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Chapter-I 

INTRODUCTION 

Ecologically and economically, wild pomegranate (Punica granatum L.) 

commonly known as Daru or Darim is one of the most important agroforestry 

species that belongs to family Punicaceae. This species is considered lo be native of 

Iran, Afghanistan and Baluchistan. ln India, it can be seen growing wild in the hills 

especially between 900 - I 800 m above mean sea level (Anonymous, 1982). It is 

very common in the mid hill region of Western Himalayas. 

On the basis of ecological requirements for a particular species, wild 

pomegranate grown well on slightly hot climate characterized by dry summer and 

fairly pronounced winters. This species provides a good income to the farmers and 

villagers particularly in the state of Himachal Pradesh, where it is found growing 

wild in Mandi, Kullu, Sirmour, Solan, Shimla, Bilaspur and parts of Chamba 

district. 

Wild pomegranate is multi-purpose fast growing and of economic and 

ecological significance. It is an important social forestry cash crop tree of mid hill 

zone, being the rich source of vitamin-C and its fruit value for Anardana, thus, 

pushing up the economy of the fanners of areas lacking good cash crops. Almost all 
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plant parts of this species are used in one or the other fonn. The juice of fresh leaves 

and young fruits of this plant are given in dysentery. Tender fruits are used for 

treatment of constipation. All parts of this tree, particularly fruit rind, stem bark and 

root bark contain tannin contents, which is utilized for manufacturing of dye, used 

for production of Morocco leather (Howes, 1953). 

Genetic transformation is the latest method available for crop improvement. 

Hence, using the transformation technology, agronomically important characters can 

be introduced in short time (Jones, 1991). ln this regard, Agrobacterium mediated 

genetic transformation hold the potential for inserting foreign genes in a directed 

mannef (Lindroth el al., 1993). The genetic transfonnation of plants have made 

possible the transfer of chimeric genes into genomes of a number of woody species 

(Khurana and Khurana, 1999) such as Pinus taeda and P.echina1a (Huang and 

Tauer, 1994), Populus 1remula (Tzfira et al . ., 1991), Robinia pseudocacia (lgasaki et 

al .. 2000), Picea species (Klimazewska et a/.,200 I) and Hevea brasi/iensis (Montoro 

e1 al .. 2003). Out of different reporter genes, P-glucuronidase (GUS) and npt-II genes 

have been transferred successfully in a number of woody species including Robinia 

pseudoacacia (Kanwar et al .. 2003) and Marus alba (Agarwal et al .. 2004) from our 

own laboratory. 

Agrobacferium medfated genetic transformation work has also been carried 

out on wild pomegranate in our laboratory. Experiments were done on the 

regeneration and genetic transformation of wild pomegranate (Punica granatum L.) 

2 



Introduction 

through gus marker and npt-Il gene. The work has also been initiated on cry/Ab 

gene to produce insect resistant wiJd pomegranate. The regeneration of the 

transgenic tissue/shoots/plantlets were at different stages of {,rrowth and 

development. It is well established that although confirmation of putative transgenic 

material may be done biochemically/ histochemically, but confirmation through 

PCR is recent and reliable method. Confirmation of the transformation through PCR 

has been done in a large number of woody species such as Caslanea sativa Mill. 

(Corredoira el al. , 2004), Chamaecyparis obtusa Sieb. Et Zucc. (Taniguchi et al .. 

2004), Eucalyptus tereticornis (.Prakash and Gururnurthi, 2005) Robinia 

pseudocacia (Kanwar el al,.2003) !Ind Morns alba !,,,. (Agarwal el p/., 2004). 

Therefore, the present proposal aims at DNA marker studies to fulfill the following 

objectives : 

Objectives 

The work is already going on the genetic transformation of wild pomegranate 

(Punica granatum L.) through Agrobac/erium tumefaciens carrying gus marker and 

cry/Ab gene. The present investigation aims at the confirmation of putative plantlets 

for the gus and putative transgenic shoots carrying cryJAb gene with the following 

objectives : 

I. Confirmation of npl-II and gus marker 

2. · Confirmation of cry I Ab gene 

3 
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Chapter-2 

REVIEW OF LITERATURE 

Agrobacterium system is extensively used for the production of most of the 

transgenic plants (Gasser and Fraley, 1989; Day and Lichtenstein, 1992; Linsey, 

1992; Jain, 1993). The use of this approach for gene transfer has resulted in the crop 

improvement involving tissue culture. An efficient method for introducing cloned 

genes into plant cells and plant was given by Fraley et al. ( 1983), Herrera Estrella et 

al., ( 1983) and Zambryski et al. , ( 1983). The preferred method for genelic 

engineering of higher plants may be Agrobacterium - mediated transformation 

because it results in a simpler integration pattern and limited re-arrangement in 

introduced DNA (Birch, 1997). 

The recognition of the ability of the soil bacterium Agrobactenum 

tumefaciens to transfer a portion of its DNA to plants was perhaps the mosl 

important milestone in plant biotechnology (Klee et al., 1987). The utility of this 

bacterium as a gene transfer system was first recognized by Chilton et al. ( 1977). 

Since the production of first transgenic plant of tobacco (Horsch et al., 1985 ). the 

use of genetic engineering methods has increased by leaps and bounds. A number of' 

binary vectors are commercially available which contain transcription promoters and 

screenable reporter genes such as those encoding j3-glucuronidase, gus (Jefferson et 

al. , 1987). The £. coli J3-glucuronidase gene was developed as a reporter gene 
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system for transformation of planls to overcome the difficulties faced in using the 

other reporter genes. 

During the last 1 O years, stable genetic transformation has been developed 

for a number of forest trees and used to transfer agronomically interesting genes 

conferring traits such as virus, insect or herbicide resistance (Jouanin et al., 1993, 

Shin et al .. 1994 and Ellis, 1995). Bt technology has been used to develop transgenic 

insect resistance crops such as maize, cotton and potatoes that are now grown on a 

commercial scale (Dunwell, 2000; James, 2000). insect resistance has also been 

engineered into a few tree species, :such as eucalyptus (Harcourt et al., 2000) and 

poplars (Hu et al .. 2001 ). 

The production of transgenic plants by Agrobacterium requires not only the 

availability of disarmed vectors, but also an efficient regeneration protocol. Hence, 

the present review has been sub-divided in three sections : 

2.1 In vitro regeneration 

2.2 Genetic transformation and confirmation of gus and npt-11 

2.3 Genetic transformation and confirmation ofBt gene 

2.1 In vitro regeneration 

Kanchan and Mehra (1986) found MS supplemented with 4 ppm NAA, 2 

ppm kinetin and 15 per cent coconut water, best for callus induction. Different 

cxplants used were hypocotyls, cotyledons, stem, shoot tips, leaves and embryos of 

Punica granatum L. cv. Kandhari anar. A high frequency of direct regeneration of 

5 
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roots, shoots and whole plants without callus formation occurred with cotyledon, 

leaf and stem ex.plant. 

Moriguchi er al., ( L 987) cultured anthers of Punica granaium L. (Lssaizakuro 

pomegranate) on nuLTient media containing BA and NAA. Callus from anther wall 

was observed after 30 days of culture. Subsequently adventitio•!S shoots were 

formed by transferring callus to a medium containing BA and NAA. 

Omura et al., ( l 987a) reported adventitious shoot and plan ti el formation 

from cultured pomegranate (Punica granatum L. var. nana) explants. Leaf was 

cultured on MS medium supplemented with BA and NAA and produced 

adventitious shoots after 2 months of culturing. Shoot elongation occurred in hal f 

strength MS medium supplemented with BA and rooted on Yz MS with NAA. 

Omura et al., (1987b) have obtained plantlet thro ugh adventitious bud from 

stem, carpel and root cxplants in dwarf pomegranate (Punica granatum L. var. 

nana). Regenerated plants differentiated flowers within 3 months after 

acclimatization. 

Mahishni et al. ( 1991) investigated the effect of different media and growth 

regulators on in vitro propagation of pomegranate (Punica granatum L. cv. H. S. 4, 

UAS). Shoot ti.p was used as initial explant and plant regeneration was observed on 

MS, Llyod and McCrown Woody plant media supplemented with BAP and NAA . 

6 
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yang et al. ( t 991) reported plant regeneration using MS medium 

supplemented with IBA, when donnant bud of Punica granatum L. (cv. Ruanzi} was 

used as initiatory cxplant. Rooting was reported in half strength of MS medium. 

Zhang and Stol.z ( 1991) found MS medium, supplemented with NAA and 

BA. best for multiple shoot fonnation when tenninal shoot was used as cxplant in 

case of Punica granatum L. var. nana. 

Yang and Ludders (1993) reported in vitro regeneration ofplantlets through 

callus from leaf and stem explants of dwarf pomegranate cv. Nana. Leaf segment 

and stem explants were initially cultured on modified MS basal medium 

supple!1'1ented with various growth regulators. Adventitious shoot elongation was 

stimulated most effectively when the initial calli were transferred from the shoot 

induction medium to MS basal medium supplemented with BA and IBA. Elongated 

shoots rooted easily on half strength MS medium. 

Drazeta ( 1997) developed a protocol for plant regeneration of pomegranate 

(cvs. Slatki, Barski, Serbetas, Kanjski, Zubi and Davidis) using apical and axillary 

buds as explants. Explants were cultured on MS medium supplemented with BA 

and NAA for best results. 

Faugat et al. (1997) reported callus induction using MS medium 

supplemented with 4.00 mg/I NAA, 2.00 mg/I kinetin and 15 per cent coconut water, 

using different ex:plants of pomegranate. Subculturing of callus on MS medium 

supplemented with 2.00 mg/I BA resulted into various shoot primordia followed by 

7 
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good shoot proliferation. Rooting was best on MS medium supplemented with 4.00 

mg/I IBA, 2 mg/I kinetin and I 5 per cent coconut water. 

Kantharajah et al. (1998) investigated the effect of media and plant growth 

reguJators on in vitro propagation of pomegranate cv. Wonderful. Leaf was used as 

· explant for callus induction. Callus initiation was best on MS medium containing 

BAP (I 0.00 mg/I). Callus regenerated into shoo ls after 8 weeks of incubation. The 

best rooting was observed at 0.1 mg/I NAA . 

Naik et al. (2000) developed a complete protocol for in vitro regeneration or 

pomegranate (Punica granatum L. cv. Ganesh) using cotyledonary nodes derived 

from axenic seedlings. Shoot development was induced on MS medium 

supplemented with 2.3 - 23.0 µM BA or kinotin. Both types and concentration of 

cytokinin significantly influenced shoot proliferation. Roots were developed on Yi 

MS supplemented with NAA. Plantlets were successfully acclimatized and 

established in soil. 

Sharon and Sinha (2000) reported plant regeneraton from cotyledonary nodes 

of Punica granatum L. cuJtivar Ganesh and Kabul on BS medium. For Ganesh best 

plant growth regularors concentration were 0.05 mil NAA, 1.0 mg/I kinetin and 1.0 

mg/I BA, whereas for KabuJ it was 0.5 mg/I NAA and 0.5 mg/I BA. MultipJe shoots 

were induced within I 0 days. Elongation of shoots in both cultivars was done in 

same medium~ i.e. B5 supplemented with 0.05 mg/I NAA and 0.5 mg/I BA with I, 5, 

I 0 and 15 per cent coconut milk. Coconut milk at I 0 per cent concentration gave 

8 
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best results in shoot elongation. Rooting of two month old shoots in B5 medium 

containing 3 mg/I !AA gave best results. 

Murkute et al. (2002) gave method for callus induction and differentiation 

for leaf and cotylcdonary explants of Punica granalum L. (cv. Ganesh). Profuse 

callus induction, proliferation and shoot differentiation was obtained in MS medium 

supplemented with I mg/I BAP and 0.5 mg/I NAA, whereas good rooting was 

obtained in y; MS containing 1.0 mg/I IBA. Cotyledon explants respond extremely 

well as compared to leaf segments. 

Naik and Chand (2003) presented a protocol for direct adventitious shoot 

organogencsis and complete plant regeneration from seedling - derived explants of 

pomegranate (Punica granatum L.). MS medium enriched with 8.95 moVI 

benzyladenine (BA), 5.45 mol/I NAA and 10 % coconut water induced adventitious 

shoot bud proliferation in axenic seedling derived cotyledons as well as hypocotyls 

segments. Regenerated shoots were rooted in half-strength MS medium (112 MS) 

containing 0.54 mol/I NA. The well rooted plantlets were acclimatized and 

eventually established in soil. 

A study on the in vitro culture of pomegranate showed that explants from 

twigs cultured on MS basal medium supplemented with 2 mg/I BA and I mg/I GA3 

generated callus 30 days after inoculation and that adventitious buds sprouted on the 

callus in succession. Leaf tissues inoculated on to MS medium supplemented with I 

9 
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mg/I NAA and 0.5 mg/I BA produced callus and sprouted 15 days after subculture. 

Half strength MS medium supplemented wjth 0.5 mgfl NAA, I mg/I activated 

charcoal and 20 g/I sucrose was optimum for the induction or adventitious roots, 

with the rooting rate reaching 95.8 per cent and the mean number of roots reaching 

5.6 after I 0 days of subculture (Zhu et al., 2003). 

Shelja et al., (2005) compared in vitro regeneration pathways viz, in vitro 

germination of seeds, indirect induction of adventitious buds, direct induction of 

adventitious buds and proliferation of axillary buds and nodal segments for different 

media concentrations, combinations and response thereafter. 

2.2 Genetic transformation and confirmation ofgus and npt-ll 

The £. coli P-glucuronidase was developed as a reporter gene system for 

transformation of plants (Jefferson et al., 1987). The p -glucuronidase gene has 

been cloned and sequenced and encoded as a stable enzyme that has desirable 

properties for the construction and analysis of gene fusions (Jefferson, 1985 : 

Jefferson et al., 1986; Jefferson et al., 1987). The plant expressing gus gene were 

very normal, healthy and fertile. The gus gene is very stable and tissue extracts 

continue to show high levels of gus activity after prolonged storage. The npt-11 gene 

on the other hand confers resistance to the aminoglycoside antibiotics kanamycin 

and neomycin. The npt-11 gene product, neomycin phosphotransfcrase, inactivaies 

these antibiotics through their phosphorylation. Kanamycin resistance due to npt-il 

has been widely used as a selectable marker in many plant species. The selection of 

transformed cells is done on a medium containing kanamycin sulphate. 

10 
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An efficient system for A. tumefaciens mediated-transformation of E. 

camaldulensis and production of transgenic plants. Histochemical assay revealed 

the expression of the gus gene in leaf, stem and root tissues of transgenic plants. 

Insertion of gus gene in the nuclear genome of transgenic plants was verified by 

genomic southern hybridization analysis (Ho et al., 1988). 

Cultures of nodular cell aggregates were established from callus derived 

from leaf pieces using woody plants. Transformation was verified by positive GUS 

staining of transformed tissues and the hybridization of genomic DNA from 

trarisfonned shoots with a GUS F:ragment. Southern hybridization showed that the 

insertion differed among transfonned lines and occurred at multiple sites within one 

genome (Chen and Stomp, 1992). 

