant tissues or (ii) indirectly from callus or cell suspension culture.     

          Ammirato (1983) has advocated advantages of somatic embryogenesis as an 

alternative technique for in vitro clonal propagation of plants. However, indirect somatic 

embryogenesis cannot be accepted as a method of clonal propagation as they show 

variation from the mother plant and can be used to produce somaclonal variants; thus 

offering advantages for genetic improvement and novel genotypes (Evans et al., 1981). 

          Pomegranate is an economically important species of the tropical and subtropical 

regions of the world due to its delicious edible fruits and pharmaceutical usage (Jayesh 

and Kumar, 2004). The future of this fruit depends on the selection of high quality 

cultivars with soft seeds and fruits resistant to cracking, bacterial blight and fruit borers. 

Pomegranate is traditionally propagated by seeds resulting in a highly variable progeny. 

Cutting is another method for propagation but it is not efficient because of being hard-to-

root and consequently a low number of new plants can be obtained from a mother plant 

(Bonyanpour and Khosh-khoui, 2013). The availability of somatic embryogenesis 

protocol would be of immense useful for mass propagation and effective transfer of genes 

into the commercial cultivars.  

          Genetic improvement of fruit trees, in general, by conventional breeding methods 

is a slow and difficult process due to long life cycle (Soukhak et al. 2011). Besides, some 

programs such as identification and propagation of commercial cultivars with preserving 

their desirable traits, producing plant materials and high number of saplings in short time, 

study of  biotic and abiotic stress resistances, production of useful secondary metabolites 

are also required by utilizing the highly effective tissue culture techniques. 
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          Several studies have been conducted on micropropagation of pomegranate trees 

over the past several years. Protocols have been developed for regeneration of Punica 

granatum L. plantlets in vitro through either organogenesis from callus derived from leaf 

segments (Omura et al., 1987; Murkute et al., 2002), cotyledons (Murkute et al., 2002; 

Kanwar et al., 2010), anthers (Moriguchi et al., 1987) or through embryogenesis from 

various seedling explants (Jaidka and Mehra, 1986; Amin et al.,1999), petals (Nataraja 

and Neelambika, 1996) and immature zygotic embryos (Bhansali, 1990; Kanwar et al., 

2010). In vitro propagation of pomegranate through axillary shoot proliferation from 

nodal segments (Zhang and Stolz, 1991; Naik et al., 1999; Naik et al., 2000; Murkute et 

al., 2004; Kanwar et al., 2004), shoot tips (Murkute et al., 2004) and cotyledonary nodes 

(Sharon and Sinha, 2000) has also been reported. Rapid clonal propagation has been 

documented in pomegranate from shoot tip (Mahishi et al., 1990), nodal segments and 

cotyledonary nodes (Naik et al., 1999, 2003).  

          Several studies have been also conducted on in vitro plant regeneration through 

somatic embryogenesis in pomegranate trees over the past several years by using various 

seedling explants (Jaidka and Mehra, 1986), leaf (Omura et al.,1987; Bonyanpour et al., 

2010; Deepika and Kanwar, 2010), petals (Nataraja and Neelambika, 1996), cotyledon  

(Jaidka & Mehra, 1986; Bhansali, 1990; Foughat et al., 1997; Murkute et al., 2002; Naik 

& Chand, 2003; Deepika and Kanwar, 2010; Kanwar et al., 2010; Singh et al., 2013), 

immature zygotic embryos (Bhansali, 1990; Kanwar et al., 2010), anther wall (Moriguchi 

et al., 1987) and root (Sinha and Sharon, 1997, Sharon et al, 2011).   

          Most reports indicates the efficiency of Murashige and Skoog (1962) (MS) 

medium for somatic embryogenesis of Punica granatum L. (Jaidka & Mehra, 1986; 

Foughat et al., 1997; Sinha and Sharon, 1997; Murkute et al., 2002; Naik & Chand, 2003; 

Bonyanpour et al., 2010; Deepika and Kanwar, 2010; Kanwar et al., 2010; Singh et al., 

2013). However, the utilization of other medium such as RBM-II medium, (Bhansali, 

1990) have also been reported. 

          According to the earlier studies on somatic embryogenesis in pomegranate, 

seedling parts were utilized to study the efficacy of full and half strength MS media 

supplemented with combined PGRs. There are various reports on induction of 

embryogenic callus from cotyledonary explant using PGRs such as 6-Benzylaminopurine 

http://aob.oxfordjournals.org/search?author1=R.+RAJ+BHANSALI&sortspec=date&submit=Submit
http://aob.oxfordjournals.org/search?author1=R.+RAJ+BHANSALI&sortspec=date&submit=Submit
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(BAP), Kinetin (KN), α-naphthalene acetic acid (NAA) and 2,4-dichlorophenoxyacetic 

acid (2,4-D), Indole-3-butyric acid (IBA) (Jaidka & Mehra, 1986; Foughat et al., 1997; 

Murkute et al., 2002; Naik & Chand, 2003; Deepika and Kanwar, 2010; Kanwar et al., 

2010; Soukhak et al., 2011; Singh et al., 2013). Nataraja et al. (1996) reported petal 

callus induced on MS with IAA or IBA on subculturing in the same medium with half-

strength salts and sucrose (4%) produced both roots and shoots resulting in plantlets. 

Jaidka et al. (1986) reported MS basal medium supplemented with NAA, KN, and 

coconut water is optimal for induction and  growth of callus. Kanwar et al. (2010) also 

proved the effect of coconut water on embryogenic callus induction by reporting the 

development of the highest frequency of embryogenic callus from zygotic embryo in MS 

medium supplemented coconut water, NAA, and BA. The first report of somatic 

embryogenesis observed in carrot root cultures was also showed the importance of 

coconut water (Steward et al., 1958). Induction of somatic embryos from floral parts of 

Ranunculus was also reported on media supplemented with coconut water and IAA 

(Konar and Nataraja, 1969). Incorporation of coconut water for plant regeneration via 

embryogenic callus was also mentioned in zygotic embryo cultures of Pomegranate cv. 

Khandari from (Mehra, 1986) and wild Pomegranate (Kanwar et al., 2010). Among 

cytokinins have been used for regeneration of shoots from somatic embryo of Punica 

granatum L. BAP is the most important (Jaidka and Mehra, 1986; Murkute et al., 2002; 

Naik and Chand, 2003; Kanwar et al,. 2010; Deepika and Kanwar, 2010). In comparison 

with previous reports, various optimum concentration of BAP may be due to cultivar 

differences, endogenous levels of PGRs and even orientation of explants on culture 

medium. Naik and Chand (2003) and Kanwar et al. (2010) also reported the importance 

of BA in combination with NAA to induce shoot bud differentiation. Most of the 

investigations revealed the necessity of BA and NAA/ 2-4-D for plant regeneration 

(Jaidka and Mehra, 1986; Bansali, 1990; Sharon et al., 2011). The IBA has been reported 

as the best rooting auxin by Naik et al. (1999) for rooting of regenerated shoots, however, 

in some other reports NAA has been introduced the best auxin (Moriguchi et al., 1987; 

Omura et al., 1987; Mahishi et al., 1991; Kantharajah et al., 1998; Naik & Chand, 2003). 

Physical condition of medium (liquid or agar) has a marked influence on shoot 

regeneration; in some cases liquid medium was superior, while in others it was drastically 
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inferior to agar medium (Deepika and Kanwar, 2010). This difference could be due to 

appropriate availability and adequate absorption of nutrients, especially sucrose as an 

energy source, in liquid medium. Generally, it is concluded that agar medium was 

superior in this respect because the more phenol exudations were released in liquid 

medium which led to medium browning and explants destruction eventually.  

          In the present study, an efficient method for somatic embryogenesis, embryogenic 

cell lines and plant regeneration from segments of petals and nodes in Punica granatum 

cv. Ganesh is reported via indirect somatic embryogenesis.  

   

Genetic Fidelity  

          Ampelographic characterization according to morphological features has been 

useful in the identification of well-known grapevine and pomegranate varieties and has 

facilitated the clarification of ambiguous denominations or the establishment of 

phonological relationships. Unfortunately, morphological characterization is a time-

consuming process, is based on characters which can be affected by the environment and 

is very difficult to predict genetic identity with a high probability.  

         Tissue culture has been recognized as one of the key areas of biotechnology 

because of its potential use for rapid clonal multiplication and conservation of important 

plant species. However, for use of tissue culture as continuous source of disease free 

planting material for commercial utilization, periodic monitoring of the degree of genetic 

stability among in vitro grown plantlets is of outmost importance. 

          For large-scale production, efficiency of propagation methods is of prime 

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

regenerated plantlets (Haisel et al., 2001). When plant tissue is passed through in vitro 

culture; many of the regenerated plantlets appear to be no longer clonal copies of their 

donor genotype, probably due to epigenetic changes. The broader utility of any 

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

and development of somaclones (Rani and Raina, 2000). In a rootstock micropropagation 

program, it is of paramount importance to produce true-to-type planting materials; hence 

somaclonal variations of any kind, if induced may multiply very fast and lead to loss of 

the chief characteristics of the parent rootstocks. Furthermore, this genetic instability may 
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be a risk associated with the application of in vitro culture techniques for handling and 

storage of germplasm (Ray et al., 2006). Variation is understood to be generated via 

combination of genetic and/or epigenetic changes. A lack of any phenotypic variation 

among regenerants does not necessarily imply a concomitant lack of genetic (or 

epigenetic) change (Larkin and Scowcroft, 1981) and it is therefore of interest to assay 

the outcomes of in vitro raised plantlets at the genotypic level.  

         Molecular techniques are powerful and valuable tools used in analysis of genetic 

fidelity of in vitro propagated plants. Molecular markers have particularly been suggested 

to be useful for confirmation of genetic fidelity in micropropagated tree species, where 

life span is quite long and performance of micropropagated plants could only be 

ascertained after their long juvenile stage in field conditions. The use of molecular 

markers for grapevine genetic characterization and identification proved to be a viable 

alternative or supplement to ampelography (Thomas et al. 1993). Molecular markers like 

RFLP (Bowers and Meredith, 1996), RAPD (Gogorcena et al. 1995; Grando et al. 1995), 

AFLP (Sensi et al. 1996; Cervera et al. 1998) and SSR (Bowers et al. 1996; Sefc et al. 

2000) have been used for genetic studies in grapevine and pomegranate. Of several 

molecular markers used for such assessment, Random Amplified Polymorphic DNA 

(RAPD) is the simplest, cheapest and appears to be a useful tool for the analysis of the 

genetic fidelity of in vitro propagated plants (Gheorghe et al., 2009). Furthermore, RAPD 

and ISSR require only a small quantity of DNA sample and do not need any prior 

sequence information and are simple to perform as well as fast (Lakshmanan et al., 

2007). Besides, the uses of the two markers, which amplify different regions of the 

genome, allow better chances for identification of genetic variations within the clones 

(Martins et al., 2004). The polymerase chain reaction (PCR) has been previously used in 

conjunction with short randomly amplified polymorphic DNA (RAPD) primers to assess 

the genetic stability of micropropagated grape plantlets (Khawale et al., 2006; Singh et 

al., 2005), apple rootstock (Modgil et al., 2005), peach (Hashmi et al., 1997) and 

strawberry (Boxus et al., 2000). However, some reports have suggested the use of more 

than one DNA amplification technique as being advantageous for evaluating genetic 

stability of micropropagated plantlets in several crops like kiwifruit (Palombi and 

Damiano, 2001), almond (Martins et al., 2004) and banana (Lakshmanan et al., 2007; 
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Ray et al., 2006). The genetic stability of micropropagated grape rootstock plantlets using 

ISSR markers has recently been reported (Alizadeh et al., 2008). Two PCR-based 

techniques namely, RAPD and ISSR were used by Alizadeh et al. (2009) to test clonal 

fidelity because of their simplicity and cost effectiveness. All RAPD profiles from 

micropropagated plants were found to be monomorphic and analogous to those of their 

respective mother plants. Singh et al. (2005) have also studied genetic uniformity of 

micropropagated Pusa Urvashi grape plantlets, a newly released grape cultivar employing 

RAPD analysis. They reported no variation among micropropagated plantlets owing to 

direct regeneration. Working with grapevine, Khawale et al. (2006) have also reported 

the application of RAPD analysis using 30 decamer primers for adjudging clonal fidelity. 

They confirmed genetic stability of in vitro propagated grape cv. Perlette. 

          Absence of genetic variation using the RAPD marker system has been reported in 

several cases such as micropropagated shoots of Pinus thunbergii (Goto et al., 1998), 

somatic embryogenesis-derived regenerants of oil palm (Rival et al., 1998), 

micropropagated teak (Gangopadhyay et al., 2003), somatic embryo derived sweet potato 

plants (Sharma et al., 2004) and axillary bud proliferation in chestnut rootstock hybrids 

(Carvalho et al., 2004). Earlier, Raimondi et al. (2001) observed no intraclonal variation 

using RAPD analysis in asparagus plantlets. In contrast, Martin et al. (2002) detected 

small variation in in vitro raised chrysanthemum plantlets, which were subjected to 

different proliferation conditions, following the callus mediated regeneration pathway. 

          Wang et al. (1998) have also found that the dinucleotide microsatellites are 

prevalent in plants while mono-, tri- and tetra-nucleotide repeats are less common. All the 

ISSR primers used by Alizadeh et al. (2009) were dinucleotide repeats. Of the 10 primers 

tested, 3 contained (GA)n, 3(AC)n and 2(AG)n and two 5’-trianchored primers. During 

ISSR analysis, all 10 ISSR primers showed monomorphic banding patterns within in 

vitro raised clones and with their respective mother plant (Alizadeh et al.2009). The ISSR 

analysis of tissue cultured plantlets of Swertia chirayita by Joshi and Dhawan (2007) 

support the results obtained by Alizadeh et al. (2009). They have detected no variability 

among the micropropagated plantlets with their mother plants using 16 ISSR primers. 

          The technique which is capable of higher resolution and elimination of faint bands 

(while scoring), reduces the percentage of false negatives but does not affect the number 
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of false positives and is thus ideal for determining clonal fidelity. The reliability and 

efficiency of markers in detecting large genomic rearrangements greatly vary with the 

kind of marker used. The variations due to genetic or epigenetic factors are very likely to 

be reflected in the banding profiles developed by employing different marker systems 

(Joshi and Dhawan, 2007; Leroy et al., 2001; Choudhari et al., 1998; Moreno et al., 

1998). These differences could possibly be due to the high melting temperature for the 

ISSR primers which permits much more stringent annealing conditions and consequently 

more specific and reproducible amplification. Devarumath et al. (2002) have also 

revealed that ISSR fingerprints detect more polymorphic loci than RAPD fingerprints. 

          In a study by Yang, et al. (2006), the analysis of DNA content determined by flow 

cytometry and chromosome counting of somatic embryos and regenerated plant (Vitis 

vinifera L.'Sinsaut') clearly indicated that little chromosome changes were induced during 

the somatic embryogenesis, but the nuclear DNA content and ploidy levels of the 

regenerated plants were stable and homogeneous to that of the donor plants (Yang, et al., 

2006). However, the analysis of DNA content determined by flow cytometry and 

chromosome counting of the regenerated plantlets of six genotypes of grapevine (Vitis 

vinifera) by Yang et al. (2008), clearly indicated that no ploidy changes were induced 

during somatic embryogenesis and plant regeneration, the nuclear DNA content and 

ploidy levels of the regenerated plants were stable and homogeneous to those of the 

donor plants. RAPD markers were also used to evaluate the genetic fidelity of plants 

regenerated from somatic embryos. All RAPD profiles from regenerated plants were 

monomorphic and similar to those of the field grown donor plants. 
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AIMS AND OBJECTIVES 
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 Identifying suitable explants for the rapid multiplication and in vitro 

regeneration. 

 Role of natural PGRs and fruit extract on different explants. 

 Cost effective media composition and reduction in multi step 

procedure for somatic embryogenesis. 

 Formulation of efficient protocols to employ in the case of in vitro 

germplasm storage. 

 Genetic fidelity testing of tissue cultured plants. 
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Explants utilized for in vitro experimentation 

 

Vitis vinifera L cv.‘Thompson Seedless’ 

 

Punica granatum L. cv. Ganesh  

 

Segments of Node and Tendril 

 

Segments of petal 

 

Immature ovules  

 

Entire filaments 

 

In vitro segments of petiole and leaf 

 

Segments of Node 

 

Establishment of Segments of Node Cultures of Vitis vinnifera L. cv Thompson 

Seedless 

          Field grown mother plants of Vitis vinifera L. cv." Thompson Seedless" growing in 

National Research Center of Grapes (NRCG), Pune, Maharashtra, India with actively 

growing shoots (10-20 cm in length) were used as source material. Segments of node (0.5 

- 1 cm) were excised and surface sterilized with 2 per cent each of fungicide for 15 mins., 

bactericide for 10 mins., 2 per cent cetrimide for 10 mins and 3 per cent sodium 

hypochlorite for 10 mins. followed by frequent rinsing with sterile distilled water after 

each treatment.   

          Explants were cultured on ½, ¾ and full salt strength MS medium (Murashige and 

Skoog, 1962) supplemented with 2-3% sucrose (w/v) and solidified with 0.8% (w/v) 

Difco-bacto agar (Buyukdemirci, 1997) and with or without 0.2% activated charcoal. 

Individual and combined effect of different PGRs such as cytokinins; Zeatin, TDZ 

(Thidiazuron) and BAP (6-benzyl adenine phosphate) and auxins; IBA (Indole butyric 

acid) and  NAA (naphthalene acetic acid), at three different concentrations ( 0.5, 1 and  2 

mg lˉ
1
) were studied on shoot multiplication and  their elongation. MS media without 

growth regulators were used as controls. The pH of the media was adjusted to 6 before 

autoclaving at 121ºC for 20 mins. Regenerated shoots of Grape were subcultured on ½ 

MS medium supplemented with 2 per cent sucrose, 0.2 per cent activated charcoal and 

Indole butyric acid (IBA) (0.5, 1 and 2 mg lˉ
1
) for induction of roots, at 21-days intervals.           

All established cultures were incubated in growth room at 25 ± 2°C, with 50 to 60% 
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relative humidity, maintaining 50 μmol·m-2·s-1 illumination with a 16 h photoperiod. For 

each experiment, twelve explants were utilized and the same experiment was repeated 

thrice. 

          Well-developed plantlets (about 5-10 cm in length) with five expanded leaves  and 

roots were collected, and washed and soaked in sterile 2 percent Bevestin for about 5 

mins., to remove agar particles then transferred into autoclaved cocopeat pellets (soaked  

in 40 ml of water). After transplanting, plants were maintained for about three weeks 

under 95 ± 5% relative humidity to prevent water loss. Once the root system had been 

established, the regenerated plants as portray plants were transferred to the greenhouse 

for secondary hardening.  

 

Somatic Embryogenesis from Segments In vitro Petiole and Leaf Cultures in Vitis 

vinifera L. cv Thompson seedless 

          For raising secondary cultures, in vitro petiole segments about 1- 1.5 cm long and 

leaf 0.5-1 cm² were isolated from three weeks old in vitro grown axillary shoots. Four 

different growth regulators such as TDZ (Thidiazuron), Zeatin, Picloram and IBA 

(Indole-3-butyric acid) (0.1 and 0.2 mg lˉ
1
) were incorporated in ½ and ¾ salt strength 

MS media individually and in a few combinations. ½ and ¾MS basal medium was used 

as control. All media contained 20 g lˉ
1
sucrose and were solidified with 8 g lˉ

1
agar. The 

pH of the media was adjusted to 5.8 before autoclaving at 121ºC for 20 min. 25ml of each 

media was dispensed in conical flasks (100 ml). Segments of petiole were aseptically 

inoculated horizontally on media and segments of leaf were placed both adaxially and 

abaxially on the surface of media.  All the cultures were incubated in growth room at 25 

± 2°C, with 50 to 60% relative humidity, maintaining 50 μmol·m-2·s-1 illumination with 

a 16 h photoperiod.  

          Embryogenic calli (approx.100mg) were transferred to PGR free ½ and ¾ MS solid 

(8 g lˉ
1
Difco-bacto agar) medium supplemented with 30 g lˉ

1 
sucrose and with and 

without 10% and 15% coconut water and activated charcoal and incubated for a further 2 

weeks to allow embryo development and germination. ½ and ¾ MS basal medium was 

used as control. Data on mean number of somatic embryo germination and plantlet length 
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was recorded after eighteen weeks of growth period. All experiments repeated thrice and 

each treatment consisted of 12 replicates. 

          Well-developed plantlets (about 5 cm in length) were collected, and washed in 

sterile distilled water, to remove agar particles then transferred into autoclaved cocopeat 

pellets (soaked  in 40 ml of ½ MS). After transplanting, plants were maintained for about 

three weeks under 95 ± 5% relative humidity to prevent water loss. Once the root system 

had been established, the regenerated plants were transferred to the greenhouse for 

primary and secondary hardening.  

 

Induction of Callus and Maintenance of Cell Lines from Segments of Tendril of Vitis 

vinnifera L. cv Thompson seedless 

          Primary cultures of tendril were established from field grown mother plants of Vitis 

vinifera L. cv." Thompson Seedless" growing in National Research Center of Grapes 

(NRCG), Pune, Maharashtra, India. Segments of tendrils (0.5- 0.7 cm) were sterilized by 

keeping them in 2 per cent fungicide for 15 mins., 2 per cent bactericide for 10 mins., 2 

per cent cetrimide for 10 mins. and 3 per cent sodium hypochlorite for 7 mins. followed 

by frequent rinsing with sterile distilled water after each treatment. For raising cultures, 

segments of tendrils were inoculated on aseptic nutrient liquid media with filter paper 

boat. 

          Explants were cultured on ¾ salt strength MS liquid medium supplemented with 3 

per cent sucrose. Five different growth regulators such as cytokinins ZN (Zeatin), KN 

(Kinetin) and BAP (6-benzyl adenine phosphate) and the auxins NAA (naphthalene 

acetic acid) and Picloram at three different concentrations (0.2, 0.5 and 1 mg lˉ
1
) were 

incorporated in MS individually. MS media without growth regulators were used as 

controls. The pH of the media was adjusted to 5.8 before autoclaving at 121ºC for 20 

min. Square bottles (100 ml) containing 25ml of liquid medium with filter paper boat 

were used for experiments.  All established cultures were incubated in growth room at 25 

± 2°C, with 50 to 60% relative humidity, maintaining 50 μmol·m-2·s-1 illumination with 

a 16 h photoperiod. For each experiment, twelve explants were utilized and the same 

experiment was repeated thrice. 

