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1. INTRODUCTION

Medicinal plants are the most important source o f life saving drugs for majority 

of the world’s population. Human beings have been utilizing plants for basic preventive 

and curative health care since time immemorial. The World Health Organization has 

estimated that more than 80% of the world’s population in developing countries 

depends primarily on herbal medicine for basic healthcare needs. Recent estimates 

suggest that over 50,000 plants have known medicinal applications in various cultures 

and countries. Medicinal plants have played significant role in many ancient traditional 

systems of medicine in Asia such as the Ayurveda, Unani and Chinese medicine. 

Increasing demand for medicinal plants during the past 20 years has brought surging

markets and production opportunities for these plant species.

Medicinal plants contain many secondary metabolites, which are responsible for 

their medicinal properties. Yield and quality of medicinal plants can be improved by 

biotechnological tools by gene alteration, or introduction o f a new gene. Rapid progress 

in the area o f crop biotechnology has enabled the development o f efficient regeneration 

and suitable genetic transformation protocols for different crop species. Similar success 

can be achieved in medicinal plants by developing efficient regeneration and genetic 

transformation protocols, which in turn could be used for the enhancement of their 

secondary metabolite content. Genetic transformation has been reported for various

medicinal plants. Efficient transgene delivery system based on Agrobacterium

tumefaciens are well established for Taxus spp, Echinacea purpurea, Scrophularia, 

Digitalis lanata, Thalictrum and Artemisia annua.

Although the primary target for trait manipulation in medicinal plants is to 

improve the active compounds, the basic agronomic characters related to uniformity, 

stability, growth and development and resistance to biotic and abiotic stresses must also 

be improved. Metabolic engineering is emerging as one of the important approaches to
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improve and modify secondary metabolite contents of medicinal plants. A major line of 

research has been to identify enzymes of a metabolic pathway and then manipulate 

these enzymes to provide better control o f that pathway. Recently, some examples of 

successful genetic manipulation of secondary metabolite pathway through metabolic 

engineering for increased metabolite content and exploitation of the plants as 

bioreactors for the production o f natural or recombinant secondary metabolites of 

commercial interest have been reported.

Centella asiatica, commonly known as Indian Pennywort belonging to the 

family Apiaceae, native to India and Southeast Asia is revered as one of the great 

multipurpose miracle herbs o f oriental medicine. Centella asiatica has a long history of 

use to promote wound healing and treat skin diseases. It is a useful tonic and cleansing 

herb for skin problems and digestive disorders. In India, it is chiefly valued as a 

revitalizing herb that strengthens nervous function and memory. Centella asiatica 

contains a blend o f compounds including at least three triterpenes (asiatic acid, 

madecassic acid and asiaticoside) that appear to have antioxidant properties and tissue 

regenerative property by stimulating collagen synthesis. The wound healing property of 

the species is ascribed to the triterpenoid saponin, asiaticoside. The anti tumour property 

is attributed to madecassic acid.

The triterpene asiaticoside present in the Indian cultivars is only one per cent. 

For the commercial extraction, the asiaticoside content should be at least three per cent. 

Hence, there is a need to improve the asiaticoside content in the plant. Conventional 

breeding methods have limitations in improving the asiaticoside content. Genetic 

transformation is a viable alternative to improve the content of asiaticoside in Centella. 

Till date, no report has been published regarding genetic transformation o f the plant, 

though experiments have been done to develop reliable protocol for shoot regeneration 

and somatic embryogenesis.
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Agrobacterium tumefaciens mediated transformation is simple and efficient in 

providing stable integration o f transferred DNA into the plant genome. The present 

study was undertaken with the main objective of evolving a protocol for Agrobacterium 

tumefaciens mediated genetic transformation in Centella asiatica, which could further 

be utilized for the metabolic engineering of Centella to enhance the level of secondary 

metabolites.
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2. REVIEW OF LITERATURE

Plants play a dominant role in the introduction o f new therapeutic agents. Drugs 

from plants continue to occupy an important niche in modem medicine. The study 

“Agrobacterium tumefaciens mediated genetic transformation in kudangal (Centella 

asiatica L. Urban.)” aims at standardization o f protocol for Agrobacterium tumefaciens 

mediated transformation in Centella for transferring desirable genes.

Centella is a very valuable plant from medicinal point o f view. It is an important 

ingredient o f many ayurvedic formulations. Centella asiatica contains a blend of 

compounds including triterpenes (asiatic acid, madecassic acid and asiaticoside) that 

appear to have antioxidant, tissue regenerative and memory enhancing properties. Many 

studies have been conducted to improve the medicinal plants in terms of the secondary 

metabolite content. Yield and quality of medicinal plants can be improved by 

biotechnological tools by gene alteration or specific gene transfer. Since the first 

successful report on plant genetic transformation using Agrobacterium tumefaciens in 

tobacco, this gene delivery system has been used for the transfer o f desirable genes in 

several crop plants.

Till date, no report has been published regarding genetic transformation of 

Centella, though experiments have been done to develop reliable protocol for shoot 

regeneration and somatic embryogenesis. In this chapter, literature on Agrobacterium 

tumefaciens mediated genetic transformation of medicina) plants has been reviewed.

2.1. MEDICINAL PROPERTIES OF CENTELLA ASIATICA

Appa Rao (1973) studied the effects of Centella asiatica on mentally challenged 

children. Half o f the children were given 500 mg tablets o f dried Centella asiatica (whole 

plant), and half placebo. Intelligence quotient tests were conducted at the outset of the 

study, and again after three months. Results indicated that children who took the Centella 

tablet showed significant improvements in co-operation, memory, concentration, 

attention, vocabulary and social adjustment.
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Giardina et al. (1987) reported that modem drugs comprising the 

pharmacologically active triterpenoid fractions and glycosides such as asiaticoside and 

madecassoside are being currently used in the treatment of leprosy, lupus, eczema, skin 

lesions, psoriasis, wound healing, bums, ulcers of the duodenum, skin and cornea, 

tuberculosis and venous diseases.

A three week treatment o f a triterpene fraction of Centella asiatica in clients with 

postphlebitic syndrome significantly reduced the number of circulating endothelial cells, 

as compared to normal subjects (Montecchio et a l, 1991). Centella asiatica has been 

found to have a GABAnergic activity (Chatterjee et al., 1992).

Moharana and Moharana (1994) reported the use o f Centella asiatica plant 

extracts in memory enhancing tonics and for the treatment of mental and stress-related 

disorders. Herbert et al. (1994) studied the in vitro effect of an indigenously produced dry 

powder o f Centella asiatica (CA) on the acid-fastness and viability of Mycobacterium 

tuberculosis. The results indicate that CA may not have any direct action on the acid

fastness or viability o f M. tuberculosis H37Rv in vitro.

Babu et al. (1995) tested both a crude extract of Centella asiatica (CE) and its 

partially purified fractions (AF) for their antitumor activity. AF significantly inhibited the 

proliferation of the transformed cell lines in Ehrlich ascites tumor cells and Dalton's 

lymphoma ascites tumor cells with no toxic effects on normal human lymphocytes.

The asiaticoside, an isolated constituent o f Centella asiatica, significantly 

increased the levels of super oxide dismutase, catalase, glutathione peroxidase, vitamin E 

and ascorbic acid in excision-type cutaneous wounds in rats. The level o f antioxidant 

activity was highest during the initial stages of treatment (Shukla et al., 1996).

Sharma and Sharma (2002) reported that Centella asiatica has a considerable 

reputation in the Indian system of medicine. It is a rasayana (general tonic), brain tonic,
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improves memory and strengthens the central nervous system. According to Rao (2003) 

Ayurveda describes a group of plant drugs as “medhyarasayanas” (brain tonics). Among 

these brahmi and Centella asiatica occupy the place of pride.

2.2 IN  VITRO PROPAGATION OF CENTELLA ASIATICA

Patra et al. (1998) reported a successful procedure for in vitro regeneration of 

callus derived from stem and leaf explants of Centella asiatica on semisolid modified MS 

medium supplemented with 2 mg l' 1 Kn and 4 mg l' 1 NAA. The rate o f shoot bud 

regeneration was the highest after 4 weeks of subculture on 4 mg f 1 BA, 2 mg f 1 Kn, 

0.25 mg f 1 NAA and 20 mg I' 1 adenine sulphate.

Rao et al. (1999) studied the influence o f auxins and cytokinins on the production 

o f callus in Centella asiatica. The stem explant stolon, proved to be the best for callus 

induction followed by leaf base. Kinetin supplementation at 0.25 and 0.5 mg I' 1 along with 

auxin, 2, 4-D at 2 mg l ' 1 proved to be beneficial for the growth o f callus. The best 

combination of growth regulators for maximum callus induction was 2 mg l ' 1 NAA + 

0.5 mg f 1 Kn.

Banerjee and Zehra (1999) developed a protocol for in vitro multiplication of 

Centella asiatica from leaf explants. Leaf segment devoid o f petiole was more responsive 

in the production o f multiple shoots. BAP (2 mg I'1) and IB A (0.1 mg I'1) produced 

multiple shoots within 2 weeks. Maximum number o f healthy shoots/ explant and rapid 

elongation o f shoots was observed at BAP 3 mg I" 1 and NAA 0.05 mg f 1. Root initiation 

was observed on half strength MS medium supplemented with 1 mg I' 1 IBA within 2 

weeks.

Tiwari et al. (2000) described a protocol for rapid and large scale in vitro clonal 

propagation o f Centella asiatica by enhanced axillary bud proliferation in nodal segments 

isolated from mature plants. The syngergistic combination of 22.2 pM BA and 2.68 pM 

NAA induced optimum frequency (91%) o f shoot formation as well as shoot number (4-5 

shoots per node). Subculturing of nodal segments harvested from the in vitro derived
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axenic shoots on the multiplication medium enabled continuous production of healthy 

shoots with similar frequency. MS medium supplemented with 6.7 pM BA and 2.88 pM 

IAA was found most suitable for shoot elongation. Rooting was highest (90 %) in full 

strength MS medium containing 2.46 pM IBA.

Stem node explant o f naturally grown Centella asiatica was used for in vitro 

regeneration o f multiple shoots. A combination of 1 mg I" 1 BAP and 0.5 mg I' 1 NAA was 

found superior in the optimum production of multiple shoots. 0.2 mg I" 1 IBA was found 

most effective in the production of roots (Hossain et al., 2000).

Sangeetha et al. (2003) developed a rapid clonal propagation system for Centella 

asiatica by shoot tip (2-3 cm long) culture. The shoot tips isolated from mature plants 

were inoculated on MS medium incorporated with BA alone or in combination with 

NAA and Kn. The optimum number of shoots (3.38) with optimum number of leaves per 

shoot (4.25) was attained on MS medium supplemented with 4.0 mg l' 1 BA and 0.1 mg I' 1 

NAA. On transferring the microshoots on full strength MS medium supplemented with 

various concentrations o f IBA (1.0-3.0 mg I'1) and NAA (0.5-2.0 mg I'1), profuse rooting 

(46.8 per shoot) was obtained in MS medium with 2.0 mg f 1 IBA with root length of

19.7 cm.

Paramageetham et al. (2004) standardized somatic embryogenesis in Centella 

asiatica by culturing leaf explants on MS medium with 9.29 pM Kn and 2.26 pM 2,4-D. 

Martin (2004) reported high frequency somatic embryogenesis and plant regeneration on 

callus derived from leaf (petiole and lamina) and intemode explants o f Centella asiatica. 

Growth regulators significantly influenced the frequency o f somatic embryogenesis and 

plant regeneration. Callus developed on MS medium fortified with. 4.52 pM 2, 4-D or 

5.37 pM NAA, both with 2.32 pM Kn were superior for somatic embryogenesis. Callus 

developed on NAA and kinetin supplemented medium favoured induction and maturation 

of embryos earlier compared to that on 2, 4-D and Kn.



Panimalar et al. (2005) reported a viable tissue culture protocol for the 

commercial propagation o f Centella asiatica. They reported that for direct shoot 

regeneration from nodal segments, a combination of BAP 2.0 mg I" 1 and Kn 1 mg l’ 1 was 

found optimum. Callusing was observed in nodal segments and leaf bits when 3 mg I' 1 

NAA along with 0.3 mg l' 1 BAP was used. Half MS medium supplemented with IBA 

0.5 mg I' 1 and NAA 0.2 mg I' 1 induced rhizogenesis of regenerated shoots.

Hossain et al. (2005) studied the effect o f carbon sources on in vitro regeneration 

o f Centella asiatica. Effect of glucose, sucrose, maltose, gur and growth regulators on 

in vitro plantlet formation in Centella from nodal segments were studied. Among carbon 

sources, sucrose was optimum for shoot formation in presence of BA or Kn. Sucrose + 

BA or sucrose + Kn caused 100 or 90 % shoot formation. Longest shoots (2.6±0.059 cm) 

were produced with sucrose + BA. The other carbon sources were less effective than 

sucrose both in BA and Kn containing media.

Nodal segments o f Centella asiatica were used as explants for in vitro 

regeneration in MS media supplemented with 2 mg I" 1 BA and lm g I" 1 NAA. In vitro 

rooting was induced when MS medium was supplemented with IAA lm g f 1 (Shashikala 

et al., 2005). Nath and Buragohain (2005) developed methods for induction o f callus and 

cell suspension cultures o f Centella asiatica. TLC and HPLC analysis showed the 

presence of asiaticoside in the in vitro grown leaves, callus and cell suspension cultured 

cells.

2.3 PRODUCTION OF SECONDARY METABOLITES FROM MEDICINAL 
PLANTS

Plants are the traditional source of many chemicals used as pharmaceuticals. 

Most valuable phytochemicals are products o f plant secondary metabolism. The 

improved in vitro plant cell culture systems have the potential for commercial 

exploitation of secondary metabolites.



The accumulation of secondary products in plant cell culture depends on the 

composition o f the culture medium and on environmental conditions (Stafford et al., 

1986). Scragg (1992) isolated quinoline alkaloids in significant quantities from globular 

cell suspension cultures o f Cinchona ledgeriana. Park and Yoon (1992) obtained 

significant amounts o f sanguinarine in cell suspension cultures o f Papaver somniferum 

using bioreactors. Pradel et al. (1997) observed that the biosynthesis o f cardenolides was 

maximal in the hairy root cultures o f Digitalis lanata compared to leaf.

Roots cultivated in bioreactors have been found to release medicinally active 

compounds, including the anticancer drug isolated from various Taxus species, into the 

liquid media o f the bioreactor which may then be continuously extracted for 

pharmaceutical preparations (Murch et al., 2000).

Parisi et al. (2002) obtained high yields o f proteolytic enzymes from the callus 

tissue culture o f garlic (Allium sativum L.) on MS medium supplemented with NAA and 

BAP. Hahn et al. (2003) reported the production of ginsenoside from adventitious root 

cultures o f Panax ginseng through large-scale bioreactor system (1-10 ton).

Bais et al. (2002) developed a novel cell culture system for in vitro growth and 

production o f Hypericum perforatum  suggesting a possible technology for large-scale 

production o f hypericin. Leaf explants grown in Murashige and Skoog salts 

supplemented with 2, 4-D (0.90 V-M) and Kn (0.11 WW) gave maximum percentage callus 

formation.

Kim et al. (2004) studied the effects of a number o f different elicitors on 

asiaticoside production in whole plant cultures of Centella asiatica, including yeast 

extract, CdCh, CuCh and methyl jasmonate (MJ). Only MJ and yeast extract stimulated 

asiaticoside production to 1.53 and 1.41 fold respectively. Maximum asiaticoside 

production was achieved following the treatment with 0.1 mM MJ (116.8 mg I'1). The 

highest asiaticoside production (342.72 mg I"1) was obtained after 36 days o f elicitation in



cultures, treated with 0.1 mM MJ and 0.025 mg I-11 -phenyl-3-( 1,2,3-thidiazol-5-yl) urea 

(TDZ).