Confalonieri et al. (1994) tested the clones of San Georgia and Jean Pourtel 

in vivo and in vitro. Agrobacterium mediated transformation of leaf discs and stem 

segments of the clones were analysed using gus gene transient expression. 

Polymerase chain reaction analysis and southern blot hybridization confirmed the 

integration of the npt-ll gene into the genome. 

Huang and Tauer ( 1994) demonstrated the genetic transformation in Job lolly 

pine (Pinus taeda), short leaf pine (P. echinata) and loblolly x slash pine (P. elliotti) 

hybrid using an Agrobacterium mediated gene transfer system. Both PCR DNA 

amplification and southern hybridization confirmed that integrative transformation 

had occurred and that a specific foreign DNA fragment was present in the genome 

of transformed tissues. 

ll 
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Leaf discs from green house grown cuttings were used to develop transgenic 

plants containing npt-11 gene and gus gene. Transformation was confirmed by 

amplification of npl-l! and gus gene fragments from genomic DNA of regenerated 

transgenic plantlets using PCR and integration of these genes into the nuclear 

genome was confirmed by genomic southern hybridization analysis. Histochemical 

assay revealed GUS expression (fsai et al., 1994). 

A transformation procedure was developed by hybrid local L. knempfer1 x L. 

decidua embryogenic tissue using an Agrobacterium tumefaciens strain. Stable 

integration of the transgene was confirmed by PCR and southern hybridization on 

transformed tissue and acclimatized plants (Levee el al., 1997). 

Tzfira et al., (1997) described Agrobac1erium - mediated transfom1ation 

procedures for an in vitro cultured aspen (Populus tremula) clones. Disarmed 

Agrobacterium tumefaciens strain EHAIOS harbouring the binary plasmid!> 

pKIWIIOS was used for the transformation of stem explants. The binary plasmids 

harboured genes encoding neomycin phosphotransferase II (npt-ll) and beta­

glucuronidase [uidA] (gus). Stem explants were highly susceptible to the bacteria, 

as indicated by high rates of transient gus expression. Over 90 % of regenerating 

roots were transformed and 65 % of adventitious shoots exhibited stable gus 

expression following analysis of transformed clones confirmed their transgenic 

nature. 

12 
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Sea bra and Pais ( 1997) perfonned the stable incorporation of the npr-11 gene 

into Castanea sativa by Agrobacrerium tumefaciens - mediated transformation. 

Transformation assays were performed by infecting wounded hypocotyls with A 

111mefaciens strain LBA4404, harbouring a plasmid containing washer genes uidA 

and npt-11. PCR analysis confirmed npt-11 gene integration into the plant genome 

and a gus histochemical assay revealed the expression of uidA in regenerated shoots. 

Puitc and Schaart ( 1999) studied the Agrobacterium - mediated 

transformation of the leaf segments of ;the apple cultivars. They were co-cultivated 

with a supervirulent Agrohacterium strain, containing the npt-ll and gus genes. The 

transgenes were further confirmed by Southern blot analysis. 

Seabra and Pais (1999) initiated genetic transformation studies using marker 

genes, namely the gene uidA of beta glucuronidase gene with a plant intron (PIV2), 

restricting its expression to plant cells, and the npt-ll gene of neomycin 

phosphotransferase, conferring resistance to kanarnycin and other antibiotics. The 

strain of Agrobacrerium tumefaciens used was LBA4404, which harboured the 

plasmid p35SGUSINT with the referred genes. The integration of the genes in the 

plant genome was con finned at molecular level by the use of technique such as PCR 

and Southern blotting. 

Gartland et al., (2000) studied the transfonnation system using 

Agrobacterium tumefaclens C58 pMP90 p35S gus/INTRON allowing the transfer of 
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foreign genes. PCR analysis indicated both npt-11 and uidA genes inserted into the 

plant genome. The Southern hybridization further confirmed the presence of the 

uidA gene in regenerated plants. 

Higgins et al .. (2000) reported the application of a PCR-based method in 

conjugation witb automated sequencing for the reliable detection ancl verification of 

transgenes in crude extracts of leaf and callus tissue from different plant species. 

This protocol was used to confirm the different plant species. This protocol was 

used to confirm the presence and sequence of genes encoding selectable markers and 

reporters, etc. 

Genetically transformed Robinia pseudoacacia (black locust) plants were 

regenerated after co-cultivation of stem and leaf segments with Agrobacterium 

rumefaciens strain GV3l01 (pMP90) harbouring a binary vector that included genes 

for beta-glucuronidase (gus) and hygromycin phosphotransferase. Successful 

transfonnation was confirmed by the ability of stem and leaf segments to produce 

calli in the presence of hygromycin, by histochemical assay of gus activity in plant 

tissues, and by Southern blotting analysis (lgasaki et al., 2000). 

Venkatachalam et al. (2000) studied an efficient transfonnation protocol for 

groundnut (Arochis hypogea L.) plants. Precultured cotyledons were co-cultured 

with Agrobacterium tumefaciens strain LBA4404 harbouring the binary vector 

pBJ12 I containing the uidA (gus) and npt-11 genes. The transformation was 

confirmed by PCR analysis and by Southern hybridization with npt-11 gene probe. 
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Ying et al. , (2000) studied a method for obtaining transgenic papaya (Car/ca 

papaya) plants by Agrobacterium - mediated transformation of somatic embryos 

with Agrobacterium tumefaciens strains LBA4404 harbouring Ti binary vectors 

pBI 121 carrying uidA and npt-II genes. Tile presence of npt-11 and uidA genes was 

further confirmed by PCR and Southern hybridization. 

Transgenic plants of three Picea species, i.e. P. g/auca, P. moriana and P. 

abies were produced having npt-11 selectable state of the embryogenic tissue was 

initially confirmed by histochemical GUS assay followed by Southern hybridization 

(Klimazewska et al., 2001). 

Embryogenic masses were geneticalJy transformed using Agrobacterium 

tumefaciens. The pBI121 vector contafaing beta-glucuronidase and the neomycin 

phospbotransferasc II genes was introduced into this tissue. After co-cultivation 

with Agrobacterium, the cmbryogenic tissues were transferred to a selection media. 

GUS gene was detected by PCR analysis in genomic DNA isolated from 

transformed embryogenic tissues. These results indicate stable transformation of 

Pinus radiata somatic embryogenic tissues using Agrobacterium tumefaciens -

mediated transformation (Cerda et al. , 2002). 

I-long (2002) developed the Agrobacterium mediated genetic 

transformation of Acacia mangium using rejuvenated shoots as the explant. 

The stem segments of rejuvenated shoots were co-cultured with Agrobacterium 
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tumefaciens strain LBA4404 harbouring binary vector pBI 121. The southern 

hybridization confirmed the incorporation of the npt-/1 gene into the host genome. 

Genetically transformed Populus alba plants were regenerated from calli 

. which were derived from stem segments after co-cultivation with Agrobacterium 

tumefaciens strain GV3 LOL (pMP90) that harboured a binary vc.ctor into which 

genes for resistance to the herbicide bralophos [bilanafos] (bar) and for beta 

glucuronidase had been incorporated. The analysis by genomic PCR confirmed the 

success of transformation (lgasaki et al., 2002). 

Suzuki and Nakano (2002) developed the Agrobacterium mediated 

production of transgenic plants of Muscari annerinacum (grape hyacinth). The leaf 

derived embryogcnic cultures were co-cultivated with Agrobacterium tumefaciens 

carrying the neomycin phosphotransferase U (npt-11), hygromycin 

phosphotransferase (hpt) and intron containing ~ -glucuronidase (gus-intron) genes 

in the T-DNA regions. The transgenic plants were verified by gus histochemical 

assay and polymerase chain reaction further confirmed by Southern blot analysis. 

Aronen et al. (2003) demonstrated the production of a transgenic scots pine 

(Pinus syivestris L.) seedling through the application of transformed pollen in 

controlled crossings. PCR amplification revealed the presence of both the npt-/1 and 

gus genes in one seedling. Results were confirmed by Southern blot analysis. 

16 



Review of Literature 

Bhatnagar and Khurana (2003) developed an efficient and reproducible 

protocol for the production of transgenic plants for Morus indica cv. K2 by 

Agrobacterium tumefaciens-mediated transformation. The hypocotyls, cotyledons, 

leaf and leaf callus ex plants precultured for 5 days on regeneration medium were co­

cultivated with the bacterial suspension. The transformed explants were selected on 

50 75 mg/I kanamycin for I month. Regcnerants showed gus and npt-ll activity 

by PCR chain reaction analysis after 6 months. Transgene integration into the 

nuclear genome of 1 year old regenerates was confirmed in 10 of the 18 

transformants tested by Southern analysis. 

Jayashrec et al. (2003) reported genetic transformation and regeneration of 

rubber tree (Hevea brasiliensis). Immature anther derived calJi were used to develop 

transgenic plants. These calli were co-cultivated with A. tumefaciens harbouring a 

plasmid vector containing the H. brasiliensisi superoxide dimutase gene (Hb SOD) 

under the control of CaMV-35S promoter. The p -glucuronidase gene was used for 

selection of transformed calli. Transformed calli surviving on a medium 300 mg r' 

kanarnycin showed a strong gus positive reaction. Histochemical gus assay and 

Southern hybridization revealed transformation. 

Montoro et al., (2003) established a procedure for Agrobacterium 

tumefaciens mediated genetic transfonnation of Hevea brasiliensis embryogenic 

friable calli. The confirmation of gus and npt-Il genes in the plant genome was 

confirmed by DNA amplification and by Southern hybridization. 
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Transgenic plants of the important citrus rootstocks Swingle citrumelo were 

obtained using Agrobacterium mediated transformation of seedling epicotyl tissue. 

Stable integration of the transgene sequence was confirmed by histochemical assay 

.of GUS, PCR and Southern hybridi7..ation (Molinari et al., 2004). 

Tanguchi et al. (2004) developed a genetic transformation procedure for 

Chamaecyparis obtuse after co-cultivation of embryogenic tissues with disarmed A 

tumefaciens strain C58/pMP90, which harbours the SgFp (Synthetic gram 

fluorescent protein) visual reported and npt-11 (neomycin phosphotransferase-1! ) 

selectable marker genes. The integration of the genes into the genome of 

regenerated plantlets was confirmed by Southern blot analysis. 

2.3 Genetic transformation and confirmation of Bt gene 

Bacillus thuringiensis (Bt) formulations has been used for more than 50 

years as biological insecticides to control agricultural pests (Ahmed et al., 2002). 

The Bt insecticidal genes encode delta-endotoxin crystal proteins, which are active 

against lepidopteran insects. These genes are widely accepted as important 

components of integrated pest management programs (Endwistle et al., 1993: 

Sticklen, 1991 ). A transgenic approach through the expression of Bt insect control 

protein genes in transgenic plants, offers a more targeted approach to insect control 

as the insecticidal proteins are exclusively ingested by feeding insects and are 

specific to the target pest. Further, inducible promoters could provide a mechanism 

to produce the toxin only when the plant is under insect attack (Lynette e.t al. , 2005). 

19 



Review of Literature 

Agarwal et al. (2004) studied Agrobacterium tumefaciens mediated genetic 

rransfonnation in Moros. alba L. Expression and presence oftransgene (gus and npt­

ll genes) was confim1ed by histochemical test and polymerase chain reaction. 

Chang et al. (2004) established the acceptor system of transgene Populus 

:ciaohei, P. xiaohei plants transfonned with fusion gene which is composed of the C 

terminal of Bt gene and the spider insecticidal were gained through Agrobacterium 

tumefaciens transfonnation. The transformed plants with insect resistance were 

marked as A I, A2, 13 and gus activity and PCR detection were conducted. Results 

showed that the fusion gene has been transformed into the plants. 

Corredoira et al. (2004) described an innovative and efficient genetic 

transformation protocol for European chestnut in which embryogenic cultures were 

used as the target material. Transformation was confirmed by a histochemical p -

glucuronidase (gus) assay, PCR and Southern blot analysis. 

Pinus radiata cotyledon explants were cocultivated with Agrobacterium 

tumefaciens strain AGLI containing a plasmid coding for the neomycin 

phosphotransferase II (npt-ll) gene and the beta-glucuronidase (gus) gene (uidA). 

Transformed shoots were selected using either geneticin or kanamycin. Of the 105 

putative transformants that were recovered from selection media, 70 % were positive 

for integration of the npt-11 gene when analysed by PCR (Grant et al., 2004). 
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Douches et al. (1998) augmented natural resistance in potato by transfonning 

it with codon-modified cryV-Bt gene using Agrobacteirum - mediated techniques. 

'Lemhi Russet' potato and two clones with different host plant resistance 

mechanisms were transformed with cryB-Bt gene. Gene integration of regenerated 

plants was confirmed by polymerase chain reactions and Southern ana'.ysis. 

Lin et al., ( 1999) obtained Brassica napus by introducing Bt toxic protein 

gene, using cotyledonary petioles from 4-5 days old plantlets of cv. Xiangyou 13. 

Explants were cultured on MS medium containing 4-5 mg/l BAP. Transgenic 

plantlets were obtained by transformation with the Bt toxin protein gene. Southern 

blotting showed that the Bt gene had been integrated into the plant's genome. 

Genetically transformed poplar (Populus deltoides x Populus simoni1) plants 

were regenerated after co-cultivation of leaf disc with Agrobacterium wmefaciens 

strain LBA4404 that harboured a binary vector pFWZIO which induced Bacillus 

thuriengenesis delta-endotoxin gene (Bt gene) and npt-ll gene. Transformations 

were con finned by PCR and PCR-blotting (Rao et al. , 2000). 

Xiang et al., (2000) developed an effective plant regeneration procedure and 

a gene transfer system via Agrobacterium 1umefaciens in Brassica compestris spp. 

parachin·ensis. Hypocotyls from 5 days old seedlings, with 2 days prcculture were 

infected with Agrobacterium strain MOG301 harbouring a binary vector containing 

a synthetic Bacmus thuringiensis (Bt) cryJAb or cryJAc gene. PCR, Southern 
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blotting and western blotting were done to confinn the integration and expression of 

cry I Ab or cry I Ac gene. 

Chakrabarty et al., (2002) reported a protocol for Agrobacterium - mediated 

transfonnation of cauliflower. A number of factors that influence the genetic 

transfonnation were evaluated to optimize transfonnation of hypocotyls explants of 

variety Pusa Snowball K-1. Explant age, prccultured period, bacterial strain and 

density were found to be critical detenninants of transformation efficiency. Using 

the optimized protocol, the synthetic cryJAb gene was mobilized in cauliflower. 

Molecular analysis of transgenic established the integration and expression of the 

transgene. 

Kim et al., (2002) introduced a synthetic Bacillus thuringiensis (Bt) crylAc 

gene, driven by two different kinds of promoter CaMV 358 and rbcS, into hot 

pepper line by Agrobacterium - mediated transformation. Polymerase chain 

reaction (PCR) analysis was perfonned to confinn crylAc gene integration into 

pepper genome. 