 



48 
 

In vitro Ovule Cultures of Vitis vinnifera L. (Thompson seedless X A18-3) 

          Immature berries from the cross between female parent Thompson seedless and 

male parent A18-3 (a cross of Carolina black rose, a downy mildew tolerant and 

Thompson seedless developed at National Research Centre for Grape, Pune- Solapur 

road, Pune, Maharashrta, India were collected 45 days after pollination. Berries were 

surface sterilized with 2 per cent each of fungicide for 10 mins., bactericide for 10 mins., 

70% alcohol for 3 mins. and 3 per cent sodium hypochlorite for 10 mins. followed by 

frequent rinsing with sterile distilled water after each treatment. Ovules from the berries 

were aseptically excised and cultured in 100 ml conical flasks (5 - 7 ovules per flask) 

containing double phase MS medium (Murashige and Skoog, 1962) and NN medium 

(Nistch and Nistch, 1969) supplemented with 3% sucrose and 0.2% activated charcoal in 

semisolid phase only. Individual and combined effect of different PGRs such as GA3 

(Gibberellic acid) and IBA (Indole butyric acid) at three different concentrations (1, 2 and 

2.5 mg lˉ
1
) were studied on polyembryo or single embryo germination. MS and NN 

media without growth regulators were used as controls. Concentration of PGRs was same 

in both liquid and semisolid phase but only semisolid phase was supplemented by 0.2% 

activated charcoal. The pH of medium was adjusted to 5.8 before autoclaving. The 

cultures were incubated in growth room at 25 ± 2°C, with 50 to 60% relative humidity, 

maintaining 50 μmol·m-2·s-1 illumination with a 16 h photoperiod. The liquid phase was 

discarded three weeks after initiation and cultures were maintained under same condition 

for 8 weeks to allow the development of embryo within the ovule. 

 

Somatic Embryogenesis and In Vitro Regeneration from Floral Parts of Punica 

garanatum L. cv Ganesh 

          In order to study somatic embryogenesis and in vitro regeneration of Punica 

garanatum, primary cultures were established from segments of petal and entire 

filaments. Unopened flower buds of Punica granatum cv. Ganesh were collected from 

the plants maintained in Botanical Garden of Bharati Vidyapeeth Deemed University, 

Rajiv Gandhi Institute of IT and Biotechnology, Pune, Maharashtra, India. Flower buds 

were sterilized by keeping them in 2 per cent fungicide for 15 mins and then rinsing them 

by sterile distilled water. Then they were further treated with 2 per cent bactericide for 10 
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mins and 3 per cent sodium hypochlorite for 5 mins. followed by rinsing with sterile 

distilled water, to excise segments of petal and entire filaments.  

          Excised explants were cultured on full, ¾ and ½ salt strength MS medium 

supplemented with 3 per cent sucrose and 0.8% (w/v) Difco-bacto agar (Buyukdemirci, 

1997) if initiated on semisolid media. The individual effect of PGRs such as BAP (6-

benzyl adenine phosphate), KN (Kinetin), TDZ (Thidiazuron), IAA (Indole acetic acid), 

NAA (naphthalene acetic acid) and Picloram in different concentrations (0.5, 1, 1.5 and 2 

mg lˉ
1
) was studied. MS media without growth regulators were used as controls. The pH 

of the media was adjusted to 5.8 before autoclaving at 121ºC for 20 min. Conical flasks 

(100 ml) containing 25ml of liquid medium and semisolid media were used for 

experiments. All the cultures were incubated in growth room at 25 ± 2°C, maintaining 50 

μmol·m-2·s-1 illumination with a 16 h photoperiod. All experiments repeated thrice and 

each treatment consisted of 12 replicates. 

          Embryogenic callus (approx.100mg) derived from petal segments and filaments of 

Pomegranate were transferred to maturation and germination media containing ¾ salt 

strength MS semisolid medium with 3 percent sucrose supplemented with TDZ, Zeatin, 

BAP, IAA and NAA (0.1, 0.2, 0.5 mg lˉ
1
) individually or in a few combinations with and 

without different concentration of coconut water. 

 

In vitro Plant Regeneration via Indirect Somatic Embryogenesis from Petal Cultures 

of Pomegranate cv. Ganesh in Double Phase Media 

          To standardize one step protocol for plant regeneration, double phase media 

containing semisolid and liquid medium in the same culture vessel was used. The 

experiments were initiated in two sets. In the first set, the nutrient components and PGRs 

for both media were kept same, except the addition of 0.9% agar into the semisolid phase 

and in the second set, the nutrient component was same in both phase but the 

concentration of PGRs were reduced by half in the semisolid phase. Three different 

growth regulators such as Zeatin (0.5 and 1 mg lˉ
1
), TDZ (0.5 and 1 mg lˉ

1
) and IAA (0.5 

and 1 mg lˉ
1
) were incorporated in ¾ salt strength MS media individually and in a few 

combinations (Zeatin 0.5mg lˉ
1 

+ IAA 0.5 mg lˉ
1 

and TDZ 0.5mg lˉ
1
 + IAA 0.5 mg lˉ

1
) 

with and without15% coconut water.  ¾MS basal medium was used as control. The two 
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phases of nutrient media were prepared separately and combined together under aseptic 

conditions. The pH of the media was adjusted to 5.8 before autoclaving at 121ºC for 20 

min. 25ml of each media was dispensed in conical flasks (100 ml). Segments of petal 

were aseptically inoculated on liquid phase. All the cultures were incubated in growth 

room at 25 ± 2°C, maintaining 50 μmol·m-2·s-1 illumination with a 16 h photoperiod. 

The liquid phase was discarded after 35 days of culture period. Data on mean number of 

somatic embryo germination and shoot length was recorded after 16 weeks of growth 

period. All experiments repeated thrice and each treatment consisted of 12 replicates. 

 

Maintenance of Somatic Embryos and Cell Lines from Floral Parts of Punica 

granatum L. var. Ganesh       

          After surface sterilization of flower buds, segments of petals (about 0.5 cm²) and 

entire filaments were inoculated on full, ¾ and ½ salt strength MS liquid medium with 

filter paper boat and 3 per cent sucrose. Four different growth regulators such as 

cytokinins TDZ (Thidiazuron), Kinetin (KN) and the auxins IAA (Indole-3-acetic acid) 

and Picloram were incorporated in MS individually and in a few combinations. MS 

media without growth regulators were used as controls. The pH of the media was 

adjusted to 5.8 before autoclaving at 121ºC for 20 min. Square bottles (100 ml) 

containing 25ml of liquid medium with filter paper boat were used for experiments. 

Secondary cultures were subcultured at 60-d intervals and incubated in growth room at 

25 ± 2°C, maintaining 50 μmol·m-2·s-1 illumination with a 16 h photoperiod with 50 to 

60 per cent relative humidity.  

          Embryogenic calli (approx.100mg) derived from petal segments and filaments of 

Pomegranate were subcultured on maturation and germination media containing ¾ salt 

strength MS semisolid medium with 3 percent sucrose supplemented with TDZ, Zeatin, 

BAP, IAA and NAA (0.1, 0.2, 0.5 mg lˉ
1
) individually or in a few combinations without 

and with different concentration of coconut water. 
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Embryogenic Cell Lines and Germination of Somatic Embryos Originated from 

Nodal Segments of Punica granatum cv. Ganesh 

          Segments of nodes of Punica granatum cv. Ganesh were collected from mature 

plants maintained in Botanical Garden of Bharati Vidyapeeth Deemed University, Rajiv 

Gandhi Institute of Information Technology and Biotechnology, Pune, Maharashtra, 

India. Nodal segments were treated with 2 per cent each of fungicide for 20 mins., 

bactericide for 15 mins. followed by frequent rinsing with sterile distilled water after each 

treatment.  3 percent sodium hypochlorite was used as surface sterilant. For raising 

cultures, segments of nodes (about 0.5 - 1 cm) were inoculated on aseptic nutrient media. 

           To standardize the protocol for plant regeneration liquid media with filter paper 

boat was used. Explants were cultured on ¾ salt strength MS medium supplemented with 

3 per cent sucrose. Four different growth regulators such as TDZ (Thidiazuron), BAP (6-

Benzylaminopurine), IAA (Indole-3-acetic acid) and NAA (1-Naphthaleneacetic 

acid) were incorporated in MS individually. MS media without growth regulators was 

used as control. The pH of the media was adjusted to 6 before autoclaving at 121ºC for 

20 min. Segments of node were aseptically placed vertically on filter paper boat having a 

hole. All the cultures were incubated in growth room at 25 ± 2°C, maintaining 50 

μmol·m-2·s-1 illumination with a 16 h photoperiod. All experiments repeated thrice and 

each treatment consisted of 12 replicates.   

          Embryogenic callus (approx.100mg) derived from nodal segments of Pomegranate 

were subcultured on maturation and germination media containing ¾ strength MS 

semisolid medium with 3 percent sucrose supplemented with individual TDZ and IAA 

(0.1 and 0.2 mg lˉ
1
) and in a few combinations (TDZ 0.1mg lˉ

1 
+ IAA 0.2 mg lˉ

1 
and TDZ 

0.2 mg lˉ
1
 + IAA 0.1 mg lˉ

1
) without and with 15% coconut water. 

 

Cytological Studies 

          For studying the cell structures of friable callus and indicating that the induced 

callus is embryogenic cytological slides were prepared. The cultured material (induced 

callus) were fixed in FAA (Formaldehyde solution, 5 ml; glacial acetic acid, 5 ml; 70% 

alcohol, 90 ml) and after squash preparation, the cells were stained by 2% aceto-orcein 
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and finally studied under microscope. The slides were made permanent by passing them 

through glacial acetic acid-butyl alcohol series and mounting in DPX mountant.     

 

Histological Studies  

          In order to study the different steps of somatic embryo genesis and cell structures 

of somatic embryos, the cultured materials (embryogenic callus) were periodically fixed 

in FAA (Formaldehyde solution, 5 ml; glacial acetic acid, 5 ml; 70% alcohol, 90 ml) and 

after dehydrating them through ethanol-butanol series and embedding in paraffin, they 

were sectioned at 10 µ. The sections were stained with safranin-fast green combination 

and were made permanent by passing them through glacial acetic acid-butyl alcohol 

series and mounting in DPX mountant.  

 

Ex vitro Acclimatization  

           Well-rooted plantlets were removed from the medium and their roots were gently 

washed with sterilized distilled water to remove the sticking medium. Regenerated 

plantlets were dipped in 2% fungicide solution for 5-10 minutes and transferred into 

plastic cups containing sterilized cocopeat along with ½ salt strength MS basal media 

without sucrose and vitamins under the same temperature and light intensity used for 

culture establishment and multiplication (Nas and Read, 2003).  The potted plants were 

covered with transparent plastic bags to maintain the humidity. Acclimatization to the 

external environment was done by removing the transparent plastic bags gradually to 

reduce the humidity after three weeks. Subsequently, the plantlets were transferred to 

earthen pots containing soil: cocopeat (1:1). After six weeks, the observations were 

recorded for per cent survival of plants in the earthen pots. 

 

Experimental Design  

          All experiments were conducted in a completely randomized design (CRD). Data 

on percentage of explant showing shoot multiplication, somatic embryogenesis and 

plantlet length was and the means were calculated. For significant treatment effects, 

Student-Newman-Keul (SNK) test (P<0.05) was used to compare the means. All 
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transformed data are presented in original values. Each set of experiment was replicated 

thrice.  

 

Genetic Fidelity  

Genomic DNA Isolation 

          Cethyltrimethylammonium bromide (CTAB) procedure described by Lodhi et al., 

(1994) was used to isolate DNA from young, unexpanded grape and pomegranate leaves 

(200 to 300 mg) belonged to both mother plants and seedlings. Briefly, tissues were 

grounded in liquid nitrogen to yield a fine powder. The content was transferred to 2 ml 

Eppendorf tube. One ml of extraction buffer (20 mM sodium EDTA and 100 mM Tris-

HCL, pH 8.0; 1.4 M NaCl and 2.0% (w/v) CTAB was added. CTAB was dissolved by 

heating to 60°C and 0.2% of β-mercaptoethanol was added just before use) and 50 mg 

polyvinylpyrrolidone (PVP) were added (the final concentration of PVP is 100 mg/g leaf 

tissue) to the grounded sample. The mixture was then incubated at 60ºC in a water bath 

for 25 minutes and gently inverted at 5 min intervals and then cooled to room 

temperature. An equal volume of chloroform: isoamyl alcohol (24:1 v/v) was added to 

each tube followed by inverting them 20 to 25 times to form an emulsion. After 

centrifugation (12,000 rpm, 15 min.), the top aqueous phase was transferred to fresh 15 

ml centrifuge tube. The DNA threads appeared immediately after adding equal volume of 

iso-propanol to each tube. These tubes were kept at -20°C overnight followed by 

centrifugation (12,000 rpm for 15 min at 4ºC). The supernatant from each tube was 

poured off and the pellet was washed twice with 70% (v/v) ethanol and finally with 

absolute ethanol. The dried pellet was dissolved in 200 to 300 μl of fresh TE buffer (10 

mMTris-HCl and 1 mM EDTA, pH 8.0 and autoclaved) and the content was transferred 

to an Eppendorf tube. Isolated DNA were resolved on 0.8% agarose gel, stained with 

ethidium bromide (EtBr) and visualized under UV transilluminator (Alphaimager EC).           

DNA samples were quantified by agarose gel electrophoresis by comparing them with 

known dilutions of lambda DNA. DNA samples were diluted with sterile MQ water to a 

working concentration of between 25 to 30 ng/μl. All the DNAs were diluted to a final 

concentration of 2.5 ng μl-1 for the use in polymerase chain reaction (PCR). 
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Primers and their Screening 

          ISSR primers (UBC 807-900) from primer set # 9 (University of British Columbia, 

Vancouver, Canada) were used. 13 ISSR primers were finally selected for analysis on the 

basis of their amplification products for clear, bright and scorable banding patterns. 

 

Amplification Conditions 

          Polymerase chain reaction were done using ABI Geneamp 9700 PCR Thermal 

Cycler as per protocol describe by Nagaoka and Ogihara (1997). Briefly, the reaction 

mixture contains 2.5 μl 10X PCR buffer containing 15 mM MgCl2; 2.5 μl dNTPs (0.1 

mM each of dATP, dGTP, dTTP and dCTP); 0.4 μl primer, 0.28 μl Taq DNA 

polymerase; 1 μl 0.4 mM spermidine; 0.5 μl 2% formamide; 1 μl (25 ng) of template 

DNA and volume was make up 25 μl with sterile MQ water. Amplification conditions 

were performed as initial DNA denaturation at 95ºC for 5 min. followed by 44 cycles of 

30 sec denaturation at 95ºC, 45 sec annealing at 51ºC and 2 min of extension at 72ºC with 

a final extension time at 72ºC for 5 min and 4ºC for 5 min.  

 

Electrophoresis of Amplified DNA 

          Amplified DNA fragments were visualized on a 1.5% (w/v) agarose gel stained 

with ethidium bromide. Three μl of 6X loading dye was added to 25 μl of amplified 

products and following homogenization, 25 μl of the resulting mixture was loaded onto a 

gel prepared in 0.5X TAE buffer. PhiX174RF DNA/HaeIII digest was used as molecular 

weight marker. The gel was visualized on a UV transilluminator and photographed by an 

Alphaimager Gel Documentation System (Alpha Innotech Corporation, USA). 

 

Data Analysis 

          Scorable bands were recorded as present (1) or absent (0) and based on band data, 

the similarity matrix was calculated using Jaccard’s coefficient. Cluster analysis was 

carried out using the SHAN module in NTSYS pc 2.2 software (Rohlf, 2005). An 

unweighted pair group method of arithmetic mean (UPGMA) dendrogram was generated 

from Jaccard’s similarity values individually for ISSR data. 
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RESULTS 
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In Vitro Culture Establishment and Maintenance for Shoot Multiplication of Vitis 

vinnifera L. cv Thompson seedless 

          In the present study, the effects of different cytokinins and auxins concentrations, 

salt strength and activated charcoal in basal media were investigated on nodal segments 

for the purpose of establishing a protocol of plant establishment and shoot multiplication 

from explants collected from field grown mature plants. Data presented in table 1 

indicates that BAP at all different concentrations (0.5, 1 and 2 mg lˉ
1
) is responsible for 

shoot multiplication in grape at ½, ¾ and full strength salts containing MS medium in 

absence of activated charcoal (Fig. 1, a-i). While induction of friable whitish mass of 

callus and single shoot proliferation were observed in the presence of other cytokinins 

(Zeatin and TDZ) (Fig. 2, a-i and Fig.3, a-i). However, at higher concentrations of BAP 

(2 mg lˉ
1
) in spite of shoot multiplication, vitrification of shoots was observed (Fig.1, f). 

In the presence of activated charcoal only proliferation and elongation of single shoot 

was observed without any induction of callus in the presence of all cytokinins (BAP, 

TDZ, Zeatin) (Fig.4, a-l and Fig. 5, a-f). Although shoot multiplication was observed on 

all three different salt strength media (½, ¾ and full MS) in the presence of BAP, ½ and 

¾ salt strength MS resulted healthier and normal shoots rather than full MS (Fig.1, a-i).  
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Tab.1: Effect of individual PGRs and different salt strength on shoot multiplication 

and their length from segments of node in Vitis vinifera L. Thompson seedless 

PGR (mg lˉ
1
) ½ MS ¾ MS Full MS 

BAP TDZ ZN Average 

number of 

shoots 

Average 

shoot length 

(cm) 

Average 

number of 

shoots 

Average 

shoot length 

(cm) 

Average 

number of 

shoots 

Average 

shoot length 

(cm) 

0.5 0 0 3.2± 0.51
a
 3.3± 0.45

a 
3.7± 0.81

a 
3.4± 0.31

a 
2.3± 0.51

a 
3.4± 0.44

a 

1 0 0 2.8± 0.75
a
 3.2± 0.33

a 
4.8± 0.4

c
 3.6± 0.24

a 
1.7± 0.51

b 
2.8± 0.24

c 

2 0 0 3.4± 0.40
a
 2.7± 0.42

ab 
3.2± 0.5

 a
 2.6± 0.24

c 
1.4± 0.51

cb 
2.3± 0.24

cb 

0 0.5 0 0.5± 0.54
c
 1.4± 0.41

c 
0.3±0.51

ce 
0.8± 0.24

ce 
0.3±0.48

cd 
1± 0.31

ce 

0 1 0 1± 0.0
c
 2.3± 0.23

c 
1± 0.0

ce 
3.4± 0.37

a 
0.7± 0.48

cd 
0.8± 0.24

ce 

0 2 0 1± 0.0
c
 2.7± 0.

47ab 
1± 0.0

ce 
3.7± 0.24

a 
0.4± 0.51

cd 
0.5± 0.25

ce 

0 0 0.5 1± 0.0
c 

3.2± 0.25
a 

1± 0.0
ce 

4.7± 0.24
ce 

1± 0.0
c 

1.4± 0.37
cde 

0 0 1 1± 0.0
c 

3.8± 0.23
b 

1± 0.0
ce 

5.6± 0.24
ce 

1±0.0
c 

2.3± 0.4
cd 

0 0 2 1± 0.0
c 

3.5±0.44
a 

1± 0.0
ce 

3.7± 0.24
a
 0.6± 0.50

cd 
1.2± 0.24

cde 

0 0 0 0± 0.0
c 

0± 0.0
c 

0.8± 0.42
ce 

0.6± 0.24
ce 

0.3± 0.5
cd 

0.4± 0.26
cde 

Means within a column having same letter are not significantly different according to Student-Newman-

Keul test (SNK) (P<0.05). 
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Fig.1: Responses of segments of node to individual cytokinin-BAP in ½, ¾ & MS media for 

induction of multiple shoots 
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Fig.2: Responses of segments of node to individual TDZ in ½, ¾ & MS media for 

axillary shoot elongation, root regeneration and callus induction from cut end 
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Fig.3: Responses of segments of node to individual Zeatin in ½, ¾ & MS media for 

axillary shoot elongation, root regeneration and callus induction 
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Fig.4: Effect of activated charcoal on segments of node on ½ and ¾ MS media supplemented 

with individual cytokinin-BAP at 0.5, 1.0 and 2.0 mg l
ˉ1

 & TDZ at 0.5, 1.0 and 1.5 mg l
ˉ1

 

concentrations 
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Fig.5: Effect of activated charcoal on segments of node on ½ and ¾ MS media 

supplemented with individual cytokinin-ZN at 0.5, 1.0 and 2.0 mg l
ˉ1

 concentrations 
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Fig.6: Effect of different salt strengths in MS medium for axillary shoot elongation and 

callus induction from segments of node of Vitis vinifera L. 
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          According to our achievements when BAP is combined with IBA or NAA 

multiplication of shoot will occur (Tab.2). The combination of other cytokinins (TDZ and 

Zeatin) with IBA and NAA did not lead to shoot multiplication but induced white friable 

mass of callus on the surface of media, compact nodulated creamy white callus at the cut 

end of nodal segments inside the media and rooting of the explant (Fig.8 and 9). Rooting 

from primary cultures is observed in all media containing cytokinins and activated 

charcoal (Fig.4, a-l and Fig. 5, a-f). Multiplication of shoots observed on individual BAP 

containing media and its combination with NAA and IBA without activated charcoal 

(Fig.1, a-I and Fig.7, a-l). An average number of 4.8 shoots with average 3.6 cm length 

were developed on ¾ salt strength MS media containing 1 mg l
ˉ1

  of BAP followed by 3.7 

on 0.5 mg l
ˉ1

  BAP and 2.8 on ½ MS medium containing 1 mg lˉ
1
 BAP (Tab.1).   

Although the higher concentration of BAP leads to shoot multiplication, stunted growth 

and vitrification of shoots was observed. Combination of NAA and BAP on ½ MS media 

also leads to shoot multiplication along with induction of white nodulated callus inside 

the media at the cut end and friable callus on the surface of media (Fig.7, a-f). The 

highest average number of shoots per explant (2.1) was achieved on ½ MS with 0.5 mg 

l
ˉ1

  BAP + 0.5 mg l
ˉ1

  NAA followed by 1.7 on ½ MS with 1 mg l
ˉ1

 BAP + 0.5 mg l
ˉ1

 

NAA (Tab.2). Abnormal growth and vitrification of multiplied shoots were observed at 

all different concentrations of BAP and NAA combinations. Compared to ½ salt strength 

MS media ¾ MS with combination of NAA and BAP leads to better results (Fig.7, a-l). 

The average number of multiple shoots is higher and abnormal growth and vitrification is 

less in this category (Tab.2). Induction of callus also observed inside the media at the cut 

end of the explants and on the surface of media (Fig.7, a-l). The highest number of 

multiple shoots (2.4) were developed on ¾ MS containing 1 mg l
ˉ1

  BAP + 1 mg l
ˉ1

  NAA 

(Tab.2). These results indicate that ¾ salt strength is the most favorable salt concentration 

for multiplication of shoots (Tab.1 and 2). Compare to NAA, IBA has the less influence 

on shoot multiplication when is combined with BAP. The highest number of multiple 

shoots (1.8) where achieved on ¾ MS media supplemented with 0.5 mg l
ˉ1

  BAP + 1 mg 

l
ˉ1

  IBA followed by 1.3 on ¾ MS media containing 1 mg l
ˉ1

  BAP and 1 mg l
ˉ1

  IBA 

(Tab.2). At other salt, BAP and IBA concentrations only elongation of single shoot was 

observed. Multiple shoots developed on BAP and IBA combination medium were healthy 



64 
 

and normal and vitrification, stunted growth and abnormality were not observed (Fig.10, 

a). 

          In the present study, activated charcoal was incorporated into the rooting medium to 

minimize incidence of polyphenoles excertion. Addition of 200 mgl
-1

 activated charcoal 

to the IBA supplemented ½ MS medium improved rooting. Root induction was also 

possible on hormone free media but the presence of IBA in the media had a profound 

effect on induction of roots. Activated charcoal alone or with IBA improves rooting 

frequency of multiplied shoots and significantly increased root length (Fig.11, c and d). 