2.4 IMPROVEMENT OF MEDICINAL PLANTS BY GENETIC MANIPULATION

2.4.1 Gene T ransfer M ethods in M edicinal Plants

The gene transfer method and the gene expression vector to be used must be 

compatible with the plant genotype and the tissue to be treated. The generally used gene 

transfer methods include Agrobacterium mediated transformation, particle bombardment, 

electroporation etc.

The Agrobacterium  mediated gene transfer system requires physically injured 

plant cells that the bacteria can enter. The process also requires the regeneration of the 

explant into a viable plant. Lievre et al. (2005) reported Agrobacteium tumefaciens 

mediated genetic transformation in Ruta graveolens. Transformation was obtained by co

cultivation o f hypocotyls o f 2-3 weeks old plants and Agrobacterium tumefaciens strain 

CSSClRif11 containing a plasmid harbouring neomycin phosphotransferase and 

p-glucuronidase encoding genes. Bae et al. (2005) reported an efficient transformation 

protocol for stable introduction o f hmgr into Taraxacum platycarpum  plants. The 

Agrobacteium tumefaciens strain EHA105 containing the binary vector, pCAMBIA1301, 

with gus and hmgr genes, showed high transformation efficiency after 3-5 weeks of 

hygromycin selection.

Transgenic hairy root cultures have served as a useful model system to investigate 

the biosynthesis of alkaloids, and a variety of other secondary, metabolites. Giri et al

(2001) used different strains o f Agrobacterium rhizogenes, viz., A4 , 15834, K.5 9 9 , 

LBA9402, 9365 and 9340 for induction of hairy roots in Artemisia annua using shoot tip 

meristem as explant. Hairy root lines induced by strain 9365 were found to contain 

highest amount o f artemisinin (0.23%). Lee et al. (2004) produced transformed hairy 

roots from the seedlings o f Taraxacum platycarpum  by infection with Agrobacterium 

rhizogenes 15834. Transgenic plantlets showed considerable differences in their

10
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morphology when compared to the corresponding non transgenic plants. The differences 

reflect the modification o f morphological root characters by introduction o f rol genes.

Although the success o f Agrobacterium  vectors was paramount, the technique 

continues to have problems and limitations. Since its discovery, microprojectile mediated 

transformation has gained considerable attention, primarily due to its reputation as a 

universal delivery system. Genetically transformed Catharanthus roseus plantlets were 

obtained after bombardment of nodal explants, which were then micropropagated, with 

DNA coated particles with green fluorescent protein (gfp) or (3-glucuronidase (gus) 

reporter genes. Histological studies showed that the gene insertion method proved 

effective with many cells and different tissues displaying the reporter gene signals, 

showing that gene expressions were rather stable (Zarate et a l, 1999).

Leo et al. (2000) reported an efficient whole plant transformation system for 

Hyoscyamus muticus, an important medicinal plant o f the solanaceous family. They 

developed a system using a plasmid carrying the nptll and gus A genes, which was 

delivered into leaf explants by particle bombardment. Ten per cent o f bombarded leaf 

explants formed kanamycin resistant callus, from which putative transgenic plants were 

recovered. The np tll gene conferring kanamycin resistance was found to be incorporated 

into the genome o f all transgenic plants screened. Hosokawa et al. (2000) produced 

transgenic gentian plants by particle bombardment o f suspension-culture cells.

2.4.1.1 Genes Transferred by Various Methods

Genes o f interest, including marker or reporter genes, are vectored on short units 

o f DNA called plasmids. The plasmids have various gene promoters and other sequences 

which affect the ability of the plant cell to transcribe the gene and to translate it into a 

protein product. Use o f plasmid with inappropriate promoters and markers may mask the 

effectiveness o f a specific gene transfer method (Kuehnle, 1997).
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Yun et al. (1992) reported that hydroxylase gene from Hyoscyamus niger under 

the control o f the CaMV 35S promoter was introduced by a leaf disc transformation 

system into Atropa belladona which accumulates hyoscyamine as its main alkaloid.

Nabha et a l (1999) reported transformation of calli o f Papaver somniferum with 

the sam-I gene from Arabidiopsis thaliana which encodes on S-adenosyl methionine 

synthetase (SAM Synthetase) and was subcultured over a four year period. The stability 

o f the expression and the level o f SAM synthetase activity was evaluated in transgenic 

cell lines and in the control. All transgenic cell lines exhibited a level o f SAM synthetase 

activity higher than that o f control.

Chen (2000) reported a three fold enhancement in production of the putative 

antimalarial, anticancer agent artemisinin in transgenic Artemisia annua plants over 

expressing famesyl diphosphate synthase, the enzyme immediately preceding the first 

committed biosynthetic step. Geng (2001) reported that when the bacterial gene ipt, 

which promotes the endogenous production of cytokinin growth hormones, is expressed 

in Artemisia there is a coordinated increase in hormone, chlorophyll and artemisinin 

levels.

Panax ginseng, resistant to the herbicide Basta, has been generated by 

transformation with the enzyme phosphonithricin acetyl transferase (Choi et a l, 2003). 

Morphological variation introduced to Taraxacum platycarpum  regenerated from 

hairyroot cultures was ascribed to the developmental effects o f rol genes introduced from 

A. rhizogenes (Lee et a l, 2004),

2.4.2 Metabolic Pathway Engineering in Medicinal Plants

Genetic transformation is a powerful tool for enhancing the productivity of novel 

secondary metabolites o f limited yield. Direct manipulation of DNA sequences to alter 

gene expression in medicinal plants, is an area that is ripe for expansion. One approach is 

to identify enzymes o f a metabolic pathway and then manipulate these enzymes to 

provide better control o f that pathway. Another approach is to introduce new genes for



the increased yield o f  secondary metabolites. Metabolically engineered medicinal plants 

will complement conventional breeding efforts for the production of quantitatively and 

qualitatively improved pharmacological properties. Charlwood and Pletsch (2002) 

reported that pathway engineering will lead to improvement o f potential value in the 

breeding of medicinal plants.

A number o f plant species including many medicinal plants have been 

successfully transformed with Agrobacterium rhizogenes. Transformed hairy roots mimic 

the biochemical machinery present and active in the normal roots (Chilton el a l, 1982) 

Yun et al. (1992) increased the production of scopolamine in Atropa belladona from the 

naturally occuring chemical precursor hyocyamine by transferring the enzyme 

hyoscyamine 6(3- hydroxlase from Hyoscyamus niger. Plant transformation and genetic 

modification using A. rhizogenes, can be used to boost the production o f those secondary 

metabolites, which are naturally synthezised in the roots. Cai et al. (1995) reported the 

establishment of hairy root culture system of Artemisia annua by infection with 

Agrobacterium rhizogenes and the optimum concentration o f artimisin was 4. 8  mg l' 1

Pradel et al. (1997) developed a system for producing transformed plants from 

root explants o f Digitalis lanata. They reported higher amounts o f anthraquinones and 

flavanoids in the transformed hairy roots than in untransformed roots. Argolo et al. 

(2000) reported the regulation o f solasodine production by Agrobacterium rhizogenes 

transformed roots o f Solanum aviculare. Souret et al. (2002) demonstrated that the 

transformed roots o f Artemisia annua are superior to whole plants in terms o f yield of the 

sesquisterpene artemisinin. Shi and Kintzios (2003) reported the genetic transformation 

of Pueraria phaseoloides with Agrobacterium rhizogenes. The content of puerarin in 

hairy roots reached a level o f 1-2 mg g' 1 dry weight and was 1.067 times the content in 

the roots of untransformed plants.

2,4.3 Engineering Agronomic Traits in Medicinal Plants

The first targets for medicinal plant biotechnology were resistance to herbicides, 

pests and diseases. There have been relatively few reports o f biotechnology applied to



non-biotic stresses and other aspects of agronomic performance, although the approach is 

considered to have great potential.

Somatic hybridization, the fusion of somatic cells from tissue culture and atrazine 

selection was used to regenerate herbicide-tolerant Solanum nigrum (black nightshade) 

(De Donato., 1990). Saito (1992) developed transgenic Atropa plants resistant to the 

herbicides bialaphos and glufosinate using Ri binary vector.

Geng (2001) observed when the bacterial gene ipt, which promotes the 

endogenous production of cytokinin growth hormones, is expressed in Artemisia there is 

a coordinated increase in hormone, chlorophyll and artemisinin levels. Chen and Punja

(2002) obtained Panax quinquefolium (American ginseng) transformed with either a 

chitinase or a thaumatin-like antifungal gene which regenerated successfully.

Choi et al. (2003) reported the generation o f Panax ginseng, resistant to the 

herbicide Basta, by transferring the enzyme phosphinothricin acetyl transferase. 

Morphological variation introduced to Taraxacum platycarpum  regenerated from hairy 

root cultures was ascribed to the developmental effects o f the rol genes introduced from 

A. rhizogenes (Lee et al., 2004).

2.5 AGROBACTERIUM  MEDIATED GENETIC TRANSFORMATION IN 
MEDICINAL PLANTS

2.5.1 Factors Affecting Agrobacterium  Mediated Gene Transfer in Medicinal Plants

2.5.1.1 Explant fo r  Genetic Transformation

For molecular breeding to be feasible, the tissue to be genetically engineered must 

give rise to plants. The gene transfer method and the gene expression vectors used must 

be compatible with the plant genotype and the tissue to be treated.

According to Vergauwe et al. (1998) transformation o f Artemisia annua was 

accomplished by co-cultivation of sterile leaf, stem and root explants from 1 2  to 18



weeks old plants, cotyledons and hypocotyls from eight day old seedlings with A. 

tumefaciens. The first transgenic peppermint plants have been obtained by 

Agrobacterium mediated transformation by co-cultivation with morphogenicaliy 

responsive leaf explants (Niu et a l, 1998).

Park and Facchini (2000) obtained transformants in California poppy 

(Eschscholzia californica) by co-cultivation of excised cotyledons with A. tumefaciens 

strain GV1301 carrying the pBI 121 binary vector. Leaf and hypocotyls explants from 

35-40 old lavender seedlings were inoculated with the EHA105 strain o f A. tumefaciens 

to obtain transgenic plants o f the aromatic shrub Lavandula latifolia ( Nebauer et al., 

2000).

Lee and Pedersen (2001) obtained transformants in Eschscholzia californica by 

co-cultivation o f California poppy leaves with A. tumefaciens. Hypocotyls were used as 

explants for genetic transformation in Bixa orellana. Hypocotyls from annatto seedlings 

were inoculated with Agrobacterium tumefaciens harbouring a binary vector pBI 121 or 

pCAMBIA2301. (Zaldivar et al, 2003). Feeney and Punja (2003) reported that 

suspension cells o f hemp (Cannabis sativa) were transformed with A. tumefaciens strain 

EHA101 carrying the binary vector pNOV3635.

Complete plants regenerated in vitro which possessed no or trace amount of 

patchouli oil in leaf tissues, were used as explant source in Pogostemon cablin to 

generate the transformants (Sugimura et al .,2005).

2.5.1.2 Strain Specificity o f  Agrobacterium

There are differences in the susceptibility o f Agrobacterium  infection between 

species and even between cultivars and genotypes of the species. Hence the best method 

is to transform with different strains harbouring a good selectable marker, till we get the 

genotype/strain combination. Several Agrobacterium tumefaciens strains varying in 

chromosomal background, vir helper plasmid and binary vector plasmid should be tested 

for their competence to transform.



Yun et al. (1992) reported the transfer o f binary vectors pHY 8  and pGA482 to 

Agrobacterium tumefaciens LBA4404 by direct transfer method and the ex-conjugants 

were used to transform Atropa belladona leaf explants, basically as described for tobacco 

leaf disc transformation. Lee and Pederson (2001) obtained stable genetic transformation 

of Eschscholzia californica (California poppy) using the disarmed A. tumefaciens 

LBA4404 encoding a synthetic green fluorescent protein reporter gene that is further 

controlled by an enhanced cauliflower mosaic virus 35S promoter.

Agrobacterium tumefaciens strain GV3010 containing the plasmid vector pMP90 

containing the marker gene for kanamycin resistance and a reporter gene for gus, both 

controlled by the pNOS promoter derived from nopaline synthase gene was used to 

transform Atropa belladonna plants (Negoianu et al., 2002).

Fenny and Punja (2003) reported that suspension cells o f Cannabis saliva were 

transformed with Agrobacterium tumefaciens strain EHA101 carrying the binary vector 

pNOV3635 with a gene encoding phosphomannose isomerase (PMI). Shanjun et al. 

(2005) in Hyoscyamus niger developed a method for transformation in vitro with 

Agrobacterium strain harboring binary vector (pGSGlucl).

Conditions for transformation were examined using two Agrobacterium 

tumefaciens strains containing different chimeric plasmid in patchouli, Leaf explants 

were infected with strain EHA 101/pIG121-Hm carrying p-glucuronidase and 

hygromycin phosphotransferase (hpt) gene and another strain LBA4404/pBI 121-PaCPl 

encoding the coat protein precursor gene o f patchouli mild mosaic virus (CP-P) and 

neomycin phosphotransferase (nptll) gene to obtain transformants (Sugimura el al, 

2005).

2. S. 1.3 Bacterial Density

Concentration o f bacterial cells in the induction medium is an important factor to 

be considered for efficient transformation. Very low density o f bacterial population could
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lead to ineffective transformation, whereas very high density may lead to necrosis and 

death of the explant. Some species are very sensitive to bacterial infection and hence very 

low density o f bacterial population is used.

Lichtenstein and Draper (1986) attempted transformation from the cultured 

bacterial cells obtained from the bacterial suspension by centrifugation and resuspended 

in liquid MS medium and the final OD value was adjusted to 0.6-0.8 . Leaf sections of 

Echinacea purpurea were immersed into this bacterial suspension for 30 minutes, and 

blotted on sterile filter paper and then co-cultivated to generate the transformants.

Negoianu et al. (2002) used the Agrobacterium  grown on liquid LB medium

containing 50 mgl-  ̂ rifampicin in the dark at 28° C for two days until the optical density 

at 600 nm reached the value o f 0.5 to obtain transformants in Atropa belladonna. Nisha 

et al. (2003) reported that in Bacopa monniera transformants were obtained when leaf
Q

discs were immersed in over night culture o f A. tumefaciens diluted to 5 x 10 cells / ml 

(as measured by OD at 600 nm) for 15 minutes.

2.5.1.4 Co-cultivation

The explants used for co-cultivation with Agrobacterium  carrying the desired 

vector include cells, callus, tissue slices, protoplasts etc. For transformation to be 

efficient, the induced Agrobacterium  should have access to cells that are competent for 

transformation.

Nebauer et al. (2000) obtained optimal transformation rates in Lavandula latifolia 

when leaf explants pre-cultured for 1 day on regeneration medium was subcultured on 

selection medium after a 24 h co-cultivation with Agrobacterium.

Lee and Pedersen (2001) reported that stably transformed Eschscholzia 

californica cells appear 3 weeks after initial co-cultivation of A. tumefaciens with poppy 

leaves, stems or roots. Koroch et al. (2002) reported Agrobacterium tumefaciens



mediated genetic transformation of Echinacea purpurea by co-cultivation of leaf sections 

using the strain EHA105, containing the binary vector pBISNl for 48 hours.

Negoianu et a l  (2002) performed gene transfer in Atropa belladonna via bacterial 

infection and further co-culture o f plant leaf explants in Agrobacterium suspension, for 2

5 minutes. After gentle shaking, the leaves were dried on sterile Whatman paper to 

remove excess bacterial suspension and plated on solid LS medium. After two days of 

co-culture, explants were transferred to bacterial selection medium.

In Bacopa monniera, Nisha et al. (2003) reported that the incubation of leaf 

segments in bacterial suspension EHA105 (pBE2113) for 15 minutes and then co

cultivation for 48 hours, resulted in efficient transformation.

2.5.1.5 Use o f  Acetosyringone during Transformation

The Ti plasmid virulence {vir) loci encode functions essential for the transfer of 

the T-DNA element from Agrobacterium tumefaciens to plant cells. These vir genes and 

thus the virulence o f Agrobacterium  are stimulated by compounds secreted from the 

wounded plant tissue. These compounds such as acetosyringone greatly enhance 

transformation and are now routinely added to transformation experiments.