Bhattacharya et al., (2003) established an effective Agrobacterium-mediated 

transformation method for three varieties of vegetable Brassica. A synthetic cry J Ab 

gene coding for an insecticidal crystal protein of Bacillus thuriingiensis (Bt) was 

transferred to cabbage (cv. Golden acre), cauliflower (cv, Pusa Snowball K-1) and 

broccoli (cv. Pusa KTS-1) by cocultivating hypocotyls explants with two different 

strains (GV2260 and LBA4404) of Agrobacterium tumefaciens. Transfonnation 
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parameters were optimized by Agrobacterium strains harbouring gus intron gene i111 a 

binary vector. Transformed plantlets resistant to kanamycin were regenerated. 

Southern and northern hybridization experiments demonstrated gene expression and 

m-RNA expression. PCR analysis with cryJAb gene specific primers showed 

inheritance of transformed gene in Ti programmes. 

A synthetic Bacillus thuringiensis (Bt) cryJAc gene under the control of the 

3SS CaMV promoter was introduced into cauliflower (Brassica oleracea var. 

botrytis) by Agrobacrerium tumefaciens mediated transformation with hygromycin 

selection. All the hygromycin-resistant transfonnants also carried the Bt gene, as 

shown by PCR with primers specific to the cryJC gene (Cao et al., 2003). 

A synthetic fusio111 gene of Bacillus lhuringiensis encoding a translational 

fusion product of crylB and cry/Ab delta-endotoxins was transferred to a tropical 

cabbage breeding line by A. tumefaciens mediated transformation. Selection of 

transformants was carried out on media containing kanamycin. Polymerase chain 

re.action (PCR) analysis revealed that twelve of the putative transformants contained 

the transgene (Paul er al. , 2003). 

Santha et al., (2003) reported transfonnation of pearl millet (imma.ture 

inflorescences) using Bt gene. LS medium with 2,4-D and kinetin was used for 

induction of embryogenic calli. A synthetic Bt gene construct, cry I Ac which has 

protective role against lepidopteran insects, was used as the target gene. Molecular 

analysis by PCR, RT-PCR and Southern blotting confim1ed the presence of the 

gene. 

22 



Review of Literature 

Tang and Tian (2003) introduced DNA containing synthetic Bacillus 

1huriengenesis (Bt) crylAc gene and neomycin phosphotransferase II (npt-11) gene 

into Joblolly pine (Pinus taeda L.) tissues. The transfonned tissues were proliferated 

and selected in media with kanamycin. The integration and expression of the 

intemodal genes in the transgenic loblolly pine plants was confinned by polymerase 

chain reaction (PCR) analysis and by Southern hybridization. 

The acceptor system of transgene Populus xiaohei was established and P. 

xiaohei plants transformed with fusion gene which is composed of C-terminal of Bt 

gene arid the spider insecticidial were gained through Agrobaelerium tumefaciens 

transformation. The transformed plants with insect resistance were marked and gus 

activity of PCR detection were conducted. Results showed that the fusion gene has 

been transformed into the plant (Chang el al., 2004). 

A protocol was optimized for the transformation of hypocotyls ,explants of 

broccoli based on transient gus (beta-glucuronidase) expression. A synthetic 

crylA(b) gene coding for an insecticidal crystal protein (ICP) of Baccillus 

thuringiensis (Bt) was transferred to the broccoli cultivar cv. Pusa broccoli KTS-1 

by co-cultivating hypocotyls explants with Agrobacterium tumefaciens. 

Transfonned plants resistant lo kanarnycin were regenerated. Molecular analysis 

demonstrated gene integration and expression(Vishwakanna et al., 2004). 
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Jiang et al., (2005) introduced a synlhetic Bt (Bacillus thuringiensis) cry/Ac 

gene into the genome of cut flower chrysanthemum [Chrysanthemum morifo/ium 

(Syn. Dendranthema morifo/ium)] cv. Japanese Yellow in vitro using the explants of 

the intemodal segments. The transformation was mediated by Agrobacterium 

tumefaciens. The results of PCR and Southern blot analysis showed that the gene 

was integrated as one copy into the genome. 

Salehi et al., (2005) reported Agrobacterium mediated transformation of 

' Arizona Common' common bermudagrass with Bacillus thuringiensis Berliner 

cryJAc gene encoding an endotoxin active against black cutworm. The integration 

of the gene into the genome was confirmed by PCR. 
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Chapter-3 

MATERIALS AND METHODS 

The present investigations entitled "Confinnalion of transgenes in putative 

transgenic tissue of wild pomegranate (Punica granatum L.)" was carried out in 

department of Biotechnology, Dr. Y.S. Parmar University of Horticulture and 

Forestry, Nauni, Solan and facilities were also availed at Central Potato Research 

Institute (CPRI), Shimla. 

The details of the methodology followed to carry out the investiga tion have 

been described under the following headings : 

3.1 Plant material 

3.2 Cleaning of glassware 

3.3 Media preparation 

3.4 Aseptic manipulation and culture conditions 

3.5 Maintenance of in vitro raised putative GUS transgenic plantlets 

3.6 Multipl lcation and maintenance of control shoots 

3. 7 Multiplication and maintenance of putative Bt transgenic shoots 

3.8 Confirmation of transformation 



Materials and Methods 

3.1 Plant material 

Putative transgenic material carrying gus marker along with npr-11 and Bt 

gene (cry /Ab) and non-transformed material was obtained from the laboratory of 

department of Biotechnology, College of Horticulture, Dr. Y.S. Pannar University 

of Horticulture and Forestry, Nauai, Solan (H.P.). 

3.2 Cleaning of glassware 

A II the new glassware were cleaned in a solution of teepol in water with the 

help of the lest 1ube brush. The glassware was then soaked in chromic acid solution 

for overnight and rinsed thoroughly in tap water and then with double distilled water 

and dried in hot dry oven at l 50°C for one hour. 

The used glassware containing spent up media and contaminated cultures 

were first autoclaved to kill the contaminating micro-organisms. The wann medium 

was allowed to cool to a semi molten form and disposed off to empty the culture 

vessels. The culture vessels were then washed with water and teepol and rinsed with 

double distilled water followed by dry heat sterilization in oven at 150°C for one 

hour. 
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by filter sterilization added to molten medium (45 ± J°C) under laminar air cabinet. 

The medium was poured in the pre-sterilized flasks and allowed to solidify. 

3.4 Aseptic manipulation and culture conditions 

All the operations were carried out aseptically in a laminar flow chamber 

fitted with ultra violet (UV) light (Klenz.aids model 1594) and with two filters i.e. 

fine filter (HEPA filter) and coarse filter. Before starting with aseptic 

manipulations, the iaminar air flow chamber was thoroughly wiped with rectified 

spirit and then culture vessels containing medium, culture equipments, spirit, spirit 

lamp, etc. were kept inside the chamber and switched on UV light for 15 - 20 

minutes. 

After switching off the UV light started the air flow. Hands were frequently 

wiped out with rectified spirit during aseptic manipulations. All metallic tools like 

scalpel handles, forceps and needles were autoclaved before use, inserted in a glass 

beads sterilizer and flame sterilized during the time of use. The rims of culture 

vessels were quickly flame sterilized before and after inoculations. In all the 

experiments, the culture were incubated in culture room at 25 ± 2°C under 16 hours 

photoperiod. 
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3.3 Media preparation 

i) MS medium (Murashige and Skoog's medium) 

Separate stock solutions of inorganic nutrients, vitamins and growth 

regulators were prepared, kept in the refrigerator and used within one month. The 

chemicals used were of analytical grade and obtained from reliable firms. 

During medium preparation each stock (after bringing them to room 

temperature) was added one by one in required quantity. After addition of sucrose 

(30.0 g 1°1), vitamins and growth regulators, the pH of media was adjusted to 5.7. 

Thereafter agar-agar (8.00 g r') was added and bomogeni:zed by heating the media. 

The media was finally dispensed into desired culture vessels (culture 

tubes/flasks). After dispensing the media, culture vessels were plugged with cotton 

plugs wrapped in muslin cloth and autoclaved at a pressure of 15 lbs per inch2 at 

12 1°C for 15-20 minutes for proper sterilization of culture media. The media were 

stored in dark at 25 ± 2°C and used after 5-7 days of preparation. 

ii) Selective medium 

The selective medium was prepared with concentration of 30 mg/I 

kanarnycin sulphate and 150 mg/I cefotaxime, after filter sterilization to the molten 

medium. The antibiotics were dissolved in minimum volume of stermzed water and 
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3.5 Maintenance of in vitro raised putative GUS transgenic plantlets 

The information regarding the Agrobacterium strain and plasmid that was 

used for genetic transformation is as fol lows: 

Disanned Agrobacterium tumefaciens strain LBA4404 (Hoekema et al., 

1983) contained a reporter/marker P-glucuronidase (GUS gene) in binary vector 

pBll 2 I (Jefferson el al., 1987) along with a kanamycin resistance gene, npt II 

(neomycin phosphotransferase II). The coding sequence of GUS was connected to 

35S promoter of cauliflower mosaic virus (CaMV 35S) and terminator from 

nopaline synthase gene (NOS). The coding sequence of npl ll was connected to 

nopaline synthase gene promoter and terminator sequence (Fig I). 

Already regenerated putative GUS transgenic plantlets of wild pomegranate 

(Punica granatum L.) were maintained in the culture room of the laboratory of 

Department of Biotechnology, Dr Y S Pannar University of Horticulture and 

Forestry, Nauni- Solan H. P. 

3.6 Multiplication and maintenance of control shoots 

Explants with small shoot buds were transferred on shoot multiplication 

medium consisting of solid MS medium containing 2.0 mgr 1 BAP, 1.0 mgr 1 GA3 
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and J .0 mgl"1 NAA. After six weeks small shoots of size 1.0- 1.5 cm were separated 

from the explant and inoculated individually on the: medium of same composition to 

observe the effect of subculturing on shoot multiplication. With each subculture 

passage the observations were recorded for (i). average number of shoots per 

explant and (ii} average shoot length (cm). Each treatment consisted of three 

replicates (culture flasks) and the experiment was repeated thrice. 

3. 7 Multiplication and maintenance of putative Bt transgenic shoots 

Agrobacterium strain and plasmid used:-

Disarmed Agrobacterium tumefaciens strain containing binary vector pBin 

Btl with cry• /Ab (insect resistance gene) and npt II (neomycin pbosphotransferase 

II), for selection in both bacteria and plant (Fujimoto et al., 1993) was used for co­

cultivation experiment to transfer cry 1 Ab gene in wild pomegranate cell (Fig 

2a,b&c}. 

The already co cultivated cotyledonary explants with small shoot buds 

were transfe.rrcd to selective multiplication medium containing 2.0 mgr1 BAP, 1.0 

mgr
1 

GAJ. 1.0 mgr1 NAA, 30 mgr1 kanamycin and 150 mgr1 cefotaxime. After 

six weeks small shoot of size 1.0- 1.5 cm were separated from the explant and 

inoculated individually on the medium of same composition to observe the 
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effect of subculturing on shoot multiplication. The green shoots growing on the 

selective medium were Slilbcultured regularly after six weeks. The average shoot 

length and number of shoots per explant were recorded with each subculture. 

3.8 · Confirmation of transformation 

For the confirmation of npt-11 and gus marker and cry/Ab gene, the putative 

tissues were analysed by polymerase chain reaction. 

i) DNA isolation and purification 

Total genomic DNA was isolated from randomly selected, putative 

transformants and control shoots. The CT AB method (Doyle and Doyle, 1987) with 

some modifications was used. 

DNA extraction buffer 

a) I 00 mM Tris-Cl (pH 8.0) 

b) 20 mM EDTA (pH 8.0) 

c) 1.4 M NaCl 

d) 2.0 % (w/v) CT AB 

e) 0.2 % (v/v) ~-Marcaptoethanol 
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Plant DNA isolation and purification 

• Ground plant material in liquid nitrogen to fine powder in a pre chilled pestle 

and mortar 

• Transferred the powder to a 1.5 ml microtube containing 1.5 ml of pre-

wanned (65°C) DNA extraction bufTer. Mixed by gentle inversion. 

• Incubated at 65°C for one hour. 

• Added 700 µI chloroform : isoamylalcohol (24:1, v/v) and mix by inversion 

to emulsify. 

• Pipetted out gently the aqueous phase without disturbing the interphase to 

another tube. Added 2/3rd volume of isopropanol and mixed by gentle 

inversion. 

• Spun down the DNA pellet or take out the DNA using a bent Pasteur pipene. 

• Washed in 70% ethanol and spun at 10000 rpm for 5-10 minutes at 4°C. 

• Dried the pellet and dissolved in 50-60 µI of sterile water or TE buffer (pH 

8.0) depending upon the yield of DNA. 

• Added 5 µI of RNase (10 mg/ml) to the final concentration of 10 µ.g/ml, 

mixed gently and incubated for I hour at 37°C. 

• Added equal volume of phenol-chlorofonn-isoamyl alcohol (25:24: I, v/v/v) 

and mixed thoroughly to emulsify. 

• Spun at 12,000 rpm for I 0 minutes and carefully took out the upper aqueous 

phase us;ng a 200 µI pipette without disturbing the interphase. 
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Add chilled isopropanol (2/3rn volume) 

JJ 
Mix gently by inversion 

Centrifuge ~ 12,000rpm (4 °C), 10 mins 
Organic phase 

.[]. 
Discard 

Pellet 

J). 
Wash pellets twice with 70% ethanol 

Air-dry jJ. 
Dissolve in sterile water 

tl 
Store at -20°C 

Fig 3. Flow chart for isolation of total DNA from Plant Material 



Treat Isolated DNA samples with RNase (10mg/ml) 

Incubate D 37 °c, 1 hr 

Add equal volume of phenol-choloform isoamyl alcohol (25:24:1, v/v/v) 

Centrifuge ..Jl 12,000rpm (4°C), 10mins 

· Organic phase ~ 
.!J. Aqueous phase 

Discard JJ. 
Transfer to fresh micro centrifuge tubes 

Add1/10volume of 3M sodium acetate and mix. 
Add two volumes of Absolute ethanol 

Keep in ice for 20 minutes 

Centrifuge 

Organic phase 
10,000rpm (4°C). 10mins 

Discard Pellet 

Wash twice with 70% ethanol 

Air dry JJ. 
Resuspend in sterile water 

!. 
Store at -20°C 

Fig 4. Flowchart for Purification of DNA 
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Materials and Methods 

• Added 1/10 volume of 3 M sodium acetate, pH 5.2 and mixed thoroughly. 

Added two volumes of absolute ethanol (95 %). Mixd by gently inversion 

and kept in ice for 20 minutes. 

• Spun at I 0,000 rpm for I 0 minutes to pellet the DNA. 

• Washed the DNA pellet with 70 % ethanol. 

• Spun for 2-3 minutes. 