In fact, presence of activated charcoal in the rooting medium improved the rooting 

capacity of mature explants to an average of 83%. Similarly, IBA in combination with 

activated charcoal was found to induce rooting faster than activated charcoal alone. The 

addition of activated charcoal with 2 mg l
ˉ1

 IBA enhanced root development, particularly 

root branching. Presence of activated charcoal was also important for inducing roots 

faster, easy and early detection of contaminated cultures since its addition to the medium 

provide a dark color in contrast to fungi or bacterial colonies. 
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Tab.2: Effect of combined PGRs and salt strength on shoot multiplication, length and callus induction* from cut end 

  PGR (mg lˉ
1
) ½ MS ¾ MS 

BAP TDZ ZN IBA NAA Average number of 

shoots 

Average shoot 

length(cm) 

Average number of 

shoots 

Average shoot 

length(cm) 

0.5 0 0 0 0.5 2.1± 0.37a 1.2± 0.39a 2.4± 0.53a 3.6± 0.24a 

0.5 0 0 0 1 0.7± 0.75c 0.6± 0.24c 1.6± 0.48b 2.4± 0.18d 

1 0 0 0 0.5 1.4± 0.53bc 0.9± 0.44ac 1.8± 0.37ab 3.7± 0.26a 

1 0 0 0 1 1.7± 0.48ab 2.3± 0.47df 2.4± 0.53a 4.3± 0.24df 

2 0 0 0 0.5 1.4± 0.53bc 1.4± 0.44a 1.6± 0.48b 0.8± 0.24df 

2 0 0 0 1   0.3± 0.48cd 0.6± 0.24c 2.1± 0.37ab 3.5± 0.40a 

0 0.5 0 0 0.5  0.3± 0.48cd 0.8± 0.24ac * - 

0 0.5 0 0 1 * - * - 

0 1 0 0 0.5 * - * - 

0 1 0 0 1 0.8± 0.37c 1.8± 0.24bf * - 

0 2 0 0 0.5 * - * - 

0 2 0 0 1 0.7±0.48c 1.2± 0.26a * - 

0 0 0.5 0 0.5 * - * - 

0 0 0.5 0 1 * - * - 

0 0 1 0 0.5 * - * - 

0 0 1 0 1 * - * - 

0 0 2 0 0.5 * - * - 

0 0 2 0 1 * - * - 

0.5 0 0 0.5 0 1± 0.0c 3.4± 0.34df 1± 0.0dc 4.8± 0.24df 

0.5 0 0 1 0 1± 0.0c 4.6± 0.37df 1.8± 0.37ab 5.3± 0.24df 

1 0 0 0.5 0 1± 0.0c 3.8± 0.24df 1± 0.0dc 5.2± 0.26df 

1 0 0 1 0 1± 0.0c 4.4± 0.53df 1.3± 0.53bd 5.5± 0.40df 

2 0 0 0.5 0 1± 0.0c 3.5± 0.53df 1± 0.0cd 4.5± 0.28df 

2 0 0 1 0 1± 0.0c 4.5± 0.53df 1± 0.0cd 4.7± 0.26df 

0 0.5 0 0.5 0 * -  0.8± 0.37d 3.2± 0.26a 

0 0.5 0 1 0 0.7± 0.48c 2.6± 0.24df * - 

0 1 0 0.5 0 0.5± 0.53c 2.2± 0.26df * - 

0 1 0 1 0 * - * - 

0 2 0 0.5 0 * - * - 

0 2 0 1 0 0.3± 0.48cd 1.6± 0.24a * - 

0 0 0.5 0.5 0 * - 0.5± 0.53de 2.6± 0.24df 

0 0 0.5 1 0 0.7± 0.48c 2.7± 0.26df 0.8± 0.37d 3.8± 0.24a 

0 0 1 0.5 0 * - * - 

0 0 1 1 0 * - 0.4± 0.53de 3.5± 0.28a 

0 0 2 0.5 0 * -  * - 

0 0 2 1 0 0.6± 0.51c 3.2± 0.26df 0.6± 0.48de 3.4± 0.18a 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 



66 
 

Fig.7: Effect of combined PGRs, BAP and NAA in ½ & ¾ MS media on segments of node for 

induction of multiple shoots and callus from cut end 
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Fig.8: Combined effect of NAA and TDZ in ½ & ¾ MS media on segments of node 

for callus induction and shoot elongation 

 

½ MS 

 

TDZ (0.5 mg lˉ1) + NAA (0.5 mg lˉ1)      TDZ (1.0 mg lˉ1) + NAA (0.5 mg lˉ1)     TDZ (1.5 mg lˉ1) + NAA (0.5 mg lˉ1) 

 

TDZ (0.5 mg lˉ1) + NAA (1.0 mg lˉ1)      TDZ (1.0 mg lˉ1) + NAA (1.0 mg lˉ1)       TDZ (1.5 mg lˉ1) + NAA (1.0 mg lˉ1) 

 

¾ MS 

      

TDZ (0.5 mg lˉ1) + NAA (0.5 mg lˉ1)   TDZ (1.0 mg lˉ1) + NAA (0.5 mg lˉ1)    TDZ (1.5 mg lˉ1) + NAA (0.5 mg lˉ1) 

 

TDZ (0.5 mg lˉ1) + NAA (1.0 mg lˉ1)    TDZ (1.0 mg lˉ1) + NAA (1.0 mg lˉ1)     TDZ (1.5 mg lˉ1) + NAA (1.0 mg lˉ1) 

 

            

G, h & i. Cytology study of callus showing homogeneous mass of cells, single enlarged cell and dividing cells 

a 

f e d 

c b 

a b c 

g h 

d e 
f 

i 



68 
 

Fig.9: Effect of combined PGRs, ZN and NAA in ½ & ¾ MS medium for root regeneration 

and induction of callus from segments of node from cut end 
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Fig.10: Effect of combined PGRs, BAP/TDZ/Zeatin and IBA in ¾ MS medium on 

segments of node for induction of multiple shoots and callus from cut end 
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In vitro plant regeneration in Vitis vinifera via axillary shoot proliferation 

          One of the most important steps in tissue culture is the acclimatization of plantlets 

to normal living conditions. Success of tissue culture method of propagation depends on 

the results achieved by plantlet survival rate in soil. Data in Table 3 indicates that 

survival percentage of plantlets was 62% for plantlets which were incubated in rooting 

medium for 15 days before acclimatization (Fig.11, f). The survival percentage is 

increased by 93% as the date of incubation in rooting media is increased (Tab.3). 

Although presence of IBA in rooting media enhances the root induction and root 

branching rate, according to our results presence or absence of IBA in rooting media has 

no significant effect on survival rate of plantlets for acclimatization.  

 

 

 

 

 

Table 3: Effect of different time period (15, 21, 30 days) in rooting media on survival percentage of 

Vitis vinifera L. 

 

Treatment Survival % of plantlets 

after 15 days from rooting 

Survival % of plantlets 

after 21 days from rooting 

Survival % of plantlets 

after 30 days from rooting 

½ MS+ IBA(2mg lˉ
1
)+ 

AC(0.2g lˉ
1
)  

62±5.24 78±7.42 93±3.44 

½ MS+ AC(0.2g lˉ
1
) 58±6.78 72±6.81 88±6.15 
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Fig: 11. In vitro propagation of Vitis vinifera L cv ‘Thompson Seedless via axillary shoot 

proliferation 
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Somatic Embryogenesis from in vitro Segments of Petiole and Leaf in Vitis vinifera 

cv. Thompson seedless 

Induction of embryogenic callus, development and maturation of somatic embryos 

          Callus induction was initially observed from the cut ends of the petioles and leaves 

and gradually covered the entire surface of the in vitro petiole and leaf segments within 

eight weeks of growth period. The highest frequency of callus induction in petiole 

segments (100%) was obtained in ¾ MS media supplemented with 0.2 mg lˉ
1 

Pic and 0.1 

and 0.2 mg lˉ
1 

IBA and ½ MS media supplemented with 0.2 mg lˉ
1 

Pic followed by 94% 

in ½ MS medium supplemented with 0.1 mg lˉ
1 

Zeatin (Tab.4). In control, callus 

induction was not observed from petiole segment. TDZ, Pic and IBA were responsible 

for inducing non embroygenic friable mass of callus (Fig.12, a-j). In IBA containing 

media direct rhizogenesis and friable white mass of callus induction was observed from 

cut end of the petiole explants (Fig.12, a-d). According to our results the concentration of 

salts has no significant difference on induction of embryogenic callus (Tab.4). 

Embryogenic callus (97%) was only observed on media supplemented with Zeatin 

individually and in combination with IBA. This callus was loose, globular, light brown in 

colour in ZN supplemented media and white in colour in IBA+ZN supplemented media 

and fast growing (Fig.12, k and Fig.14, a-g). Induction, development and maturation of 

somatic embryos occurred in same media within sixteen weeks of growth period 

(individual ZN and in combination with IBA).  Induction of embryogenic callus was not 

observed in other combinations i.e. IBA with TDZ and Pic with both the cytokinins (ZN 

and TDZ). Direct rhizogenesis was also observed when IBA is combined with TDZ 

(Fig.13, a-g) while combination of Pic with TDZ or ZN only leads to induction of light 

and dark brown friable mass of callus (Fig.14, h-o and Fig.15, a-f). In control medium, 

petiole explants did not show any callus induction and proliferation. Petiole explants 

remained green for three weeks and eventually turned brown. Somatic embryogenesis 

appeared in a non-synchronously from the embryogenic callus.  
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Table4: effect of individual and combined PGRs on induction of callus and somatic embryogenesis 

from segments of petiole 

PGR (mg lˉ
1
) Callus induction(%) Remarks 

TDZ ZN IBA Pic ½ MS ¾ MS ½ MS ¾ MS 

0 0 0 0 - - No response  No response 

0.1 0 0 0 23±7.05
a
 35±8.9

a
 Greenish white friable mass  Greenish white friable mass  

0.1 0 0.1 0 78±6.7
c
 56±5.8

c
 Direct rhizogenesis, light 

brown friable 

Light brown friable mass  

0.1 0 0.2 0 100 ±0.0
ce

 96± 4.08
ce

 Direct rhizogenesis, white 

powdery friable 

Greenish white friable mass  

0.1 0 0 0.1 18±5.8
ae

 52±5.2
c
 Light brown friable Light brown friable mass  

0.1 0 0 0.2 73±6.3
ce

 92±5.2
ce

 Light brown friable Dark brown friable mass  

0.2 0 0 0 32±5.9
be

 47±8.2
cd

 Greenish white nodulated Greenish white nodulated 

0.2 0 0.1 0 100±0.0
ce

 100± 0.0
ce

 Light brown nodulated Direct rhizogenesis, Light brown 

nodulated callus 

0.2 0 0.2 0 81±5.4
c
 97±2.7

ce
 Creamy friable Creamy friable 

0.2 0 0 0.1 87±7.8
cd

 98±2.5
ce

 Light brown friable Light brown friable mass  

0.2 0 0 0.2 56±7.6
ce

 100±0.0
ce

 Light brown friable -do- 

0 0.1 0 0 83±7.05
cd

 68±6.05
ce

 White globular loose mass of 

SEs 

White globular loose mass of 

callus with SEs 

0 0.1 0.1 0 95±4.6
ce

 92±5.2
ce

 Direct rhizogenesis, White 

globular 

Direct rhizogenesis, White friable 

mass of callus 

0 0.1 0.2 0 62±7.5
cde

 58±6.8
cd

 White globular loose mass of 

SEs 
-do- 

0 0.1 0 0.1 78±9.4
 c
 98±2.5

ce
 Brown friable Light brown friable 

0 0.1 0 0.2 96±3.1
ce

 100±0.0
ce

 Brown friable Brown friable mass of callus 

0 0.2 0 0 97±2.7
ce

 58±7.5
cd

 White globular loose mass of 

SEs 

White globular loose mass of 

callus with SEs 

0 0.2 0.1 0 92± 4.1
cde

 98 ±2.5
ce

 Direct rhizogenesis, White 

friable 

Direct rhizogenesis, White friable 

mass of callus 

0 0.2 0.2 0 62±10.3
cde

 68±9.8
ce

 Direct rhizogenesis, White 

friable 

Direct rhizogenesis, White friable 

mass of callus 

0 0.2 0 0.1 100±0.0
ce

 100±0.0
ce

 Dark brown friable Whitish brown friable 

0 0.2 0 0.2 100±0.0
ce

 100±0.0
ce

 Dark brown friable Dark brown friable mass of callus 

0 0 0.1 0 62±6.4
cde

 74±8.01
ce

 Direct rhizogenesis, White 

friable 

Direct rhizogenesis, creamy mass 

of callus friable 

0 0 0.2 0 86±5.1
cd

 100±0.0
ce

 Direct rhizogenesis, creamy 

friable 

Direct rhizogenesis, whitish 

cream friable 

0 0 0 0.1 100±0.0
ce

 97±4.1
ce

 Dark brown friable Dark brown friable 

0 0 0 0.2 100±0.0
ce

 100±0.0
ce

 Dark brown friable Dark brown friable 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.12: Responses of petiole segments to individual PGRs at 0.1 & 0.2mg l
ˉ1

 such as 

IBA, Pic, TDZ and ZN in ½ & ¾ MS medium containing 2% sucrose for root 

regeneration and callus induction 

 

IBA  

½ MS +IBA (0.1 mg l
ˉ1

)     ½ MS +IBA (0.2 mg l
ˉ1

)    ¾ MS + IBA (0.1 mg l
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) ¾ MS + IBA (0.2 mg l
ˉ1

) 

 

Pic 

 

½ MS + Pic (0.1mg l
ˉ1
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ˉ1
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ˉ1

)     ¾ MS + Pic (0.2mg l
ˉ1

) 

 

TDZ & ZN
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Fig.13: Responses of petiole segments to combined PGRs, TDZ and IBA in ½ & ¾ MS 

medium containing 2% sucrose for induction of roots and callus 

 

 

½ MS+ IBA (0.1 mg lˉ1) + TDZ (0.1 mg lˉ1)  ½ MS+  IBA( 0.1 mg lˉ1)+ TDZ (0.2 mg lˉ1)  ½ MS+ IBA (0.2 mg lˉ1) + TDZ (0.1 mg lˉ1) 

 

 

½ MS+ IBA (0.2 mg lˉ1) + TDZ (0.2 mg lˉ1)  ¾ MS + IBA( 0.1 mg lˉ1)+ TD (0.1 mg lˉ1)    ¾ MS +IBA (0.1 mg lˉ1) + TDZ (0.2 mg lˉ1) 

 

 
¾ MS + IBA (0.2 mg lˉ1) + TDZ (0.1 mg lˉ1)    ¾ MS + IBA( 0.2 mg lˉ1) + TDZ (0.2 mg lˉ1)         Homogeneous mass of cells 
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Fig.14: Responses of petiole segments to combined PGRs, IBA + ZN & Pic + ZN in ½ & ¾ 

MS medium containing 2% sucrose for induction of callus and roots 
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½  MS 

Pic( 0.1mg lˉ1)+ZN(0.2mg lˉ1)       Pic(0.2 mg lˉ1)+ZN(0.1mg lˉ1)      Pic(0.2 mg lˉ1)+ZN(0.2mg lˉ1)       Cell with prominent nucleus 

 

 ¾ MS 
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Fig.15: Responses of petiole segments to combined PGRs, Pic & TDZ with ½ & ¾ 

MS medium containing 2% sucrose for callus induction 
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          The highest frequency of callus induction in segments of leaf (100%) was obtained 

in ½ and ¾ MS media supplemented with both 0.1 mg lˉ
1 

and 0.2 mg lˉ
1 

Pic and ½ MS 

media supplemented with 0.2 mg lˉ
1 

IBA and 0.1 mg lˉ
1
 TDZ

 
as well as ½ and ¾ MS 

media supplemented with combined 0.1 mg lˉ
1
 IBA and 0.1 mg lˉ

1
 Zeatin, followed by 

82% in ¾ MS medium supplemented with 0.2 mg lˉ
1
 IBA and 0.1 mg lˉ

1
 TDZ. In control, 

callus induction was not observed from segments of leaf (Tab.5). Induction of callus was 

very less in in vitro leaf segments as compared to segments of petiole (Tab.4 and Tab.5). 

Similarly, with petiole segments, TDZ, Pic and IBA were responsible for inducing of non 

embroygenic friable mass of callus (Fig.16, a-h and Fig.17, a-f). Direct rhizogenesis was 

observed from the cut end of the leaf veins mostly at the base of the leaf where it is 

attached to the petiole in individual TDZ, Zeatin containing media as well as in the media  

combined with IBA (Tab.5) (Fig.16, a-g and Fig.17, d & e and Fig.18, a-p and Fig.19, a-

n). In individual IBA containing media direct rhizogenesis and friable white mass of 

callus induction was also observed from cut end of the segments of leaf (Fig.16, a-h). 

According to our results the concentration of salts has no difference on induction of 

embryogenic callus from leaf explants (Tab.5). The rate of induction of embryogenic 

callus (23%) was very less comparing with petiole segments and was only observed on 

media supplemented with individual Zeatin and TDZ in combination with IBA (Tab.5). 

This callus was loose, globular, white and light brown in colour and fast growing (Fig.17, 

h and Fig.18, c-d). Induction, development and maturation of somatic embryos occurred 

in same media within sixteen weeks of growth period (individual Zeatin and TDZ in 

combination with IBA). Somatic embryogenesis appeared in a non-synchronously from 

the embryogenic callus. Induction of embryogenic callus was not observed in other 

combinations i.e. IBA with ZN and Pic with both the cytokinins (ZN and TDZ). Direct 

rhizogenesis was also observed when IBA is combined with ZN (Fig.19, a-n) while 

combination of Pic with TDZ or ZN only leads to induction of light and dark brown 

friable mass of callus (Fig.20, a-p and Fig.21, a-l). In control medium, segments of leaf 

did not show any callus induction and proliferation. They remained green for five weeks 

and eventually turned brown. Positioning of segments of leaf (abaxial or adaxial) in 

media has no effect of induction of callus. 
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Tab.5: Effect of individual and combined PGRs on induction of callus and somatic 

embryogenesis from segments of leaf   

PGR (mg lˉ
1
) Callus induction (%) Remarks 

TDZ ZN IBA Pic ½ MS ¾ MS ½ MS ¾ MS 

0 0 0 0 - - - - 

0.1 0 0 0 10± 1.52
a 

18± 2.44
a White friable  Light brown friable  

0.1 0 0.1 0 38± 2.69
d 

44± 1.89
d Direct rhizogenesis, white and 

light brown friable  

Direct rhizogenesis, light brown 

friable 

0.1 0 0.2 0 100± 0.0
df 

82± 2.67
df Direct rhizogenesis, white friable 

callus, light brown globular SEs at 

the base 

Direct rhizogenesis, white friable 

callus, light brown globular SEs at 

the base 

0.1 0 0 0.1 97± 2.67
df 

86± 2.44bdf
 Light brown friable Light brown friable 

0.1 0 0 0.2 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0.2 0 0 0 33± 2.44
df 

42± 2.67
d Light brown friable Light brown friable 

0.2 0 0.1 0 47± 2.5
df 

28± 2.44
df Direct rhizogenesis, light brown 

globular SEs at the base and veins  

Direct rhizogenesis, light brown 

friable 

0.2 0 0.2 0 80± 4.08
df 

78± 2.44
bdf Direct rhizogenesis, light brown 

globular SEs at the base and veins 

White and light brown friable  

0.2 0 0 0.1 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0.2 0 0 0.2 100± 0.0
df 

100±0.0
df

 Light brown friable Light brown friable 

0 0.1 0 0 23± 2.36
df 

10± 4.08
df Light brown globular SEs Direct rhizogenesis, Light green  

0 0.1 0.1 0 100± 0.0
df 

62± 2.67
df Direct rhizogenesis, light brown 

and white friable 

Direct rhizogenesis, light brown 

and white friable 

0 0.1 0.2 0 78± 2.36
df 

82± 2.67
df Direct rhizogenesis, dark brown 

and white friable 

Direct rhizogenesis, dark brown 

and white friable 

0 0.1 0 0.1 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0 0.1 0 0.2 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0 0.2 0 0 18± 2.36
df 

10± 4.08
df

 Light brown globular SEs Light brown globular SEs 

0 0.2 0.1 0 62± 2.5
df 

68± 2.44
df Direct rhizogenesis, dark brown 

and white friable 

Direct rhizogenesis, dark brown 

and white friable 

0 0.2 0.2 0 38± 2.36
df 

52± 2.67
df Direct rhizogenesis, dark brown 

and white friable 

Direct rhizogenesis, dark brown 

and white friable 

0 0.2 0 0.1 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0 0.2 0 0.2 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0 0 0.1 0 12± 2.67
bf 

15± 4.08
cf Direct rhizogenesis, dark brown 

and white friable 

Direct rhizogenesis, dark brown 

and white friable 

0 0 0.2 0 22± 2.67
df 

25± 4.08
bdf Direct rhizogenesis, dark brown 

and white friable 

Direct rhizogenesis, dark brown 

and white friable 

0 0 0 0.1 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

0 0 0 0.2 100± 0.0
df 

100± 0.0
df Light brown friable Light brown friable 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.16: Responses of segments of leaf (adaxial  & abaxial ) to individual PGRs, IBA  & Pic 

in ½ & ¾ MS media containing 2% sucrose for induction of callus 

½ MS 
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Fig.17: Responses of segments of leaf (adaxial  & abaxial ) to individual PGRs, TDZ 

& ZN in ½ & ¾ MS media containing 2% sucrose for induction of callus and roots 
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Fig.18: Responses of segments of leaf to combined PGRs, IBA & TDZ in ½ & ¾ MS 

media containing 2% sucrose for induction of callus and roots 
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Fig.19: Responses of segments of leaf to combined PGRs, IBA & ZN ½ & ¾ MS 

media containing 2% sucrose for induction of callus and roots 

 

½ MS 

adaxial                         abaxial                       adaxial                        abaxial 

 

(0.1mg lˉ1)each IBA+ZN    IBA(0.1mg lˉ1)+ZN(0.2mg lˉ1)  IBA(0.2mg lˉ1)+ZN(0.1mg lˉ1)  (0.2mg lˉ1)each IBA+ZN            

 

IBA+ZN (0.2mg lˉ1) each  IBA (0.1mg lˉ1) +ZN (0.2mg lˉ1) IBA (0.2mg lˉ1) +ZN (0.1mg lˉ1)  Callus cell with nucleus 

 

¾ MS 

adaxial                                     abaxial                                    adaxial 

 

(0.1mg l
ˉ1

) each IBA+ZN             (0.1mg l
ˉ1

) each IBA+ZN                 IBA (0.1mg l
ˉ1

) +ZN (0.2mg l
ˉ1

) 

 

IBA (0.1mg lˉ1) +ZN (0.2mg lˉ1)                     (0.5mg lˉ1) each IBA+ZN                       (0.5mg lˉ1) each IBA+ZN 

l 

k 

c b a d 

e f h g 

i j 
k 

n m 



84 
 

Fig.20: Responses of segments of leaf to combined PGRs, Pic & ZN ½ & ¾ MS 

media containing 2% sucrose for induction of callus and roots 

 

½ MS 

            adaxial                        abaxial                             adaxial                        abaxial 

(0.1mg lˉ1) each Pic+ZN        Pic (0.1mg lˉ1) +ZN (0.2mg lˉ1)   Pic (0.2mg lˉ1) +ZN (0.1mg lˉ1) (0.2mg lˉ1) each 

Pic+ZN              

(0.1mg lˉ1) each P+ZN            P (0.1mg lˉ1) +ZN (0.2mg lˉ1)   P (0.2mg lˉ1) +ZN (0.1mg lˉ1)  (0.2mg lˉ1) each P+ZN 

 

¾ MS 

(0.1mg lˉ1)each Pic+ZN        Pic(0.1mg lˉ1)+ZN(0.2mg lˉ1)     Pic(0.2mg lˉ1)+ZN(0.2mg lˉ1) (0.2mg lˉ1)each Pic+ZN          

 

Pic(0.1mg lˉ1)+ZN (0.2mg l
ˉ1

)   Pic(0.2mg lˉ1)+ZN (0.1mg l
ˉ1

)  (0.2mg lˉ1)each Pic+ZN        Elongated cells 

 

 

i

 
 

l 

l 

e

e

 
 

l 

f

 
 

l 

g

 
 

l 

h

 
 

l 

a

 
 

l 

b

 
 

l 

c

 
 

l 

d

 
 

l 

o

 
 

l 

n

 
 

l 

m

 
 

l 

k

 
 

l 

j

 
 

l 

p

 
 

l 



85 
 

Fig.21: Responses of segments of leaf to combined PGRs, Pic & TDZ ½ & ¾ MS 

media containing 2% sucrose for induction of callus and roots 
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(0.1mg lˉ1) each Pic+TDZ             Pic (0.1mg lˉ1) +TDZ (0.2mg lˉ1)    Pic (0.2mg lˉ1) +TDZ (0.1mg lˉ1)     (0.2mg lˉ1) each Pic+TDZ 

 

¾ MS 

adaxial                        abaxial                             adaxial                        abaxial 

 

 

(0.1mg lˉ1) each Pic+TDZ    Pic (0.1mg lˉ1) +TDZ (0.2mg lˉ1)  Pic (0.2mg lˉ1) +TDZ (0.1mg lˉ1)  (0.2mg lˉ1) each Pic+TDZ          

 

Pic (0.2mg lˉ1) +TDZ (0.1mg lˉ1)    Pic (0.2mg lˉ1) +TDZ (0.1mg lˉ1)   (0.2mg lˉ1) each Pic+TDZ   Cell with starch grains 
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Germination of somatic embryos into plantlets 

          Data presented in Table 6 reveals that the highest percentage of somatic embryo 

germination which produces both roots and shoots resulting in plantlets (100%) was 

obtained in ½ MS medium supplemented with 10% coconut water followed by (97%) in 

¾ MS medium supplemented with 10% coconut water (Fig.22). Percentage of somatic 

embryo germination to plantlet in ½ and ¾ MS basal medium with 15% coconut water 

and in coconut water free medium was less (Tab.6). Somatic embryos produced root and 

shoot meristems within 8 to 10 days of culture (Fig.22, a & d). According to our studies 

the presence or absence of activated charcoal has no effect on germination of somatic 

embryos. During our study repetitive somatic embryogenesis or induction of new somatic 

embryos from pre-existing embryos occurred when these embryos were transferred to the 

fresh medium containing coconut water while coconut water free medium showed only 

germination of somatic embryos. The regeneration ability of embryogenic callus into 

production of somatic embryos and their subsequent germination continued up to 18 

months. Somatic embryo derived plantlets were acclimatized and transplanted to pots 

under a shadenet (Fig.22).  