Mathews et al. (1990) reported that leaf segments from young seedlings o f Atropa 

belladona were infected with a disarmed strain of Agrobacterium tumefaciens C58C1. 

harboring the plasmid pGV3850:1103 containing the coding sequences of neomycin 

phosphotransferase. Explants were infected with A. tumefaciens, and cultured overnight 

with and without acetosyringone (AS). The mean1 frequencies o f explants producing calli 

on the two kanamycin-containing media were 2 1 % and 71% when the explants were 

infected with bacteria cultured in the presence o f AS compared with 2% in those infected 

with bacteria grown without AS.

In Agrobacterium  transformation o f white clover, Voisey et al. (1994) found that 

acetosyringone (100 pM) when added to co-cultivation medium helped in stabilizing the
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rate of transformation, which varied considerably in its absence. Sales et al. (2003) 

reported that among the factors influencing T-DNA transfer to Digitalis plants, the 

EHA105 strain and the addition of acetosyringone to the co-culture medium, increased 

transformation.

2,5.1.6 Elimination o f  Bacteria after Co-cultivation

Complete elimination o f bacteria from the explant after co-cultivation is very 

essential; otherwise it will interfere with the growth and organogenesis o f the explant. 

Over growth o f bacteria causes death o f the explant and disrupts the experiment. 

Elimination of bacteria from the explant is done by the use o f antibiotics. The antibiotic 

should be such that it kills the bacteria without affecting the growth and organogenesis of 

the explants. The most commonly used antibiotic for this purpose is cefotaxime. 

However, the effect o f antibiotic on the explant need to be studied before choosing it as 

bacteriostatic agent as they are also reported to have detrimental effect on some species.

Vergauwe et al ('l 996) working on transformation o f Artemisia annua L found 

that cefotaxime at 50 mg f 1 was effective as a decontaminating antibiotic; but it caused 

retardation in callus formation. Then they tried vanomycin at 750 mg I ’ 1 which was not 

toxic to the tissue. However, it could not control the bacteria effectively. Curtis et al. 

(1999) reported that in Datura after two days o f co-cultivation period, the leaf explants 

were transferred to the shoot regeneration medium supplemented with 2 0 0  mg f 1 

kanamycin sulphate and 200 mg I" 1 cefotaxime. Cefotaxime was used as the bacteriostatic 

agent.

Park and Facchini (2000) reported that after co-cultivation, Eschscholzia 

californica cotyledons were transferred to a medium containing 2 0 0  mg I' 1 timentin to 

eliminate the Agrobacterium. Koroch et al. (2002) co-cultivated Echinacea purpurea leaf 

sections with Agrobacterium  for different periods of time ranging from 0 to 72 hrs before 

transfer to shoot induction media containing 300 mg f 1 timentin, which was used for the 

control o f Agrobacterium. Negoianu et al. (2002) performed gene transfer in Atropa 

belladona via bacterial infection and further co-culture of plant leaf explants in
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Agrobacterium  suspension for 2 to 5 minutes. After two days o f co-culture, explants were 

first transferred to a fresh Linsmaier and Skoog (LS) medium supplemented with 

500 mg I’ 1 cefotaxime for bacterial selection.

2.5.1.7 Marker and Reporter Genes

Selection of transformed cells is a key factor in developing a successful genetic 

transformation system (Chia et a l, 1994). Single dominant gene encoding suitable 

resistance to a selective agent is used as a marker, The reporter genes are used to analyse 

the function o f promoters and other gene regulatory sequences. These genes do not 

disrupt the plant regeneration, but allow the selection o f transformed cells. 

Transformation vectors are constructed with a reporter gene or a selectable marker, which 

indicates successful incorporation and expression o f the introduced genes. The reporter 

gene and selectable marker gene are fused to the same plant promoter that is fused to the 

foreign gene o f interest. Commonly, antibiotics and herbicides are used as selectable 

markers (Hinchee et a l, 1994).

The most widely used antibiotic marker is kanancycin and was used in the first 

transformation experiments. Neomycin phosphotransferase II {nptll) gene from 

transposon Tn5, detoxifies neomycin, kanamycin and G418 by phosphorylation. (Fraley 

et a l, 1983). It is a widely used selectable marker in dicotyledon system including 

tobacco, potato and tomato (An et al., 1986). Hygromycin phosphotransferase (hptIV) 

governs resistance to hygromycin. This gene isolated from E coli, has been placed under 

various promoters and has been successfully used in strawberry (Nehra et a l, 1990).

Herbicide markers function in the same way as antibiotic markers. The bar gene 

isolated from Streptomyces hygroscopicus, confers resistance to the herbicide 

phosphinothricin, the active ingredient of Bilaphos and Basta. The 'bar' gene codes for 

phosphinothricin acetyl transferase (PAT) which inactivates phosphinothricin, an 

irreversible inhibitor o f glutamine synthase. This gene has been inserted and expressed in 

rape seed (De Block et al., 1989) and alfalfa (Krieg et a l, 1990).



An alternative to antibiotic selection is the use o f the firefly luciferase gene, (Chia 

et a l ,  1994) as a marker. The product of this gene produces light upon reaction with 

luciferin, which can be detected with a camera photomultiplier. Another reporter gene 

commonly used in the transformation is anthocyanin. Upon activation, this reporter 

system produces a reddish purple pigment in transformed tissue (Ludwig et al., 1990).

2.5.1.8 Selection o f  Transformed Cells

Selection o f transformed cells is an important aspect of transformation work (Chia 

et a l,  1994). Several factors affect the choice o f chemicals used for selection. The 

selection agent must not be so toxic to plant cells, that the products from the dying non

transformant cells kill adjacent transformed cells. Thus the most effective toxins are those 

which either inhibit growth of untransformed cells or slowly kill the untransformed cells. 

Optimal selection pressure will use the lowest level of toxin needed to kill the 

untransformed tissues.

Yun et al. (1992) obtained transformants in Atropa belladona by selection in 

media containing 500 fig ml" 1 kanamycin. A transformation system was developed for 

Artemisia annua plants from leaf explants using Agrobacterium tumefaciens strain (58 

Cl Rif K (pGV2260) (pTJK136). A concentration o f 20 mgl" 1 kanamycin was used to 

select transformed tissue (Vergauwe et a l,  1996).

Dronee et al. (1999) obtained transformed callus lines in lavandin and transgenic 

shoots were regenerated from the kanamycin resistant calli and rooted on selective media 

with 150 mg I' 1 kanamycin. Niu et al. (2000) observed enhanced transformation 

efficiency in peppermint by increased selection pressure mediated by higher 

concentrations o f kanamycin in the medium during shoot induction, regeneration and 

rooting (from 20 to 50 mg I" 1 in shoot induction / regeneration medium and from 15 to 30 

mg I" 1 in rooting medium).

For selection and regeneration of plantlets in Echinacea purpurea, 640 leaf 

sections were co-cultivated with Agrobacterium  for 48 hrs and transformed to shoot
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induction media containing timentin for control of Agrobacterium  and kanamycin (50 

mg I'1) for selection o f transformed tissues (Koroch et al., 2002). Negoianu et al. (2002) 

reported that a selective medium containing 500 mgl" 1 kanamycin was used for the early 

transformed tissue selection in Atropa. They were then transferred to a fresh stepwise 

diluted (400, 300 and 200 mg I'1) selective medium.

Alsheikh et al. (2002) observed that Fragaria vesca showed a high sensitivity to 

kanamycin and therefore, a selection regime from lOmg I' 1 to 25 mg I' 1 kanamycin over a 

period of 8  weeks was used. Nisha et al. (2003) observed that the selection medium 

comprised of shoot regeneration medium supplemented with 15 mg f 1 kanamycin and 

300 mg I' 1 cefotaxime in brahmi. Four weeks after bacterial infection, co-cultivated 

explants showed callusing on the selection medium, while the control uninfected explant 

inoculated into the selection medium showed browning and senescence.

Sugimura et al. (2005) selected greenish calli with adventitious shoots, following 

co-cultivation for three days and selection by 50 mg I' 1 hygromycin B from which 

putative transformants with roots were regenerated in Pogostemon cablin using A. 

tumefaciens strain EHA101 carrying the vector p lG  121-Hm. Using another strain LB A 

4404/pBI121-PaCPl patchouli mild mosaic virus (CP-P) and neomycin 

phospotransferase (nptll gene) putative transformants were also obtained after co

cultivation for 7 days and selection by lOOmg T* kanamycin.

2.5.1.9 Histochemical Analysis o f  GUS Expression

Reporter genes produce a product that has a distinct and easily detectable 

phenotype. With most reporter genes, successful transgene expression can be determined 

through a visual assay. The reporter gene assay is an invaluable step as it eliminates many 

of the transformants to a selected number o f possible successful integrations. The most 

common reporter gene used in plant transformation is the gus gene isolated from E coli 

(Jefferson et al., 1986). It encodes a stable enzyme that is not normally present in plants 

and that catalyzes the cleavage o f a range o f p-D- glucuronides. The GUS activity in 

transformed plant tissues can be localized by observing the blue colour that is formed



after hydrolysis o f the uncoloured substrate 5-bromo 4-Chloro 3-indoIyl p-D-glucuronic 

acid (X-gluc).

Vergauwe et al. (1996) in Artemisia annua performed GUS histochemical 

staining of transformed tissues and found that 94% of the transgenic plants showed a 

P-glucuronidase positive response. Dronne et al. {1999) in lavandin confirmed transgene 

expression using histoenzymatic p-glucuronidase assays, leaf callus assays and RT-PCR. 

Results showed that both p-glucuronidase and neomycin phosphotransferase II genes 

were expressed at a high level in at least 41 of the transgenic plants regenerated.

In Echinacea, Koroch et a l  (2002) reported that leaf sections were assayed for 

GUS activity for 4 days after the co-cultivation period. Several morphologically normal 

appearing kanamycin resistant plantlets did not exhibit GUS staining in histochemical 

GUS assays, while most regenerated plantlets were GUS positive. Zaldivar et al. (2003) 

reported that histochemical GUS assay o f infected hypocotyls from two Bixa orellana 

varieties showed transient gus gene expression between 3 and 12 days after inoculation.

Histochemical assay to detect the GUS activities in the four putative 

transformants were performed on the leaves o f kanamycin resistant brahmi plants 

selected at random (Nisha et al., 2003). The leaves showed pronounced GUS activity 

along the midrib region. Sugimura et al. (2005) performed histochemical assay of 

transformed tissues in patchouli. Results showed GUS expression in every organ of 

transformants.

2.5.1.10 PCR Analysis o f  Transformants

Confirmation o f the putative transformants is usually done by Polymerase Chain 

Reaction (PCR) using the primer designed for the marker gene.

Vergauwe et al. (1996) in Artemisia annua performed PCR o f transformed tissues 

and DNA sequencing o f the amplification products. The results revealed that 75% of the 

regenerants contained the foreign genes. Dronne et al. (1999) in lavandin confirmed the
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presence of the introduced p-glucuronidase and neomycin phosphotransferase II genes by 

PCR and Southern blot analysis.

Cucu et al. (2002) confirmed the presence o f the marker nptll gene in the entire 

plant using PCR. The obtained genotype and phenotype profiles confirm both the 

integration and the expression of the nptll gene into the A. belladonna genome. In 

Echinacea, Koroch et al. (2002) detected nptll sequences in kanamycin-resistant plantlets 

by PCR analysis using the primer sequences to amplify a 320 bp region o f the nptll gene. 

PCR analysis for the presence o f the nptll transgene correlated positively with GUS assay 

results. Sales et al. (2003) in Digitalis minor obtained evidence o f stable transgene 

integration by PCR, growth on media selective for nptll or bar genes, and expression of 

the gus A gene.

Nisha et al. (2003) studied the presence of gus and nptll genes in the genomes of 

the transformants in brahmi by PCR amplification using specific primers for nptll and 

gus genes. The DNA isolated from five randomly selected kanamycin resistant plants 

showed amplification o f 1 kb fragment with GUS primers and a 600 bp fragment with the 

nptll primers, while there was no amplification with the DNA of the control plant.

Shanjun et al. (2005) confirmed transformation in Hyoscyamus niger calli by 

p -glucuronidase histochemical and flurometric assays, PCR and Southern blot analysis. 

Sugimura et al. (2005) reported that using total DNAs from the transformants in 

patchouli, the full length of CP-P encoding the coat protein precursor gene of patchouli 

mild mosaic virus was detected by PCR reaction.
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3. MATERIALS AND METHODS

The experiments on Agrobacterium tumefaciens mediated genetic 

transformation in kudangal (Centella asiatica L. Urban.) were carried out at the 

Department of Plant Biotechnology, College o f Agriculture, Vellayani during January 

2004 to February 2006. Details regarding the experimental materials used and 

methodology adopted for various experiments are presented in this chapter.

3.1 SOURCE OF EXPLANT

Leaves and nodes collected from naturally grown healthy Centella asiatica 

plants were used as explants. Explants were washed in tap water and Laboline to 

remove soil particles. They were trimmed and subjected to surface sterilization using 

mercuric chloride (0.08%) for five minutes. They were washed using sterile water 3-4 

times and used for inoculation.

3.2 CULTURE MEDIUM

3.2.1 Chemicals

All the chemicals used for the preparation of the culture media were of 

analytical grade and procured from Sisco Research Laboratories (SRL), India. The 

antibiotics and plant growth substances were purchased from Himedia Laboratories, 

India.

3.2.2 Glassware, Plastic ware and Other Materials

Borosilicate glassware and disposable sterile petridishes were purchased from 

Tarsons, India. The membrane filters used were from Sartorius, Germany.

3.2.3 Composition of Media

Basal MS medium (Murashige and Skoog, 1962) supplemented with various 

plant growth substances, 2 ,4-dichlorophenoxyacetic acid (2,4-D), benzyl adenine (BA),



a-naphthalene acetic acid (NAA), kinetin (Kn), adenine sulphate (ADS), gibberellic 

acid (GA), indole acetic acid (IAA) and organic supplements like coconut water were 

used for plant tissue culture experiments (Appendix I).

For maintenance o f Agrobacterium  strains, Yeast Extract Peptone (YEP) 

medium (An et al., 1988) and AB minimal medium were used (Appendix II).

3.2.4 Preparation of Medium

Standard procedures (Murashige and Skoog, 1962) were followed for the 

preparation o f the plant tissue culture media. The pH of the medium was adjusted to 5.7 

using 0.1N NaOH / HC1. Agar was added at the rate o f 6.0 g I'1 and the medium was 

heated to dissolve agar. The medium was then dispensed into culture.vessels at the rate 

o f 15ml/ culture tube and 50 ml /conical flask. The test tubes and conical flasks were 

plugged with non absorbent cotton and sterilized by autoclaving under steam at a 

pressure o f 1.05 kg cm'2 and a temperature of 120° C for 15 min. The medium was then 

stored in culture room at 25 ± 2° C.

For bacterial culture, the pH o f the medium was adjusted to 7.0 and agar was 

added at the rate o f 1.5 per cent. The medium was sterilized by autoclaving and stored 

in culture room at 28° C.

3.2.5 Preparation of Stock Solution of Antibiotics

3.2.5.1 Kanamycin

A stock solution (104 mg I"1) was prepared by dissolving kanamycin 

monosulphate in sterile water. It was then filter sterilized and stored at -80° C.
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3.2.5.2 Cefotaxime

A stock solution (104 mg I'1) was prepared by dissolving cefotaxime in sterile 

water. It was then filter sterilized and stored at -80° C.

3.2.5.3 Rifampicin

A stock solution (104 mg I'1) was prepared by dissolving rifampicin first in 

ethanol and then in sterile water. It was then filter sterilized and stored at -80° C.

For the antibiotic sensitivity studies, the required concentrations of kanamycin 

and cefotaxime were diluted from the stock and added to the sterilized molten medium 

at 40°C.

3.2.6 Agrobacterium  S trains

Two strains o f Agrobacterium tumefaciens viz., LBA4404 and EHA105 were 

used for the study. EHA105 by virtue o f harbouring the ‘supervirulenf, ‘v ir’ gene, 

exhibit broader host range and higher transformation efficiency. The bacterial 

kanamycin resistance gene in EHA101 was deleted to develop the ‘v/r’ helper strain 

EHA105.