• Dried the DNA pellet and dissolved in sterile water or TE buffer. 

ii) Eledropboresis of pu rifled DNA 

Reagents 

I . Agarose I % 

2. TBE buffer (25 X) 

3. Ethidium bromide - 3 µ1 

4. Loading dye (0.25 % bromo phenol blue) 

Protocol 

Run the DNA samples which were isolated, for about 1 hour. The 

electrophoresis was done on 0.8 percent agarose gel. The TBE buffer (25 X) 120 

ml, was used as the buffer tank solution. For DNA staining, 3 µl ethidium bromide 

was added in the gelling solution. The loading mixture for each well contained 8 µI 

DNA + 4 µl loading dye. The DNA samples were electrophoresed at I 00 V for an 

hour and observed under UV transiltuminator. 
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ii) Qualitative and quantitative estimation of DNA 

Estimation of DNA was carried out by a spectrophotometer (BIO RAD -

SMART SPEC™ 3000). 

a) Qualitative estimation 

The approximate purity of double stranded DNA was estimated by 

determination of the ratio of absorbance at 260 nm and 280 nm (A 260 I A 280). This 

ratio is 1.8 for pure double stranded DNA. A 260 I A 2so ratio greater than 1.8 suggest 

RNA contamination, whereas one less than l.8 suggests contamination with protein 

or phenol. 

b) Quantitative estimation 

For quantitating the amount of DNA, readings should be taken at wavelength 

of 260 nm and 280 nm. The reading at 260 nm allows calculation of the 

concentration of nucleic acid in the sample. An OD of 1 corresponds to 

approximately 50 µg/ml for double stranded DNA. The concentration of the DNA 

samples was calculated spectrophotometrically in which 95 µI of autoclaved water 

and 5 µI of the DNA samples was taken to sec the OD (optical density). 
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iv) Polymerase chain reaction 

Amplification of the target genes were done by polymerase chain reaction in 

a thermal cycle. 

a) DNA amplification for the npt-Il gene confirmation 

The PCR was run for the npt-11 gene confirmation using two specific 

designed primer (one forward, one reverse primer - Table 3. 1 ). 

Reagents 

I. Autoclaved distilled water - 16.75 µI 

2. Buffer - 2.50 µ1 

3. MgCb stock (25 mM) - 0.5!> µ1 

4. dNTP's-1.00 µI 

5. F primer (forward primer) - 1.00 µI 

6. R primer (reverse primer) - 1.00 µI 

7. Taq polymerase - 0.25 µI 

8. DNA-2.00 µI 

Protocol 

Prepared a PCR master mix i.e. 25 µI consisting of the above reagents as 

follows: 
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The reaction mixture was calculated for I 0 reactions on the basis of reaction 

volume of 25 µI. 

ADW 167.50 µI 

Buffer 25.00 µI 

MgC'2 stock - 5.00 µ:I 

dNTPs I 0.00 µI 

F primer 10.00 µI 

R primer 10.00 µI 

Taq polymerase - 2.50 µJ 

Mix gently and dispense 23 µI of each of reaction mixture to autoclaved 

PCR tubes. 2 µI DNA was added separately to each PCR tube to make final 

reaction mixture 25 µI. The following thennocycle programme was used for the 

amplification of DNA (the npt-ll gene). 

Stage Temperature Time Cycle 

I. Initial denaturation 94°C 5 min I 

2. a) Denaturation 94°C 30 sec 

b) Annealing 55°C 30 sec 40 

c) Extension 72°C I min 

3. Final extension 72°C 10 min I 

Hold at Temp 4°C 
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Temperature profile 

PCR was carried out with a total of 40 cycles. Each cycle consisted of 30 sec 

denaturation at 94°C, 30 sec annealing at S5°C and I min extension at 72°C and final 

extensjon at 72°C for 10 minutes. Prepared 1.6 % agarose gel of250 ml volume. 4 

µI 6x loading dye was added to each sample and loaded into the gel. A 2 µI of I 00 

bp ladder sequence was also loaded in the 1st and last well as standard and the gel 

was electropohoresed for one hour at 120 V. The image of the gel was taken 

through FlouS™ Multiimager. The images were stored in the computer sofuvare for 

further studies. 

b) DNA amplification for the cryl Ab gene confirmation 

The polymerase chain reaction was run for the cry/Ab gene confirmation 

using two specific primers (one forward, one reverse primer- Table 3.2). 

Reagents 

1. ADW- 17.25 µI 

2. Buffer - 2.50 µI 

3. MgCl2 stock (25 mM)-0.50 µI 

4. dNTPs - 1.00 µI 

s. F primer - 0.75 µl 

6. R primer - 0.75 µI 

7. Taq polymerase - 0.25 µI 

8. DNA-2.00 µI 

37 



Matenals and Methods 

Protocol 

Prepared 8 PCR master mix i.e. 25 µI consisting of the above reagents as 

follows: 

The reaction mixture was calculated for I 0 reactions on the basis of reaction 

\'Olume of25 µI . 

ADW 172.50 µI 

Buffer 25.00 µI 

MgClz stock - 5.00 µI 

dNTPs 10.00 µI 

F primer 7.5.00 µI 

R primer 7.5.00 µI 

Taq polymerase - 2.50 µI 

Mix gently and dispense 23 µI of each of reaction mixture to autoclaved 

PCR rubes. 2 µI DNA was added separately to each PCR tube to make final 

reaction mixture 25 µI . The thermocycle programme similar to that of DNA 

amplification ofnpl JI gene was used. Prepared 1.6 % agarosc gel of250 ml volume. 

4 µI 6x loading dye was added to each sample and loaded into the gel. A 2 µl of 100 

bp ladder sequence was also loaded in the l" and last well as standard and the gel 

was electropohoresed for one hour at 120 V. The image of the gel was taken. 
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Table 3.1 Specific (designed) primer used in the present study fo r the 
amplification of npt-ll gene in the transgenic Punica 
granatum L. genome 

S.No. Primer Sequence (S' - 3') 

I. Forward primer (npt-ll F) ATC OGG AGG GGC GAT ACC GTA 

2. Reverse primer (npt-11 R) GAG GGT A TT CGG CT A TGA CTG I 

Table 3.2 Specific (designed) primer used in the present study fo r the 
amplification of cry/Ab gene in the transgenic Punica 
granatum L. genome 

S.No. Primer Sequence (S' - 3') 

I. Forward primer TCT CCA ACT ACG ACA GCA GGA CCT 

2. Reverse primer GGT GAA TCC ACG AGA ACA TGG GAG 
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Chapter-4 

EXPERIMENTAL RESULTS 

The results obtained from the present investigation have be~n discussed 

under the following headings:-

4.1 Molecular analysis of putative GUS transgenic plantlets 

4.1 . l DNA isolation and purification 

4. l.2 Quantitative estimation of DNA 

4. l.3 Qualitative estimation of DNA 

4.l.4 Confirmation of transformation by PCR 

4.2 Molecular analysis of putative Bt transgenic shoots 

4.2. l Multiplication and maintenance of control shoots 

4.2.2 Multiplication and maintenance of putative Bt transgenic shoots 

4.2.3 Comparison of in vitro shoot proliferation in control and putative Bt 

transgenics. 



Experimental Results 

4.2.4 DNA isolation and purification 

4.2.5 Quantitative estimation of DNA 

4.2.6 Qualitative estimation of DNA 

4.2. 7 Confirmation oftransgene 

a) npt-IJ gene amplification 

b) Amplification of cry J Ab gene 

The results of the present investigation were carried out im two parts. The 

first part deals with the molecular analysis of putative GUS transgenic plantlets, 

while the second part is on in vitro proliferation of control and Bt putative transgenic 

microshoots followed by molecular analysis. 

4.1 MOLECULAR ANALYSIS OF PUTATIVE GUS TRANSGENIC 
PLANT LETS 

[n the present experiment five putative GUS plantlets and one control 

plantlet were randomly selected which were already raised in vitro in the laboratory 

of Department of Biotechnology, College of Horticulture, Dr Y.S. Pannar 

University of Horticulture & Forestry, Nauni- Solan (HP). The selected putative 

GUS planLlets were numbered G1, G2, G3, G4, and Gs. The non transfonned control 

plantlet was numbered Go. These selected plantlets were used to carry out further 

experi men ls. 
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4.1.l DNA isolation and purification 

Total genomic DNA was isolated from the shoots of the control 

plantlet Go as well as putative GUS plantlets (G1, G2, G1. G., and Gs). About 1 g of 

each sample was ground separately in liquid nitrogen in order to extract the DNA. 

Thus the DNA pellet obtained at the end was dissolved in 200µ1 of autoclaved 

distilled water in 1.5 ml micro tubes separately and were labeled as Go and G 1, G2• 

GJ, G •• Gs. before storing at -20°C for carrying out further experiments. 

4.1.2 Quantitative estimation or DNA 

Before carrying out further experimentation it is important to check the 

quantity of the DNA isolated and purified from each sample. Therefore, the present 

experiment was conducted to check the quantity of DNA in the control (Go) and 

GUS plantlets (G., Gz, GJ, Q4 and Gs). The concentration of DNA samples was 

calculated spectrophotometrically (separately for each sample) in which 95 µl of 

autoclaved water and 5 µI of the DNA sample was taken. For quantitating the 

amount of isolated DNA, readings were taken at wavelength of 260 run and 280 nm. 

The reading at 260 nm allowed calculation of the concentration of tbe DNA 

samples .. 
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The results are presented in Table 4.1 which shows the concentration of 

DNA in µg/ml in each sample selected for molecular analysis. It was observed that 

there existed some variation in the DNA concentration of putative GUS plantlcts and 

control plantlcts. 

Table- 4.1: Quantitative estimation of DNA or control and putative GUS 
plantlets 

. Plantlet number DNA concentration (µg /ml) 
Plan llet type 

Untransformed Go 850 

G1 750 

G2 700 

Transformed G3 700 

G. 750 

Gs 750 

4. J .3 Qualitative estimation of DNA 

The experiment was carried out to check the purity of the DNA to be used 

for molecular analysis. The presence of impurities like protein, polysacchafides, 

phenols and RNA interfere with molecular analysis, during PCR studies. Thus, it is 
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important that the DNA should be free of all interfering agents in order to prevent 

PCR artifacts. The approximate purity of double stranded DNA was estimated by 

deter:mIDation of the ratio of absorbance at 260 nm and 280 nm (AwJAzso). This 

ratio is 1.8 for pure double stranded DNA. Quality check of DNA was done by 

electrophoresis by loading the samples on 0.8% agarose gel. Current of 100 V was 

passed through it for 1 hr and after I hr the gel was viewed under the transiluminator 

and photographed. 

The electrophoretic pattern of DNA is presented in Plate l. It was observed 

that the genomic DNA of putative GUS transgenic was almost pure as the ratio of 

absorbance (A2ro/Am) was almost 1.8 in all the S samples ranging from G1 to Gs. 

Whereas, RNA contamination was observed in case of control sample 0 0. as the 

ratio of absorbance was above 2 in it. This could be seen in the DNA electrophoresis 

results where a little smear was obeserved during the electrophoresis in case of DNA 

of sample Go (Control) as shown in Plate l. However, no smear was seen in case of 

DNA of putative GUS transgenics when electrophoresis was carried out on 0.8% 

agarose gel at 1 OOV (Plate- I). Therefore, an additional step of purification was given 

to purify the DNA of sample Go (Control). 
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4.J.4 Confirmation of transformation by PCR 

PCR was carried out to study the presence and the integration of the target 

gene in the putative transgenic plantlets of wild pomegranate. Tbe isolated and 

purified DNA of samples G1. Gi, OJ. G4, Gs and Go were used for PCR 

amplification. Target gene specific primers were used to amplify a 700 bp fragment 

of npt n gene by PCR. For th.is 2 primers were used, forward and reverse (npt-Il F 

and npt LI R). The npt U F had the sequence s·A TC GGG AGG GGC GAT ACC 

GTA3' and the npt 11 R had the sequence 5'GAG OAT ATI CGG CTA TGA 

CTGY. 

The products of PCR were visualized after electrophoresis in 1.6 per cent 

agarose gel and are shown in Plate 2. Lane l represent DNA size marker of 100 bp, 

lane 2- containing plasmid pBil21 was taken as positive control, lane 3 containing 

sterile water represents the negative control, lane 4 contain the DNA of none 

rransformed control Go and lanes 5 -9 contain the DNA of transfonned samples G1 • 

02 ,G1, G4 and Gs . 

It may be observed in Plate 2 that lane 2 containing the plasmid pBI121 

showed the band of the amplified npt 11 gene, while lane 3 containing sterile water 

taken as negativr. control did not show any such band. It may be seen that DNA of 
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the non-traosfonned control Go in lane 4 also did not contain any presence of the 

amplified band. It may be noted that lane 5-8 containing the DNA of the putative 

GUS transgenics showed the amplification of band of the integrated gene which is at 

par with the band of the positive control, thus showing the confirmation of the 

tranSgene (npt IT). However, there was no amplification of the target gene in sample 

Gs (lane 9). 

Table 4.2 shows the results of gene amplification by PCR. Out of the 5 

showed amplified gene bands, thereby indicating the presence and integration of npt 

II gene in these 4 transgenic plantlets. No amplified gene band was seen in case of 

Gs. The control plantlet (Go) did not show any band for amplified gene. 

Table 4.2: PCR characterization of the put2tive GUS transgenics by 
amplific.ation of approximately 700 bp fragment from the opt II 
gene. 

Plantlet type Plantlet number Molecular analysis of npt II by PC R 

Untransformed Go -

G1 + 

Gi + 

Transformed G3 + 

G4 + 

Gs -

amplication : + 
no arnplication : -
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4.2 MOLECULAR ANALYSIS OF PUTATIVE Bt TRANSGENIC 

SHOOTS 

Work is already in progress on the in vitro proliferation of Bt shoots to raise 

transgenic insect resistant plant lets in the laboratory of department of biotechnology, 

college of horticulture. Dr.Y.S.Parmar university of Horticulture and Forestry, 

Nauni, Solan, HP. Therefore, the already transformed micro shoots carrying Cry I.Ab 

through Agrobacterium tumefaciens strain (Fig 2) from the present laboratory were 

used for the second :part of the investigation. Therefore, in this experimentation the 

multiplication of the putative Bt transgenic shoot as well as the control shoots were 

carried out to get microsboots for DNA studies to see the integration of trans gene in 

the transformed shoots. 

4.2.1 Multiplication and maintenance of control shoots 

The control s'hoots of size 1.0-1.5 cm were separated from clumps growing 

on cotyledon explants and cultured individually on solid MS medium containing 2.0 

mgr' BAP, l.Omgr' GA1 and LO mgr' NAA (Kanwar et al. , 2004). The cultures 

were incubated at 25:1:2°C under 16 hours photopcriod for six weeks. The shoots 

were subcultured after an interval of six weeks on the same medium three times. 
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Observation were recorded after six weeks of incubation for number of 

shoots/shoot clump and length of shoots to sec the effect of subculturing of shoot 

multiplication. ResuJts are presented in (fable 4.3 and Plate 3 ). The results show 

that the number of shoots/shoot clump increased with each subculturing. The same 

trends was observed for the shoot length, wbich increased with increase in the n 

umber of subculturings. 