          We report relatively simple long-term maintenance of the morphogenetic capability 

and plant conversion rates of embryogenic lines. In conclusion natural cytokinin, Zeatin 

is favorable for regeneration of grape cv. Thompson Seedless plants from segments of 

petiole either individually or in combination with IBA. Our results might be of 

significance to the similar studies of other cultivars or varieties of grapevine for the 

production of artificial seeds for long term storage and crop improvement program. 
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Table 6: Effect of coconut water and activated charcoal on somatic embryo germination 

Coconut Water 

(%) 

Media 

 ½ MS ¾ MS 

 W/AC WO/AC W/AC WO/AC 

control 72±7.6
a
 68±7.5

a
 71±5.4

a
 73±6.2

a
 

10 100±0.0
c
 100±0.0

c
 95±4.6

c
 97±2.0

c
 

15 84±5.5
bd

 86±5.0
cd

 84±4.0
cb

 85±6.2
b
 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.22: Response of subcultured embryogenic callus to coconut water and activated 

charcoal containing media for indirect somatic embryogenesis from segments of petiole in 

Vitis vinifera L. 

 

   

 

 

a) Embryogenic callus, b & c) Proembryos & bipolar embryos, d-g) germination of 
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Induction of Callus and Maintenance of Cell Lines from Segments of Tendril of Vitis 

vinnifera L. cv Thompson seedless 

         Callus induction was observed from the cut ends of tendril segments during eighth 

week of culture and either gradually covered the surface of the explants or proliferate at 

the cut ends itself (Fig.23, a-f), on media supplemented with growth regulators, while 

the PGR-free medium did not promote callus formation. Table 7 shows the responses of 

explants for callus induction at 12 weeks of growth period. Friable creamy white callus 

was observed on medium supplemented with ZN, BAP and Kinetin (Fig.23, a-c). While 

Picloram and NAA were responsible for growth of brown mass of friable callus (Fig.23, 

d-f). However, the highest percentage of callus induction (100%) was observed on ¾ 

MS supplemented with BAP (0.2, 0.5 and 1 mg lˉ
1
 ) followed by 83% in ¾ MS 

supplemented with 0.5 mg lˉ
1
 KN (Tab.7). The lowest percentage of callus induction 

(17%) was observed on ¾ MS supplemented with ZN 0.2 mg lˉ
1
. The induced callus 

shows powdery loose whitish structure on top and firmed cream structure on filter paper 

boat (Fig.23). One of the advantages of this technique without considering the 

maintenance of cells for over 5 years is that the induction of callus occurs in the 

presence of very low concentration (0.2 mg lˉ
1
) of PGRs. The induced callus remains 

fresh and has the ability of proliferation over 5 years or more till the liquid media in 

consumed. Subculturing or transferring the callus to new media is not needed in this 

technique while the survival of cells can be maintained by only addition of fresh liquid 

media to the same culture vessel. This callus can be maintained in the same condition 

without any subculturing or need of rotary shaker for over 5 years. Squash preparation 

of such calli revealed the presence of homogenous mass of parenchyma cells with 

prominent nuclei (Fig. 23.g-i). Such proliferated callus can be further utilized for 

initiating cell suspension culture and production of secondary metabolites.   
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Tab.7: Effect of individual PGRs on induction of callus from segments of tendril 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

ZN BAP KN NAA Pic    

0.2 0 0 0 0 17±2.6
a
  

Friable, creamy white  0.5 0 0 0 0     38±2.4
d
 

1 0 0 0 0 27±2.6
ad

 

0 0.2 0 0 0 97±2.6
ad

  

Friable, creamy white 0 0.5 0 0 0 100±0.0
ad

 

0 1 0 0 0     100±0.0
ad

 

0 0 0.2 0 0 35±4.2
ad

  

Friable, creamy white 0 0 0.5 0 0       32±2.6
acd

 

0 0 1 0 0 38±2.4
ad

 

0 0 0 0.2 0 58±2.4
ad

  

Friable, light brown with the patches 

of powdery white callus 

0 0 0 0.5 0 58±2.4
ad

 

0 0 0 1 0 62±2.6
ad

 

0 0 0 0 0.2 93±2.4
abcd

  

Friable, dark brown 0 0 0 0 0.5 98±2.4
acd

 

0 0 0 0 1 95±4.2
abd

 

0 0 0 0  0 - 

 Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



91 
 

  Fig.23: Responses of segments of tendril to individual PGRs, ZN, KN, BAP & ¾  

MS liquid media with FPB for induction of callus and maintenance of the cell line 
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ˉ1

)           ¾ MS + NAA (0.5 mg l
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Initiation of In vitro Ovule Cultures of Vitis vinnifera L. (Thompson seedless X A18-

3) for seedling development 

        The effects of different medium and growth regulators on embryo rescue were 

studied, and the results are presented in Table 8. Immature ovule cultures were initiated 

on two different nutrient media such as MS media and NN media. Initiation of ovules on 

NN media led to germination of polyembryos while initiation on MS media led to 

germination of single embryo (Fig.24, b & C).  The highest percentage of germination of 

polyembryos (7%) was observed on NN media supplemented with 2  mg lˉ
1
 GA3 

followed by 3% on NN media supplemented with 2.5 mg lˉ
1 

GA3 (Tab.8). Combination of 

IBA and GA3 in NN media led to induction of huge mass of pigmented callus (Fig.24, e). 

Cytological studies of such callus revealed the presence of homogenous mass of 

parenchyma cells. Germination of polyembryos was observed on tenth weeks of culture 

on NN media. In contrast, when MS media is supplemented with combined IBA and GA3, 

single embryo germination was observed after twelve weeks of culture. While individual 

GA3 at different concentration led to induction of callus (Fig.24, b & e). The highest 

percentage of embryo germination (8%) in MS media was observed with 2 mg lˉ
1
 GA3 and 

2.5 mg lˉ
1
 IBA (Tab.8). Most of the germinated embryos were showing red coloured 

hypocotyls region. The pigmented callus can be utilized for its biomass increase in 

suspension culture for its extraction, chemical analysis and production of natural colour 

or valuable compounds. Further experiments and studies on different dates after 

pollination, salt concentrations, activated charcoal concentrations and effect of other 

PGRs could not be studied due to difficulty in getting the plant materials.  
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Tab.8: Responses of immature ovules to individual and combined PGRs and 

different salt strengths in MS and NN in Vitis vinifera L.  (Thompson seedless X 

A18-3) 

Treatment (mg lˉ
1
) Remarks 

 N N MS 

 

 

 

GA3 

1 Germination of poly embryos (0.8%)  

 

Induction of friable mass of callus 2 Germination of poly embryos (7%) 

2.5 Germination of poly embryos (3%) 

 

 

GA3 + IBA 

2+1  

 

Induction of friable mass of callus 

Induction of pigmented callus 

2+2 

 

Germination of single embryos (4%) 

2+2.5 Germination of single embryos (8%) 
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Fig.24. Responses of immature ovules to individual and combined PGRs and 

different salt strengths in MS and NN 

 

                                                        
           At the time of initiation                 Germination of embryo          Seedlings showing polyembryos                              
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Somatic Embryogenesis and In vitro Regeneration from Floral Parts of Punica 

garanatum L. cv Ganesh 

Induction of embryogenic callus from segments of petal 

        Callus induction was observed from the cut ends and surface of the petal segments 

within 40 days of culture in liquid media and gradually covered the surface of the 

explants within 90 days. Proliferation of callus was more in media supplemented with 

auxins like IAA and Picloram (Tab.9). The highest frequency of callus induction among 

individual auxins (100%) was obtained in ¾ and full salt strength MS media 

supplemented with 0.5 mg lˉ
1
 and1 mg lˉ

1
 

 
IAA and 1 mg lˉ

1
 and 2 mg lˉ

1
 

 
Picloram 

followed by 78% in ¾ MS media supplemented with 1.5 mg lˉ
1
 NAA (Tab.9). Picloram 

was responsible for inducing non embryogenic callus and cell suspension (Fig.26, a-i). 

Precaucious germination of somatic embryos was observed in ¾ and full MS media 

containing individual IAA and NAA within eight weeks of culture (Fig.25, d-i and 

Fig.27, c). According to our observations ¾ salt strength media is more favorable for 

induction proliferation of callus (Tab.9). The highest frequency of callus induction 

among individual cytokinins (84%) was obtained in ¾ salt strength MS media 

supplemented with 0.5 mg lˉ
1
 
 
TDZ followed by 57% in ¾ MS media supplemented with 

0.5 mg lˉ
1
 BAP (Tab.9). Any precaucious germination of somatic embryos was not 

observed in the presence of cytokinins in liquid media. Secondary embryogenesis from 

somatic embryos was noticed on ¾ MS liquid media with individual TDZ (Fig.29, d-f). 

Comparison between BAP and TDZ reveals that TDZ at the lower concentrations (0.5 mg 

lˉ
1
) is more influential cytokinin for induction of embryogenic callus (Fig.28 and Fig.29) 

(Tab.9). The lowest induction of callus (2%) observed in media supplemented with 

individual Kinetin. According to our achievements Kinetin at any concentration with any 

salt strength is not a favorable PGR for induction of callus from segments of petal. In 

control, callus induction was not observed from segments of petal even after 45 days and 

gradually they turned brown. Callus induced in IAA containing media was compact, 

green and fast growing (Fig.25), the callus induced in medium supplemented with NAA 

was less compact, fast growing and yellowish green in color (Fig.27), while the callus 

induced in medium supplemented with picloram was friable and dark or light brown 

(Fig.26). The callus induced in medium supplemented with TDZ was also compact but 
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slow growing and green in color (Fig.29). In contrary, BAP induced callus was less 

compact, fast growing and yellowish green in color (Fig.28).  
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Tab.9: Effect of individual PGRs and salt concentrations on induction of embryogenic callus from 

segments of petal in liquid media 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

 

TDZ 

 ½ MS ¾ MS Full   

0.5 32± 2.67
a 

84± 1.89
a 

28± 2.44
a 

Callus induction was accompanied with 

decoloration of petal segments, proliferated 

callus was nodulated, compact and green. 

1 24± 1.89
d 

62± 2.67
d 

16± 2.44
d 

2 17± 2.67
ad 

12± 2.67
ad 

18± 2.44
d 

 

BAP 

0.5 24± 1.89
d 

57± 2.67
ad 

0± 0.0
d 

Decoloration of petal segments was not 

observed. Globular embryos appeared on the 

edges and surface of the petal segments. Callus 

was compact and yellowish green. 

1 18± 2.44
ad 

33± 2.44
ad 

15± 4.08
bd 

2 18± 1.89
ad 

19± 1.89
ad 

22± 2.67
abd 

 

KN 

0.5 0± 0.0
ad 

2± 2.67
ad 

0± 0.0
ad 

Only decoloration of petal segments was 

observed. Petals turned brown after 90 days of 

culture. 

1 0± 0.0
ad 

0± 0.0
ad 

 0± 0.0
ad

  

2 0± 0.0
ad 

0± 0.0
ad 

0± 0.0
ad 

 

IAA 

0.5 42± 2.67
ad 

100± 0.0
ad 

100± 0.0
ad 

Callus induction was accompanied with 

decoloration of petal segments, precaucious 

root germination of SEs was observed, 

nodulated, compact and dark green callus. 

1 34± 1.89
a 

100± 0.0
ad 

100± 0.0
ad 

2 26± 2.44
d 

94± 1.89
ad 

100± 0.0
ad 

 

NAA 

0.5 53± 2.67
ad 

62± 2.67
ad 

54± 1.89
ad 

Decoloration of petal segments was not 

observed. precaucious root germination of SEs 

was observed, nodulated, compact and  

yellowish green callus. 

1 18± 2.44
ad 

25± 4.08
ad 

43± 2.44
ad 

1.5 48± 2.44
ad 

78± 2.44
ad 

58± 2.44
ad 

 

Pic 

0.5 100± 0.0
ad 

100± 0.0
ad 

100± 0.0
ad 

Dark brown nodulated callus at the early stages 

of proliferation. Friable and cell suspension 

after 90 days 

1 92± 2.67
ad 

78± 2.44
ad 

75± 4.08
ad 

2 96± 2.44
acd 

100± 0.0
ad 

100± 0.0
ad 

Control  - - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.25: Responses of segments of petals to IAA and different salt concentrations in 

MS LM for induction of somatic embryos and embryogenic callus 

 

½ MS 

IAA (0.5 mg l
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Fig.26: Responses of segments of petal to Pic and different salt concentrations in MS 

LM for the induction of friable mass of callus and cell suspension 
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Fig.27: Responses of segments of petal to individual NAA in ¾ MS LM for somatic 

embryogenesis 
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Fig.28: Responses of segments of petal to individual BAP in ¾ MS LM for the 

induction of callus 

BAP (0.5 mg l
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Fig.29: Responses of segments of petal to TDZ and different salt concentrations in MS LM 

for callus induction 
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TDZ (0.5 mg l
ˉ1

)                      TDZ (1.0 mg l
ˉ1

)                      Cluster of SEs 

 

 

¾ MS 

TDZ (0.5 mg l
ˉ1

)                     TDZ (1.0 mg l
ˉ1

)                     TDZ (2.0 mg l
ˉ1

) 

 

 

MS 

 

TDZ (0.5 mg l
ˉ1

)                        TDZ (1.0mg l
ˉ1

)                        TDZ (2.0 mg l
ˉ1

) 

a b c 

d e f 

g h i 



102 
 

         Studying the combined effects of auxins and cytokinnins on callus proliferation and 

somatic embryogenesis from segments of petal reveals very different results. Among all 

the combinations of cytokinins and auxins the highest frequency of callus induction 

(100%) was obtained in ¾ salt strength MS media supplemented with 1mg lˉ
1
 Picloram 

and 1 mg lˉ
1
 TDZ followed by 76% in ¾ MS media supplemented with 0.5 mg lˉ

1
 

Picloram and 0.5 mg lˉ
1
 BAP (Tab.10). As mentioned before we did not observed any 

proliferation of callus at the presence of individual kinetin. However, when kinetin is 

combined with IAA induction of embryogenic callus (63%) is observed. Combination of 

IAA with TDZ and BAP was also led to somatic embryogenesis (Fig.30, a-h). The 

highest callus induction (91%) was observed in ¾ MS media supplemented with 0.5 mg 

ˉ
1
 IAA and  0.5 mg lˉ

1
 TDZ followed by 57% in ¾ MS media supplemented with 1 mg ˉ

1
 

IAA and  1 mg lˉ
1
 BAP (Tab.10). Precocious germination of somatic embryos was not 

observed at any combined auixin/cytokinin media. Callus induced in IAA and BAP 

containing media was compact, dark brown with patches of green color and fast growing 

(Fig.30, e-h), the callus induced in medium supplemented with combined IAA and TDZ 

was also compact, slow growing and green in color (Fig.30, a-d), the callus induced in 

medium supplemented with combined IAA and Kinetin was also compact, slow growing 

and green in color, while the callus induced in medium supplemented with combined 

picloram and BAP was nodulated, yellowish green with the patches of dark brown color 

and faster growing (Fig.31, e-h). Although callus induced in medium supplemented with 

combined Picloram and TDZ shares same appearance and color, it was slower growing 

(Fig.31, a-d).  
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Tab.10: Effect of combined PGRs and salt concentrations on induction of embryogenic callus 

from segments of petal in liquid media 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

TDZ BAP KN IAA Pic ½ MS ¾ MS Full   

Highly compact, 

nodulated, dark green 

callus 

0.5 0 0 0.5 0 78± 2.44
a
 91± 2.44

a
 72± 2.67

a
 

0.5 0 0 1 0 56± 2.44
d
 68± 2.44

d
 58± 2.44

d
 

1 0 0 0.5 0 62± 2.67
ad

 72± 2.67
acd

 62± 2.67
acd

 

1 0 0 1 0 68± 2.44
ad

 84± 1.89
ad

 72± 2.67
ad

 

0 0.5 0 0.5 0 32± 2.67
ad

 39± 1.89
ad

 35± 4.08
ad

 Compact, yellowish 

green callus with the 

patches of dark 

brown  

0 0.5 0 1 0 47± 2.67
ad

 53± 2.44
ad

 45± 4.08
ad

 

0 1 0 0.5 0 38± 2.44
ad

 49± 1.89
abd

 42± 2.67
ad

 

0 1 0 1 0 45± 4.08
ad

 57± 2.67
ad

 48± 2.44
ad

 

0 0 0.5 0.5 0 26± 2.44
ad

 56± 2.44
ad

 42± 2.67
ad

  

Compact, dark green 

mass of callus 

0 0 0.5 1 0 32± 2.67
ad

 60± 4.08
ad

 40± 4.08
abd

 

0 0 1 0.5 0 28± 2.44
ad

 57± 2.67
ad

 37± 2.67
abd

 

0 0 1 1 0 36± 2.44
abd

 63± 2.44
abd

 45± 4.08
ad

 

0.5 0 0 0 0.5 87± 2.67
ad

 95± 4.08
abd

 90± 4.08
ad

 Compact, yellowish 

green mass of callus 

with dark brown 

patches 

0.5 0 0 0 1 86± 2.44
ad

 92± 2.67
ad

 89± 1.89
ad

 

1 0 0 0 0.5 92± 2.67
ad

 97± 2.67
ad

 86± 2.44
ad

 

1 0 0 0 1 97± 2.67
ad

 100± 0.0
ad

 92± 2.67
acd

 

0 0.5 0 0 0.5 48± 2.44
ad

 76± 2.44
ad

 53± 2.44
acd

 Compact, yellowish 

green mass of callus 

with  dark brown 

patches 

0 0.5 0 0 1 46± 2.44
ad

 67± 2.67
abd

 41± 2.44
ad

 

0 1 0 0 0.5 38± 2.44
ad

 52± 2.67
abd

 36± 2.44 
abd

 

0 1 0 0 1 32± 2.67
ad

 41± 2.44
ad

 27± 2.67
ad

 

0 0 0 0 0 - - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.30: Responses of segments of petal to combined PGRs IAA (I) & TDZ (T)/BAP (B) in ¾ 

MS LM for nodulated callus and secondary embryogenesis 

 

.  
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Fig.31: Responses of segments of petal to combined PGRs Pic (P) & TDZ (T)/BAP (B) in ¾ 

MS LM 
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 Induction of embryogenic callus from filaments 

          Callus induction was observed from the cut ends and rarely from the surface of the 

segments of filament within 35 days of culture in liquid media and gradually covered the 

surface of the explants within 90 days. Proliferation of callus was more in media 

supplemented with auxins like IAA and Picloram (Tab.11). The highest frequency of 

callus induction among individual auxins (100%) was obtained in ¾ salt strength MS 

media supplemented with 0.5 mg lˉ
1
 IAA and 1 mg lˉ

1
  

 
Picloram followed by 97% in ¾ 

MS media supplemented with 1 mg lˉ
1
 IAA and 68% in ¾ MS media supplemented with 

0.5 mg lˉ
1
 NAA (Tab.11). Similar to petal segments, Picloram was responsible for 

inducing friable mass of callus and cell suspension cultures (Fig.33, a-i). Precocious 

germination of somatic embryos was observed in ¾ MS media containing individual IAA 

(0.5, 1 and 2 mg lˉ
1
) within eight weeks (Fig.32, d-f). According to our observations ¾ 

salt strength media is more favorable for induction of both embryogenic and non 

embryogenic callus for filament segments. The highest frequency of callus induction 

among individual cytokinins (100%) was obtained in ¾ salt strength MS media 

supplemented with 0.5 mg lˉ
1
 
 
TDZ followed by 52% in ¾ MS media supplemented with 

2 mg lˉ
1
 BAP (Tab.11). Any precocious germination of somatic embryos was not 

observed at the presence of cytokinins in liquid media. Similar to petal segments, 

comparison between BAP and TDZ reveals that TDZ at the lower concentrations (0.5 mg 

lˉ
1
) is more influential cytokinin for induction of embryogenic callus (Fig.34, a-f). 

Kinetin did not induce any induction of callus. In control, callus induction was not 

observed from filament segments even after 60 days and gradually they turned brown. 