Two Agrobacterium  strains with the binary vector, pCAMBIA2301 were used for the 

study.

3.2.6.1 pCAM BIA2301  (Hajdukiewicz et a l, 1994)

The T-DNA o f this binary vector contains the gus A gene and the nptll 

(Kanamycin resistance) gene under the control o f CaMV 35S promoter (Appendix III).
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3.2.6.2 M aintenance o f  Agrobacterium Strains



The Agrobacterium tumefaciens strains viz., LBA4404 and EHA105 harbouring 

the binary vector, pCAMBIA2301 were grown on YEP medium supplemented with 

kanamycin 100 mg I '1 and rifampicin 10 mg I'1'

3.3 INOCULATION AND OTHER ASEPTIC MANIPULATIONS

All the aseptic procedures were carried out in a laminar air flow cabinet 

(Thermadyne).

3.4 CULTURE CONDITIONS

The cultures were incubated at 25 ± 2° C in air-conditioned culture room with 

16 hr photoperiod (1000 lux) supplied by cool white fluorescent tubes. Humidity in the 

culture room varied between 50 and 60 per cent.

3.5 PRODUCTION OF CALLUS

Callus was induced from leaf and node explants. Surface sterilized leaves were 

cut into square pieces and inoculated on MS media containing different concentrations 

and combinations of 2, 4-D, Kn, NAA and BA. Cultures were incubated at 25 ± 2° C in 

culture room with 16 h photoperiod (1000 lux). Observations were recorded on the 

percentage establishment o f explants and percentage of callusing.

3.6 REGENERATION FROM THE CALLUS

The callus obtained were transferred to MS medium with varying concentrations 

and combinations o f Kn, NAA, 2, 4-D, BA, ADS, and GA for regeneration. 

Observations were recorded on the percentage o f regeneration.

3.7 EVALUATION OF CENTELLA ASIATICA CULTURES FOR SENSITIVITY TO 
ANTIBIOTICS

Sensitivity of Centella cultures to antibiotics was evaluated to utilize it as a 

marker system for selection process after transformation. The callus produced on callus

<x%



induction medium (MS medium supplemented with Kn 2mg I'1, and NAA 4mg I'1) were 

transferred to petriplates containing medium of same composition with different 

concentrations o f kanamycin (0, 5, 25, 50, 75, 100, 125, 150, 200, 300, 400 and 

500 mg I'1) or cefotaxime (0, 5, 25, 50, 75, 100, 125, 150, 200, 300, 400 and 

500 mg f 1). The petriplates were sealed with parafilm and kept at 25 ±  2° C. The culture 

response o f the explants to varying concentrations o f kanamycin and cefotaxime was 

evaluated for a period of eight weeks.

The following scoring method was used for evaluation.

Score C ulture response
‘+++4-’ Fully green

'+++’ Partially discoloured

Bleached tissues

‘+ ’ Tissues turning brown and dead

3.8 SCREENING OF AGROBACTERIUM  STRAINS FOR SENSITIVITY TO 
ANTIBIOTICS

Agrobacterium maintained in YEP medium was transferred to YEP medium 

with different concentrations of kanamycin or cefotaxime (5, 25, 50, 75, 100, 125, 150, 

200, 300, 400 and 500 mg I'1). Petriplates were then sealed with parafilm and it was 

incubated at 28°C and bacterial growth was observed for two days.

3.9 GENETIC TRANSFORMATION OF CENTELLA ASIATICA

Sterile cultures o f nodes/callus were used for transformation.

3.9.1. P reparation  of Agrobacterium  Suspension for Co-cultivation
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The Agrobacterium tumefaciens strains viz., LB A 4404 and EHA 105 with the 

binary vector pCAMBIA2301 were grown on petriplates containing AB minimal 

medium with kanamycin 100 mg I'1 at 28° C overnight. Agrobacteruium  suspension for 

co-cultivation was prepared by picking a single colony from the plate and inoculating 

into AB broth supplemented with suitable antibiotics (kanamycin 100 mg I'1). AB broth 

with the bacterial strain was kept in a shaker overnight at 28°C at 10 rpm. The next day 

the culture was spun in a centrifuge at 5000 rpm at 4°C for 5 minutes. The pellets 

obtained were resuspended in 1ml o f half strength MS broth (with 100 pM 

acetosyringone) for co-cultivation.

3.9.2 Preparation of Plant Material

The calli o f Centella were pre-cultured on MS medium containing 2 mg I'1 Kn 

and 4 mg I'1 NAA for 15 days before co-cultivation to maintain cells in active cell 

division stage.

3.9.3 Co-cultivation

The pre-cultured calli were used for co-cultivation. They were cut using sterile 

blade to facilitate wounding and infection process.

The callus pieces were placed in a sterile petriplates and wetted with liquid half 

MS medium to avoid drying o f explants. The explants were then mixed thoroughly 

with the prepared Agrobacterium  suspension (containing lOOpM acetosyringone) by 

gentle swirling for 15 and 20 min to standardize the optimum time required for the 

infection process. The explants were blot dried with sterile filter paper and transferred 

to a petriplate containing solidified half MS medium. Petriplates were sealed with 

parafilm and kept for co-cultivation in dark for three/four days at 28° C.

3.9.4. Incubation on Bacteriostatic Medium



After co-cultivation, callus pieces were washed in half strength liquid MS 

medium containing 75 mg I'1 cefotaxime to kill the bacteria. The tissues were blot dried 

with sterile filter paper and transferred to sterile petriplates containing half MS medium 

supplemented with 75 mg I'1 cefotaxime for eradication o f the remaining 

Agrobacterium.

3.9.5 Selection of Transformed Tissues

The transformed tissues were selected on MS medium containing kanamycin 

(100 mg I'1) and cefotaxime (75 mg I"1*. The tissues were maintained by subculturing 

once in seven days in the same medium. After two rounds o f subculture, the 

transformed and non-transformed tissues were scored based on the colour formed. Then 

the transformed tissues were subjected to GUS histochemical assay.

3.10 GUS HISTOCHEMICAL ASSAY

A histochemical assay was used to detect the expression o f gus gene, 

p-glucuronidase activity (Jefferson et a l, 1987). The putative transformants were 

incubated in GUS substrate, X-gluc (5-bromo-4-chIoro-3-indolyI p-D glucuronide) for 

24-30 hours in dark. X-gluc solution was prepared by mixing the following; 10 mg 

x-gluc in 100 |il dimethylformamide (DMF), 1 ml 1M sodium phosphate (pH 7.0), 1 ml 

triton (from a 20% stock solution) and 18 ml sterile water. The enzyme 

(p glucuronidase) converts X-gluc to an insoluble, intense, indigo-blue chromophore. 

GUS expressing cells were detected as blue spots on the explant under a microscope. 

Each spot was scored as one transformation event, regardless o f its size (Puddephat 

et a l, 1999). The GUS expressing cells were then transferred to regeneration medium.
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4. RESULTS

The results o f the experiments on Agrobacterium tumefaciens mediated genetic 

transformation in Centella asiatica carried out in the Department o f Plant 

Biotechnology, College o f Agriculture, Vellayani during January 2004 to February 

2006 are presented below.

4. 1 ESTABLISHMENT OF IN  VITRO CULTURE

4.1.1 Establishment of Centella asiatica Callus Cultures

4.1.1.1 Effect o f  Growth Regulators on Callus Induction

The effect o f different growth regulators on callus induction was studied. There 

was a considerable variation in the percentage of callus induction and time taken for 

callus induction in the different treatments. The minimum time taken for callus 

induction from leaf (20.50 days) was recorded in MS medium containing Kn 2 mg I'1 

and NAA 3 mg l '1 (C5). The per cent induction of callus was 80. The maximum callus 

induction (85.70%) was observed in the medium containing Kn 2 mg I'1 and NAA 

4 mg I'1 (C6). However, the time taken for callus induction was 25.50 days. Treatments 

C l, C2, C3, C15 and CI8 induced callus from leaves in 24.50, 24.50, 24.33, 24.00 and 

24.00 days, respectively. Treatments C7 and C8 took more time for callus induction 

from leaves (29.00 and 30.00 days, respectively). The per cent induction o f callus was 

also less (< 70 per cent). The lowest callus induction percentage from leaves (60.00) 

was observed in the treatments C2 and C7 (Table 1).

Time taken for callus induction from node (21.00 days) was minimum in the 

medium containing 2, 4-D 1 mg I'1 and Kn 1 mg I"1. The callus induction percentage 

was 78.50. The maximum callus induction percentage (86.67) was recorded in the 

medium containing Kn 2 mg F1 and NAA 3 mg T'(C5) and that supplemented with Kn 

1 mg I'1 and NAA 3 mg I"1 (C l). The time taken for callus induction in the above media 

was 23.67 and 22.00 days, respectively. Treatments C2, C5, C l, C13, C17 and C18 

induced callus from nodes in 22.50, 22.00, 22.33, 21.50, 22.25 and 22.40 days,



respectively. The minimum callus induction (66.60%) was observed in the treatment 

C2. (Table 1)

4.1.1.2 Nature o f  Callus

The nature o f the callus varied with the type of explants used. Brown friable 

callus was obtained from leaves and cream friable callus from node (Plate 1 and 2).

4.1.2 Regeneration of Centella asiatica from Callus

4.1.2.1 Effect o f  Growth Regulators on in vitro Regeneration from  Callus

The effects of growth regulators on in vitro regeneration from callus were 

studied (Table 2). O f the different media composition tried, regeneration from callus 

was obtained on MS medium supplemented with Kn 2mg I'1, BA 4 mg I'1, NAA 

0.25 mg I'1 and ADS 20 mg I'1 (R3) in 73.00 days (Plate 3). The percentage 

regeneration of callus in the above treatment was 16.67. The other treatments did not 

produce regeneration, however, the callus remained green in most o f the regeneration 

media tried (R l, R2, R4, R5, R6, R7, R8, R9, R10, R14, R15, R16, R17, R18, R19, 

R20, R21, R22, R38) showing the regeneration potential of the callus. In the treatments 

Rl 1, R12, R13, R23, R24, R25, R26, R27,R28, R33, R34, R35, R36 and R37, the 

callus produced was cream.

4.1.2.2 Effect o f  Coconut Water on in vitro Regeneration from  Callus

Addition o f coconut water 150 and 200 ml I’1 along with other growth 

regulators did not have any effect on regeneration from callus (Table 3). However, the 

callus turned green, indicating the regeneration ability.

4.1.2.3 Nature o f  Callus in Regeneration Medium

The callus remained green in most of the regeneration media tried, indicating 

the regeneration potential. However, regeneration was not observed even after three 

months of culture in the same regeneration media.
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Table 1. Effect of growth regulators on in vitro callus induction in Centella asiatica 

Medium: MS (full strength) + sucrose 30 g P1 + agar 6 g I' 1

Treatment Growth Time taken for callus Percent induction of callus
No. regulators induction(days)

(mg I '1) Leaf Node Leaf Node
Cl Kn I + N A A 3 24.50 23.67 73.34 86.67
C2 K n 1 +N A A 4 24.50 22.50 60.00 66.60
C3 Kn 1.5 +NAA 3 24.33 23.00 84.60 81.80
C4 Kn 1.5 +NAA 4 23.66 29.00 77.78 73.34
C5 Kn 2+ NAA 3 20.50 2 2 . 0 0 80.00 86.67
C6 Kn 2+ NAA 4 25.50 24.50 85.70 80.00
C7 2,4-D 2+BA 0.5 29.00 22.33 60.00 78.50
C 8 2,4-D 2 +BA 1 30.00 27.33 66.60 73.30
C9 2,4-D 1+BA 0.5 1 25.67 25.25 84.60 80.00
CIO 2,4-D 1+BA 1 27.33 24.00 66.60 75.00
C ll 2,4-D 0.5+ BA 2 32.50 32.50 84.60 86.60
C12 2,4-D 1+BA 2 25.50 25.00 73.34 80.00
C13 2,4-D 2+Kn 1 25.00 21.50 80.00 85.70
C14 ■ 2,4-D 1+Kn0.5 25.33 2 0 . 6 6 84.60 85.70
C15 2,4-D 1+Kn 1 24.00 2 1 . 0 0 73.34 78.50
C16 2,4-D 0.5+Kn 1 21.75 24.00 84.60 80.00
C17 2,4-D 0.5+Kn 2 23.00 22.25 78.50 73.30
C18 2,4-D 1+Kn 2 24.00 22.40 80.00 78.50



Table 2. Response of Centella callus to different compositions of regeneration 
medium
Medium: MS (full strength) + sucrose 30 g I '1 + agar 6g I"1

Regeneration 
medium No.

Composition o f regeneration medium 
(mg r ‘)

Response of callus

R1 BA 2 + Kn 1 Callus turned green
R2 BA 3+ Kn 2 + NAA 0.25+ ADS 20 Callus turned green
R3 BA 4+ Kn 2 + NAA 0.25+ ADS 20 Regeneration o f shoots was 

observed from callus
R4 BA 4+ Kn 3+ NAA 0.25+ ADS 20 Callus turned green
R5 BA 5+ Kn 2 + NAA 0.25+ ADS 20 Callus turned green
R6 BA 2+ K n 1 + NAA 0.25+ ADS 20 Callus turned green
R7 BA 3+ Kn 1 + NAA 0.5+ ADS 20 Callus turned green
R8 BA 3+ Kn 1 + NAA 0.5 Callus turned green
R9 BA 3 + Kn 2 + NAA 0.25 Callus turned green

RIO NAA 0.5+ Kn 2 +ADS 20 Callus turned green
R ll BA 3+ NAA 1 Callus turned cream
R12 BA 4 + NAA 1 Callus turned cream
R13 BA 3+ NAA 0.5 Callus turned cream
R14 BA 3+ NAA 0.5+ADS 20 Callus turned green
R15 BA 1+Kn 2 + NAA 0.25+ ADS 20 Callus turned green
R16 BA 1+Kn 1+NAA 0.25 +ADS 20 Callus turned green
R17 BA 1+Kn 4 +NAA 0.25 +ADS 20 Callus turned green
R18 BA 2+Kn 2+NAA 0.25 +ADS 20 Callus turned green
R19 BA 2+Kn 4 +NAA 0.25 +ADS 20 Callus turned green
R20 BA 4+Kn 1+NAA 0.25 +ADS 20 Callus turned green
R21 BA 4+Kn 4+NAA 0.25 +ADS 20 Callus turned green
R22 BA 4+Kn 2+NAA 0.25 Callus turned green
R23 BA 4+Kn 2 Callus turned cream

• R24 BA 3 Callus turned cream
R25 Kn 3 Callus turned cream
R26 BA 2 Callus turned cream
R27 BA 2+IAA 1 Callus turned cream
R28 ADS 20 Callus turned cream
R29 BA 2+ Kn 2+ GA 2 Callus turned brown
R30 BA 4+ GA 2 Callus turned brown
R31 BA 4+ Kn 2+ GA 5 Callus turned brown
R32 GA 5 Callus turned brown
R33 2,4-D 0.02+ BA 0.8 Callus turned cream
R34 2,4-D 0.05+ BA 2 Callus turned cream
R35 2,4-D 0 .02+ BA 2 Callus turned cream
R36 2,4-D 0.02+ BA 1 Callus turned cream
R37 2,4-D 0.02+ BA 2+N A A  1 Callus turned cream
R38 2,4-D 0.02+ BA 2 +ADS 20 Callus turned green



Table 3. Response of Centella callus to different compositions of regeneration 
medium

Medium: MS (full strength) + sucrose 30 g I" 1 + agar 6 g I' 1

Regeneration
medium

Composition of regeneration medium 
(mg I'1)

Response o f callus

R39 BA 4 + Kn 3+ NAA 0.25 + ADS 20 + 
coconut water 150ml I' 1

Callus turned green

R40 BA 4 + Kn 3 + NAA 0.25 + ADS 20 + 
coconut water 200ml I' 1

Callus turned green

R41 BA 4 + Kn 3+ NAA 0.25 + coconut 
water 150ml I' 1

Callus turned green

R42 BA 4 + Kn 3+ NAA 0.25 + coconut 
water 2 0 0 mg I' 1

Callus turned green

R43 BA 2 + coconut water 150mg I' 1 Callus turned green

R44 coconut water 2 0 0 ml I' 1 Callus turned green



Plate 1: Callus induced from node p,a*« 2: Callus induced from leaf
(Kn 1 mg r 1 ♦ 2, 4-0 1 mg I'1) (Kn 2 mg M ♦ NAA 3 mg I'1)

Plate 3: Regeneration from callus Plate 4: Multiple shoot induction from



4.1.3 M ultiple Shoot Induction from Nodal Explants

Multiple shoots were induced from nodes in the medium supplemented with 

BA 1.5 mg I'1 and IAA 1 mg I'1 in 20.50 days. An average of 3.5 shoots per node was 

obtained (Plate 4).