4.2.2 Multiplication and maintenance of putative Bt transgenic shoots 

The in vitro putative transgenic microshoots were separated from shoot 

clumps and cultured individually on selective medium which consisted of solid MS 

medium containing 2.0 mgr' BAP, l.O mgr1 GA3, 1.0 mgr1 NAA and 

supplemented with kanamycin 30 mgr' and cefotaxime 150 mgr1
• The cultures were 

·incubated at 25±2°C under 16 hours photoperiod for six weeks. The shoots were 

subcuJtured after an interval of six weeks on the same selective medium three times. 

The results are presented in Table 4.3 and Plate 4. Results show that the 

number of shoots/shoot clump increased with each subculturing. However, escape 

shoots were removed at each subculturing. Although the length of the putative 

transgenic shoots increased with subsequent subcuJturings but the increase in length 

was less as compared to control. 
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4.2.3 Comparison of in vitro shoot proliferation in control and putative Bt 
transgenks. 

The length of shoots and number of shoots/shoot clump of control and 

putative Bt transgenics were compared at an interval of 6 weeks. The experiment 

was repeated lhrice and the results summarize the data of three independent 

experimenlS. 

II may be seen in Table 4.3 that the in vitro proliferated snoots increased in 

number as well as in length with increase in number of subcuJturing in both control 

and on selective medium. In case of control maximum (6.88) shoots per shoot clump 

with maximum shoot length of 4.06 cm was observed after third subculture. Sarne 

trend was observed in case of shoots subcultured on selective medium with 

maximum (4.96) shoots per shoot clump and maximum average shoot length of 1.75 

cm. II may be noted that the number of shoots as well as length of shoot at each 

subculturing was higher in control as compared to transgenic shoots. 
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Table 4.3 : Comparison of the in vitro shoot proliferation in control and 
putative Bt transgenic shoots (after an interval of 6 weeks) 

Subculture No. of shoots/shoot clump Length of shoots (cm) 
passage 

Control Transformed Control Transformed 

S1 3.15 2.59 2.79 1.06 

S2 5.43 3.20 3.97 l.47 

S3 7.88 4.96 4.06 1.75 

S.E.M. 0.15 0.04 0.06 0.04 

CDo.os 0.37 0.10 0.16 0.09 

4.2.4 DNA isolation and purification 

The genomic DNA was isolated from randomly selected putative Bt shoots 

and control shoots. Four putative Bt shoot clumps were randomly selected and 

labeled as B1, B2, 83 and B •. The non transgenic control shoots was labeled as Bo. 

About lg of putative transgenic shoots from the selected samples were ground 

separately in liquid nitrogen and DNA was extracted. The DNA pellets thus obtained 

from each sample was dissolved separately in 200 µI autoclaved distilled water and 

stored at -20°C. 
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4.2.5 Quantitative estimation of DNA 

Quantity of DNA was estimated by a spectrophotometer (BIO RAD-SMART 

SPEC TM 3000). T.he concentration of the DNA samples was calculated 

spectrophotometricaJiy in which 95 µI of autoclaved water and 5 µI of the DNA 

samples was taken. For quantitating the amount of DNA, readings were taken at 

wave length of 260 nm, and 280 run. The reading at 260 nm allowed calculation of 

the concentration of DNA in the sample. 

The results are presented in Table 4.4 which shows the concentration of 

DNA in µg.lml in each sample selected for molecular analysis. It may be seen that 

some variation existed in DNA concentration among control and putative Bt 

transgenic shoots. 

Table 4.4 : Quantitative estimation of DNA of control and putative Bt shoots 

Shoot type Shoot number DNA concentration (pg/ml) 

Untransformed Bo llOO 

B1 900 

Transformed B2 950 

83 950 

84 900 
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4.2.6 Qualitative estimation of DNA 

It was important to purify the DNA of all contaminants as the presence of 

impurities like, protein, polysaccharides, phenols and RNA interfere with molecular 

analysis. The ratio of absorbance at 260 run and 280 nm (Auo/ A1so) was found out 

spectrophotometrically which helpd to determine the approximate purity of double 

standard DNA, which is 1.8 for p11re double stranded DNA. Quality check of DNA 

was done by electrophoresis by loading the samples on 0.8% agarose gel. Current of 

100 V was passed through it for I br and after l hr the gel was viewed under the 

transiluminator and photographed. 

Results are shown in Plate 5. It was observed that all genomic DNA of 

putative Bt transgenic shoots had phenol/protein contamination as the ratio of 

absorbance was between 1.6-l.7. RNA contamination was observed in case of 

control shoots as the ratio of absorbance was above 2.0. This could also be seen in 

the DNA electrophoresis results where a little smear was observed as shown in 

results presented in plate 5. Therefore, an additional step of purification was given to 

purify the DNA samples, which on further electrophoresis did not show any smear. 

4.2. 7 Confirmation of transgene 

Target gene amplification was done by polymerase chain reaction. The 
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vector contains npt II and cry I Ab genes, therefore the confirmation was studied 

using npt II specific prime~ as well as cry 1 Ab specific primers. 

a) npt-11 gene amplificadon 

Total genomic DNA isolated from putative Bt transgenic shoots growing on 

the selective medium was analyzed by PCR, using specific primers to verify the 

presence of npt-II gene in the transgenic shoots. A DNA fragment of approximate 

700 bp, corresponding to expected span between the two primers (npt- II F and of&--

JJ R as shown in Table-3. l) was amplified in the shoots where gene had integrated. 

The product of PCR were visualized after electrophoresis on 1.6 % agarose gel as 

shown in plate-6. Lane 1 represents the DNA size marker of lOObp, lane 2 

containing plasmid pBI 12 I was taken as positive control, lane 3 containing sterile 

water was taken as negative control, lane 4 contained the DNA of the non-

transformed control B0, lane 5-8 contain the DNA of transfonned samples of B 1, B2, 

Banding pattern in Plate 6 shows that lane 2 containing the plasmid pBI 121 

showed the band of the amplified npt II gene, while lane 3 containing sterile water 

taken as negative control did not show any band. It was observed that the DNA of 

the non- transformed control Bo in lane 4 did not show the g.pecific band 

corresponding to npt U, although a band appeared which was not specific to npt II 
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amplified band. It is interesting to note that lane 5 and 6 containing the DNA of the 

putative 8 t transgenics showed the amplification of band of the integrated gene 

which was at par with the band of the positive control, thus confirming the 

integration of the transgene {npt II). However, there was no amplification of the 

target gene in sample 81 and B. as shown in Plate 6. 

Table 4.5 shows the results of npt-11 gene amplification in the 

putative 8 t transgenic shoots. It was observed that amplified gene bands were seen 

only in 8 1 and 8 2 shoots. However, no amplification occurred in 8 3, Bo1 and control 

shoots. 

Table 4. 5: PCR characterization of the putative Bt transgenic shoots by 
amplification of approximately 700 bp fragment from npt-U gene 

Shoot type Shoot number Molecular analysis of npt-U by PCR 

Untransfonned Bo -

B1 + 

Transformed Bi + 

83 -

84 -

amplification : + 
no amplification :-
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b) Amplification of Cry I Ab gene 

Polymerase chain reaction (PCR) was carried out to study the 

presence and integration of the target gene (cryJAb) in the putative transgenic shoots 

of wild pomegranate and to confinn the transfer of crylAb gene from 

Agrobacterium tumefaciens into the genome of wild pomegra.t!ate shoots. Total 

genomic DNA was isolated from 4 putative kanamycin resistant in vitro grown 

transgenic shoots along with l control shoot. 2µ1 of DNA was used for PCR 

amplification from each sample. Gene specific primers were used to amplify a 700 

bp fragment of cryJAb gene by PCR. Forward primer had the sequence 5'TCT CCA 

ACT ACG ACA GCA GGA CUT3
' and the reverse primes had the sequence 

5'GGT GAA TCC ACG AGA ACA TGG GAG3
• PCR products were visualized 

after electrophoresis in 1.6 per cent agarose gel as shown in Plate 7. 

Lane 8 represe·nts the DNA size marker of 1 kb, lane 7 containing the DNA 

from a known cry 1 Ab transgenic was taken as positive control, lane 6 containing 

sterile water was taken as negative control, lane 5 contains the non-transfonned 

samples Bo and lane l-4 contain the traosfonned samples B1, 82, B3 and 8 4• 

The results presented in Plate 7 depicts that cry J Ab gene fragment of 

approximately 700 bp was amplified where gene integration bad taken place. Lane 7 

representing the positive control shows the presence of cry J Ab band of0.7 kb. 
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Lane 5 and 6 are without any band as these lanes contain the ON A of non 

transformed control Bo and negative control. It is seen that lane 3 and 4 contain the 

amplified DNA of 0.7 kb which is at par with DNA band of the positive control. 

Although lane 1 and 2 contain the DNA of putative Bt transgenic shoots, but failed 

to show the amplification of the respective DNA fragment of the target gene. 

The result of PCR amplification is shown in Table 4.6. It was observed that 

crylAb gene was amplified in only B1 and B2 shoots. Whereas, no bands appeared in 

B3 and B. and control shoots. 

Table 4.6: PCR characterization of the putative Bt transgenic shoots by 
amplification of approximately 700 bp fragment from CrylAb 
gene. 

Shoot type Shoot number Molecular analysis of CryUb by PCR 

Untransformed Bo -

B1 + 

Transfonned Bi + 

83 -

84 -

amplification : + 
no amplification : -
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Quality assessment of DNA obtained from control and putative GUS 
plantlets during gel electrophoresis on 0.8°/o agarose gel 

Lane l - DNA of control plaotlet 

Lane 3-7 - DNA of putative GUS transgenics 

Plate - I 

PCR characterization of the putative GUS transgenics by 
amplification of approximately 700 hp fragment from npt-n gene 

Lane 1 - DNA size marker(lOObp) 
Lane 2 - Positive control 
Lane 3 - Negative control 
Lane 4 - Non transformed control(G0) 

Lane 5-9 - Putative GUS transgenics 

Plate- 2 



Quality assessment of DNA obtained from control and putative GUS 
plantlets during gel electrophoresis on 0.8°/o agarose gel 

Lane 1 - DNA of control plantlct 

Lane 3-7 - DNA of putative GUS transgcnics 

Plate - l 

PCR characterization of the putative GUS transgenics by 
amplification of approximately 700 bp fragment from opt-fl gene 

Lane l - DNA size marker(lOObp) 
Lane 2- Positive control 
Lane 3 - Negative control 
Lane 4 - Non transformed control(G0) 

Lane 5-9 - Putative GUS transgenics 

Plate- 2 



Multiplication of control shoots on MS medium 
supplemented with 2.00 mgl-1 BAP + 1.00 mgl-1 

GA3+ 1.00 mg 1- 1NAA 

Plate - 3 

Multiplication of putative Bt transgenic shoots 
on selective medium consisting of MS mediun1 
supplemented with 2.00 rngl-1 BAP + 1.00 mg1-1 
GA3+ l.00 mg 1-1NAA + 30 1ng 1-1 Kanan1ycin 

Plate - 4 



Quality assessment of DNA obtained from control and 
putative Bt shoots during gel electrophoresis on 0.8°/o 
agarose gel 

Lane 1 - DNA of control shoot 

Lane 3-7 - DNA of putative Bt transgenic shoots 

Plate -5 
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PCR characterization of the putative Bt transgenic shoots by 
amplification of approximately 700 bp fragment from npt-11 
gene 
Lane 1 - DNA size marker(lOObp) 
Lane 2 - Positive control 
Lane 3 - Negative control 
Lane 4 - Non transformed control(B0) 

Lane 5-8 - Transformed shoots 

Plate - 6 



\ I 

PCR characterization of the putative Bt transgenic shoots 
by amplification of approximately 700 bp fragment from 
CrylAb gene 
Lane 1-4- putative Bt transgenic shoots 
Lane 5 - Non transformed control(B0) 

Lane 6 - Negative control 
Lane 7 - Positive control 
Lane 8-DNA size marker(lkb) 

Plate - 7 
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DISCUSSION 

Wild pomegranate (Punica grana1um L.) is a multipurpose cash crop Lrcc 

species having economic and ecological significance. It plays an imponant role in 

pushing up the economy of the fanners of the degraded hill slopes lacking other cash 

crops. The fruit is a good source of sugars and vitamin C. The seeds with aril arc sun 

dried and commercially marketed as 'anardana' and are widely used as a condimenL 

(Pannar and Kushal, 1982). Almost all plant parts of this species are used in one or 

the other fonn . However, wild pomegranate is attacked by pomegranate butterfly 

(Virachola isocraty Fb.) causing heavy damage and is a limiting factor in its 

cultivation (Parmar and Kusha~ 1982). It is known that wild pomegranate is infested 

by several species of insects, out of which the pomegranate fruit borer, anar 

butterfly-Deudorix isocrates Fabr. (Lycaenidae:Lepidoptera) previously named as 

Virachola isocrates F. is considered to be the most important one based on the 

extent of damage caused in pomegranate crop (Bhutani, 1979). In mid hills of H.P. 

wild pomegranate is commonly attacked by Deudorix epyarbas Moore. which lays 

eggs on fruit, bores inside and then feed on the seeds (Rawat et al., 1989) One of 

the ways to overcome this is genetic transformation for insect resistance. 



D1scuss1on 

The natural gene transferring ability of Agrobacterium, a consequence of 

specific protein DNA interaction can be exploited to a major extent to genetically 

modify the plants. Thus, it is now technically possible to transfer genes across all 

taxonomic boundaries in plants from other plants, animals, microbes and even use or 

introduction of totally artificial genes. This offers a considerable potential for 

genetic improvement of crop plants for insect pest resistance and more specifically 

for improved quality characteristic. But before carrying out genetic transformation to 

transfer agronom ically important genes such as those of insect resistance, it is 

essential 10 standardize the protocol for genetic transfonnation which is done in the 

present laboratory by using reporter genes such as GUS and selectable marker gene 

npt II. 

During the course of the investigation efforts were made to confirm the 

integration of target gene in putative GUS plantlets as well as in the putative Bt 

transgenic shoots of Punica granatum L. The result of the investigations are 

discussed under the following headings: 

5.1 Molecular analysis of already in vitro raised putative GUS transgenic plantlets. 

5.2. In vitro proliferation of control and putative Bt transgenic shoots followed by 

its molecular analysis. 
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S. J Molecular analysis of already in vitro raised putative GUS tra nsgenic 
plantlets 

The putative transfonned tissues already subjected to histochemical GU 

assay (Kashyap, 2004) we.re taken to carry out polymerase chain reaction for the 

confirmation of transformation. The GUS gene acts as a scorable marker and in 

combination with constitutively expressed CaMV 35 S promoter this system 

achieves a high expression in nearly all types of tissues (Hull and Devic, 1995). The 

gus gene or P- glucoronidases catalysis the hydrolysis of a wide variety of P-

glucoronides. The X-gluc is histochemically detected glucuronide used for tissue 

specific localization of Gus activity (Jefferson el al., 1987). On the other hand npt 11 

gene confers resistance to all aminoglycoside antibiotics kanamycin and neomycin. 