Callus induced in IAA containing media was compact, yellowish green and fast growing 

(Fig.32 d & e), the callus induced in medium supplemented with NAA was also compact, 

fast growing and yellowish white in color, while the callus induced in medium 

supplemented with picloram was friable and brown or gray (Fig.33, a-i). The callus 

induced in medium supplemented with TDZ was also compact but slow growing and 

brownish green in color (Fig.34, a) In contrary, BAP induced callus was less compact, 

fast growing and yellowish white in color (Fig.34, f).  

 



106 
 

Tab.11: Effect of individual PGRs and salt concentrations on induction of embryogenic callus from 

filament in liquid media 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

 

TDZ 

 ½ MS ¾ MS Full   

0.5 96± 2.44
a
 100±  0.0

a 
 95± 4.08

a
  

Compact, dark green mass of 

callus 

1 82± 2.44
d
 32± 2.67

d
 72± 2.67

d
 

2 73± 2.44
ad

 68± 2.44
ad

 64± 1.89
ad

 

 

BAP 

0.5 43± 2.44
ad

 38± 2.44
ad

 46± 2.44
ad

  

Compact, yellowish white mass 

of callus 

1 50± 4.08
ad

 47± 2.67
ad

 44± 1.89
ad

 

2 48± 2.44
ad

 52± 2.67
ad

 50± 4.08
acd

 

 

KN 

0.5 0± 0.0
ad

 0± 0.0
ad

 0± 0.0
ad

  

No response 1 0± 0.0
ad

 0± 0.0
ad

 0± 0.0
ad

 

2 0± 0.0
ad

 0± 0.0
ad

 0± 0.0
ad

 

 

IAA 

0.5 28± 2.44
ad

 100± 0.0
a
 42± 2.67

acd
  

Globular dark green callus, 

precocious germination of SEs  

1 22± 2.67
ad

 97± 2.67
a
 68± 2.44

cd
 

2 26± 2.44
ad

 72± 2.67
acd

 54± 1.89
acd

 

 

NAA 

0.5 47± 2.67
ad

 68± 2.44
acd

 52± 2.67
ad

  

Compact, yellowish white mass 

of callus 

1 37± 2.67
ad

 43± 2.44
ad

 38± 2.44
ad

 

1.5 48± 2.44
ad

 54± 1.89
ad

 46± 2.44
acd

 

 

Pic 

0.5 87± 2.67
ad

 94± 1.89
acd

 100± 0.0
ad

  

Light brown, gray friable mass of  

callus  

1 100± 0.0
acd

 100± 0.0
a
 100± 0.0

ad
 

2 100± 0.0
abd

 92± 2.67
ad

 100± 0.0
ad

 

Control  - - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.32: Responses of filaments to IAA and different salt concentrations in MS LM 

for the induction of callus 
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Fig.33: Responses of filaments to Pic and different salt concentrations in MS LM for 

callus induction and somatic embryogenesis 
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Fig.34: Responses of filaments to individual cytokinins- TDZ / BAP in ¾ MS LM for 

induction of callus 
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          The combined effect of auxins and cytokinins on callus proliferation and somatic 

embryogenesis from entire filament explants was also studied. Among all the 

experimented plant growth regulator combinations, the highest frequency of callus 

induction (100%) was obtained in ¾ salt strength MS media supplemented with 0.5 mg 

lˉ
1
and 1 mg lˉ

1
 IAA and 0.5 mg lˉ

1
and 1 mg lˉ

1
 TDZ and 0.5 mg lˉ

1
and 1 mg lˉ

1
 IAA and 

0.5 mg lˉ
1
and 1 mg lˉ

1
 BAP followed by 92% in ¾ MS media supplemented with 1 mg lˉ

1
 

IAA and 1 mg lˉ
1
 Kinetin (Tab.12). The combination of Picloram with TDZ and BAP 

also yielded 100% callus proliferation at all the different concentrations (0.5 and 1 mg 

lˉ
1
) (Tab.12). Precocious germination of somatic embryos was not observed at any 

combined aiding/cytokinin media. Callus induced in IAA and TDZ containing media was 

compact, green and yellow in color and fast growing (Fig.35, a-d), the callus induced in 

medium supplemented with IAA and BAP was also compact, fast growing and yellowish 

cream in color (Fig.37, e-h), the callus induced in medium supplemented with IAA and 

Kinetin was also compact, slow growing and green in color (Fig.35, I & j) while the 

callus induced in medium supplemented with pictogram  and TDZ was compact, yellow 

with the patches of dark brown and faster growing (Fig.36, a-d). Although callus induced 

in medium supplemented with Picloram and BAP shares same growth rate, it was 

yellowish cream in color (Fig.36, e-h).  
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Tab.12: Effect of combined PGRs and salt concentrations on induction of embryogenic 

callus from filaments in liquid media 

PGR (mg lˉ
1
) Callus induction (%) Callus 

morphology 

TDZ BAP KN IAA Pic ½ MS ¾ MS Full   

0.5 0 0 0.5 0 97± 2.67
a
 100± 0.0

a 
100± 0.0

a
  

Compact, globular, 

yellow and green 

mass of callus 

0.5 0 0 1 0 95± 4.08
a
 100± 0.0

a
 96± 2.44

a
 

1 0 0 0.5 0 88± 2.44
d
 100± 0.0

a
 92± 2.67

bc
 

1 0 0 1 0 100± 0.0
a
 100± 0.0

a
 100± 0.0

a
 

0 0.5 0 0.5 0 92± 2.67
c
 100± 0.0

a
 97± 2.67

a
  

Compact, globular, 

yellow mass of callus 

0 0.5 0 1 0 97± 2.67
a
 100± 0.0

a
 100± 0.0

a
 

0 1 0 0.5 0 90± 4.08
cd

 100± 0.0
a
 96± 2.44

b
 

0 1 0 1 0 94± 1.89
ac

 100± 0.0
a
 98± 2.44

a
 

0 0 0.5 0.5 0 94± 1.89
ac

 95± 4.08
a
 89± 2.67

d
  

Compact, globular, 

green mass of callus  

0 0 0.5 1 0 93± 2.44
cb

 92± 2.67
c
 93± 2.44

bc
 

0 0 1 0.5 0 87± 2.67
de

 95± 4.08
a
 90± 4.08

d
 

0 0 1 1 0 92± 2.67 
c
 97± 2.67

a
 95± 4.08

a
 

0.5 0 0 0 0.5 100± 0.0 
a
 100± 0.0

a
 100± 0.0

a
  

Compact, globular, 

yellow and dark 

brown mass of callus 

0.5 0 0 0 1 97± 2.67
a
 100± 0.0

a
 98± 2.44

a
 

1 0 0 0 0.5 100± 0.0
a
 100± 0.0

a
 96±2.44

a
 

1 0 0 0 1 100±0.0
a
 100± 0.0

a
 100± 0.0

a
 

0 0.5 0 0 0.5 94± 1.89
ac

 100± 0.0
a
 100± 0.0

a
  

Compact, globular, 

yellow and cream 

mass of callus 

0 0.5 0 0 1 95± 4.08
a
 100± 0.0

a
 100± 0.0

a
 

0 1 0 0 0.5 100± 0.0
a
 100± 0.0

a
 96± 2.44

a
 

0 1 0 0 1 96±2.44
ab

 100± 0.0
a
 98± 2.44

a
 

0 0 0 0 0 - - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.35: Responses of filaments to combined PGRs,  IAA(I)+TDZ (T) & BAP(B)/ KN in ¾ 

MS LM for embryogenic callus induction 
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Fig.36: Responses of filaments to combined PGRs, Pic (P) +TDZ (T) & BAP (B) in ¾ 

MS LM for nodulated callus induction 
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Maturation and germination of somatic embryos induced from floral parts 

          In spite of formulating different types of media with different sucrose 

concentration (3, 4, 5, and 6 per cent), maturation and germination of somatic embryos 

was never observed in liquid media (Tab.14). Subculturing somatic embryos in liquid 

media only led to secondary embryogenesis. Existence of somatic embryos was proven 

by cytological studies (Fig.39, i). For maturation and germination, somatic embryos were 

subcultured on semisolid media. Among ½ and ¾ MS salt strength, ¾ MS was found 

favorable for maturation and germination. However, germination of embryos was also 

observed in ½ MS media but only if the concentration of amino acids, vitamins and 

sucrose (4%) of the media is increased (Tab.13). Germination of embryos was never 

observed on full salt strength media. The highest frequency of germination of the 

embryos in ½ salt strength media (17%) was observed in ½ MS media (stock D is 

doubled) with 4% sucrose supplemented with 0.25 mg lˉ
1 

BAP
,
 followed by 8% in ½ MS 

supplemented with 0.25 mg lˉ
1 

BAP and 0.1 mg lˉ
1 

IAA  with 4% sucrose (Tab.13). 

Although shoot development from mature somatic embryos was observed on the above 

mentioned media, no further development of root and elongation of shoots were 

observed. It might be because of unfavorable nutrient condition of the media which 

enhances maturation, germination of embryos to produce normal plantlet with shoot and 

root systems. Germination of somatic embryos was never observed in media 

supplemented with individual cytokinins such as TDZ, Zeatin and Kinetin and their 

combinations with IAA or NAA at any concentrations (0.1, 0.2, 0.25 and 0.5 mg lˉ
1
) and 

only the secondary embryogenesis was observed ( Tab.14) (Fig.38, a-i and Fig.39, a-f).    

         Data presented in Table 13 reveals that the highest percentage of somatic embryo 

germination which produces both roots and shoots resulting in plantlets (78%) was 

obtained in ¾ MS medium supplemented with 0.1 mg lˉ
1 

IAA and 15% coconut water 

followed by (62%) in ¾ MS medium supplemented with 0.2 mg lˉ
1
 IAA and 0.1 mg lˉ

1
 

TDZ and 15% coconut water. Percentage of somatic embryo germination to plantlet in 

medium supplemented with individual TDZ was very less (Tab.13). Somatic embryo 

germination on ¾ MS basal medium supplemented with 10% and 20% coconut water was 

also less (Tab.13). Germination of embryos in coconut water free medium with any 

individual or combined PGRs was never observed (Tab.14). ¾ MS media supplemented 
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with coconut water and individual cytokinins such as BAP, Zeatin and Kinetin and their 

combinations with IAA or NAA led to secondary embryogenesis (Fig.38 and Fig. 39). 

Data presented in Table 14 reveals all different media supplemented with PGRs and their 

concentrations and callus appearance which only led to secondary embryogenesis but not 

germination of Somatic embryos. Comparison between the effect of individual TDZ and 

combination between TDZ and IAA reveals higher percentage of germination of somatic 

embryos in media supplemented with IAA and TDZ. Highest number plantlets (4.3) per 

petal segment were obtained on ¾ MS medium supplemented with 0.1 mg lˉ
1 

IAA and 

15% coconut water. The average of plantlet length was 5.8 (Tab.13). Statistical analysis 

showed IAA and coconut water had significant effect on conversion of somatic embryos 

into plantlets, whereas individual TDZ or coconut water free medium showed secondary 

embryogenesis. Presence of IAA in combination with TDZ with coconut water seems to 

be essential for germination of somatic embryos into plantlets (Fig.37).  
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Tab.13: Effect of different treatments on frequency of germination of somatic embryos, 

mean number of plantlets and their length 

Treatments %explants 

showing SE 

germination* 

Germinated 

plant/Expla

nt* 

Plantlet  

length* (Cm) 

½ MS* + BAP (0.25 mg lˉ1) + 4% sucrose 17± 2.58
a
 2.3± 0.53

a
 1.4± 0.34

a
 

½ MS*+ BAP (0.25 mg lˉ1) + IAA(0.1 mg lˉ1)+ 4% 

suc  

8± 1.16
d
 1.6± 0.75

a
 1.2± 0.26

a
 

¾ MS + TDZ (0.1 mg lˉ1) +  10% CW 4± 1.16
ad

 0.6± 0.78
bd

 2.6± 0.47
d
 

¾ MS + TDZ (0.2 mg lˉ1) +  10% CW 6± 1.37
bd

 0.4± 0.53
cd

 2.3± 0.37
d
 

¾ MS + TDZ (0.1 mg lˉ1) +  15% CW 10± 1.16
bd

 0.8± 0.89
bd

 2.4± 0.44
d
 

¾ MS + TDZ (0.2 mg lˉ1) +  15% CW 8± 1.16
d
 0.7± 0.75

bd
 2.5± 0.44

d
 

¾ MS + TDZ (0.1 mg lˉ1) +  20% CW 5± 1.5
cd

 0.6± 0.48
bd

 2.2± 0.26
d
 

¾ MS + TDZ (0.2 mg lˉ1) +  20% CW 7± 1.36
cd

 0.5± 0.78
bd

 1.9± 0.18
bcd

 

¾ MS + IAA (0.1 mg lˉ1) + 10% CW  18± 2.42
a
 2.1± 0.69

acd
 2.8± 0.37

cd
 

¾ MS + IAA (0.2 mg lˉ1) + 10% CW  11± 1.64
bd

 2.4± 0.53
a
 2.6± 0.37

d
 

¾ MS + IAA (0.1 mg lˉ1) + 15% CW  78± 1.96
ad

 4.8± 0.69
de

 3.4± 0.18
ad

 

¾ MS + IAA (0.2 mg lˉ1) + 15% CW  36± 1.63
ad

 4.6± 0.75
de

 3.7±0.26
ad

 

¾ MS + IAA (0.1 mg lˉ1) + 20% CW  26± 1.26
ad

 3.3± 0.53
be

 2.8± 0.24
cd

 

¾ MS + IAA (0.2 mg lˉ1) + 20% CW  18± 1.32
a
 3.2± 3.28

be
 2.6± 0.24

d
 

¾ MS + IAA (0.2 mg lˉ1) + TDZ (0.1 mg lˉ1) + 10% 

CW  

21± 1.37abd 4.7± 0.48
de

 3.2± 0.26
abd

 

¾ MS + IAA (0.2 mg lˉ1) + TDZ (0.1 mg lˉ1) + 15% 

CW  

62± 1.89
ad

 5.1± 0.89
de

 3.6± 0.24
abd

 

¾ MS + IAA (0.2 mg lˉ1) + TDZ (0.1 mg lˉ1) + 20% 

CW  

21± 1.16
bd

 4.3± 0.53
de

 3.1± 0.24
abcd

 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.37: In vitro plant regeneration via indirect somatic embryogenesis in Punica 

granatum L., from petal induced callus 

 

  

 

 

a) Embryogenic callus                                                                                                                             

b)  Squash preparation of callus showing clumps of SEs 

c)  Developing shoot with meristem and leaf primordia.  

d)   Isolated heart stage SE   

e & f)  Conversion of SEs into plantletss                                                                                                                                    

g)    Regeneration of plant                                                                                                                                                            

h)   Isolated plantlet                                                                                                                                                              

i)    Primary hardened TC plant. 
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Tab.14: List of different PGRs and treatments for maturation and germination of SEs which 

resulted in secondary embryogenesis 

Treatment  Remarks 

Liquid Media 

½ MS + 2% sucrose Secondary embryogenesis (compact green embryogenic 

callus) was observed in those calli originated from TDZ, 

IAA, BAP and NAA cultures, cell suspension achieved in 

Picloram cultures 

½ MS + 3% sucrose Secondary embryogenesis (compact green embryogenic 

callus) was observed in those calli originated from TDZ, 

IAA, BAP and NAA cultures, cell suspension achieved in 

Picloram cultures 

½ MS + ZN (0.5 mg lˉ1) + 3% sucrose Secondary embryogenesis, less compact yellowish green 

mass of callus with the patches of dark brown color 

½ MS + BAP (0.25 mg lˉ1) + 3% sucrose Secondary embryogenesis, less compact yellowish green 

mass of callus with the patches of dark brown color 

½ MS + BAP (0.5 mg lˉ1) + 3% sucrose Secondary embryogenesis, less compact yellowish green 

mass of callus with the patches of dark brown color 

½ MS + TDZ (0.25 mg lˉ1) + 3% sucrose Secondary embryogenesis, very compact green 

embryogenic callus arises independence from which origin 

it belongs 

½ MS + TDZ (0.5 mg lˉ1) + 3% sucrose Secondary embryogenesis, highly compact green 

embryogenic callus arises independence from which origin 

it belongs 

½ MS + IAA (0.25 mg lˉ1) + 3% sucrose Precuacious germination of SEs, secondary 

embryogenesis, compact green embryogenic callus 

½ MS + IAA (0.5 mg lˉ1) + 3% sucrose Secondary embryogenesis, compact green embryogenic 

callus 

½ MS + Pic (0.25 mg lˉ1) + 3% sucrose Dark and light brown friable callus, cell suspension 

½ MS + Pic (0.5 mg lˉ1) + 3% sucrose Dark and light brown friable callus, cell suspension 

½  MS + IAA (0.25 mg lˉ1) + TDZ (0.25 mg lˉ1) + 

3% sucrose  

Secondary embryogenesis, compact green embryogenic 

callus rises independence from which origin it belongs 

½  MS + IAA (0.25 mg lˉ1) + TDZ (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, compact green embryogenic 

callus rises independence from which origin it belongs 

½  MS + IAA (0.5 mg lˉ1) + TDZ (0.25 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, compact green embryogenic 

callus rises independence from which origin it belongs 

½  MS + IAA (0.5 mg lˉ1) + TDZ (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, compact green embryogenic 

callus arises independence from which origin it belongs 
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½  MS + IAA (0.25 mg lˉ1) + BAP (0.25 mg lˉ1) + 

3% sucrose 

Secondary embryogenesis, less compact yellowish green 

embryogenic callus rises independence from which origin 

it belongs 

½  MS + IAA (0.25 mg lˉ1) + BAP (0. 5 mg lˉ1) + 

3% sucrose 

Secondary embryogenesis, less compact yellowish green 

embryogenic callus rises independence from which origin 

it belongs 

½  MS + IAA (0. 5 mg lˉ1) + BAP (0.25 mg lˉ1) + 

3% sucrose 

Secondary embryogenesis, less compact yellowish green 

embryogenic callus arises independence from which origin 

it belongs 

½  MS + IAA (0.5 mg lˉ1) + BAP (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact yellowish green 

embryogenic callus arises independence from which origin 

it belongs 

½  MS +Pic (0.25 mg lˉ1) + TDZ (0.25 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of green callus 

½  MS +Pic (0.25 mg lˉ1) + TDZ (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of green callus 

½  MS +Pic (0.5 mg lˉ1) + TDZ (0.25 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of green callus 

½  MS +Pic (0.5 mg lˉ1) + TDZ (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of green callus 

½  MS +Pic (0.25 mg lˉ1) + BAP (0.25 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of yellowish green callus 

½  MS +Pic (0.25 mg lˉ1) + BAP (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of yellowish green callus 

½  MS +Pic (0.5 mg lˉ1) + BAP (0.25 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of yellowish green callus 

½  MS +Pic (0.5 mg lˉ1) + BAP (0.5 mg lˉ1) + 3% 

sucrose 

Secondary embryogenesis, less compact dark brown with 

the patches of yellowish green callus 

¾ MS + 2% sucrose  Secondary embryogenesis (compact green and dark brown 

embryogenic callus) was observed in those calli originated 

from TDZ, IAA, BAP and NAA cultures, cell suspension 

achieved in Picloram cultures 

¾ MS + 3% sucrose Secondary embryogenesis (compact green embryogenic 

callus) was observed in those calli originated from TDZ, 

IAA, BAP and NAA cultures, cell suspension achieved in 

Picloram cultures 

¾ MS + ZN (0.5 mg lˉ1) + 3% sucrose Secondary embryogenesis, compact yellowish green with 

the patches of dark brown color 

¾ MS + BAP (0.5 mg lˉ1) + 3% sucrose embryogenesis, compact yellowish green with the patches 

of dark brown color 

MS + 2% sucrose No responses, dark green or yellowish green embryogenic 
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callus turned brown after three weeks of culture 

MS + 3% sucrose No responses, dark green or yellowish green embryogenic 

callus turned brown after three weeks of culture 

MS + ZN (0.5 mg lˉ1) + 3% sucrose embryogenesis, highly compact yellowish green with the 

patches of dark brown color 

MS + BAP (0.5 mg lˉ1) + 3% sucrose embryogenesis, highly compact yellowish green with the 

patches of dark brown color 

Semisolid Media  

½ MS* + BAP (0.25 mg lˉ1) + 4% sucrose Although germination of embryos was observed but the 

rate was very less (17%) the rest of callus showed 

secondary embryogenesis, yellowish gray with the patches 

of pink compact and yellowish cream friable callus 

½ MS*+ BAP (0.25 mg lˉ1) + IAA (0.1 mg lˉ1) + 

4% sucrose  

Secondary embryogenesis, globular loose mass of green, 

light brown, cream embryogenic callus 

½ MS* + ABA (2 mg lˉ1) + BAP (0.25 mg lˉ1) + 

IAA (0.1 mg lˉ1) + 4% 

Secondary embryogenesis, globular loose mass of green 

and cream embryogenic callus 

¾ MS* control 

 

Secondary embryogenesis, cream, light and dark brown 

globular callus 

¾ MS*+ NAA (0.1 mg lˉ1) + BAP (0.5 mg lˉ1) + KN 

(2 mg lˉ1) 

 

Secondary embryogenesis, precaucious germination of root 

(8%) was observed, green and light brown with the patches 

of pink globular loose mass of callus 

¾ MS*+ NAA (0.1 mg lˉ1) + BAP (0.5 mg lˉ1) + KN 

(1 mg lˉ1) 

 

Secondary embryogenesis, precaucious germination of root 

(8%) was observed, green and light brown with the patches 

of pink globular loose mass of callus 

¾ MS* + IAA (0.25 mg lˉ1) 

 

Secondary embryogenesis, globular light brown loose 

mass of callus. 