4.2 SENSITIVITY OF CENTELLA CALLUS TO ANTIBIOTICS

The sensitivity o f  callus to different doses o f antibiotics in MS medium was

tested.

4.2.1 Kanamycin

The sensitivity o f callus to different doses o f kanamycin (5-500 mg I ! ) was 

recorded. In kanamycin 5 mg I 1, the tissues remained green up to six weeks, later 

became partially discoloured and bleached after eight weeks. The percentage survival 

o f callus in kanamycin 5 mg I '1 after eight weeks was 33.2.

In kanamycin 25 and 50 mg I'1, the tissues remained green up to four weeks. 

The percentage survival of callus in kanamycin 25 and 50 mg I'1 after eight weeks was

22.2 and 16.7. respectively.

The Centella callus remained green up to four weeks in kanamycin 75 mg I'1 

after inoculation. The tissues were partially discoloured and bleached after six weeks of 

inoculation and turned brown and dead after seven weeks o f inoculation. The 

percentage survival of callus after eight weeks was 11.2.

Ihe tissues remained green up to three weeks in medium containing 100 mg I 

of kanamycin. They were partially discoloured after four weeks and bleached after five 

weeks of inoculation. The tissues turned brown and dead after six weeks o f  inoculation 

and the percentage survival o f callus was found to be 11.2 after eight weeks.

31
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Table 4. Sensitivity of Centella callus to different doses of kanam ycin

SI
No.

Kanamycin 
m g r 1 ' Sensitivity (wee cs)

Survival 
per cent 
(after 8 
weeks)

I II III IV V VI VII VIII

1 Nil 4 4-1 4 4-4-++ -44—4+ + + + + 4-4-++ 4 -4 + + + + + + + 4-4+ to o

2 5 + + + + 4 4 4 + + 4 -4 + + + + + + + + + + + + + 4-4+ + + 33.2
3 25 + + -4+ 4H-++ 4-44-4 4—44—4 4-4+ 4-4+ + + + + 22.2
4 50 + + + + 4 -H -+ + 4 -4 + -44-4+ 4-4+ 4-4 + + 16.7
5 75 4 -4 + + + + + + 1 1 1 1 + 4 -4 + 4-4+ + + + + 11.2
6 100 + 4 -4 + 4 44 4 4 4 4  4 + + + + + + + + 11.2
7 125 + + + + + + + + + + + + + + + 4—4 + + + 0

8 150 + 4 -4 + ++++ +++ ++ ++ + + + 0
9 200 1 I I  t + + + + 4-4+ -4+ + + + + 0
10 300 + 4 -4 + ++++ +++ ++ + + + + 0

11 400 + 4 -4 + 4—4 + + 4-4+ 4 4 + + + + 0
12 500 ++++ 4-4+ -4+ + + + + + 0 1

++++ - Fully green
+++ - Partially discoloured
++ - Bleached tissues
+ - Tissues turning brown and dead
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Fig.l. Survival of Cenlella tissues in kanamycin



Plate S: Sensitivity of Centella callus to different 
concentrations of kanamycin



In kanamycin 150-400 mg I'1, the callus remained green only up to two weeks 

after inoculation, became partially discoloured after three w'eeks and turned brown and 

dead after five weeks. None of the callus survived after eight weeks in kanamycin 

150-500 mg f 1.

The tissues were green only up to one week after inoculation in kanamycin

500 mg I'1. Later they became discoloured after two weeks and bleached after three

weeks. After four weeks the tissues turned brown and dead. The percentage survival 

after eight weeks was zero (Table 4).

The maximum survival percentage (33.2) was observed in kanamycin 5 mg I 1

and minimum survival percentage was observed in kanamycin 75 and 100 mg I

(Figurel). For the selection of putative transformants, kanamycin was used at a 

concentration o f 100 mg I'1 (Plate 5).

4.2.2 Cefotaxime

Sensitivity o f Centella callus to varying concentrations of cefotaxime (5

500 mg I'1) was studied. In the medium containing cefotaxime 5 mg I'1, the tissues 

remained green up to six weeks, were partially discoloured after seven weeks and 

became bleached after eight weeks. The percentage survival o f callus after eight weeks 

was observed to be 71.5.

In cefotaxime 25 mg f 1, the tissues remained green up to five weeks after 

inoculation. They were partially discoloured after six w'eeks and bleached after seven 

weeks. Only 42.9 per cent of the callus survived after eight weeks in 25 mg f ! 

cefotaxime.

The tissues were green up to four weeks, became partially discoloured after five 

weeks, and bleached after six weeks in cefotaxime 50 and 75 mg I'1. The tissues turned 

brown and dead after eight weeks and the percentage survival of callus after eight 

weeks was 33.4 and 22.3, respectively.
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Table 5. Sensitivity of Centella callus to different doses of cefotaxime

SI
No.

Cefotaxime 
mg r 1 Sensitivity (w'ee (S)

Survival 
per cent 
(after 8 
weeks)

1 II III IV V VI VII VIII

1 Nil ++++ 4-44+ ++++ t i i i +4-4+ +44+ 44+4 44++ 100
2 5 -H-++ +44-4 4-4-4+ ++++ 4-4+4 ++++ 44+ ++ 71.5
3 25 44++ 4 4 4 t 4-4+4 4 4 1 1 -4+4+ 44+ 44 44 42.9
4 50 -t—H-+ t i l l 4-4+4 ++++ +4+ 44 44 + 33.4
5 75 ++++ ++++ 4+4-4 +4-4+ 4-4+ 44 44 + 22.3
6 100 ++++ +-H-+ ++++ 4-4+ 4-4+ 44 44 + 22.3
7 125 ++++ 4+4-4 TTTT 4-4+ + + + +4 + + 11.2
8 150 ++++ 444+ 4—4+ -H- 44 + + 0
9 200 44++ 4 4 4 1 4 H*t 4-4+ -H- 4 + + 0
10 300 ++++ +4-4+ ++++ +4+ 4~f + + + 0
11 400 44++ +4-4+ +++ +4+ -H- + + + 0
12 500 4 4 M 4+4 4-4+ -f-t- + + 4 0

+4 4 + - Fully green
44+ - Partially discoloured
++ - Bleached tissues
+ - Tissues turning brown and dead
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Plate 6: Sensitivity of Cantella callus to different 
concentrations of cefotaxime



The tissues were green up to three weeks, became partially discoloured after 

four weeks and bleached after six weeks in medium supplemented with cefotaxime 

100 mg I'1. The percentage survival of callus after eight weeks was 22.3. In cefotaxime 

125 mg T1, the tissues remained green up to three weeks, were partially discoloured 

after four weeks and bleached after six weeks. After seven weeks of inoculation, the 

tissues turned brown and dead and the percentage survival o f callus after eight weeks 

was 11.2.

When cefotaxime 150 mg I'1 was used, the tissues remained green up to three 

weeks, became partially discoloured after four weeks and bleached after five weeks. 

After seven weeks o f inoculation, the callus turned brown and dead. The percentage 

survival of callus after eight weeks was zero.
i

In cefotaxime 200 mg I'1 and 300 mg I’1, the tissues were green up to three 

weeks after inoculation, were partially discoloured after four weeks and bleached after 

five weeks. The tissues turned brown and dead after six weeks o f culture and the 

survival percentage o f callus after eight weeks was zero.

The tissues remained green up to two weeks in cefotaxime 400 and 500 mg f 1. 

They were partially discoloured after three weeks and bleached after four weeks. The 

callus turned brown and dead after eight weeks and none of the callus survived after 

eight weeks of inoculation in the media containing cefotaxime 400 and 

500 mg I'1 (Table 5).

The maximum survival percentage (71.5) was observed in cefotaxime 5 mg I'1 

and minimum survival .percentage was observed in cefotaxime 125 mg I'1 (Figure 2). 

For the elimination of Agrobacterium after co-cultivation, cefotaxime was used at a 

concentration o f 75 mg I '1 (Plate 6).
i

4.3 SENSITIVITY OF 'AGROBACTERIUM  STRAINS TO ANTIBIOTICS
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The sensitivity o f the bacterial strains LBA4404 and EHA105 harbouring 

pCAMBIA2301 to different doses of antibiotics is presented below.

4.3.1 Kanamycin

The growth o f Agrobacterium strains LBA4404 and EHA105 containing the 

plasmid vector pCAMBIA2301 in YEP medium containing different concentrations of 

kanamycin (5-500 mg I'1) after two days o f culture was observed (Table 6). The 

bacterial cultures were resistant to kanamycin up to a concentration o f 300 mg I'1. No 

bacterial growth was observed in YEP medium containing kanamycin 350, 400 and 

500 mg I '1.

4.3.2 Cefotaxime

The growth o f Agrobacterium  strains LBA4404 and EHA105 containing the 

plasmid vector pCAMBIA2301 in YEP medium containing different concentrations of 

cefotaxime (5-500 mg T1) after two days o f culture was observed (Table 7). Bacterial 

growth was observed in YEP medium containing cefotaxime 5, 25 and 50 mg I'1. No 

bacterial growth was observed in YEP medium containing cefotaxime at concentrations 

above 50 mg f 1 for both the strains.

4.4 GENETIC TRANSFORMATION IN CENTELLA ASIATICA

4.5.1. Effect of Infection Time

The effect o f infection time on transformation efficiency was recorded. 

Infection was carried out for 15 and 20 minutes to standardize the optimum time 

required for transformation. Transformation was effective both in 15 and 20 minutes 

infection period. With LBA4404 (pCAMBIA2301) in 15 minutes o f infection period 

the transformation efficiency was 16.67 per cent. As the infection time was extended to 

20 minutes an increased transformation efficiency o f 35.71 per cent was observed. 

When transformation was done using node, the transformation efficiency obtained was 

40 per cent with 20 minutes infection (Table 8).
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Table 6. Sensitivity of Agrobacterium tumefaciens strains to kanamycin

SI No. Kanamycin
m g f 1

Bacterial growth *

LBA4404 EHA105
1 0 + +
2 5 -f +
3 25 + +
4 50 + +
5 75 +
6 100 + +
7 150 + +
8 200 + +
9 300 + +
10 350 - -

11 400 - -

12 500 - -

* Mean o f t iree replications
+ Bacterial growth 
- No bacterial growth

Table 7. Test for bacteriocidal activity o f cefotaxime

SI No. Cefotaxime
r n g f 1

Bacterial growth*

LBA4404 EHA105
1 0 + +
2 5 + +
3 50 + +
4 75 - -

5 100 - -

6 125 - -

7 150 - -

8 200 - -

9 300 - -

10 400 - -

11 500 - -

* Mean of three replications 
+ Bacterial growth 
- No bacterial growth



Using the strain EHA105 (pCAMBIA2301) the transformation efficiency was 

50 per cent, when callus was used for co-cultivation with infection carried out for 20 

minutes.

4.5.2. Effect of Number of Days of Co-cultivation

Agrobacterium  with the binary vectors and the plant tissues after infection were 

co-cultivated in dark for three and four days at 28°C in a culture room. The effect of 

number o f days of co-cultivation on the transformation efficiency was studied.

Transformation was effective with co-cultivation period for three and four days. 

As the co-cultivation period was increased from three to four days, the efficiency of 

transformation increased with LBA4404 containing pCAMBIA2301. When callus was 

used for co-cultivation, the efficiency of transformation was increased by 19.04 

per cent by increasing the co-cultivation from three to four days (Table 9).

Transformation efficiency o f 50 per cent was obtained when the callus was 

co-cultivated with EHA105 harbouring pCAMBIA2301, for four days.

4.5.3 Effect of Acetosyringone

Though transformation was effective without acetosyringone, transformation 

efficiency could be increased further by adding acetosyringone (100 pM) to infection 

and co-cultivation medium. Transformation efficiency o f 33.33 per cent was obtained 

when acetosyringone 100 pM was used in the infection and co-cultivation medium. In 

the absence o f acetosyringone the transformation efficiency was only 17.6 per cent.

4.5.4 Effect of Different Bacterial Strains

The effect o f different bacterial strains on transformation efficiency was tested. 

Among the two strains with the vector pCAMBIA2301, the maximum efficiency of 

transformation (50%) was obtained with EHA105 (Table 10). With the strain LBA4404 

out of the 44 tissues co-cultivated, 10 primary transformants were obtained resulting in 

22.73 per cent transformation (Figure 3).
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Table S. Effect of infection time on transformation efficiency

Infection 
time (min)

Percent explants retained Transformation efficiency 
(%)After co-cultivation After incubation

LBA4404 EHA105 LBA4404 EHA105 LBA4404 EHA105

15 93.33 - 83.33 - 16.67 -

20 92.85 83.33 78.57 66.67 35.71 50

Table 9. Effect of co-cultivation time on transformation efficiency

No. of days of Percent explants retained Transformation 
efficiency (%)

co- cultivation After co-cultivation After incubation

LBA4404 EHA105 LBA4404 EHA105 LBA4404 EHA105

3 93.33 - 83.33 - 16.67 "

4 92.85 83.33 78.57 66.67 35.71 50



4.5.5 Survival of Tissues in Selection Medium

The survival o f the tissues in selection medium was observed after two weeks. 

Using the strain LBA4404, 76.92 per cent tissues survived in the selection medium 

containing kanamycin 150 mg I'1.With the same strain, the survival percentage was 

increased to 80.65 in selection medium containing kanamycinlOO mg I'1 (Table 11). 

The survival per cent o f callus was 66.67 in selection medium containing kanamycin 

100 mg Tl with the strain EHA105.

4.5.6. GUS Histochemical Assay

GUS histochemical assay was performed after selection. Among the 31 

kanamycin resistant calli obtained with the strain LBA4404, eight were GUS positive 

(25.8 %). O f the four kanamycin resistant calli obtained with the strain EHA105, three 

were GUS positive (75 %). Among the kanamycin resistant nodes, 50 per cent showed 

GUS activity (Table 12).

The staining pattern varied among the callus from those partially stained and 

stained in a particular spot (Plate 7). The staining pattern also differed with the callus 

co-cultivated with different strains of Agrobacterium  LBA4404 and EHA105 

containing the vector pCAMBIA2301. In LBA4404, GUS activity was observed as blue 

spots, in contrast with EHA105, where the GUS activity was seen as blue patches.
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Table 10. Transformation frequency and the number of putative transformants 
obtained with different bacterial strains

Bacterial strains and 
plasmid

No. of tissues co
cultivated

No. of putative
transformants
obtained

Percent
transformation

LBA4404(pCAMBIA2301) 44 10 22.73

EH A 10 5 (pC AMBIA23 01) 6 3 50

Table 11. Survival per cent of tissues in selection medium

Kanamycin 
concentration 
(mg I'1)

Bacterial
strain

No. of tissues 
remained green 
in selection 
medium

No. o f tissues 
turned brown in 
selection 
medium

Survival of 
tissues in 
selection 
medium (%)

150 LBA4404 10 3 76.92
100 LBA4404 25 6 80.65
100 EHA105 4 2 66.67
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Table 12. T ransient GUS expression of Centella tissues following co-cultivation w ith 
Agrobacterium  containing pCAMBlA2301

Explant Plasmid and Agrobacterium 
strains

No. o f explants 
retained in 
selection 
medium

No. of GUS 
positives

Callus LBA4404(pCAMBlA 2301) 31 8 (25.80%)

Node LBA4404(pCAMBIA 2301) 4 2 (50%)

Callus EHA105(pCAMBIA2301) 4 3(75%)
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Plate 7 : GUS expression in putative transformants

a.b.c.d- GUS expression in transformed callus 
e- GUS expression in transformed node



(Discussion



S. DISCUSSION

Centella asiatica has a considerable reputation in the Indian system of medicine. 