Kanamycin resistance due to npt U has been widely used as a selectable marker in 

many plant species. The selection of transformed cells is done on a medium 

c-0ntaining Kanamycin sulphate. 

ln the present study control and randomly selected GUS plantlets 

(histochemically assayed earlier) were taken to carry out molecular analysis. 

DNA isolation, quantita tive and qualita tive estimation 

Genomic DNA was isolated from the shoots of in vitro raised five putative 

GUS plantJets and one control plantlet of wild pomegranate (Punica granatum L.) 
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using CTAB melhod (Doyle & Doyle. 1987) with some modification. The quantity 

and quality of ONA was assessed spectrophotometrically and by electrophoresis. 

There was some variation in the DNA concentration of putative GUS plantlets and 

conLrol plantlets. The DNA concentration ranged between 850 µg/ml to 700 µg/m l. 

11 h ich may be due to the contaminants retained during DNA extraction. Therefore 

an additional step of purification was given lo purify the DNA in the present 

studies. otherwise the impurities led to interface in molecular analysis. 

As yet there is no such infonnation available in the available literature that 

mentioned anything regarding quantity and quality of DNA extracted from in vitro 

or 111 1•1vo raised plantlets of wild pomegranate (Punica granatum L.). 

For qualitative assessment of DNA, the five putative GUS plantlets showed 

good quality DNA as was indicated by the ratio of absorbance as well as the results 

of electrophoresis. DNA of control plantlet showed little smearing during 

electrophoresis which may be due to presence of impurities. Thus an additional step 

of purification was given after which no smearing was seen when electrophoresis 

was carried out again. 

Confirmation of transformation by PCR 

Polymerase chain reaction (PCR) is a technique to selectively amplify in 

varo a specific segment of a total genomic DNA a billion fold (Saiki et al., 1985; 

Mullis et al., 1986). The most essential requirement is the availability of a pair of 
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short (typically 20-25 nucleotides) oligonucleotides called primers having sequence 

complementary to either end of the target DN A segments (called template DNA) to 

be synthesized in a large amount. 

The transgenic nature of the histochemically assayed GUS plantlets was 

further supported by polymerase chain react ion with primers speci fie to npt I I. 

To avoid amplification of unspecific fragments the reaction was carried out 

at higher annealing temperature (55°C). Therefore no recombinant products were 

formed due to annealing of incomplete elongation products during PCR, a 

phenomenon reported by Meyerhans et al ( L 990) and Marton et al., ( 1991 ). 

The results of gene amplification of PCR showed that out of the five putative 

plantlets ( G1, G2, G3, G. and Gs) only 4 plantlets ( Gi, G2, G3, and G4) showed 

amplified gene bands, thereby indicating the presence and integration of npt II gene 

in the 4 transgenic plantlets. No bands were detected in the non transformed control 

(Go) and plantlet Gs .Similar work was done by Agarwal et al (2004) in Morus alba 

L. ; Charity et al (2005) in Pinus radiata; Matsuda er al (2005) in Pyros commumi 

L.; Carredoira et al (2004) in Castenea saliva, Levee et al (1996) in hybrid larch 

(Larix Kaempferi X L.decidua) and Prakash and Gurumurthi (2005) in Euca/yp1us 

tereticornis. 
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Thus the confinnation by PCR of putative GUS transgenic plantlets in wild 

pomegranate (Punica gronatum L.) by using npt n specific primers is probably the 

firs1 repon . 

5. 2. /11 l'itro prolife ra tion of control a nd putative Bt transgenic shoots. 

As mentioned earlier the work is already going on the genetic transformation 

of wild pomegranate through Agrobacterium tumefaciens to produce insect resistant 

plan1s. Therefore, the already transformed shoots were cultured on the selective 

multiplications medium and control shoots on simple multiplication medium in the 

present study. It was observed that the non- transformed shoots showed higher 

growth as compared to the transformed shoots after each subculture. Hammerschlag 

et al ( 1997) stated in Ma/us domestica the percentage of shoot regeneration from 

leaf cxplant was 67 percent from control and 11 percent on selective media from 

transfonnants. The same results have een obtained in case of in vitro proliferation of 

transfonncd and non transformed shoots of Punica granatum L. (Kashyap, 2004); in 

Mon's alba L. (Agarwal, 2002) and Robinia pseudocacia (Kanwar et al.,2003). 

5.2.2 Molecular analysis of putative Bt transgenic shoots 

DNA was isolated from shoots of transformed shoots as well as the non 

transfonned shoots of wild pomegranate (Punica granatum L.) using CTAB method 

(Doyle & Doyle, 1987) with some modification. Quantity of the ON A showed some 

variations. The DNA concentration of control shoots was higher as compared to all 
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transfonned shoots. The DNA concentration ranged between 1100 µg/ml to 900 

µg/ml. For qualitative assessment of DNA, llhe DNA from both transfonned and non 

transfonned shoots showed presence of phenol/protein contamination. This was 

indicated by the ratio of absorbance as well as the result of electrophoresis. Thus an 

additional step of purification was given to both, the DNA of transformed as well as 

non transformed shoots. Although no such reports are available but same type of 

observation were noted while quantificatio·n of DNA of putative GUS transgenics 

in the previous section. 

Confirmation of transformation by PCR 

TQ._ confirm the integration of the target gene in the genome of the 

transformed shoots, PCR studies were carried out. The vector used for confirmation 

contained npt II and cry lAb genes, therefore the confirmation was studied using npt 

ll specific primers as well as cry 1 Ab specific primers. Similar PCR analysis was 

carried out by Lynette et al (2005) by using primers specific for sequences within 

the npt II and cry JAc gene. 

The results of the npt II gene amplification showed that two out of the four 

putative shoot clumps had the target genes integrated in it. No amplification was 

observed in control shoots. Verma and Chand (2005) also reported similar type of 

results in case of Cajanus cajan L. where two out of seven surviving Bt gene 

transformed shoots showed amplification of700 bp fragment for the npt rI gene. 
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To further confirm the integration of the target gene, amplification using 

crylAb specific primers was carried out which also showed band amplification in 

only two out of the four putative shoot clumps. Chakarbarty et al (2002) also 

analysed plants for the presence and expression of transgene (cry /Ab) in 

cauliOower using PCR. Kaushik and Kumar (2003) confirmed presence of cry /Ab 

gene in brinjal by PCR. Salehi et al (2005) confirmed cry I Ab gene integration in 

common bermudagrass by PCR and Lynette et al (2004) also analysed plants for the 

presence and expression of cry I Ab gene in Pinus radiata using PCR. 

Investigation revealed that the transfonnation frequency in case of genetic 

transformation using gus and npt n gene was fairly good. Whereas in case of cry I 

Ab gene. transformation frequency was low. Low transformation frequency has also 

been reported in various other plants such as various brassica species (Barfied and 

Pusa, 199 l ; Pental et al, 1993 and Dixit et al, 1998). Zhang et al (2000) reported 

transformation frequency of 1.6-2.7 percent in brassica. Thus the protocol developed 

for introducing insect resistance gene into wild pomegranate (Punica granatum L.} 

may be used in future experiments only after some modification so as to increase the 

transformation frequency. 
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SUMMARY AND CONCLUSION 

During the present investigation efforts were made to confirm the integration 

of the transgenes (opt II and gus; cry JAb) in to the tissues of putative transgenics of 

wild pomegranate (Punica granatum L.). This was necessary to see whether the 

protocol developed for Agrobacterium mediated transformation of wild pomegranate 

was efficient or needed any modifications. 

From the observations so recorded, the important findings bave been 

summarized below: 

l . There existed some variation in the DNA concentration of putative GUS 

plantlets and controls plantlets. 

2. Quality of the DNA of putative GUS plantlets was good as compared to 

DNA of control plantlets which needed another step of purification. 

3. Temperature profile for PCR amplification was standardized. 

4. Optimum concentrati,on of different components of a 25µ1 reaction volume 

of the PCR master mix was standardized for amplification of the genomic 

DNA. 

5. Successful amplification of npt II gene was confirmed by PCR amplification 

using primers specific to npt II gene. 700 bp npt II fragment lying between 



Summary 

the two primers was amplified in four out of five putative transgenic 

plantlets, non transfoaned plantlet did not show any reaction. 

6. Putative Bt transgenic shoots, induced directly on the explants (cotyledons) 

were multiplied by repeated subculture on selective medium to increase the 

number of transformed shoots. 

7. Non . transfom1ed control shoots induced directly on the cotyledonary 

explants were multiplied by repeated subculture to increase the number of 

control shoots. 

8. Comparison of the in vitro shoot proliferation in control and putative Bt 

transgenic shoots were done. It was observed that in both cases the number 

of shoots/ explant and the length of shoots increased but the number of 

shoots/ explant and the length of shoots was less in case of the transformed 

shoots as compared to the non transfooned shoots. 

9. The quality of both transfonned and non transformed was not very good 

hence needed an additional step of purification. 

I 0. Amplified gene bands specific to 700 bp npt Il fragment was observed in 

case of only two out of the four transformed shoot clumps. Non transformed 

shoot did not show any band amplification specific to npt II gene. 

11 . Integration of Bt gene was further confirmed by using cry J Ab specific 

primers where similar results to that of the npt II gene amplification were 

observed. 
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Summary 

The present investigation was carried on "Confirmation of Lransgenes in 

putative transgenic tissue of wild pomegranate (Punica granatum L.)". This was 

conducted in two parts. Firstly molecular analysis of already in vitro raised 

putative GUS plantlets through agrobacterium tumefaciens strain LBA4404. 

Second part deals with the in vitro proliferation of already co cultivated Bl 

transgenic shoots and control shoots followed by molecular analysis using npt Il 

and cry I Ab primers. 

The results presented in the thesis shows that the amplification of transgene 

(npt II) was confirmed in four out of the five putative GUS plantlets. Tbe in vitro 

raised untransformed and transformed Bt shoots were also subjected to 

quantitative and qualitative estimation of DNA before subjecting to PCR 

confirmation by npt II as well as cry I Ab primers. It was observed that both npt 

Il and cry !Ab were confmned by respective primers in two out of the four 

transformed Bt shoots. 

The development of the protocol for raising genetically transformed plants of 

GUS seems to be promising as detected by the confirmation of transgene 

(npt II). However, the protocol developed for insect resistant shoots needs 

further modification to increase the transformation frequency. 

67 



REFERENCES 



Chapter-7 

REFERENCES 

Agarwal S.2002.Genetic transfonnation and plant regeneration studies in M.alba. 
Phd. Thesis. Dr Y S Pannar University of Horticulture and Forestry. Solan.India. 

Agarwal Sandhya, Kanwar Karnlesh, Sain] N and Jain R K. 2004. Agrobacterium 
tumefaciens mediated genetic transformation of Morus alba L. Scien11a 
horLiculture. 100: 183-191 

•Ahmad A, Maqbool S B, Rfazuddin S and Sticklen M B.2002.Ex,pression of 
synthetic cry} Ab and cry J Ac genes in Basmati rice (Oryza saliva L.) variety 
370 via Agrobacterium mediated transformation for the control of the European 
com borer (Ostrinia nubilalis). In vitro Cell Development and Biology of Plants. 
38:213-220 

Anonymous. 1982. Wealth of India: a dictionary of Indian raw material of industrail 
products, Vol.III, New Delhi: CSIR.pp 317-324 

• Aronen T S, Nikkanen T 0 and Haggman H M. 2003. The production of transgenic 
Scots pine (Pinus sylvestris L.) via the application of transformed pollen in 
controlled crossings. Transgenic Research. 12(3): 375-378 

Barfield D G and Pua E C. 1991. Gene transfer in plants of Brassica j uncea using 
Agrobacterium tumefaciens- mediated transformation. Plant Cell Reports. I 0: 
308-3 14 

Bhatacharya R C, Viswakarma N, Chakrabarty R. Bhat S R, Kirti P B and Chopra V 
L.2003.Genetic engineering of insect resistance in vegetable Brassicas 
(Brassica oleracea) with synthetic cry IA b gene.In :Proceeding of 2"d 
international congress of Plant Physiology. Abstract No.511-p 46.pp 483 

Bhatnagar S and Khurana P. 2003. Agrobacterium tumefaciens-mediated 
transfonnation of lndian mulberry, Morus indica cv K2: a time-phased screening 
strategy. Plant Cell Reports. 21(7):669-675 

Bhutani DK. 1979. Pests of sub tropical fruits. In: Insects and fruits. International 
Book Distributers. Dehradun. pp 123-245 

Birch R G. 1997. Plant transformation problems and strategies f9r practical 
application. Annu Rev. PI-ant Physiol Plant Mol Biol 48: 297-326 

Cao J, Brants A and Earle E D. 2003. Cauliflower ·plants expressing a cry/C 
transgene control larvae of diamondback moth resistant or susceptible to cry I .4, 
and cabbage loopers. Journal of New Seeds. 5(203): 193-207 



Cerda F. Aquea F, Gebauer M, Medina C and Arce Johnso~ P.2002.Stablc 
transformation of Pinus radiata embryonic tissue by A. tumefac1ens. Plant Cell, 
7i'ssue and Organ Culrure. 70:251-257 

ChairitY J A. Holland L, Grace L J and Walter C. 2005. Consistant and stable 
expression of the npt II, uidA and bar genes in transgenic Pinus radiata after 
Agrobacterium-mediated transformation using nurse cultures. Plant Cell 

Reports. 23: 606-616 

Chakrabarty R.Yiswakarma N, Bhat S R, Kirti P B ,Singh B D and Chopra V 
L.2002 . Agrobacterium mediated transformation of cauliflower : Optimization of 
protocol and development of Br transgenic cauliflower. Journal 
B1oscience.27:495-502 

• Chang YuGuang .Liu GuiFcng, Jfang Jing.Wang YuCheng and Wang 
DaHai.2004.The genetic transformation of the genes resistant to insect for 
Populus xiaohei. Joumal of Nonh east Forestry University.32(6):30-31 

"Chen Z Z and Stomp A M. 1992. Nod~lar culture and Agrobacterium· mediated 
1ransformation for transgenic plant production in liquidambar styraciflua L. 
(Swcetgum). Special publication- Taichung District Agricultural lmprovement 
Station. 29:331 -339 

Chilton MD, Drummond M H, Merlo DJ, Saiky D, Montoya a L, Gordon MP and 
Nester E W. 1977. Stable incorporation of plasmid DNA into higher plant cells. 
The molecular basis of crown gall transgenesis Plant Ce/ Reports. 11: 263-271 

Confalonieri M, BaJestrazzi A and Bisoffi S. 1994. Genetic transfonnation of 
Popuius nigra by Agrobacterium tumefaciens. Plant Cell Reports. 13(5):256-
26 1 

Corrcdoira E, Montenegro D, San-Jose M C, Vieiteza M and 
A.2004.Agrobacterium mediated transformation of European 
embryogcnic cultures. Plant Cell Reports.23:311-318 

Ballester 
chestnut 

Day ~ G and Lichtenstein C P. 1992. Plant genetic transformation. In: Plant 
B1otechnology Eds. M W Fowler and G S Warren. Pregman Press Oxford. pp 
151-182 ' 

•oixit ~· Sirivastava D K and Sharma D R. 1998. Genetic transformation in 
cauhflo~er (Br~sica oleracea var botrytis cv Pusa Snow Ball). In: National 
symposium on Biotechnology in Agriculture and Enviomment. Abstract. p.2 

Douches D S'. Westedt A L, Zaraka K, Schroeter B, Grafius E J. 1998. Potato 
lransfonnation lo combine natural and engieneered resistance for aontrolling 
tuber moth . Hortscience. 33(6): 1053-1056 

69 



Doyle J J and Doyle J L. 1987. A rapid DNA isolation procedure from small 
quantities of fresh leaf tissues. Phytoch2mical Bulletin. 19: 11 -15 

•orazeta L. 1997. Pomegranate (Punica granatum L.) propagation by in vitro 
method of tissue culture. Review of Research work at the Faculty of Agriculture, 
Belgrade. 42: 49-59 

Dunwell J M. 2000. transgenic approaches to crop improvement. Journal of 
Experimental Botany. 51: 487-496 

Ellis D D. 1995. Tranasformation of gymnosperms. In: Jain S, gupta P, Newton R 
(eds) . Somatic embryogenesis in woody plants,. I :227-25 I 

•Entwistle P F, Bailey M J, Cory J and Higgs S.1993. Bacillus thuringensis. An 
environmental biopesticide : Theory and Practice. Wiley, New York. 