¾ MS* + IAA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular light brown loose 

mass of callus 

¾ MS* + IAA (0.25 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular light brown and cream 

loose mass of callus 

¾ MS* + IAA (0.5 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, precaucious germination of root 

(10%) was observed, globular light brown and cream loose 

mass of callus 

¾ MS* + NAA (1 mg lˉ1) 

 

Secondary embryogenesis, light and dark brown compact 

callus 

¾ MS* + NAA (1.5 mg lˉ1) 

 

Secondary embryogenesis, precaucious germination of root 

(24%) was observed, globular yellowish orange loose mass 

of callus with the patches of pink color 

¾ MS* + NAA (1 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular yellowish orange, light  

brown and cream loose mass of callus with the patches of 

pink color 
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¾ MS* + BAP (0.25 mg lˉ1) 

 

Secondary embryogenesis, globular yellowish cream, loose 

mass of callus with the patches of pink color 

¾ MS* + BAP (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular yellow, light and dark 

brown, loose mass of callus with the patches of pink color 

¾ MS* + BAP (0.25 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular yellow, light brown, 

loose mass of callus with the patches of pink color 

¾ MS* + BAP (0.5 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular yellow, light brown, 

loose mass of callus with the patches of pink color 

¾ MS* + TDZ (0.25 mg lˉ1) 

 

Secondary embryogenesis, globular compact green and 

white  loose mass of callus with the patches of pink color 

¾ MS* + TDZ (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular compact green and 

white  loose mass of callus with the patches of pink color 

¾ MS* + TDZ (0.25 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular compact green loose 

mass of callus with the patches of pink color 

¾ MS* + TDZ (0.5 mg lˉ1) + ABA (0.5 mg lˉ1) 

 

Secondary embryogenesis, globular compact green and 

yellow loose mass of callus with the patches of pink color 

¾ MS* + ABA (0.25 mg lˉ1) 

 

The callus turned black in 4wks of culture 

¾ MS* + ABA (0.5 mg lˉ1) 

 

Friable mass of black and light brown callus 

¾ MS + ZN (0.1 mg lˉ1) + 10% CW Secondary embryogenesis, loose mass of globular 

yellowish green callus with the patches of pink color 

¾ MS + ZN (0.2 mg lˉ1) + 10% CW Secondary embryogenesis, loose mass of globular 

yellowish green callus with the patches of pink color 

¾ MS + BAP (0.1 mg lˉ1) + 10% CW Secondary embryogenesis, loose mass of globular yellow 

green callus 

¾ MS + BAP (0.2 mg lˉ1) + 10% CW Secondary embryogenesis, loose mass of globular yellow 

green callus 

¾ MS + IAA (0.1 mg lˉ1) + BAP (0.2 mg lˉ1) + 10% 

CW 

Secondary embryogenesis, loose mass of globular 

yellowish green callus 

¾ MS + IAA (0.2 mg lˉ1) + BAP (0.1 mg lˉ1) + 10% 

CW 

Secondary embryogenesis, loose mass of globular 

yellowish green callus 

¾ MS + TDZ (0.1mg lˉ1) + 10% CW  Secondary embryogenesis, compact and nodulated mass of 

green and light brown callus 

¾ MS + TDZ (0.2 mg lˉ1) + 10% CW Secondary embryogenesis, compact and nodulated mass of 

green and light brown callus 

¾ MS +ZN(0.5 mg lˉ1) + 30% CW 

 

The rate of embryo germination was very less (5%), 

secondary embryogenesis, yellowish green callus 

¾ MS +IAA(0.5 mg lˉ1) + 30% CW 

 

Secondary embryogenesis, compact and nodulated mass of 

green and light brown callus 
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MS + 6% sucrose No responds, callus turned brown in four weeks of culture 

MS + BAP (5 mg lˉ1) + 4% sucrose 

 

Secondary embryogenesis, yellowish brown mass of 

globular loose embryogenic callus 

MS + IAA (1 mg lˉ1) + BAP (1 mg lˉ1) +4% sucrose 

 

Secondary embryogenesis, globular loose mass of green, 

light brown, cream embryogenic callus 

MS + BAP (8 mg lˉ1) + NAA (6 mg lˉ1) + GA3 (6 mg 

lˉ1) + 3% sucrose 

 

No responds, callus turned yellow and later brown 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



123 
 

Fig.38: Responses of segments of petal to individual TDZ and BAP in ¾ MS semisolid media 

for germination of SEs which leads to secondary embryogenesis 

 

 

TDZ (0.1 mg l
ˉ1

)                           TDZ (0.2 mg l
ˉ1

)                         TDZ (0.5 mg l
ˉ1

) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BAP (0.1 mg l
ˉ1

)                           BAP (0.2 mg l
ˉ1

)                          BAP (0.5 mg l
ˉ1

) 

 

 

 

 

 

 

 

 

 

a b c 

d e f 



124 
 

Fig.39: Responses of segments of petal to combined IAA and NAA with KN, TDZ and ZN in 

¾ MS semisolid media for germination of SEs which leads to secondary embryogenesis 

 

 

IAA (0.5 mg lˉ1) + KN (0.5 mg lˉ1)       IAA (0.5mg lˉ1) + TDZ (0.5 mg lˉ1)      IAA (0.5 mg lˉ1) + ZN (0.5 mg lˉ1) 

 

 

NAA (0.5 mg lˉ1) + KN (0.5 mg lˉ1)    NAA (0.5 mg lˉ1) + TDZ (0.5 mg lˉ1)   NAA (0.5 mg lˉ1) + ZN (0.5 mg lˉ1) 
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In vitro Plant Regeneration via Indirect Somatic Embryogenesis from Petal Cultures 

of Pomegranate cv. Ganesh in Double Phase Media 

Induction of embryogenic callus, development and maturation of somatic embryos 

         Callus induction was observed from the cut ends and surface of the petal segments 

within 35 days of culture in liquid phase and gradually covered the surface of the 

explants when liquid medium was removed and explants placed on semisolid phase 

(Fig.40, a-c). Proliferation of callus was more in media supplemented with IAA and 

coconut water (Tab.15 and Tab.16). The highest frequency of callus induction (100%) 

was obtained in media supplemented with 1 mg lˉ
1 

IAA in both semisolid and liquid 

phase and 97% in medium supplemented with 0.5 mg lˉ
1 

IAA and 0.5 mg lˉ
1
Zeatin

  
 in 

both liquid and semisolid phase. The lowest induction of callus (42%) observed in media 

supplemented with individual TDZ (Tab.16). In control, callus induction was not 

observed from petal segments even after 35 days and gradually they turned brown. 

Presence of coconut water has significant effect on induction of callus (Table 16). Callus 

induced in IAA containing media was compact, green with few patches of pink color and 

fast growing (Fig.40, c), the callus induced in medium supplemented with Zeatin was 

compact, slow growing and green in color, while the callus induced in medium 

supplemented with individual TDZ was compact, very slow growing and green in color. 

The callus induced in medium supplemented with Zeatin and IAA was also compact, fast 

growing and yellowish green in color. Although callus induced in medium supplemented 

with IAA and TDZ shares same appearance and color, it was faster growing.  

Germination of somatic embryos 

       Data presented in Table 16 reveals that the highest percentage of somatic embryo 

germination which produces both roots and shoots resulting in plantlets (85%) was 

obtained in ¾ MS medium supplemented with 0.5 mg lˉ
1 

Zeatin combined with 0.5 mg lˉ
1 

IAA and 15% coconut water where the concentration of PGRs were same in both liquid 

and semisolid phase followed by (72%) in ¾ MS medium supplemented with individual 

Zeatin and 15% coconut water where the concentration of Zeatin was different (1 mg lˉ
1
 

in liquid phase and 0.5 mg lˉ
1 

in semisolid phase). Percentage of somatic embryo 

germination to plantlet in medium supplemented with TDZ individually or in 

combination with IAA was very less compare to Zeatin and IAA containing media (Tab. 
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16). Histological study of embryogenic callus reveals the different stages of somatic 

embryogenesis, secondary embryogenesis and converted somatic embryos to shoot 

(Fig.40, e-g). Comparison between the effect of Individual TDZ and combination 

between TDZ and IAA reveals higher percentage of germination of somatic embryos in 

media supplemented with IAA and TDZ. Highest number plantlets (6.8) per petal 

segment  was obtained on ¾  MS medium supplemented with 0.5 mg lˉ
1 

Zeatin combined 

with 0.5 mg lˉ
1 

IAA and 15% coconut water. The average of plantlet length was 8.1 

(Fig.40). 
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             Tab.15: Responses of segments of petals for embryogenic callus induction 

 

Liquid phase Semisolid 

phase 

With coconut water Without coconut water 

IAA (mg lˉ
1
)   

1 1 +++ +++ 

1 0.5 +++ ++ 

Zeatin (mg lˉ
1
)   

1 1 +++ ++ 

1 0.5 +++ ++ 

TDZ (mg lˉ
1
)   

1 1 +++ ++ 

1 0.5 ++ ++ 

IAA+Zeatin (mg lˉ
1
)   

       0.5+0.5 0.5+0.5                     +++ + 

0.5+0.5 0.25+0.25 +++ + 

IAA+TDZ (mg lˉ
1
)   

0.5+0.5                     0.5+0.5                     +++ ++ 

0.5+0.5                     0.25+0.25 +++ + 

control - - 
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Tab.16: Effect of different plant growth regulators on % of callus induction, frequency of 

germination, mean number of plantlets and their length 

Treatment % Callus induction* %explants 

showing SE 

germination* 

Germinated 

plant/Explant

* 

Plantlet  

length* 

Liquid phase Semisolid phase W/C WO/C W/C W/C W/C 

IAA (mg lˉ
1
)      

1 1 100±0.0
a
 57±6.7

a
 - - - 

1 0.5 89±4.5
a
 44±10.5

a
   - - - 

Zeatin (mg lˉ
1
)      

1 1 88±7.7
a
 50±8.3

a
 24±11.5

a
 1.8±0.9

a
 4.5±0.7

a
 

1 0.5 82±8.6
ab

 42±7.5
a
 72±6.1

c
 4.8±1.1

c
 5.5±0.3

a
 

TDZ (mg lˉ
1
)      

1 1 56±14.01
c
 22±9.3

bc
 5±4.2

ce
 1.3±0.5

a
 3.8±0.9

a
 

1 0.5 42±15.7
cd

 18±6
c
 6±3.3

ce
 1.5±0.8

a
 4.7±1.8

a
 

IAA+Zeatin (mg lˉ
1
)      

0.5 +0.5 0.5 +0.5 97±4
a
 38±16.9

ab
 85±4.47

cd
 6.8±0.9

bc
 8.1±0.5

bc
 

0.5 +0.5 0.25 +0.25 95±5.8
a
 20±9.7

bc
 34±9.7

be
 3±1.2

ab
 5.7±1.03

a
 

IAA+TDZ (mg lˉ
1
)      

0.5 +0.5 0.5 +0.5 74±8.3
bc

 19±9.7
c
 11±4.7

be
 2.6±1.03

ab
 4.8±1.6

a
 

0.5 +0.5 0.25 +0.25 72±12.3
bc

 15±10.6
c
 19±8.6

aed
 4.1±0.9

bcd
 6.2±1.2

ab
 

Control  12±6.7 
e
 3±4.4

e
 - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig. 40: One step protocol for indirect somatic embryogenesis and plant 

regeneration from segments of petal cultures in Double phase media 

 

  

 

 

a. Segment of petal at the time of inoculation, b. 6wk old segment of petal culture showing 

induction of callus from cut ends,  c. 12wk old culture with pale greenish mass of embryogenic 

callus, d. Cytological study of callus revealing the presence of thin walled cells and two celled 

proembryo, e, f & g. Histological studies of embryogenic callus revealed the presence of SEs, 

secondary embryogenesis and converted somatic embryo into shoot., h & i. Cluster of SEs and 

their conversion into plantlets, j. Primary hardened plantlets. 

 

a b c d 
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Maintenance of Somatic Embryos and Cell Lines from Floral Parts of Punica 

granatum L. var. Ganesh  

         Callus induction was observed from the cut ends of filaments and surface of the 

petal segments during fourteenth week of culture and gradually covered the surface of the 

explants, on media supplemented with growth regulators, while the PGR-free medium 

did not promote callus formation. Table 17 shows the responses of petal segments for 

callus induction at 18 weeks of growth period. Embryogenic callus was observed on 

medium supplemented with IAA individually and in combination with TDZ and Kinetin 

(Fig41, a, b, c, e and f). While TDZ was responsible for growth of greenish, highly 

nodulated mass of embryogenic callus (Fig.41, a), individual kinetin did not promote 

induction of callus. However, precocious germination of somatic embryos was more 

prominent in presence of IAA. Picloram containing media lead to induction of huge mass 

of light brownish friable callus (Fig.41, d). The data presented in table 17 reveals that 

percentage of petal explants producing somatic embryos were: 100 per cent cultured on 

the ½ MS medium supplemented with 1 mg lˉ
1
 individual IAA, 100 per cent on the ¾ MS 

medium supplemented with 0.5 mg lˉ
1
 IAA along with 0.5 mg lˉ

1
 TDZ and 100 per cent 

on the medium supplemented with 1 mg lˉ
1
 IAA along with 0.5 mg lˉ

1
 KN. 
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Tab.17: Effect of individual and combined PGRs and salt concentration on induction of 

embryogenic callus from segments of petal 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

TDZ KN IAA Pic ½ MS ¾ MS Full MS  

0.5 0 0 0 73± 2.44
a
 57± 2.67

a
 100± 0.0

a
 Embryogenic compact, globular and 

nodulated, green, and light brown 

colour mass of callus 

1 0 0 0 80± 4.08
d
 70± 4.08

d
 76± 2.44

d
 

2 0 0 0 68± 2.44
ad

 62± 2.67
acd

 40± 4.08
ad

 

0 0.5 0 0 4± 1.89
ad

 5± 2.88
ad

 5± 2.88
ad

 Embryogenic nodulated, light 

brown and cream in colour mass of 

callus 

0 1 0 0 11± 2.44
ad

 12± 2.67
ad

 10± 4.08
abd

 

0 2 0 0 18± 2.44
ad

 20± 4.08
ad

 6± 2.44
ad

 

0 0 0.5 0 95± 4.08
ad

 95± 4.08
ad

 70± 4.08
abd

 Embryogenic, globular and 

nodulated, cream with the patches 

of pink colour mass of callus 

0 0 1 0 100± 0.0
acd

 95± 4.08
ad

 90± 4.08
ad

 

0 0 2 0 93± 2.44
ad

 100± 0.0
acd

 75± 4.08
ad

 

0 0 0 0.5 90± 4.08
abd

 97± 2.67
ad

 98± 2.44
ad

 Non embryogenic, light and dark 

brown huge friable mass of callus 0 0 0 1 97± 2.67
ad

 100± 0.0
acd

 100± 0.0
ad

 

0 0 0 2 100± 0.0
abd

 100± 0.0
abd

 100± 0.0
ad

 

0.5 0 0.5 0 97± 2.67
ad

 100± 0.0
abd

 100± 0.0
ad

 Embryogenic compact globular, 

greenish cream mass callus 

0 0.5 0.5 0 98± 2.44
acd

 100± 0.0
abd

 90± 4.08
ad

 Embryogenic compact globular cream 

mass of callus 

0 0 0 0 - - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.41: Responses of segments of petal to individual and combined PGRs and salts in LM 

with FPB for the induction of somatic embryogenesis and friable mass of embryogenic 

callus 
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        Table 18 shows the responses of filament for callus induction at 18 weeks of growth 

period. Embryogenic callus was observed on medium supplemented with IAA 

individually and in combination with TDZ and Kinetin (Fig42, a, c, d, and e). While TDZ 

was responsible for growth of yellowish green, nodulated mass of embryogenic callus, 

individual kinetin promote 5% of induction of creamy white callus. Precocious 

germination of somatic embryos was not observed in presence of IAA when filament is 

initiated as explant. Picloram containing media lead to induction of huge mass of light 

brownish friable callus (Fig.42, b). The data presented in table 18 reveals that percentage 

of filament explants producing somatic embryos were: 100 per cent cultured on the ½ and 

¾ MS medium supplemented with 2 mg lˉ
1
 individual IAA, 100 per cent on the ¾ MS 

medium supplemented with 0.5 mg lˉ
1
 IAA along with 0.5 mg lˉ

1
 TDZ and 75 per cent on 

¾ MS medium supplemented with 1 mg lˉ
1
 IAA along with 0.5 mg lˉ

1
 KN. 

 Both filaments and petal segments on media supplemented with KN (0.5, 1 and 2 mg lˉ
1
) 

showed a lower embryogenic potential of explants. Development and maturation of 

somatic embryos were non-synchronous for both segments of petal and filament explants.  

       Exertion of phynolic compounds is one of the important restrictions in establishment 

of in vitro cultures in pomegranate. In this experiment the exertion of phynolic 

compounds was not observed in both petal segments and filament when initiated on 

liquid media with filter paper boat. Embryogenic callus induced in liquid media with 

filter paper boat can be maintain for over 4 years without any subculturing or need of 

rotary shaker.  
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Tab.18: Effect of individual and combined PGRs and salt concentration on induction of 

embryogenic callus from filaments 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

TDZ KN IAA Pic ½ MS ¾ MS Full MS  

0.5 0 0 0 12± 2.67
a
 18± 2.44

a
 22± 2.67

a
 Embryogenic globular and 

nodulated, light brown colour callus 1 0 0 0 15± 4.08
a
 22± 2.67

c
 20± 4.08

a
 

2 0 0 0 12± 2.67
a
 20± 4.08

ab
 14± 1.89

d
 

0 0.5 0 0 5± 1.89
ad

 7± 2.67
df

 5± 1.89
ad

 Non embryogenic light brown callus  

0 1 0 0 8± 2.44
abd

 9± 1.89
df

 8± 2.44
ad

 

0 2 0 0 6± 2.44
ad

 6± 2.44
df

 7± 2.67
ad

 

0 0 0.5 0 80± 4.08
ad

 94± 1.89
df

 70± 4.08
ad

 Embryogenic, globular and 

nodulated, creamish orange with the 

patches of pink colour callus 

0 0 1 0 100± 0.0
ad

 98± 2.44
def

 38± 2.44
ad

 

0 0 2 0 100± 0.0
ad

 100± 0.0
df

 65± 4.08
ad

 

0 0 0 0.5 89± 1.89
ad

 97± 2.67
def

 97± 2.67
ad

 Non embryogenic, light and dark 

brown huge mass of friable callus 0 0 0 1 97± 2.67
ad

 100± 0.0
df

 100± 0.0
ad

 

0 0 0 2 100± 0.0 
ad

 100± 0.0
df

 100± 0.0
ad

 

0.5 0 0.5 0 98± 2.44
ad

 100± 0.0
df

 97± 2.67
ad

 Embryogenic compact globular, 

greenish cream callus 

0 0.5 0.5 0 60± 4.08
ad

 75± 4.08
df

 33± 2.44
ad

 Embryogenic compact globular cream 

callus 

0 0 0 0 - - - - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.42: Responses of filaments to individual and combined PGRs and salts in LM 

with FPB for embryogenic callus induction 
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Embryogenic Cell Lines and Plant regeneration from Somatic Embryos of Punica 

granatum cv. Ganesh from Segments of Node. 

Induction of embryogenic callus 

      Callus induction was observed from the surface of the explants on the filter paper 

boat of the segments of  node within 90 days of culture and gradually covered the  

explants (Fig.43, a). Proliferation of callus was more in media supplemented with IAA 

(Tab.19). The highest frequency of callus induction (97%) was obtained in media 

supplemented with 2 mg lˉ
1 

IAA and 78% in medium supplemented with 0.5 mg lˉ
1 

TDZ 

and 2 mg lˉ
1 

NAA. The lowest induction of callus (35%) observed in media supplemented 

with 0.5 mg lˉ
1 

IAA (Tab.19). In control, callus induction was not observed from nodal 

segments even after 90 days and gradually they turned brown.  Callus induced in IAA 

containing media was compact, yellowish green color and slow growing (Fig.43, a), the 

callus induced in medium supplemented with TDZ was compact, green in color. 

Although callus induced in medium supplemented with IAA and TDZ shares same 

appearance and color, it was faster growing in IAA containing media. Cytological study 

of induced callus reveals that embryogenic callus was only induced in media 

supplemented with both IAA and TDZ (Fig.43, b-d).  In contrary, callus induced in media 

containing BAP and NAA was friable, yellow and shares no embryogenic characteristics. 

Friable mass of calli induced on individual NAA and BAP medium can be utilized for 

initiating cell suspension cultures.  
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Tab.19: Eeffect of individual PGRs on induction of embryogenic callus from nodal segments 

PGR (mg lˉ
1
) Callus induction (%) Callus morphology 

TDZ BAP IAA NAA   

0.5 0 0 0 56±3.8a  

Compact, yellowish green, nodulated mass 

of embryogenic callus 

1 0 0 0 78±3.2c 

2 0 0 0 62±4.3be 

0 0.5 0 0 75±4.5c  

Friable, yellowish brown, non embryogenic 

mass of callus 

0 1 0 0 62±5.1be 

0 2 0 0 40±3.4ce 

0 0 0.5 0 35±4.2ce  

Compact, yellow, nodulated globular 

somatic embryos 

0 0 1 0 82±5.07cd 

0 0 2 0 97±4.00ce 

0 0 0 0.5 35±5.2ce  

Friable, yellow, non embryogenic mass of  

callus 

0 0 0 1 43±3.6cde 

0 0 0 2 78±3.9c 

0 0 0 0 0cde - 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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 In vitro plant regeneration via somatic embryogenesis 

        Data presented in Table 20 reveals that the highest percentage of somatic embryo 

germination which produces both roots and shoots (Fig.43, f) resulting in plantlets (45%) 

was obtained in ¾ MS medium supplemented with 0.1 mg lˉ
1 

IAA and 15% coconut 

water followed by (27%) in ¾ MS medium supplemented with 0.2 mg lˉ
1
 IAA and 0.1 

mg lˉ
1
 TDZ and 15% coconut water. Percentage of somatic embryo germination to 

plantlet in medium supplemented with individual TDZ was very less (Tab.20). 

Comparison between the effect of Individual TDZ and combination between TDZ and 

IAA reveals higher percentage of germination of somatic embryos in media 

supplemented with IAA and TDZ. Highest number plantlets (4.7) per nodal segment were 

obtained on ¾ MS medium supplemented with 0.1 mg lˉ
1 

IAA and 15% coconut water. 

The average of plantlet length was 6.4. Nataraja et al. (1996) reported petal callus 

induced on MS with IAA (1 mg l
ˉ1

 ) or IBA (1 mg l
ˉ1

 ) on subculturing in the same 

medium with half-strength salts and sucrose (4%) produced both roots and shoots 

resulting in plantlets.  
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Tab.20: Effect of different plant growth regulators and coconut water on frequency of germination, 

mean number of plantlets and their length 

 

PGR (mg lˉ
1
) 

 

%explants showing SE 

germination* 

 

Germinated plant/Explant* 

 

Plantlet  length* 

TDZ IAA    

0.1 0 5±1.4
a
 0.4±0.5

a
 5.3±0.3

a
 

0.2 0 8±1.4
b
 0.8±1.2

a
 4.6±0.5

b
 

0 0.1 45±4.4
cd

 4.7±1.1
c
 6.7±0.5

de
 

0 0.2 21±2.3
cde

 2.4±0.9
cbd

 5.8±0.2
abe

 

0.1 0.2 27±2.5
cde

 3.2±0.7
c
 5.7±0.5

abe
 

0.2 0.1 15±1.8
cde

 1.8±0.6
bd

 6.2±0.3
ce

 

0 0 - - 

 

- 

Means within a column having same letter are not significantly different according to Student-Newman-Keul test (SNK) (P<0.05). 
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Fig.43: Responses of segments of node to individual PGRs in LM with FPB and 

germination of  SEs into plantlets in SM 

 

 

 

a. nodal segment 90 days of culture and embryogenic callus induction in media supplemented 

with IAA (2 mg lˉ
1
), b, c, d. Developmental stages of somatic embryogenesis from two celled 

proembryos to multicellular proembryos and bipolar embryo, e & f. Germinated somatic 

embryo showing plantlet with healthy shoot and root system. 
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Genetic Stability of Regenerated Plantlets 

           In the present study, 33 samples were analyzed as three distinct sets, each set 

including one mother plant along with its three in vitro clonal plantlets.  

 

Inter simple sequence repeat (ISSR) analysis 

          For ISSR assays, initially, a total of 13 primers (no: UBC 807, 827, 830, 841, 850, 

855, 856, 857, 859, 860, 888, 889, 890) were screened for their ability to amplify DNA 

fragments using grape and pomegranate mother plant and their randomly selected 

seedlings. 

          Primers UBC 807, 841, 850, 857, 888 and 889 showed amplification in both the 

plants i.e. grape and pomegranate. Primers UBC 827, 855, 856 showed amplification in 

grape while UBC 859 showed amplification in pomegranate. Based on the clear, scorable 

and reproducible band patterns, totally 9 and 7 primers were finally selected for the 

analysis of all both grape and pomegranate mother plants and their seedlings (Tab. 21 & 

22). 