It is used as a general and brain tonic, Centella has been found to improve memory and 

strengthen the central nervous system. It is also believed to be a rejuvenating 

medicament as well as an agent directly lowering blood pressure.

Globally there is an increasing demand for medicinal plants. The advent of 

transgenic technology allows for accelerated modification and improvement in 

medicinal plants. Genetic transformation is a powerful tool for enhancing the 

productivity of novel secondary metabolites o f limited yield. Metabolically engineered 

medicinal plants will complement conventional breeding efforts for the production of 

plants with quantitatively and qualitatively improved pharmacological properties.

One of the important requirements for a successful genetic transformation is the 

selection o f an efficient gene delivery system. Among the different gene delivery 

systems available, Agrobacterium tumefaciens mediated method is widely used to 

introduce foreign genes into dicots (Weising et al., 1988). High frequency of 

transformation, broad host range, high rate o f expression and stable integration of 

inserted genes have made Agrobacterium  based gene transfer system the most popular 

one. Genetic transformation has been reported in various medicinal plants like 

Echinacea purpurea, Digitalis lanata, Artemisia annua, and Bacopa monniera. Till date 

no reports have been published on Agrobacterium tumefaciens mediated genetic 

transformation in Centella asiatica.

The present study was undertaken at the Department o f Plant Biotechnology, 

College of Agriculture, Vellayani, to standardize the protocol for Agrobacterium 

tumefaciens mediated genetic transformation in Centella asiatica.
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For molecular breeding the tissue to be genetically engineered must give rise to 

plants. In the present study callus derived from leaf and node explants and nodes of 

Centella established in vitro were used for genetic transformation. For inducing callus, 

leaves and nodes were collected from naturally grown plants and subjected to surface 

sterilization. Surface sterilization with mercuric chloride 0.08 per cent for five minutes 

was very effective. Mercuric chloride 0.08 per cent for more than five minutes resulted 

in browning and drying o f explants. Mercuric chloride is the preferred surface sterilant 

for the crops grown in humid tropical conditions.

For callus induction, different combinations o f growth regulators in MS medium 

were tried. Maximum callus induction percentage was recorded with a combination of 

Kn 2 mg I'1 and NAA 4 mg I'1 from leaf tissues. Patra et al. (1998) reported the in vitro 

induction of callus from leaf explants of Centella in MS Medium supplemented with 

2 mg F1 Kn and 4 mg I'1 NAA. Rao et al. (1999) observed the influence of auxin and 

cytokinins on the production o f callus in Centella asiatica. Kn supplementation at 0.25 

and 0.5 mg I"1 along with auxin, 2 ,4-D 2 mg I'1 proved to be beneficial for the growth of 

callus. The best combination o f growth regulators for maximum callus induction 

reported was 2 mg I'1 NAA + 0.5 mg I"1 Kn.

Regeneration of the transformed tissues is an important factor that affects the 

multiplication and establishment of transformed plants. Regeneration was attempted 

with different combinations o f plant growth regulators in MS medium. Regeneration 

from the callus (16.67%) was obtained on MS medium supplemented with Kn 2 mg I'1, 

BA 4mg I"1, NAA 0.25 mg F1 and ADS 20 mg I'1. Patra et al. (1998) reported shoot bud 

regeneration in Centella after four weeks o f subculture o f callus on MS medium 

supplemented with 4 mg I'1 BA, 2 mg I'1, Kn 0.25mg I'1 NAA and 20 mg I'1 ADS. The 

other treatments tried did not result in regeneration from the callus, however, calli 

turned green showing the regeneration potential. The in vitro callus induction and
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regeneration are regulated by the interaction and balance between the growth substances 

supplied in the medium and produced endogenously by cultured cells.

Plant cells are sensitive to certain antibiotics and they affect regenerative 

capacity o f the explant. Since the genes encoding resistance to antibiotics are used as 

selectable marker, the sensitivity of tissues to different doses o f antibiotics needs to be 

evaluated. The most effective selection agents are those which either inhibit growth or 

slowly kill the untransformed tissues. In the present study, the plasmid vector 

pCAMBIA2301 was used. The T-DNA of this binary vector contains np tll (kanamycin 

resistance) gene as the selectable marker (Hajadukiewicz et al., 1994). This necessitates 

the evaluation of sensitivity o f plant tissue to kanamycin and to determine the optimum 

concentration o f kanamycin that is required to select transformed tissues without 

affecting their regenerative ability.

Bleaching, discolouration and death of callus were observed beyond 100 mg I'1 

of kanamycin from the fourth week of treatment. The survival percent of callus in 

kanamycin 100 mg T1 after eight weeks was 11.2 per cent and this dose was selected for 

screening the transformants. Kanamycin is a widely used marker for plant 

transformation and has been used by several workers. Dronne et al. (1999) reported the 

use of kanamycin at strength o f 150 mg I'1 for selection of lavandin transformants. Yun 

et al. (1992) obtained transformants in Atropa belladona by selection in media 

containing 500 pg mTl kanamycin. These reports indicate that there is variation in the 

sensitivity to antibiotic depending on the genotype, physiological condition, size and 

type of explant and the tissue culture conditions (Yang et al., 1999).

Elimination o f bacteria from the plant tissues after co-cultivation is very 

important, as the survival o f bacteria in plant tissue may affect the growth and 

regeneration of transformed tissues. Commonly used bacteriostatic agent, cefotaxime 

was used for the elimination o f Agrobacterium in the present study. At a concentration
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o f 75 mg I'1 cefotaxime, complete elimination of the bacteria was effected without 

affecting the growth o f the callus. Cefotaxime has been used successfully for the 

elimination o f Agrobacterium  in transformation in a number of crops. It was 

successfully used at a strength 200 mg I’1 in eliminating Agrobacterium  from the 

inoculated leaf explant during transformation in Datura (Curtis et al., 1999). In Atropa 

belladona, 500 mg I"1 cefotaxime was used (Negoianu et al., 2002).

In the present study two strains of Agrobacterium tumefaciem, viz., LBA4404 

and EHA105 were used for standardization. There are reports on difference in the 

susceptibility between plant species and even between cultivars and genotypes of the 

species. (Desgagnes et al., 1995). As Centella tissues were sensitive to kanamycin, the 

vector with kanamycin resistance was selected for transformation. The vector, 

pCAMBIA2301 contains the kanamycin resistance gene as selectable marker and gus as 

reporter gene.

The genetic transformation was done using callus and node explants o f Centella. 

Feeney and Punja (2003) used suspension cells for Agrobacterium transformation in 

Cannabis saliva. According to Vergauwe et al. (1998) transformation o f Artemisia 

annua was accomplished by co-cultivation o f sterile leaf, stem and root explants from 

12 to 18 weeks old plants, cotyledons and hypocotyls from eight day old seedlings with 

A, tumefaciens. The first transgenic peppermint plants have been obtained by 

Agrobacterium mediated transformation by co-cultivation with morphogenically 

responsive leaf explants (Niu et al., 1998). Park and Facchini (2000) obtained 

transformants in California poppy (Eschscholzia californica) by co-cultivation of 

excised cotyledons with A. tumefaciens. In the present study, callus was pre-cultured 15 

days before co-cultivation in MS media supplemented with Kn 2 mg f'and  NAA 

4 mg F1, for the cells to be in active cell division stage. The greater the number of 

actively dividing cells in the explant to be infected with Agrobacterium , the higher was 

the probability of obtaining stable expression o f the transformed gene.
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Experiments were undertaken to standardize the optimum time required for the 

Agrobacterium to infect the plant cell. Among the different treatments, infection time of 

20 minutes gave the maximum percentage of putative transformants (33.3) in callus and 

(40) in node compared to 15 minutes. The infection time varies according to the plant 

species and the bacterial strains. In Echinacea purpurea 30 minutes (Lichtenstein and 

Draper, 1986) and in brahmi 15 minutes (Nisha et al., 2003) of infection time resulted 

in transformation.

In the present study, wounding of Centella tissues was beneficial to facilitate 

efficient infection o f explants with Agrobacterium tumefaciens. Wounded cells release 

polyphenolic compounds like acetosyringone, which activate the Agrobacterium vir 

genes (Zambryski, 1992). When the vir genes were activated they facilitate the transfer 

of T-DNA to the plant cell. Addition of acetosyringone 100 pM in the infection and 

co-cultivation medium increased the transformation efficiency. Several workers have 

reported the use o f acetosyringone in genetic transformation to increase the efficiency 

of the process. Voisey et al. (1994) found that acetosyringone 100 pM when added to 

co-cultivation medium helped in stabilizing the rate of transformation, which varied 

considerably in its absence, Confalonieri et al. (1995) reported the use of 200 pM 

acetosyringone to enhance the frequency of leaf disc transformation. The quantity of 

acetosyringone released by the wounded cultured cells may not be sufficient to activate 

the Agrobacterium vir genes. Hence acetosyringone is added to the infection and 

co-cultivation medium to increase the transformation efficiency.

Standardization o f the number of days required for co-cultivation suggested that 

transformants were could be obtained from the explants co-cultivated with 

Agrobacterium in dark for three and four days. When co-cultivated for more than four 

days, overgrowth of bacteria was observed. Nebauer et a l  (2000) obtained optimal 

transformation rates in Lavandula latifolia when leaf explants pre-cultured for one day 

on regeneration medium were sub cultured on selection medium after a 24 h



co-cultivation with Agrobacterium. Koroch et al. (2002) reported Agrobacterium  

tumefaciens mediated genetic transformation of Echinacea purpurea by co-cultivation 

of leaf sections using the strain EHA105, containing the binary vector pBISNI for 48 

hours. In Bacopa monniera, Nisha et al. (2003) reported that the incubation o f leaf 

segments in bacterial suspension EHA105 (pBE2113) for 15 minutes and then 

co-cultivation for 48 hours, resulted in efficient transformation.

After co-cultivation, elimination of bacteria from the putatively transformed 

Centella tissues was done by the use of cefotaxime 75 mg I'1. Cultures were transferred 

to selection medium containing kanamycin 100 mg l '1. After two weeks, the 

non-transformed cells turned brown, while the putative transformants remained green. 

Screening o f transformed cells was done by several workers by using various antibiotics 

according to the antibiotic resistant genes in the vector. Yun et al. (1992) obtained 

transformants in Atropa belladonna by selection in medium containing 500 pg m l'1 

kanamycin. A concentration o f 20 mg I'1 kanamycin was used to select transformed 

tissue o f Artemisia annua (Vergauwe et al., 1996). Nisha et al. (2003) observed that the 

selection medium comprised o f shoot regeneration medium supplemented with 

15 mg I'1 kanamycin in brahmi. Sugimura et al. (2005) obtained putative transformants 

in patchouli by selection on medium containing 100 mg I'1 kanamycin. For selection of 

transformed tissues in Echinacea purpurea, the leaf sections after co-cultivation were 

transferred to shoot induction medium containing 50 mg I"1 kanamycin (Koroch et al., 

2002).

There were differences in the transformation efficiency with respect to the 

different strains o f Agrobacterium  used. Among the two strains viz., LBA4404 and 

EHA105 harbouring the vector pCAMBIA2301, the maximum percentage of 

transformants (50) was obtained with EHA105. The difference in the transformation 

efficiency may be due to the difference in interaction between bacteria and plant cell 

and other factors affecting infection process. It is reported that the Agrobacterium

■51, ■
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infectivity was improved by the use o f right strain o f the bacteria, manipulating explant 

physiology, inoculation and co-cultivation conditions (Godwin et al., 1992). 

Agrobacterium mediated transformation has been reported to be dependent on the 

bacterial strain, conditions of co-cultivation, selection method and mode of regeneration 

(Mathis and Hinchee, 1994).

Confirmation of transformation was done by histochemical GUS assay. The 

vector pCAMBIA2301 harbour the gus gene as reporter gene. The gus gene encodes a 

stable enzyme that is not normally present in plants and that catalyze the cleavage of a 

range o f p-D glucuronides. Thus the GUS activity in transformed plant tissues can be 

localized by observing the blue colour that is formed after the hydrolysis of the 

substrate (X-gluc).

Out of the 31 kanamycin resistant calli, 25.8 per cent showed GUS activity for 

strain LBA4404. Using the strain EHA105, 75 per cent o f the kanamycin resistant calli 

showed GUS activity. GUS negatives among the selected calli may be the escapes. 

Vergauwe et al. (1996) reported that out of the total transformed tissues, 94 per cent 

showed p-glucuronidase positive response. Dronne et al. (1999) obtained glucuronidase 

gene expression at a high level in at least 40 per cent o f the transgenic plants 

regenerated in lavandin.

The X-gluc staining pattern varied among the callus from those partially stained 

to those stained at a particular spot. The staining pattern also differed with the callus 

co-cultivated with different strains of Agrobacterium  LBA4404 and EHA105 

containing the vector pCAMBIA2301, indicating the difference in the transformation 

efficiency. Portion of the callus showing GUS activity was transferred to regeneration 

medium.



In the present study, various parameters of genetic transformation in Centella 

were optimized like type o f the explant, infection time, co-cultivation time, selection 

agent and suitable Agrobacterium  strains. The Agrobacterium  strain, EHA105 with 

pCAMBIA2301 was more efficient for transformation in Centella asiatica. The most 

effective infection time was 20 minutes, followed by a co-cultivation period of four 

days. Node and callus derived from node were more suitable for transformation. There 

were some problems associated with the regeneration o f the transformed Centella callus 

and the protocol for regeneration needs to be refined further.

Till date no report has been published on genetic transformation in Centella 

asiatica. Hence this study provides a protocol for genetic transformation in Centella 

which can be used for transferring desirable genes in future. The use of tissue specific 

promoters and positive selection agent which render developmental advantage to the 

transformed cell and promote faster proliferation and regeneration could also be 

standardized.



Summary



SUMMARY

A study on liAgrobacterium tumefaciens mediated genetic transformation in 

kudangal (Centella asiatica L. Urban.)” was conducted at the Department of Plant 

Biotechnology, College of Agriculture, Vellayani during 2004-2006. The salient 

features of the above study are summarized in this chapter.

Centella asiatica is an important medicinal plant of India and is used in many 

ayurvedic formulations. Centella asiatica has a long history of use to promote wound 

healing and treat skin diseases. It is chiefly valued as a revitalizing herb that strengthens 

nervous function and memory. Centella asiatica contains a blend o f compounds 

including at least three triterpenes (asiatic acid, madecassic acid and asiaticoside) that 

appear to have antioxidant properties and tissue regenerative property .by stimulating 

collagen synthesis.

Agrobacterium tumefaciens mediated transformation is simple and efficient in 

providing stable integration o f transferred DNA into the plant genome. The present 

study was undertaken with the main objective of evolving a protocol for Agrobacterium 

tumefaciens mediated genetic transformation in Centella asiatica, which could further 

be utilized for metabolic engineering to enhance the level o f secondary metabolites.

Nodes established in vitro and callus derived from leaf and nodes were used for 

the experiment. Surface sterilization of leaf and node explants with mercuric chloride 

0.08 per cent for five minutes was found to be very effective. Protocol for callus 

induction was standardized. Among the various treatments tried, MS medium 

supplemented with Kn 2 mg I'1 and NAA 4 mg f 1 was proved to be the best in terms of 

callus induction percentage (85.7) from leaf explant in 25.50 days. With node explants, 

the maximum callus induction (86.67%) was obtained in MS medium supplemented 

with Kn 2 mg f 1 and NAA 3 mg f 1 and also in that supplemented with Kn 1 mg l '1 and 

NAA 3 mg I '1 in 23.67 and 22.00 days, respectively.