Faugat R S, Pandya S B, Almad T and Godhawi P R. 1997. In vi1ro studies in 
pomegranate (Punica granatum L.). Journal of Applied Honicullure- Navseri . 
3( L-2): 23-29 

Fraley RT, Rogers S G, Horsch RB, Sanders P S, Flick J S, Adams S P, Butner M 
L, Brand L A, Fink C L, Fry J S, Ga11uppi G R, Goldberg S B, Hoffman H L 
and Wood S C. 1983. Proceedings of National Academy of Science (USA) 80: 
4803-4807 

Fuijmoto H, Itoh K, Yamamoto M, Kyozuka J and Shimamota K. 1993. Insect 
resistance rice generated by introduction of a modified delta endotoxin gene of 
Bacillus thuringenesis. Biotechnology. 11 : 1151-1 153 

•Gartland J S, Mchugh AT, Brasier C M, Irvine R J, Feoning t M and Gartland K 
M. 2000. Regeneration of phenolytically normal English elm (u/mus procera) 
plantlets following transformation with an Agrobacterium tuneforiens binary 
vector. Plant Cell Reports. 20(13): 901-907 

Gasser C S and Fraley R T. 1989. Genetically engineering plants for crop 
improvement. Science .244:1293-1299 

Grant J E, Cooper P A and Dale T M.2004. Transgenic P. radiata from A. 
1umefaciens - mediated transformation of cotyledons. Plant Cell Repons.22 
(12):894-902 

Hamrnnerschlag F A, Zimmerman R H, Yadva V L, Hunsucker S and Gerchewa. 
1997. Effect of antibiotic sand exposure to acidified medium on the elimination 
of Agrobacterium tumefaciens from apple leaf explants and on shoot 
regeneration. Journal of American Society of Horticulture Science.1 22:158-763 

70 



Harcourt R L-, Kyozuka J. Floyd R B, Bateman K S, Tanaka H, Decrooc~ .v. 
Llewellyn D J, Zhu X. Peacock W J, Dennis E S. 2000. Insect and herb1c1de 
resistance transgenic eucalyptus. Mo/ Breed. 6: 307-3 15 

Herrera Estrella L, De picker A, Van Montagu M and Schell J. 1983. Expression of 
chimeric genes transferred into plant cell using a Ti plasmid ve<:tor. Nature 

.303:209-213 

Higgins C M, Hall R M, Campbell P Rand Dietzgen R G. 2000. PCR rescue an.d 
analysis of 1ransgene sequences directly from crude extracts of 1ransgen 1c 
embryos and plants. Plant Molecular Biology Reporter. 18 (3): 285 

Ho C K, Chang S H, Tsay J Y, Tsai C J, Chiang V L and Chen Z Z. 1998. 
Agrobacterium tumefaciens-mediated transformation of Eucalyptus 
camaldulensis and production of transgenic plants. Plant Cell Reports 17(9): 
675-680 

I lockcma A , Hirsch PR, Hooykaas P J Jans Schilperoort RA. l983. A binary plant 
vector strategy based on separation of vir and T-region of the Agrobacterium 
tumefaciens Ti plasmid. Nature. 303:179-180 

Hong D Y and Xie Y. 2000. Agrobacterium mediated genetic transformat ion of 
Acacia magnium. Plant Cell Reports. 20: 917-922 

Horsch R B, Fry J E, hoffinan N, Eichholtz D, Rogers S G and Fraley RT. 1985. A 
simple and general method for transferring genes into plants. Science. 227: 1229-
1231 

Howes F N. 1953. Vegetable tanning material .Chemical Abstracts. p 285 

Hu J J, Tian Y C, Han Y F, Li L, Zhang B E. 2001. Field evaluation of insect 
resistance Populus nigra trees. Euphytica. I 2 I : 123- I 27 

Huang Y S and Tauer C G. 1994. Integrative transformation of Pinus taeda L. and 
P echinata Mill by Agrohacterium tumefaciens. Forest Genetic .I (1):23-31 

Hull G A and Devic M.1995.p - glucronidase (GUS) reporter gene system. In : 
Jones H(ed.) .Methods in Molecular Biology:Plant Gene Transfer and 
Expression Protocol.Vol 49.Humana Press,lnc. Totowa. NJ. pp 125-141 

•Jgasaki T, ls~ida Y, M~hri T and Shinobara K. 2002. Transformation of Popu/us 
alba and direct selcct1on of transformants with the herbicide bialaphos. Bulletin 
of the forestry and Forest products Research Institute. Ibaraki 385:235-240 

71 



lgasaki T, Mohri T, Ichikawa- H and Shlnohara K. 2000. Agrobacterium 
tumefaciens mediated transfonnation of Robinia pseudoacacia. P/anJ Cell 
Reports. 19(5): 448-45 

Jain S M. 1993. Recent advances in plant genetic engineering. Current Science. 64: 
715-724 

•James C. 2002. Global status of commercialization of transgenic crops. 2002. 
ISAAA briefs No. 27 

Jayashree R. Rekha I<. Venkatachalarn P, Uratsu S L, Kala R G, Priya P,Sethuraj 
MR and Thulaseedharan A.2003.genetic transfonnation and regeneration of 
rubber tree (Hevea brasiliensis Muell. Arg) transgenic plants with a constitutive 
version of an anti-oxidative stress super oxide di mutase gene.Plant Cell 
Reports. 22(3):201-209 

Jefferson R A, Burgers S M and Hirsch D. 1986. Proceedings of National Academy 
of Science, USA 83: 8447-8451 

Jefferson RA, Kavanagh TA and Bevan MW. 1987. GUS fusion: ~-glucuronidasc 
as a sensitive and versatile gene fusion marker in higher plants. The EMBO 
Journal. 6: 3901-3907 

Jefferson RA, Kavangh TA and Bevan MW. 1987. GUS fusions: ~-gucuJOmidasc 
as a sensitive and versatile gene markers in hybrid plants. EMBO J., 6: 3901-
3907 

•Jefferson RA. 1985. Ph.D Dissertation, University of Colorado, Boulder, Co 

Jiang XiWang, Bao ManZhu, Wu JiaHe, Zhang XianLong and Tian YingChuan . 
2005. Transformation of chrysanthemum wjth a synthetic cry 1 Ac gene mediated 
by Agrobacterium tumefaciens. Acta Horticulturae Sinica. 32(1 ): 65-69 

Jones 0 P. 1991. The role of biotechnology in the multiplication and improvement 
of woody plants. Acta Horticulturae. 289: 34-44 

• Jouanin L, Brasileiro ACM, Leple J C, Pilate G, Comu D. 1993. Genetic 
transformation: a short review of methods and their applications, results and 
perspectives for forst trees. Ann Sci for 50: 325-336 

Kanchan T ans Mehra P N. 1986. Morphogenesis in Punica granarum 
(Pomegranate). Canadian Journal of Botany. 64(8): 1644-1653 

•Kantharajah A S, Dewitz I I and Jabbari S. 1998. Effect of media, plant growth 
regulators and source of explants on in vitro culture of pomegranate (Punica 
granatum L.). Erwerbsobstbav. 40(2): 54:.58 

72 



Kanwar Kamlesh, Bhardwaj Anju, Agarwal Sandhya ~d Shanna D R. 20.03 . 
Genetic transfonnation of Robinia pseudoacoc1a by Agrobacter1um 
rumefaceons. Indian Jo11rnal of Experimental Biology. 41 : 149-153 

J..: anwar Kamlesh. Rachna and Aditi Kashyap. 2004. lrr vitro prop~gation . of wild 
pomegranate (P11nica granatum L.) National seminar on IPR m horticultural 
crops. 12-1 3 October Solan, India . . . . . 

Kashyap A. 2004. Genetic transfonnat1on studies m wild pomegranate (Punrca 
~ranawm L.) Master's thesis, submitted to Dr Y S Pannar University of 
I lort iculture and Forestry, Nauni, Solan. H. P. India 

Kash)ap Shelja, Kanwar Kamlesh and Joseph Jomy. 2005. Stud ~es on comparison of 
111 1·1tro regeneration pathways in wild pomegranate (Pumca gratatum L.) In: 
National symposium on changing concept of Forestry in 21 st century. Oct 21-22, 
2005:p 80 

Kaushik S C and Kumar P A. 2003. Field performance of transgenic brinjal 
(Solanum rnelongena L.) plant expressing insecticidal protein derived from 
Bac1/lus thurmgiensrs In: Proceedings of 2nd International congress of plant 
Ph~ siology. Abstract No SI 1-p 24. pp 470 

Khurana P and Khurana J. 1999. Application of genetic transformation of tree 
biotechnology. Indian Journal of Experimen1al Biology. 3 7: 627-638 

Kim Tae Sung, Kwon Moosik, Park Beumseuk, Park Hyoguen, Kim TS, Kwon M 
S, Park B S • Park H G. 2002. Development of hot pepper lines resistant to 
oriental tobacco bud worm (Helionthis assuta) by transfoanation of modified cry 
I Ac gene. Journal of the Korean Society for Horticultural Science. 43( I): 34-38 

Klee H, Horsch R and Rogers S. 1987. Agrobacterium-mediated plant 
transformation and its further applications to plant biology. Annu. Rev. Plant. 
Physiol .. 38: 467-486 

Klimaszewska K, Lachance D, Pelletier G, Lelu M A and Seguin 
A.2001.Regencration of transgenic Picea glauca,P. mariana and P. abies after 
cultivation of embryonic tissue with A.tumefaciens. In vitro Cell Development 
and Biology of plants. 3 7:748-755 

Levee V. Lelu M A, Jouanin L, Comu D and Pilate G. 1997. Agrobacterium 
111mefaciens mediated transformation of hybrid larch (larix Kaermpferi XL. 
decidua) and transgenic plant regeneration. Plant Cell Reports. 16( J 0):680-685 

*Lin I. .B; Gu~ C Y .~i X, Zhou X Y and Chen X B.1999.Transgeri ic plants 
oblamed by introducing Bt toxic protein gene into Brassica napus. Journal of 
Hunan Agncultura/ University.25:357-360 

Lindroth.A M, Gr~nross R, Clapham 0, Svesson J and Vian A ·s. 1999. Ubiquitous 
and tissue :pcc1fic ge~e expression in transgenic roots conferred by six different 
~;~~g~~rs m one comferous and 3 angiosperm species. Plant Cell Reports. 18: 

73 



Lindsey K. 1992. Genetic manipulation of crop plants. Journal of Biotechnology. 
26: 1-28 

Lynette E ,Grace J, Charity Julia A, Grasham Belinda, Kay Nod and Waller 
Christian.2005.1.nsect resistant transgenic Pinus radiata. Plant cell Reports. 24: 
103-111 

Mahishni D M, Murali Krishna A, Shiva Shankar g and Kulkarni R S. 1991 . Shoot 
tip culture method for rapid clonal propagation of pomegranate (Punica 
granatum L) ln: Horticulture new techniques and applications. Proceedings of 
the lntema~ional Seminar on New Frontiers in Horticulture. lndo-American 
hybrid Seeds. Bangalore.pp 25-28 

Marton A, Delbeechi L, Bourgaux P. 1991. DNA nicking favour PCR 
recombination. Nuc/. Acids. Res. 19: 2423-2426 

Mastuda N, Gao Mei, lsuzugawa K and Nishimura K. 2005 . Development of an 
Agrobacterium mediated transformation method for pear (Pyrus communis L.) 
with leaf section and axillary shoot meristcm explant. Plant Cell Reports. 24: 45-
51 

Meyerhans A, Vartanian J P, Wainht S. 1990. DNA recombination during PCR. 
Nucl. Acids. Res. 18: 687-1691 

Molinari H B C, Bespalbok J C, Kobayashi A K, Pereira L F P and Vieira L G E. 
2004. Agrobacterium tumefaciens-mediated transformation of Swingle citrumelo 
(Citrus paradise Macf. X Poncirus trifoliata L. Raf.) using epicoty\ sections. 
Scientia Horticulturae.99(3-4):379-385 

Montoro P, Rattana W, Pujade Renaud V, Michaux Ferriere N, Monkolsook 
Y,Kanthapura R and Adunsadthapong S.2003.Production of Hevea brasiliensis 
transgenic embryogenic callus lines by Agrobacterium tumefaciens :roles of 
calcicum.Plant Cell Reports.21(1 1):1095-1102 

Moriguchi T, Omura M, Matsuta and Kozaki L 1987. Jn vitro adventitious shoot 
fom1ation from anthers of pomegranate. Hort Science. 22: 947-948 

Mullis KB, Faloona F, Schorf S, Saika R, Hoen G T, Erliich H A. 1986. Specific 
enzymatic amplification of DNA in vitro. The polymerase chain reaction. Cold 
Spring Harbor Symp. Quant. Bice. 51 :263 

Murashige T and Skoog F. 1962. Revised medium for rapid gro\\1h and bioassays 
with tobacco tissue cultures. Physiologia Plantarum 15: 473-497 

Murkute A A, Patil S, Patel B N and Mayakumari. 2002. Micropropagation 
inpomegranate callus inductioin and differentiation. South Indian Hortic11/ture 
50(1-3):49-50 