          Considering Thompson seedless, total of 196 bands were scored from the selected 

9 primers, out of which more than 82.35% were Similar. The average number of bands 

and polymorphic bands per primer was 5.66 and 4.66, respectively. Primer UBC 850 

generated the maximum number of scorable bands (28) while the maximum number of 

polymorphic bands (24) was obtained with primer UBC 841and UBC 856 .The per cent 

polymorphism was lowest for primer UBC 850 (33%) and highest in case of primer UBC 

827, 841, 855, 856, 857 and 889 (Tab. 21). The amplification profile generated by primer 

UBC-827, 855 and 856 for Thompson seedless mother plant and seedlings is shown in 

Fig. 44.  

          Considering Punica granatum cv Ganesh, total of 160 bands were scored from the 

selected 7 primers, out of which more than 78.04 were polymorphic. The average number 

of bands and polymorphic bands per primer was 5.85 and 4.57, respectively. Primer UBC 

850 generated the maximum number of scorable bands (36) while the maximum number 

of polymorphic bands (28) was obtained with primer UBC 859 .The per cent 

polymorphism was lowest for primer UBC 850 (33%) and highest in case of primer UBC 
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841, 857, 859 and 888 (Tab.22). The amplification profile generated by primer UBC-841, 

857 and 859 for pomegranate mother plant and seedlings is shown in Fig 45. 
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Tab.21: Polymorphism data for selected ISSR primers in grape 

Primer 

No. 

Repeat Motif Scored Bands Polymorphic 

Bands 

% polymorphism 

807 (AG)nT 6 5 83.3 

827 (AC)nG 4 4 100 

841 (GA)nYC 6 6 100 

850 (GT)nYC 9 3 33.33 

855 (AC)nYT 5 5 100 

856 (AC)nYA 6 6 100 

857 (AC)nYG 5 5 100 

888 BDB(CA)n 6 4 66.66 

889 DBD(AC)n 4 4 100 

    *B=C/G/T , D=A/G/T/, H=A/C/T, R=A/G, V=A/C/G and Y=C/T  

 

 

 

Tab.22: Polymorphism data for selected ISSR primers in pomegranate 

Primer 

No. 

Repeat Motif Scored Bands Polymorphic 

Bands 

% polymorphism 

807 (AG)nT 4 2 50 

841 (GA)nYC 5 5 100 

850 (GT)nYC 9 3 33.33 

857 (AC)nYG 5 5 100 

859 (TG)nRC 7 7 100 

888 BDB(CA)n 6 6 100 

889 DBD(AC)n 5 4 80 

*B=C/G/T, D=A/G/T/, H=A/C/T, R=A/G, V=A/C/G and Y=C/T 
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Fig.45: The amplification profile generated by primer UBC-827, 855 and 856 for 

Thompson seedless mother plant and plantlets 

 

 
 

Fig. 46: The amplification profile generated by primer UBC-841, 857 and 859 for 

pomegranate mother plant and plantlets 
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Dendrogram analyses: 
     Based on the band data, the similarity matrix was calculated using Dice coefficient 

and the dendrogram generated using UPGMA algorithm (Fig. 46 & 47). The mother 

plants and seedlings showed high degree of similarity and the similarity coefficient in 

grape ranged from 0.95 to 1.0 and in pomegranate from 0.93 to 1.0. 

     Based on the presence and absence of the bands from the profiles obtained with 9 

primers in grape plantlets show more than 95% similarity to sample 1 (mother plant). 

Samples 2 & 4 are more than 99% similar to each other. While sample 3 shows about 

98% similarity to samples 2& 4. 1. Based on the presence and absence of the bands from 

the profiles obtained with 7 primers in pomegranate plantlets show more than 95% 

similarity to sample 1 (mother plant). Sample no. 2 shows 100% similarity to sample 1 

i.e. mother plant while sample 3 shows about 95% similarity to sample 1 (mother plant) 

and sample 2. While sample 4 is about 93% similar to remaining 3 samples. 
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Fig. 47: Dendrogram based on UPGMA cluster analysis of ISSR polymorphism for grape 

 

 

 

 
Grape: Dendrogram derived using Dice coefficient 

 

 

Fig.48: Dendrogram based on UPGMA cluster analysis of ISSR polymorphism for  

Pomegranate 

 

 

 
Pomegranate: Dendrogram derived using Dice coefficient 
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DISCUSSION 
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In Vitro Culture Establishment, Shoot Multiplication and in vitro plant regeneration 

in Vitis vinifera L. cv Thompson seedless 

          Cytokinins have been reported to be essential for in vitro shoot development in 

grapevine (Pool and Powell, 1975; Jona and Webb, 1978).  Shoot proliferation in 

presence of individual BAP was reported (Barlass and Skene, 1978, Jaskani et al., 2008 

and Aazmi, M.A., 2010). Whereas shoot proliferation was reported on MS medium 

supplemented with BAP in combination with different hormones (Yae et al., 1990). BAP 

also has been reported to elicit optimum shoot multiplication rate at a concentration of 

1.25 and 2.25 mg lˉ
1
 (Harris and Stevenson, 1982; Chee and Pool, 1985). According to 

Shinde et al. (2009), MS basal medium with 2 mg l
ˉ1

 BAP was found to be the most 

effective media for in vitro propagation of Vitis vinifera cv. Thompson seedless. Proven 

by Novak and Juvova (1982), MS basal medium with 2 mg lˉ
1
 BAP + 0.5 mg lˉ

1
 IBA 

showed maximum multiplication rate.  In contrary, the optimum shoot multiplication rate 

we achieved was at 0.5 and 1 mg lˉ
1
 BAP concentration in ¾ salt strength media. 

Although shoot multiplication was observed in media supplemented with BAP + NAA 

and higher concentration of BAP (2 mg lˉ
1
), multiplied shoots were stunted and vitrified. 

According to previous reports, higher concentration of BAP leads to vitrification 

(Alizadeh et al., 2010). This phenomenon has already been reported by some workers 

(Morini et al., 1985; Heloir et al., 1997). Furthermore, they have stated that low level of 

BAP concentration was necessary to maintain a good proliferation rate and also to reduce 

the incidence of vitrification. Recently, Lai et al. (2005) reported that the hyperhydricity 

in shoot cultures of Scrophularia could be minimized by progressively ventilating the 

vessels, i.e. Parafilm® sealing without affecting sterile conditions and it was found to 

appear mainly during proliferation phase. From the earlier studies, it is evident that full 

strength of salts in MS medium was the most commonly used composition for in vitro 

propagation of different cultivars of grapevine (Mhatre et al., 2000). However, our 

finding shows that both ¾ and ½ salt strength is the optimum salt concentration for shoot 

multiplication.  

          In the proof to our findings and according to Cong (1987), Zeatin is not favorable 

for in vitro organogenesis and multiplication of grapevine. Proliferation of multiple 

shoots was reported on media containing TDZ for plant regeneration in hybrid grapes 
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(Maritza et al., 1995). Shoots produced on media containing TDZ were stunted and 

distorted compared to media supplemented with BAP (Ayman et al., 2011). Similarly, 

Studies on the combined effect of BAP and TDZ on micropropagation of muscadine 

grape cultivars (Vitis rotundifolia), observed the highest average number of shoots per 

cultured apex (Gray and Benton, 1991). However, shoot multiplication was never 

observed on media supplemented with TDZ in our research and only single shoot 

elongation observed. Like other woody species, grapevine tissues exhibit high levels of 

polyphenols and tannins (Roubelakis-Angelakis, 2001). In the present study, activated 

charcoal was incorporated into the culture initiation as well as rooting medium to 

minimize such problems. However, when activated charcoal is included as one of the 

media ingredient into initiation medium, elongation of single strong shoot is observed 

without callus induction from cut ends. Addition of 200 mgl
-1

 activated charcoal to the 

IBA supplemented medium improved rooting. Activated charcoal alone or with IBA did 

not improve rooting frequency of Vitis ficifolia var. ganebu and its interspecific hybrid 

but significantly increased root length in both the genotypes (Poudel et al., 2005). In 

contrary, our findings indicate that the optimum rate of rooting occurs when activated 

charcoal is combined with IBA. Addition of activated charcoal in the rooting medium of 

Pinus pinaster improved the overall rooting capacity of mature explants to an average of 

78% (Dumas and Monteuuis, 1995). Similarly, IBA in combination with activated 

charcoal was found to induce rooting faster than activated charcoal alone in Banana (Aziz 

et al., 1992). The addition of activated charcoal enhanced root development, particularly 

root branching in walnut plantlets (Tang et al., 2000).  

  

Somatic Embryogenesis from in vitro segments of Petiole and Leaf in Vitis vinifera 

L. cv Thompson seedless 

          Somatic embryogenesis in Vitis vinifera L. Thompson Seedless have been reported 

earlier using different explants such as leaves (Singh et al., 1991, Scorza et al., 1996, 

Malabadi et al., 2010, Li et al., 2014), shoot apices and nodal segments (Singh et al., 

1991), zygotic embryos (Bharathy and Agrawal, 2008; Scorza et al., 1995) and stamen 

(Fan et al., 2008, Li et al., 2014, Zhou et al., 2014). There are reports on induction of 

embryogenic callus using varieties of PGRs such as NAA, 2,4-D, BAP, TDZ, (Singh et 
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al., 1991; Scorza et al., 1995;  Scorza et al., 1996; Bharathy and Agrawal, 2008; Fan et 

al., 2008;  Malabadi et al., 2010; Li et al., 2014; Zhou et al., 2014). 

The rate of somatic embryogenesis in our study with (97%) was obviously higher than 

those of previous studies with 87.74% by Zhang et al. (2011), 78% by Malabadi et al. 

(2010), 33% by Li et al. (2002), and 13.48% by Li et al. (2007).  

          As far as our knowledge there is no report on somatic embryogenesis from in vitro 

segments of petiole and leaf as explants in Vitis vinifera L. Thompson seedless using 

Zeatin and IBA. 

         According to some reports the presence of growth regulators is necessary to induce 

the regeneration of somatic embryos (Malabadi et al., 2010, Bharathy and Agrawal, 

2008). In contrary in our study no growth regulator were used for germination of 

embryos. During our study repetitive somatic embryogenesis or induction of new somatic 

embryos from pre-existing embryos occurred when these embryos were transferred to the 

fresh medium containing coconut water while coconut water free medium showed only 

germination of somatic embryos. The regeneration ability of embryogenic callus into 

production of somatic embryos and their subsequent germination continued up to 18 

months. Somatic embryo derived plantlets were acclimatized and transplanted to pots 

under a shadenet.  

         We report relatively simple long-term maintenance of the morphogenetic capability 

and plant conversion rates of embryogenic lines. In conclusion natural cytokinin Zeatin is 

favorable for regeneration of grape cv. Thompson Seedless plants from in vitro segments 

of petiole either individually or in combination with IBA. Our results might be of 

significance to the similar studies of other cultivars or varieties of grapevine for the 

production of artificial seeds for long term storage and crop improvement program.  

 

 

 

  

 

 



151 
 

Induction of Callus and Maintenance of Cell Lines from Segments of Tendril of Vitis 

vinnifera L. cv Thompson seedless 

            In this study a protocol was developed for initiation and development of callus 

from tendril in liquid media with filter paper boat. Inductions of callus and somatic 

embryogenesis have been previously reported utilizing different explants and media. It 

was first reported in V. vinifera L. cv. "Cabernet Sauvignon" by using nucellar tissue 

(Mullins and Srinivasan, 1976) and thereafter with a variety of explants such as leaf 

segments (Clog et al., 1990; Robacker, 1993; park et al. 2001; Jaskani et al., 2008), 

zygotic embryos (Emershad and Ramming, 1994; yang et al., 2006; Yang et al., 2008 ), 

shoot tips (Barlass and Skene, 1978; Clog et al., 1990; Robacker 1993), nodal segments 

(Wang et al., 1985; Clog et al., 1990;  Jaskani et al., 2008; ) tendrils (Salunkhe et al., 

1999), ovules (Srinivasan and Mullins, 1980), anthers (Rajasekaran and Mullins, 1979; 

Salunkhe et al., 1999; Stamp and Meredith, 1988), stigma and style (Morgana et al., 

2004; Carimi et al., 2005) and ovaries (Gray and Mortensen, 1987; Nakano et al. 1997). 

The number of genotypes from which somatic embryogenesis can be induced is 

increasing but still limited (Nakajima and Matsuta 2003).  

           Induction of callus and somatic embryogenesis initiated from tendril explants of 

Vitis vinifera L. cv. Thompson is only reported by Salunkhe and Mhatre (1997). They 

reported callus induction in ER semisolid medium with 1 µm BAP. As far as our 

knowledge, this report is the only report in induction of callus and somatic 

embryogenesis from tendril explant. They reported induction of callus on ER medium 

supplemented with BAP and subsequent culture of callus on ER medium lead to 

production of somatic embryos after third or fourth subculture. In contrary, induction of 

callus was occurred on liquid media with filter paper boat in very low concentration (0.2, 

0.5 and 1 mg lˉ
1)

 of different PGRs (BAP, KN, ZN, Pic and NAA). In addition, 

subsequent cultures and further subculturing was not needed. This callus can be 

maintained in the same condition without any subculturing or need of rotary shaker for 

over 5 years.  
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 Initiation of In vitro Ovule Cultures of Vitis vinnifera L. (Thompson seedless X A18-

3) 

           Emershad and Ramming (1984) reported the successful application of the 

technique with Thompson Seedless which has small abortive ovules. They also developed 

an ovule culture medium (called Emershad and Ramming (ER) medium) rich in amino 

acids. However, in this experiment we studied the effect of NN and MS media on in 

ovulo culture of new variety.  They obtained large embryos on medium containing L-

cysteine, Ergostim® and L-glutamine, respectively. In contrast, we obtained germination 

of poly embryos in NN media (7%) and single embryo on MS media (8%). Addition of 

activated charcoal reduced tissue browning, media discoloration and also aided embryo 

maturation. This result has been proved by other reports (Cain et al., 1983; Bouquet and 

Davis, 1989; Motoike et al., 2001).      

            Two culture methods have been reported for rescuing embryos under in vitro 

conditions. Emershad and Ramming (1984) and Gray et al., (1987) used liquid embryo 

culture technique in which ovules and excised embryos were placed on filter paper 

supports while others like Cain et al., (1983) and Spiegel-Roy et al., (1985) used solid 

medium which significantly increased embryo germination and plant development. 

However, in our experiment germination of embryo occurred in double phase media. 

Ovules were first initiated on liquid phase for 3 to 4 weeks and after removal of liquid 

phase they were placed on semisolid phase containing activated charcoal.  

           Direct embryo germination from the ruptured ovules (Gray et al., 1987) or intact 

ovules (Spiegel-Roy et al., 1985; Tsolova, 1990) have been reported. In our study, direct 

germination of embryos occurred without rupturing the ovules, but many authors found 

dissection was necessary to recover ungerminated embryos and to increase frequency of 

germination (Cain et al., 1983; Barlass et al., 1988). 

          The age of the ovules at the time of culturing affect embryo survival and 

subsequent plant development (Singh et al., 1991; Pommer et al., 1995). In various 

reports, ovules as early as 10 days and as late as 100 days after bloom were used, the 

optimal time being 40 - 60 days after bloom (Cain et al., 1983; Emershad and Ramming, 

1984). When ovules are cultured at early stages of development, their survival was poor 

or lead to callusing under in vitro conditions while culture at late stages is not useful as 
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the ovule shriveled, indicating breakdown of embryo. Singh and Brar (1992) reported that 

the best time for culturing ovules in seedless cultivars like Thompson Seedless was 20 

days after anthesis, since after this period the number of shriveled ovules increased 

drastically. Immature berries we studied were collected 45 days after pollination. Due to 

inaccessible of plant materials further investigation on date of pollination, other PGRs 

and different media could not be pursued.   

        

Somatic Embryogenesis and In vitro Regeneration from Floral Parts of Punica 

garanatum L. cv Ganesh  

           Nataraja et al. (1996) have obtained numerous embryoids formed from friable 

callus using petal as an explant on MS supplemented with 5 mg lˉ
1 

of IAA, IBA or NAA. 

In contrary, we obtained somatic embryos on ½ , ¾ and full salt strength MS 

supplemented with TDZ, BAP, IAA and NAA in lower concentrations (0.5 and 1 5 mg lˉ
1 

) both in liquid, liquid with filter paper boat, semisolid and double phase media . Results 

obtained by Nataraja and Neelambika (1996) prove our data on importance of IAA in 

induction of embryogenic callus.  There are various reports on induction of embryogenic 

callus from cotyledonary explant using PGRs such as BAP, Kinetin, NAA and 2,4-D. 

(Jaidka & Mehra, 1986; Foughat et al., 1997; Murkute et al., 2002; Naik & Chand, 2003; 

Kanwar et al., 2010). Jaidka et al. (1986) reported MS basal medium supplemented with 

naphthaleneacetic acid (4 mg lˉ
1
), kinetin (2 mg lˉ

1
), and coconut water (15%) is optimal 

for induction and  growth of callus. Kanwar et al. (2010) also proved the effect of 

coconut water on embryogenesis callus induction by reporting the development of the 

highest frequency of embryogenic callus from zygotic embryo in MS medium 

supplemented 15% coconut water, 21 μM NAA, and 9 μM BA. However, our 

achievements indicate that presence of coconut water is not much essential for induction 

of embryogenic callus. There is no report on one step protocol for plant regeneration 

from petal segments using ¾ salt strength medium and natural PGRs such as IAA and 

Zeatin on double phase media. 

          Nataraja et al. (1996) reported petal callus induced on MS with IAA (1 mg l
ˉ1

) 

or IBA (1 mg l
ˉ1

) on subculturing in the same medium with half-strength salts 

and sucrose (4%) produced both roots and shoots resulting in plantlets. In our 
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investigations, the number of plantlets was significantly more when the concentration of 

IAA was reduced from 0.2 mg lˉ
1 

to 0.1 mg lˉ
1
, as well as  when TDZ is combined with 

IAA. There is no report on effect of IAA and TDZ on plantlet regeneration via somatic 

embryogenesis from petal segments of pomegranate. TDZ individually had no desirable 

effect on germination. However, when TDZ is combined with IAA it significantly 

enhances the rate and number of germination showing elongated shoots. In the present 

study, germination of somatic embryos occurred on semisolid media supplemented with 

coconut water only. Organ formation depended on the auxin/cytokinin ratio and not on 

their absolute concentrations (Murashige and Skoog, 1962). Synergistic effects of TDZ 

and IAA led to induce embryogenic potential of callus cells to progress towards all stages 

of somatic embryogenesis leading to the germination and plantlet development. 

Statistical analysis showed IAA and coconut water had significant effect on conversion of 

somatic embryos into plantlets, whereas individual TDZ or coconut water free medium 

showed secondary embryogenesis. Presence of IAA in combination with TDZ with 

coconut water seems to be essential for somatic embryo germination.  

          We observed that the formula of initiation media and PGR that somatic embryos 

are originated from has very significant influence on further germination of somatic 

embryos. In our research, somatic embryos which had been originated from IAA and 

TDZ containing media were more potent to germinate comparing to those arising from 

BAP, Zeatin, Kinetin and NAA supplemented media. 

 

In vitro plant regeneration via indirect somatic embryogenesis from petal cultures of 

Pomegranate cv. Ganesh in double phase media 

         There are various reports on induction of embryogenic callus from cotyledonary 

explant using PGRs such as BAP, Kinetin, NAA and 2,4-D. (Jaidka & Mehra, 1986; 

Foughat et al., 1997; Murkute et al., 2002; Naik & Chand, 2003; Kanwar et al., 2010). 

Jaidka et al. (1986) reported MS basal medium supplemented with NAA (4 mg lˉ
1
), 

Kinetin (2 mg lˉ
1
), and coconut water (15%) is optimal for induction and growth of 

callus. Kanwar et al. (2010) also proved the effect of coconut water on embryogenic 

callus induction by reporting the development of the highest frequency of embryogenic 

callus from zygotic embryo in MS medium supplemented 15% coconut water, 21 μM 
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NAA, and 9 μM BA. Nataraja et al. (1996) reported callus induced on MS with IAA (1 

mg lˉ
1
) or IBA (1 mg lˉ

1
) on subculturing in the same medium with half-strength salts 

and sucrose (4%) produced both roots and shoots resulting in plantlets. However, we 

achieved embryogenic callus in media supplemented by individual TDZ and ZN or in 

combination with IAA without coconut water. In fact the presence of coconut water was 

necessary for development and germination of embryos. Statistical analysis showed 

Zeatin and coconut water had significant effect on conversion of somatic embryos into 

plantlets, whereas individual TDZ or coconut water free medium showed secondary 

embryogenesis. Presence of IAA in combination with TDZ or Zeatin with coconut water 

seems to be essential for germination. IAA individually had no desirable effect on 

germination. However, when IAA is combined with Zeatin or TDZ it significantly 

enhances the rate and number of germination showing elongated shoots. This result is in 

contrast with Nataraja and Neelambika (1996) who reported regeneration of shoots on 

media containing IAA or IBA. In present investigation embryogenic callus induction and 

germination of somatic embryos was occurred in double phase medium which is time and 

labor saving. Organ formation depended on the auxin/cytokinin ratio and not on their 

absolute concentrations (Murashige and Skoog, 1962). Synergistic effects of Zeatin and 

IAA led to induce embryogenic potential of callus cells to progress towards all stages of 

somatic embryogenesis leading to the germination and plantlet development.   

         There is no report on plant regeneration from petal segments using ¾ salt strength 

medium and natural PGRs such as IAA and Zeatin on double phase media. 

 

Maintenance of Somatic Embryos and Cell Lines from Floral Parts of Punica 

granatum L. var. Ganesh  

          In the present study, the effects of different PGRs, their concentrations, 

combinations, salt strength in basal media were investigated for petal segments and 

filaments for the purpose of establishing a protocol of plant regeneration via somatic 

embryogenesis from explants collected from field grown mature plants. Juvenile explants 

were used to carry out the experiments as they have higher organogenic competence as 

compared to mature explants (Kanwar et al., 2010). Induction of embryogenic callus was 

observed on MS media with ½ and ¾ MS and full strength salts supplemented with IAA 
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and TDZ individually and in a few combinations. A higher rate of somatic embryogenesis 

was observed on ¾ MS medium from petal explants when compared to ½ and full MS. 

The level of salts at ¾ MS was ideal for development of somatic embryos even at lower 

concentrations of PGRs.  In most of the cases, induction and development of greenish 

somatic embryos on the surface of calli were noticed. These results are very much 

favorable for short term maintenance and usage of somatic embryos for crop 

improvement programs. Somatic embryogenesis through petal cultures was reported on 

semisolid full strength MS media supplemented with IAA or IBA (Nataraja and 

Neelambika, 1996). Compact and green colour callus induction from cotyledonary 

explants was obtained on MS medium supplemented with BA and NAA (Murkute et al., 

2002, Kanwar et al., 2010 and Soukhak et al., 2011). According to our knowledge there 

is no report on maintaining the cell lines of Pomegranate on liquid media with filter paper 

boat in the absence of rotary shaker, liquid nitrogen and subculturing.   