Significant difference was observed among the different treatments for shoot 

regeneration from callus. Out of the various treatments, 16.67 regeneration per cent 

from callus was obtained on MS medium supplemented with Kn 2mg I'1, BA 4mg l '1, 

NAA 0.25 mg f 1 and adenine sulphate 20 mg I'1.

Two strains of Agrobacterium viz., LBA4404 and EHA105 harbouring the 

plasmid pCAMBIA2301 were used for genetic transformation. As the plasmid harbours 

nptll gene, kanamycin was used as the selection pressure to select the transformants. 

Hence, experiments were conducted to evaluate the sensitivity of Agrobacterium  strains 

and Centella callus to different concentrations of kanamycin. It was observed that the 

lethal dose of kanamycin to Agrobacterium  and Centella callus were 350 and 125 mg f 1 

o f the medium respectively. For the selection o f transformed cells, kanamycin 100 mg I'1 

was used.

For elimination o f Agrobacterium  after co-cultivation cefotaxime was used. 

Hence experiments were conducted to evaluate the sensitivity o f Agrobacterium  and 

calli to different doses of cefotaxime. It was observed that the Agrobacterium  was 

effectively killed by cefotaxime 75 mg l '1 and the lethal dose of cefotaxime to Centella 

callus was 150 mg l '1.

Agrobacterium  mediated genetic transformation was achieved by co-cultivating 

callus and node with bacterial suspension. In a study conducted to optimize the time 

required for infection, it was found that as the infection time increased from 15 to 20 

minutes the percentage o f transformants obtained also increased from 15.38 to 33.3 

with the strain LBA4404 using callus explants. With nodal explants, the percentage of 

transformants obtained with LBA4404 was 40 when the infection time was 20 minutes, 

When callus was transformed using the strain EHA105 the transformation efficiency 

was 50 per cent with an infection time of 20 minutes.
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In an experiment to standardize the co-cultivation time, it was observed that 

transformation efficiency of 33.33 per cent was obtained when callus was co-cultivated 

with LBA4404 (pCAMBIA2301) for four days. Maximum transformation efficiency of 

50 per cent was obtained when callus was co-cultivated with EHA105 

(pCAMBIA2301) for four days. After co-cultivation the explants were transferred to a 

medium containing cefotaxime 75 mg f 1 to kill the Agrobacterium.

The co-cultivated tissues were then transferred to selection medium containing 

kanamycinlOO mg f 1 to select the putative transformants. Survival percentages of 

tissues in selection medium, using the strains LBA4404 and EHA105, were 80.65 and 

66.67 respectively. The transformation efficiency was increased when acetosyringone 

100 pM was added to infection and co-cultivation medium. Among the two strains, the 

maximum percentage of transformants (50) was obtained with EHA105.

Successful transformation was confirmed by histochemical assay for GUS 

activity. Out o f  the kanamycin resistant callus, 25.8 and 75.0 per cent showed GUS 

activity for strains LBA4404 and EHA105, respectively. Later the putative 

transformants were transferred to regeneration medium.

During this study various parameters of genetic transformation in Centella like 

type of the explant, infection time, co-cultivation time, selection agent and suitable 

Agrobacterium strains were optimized. The Agrobacterium  strain EHA105 with 

pCAMBIA2301 was more efficient for transformation in Centella. The most effective 

infection time was 20 minutes, followed by a co-cultivation period of four days. Node 

and callus derived from node were more suitable for transformation. There were some 

problems associated with the regeneration of the transformed Centella callus and the 

protocol for regeneration needs to be refined further. This study provides a protocol for 

genetic transformation in Centella which can be used for transferring desirable genes.
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APPENDIX I

Chemical composition o f media employed for the in vitro culture o f Centella asiatica 

MS medium

Macro-nutrients (mgP1)

Mg S 0 4 .7H20 370
CaCI2 .2H20 440
k n o 3 1900
NH4 NO3 1650
k h 2 p o 4 170

Micro-nutrients (mgP1)

M nS0 4 .4H20 22.3
ZnS0 4 .7H20 8 . 6

CuS0 4 .5H20 0.025
AICI3 0.025
KI 0.83
h 3 b o 3 6 . 2

Na2 M o0 4 .2H20 0.25

Iron Source (mgP1)

FeS0 4 .7H20 27.85
Na2EDTA 37.25

Vitamins (mgP1)

Nicotinic acid 0.5
Pyridoxine HC1 0.5
Thiamine HC1 0 . 1

Amino acid source (mgP1)

Glycine 2 .0 '

Inositol (m gl'!) 
Sucrose (g l'1) 
Agar (g f1)

100
30
6



APPENDIX II

Chemical composition o f media employed for the culture o f Agrobacterium tumefaciens 

Yeast E xtrac t Peptone M edium  (YEP M edium) (g f1)

Yeast Extract 1 0

Peptone 1 0

Sodium chloride 5

Agar 1 5

H
P 7

AB M inim al M edium

AB salts (g f1) 20 X stock

NH4 CI 20
M gS04 .7H20  25
KC1 3

CaCl2  0 . 2

FeS0 4 .7H20  0.05

PH 7

AB buffer (g f1) 20 X stock

K2 H P0 4 60
NaH2 P 0 4 23

Glucose 0.5%
A§ar 1.5%

Working solution IX
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95002787 
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N GKEfeQiiyjEitLtt'EN YSGltfNSVKLYTT f N T W VD DiTVVTEVAQD CRHASVTjW Q W A N  G

VGIR5VAVKGQQFLHTHKPFYFTG FGRHEDADLRGKGFDNVLMVHDHALMDWIGANS Y 
RT SHYP YAEEMLDWADEHGIWTDETAAVG FQLS LGIGFEAGNKPKEL YS E EAVN GET 
QQAHLQAI KELiAKDKNH P S W M W  SI AN EP DT RPQGAREYFAP LAEATRKLD PT RPIT
IITEYGVUT LAGLBBMTI'DMWSEEYQCAWLDMYHRVFDRVSAWGEQVWNFADFATSQ

fi!e://A:\2301 seq.htm R /99/HI



i nt ron 

exon

miscofeature 
misc_feature' 
mis cofeature 

rep_oriqin 

mi sc^feature 

rep_oriqin 
CDS

mi sc^fe a tu r e 
misc feature
CDS •’

promoter
promoter

CDS

mis c^feature 
prompter

2831 aBASE COUNT 
ORIGIN

1 catggtagat ctg&gggtaa atttctagtt

2. . 16
/note="synthetic first gus exon (modular)"
17..206 '
/note="Castorbean intronu modified"
207..2054 "
/note="second gusA exgn, His6"
208 6.. 2 33 8 ..........
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/note="STA region from pVSl plasmid" 
complement(5035..6035)
/note="pVSl-REP; replication origin from pVSl" 
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8635..8660 .
/note="left border repeat from C58 T-DNA" ■
8727..8930
/note="CaMV 3 ’UTR (polyA signal)" 
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/note="nptII (kanamycin resistance) gene"
/codon_start=l .
/product="neomycin phosphotransferase”
/protein_id="AAF65403^1" .
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RP VL FVKTDLS GALN ELQ DEAARL S WLATTG VPCAAVLDWT EAGRDWLLL GEVP GQD 
LLS SH LAPAEKVSIMADAMRRLHTLDPAT C P FDHQAKHRIE RARTRMEAGLVDQDD LD 
EEHQGLAPAELFARLKARMPDGEDLWTHGDACLPNIMVENGRFSGFIDCGRLGVADR 
YQDIALATRDIAEELGGEWADRFLVLYGIAAPDSQRIAFYRLLDEFF" 
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/note="PlacZ; lacZ promoter" . .
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/product— "LacZ alpha fragment" "
/pxotein_id="AAF65401., 1"
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3079 c 3099 g 2624 t
atLttcttgg ttaggaccct

61 tttctctttt tatttttttg agctttgatc trttctrttaaa ctgatcrtatt ttttaattga
121 ttggttatgg tgtaaatatt acatagcttrt aactgataat ctgattactt tatttcgtgt
181 gtctatgatg atgatgatag ttacagaacc gacgactcgt ccgtcctgta gaaaccccaa
241 cccgtgaaat caaaaaactc gacggcctgt gggcattcag tctggatcgc gaaaactgtg
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301 gaattgatca gcgttggtgg gaaagcgcgt taeaagaaag ccgggcaatt gctgtgccag
361 gcagttttaa cgatcagttc gccgatgcag atattcgtaa ttatgcgggc aacgtctggt
421 atcagcgcga agtctttata ccgaaaggtt gggcaggcca gcgtatcgtg ctgcgtttcg
481 atgcggtcac tcattacggc aaagtgtggg tcaataatca ggaagtgatg gagcatcagg
541 gcggctatac gccatttgaa gccgatgtca cgccgtatgt tattgccggg aaaagtgtac
601 gJta.tcaccgt ttgtgtgaac aacgaactga actggcagac tatcccgccg ggaatggtga
661 ttaccgacga aaacggcaag aaaaagcagt cttacttcca tgatttcttt aactatgccg
721 gaatccatcg cagcgtaatg ctctacacca cgccgaacac ctgggtggac gatatcaccg
781 tggtgacgca tgtcgcgcaa gactgtaacc acgcgtctgt tgactggcag gtggtggcca
841 atggtgatgt cagcgttgaa ctgcgtgatg cggatcaaca ggtggttgca actggacaag
901 gcactagcgg gactttgcaa gtggtgaatc cgcacctctg gcaaccgggt gaaggttatc
961‘ tctatgaact cgaagtcaca gccaaaagcc agacagagtc tgatatctac ccgcttcgcg

1021 tcggcatccg gtcagtggca gtgaagggcc aacagttcct gattaaccac aaaccgttct
1081 actttactgg ctttggtcgt catgaagatg cggacttacg tggcaaagga ttcgataacg
1141 tgctgatggt gcacgaccac gcattaatgg actggattgg ggccaactcc taccgtacct
1201 cgcattaccc ttacgctgaa gagatgctcg actgggcaga tgaacatggc atcgtggtga
126.1 ttgatgaaac tgctgctgtc ggctttcagc tgtctttagg cattggtttc gaagcgggca
1321 acaagccgaa agaactgtac agcgaagagg cagtcaacgg ggaaactcag caagcgcact
1381 tacaggcgat taaagagctg atagcgcgtg acaaaaacca cccaagcgtg gtgatgtgga
1441 gtattgccaa cgaaccggat acccgtccgc aaggtgcacg ggaatatttc gcgccactgg
1501 cggaagcaac gcgtaaactc gacccgacgc gtccgatcac ctgcgtcaat gtaatgttct
1561 gcgacgctca caccgatacc atcagcgatc tctttgatgt gctgtgcctg aaccgttatt
1621 acggatggta tgtccaaagc ggcgatttgg aaacggcaga gaaggtactg gaaaaagaac 
1681 ttctggcctg gcaggagaaa ctgcatcagc cgattatcat caccgaatac ggcgtggata
1741 cgttagccgg gctgcactca atgtacaccg acatgtggag tgaagagtat cagtgtgcat
1801 ggctggatat gtatcaccgc gtctttgatc gcgtcagcgc cgtcgtcggt gaacaggtat
1861 ggaatttcgc cgattttgcg acctcgcaag. gcatattgcg cgttggcggt aacaagaaag
1921 gga.tcttcac tcgcgaccgc aaaccgaagt cggcggcttt tctgctgcaa aaacgctgga
1981 ctggcatgaa cttcggtgaa aaaccgcagc agggaggcaa acaagctagc caccaccacc
2041 accaccacgt gtgaattaca ggtgaccagc tcgaatttcc ccgatcgttc aaacatttgg
2101 caataaagtt tcttaagatt gaatcctgtt gccggtcttg cgatgattat catataattt
2161 ctgttaaatt acgttaagca tgtaataatrt aacatgtaat gcatgacgtt atttatgaga
2221 tgggttttta tgattagagt cccgcaatta tacatttaat acgcgataga aaacaaaata
2281 tagcgcgcaa actaggataa attatcgcgc gcggtgtcat ctatgttact agatcgggaa
2341 ttaaactatc agtgtttgac aggatatatt ggcgggtaaa cctaagagaa aagagcgttt
2401 attagaataa cggataLLCa aaagggcgtg aaaaggttta tccgttcgtc catttgtatg
2461 tgcatgccaa ccacagggtt cccctcggga tcaaagtact ttgatccaac ccctccgctg
2521 ctatagtgca gtcggcttct gacgttcagt gcagccgtct tctgaaaacg acatgtcgca
2581 caagtcctaa gttacgcgac aggctgccgc ccfcgcccttt'tcctggcgtt ttcttgtcgc 
2641 gtgttttagt cgcataaagt agaatacttg cgactagaac cggagacatt acgccatgaa
2701 caaljagcgcc gccgctggcc tgctgggcta tgcccgcgtc agcaccgacg accaggactt
2761 gaccaaccaa cgggccgaac tgcacgcggc cggctgcacc aagctgtttt ccgagaagat
2821 caccggcacc aggcgcgacc gcccggagct ggccaggatg cttgaccacc tacgccctgg
2881 cgacgttgtg acagtgacca ggctagaccg cctggcccgc agcacccgcg acctactgga
2941 cattgccgag cgcatccagg aggccggcgc gggcctgcgt agcctggcag agccgtgggc
3001 cgacaccacc acgccggccg gccgcatggt gttgaccgtg ttcgccggca ttgccgagtt
3061 cgagcgttcc ctaatcatcg accgcacccg gagcgggcgc gaggccgcca aggcccgagg
3121 cgtgaagtrtt ggcccccgcc ctaccctcac cccggcacag atcgcgcacg cccgcgagct
3181 gatcgaccag gaaggccgca ccgtgaaaga ggcggctgca ctgcttggcg tgcategctc
3241 gaccctgtac cgcgcacttg agcgcagcga ggaagtgacg cccaccgagg ccaggcggcg
3301 cggtgccttc cgtgaggacg cattgaccga ggccgacgcc ctggcggccg ccgagaatga
33j61 ajagccaagag gaacaagcat gaaaccgcac caggacggcc aggacgaacc gtttttcatt
3421 accgaagaga tcgaggcgga gatgatcgcg gccgggtacg tgttcgagcc gcccgcgcac
3481 gtctcaaccg tgcggctgca tgaaatrctg gccggtttgt ctgatgccaa gctggcggcc
3541 tggccggcca gcttggccgc tgaagaaacc gagcgccgcc gtctaaaaag gtgatgtgta
3601 tttgagtaaa acagcttgcg tcatgcggtc gctgcgtata tgatgcgatg agtaaataaa
3661 caaatacgca aggggaacgc atgaagytta tcgctgtact taaccagaaa ggcgggtcag
3721 gcaagacgac catcgcaa.cc catctagccc gcgccctgca actcgccggg gccgatgttc
3781 tgttagtcga ttccgatccc caggycagtg occgcgattg ggcggccgtg cgggaagatc
3841 aaccgctaac cgttgtcggc atcyaccycrc cgacgattga ccgcgacgtg aaggccatcg
3901 gccggcgcga cttcgtagtrg atcgacggag cyccccaggc ggcggacttg gctgtgtccg
3961 cgatcaaggc agccgactrtc ytgctgattc cyytgcagcc aagcccttac gacatatggg
4021 ccaccgccga cctggtggag ctggttaagc agcgcattga ggtcacggat ggaaggctac
4081 aagcggcctt tgtcgt.gt.cg cgggcgatca aaggcacgcg catcggcggt gaggttgccg
4141 aggcgctggc cgggtacgag ctgcccattc ttgagtcccg tatcacgcag cgcgtgagct
4201 acccaggcac tgccgccgcc ggcacaaccg ttcttgaatc agaacccgag ggcgacgctg
4261 cccgcgaggt ccaggcgctg gccgctgaaa ttaaatcaaa actcatttga gttaatgagg
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432 
438 
444 
450 
456 
4 62 
468 
474 
480 
486 
492 
498 
504 
510 
516 
522 
528 
534 
540 
546 
552 
558 
564 
570 
576 
582 
588 
594 
600 
606 
612 
618 
624 
630 
636 
642 
648 
654 
660 
666 
672 
678 
684 
690 
696 
702 
708 
714 
720 
726 
732 
738 
744 
750 
756 
762 
768 
774 
780 
786 
792 
798 
804 
810 
816 
822 
828