74 



aik s K. Pattnaik s and Chand P K. 2000. High frequency axillary shoot 
prolifera1ion and plant regene~tio~ fro.m cotyledo~ary nodes of 
pornegranate(Punica granatum L.) Sc1ent1a Hort1cuiturai 85( 4 ). 26 I -270 

Naik s K. Chand P K. 2003. Silver nitate and ammini ethoxy vin~lglycrne promote 

111 i•imi adventitious shoot regeneration of pomegranate (Pumca granatum L.). 
Jounwl of Plant Physiology 160: 423-430 

Omura M. Matsuta T, Moriguchi T andl Kozaki I. I 987 a. Adventitious ~hoot and 
plantlel format ion from cultured pomegranate leaf explants. Hort Science. 22: 
133-134 

Omura M. Matasuta T, Moriguchi T, Kozaki I and Sawadat T. 1987 b. 
Establishment of tissue culture methods in dwarf pomegranate (Punica granatum 
L var. nava) and applic.ation for the induction of variants. Bulletin of the Fruit 
Tree Research Station, 14: 17-44 

Pannar C and Kushal M K. 1982. Wild fi'uits of Sub-Himalayan region, pp 74-77. 
Kalyani Publishers. New Delhi/Ludhiana 

Paul Anderson. Sharma S R. Sresty T V S, Shantibala Devi, Suman Bala, Kumar P 
S, Saradhi P Pardha, Frutos Roger, Ahosaar I and Kumar P Ananda. 2003. 
Transgenic cabbage (Brassica oleracea var. capitata) resistant to dimondback 
moth (Plutella Xyloslella). lndian Journal of Biotechnology. 4: 72-77 

Penta! D, Pradhan A K, Sodhi Y S and Murkhopadhay A. 1993. Plant Cell Reports. 
12: 462-464 

Prakash M G and Gurumurthi K. 2005. Agrobacterium-mediated genetic 
transformation and regeneration of transgenic plant in Enca/yptus tereiocornis. 
Planr Cell Biotechnology and Molecular biology. 6(1-2): 23-28 

Puite K and Schaart J. I 999. Agrobacterium mediated transformation of the apple 
cultivars Gala, golden delicious and Easter and the strawberry cultivars 
'Gargune, Polka and Elsanta. Acta Horticultural. 484: 547-553 

Rao 1-longYu. Ying C, Huang MinRen, Wang Ming and Fue L.2000.Genetic 
transformation of Popular N L~ 80 .106 transferred by Bt gene and its insect 
resistance. Journal of Plant Resources and EfTVironment .9(2): 1-5 

Rawat U S, Pawar A D, Singh R and Chand R. 1989. Natural parasitisum of 
pomegranate butterfly, Deudorix epijarbas Moore. In mid hill regions of Solan 
and Sim1our, H.P. Journal of Biology control. 44: 149-153 

Saiki R K, Schoef S, Faloona f, Mullis K B, Hoen GT, Erlich H A and Aruheum N. 
1985. Enzymatic amplification beta globin genome sequence restruction of site 
analysis for diagnosis of sickle cell anemia. Science. 230: 1350 

Salehi Hassan, Seddighi Zahra, Kravchenko Alexander N and Sticklen Mariam B. 
2005. Expression of the cry /Ab in 'Arizona common' Common berumdagrass 

75 



via Agrobae1erium-mediated transformation and control of black cutworm. 
Journal of American Society for Hortfou/ture Sciences. 130( 4): 61 9-623 

Santha B, Sivaram PL, Rani TS, Madhulety TY and Seetharama N.2003.Biolistic 
transfonnation of pearl millet using Bt gene.In : Proceeding of 2"d international 
congress of Plant Physiology. Abstract No.51 1-p 16.pp 466 

Seabra RC and Pais MS. 1997. Genetic transfonnation of European Chestnut. Plam 
Cell Reports. 17(3): I 77-182 

Seabra R and Pais M S. 1999. Genetic trans formation of European chestnut 
(Castanea Sativa Mill) . Silva Lusitana. 7(2): 199-232 

Sharon M and Sinha S. 2000. Plant regeneration from cotyledonary node or Punica 
granatum L. Indian Journal of Plant Physiology 5(4): 344-348 

Shin D I, Podila G K, Huang Y and Karnosky F F. 1994. Transgenic larch 
expressing genes for herbicide and insect resistance. Canadian Journal for 
Research. 24: 2059-2067 

*Sticklen M B. l 991.Genetic engineering of plants :An alternative to pesticides and 
a new component of integrated pest management.522-566.ln:DL Weigmann 
(ed.). Pesticides for the next decades :The challenges ahead. VPI 
Pub.,Blacksburg.Va. 

Suzuki S and Nakano M. 2002. Agrobacterium mediated production of transgenic 
plants of Muscari armeniacum Lehichrl ex. Bak. Plant Cell reports. 201 : 835 -
84 1 

Tang W and Tian L.2003.Additional virulence genes and sonication enhance A. 
tumefaciens- mediated loblolly pine transfonnation. Plant Cell Reporrs.2 1: 125-
132 

Taniguchi T, Kurita M,Ohimya Y and Kondo T.2004.Agrobacterium tumefac1ens­
mediated transformation of embrogemuc tissue and transgenic plant regene ration 
in Chamaecypar.is obtusa Sieb.et Zucc.Plant Cell Reports.23:796-802 

Tsai C 1, Podila G K and Chiang V L. 1994. Agrobacterium mediated 
transformation of quacking aspen (Popu/us tremuldoides) and regeneration of 
transgenic plants. Plant Cell Reporls. 14(2-3):94-97 

Tzfira T, Vainstein A, Altman A, Jensen C S, Altman A (ed.) and Zu M. 1997. 
Aspen transfonnation procedures; Oncogenic Agrobacterium rhizogenes versus 
disarmed Agrobacterium tumefaciens. Proceedings of the third international 
lSHS symposium on in vitro culture & horticultural breeding. Jerosalem, Israel. 
16-21 June, 1996. Acta horticulturae. 447: 295-300 

76 



Venkatachalam P. Gcetha N, Khawdelwal A, ShaiJa M S andLakshmisita G. 2000. 
Agrobacrerium mediated genetic transformation and regeneration of cransgcnic 
plants from cotyledon explants of ground nut (Arachis hypogra L.) via somatic 
embryogenesis. Currenr Science. 78(9): 1130-1136 

Vernia A K and Chand L.2005.Agrobacterium mediated transformation of Pigeon 
pea (CajamLf cajan L.) with uidA and cry I A b genes. Physiology and 
Molecular Biology of Plants. 11 ( 1 ): 99-109 

Vishwakamia N, Bhattacharya R C, Chakrabarty R. Dargan S, Bhat S R, Kirti P B, 
Shastri N V and Chopra V L.2004. Insect resistance of transgenic broccoli 
(' Pusa Broccoli KTS-J ') expressing a synthetic cryJA(b) gene. )()urnal of 
Horr1c11l111ral Science and Biotechnology. 79(2): 182-188 

Xiang Y.Wong WK R, Ma MC and Wong RS C.2000. Agrobacterium - mediated 
transformation ofBrassico compestris spp. parachinensis with synthetic Bacillus 
thuringensis cry I Ab and cry I Ac genes. Plant Cell Reports. 19:251-256 

Yang Q G, Chen X J, Zhang L F, Guo Z Land Zhang Q X. 1991. Micropropagation 
and transplantation of the valuable and rare pomegranate culture Ruanzi. Plant 
Physwlogy. 1: 14~ I 6 

· Yang Z Hand Ludders P. 1993. Organogenesis of Punico granaturn L. var. nana. 
Angewandte Botani/c. 67: L 51-156 

•Ying Z T, Yu X and Davis M J.2000.New methods for obtaining transgenic papaya 
plants by Agrobacrerium mediated transformation of somatic embryos. 
Proceedings of the Florida State Horticultural Society.112:201-205 

Zambryski P, Joose H, Genetello C, Lemans J, Van Montagu Mand Schell J. 1983. 
Ti plasmid vector for the introduction of DNA into plant cell without alteration 
of their normal regeneration capacity. European Molecular Biology 
Organization Journal. 2: 2143-2150 

Zhang B Land Stolz LP. 1991. Jn vitro shoot formation and elongation of dwarf 
pomegranate. Horr Science. 26: 1084 

Zhang FL, Takahata Y, Watetanabe N and Xu J B. 2000. Agrobocterium-mediated 
transformation of cotyledonary explants of Chinese cabbage (Brassica 
compestris L. spp. pekinensis). Plant Cell Reports. 19: 509-575 

Zhu L W, Zhang S M, Song F S, Gong X M, Fang W J. Sun J and Li S W. 2003. 
Regeneration system of pomegranate by in vitro culture. Acta Horticultural 
Sinica 430(2): 207-208 

77 



ABSTRACT 



Title of Thesis : 

Name oftbe student 

Admission number 

Major advisor 

Major fi eld 

Minor lield(s) 

Degree awarded 

Year of award of degree 

No. of pages in the thesis 

No. of words in abstract 

THESIS ABSTRACT 

"Confinnation of transgenes in putative 
transgenic tissue of wild pomegranate 
(Punica granatum L.)" 

Ritika Chauhan 

H-2003-13-M 

Dr (Mrs). Kamlesh Kanwar 

Biotechnology 

Tree lmprovement 
Biochemistry 

M. Sc (Biotechnology) 

2005 

77+VI 

221 

ABSTRACT 

The integration of the transgene through Agrobacterium tumefaciens-mediated gene transfer in the 

already raised in vitro putative GUS plantlets of wild pomegranate (Punia granatum L.) was confirmed by 

PCR studies. Some variation existed in DNA concentration of putative GUS and control plantlets, which 

was subjected to another step of purification. Successful integration of opt II gene in four out of the fa\ e 

putative GUS trasngenics was confinned by PCR. Putative Bt transgenic shoots already co cultivated 

through Agrobacterium carrying cry /Ab gene as well as control shoots were multiplied, by repeated 

subculturing on selective multiplication and non selective multiplication medium respectively, and 

compared. It was observed that number of shoots per explant and length of shoots was less in case of the 

transformed shoots. The quality of DNA was not very good in case of both transformed and untJ11nsformcd 

shoots and thus subjected to another step of purification. The integration of the transgene in the putative Bt 

transgenic shoots was confirmed by PCR amplification using npt II and cry I Ab specific primers. 

Amplified gene bands specific Lo 700 bp npt II fragment was observed in only two out of four transformed 

shoots. Similar results were obtained on gene amplification using cry I Ab specific primers thus confirming 

the integration of Bt gene in only two out of four transgenic shoots. 

~ajo~~ 
CW k---

Professor and Head 
Department of Biotechnology, 

UHF, Nauni, Solan (H.P.) 

~~ 
Signature or the student 

( 



APPENDICES 

\ 



APPENDIX-I 

Solutions for DNA extraction and gel electrophoresis 

DNA extraction 

Chlorofonn : lsoamyl 

alcohol (24 : I, v/v) 

10 % (w/v) CTAB 

0.5 M EDT A (pH 8.0) 

5 M NaCl 

Phenol: Chlorofonn -

lsoamyl alcohol 

(25:24: I) 

I M Tris 

3 M Sodium acetate 

Mix 96 ml cblorofonn and 4 ml isoamyl alcohol and keep at 

room temperature in a closed container 

Add I 0 g of CT AB lo approximately 70 ml of water. Dissolve 

the detergent by warming the solution to 65°C. Adjust the 

volume to 100 ml. 

Add l 8 .61 g of ethylenediaminetetraacetate. 2 H20 to 80 m I 

of H20. Add approximately 2 g ofNaOH pellets to adjust the 

pH to 8.0 (The disodium salt of EDTA wi ll not go into 

solution until the pH of the solution is adjusted Lo 

approximately 8.0 by the addition of NaOH). Adjust the 

volume to 100 ml and sterilize by autoclaving. 

Dissolve 29.22 g NaCl in 80 ml water. Adjust the volume Lo 

I 00 ml and sterilize by autoclaving. 

Mix 750 µI buffered phenol (pH approx. 7 .8), 720 µI 

chlorofonn and 30 µI isoamyl alcohol. M ix by vortexing and 

keep at 4°C in coloured container (or this could be prepared 

j ust before use). 

Dissolve 12.11 g Tris base in approximately 60 ml water. 

Adjust the pH to 8.0 by adding HCI. Adjust the volume co 

100 ml and sterilize by autoclaving. 

Dissolve 40.8 g sodium acetate. 2 H20 in 60 ml water. 

Adjust the pH to 5.2 with glacial acetic acid. Adjust the 

volume to 100 ml with water and sterilize by autoclaving. 
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Gel electrophoresis 

Elhidium bromide -

6 X Loading dye 

TBE buffer (2SX) 

Add 100 mg ethidiwn bromide (10 mg/ml) to 10 ml 

of sterile water. Stir on a magnetic stirrer until the 

dye is completely dissolved. Wrap the container in 

aluminium foil or transfer the solution to a dark 

bottle and store at room temperature. Caution: 

Ethidium bromide is a powerful mutagen; avoid 

contact with skin and inhalation. 

0.25% bromophenol blue, 0.25% xylene cyanol FF 

and 30% glycerol in water. Keep at 4°c. 

Dissolve 135 g Tris base in 300 ml water. Add 

65.87 g boric acid and 50 ml of 0.5 M EDT A (pH 

8.0). Adjust the volume to 500 ml and sterilize by 

autoclaving. 
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Appendix-II 

Compos:ition of modified Murubige and Skoog's (1962) basal medium 
(MS Medium) 

Constituents 

Major constituents 

Nl-LiN03 

KN03 

KH2P04 

CACL2.2H20 

MgS04 

Minor constituents 

Na2Mo04.2H20 

CoC}i.6 H20 

CuS045.H20 

ZnS04.4 HiO 

MnS04 

FeS04.?H20 

Na2EDTA 

Nicotinamide 

Thiamine HCI 

Pyrodoxine HCI 

Glycine 

Mesa Inositol 

Inorganic constituents 

Organic constituents 

IV 

Amount (mgr1
) 

1650.00 

1900.00 

170.00 

440.00 

370.00 

6.20 

4.25 

0.25 

0.025 

0.025 

8.60 

22.30 

27.80 

37.30 

0.5 

0.1 

0.5 

2.0 

100.0 



Appendix-III 

Analysis of variance (ANOVA) 

No of shoots/shoot clump (control) 

Source DF SS MS F 

Treau:nent 2 33.57 16.78 491.32 

Error 6 0.02 3.41 

Total 8 33.79 

No of shoots/shoot clump (transformed) 

Source OF SS MS F 

Treatment 2 9.06 4.53 1933.67 

Error 6 0.001 0.002 

Total 8 9.08 
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L<'ngtb of s hoot (control) 

I Source DF SS MS F 

Treatment 2 3.01 1.50 244.33 

Error 6 0.03 0.006 

I 
I Tota l 8 3.05 

l 

Length of shoot (transformed ) 

Source DF SS MS F 

Treatment 2 0.72 0.36 164.23 

Error 6 0.01 0.02 

Total 8 0.73 

All Tables are significant at 5% level of significance. 
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