 

Embryogenic Cell Lines and Germination of Shoot from Somatic Embryos of 

Punica granatum cv. Ganesh from nodal segments 

         There are various reports on induction of embryogenic callus from cotyledonary 

explant using PGRs such as BAP, Kinetin, NAA and 2,4-D. (Jaidka & Mehra, 1986; 

Foughat et al., 1997; Murkute et al., 2002; Naik & Chand, 2003; Kanwar et al., 2010; 

Singh et al., 2013). The calli induced on liquid media with filter paper boat in IAA and 

TDZ containing media has embryogenic activity for over three years through secondary 

embryogenesis. There is no report on plant regeneration from nodal segments using ¾ 

salt strength medium and PGRs such as IAA and TDZ on liquid media with filter paper 

boat. 

          There are reports on regeneration through embryogenesis from various seedling 

explants (Jaidka and Mehra, 1986), and immature zygotic embryos (Bhansali, 1990; 

Kanwar et al., 2010). Statistical analysis showed IAA and coconut water had significant 

effect on conversion of somatic embryos into plantlets, whereas individual TDZ or 

coconut water free medium showed secondary embryogenesis. Presence of IAA in 

combination with TDZ with coconut water seems to be essential for germination. The 

number of plantlets was significantly more when the concentration of IAA was reduced 
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from 0.2 mg lˉ
1 

to 0.1 mg lˉ
1
, as well as  when TDZ is combined with IAA. There is no 

report on effect of IAA and TDZ on plantlet regeneration via somatic embryogenesis 

from nodal segments of Pomegranate. TDZ individually had no desirable effect on 

germination. However, when TDZ is combined with IAA it significantly enhances the 

rate and number of germination showing elongated shoots. This result is proved by 

Nataraja and Neelambika (1996) who reported regeneration of shoots on media 

containing IAA or IBA. In present investigation embryogenic callus induction was 

occurred in liquid medium with filter paper boat which can be stored for more than 3 

years without subculturing and need of rotary shaker. However, germination of somatic 

embryos even after 3 years occurred on semisolid media supplemented with coconut 

water only. Organ formation depended on the auxin / cytokinin ratio and not on their 

absolute concentrations (Murashige and Skoog, 1962). Synergistic effects of TDZ and 

IAA led to induce embryogenic potential of callus cells to progress towards all stages of 

somatic embryogenesis leading to the germination and plantlet development. 

 

Genetic Stability of Regenerated Plantlets 

           In commercial micropropagation, it is compulsory to check regularly the clonal 

fidelity or genetic uniformity of micropropagated plantlets (Khawale et al., 2006). In the 

present investigation, one PCR-based technique namely, ISSR was used to test clonal 

fidelity because of their simplicity and cost effectiveness. Furthermore, they require only 

a small quantity of DNA sample and do not need any prior sequence information and are 

simple to perform as well as fast (Lakshmanan et al., 2007). Besides, the uses of the two 

markers, which amplify different regions of the genome, allow better chances for 

identification of genetic variations within the clones (Martins et al., 2004). 

         Wang et al. (1998) have found that the dinucleotide microsatellites are prevalent in 

plants while mono-, tri- and tetra-nucleotide repeats are less common. All the ISSR 

primers used in the present study were dinucleotide repeats. During ISSR analysis of 

Thompson seedless, total of 196 bands were scored from the selected 9 primers, out of 

which more than 82.35% were Similar and total of 160 bands were scored from the 

selected 7 primers, out of which more than 78.04 were polymorphic in pomegranate.  The 

ISSR analysis of tissue cultured plantlets of Swertia chirayita by Joshi and Dhawan 
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(2007) and grape by Alizadeh and Singh (2009) support the results obtained in the 

present study. They have detected no variability among the micropropagated plantlets 

with their mother plants using 16 and 10 ISSR primers respectively. The technique which 

is capable of higher resolution and elimination of faint bands (while scoring), reduces the 

percentage of false negatives but does not affect the number of false positives and is thus 

ideal for determining clonal fidelity (Alizadeh and Singh, 2009). The reliability and 

efficiency of markers in detecting large genomic rearrangements vary with the kind of 

marker used. The variations due to genetic or epigenetic factors are very likely to be 

reflected in the banding profiles developed by employing different marker systems (Joshi 

and Dhawan, 2007; Leroy et al., 2001; Choudhari et al., 1998; Moreno et al., 1998; 

Alizadeh and Singh, 2009). These differences can be due to the high melting temperature 

for the ISSR primers which allow more stringent annealing conditions and more specific 

and reproducible amplification. Devarumath et al. (2002) have also revealed that ISSR 

fingerprints detect more polymorphic loci than RAPD fingerprints. 
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          Grapes and Pomegranate are the commercially important fruit crops of 

Maharashtra.  Major grape growing states in India are Maharashtra, Karnataka, Andhra 

Pradesh, Tamil Nadu and the north-western regions. Maharashtra ranks first in terms of 

production accounting for more than 75% of total production in India. Maharashtra ranks 

first in terms of grapes production accounting for more than 75% of total production in 

India and also the leading producer of pomegranates. At the global level, India is the 

largest pomegranate producer, followed by Iran. Pomegranate is mainly produced in the 

Western Maharashtra, Andhra Pradesh, Rajasthan, Gujarat, Tamil Nadu and Karnataka in 

India. Maharashtra is the leading State with 82 thousands hector area under pomegranate 

cultivation. Cultivation of these plant varieties has tremendous scope because of their 

medicinal and neutraceutical properties also innovative, advanced technologies in food 

processing industry and huge demand for packed ready to eat healthy fruit products. 

However getting authenticated, disease free, high yielding quality plant material is a main 

concern of the research and the production of such a quality planting material is needed 

for large scale cultivation.  

         Tissue culture has been recognized as one of the key areas of Biotechnology 

because of its potential use for rapid clonal multiplication and conservation of important 

plant species. However, for use of tissue culture as continuous source of disease free 

planting material for commercial utilization, periodic monitoring of the degree of genetic 

stability among in vitro grown plantlets is of outmost importance. When plant tissue is 

passaged through in vitro culture many of the regenerated plantlets appear to be no longer 

clonal copies of their donor genotype, probably due to epigenetic changes (Gheorghe et 

al., 2009).  

          Molecular techniques are powerful and valuable tools used in analysis of genetic 

fidelity of in vitro propagated plants. Molecular markers have particularly been suggested 

to be useful for confirmation of genetic fidelity in micropropagated tree species, where 

life span is quite long and performance of micropropagated plants could only be 

ascertained after their long juvenile stage in field conditions.  

          The goal of this project was to identify suitable explants for the rapid 

multiplication and in vitro regeneration for clonal propagation and to design cost 
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effective media composition and reduction in multi step procedure for somatic 

embryogenesis.  

 

Mass collection of healthy, disease free explants:  

         Plant materials such as segments of node and tendril of Thompson seedless were 

collected from National Research Centre for Grapes (NRCG), Pune-Solapur road Pune, 

Maharashtra, India. Floral explants such as entire filaments and segments of petal were 

isolated from unopened flower buds of Punica granatum cv. Ganesh, which were 

collected from Herbal garden of Rajiv Gandhi institute of IT and Biotechnology Pune, 

Maharashtra, India. 

 

In Vitro Culture Establishment, Shoot Multiplication and in vitro plant regeneration 

in Vitis vinifera L. cv Thompson seedless 

          Explants such as segments of node were cultured on ½, ¾ and full strength MS 

semisolid medium supplemented with 3% sucrose (w/v) and solidified with 0.8% (w/v) 

Difco-bacto agar and with or without 0.2% activated charcoal. Individual and combined 

effect of different PGRs such as Zeatin, Thidiazuron (TDZ) and 6-benzyl adenine 

phosphate (BAP) and Indole butyric acid (IBA) and  naphthalene acetic acid (NAA ), at 

three different concentrations ( 0.5, 1 and  2 mg lˉ
1
) were studied on shoot multiplication 

and  their elongation. Regenerated shoots of Grape were transferred to ½ MS medium 

supplemented with 2 per cent sucrose, 0.2 per cent activated charcoal and Indole butyric 

acid (IBA) (0.5, 1 and 2 mg lˉ
1
) for rooting at 21-days intervals. All established cultures 

were incubated in growth room at 25 ± 2°C, with 50 to 60% relative humidity, 

maintaining 50 μmol·m-2·s-1 illumination for 16 h photoperiod. For each experiment, 

twelve explants were utilized and the same experiment was repeated thrice. Regenerated 

plantlets, both from primary and secondary cultures were harvested and an attempt was 

made to acclimatize them as portray plants. 
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Indirect Somatic Embryogenesis from In Vitro Segments of Petiole and Leaf in Vitis 

vinifera L. cv Thompson seedless   

         In vitro petiole (about 1- 1.5 cm long) and leaf (0.5-1 cm²) segments were isolated 

from three weeks old in vitro grown axillary shoots. Different plant growth regulators 

such as TDZ (Thidiazuron), Zeatin, Picloram and IBA (Indole-3-butyric acid) (0.1 and 

0.2 mg lˉ
1
) were incorporated in ½ and ¾ salt strength MS medium, individually and in a 

few combinations. ½ and ¾MS basal medium without any plant growth regulators was 

used as control. All media contained 20 g lˉ
1
sucrose and were solidified with 8 g lˉ

1
agar. 

Segments of petiole were inoculated horizontally, where as segments of leaf were placed 

abaxially and adaxilly on the surface of semisolid nutrient media. 

Embryogenic calli induced from both in vitro segments of petiole and leaf were 

transferred to PGR free ½ and ¾ MS semisolid medium supplemented with 30 g lˉ
1 

sucrose and with and without 10% and 15% coconut water and activated charcoal and 

incubated for a further 2 weeks to allow embryo development and germination. ½ and ¾ 

MS basal medium was used as control. Data on mean number of somatic embryo 

germination and plantlet length was recorded after eighteen weeks of growth period.   

 

Induction of Callus and Maintenance of Cell Lines from Segments of Tendril of Vitis 

vinnifera L. cv Thompson seedless 

         Primary cultures of segments of tendril were established from field grown mother 

plants of Vitis vinifera L. cv." Thompson Seedless". Segments of tendril (0.5- 0.7 cm) 

were sterilized and inoculated on aseptic ¾ salt strength MS nutrient liquid media with 

filter paper boat and 3 per cent sucrose. Five different plant growth regulators such as 

cytokinins ZN (Zeatin), KN (Kinetin) and BAP (6-benzyl adenine phosphate) and the 

auxins NAA (naphthalene acetic acid) and Picloram at three different concentrations (0.2, 

0.5 and 1 mg lˉ
1
) were incorporated in MS nutrient medium individually. MS media 

without plant growth regulators were used as controls.  

       Callus induction was observed from the cut ends of tendril segments during eighth 

week of culture and either gradually covered the surface of the explants or proliferate at 

the cut ends itself on media supplemented with growth regulators. This callus can be 

maintained in the same condition without any subculturing or need of rotary shaker for 
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over 5 years. Squash preparation of induced callus revealed the presence of homogenous 

mass of parenchyma cells. 

 

In vitro Ovule Cultures of Vitis vinnifera L. (Thompson seedless X A18-3) 

      Immature berries from the cross between female parent Thompson seedless and male 

parent A18-3 (a cross of Carolina black rose and Thompson seedless developed at 

NRCG, Pune- Solapur road, Pune, Maharashrta, India, a downy mildew tolerant, were 

collected 45 days after pollination. Berries were surface sterilized and aseptically excised 

ovules were cultured in 100 ml conical flasks (5 - 7 ovules per dish) containing double 

phase MS medium and NN medium supplemented with 3% sucrose and 0.2% activated 

charcoal in semisolid phase only. Individual and combined effect of different PGRs such 

as GA3 (Gibberellic acid) and IBA (Indole butyric acid) at three different concentrations 

(1, 2 and 2.5 mg lˉ
1
) were studied on polyembryo or single embryo germination. MS and 

NN media without growth regulators were used as controls. The liquid phase was 

discarded three weeks after initiation and cultures were maintained under same condition 

for 8 weeks to allow the development of embryo within the ovule to give rise to seedling/s. 

       Initiation of ovules on NN media led to germination of polyembryos while on MS 

media led to germination of single embryo. Germination of polyembryos was observed 

on tenth weeks of culture on NN media. In contrast, when MS media is supplemented 

with combined IBA and GA3 resulted in germination of single embryo while individual 

GA3 at any concentration led to induction of friable mass of pigmented callus. In most of 

the germinated seedlings, hypocotyl region was showing red colour. 

 

Somatic Embryogenesis, In Vitro Regeneration and Maintenance of Somatic 

Embryos and Cell Lines from Floral Parts and Nodal Segments of Punica 

garanatum l. cv Ganesh 

           In order to study in vitro regeneration via indirect somatic embryogenesis and 

maintenance of cell lines of Punica garanatum, primary cultures were established from 

segments of petal, node and entire filaments.  Explants were cultured on full, ¾ and ½ 

salt strength MS liquid and liquid with filter paper boat medium supplemented with 3 per 

cent sucrose and 0.8% (w/v) Difco-bacto agar if initiated on semisolid media. The 
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individual effect of PGRs such as 6-benzyl adenine phosphate (BAP), Kinetin (KN), 

Thidiazuron (TDZ), Indole acetic acid (IAA), naphthalene acetic acid (NAA) and 

Picloram in different concentrations (0.5, 1, 1.5 and 2 mg lˉ
1
) was studied. MS media 

without growth regulators were used as controls. All the cultures were incubated in 

growth room at 25 ± 2°C, maintaining 50 μmol·m-2·s-1 illumination with a 16 h 

photoperiod. All experiments repeated thrice and each treatment consisted of 12 

replicates. 

          Embryogenic callus derived from segments of petal, node and entire filaments of 

Pomegranate were subcultured on maturation and germination media containing full, ¾ 

and ½ strength MS semisolid medium with 3 and 4 percent sucrose supplemented with 

individual or combined TDZ, Zeatin, BAP, IAA and NAA (0.1, 0.2, 0.5 mg lˉ
1
) 

individually or in a few combinations with and without different concentration of coconut 

water. 

  

In vitro Plant Regeneration via Indirect Somatic Embryogenesis from Petal Cultures 

of Pomegranate cv. Ganesh in Double Phase Media 

        To standardize one step protocol for plant regeneration, double phase media 

containing semisolid and liquid medium in the same culture vessel was used. The 

experiments were initiated in two sets. In the first set, the nutrient components and PGRs 

for both media were kept same, except the addition of 0.9% agar into the semisolid phase 

and in the second set, the nutrient component was same in both phase but the 

concentration of PGRs were reduced by half in the semisolid phase. Three different 

growth regulators such as Zeatin (0.5 and 1 mg lˉ
1
), TDZ (0.5 and 1 mg lˉ

1
) and IAA 

(Indole-3-acetic acid) (0.5 and 1 mg lˉ
1
) were incorporated in ¾ salt strength Murashige 

and Skoog’s media (MS) individually and in a few combinations (Zeatin 0.5mg lˉ
1 

+ IAA 

0.5 mg lˉ
1 

and TDZ 0.5mg lˉ
1
 + IAA 0.5 mg lˉ

1
) with and without15% coconut water.  

¾MS basal medium was used as control. The two phases of nutrient media were prepared 

separately and combined together under aseptic conditions. Segments of petal were 

aseptically inoculated on liquid phase. All the cultures were incubated in growth room 

under above mentioned conditions. Data on mean number of somatic embryo germination 

and shoot length was recorded after 16 weeks of growth period.  
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Acclimatization of Plantlets 

         Well-rooted plantlets were removed from the medium and their roots were gently 

washed with sterilized distilled water to remove the sticking medium. Regenerated 

plantlets were dipped in 2% fungicide solution for 5-10 minutes and transferred into 

plastic cups containing sterilized cocopeat along with ½ salt strength MS basal media 

without sucrose and vitamins under the same temperature and light intensity used for 

culture establishment and multiplication.  The potted plants were covered with 

transparent plastic bags to maintain the humidity. Acclimatization to the external 

environment was done by removing the transparent plastic bags gradually to reduce the 

humidity after three weeks.  

 

Genetic Stability of Regenerated Plantlets 

      A modified Cetyltrimethylammonium bromide (CTAB) procedure described by 

Murray and Thompson (1980) was used to isolate DNA from young, unexpanded grape 

leaves (500 mg) belonged to both mother plant and seedlings. Frozen tissues in liquid 

nitrogen were grounded to yield a fine powder. The content was transferred to 50 ml 

Oak-Ridge centrifuge tubes. Fifteen ml of pre-warmed (65ºC) extraction buffer and 100 

mg/g of leaf (for each gram of leaf sample 100 mg PVP was added) polyvinylpyrrolidone 

(PVP) were added to the grounded sample. The mixture was then incubated at 65ºC in a 

water bath for 1 hour and gently rotated at 15 min intervals. An equal volume of 

chloroform: isoamyl alcohol (24:1 v/v) was added to each tube followed by inverting 

them 20 to 25 times. After centrifugation (8,000 rpm, 20 min.), the transparent 

supernatant was collected. The DNA threads appeared immediately after adding 0.6 the 

volume of chilled iso-propanol to each tube. These tubes were kept at -20°C overnight 

followed by centrifugation (8,000 rpm for 20 min at 4ºC). The supernatant from each 

tube was poured off and the pellet was washed twice with 70% (v/v) ethanol and finally 

with absolute ethanol. The dried pellet was dissolved in 150 to 200 μl of fresh TE buffer 

and the content was transferred to an Eppendorf tube. DNA samples were finally diluted 

with sterile MQ water to a working concentration of between 25 to 30 ng/μl. 
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         ISSR primers (UBC 807-900) from primer set # 9 (University of British Columbia, 

Vancouver, Canada) were used. 13 ISSR primers were finally selected for analysis on the 

basis of their amplification products for clear, bright and scorable banding patterns. 

        Amplification was carried out in a total volume of 25 μl containing 1 μl (25 ng) of 

template DNA, 2.5 μl of 10X PCR buffer containing 15 mM MgCl2, 2.5 μl of dNTPs 

(0.1 mM each of dATP, dGTP, dTTP, dCTP), 0.4 μl of primer, 0.28 μl of Taq 

DNApolymerase, 1 μl of 0.4 mM spermidine, 0.5 μl of 2% formamide and sterile MQ 

water. Amplification conditions were performed as initial DNA denaturation at 95ºC for 

5 min. followed by 44 cycles of 30 sec denaturation at 95ºC, 45 sec annealing at 51ºC and 

2 min of extension at 72ºC with a final extension time at 72ºC for 5 min and 4ºC for 5 

min.  

         Amplified DNA fragments were visualized on a 1.5% (w/v) agarose gel stained 

with ethidium bromide. Three μl of 6X loading dye was added to 25 μl of amplified 

products and following homogenization, 25 μl of the resulting mixture was loaded onto a 

gel prepared in 0.5X TAE buffer. PhiX174RF DNA/HaeIII digest was used as molecular 

weight marker. The gel was visualized on a UV transilluminator and photographed by an 

Alphaimager Gel Documentation System (Alpha Innotech Corporation, USA).     

Scorable bands were recorded as present (1) or absent (0) and based on band data, the 

similarity matrix was calculated using Jaccard’s coefficient. Cluster analysis was carried 

out using the SHAN module in NTSYS pc 2.2 software (Rohlf, 2005). An unweighted 

pair group method of arithmetic mean (UPGMA) dendrogram was generated from 

Jaccard’s similarity values individually for ISSR and the pooled data. 

        Based on the presence and absence of the bands from the profiles obtained with 9 

primers in grape plantlets show more than 95% similarity to sample 1 (mother plant). 

Samples 2 & 4 are more than 99% similar to each other. While sample 3 shows about 

98% similarity to samples 2& 4. 1. Based on the presence and absence of the bands from 

the profiles obtained with 7 primers in pomegranate plantlets show more than 95% 

similarity to sample 1 (mother plant). Sample no. 2 shows 100% similarity to sample 1 

i.e. mother plant while sample 3 shows about 95% similarity to sample 1 (mother plant) 

and sample 2. While sample 4 is about 93% similar to remaining 3 samples. 
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CONCLUSION 
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In conclusion this study provides reliable, an efficient and optimized protocol for in vitro 

regeneration of grapevine cv. Thompson seedless and Pomegranate cv. Ganesh. The 

study helps in standardizing cost effective protocols for plant regeneration via shoot 

multiplication and indirect somatic embryogenesis.  Our results might be of significance 

to the similar studies of other cultivars or varieties of grapevine for the production of 

artificial seeds for long term storage and crop improvement program.  

 

Identifying suitable explants for the rapid multiplication and in vitro regeneration 

       Nodal segments are suitable explants for shoot multiplication in Vitis vinifera cv. 

Thompson seedless. Immature ovule culture studies revealed the morphology of 

seedlings with red colored hypocotyl region and polyembryogenesis. Also induction of 

homogenous mass of pigmented callus, which can be studied, further for value added 

chemicals or products. Utilization of this technique for the production of hybrid plants, 

require detailed experimentation. In vitro segments of petiole are better explants for 

indirect somatic embryogenesis and plant regeneration in Vitis vinifera L. Thompson 

seedless. The most suitable explant for somatic embryogenesis and regeneration of plant 

in Punica granatum L. cv. Ganesh is segments of petal. Although somatic embryogenesis 

was observed in all experimented explants such as segments of petal, node and entire 

filaments, somatic embryos arising from segments of petals were more potent for 

germination and conversion into plantlets. 

 

 Role of natural PGRs and fruit extract on different explants  

          Higher concentration of BAP led to vitrification of multiplied shoots in Vitis 

vinifera L. Thompson seedless. Individual ZN at low concentration is responsible for the 

induction of embryogenic callus from in vitro segments of petiole and leaf. However, 

presences of coconut water and activated charcoal in nutrient media have no significant 

effect on germination of somatic embryos. Somatic embryos arising from TDZ, ZN and 

IAA supplemented media are very potent for germination in Punica granatum L. 

Presence of coconut water is very much essential for germination of somatic embryos and 

regeneration of plants. 
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Cost effective media composition and reduction in multistep procedure for somatic 

embryogenesis 

          ½ salt strength MS media and lower concentration of PGRs (0.1 and 0.2 mg l
ˉ1

) is 

favorable for somatic embryogenesis from in vitro segments of leaf and petiole in 

Thompson seedless. Somatic embryogenesis occurred in ¾ MS liquid media with lower 

concentration of PGRs (0.5 and 1 mg l
ˉ1)

 in Punica granatum. Designing of double phase 

media reduces time and the multistep procedure for somatic embryogenesis and 

regeneration of plants in Punica granatum. Embryogenic callus culture protocols can be 

utilized for the production of somaclonal variants for biotic and abiotic stresses and cell 

lines can maintained for more than three year in MS liquid medium with filter paper boat 

while showing good embryogenic potential without variation. 

 

Formulation of efficient protocols to employ in the case of in vitro germplasm 

storage                 

         By initiation of experiments in liquid media with filter paper boat, somatic embryos 

and cell lines can be maintained for over three years without any subcultring or usage of 

rotary shaker as short term storage of selected germplasm.  

 

Genetic fidelity testing of tissue cultured plants   

         The use ISSR to validate true-to-the-typeness of in vitro raised plantlets can be 

encouraged. The molecular data of this study clearly revealed that in vitro culture 

initiation from nodal segments may be performed to create true-to-the-type plantlets. 

Hence, protocols standardized for multiplication of these grape rootstock genotypes can 

be used commercially with minimum possibility of any in vitro induced variability.    
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