taaagagaaa
cagcaaggct
tcagttgccg
cattaccgag
aaatgagtag
gcaccgacgc
gctgggttgt
gacggtcgca
gagaagttga
ggtgaatcgt
gccggtgcgc
ccgatgctct
cgtctgtcga
cacgt^agagg
ctgatggcgg
aagcccggcc
gatggcggaa
gttgccatgc
gaagccttga
gagatcgagc
ctgacggttc
ctggcacgcc
cgcagtggca
tcaaatgacc
gtcatgcgct
cagatgctag
gatagcacgt
aacccaaagc
aaaggcgatt
gcctgtgcat
cggtcgctgc
tcaaaaatgg
ccactcgacc
tgaaaacctc
cgggagcaga
catgacccag
cagattgtac
aaataccgca
cggctgcggc
ggggataacg
aaggccgcgt
cgacgctcaa
cctggaagct
gcctttctcc
tcggtgtagg
cgctgcgcct
ccactggcag
gagttcttga
gctctgctga
accaccgctg
ggatctcaag
tcacgttaag
taatatttta
tactgttctt
ttgtccgccc
aagatgttgc
gtctttaaaa
tcgcaatcca
tctaagctat
tccgcataca
aggacgccat
aggacctttg
acatcatagg
tctcccacca
tatttttcga
ctrtcctcttt
ccaattcact

atgagcaaaa
gcaacgttgg
gcggaggatc
ctgctatctg
atgaatttta
cgtggaatgc
ctgccggccc
aaccatccgg
aggccgcgca
ggcaagcggc
cgtcgattag
atgacgtggg
agcgtgaccg
tttccgcagg
tttcccatct
gcgtgttccg
agcagaaaga
agcgtacgaa
ttagccgcta
tagctgattg
accccgatta
gcgccgcagg
gcgccggaga
tgccggagta
accgcaacct
ggcaaattgc
acattgggaa
cgtacattgg
tttccgccta
aactgtctgg
gctccctacg
ctggccfcacg
gccggcgccc
tgacacatgc
caagcccgtc
tcacgtagcg
tgagagtgca
tcaggcgctc
gagcggtatc
caggaaagaa
tgctggcgtt
gtcagaggtg
ccctcgtgcg
cttcgggaag
tcgttcgctc
tatccggtaa
cagccactgg
agtggtggcc
agccagttac
gtagcggtgg
aagatccttt
ggattttggt
ttttctccca
ccccgatatc
tgccgcttct
tgtctccca g
aatcatacag
catcggccag
teg Laiaggg
gctcgataat
cggcctcact
gaacaggcag
tggtcccttt
gcttatatac
tcagtttttt
tctacagtat
gttccttgca

gcacaaacac
ccagcctggc
acaccaagct
aatacatcgc
gcggctaaag
cccatgtgtg
tgcaatggca
cccggtacaa
ggccgcccag
egetgatega
gaagccgccc
cacccgcgat
acgagctggc
gccggccggc
aaccgaatcc
tccacacgtt
cgacctggta
gaaggccaag
caagatcgta
gatgtaccgc
ctttttgatc
caaggcagaa
gttcaagaag
cgatttgaag
gatcgagggc
cctagcaggg
cccaaagccg
gaaccggtca
aaactcttta
ccagcgcaca
ccccgccgct
gccaggcaat
acatcaaggc
agctcccgga
agggcgcgtc
atageggagt
ccatatgcgg
ttccgcttcc
agctcactca
catgtgagca
tttccatagg
gcgaaacccg
ctctcctgtt
cgtggcgctt
caagctgggc
etategtett
taacaggatt
taactacggc
etteggaaaa
tttttttgtt
gatcttttct
catgcattct
atcaggcttg
ctccctgatc
cccaagatca
gtcgccgtgg
ctcgcgcgga
ategttatte
acaatccgat
cttttcaggg
catgagcaga
ctttccttcc
ataccggctg
cttagcagga
caattccggt
ttaaagatac
ttctaaaacc

getaagtgee
agacacgcca
gaagatgtac
gcagctacca
gaggcggcat
gaggaaeggg
ctggaacccc
ateggegegg
cggcaacgca
atccgcaaag
aagggcgacg
agtcgcagca
gaggtgatcc
atggccagtg
atgaatcgat
gcggacgtac
gaaacctgca
aacggccgcc
aagagcgaaa
gagatcacag
gatcccggca
gccagatggt
ttctgtttca
gaggaggegg
gaagcatccg
gaaaaaggtc
tacattggga
cacatgtaag
aaacttatta
gccgaagagc
tcgcgtcggc
ctaccagggc
accctgcctc
gacggtcaca
agcgggtgtt
gtactactggc
tgtgaaata.c
tcgctcactg
aaggcggtaa
aaaggccagc
ctccgccccc
acaggactat
ccgaccctgc
tctcatagct
tgtgtgcacg
gagtccaacc
ageagagega
ta-cactagaa
agagttggta
tgcaagcagc
acggggtctg
aggtactaaa
atccccagta
gaccggacgc
ataaagccac
gaaaagacaa
tctttaaatg
agtaagtaat
atgtcgatgg
ctttgt.tcat

ggccgtccga
gccatgaagc
gcggtacgcc
gagtaaatga
ggaaaatcaa
cggttggcca
caagcccgag
cgctgggtga
tcgaggcaga
aatcccggca
agcaaccaga
tcatggacgt
gctacgagct
tgtgggatta
accgggaagg
tcaagttctg
ttcggttaaa
tggtgacggt
ccgggcggcc
aaggcaagaa
tcggccgttt
tgttcaagac
ccgtgcgcaa
ggcaggotgg
ccggttccta
gaaaaggtct
accggaaccc
tgactgatat
aaactcttaa
tgeaaaaage
ctatcgcggc
gcggacaagc
gegegttteg
gcttgtctgt
ggcgggtgtc

actcgctgcg
taeggttate
aaaaggccag
ctgacgagca
aaagatacca
cgctrtaccgg
cacgctgtag
aaccccccgt
cggtaagaca'
ggacagtatt
gctcttgatc
agattacgcg
acgctcagtg
acaattcatc

agccatagca
tccgtcattt
gacattcctt
gatattctca
cccaagaagc
ttaaatacca

agaaggcaat
t.taefcttgee
gttcctctrtc
gagtgtcttc
ccaattnggc
agtgaaagag
c tr tc a ta c tc

tcatgtcctrt
ttaaatatag

t t t ta g r r ^ a t

gcgcacgcag
ggg.t.caactt
aaggcaagac
gcaaatgaat
gaacaaccag
ggcgtaagcg
gaatcggcgt
tgacctggtg
agcacgcccc
accgccggca
ttttttcgtt
ggccgttttc
tccagacggg
cgacctggta
gaagggagac
ccggcgagcc
caccacgcac
atccgagggt
ggagtacatc
cccggacgtg
tctctaccgc
gatctacgaa
getgateggg
cccgatccta
atgtaeggag
ctttcctgtg
gtacattggg
aaaagagaaa
aacccgcctg
gcctaccctt
cgctggccgc
cgcgccgtcg
gtgatgaegg
aagcggatgc
ggggcgcagc
ggcatcagag
cgtaaggaga
ctcggtcgtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttccc
atacctgtcc
gtatctcagt
tcagcccgac
cgacttatcg
cggtgctaca
tggtatctgc
cggcaaacaa
cagaaaaaaa
gaacgaaaac'
cagtaaaata
tagctcgaca
gtcataccac
atctttcaca
gggcttttcc
ttcccagttt
taagcggctg
cctgatgcac
ttcngagcaa
t r t e a a a g t g c
ttcccgttcc
gttttcattt
taegcagegg
ttattatttc
aagacgaact
ttttcaaagt
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8341 tgttttcaaa gttggcgtat aacatagtat cgacggagcc gattttgaaa ccgcggtgat
8401 cacaggcagc aacgctctgt catcgttaca atcaacatgc taccctccgc gagatcatcc
8461 gtgtttcaaa cccggcagct tagttgccgt tcttccgaat agcatcggta acatgagcaa
8521 agtctgccgc cttacaacgg ctctcccgct gacgccgtcc cggactgatg ggctgcctgt
8581 atcgagtggt gattttgtgc cgagctgccg gtcggggagc tgttggctgg ctggtggcag
8641 gatatattgt ggtgtaaaca aattgacgct tagacaactt aataacacat tgcggacgtt
8701 tttaatgtac tgaattaacg ccgaattaat tcgggggatc tggattttag tactggattt
8761 tggttttagg aattagaaat tttafctgata gaagtatttt acaaatacaa atacatacta
8821 agggtttctt atatgctcaa cacatgagcg aaaccctata ggaaccctaa ttcccttatc
8881 tgggaactac tcacacatta ttatggagaa actcgagctt gtcgatcgac tctagctaga
8941 ggatcgatcc gaaccccaga gtcccgctca gaagaactcg tcaagaaggc gatagaaggc
9001 gatgcgctgc gaatcgggag cggcgatacc gtaaagcacg aggaagcggt cagcccattc
9061■gccgccaagc tcttcagcaa tatcacgggt agccaacgct atgtcctgat agcggtccgc 
9121 cacacccagc cggccacagt cgatgaatcc agaaaagcgg ccattttcca ccatgatatt
9181 cggcaagcag gcatcgccat gtgtcacgac gagatcctcg ccgtcgggca tgcgcgcctt
9241 gagcctggcg aacagttcgg ctggcgcgag cccctgatgc tcttcgtcca gatcatcctg
9301 atcgacaaga ccggcfctcca tccgagtacg tgctcgctcg atgcgatgtt tcgcttggtg
9361 gtcgaatggg caggtagccg gatcaagcgt atgcagccgc cgcattgcat cagccatgat
9421 ggatactttc tcggcaggag caaggtgaga tgacaggaga tcctgccccg gcacttcgcc
9481 caata'gcagc cagtcccttc ccgcttcagt gacaacgtcg agcacagctg cgcaaggaac
9541 gcccgtcgtg gccagccacg atagccgcgc tgcctcgtcc tggagttcat tcagggcacc
9601 ggacaggtcg gtcttgacaa aaagaaccgg gcgcccctgc gctgacagcc ggaacacggc
9661 ggcatcagag cagccgattg tcfcgttgtgc ccagtcatag ccgaatagcc tctccaccca
9721 agcggccgga gaacctgcgt gcaatccatc ttgttcaatc cccatggtcg atcgacagat
9781 ctgcgaaagc tcgagagaga tagatttgta gagagagact ggtgatttca gcgtgtcctc
9841 tccaaatgaa atgaacttcc ttatatagag gaaggtcttg cgaaggatag tgggattgtg
9901 cgtcatecct tacgtcagtg gagatatcac atcaatccac ttgctttgaa gacgtggttg
9961 gaacgtcttc ttrttrtccacg atgctcctcg tgggtggggg tccatctttg ggaccactgt

10021 cggcagaggc■atcttgaacg atagcctttc ctttatcgca atgatggcat ttgtaggtgc 
10081 caccttcctt ttctactgtc cttttgatga agtgacagat agctgggcaa tggaatccga
10141 ggaggtttcc cgatattacc ctttgttgaa aagtctcaat agccctttgg tcttctgaga
10201 ctgtatcttt gatattcttg gagtagacga gagtgtcgtg ctccaccatg ttatcacatc
10261 aatccacttg ctttgaagac gtggttggaa cgtcttcttt ttccacgatg ctcctcgtgg
10321 gtggggg'tcc atctttggga ccactgtcgg cagaggcatc ttgaacgata gcctttcctt
10381 tatcgcaatg atggcatttg taggtgccac cttccttttc tactgtcctt ttgatgaagt
10441 gacagatagc tgggcaatgg aatccgagga ggtttcccga tattaccctt tgttgaaaag
10501 tctcaatagc cctttggtct tctgagactg tatctttgat attcttggag tagacgagag
10561 tgtcgtgctc caccatgttg gcaagctgct ctagccaata cgcaaaccgc ctctccccgc
10621 gcgttggccg attcattaat gcagctggca cgacaggttt cccgactgga aagcgggcag
10681 tgagcgcaac gcaattaatg tgagttagct cactcattag gcaccccagg ctttacactt
10741 tatgcttccg gctcgtatgt tgtgtggaat tgtgagcgga taacaatttc acacaggaaa
10801 cagcbatgac catgattacg aattcgagct cggtacccgg ggatcctcta gagtcgacct
10861 gcaggcatgc aagcttggca ctggccgtcg ttttacaacg tcgtgactgg gaaaaccctg
10921 gcgttaccca acttaatcgc cttgcagcac atcccccttt cgccagctgg cgtaatagcg
10981 aagaggcccg caccgatcgc ccttcccaac agttgcgcag cctgaatggc gaat.gctaga
11041 gcagcttgag cttggatcag attgtcgttt cccgccttca gtttagcttc atggagtcaa
11101 agattcaaat agaggaccta acagaactcg ccgtaaagac tggcgaacag ttcafcanaga
11161 gtctcttacg actcaatgac aagaagaaaa tcttcgtcaa catggtggag cacgacacac
11221 ttgtctacte caaaaatatc aaagatacag tctcagaaga ccaaagggca attgaga.ctt
11281 ttcaacaaag ggtaatatcc ggaaacctcc tcggattcca ttgcccagct atctgtcact
11341 ttattgtgaa gatagtggaa aaggaaggtg gctcctacaa atgccatcat tgcgataaag
11401 gaaaggccat cgttgaagat gcctctgccg acagtggtcc caaagatgga cccccaccca
11461 cgaggagcat cgtggaaaaa gaagacgttc caaccacgtc ttcaaagcaa gtggatrtgat
11521 gtgatatctc cactgacgta agggatgacg cacaatccca ctatccttcg caagaccctt

n  115.1 = t = t « tata aggaagttca tttcatttgg agagaacacg ggggactctt gac
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ABSTRACT

A study on “Agrobacterium tumefaciens mediated genetic transformation in 

kudangal (Centella asiatica L. Urban.)” was conducted at the Department of Plant 

Biotechnology, College of Agriculture, Vellayani during 2004-2006.

Centella asiatica is an important medicinal plant o f India and is used in many 

ayurvedic formulations. Centella asiatica contains a blend of compounds including 

triterpenes (asiatic acid, madecassic acid and asiaticoside) that appear to have 

antioxidant, tissue regenerative and memory enhancing properties. The present study 

was undertaken with the main objective o f evolving a protocol for Agrobacterium 

tumefaciens mediated genetic transformation in Centella asiatica, which could further 

be utilized for the metabolic engineering o f Centella to enhance the level o f secondary 

metabolites.

Callus was induced from leaf and node explants o f Centella on MS medium 

supplemented with growth regulators. MS medium supplemented with Kn 2 mg I'1 and 

NAA 4 mg f 1 was proved to be the best in terms of callus induction percentage (85.7) 

from leaf explant in 25.50 days. With node explants, the maximum callus induction 

(86.67%) was obtained on MS medium supplemented either with Kn 2 mg I '1 and NAA 

3 mg T1 or with Kn 1 mg I"1 and NAA 3 mg I"1 in 23.67 and 22.00 days respectively. O f 

the various regeneration treatments, 16.67 per cent regeneration from callus was 

obtained on MS medium supplemented with Kn 2mg I"1, BA 4mg I'1, NAA 0.25 mg I"1 

and ADS 20 mg I'1.

Two strains o f Agrobacterium tumefaciens viz., LBA4404 and EHA105 

harbouring the plasmid pCAMBIA2301 were used for genetic transformation. As the 

plasmid harbour nptll and gus reporter genes, the sensitivity o f Agrobacterium  strains 

and Centella callus to different concentrations of kanamycin was evaluated. The lethal 

dose of kanamycin to Agrobacterium  and Centella callus were 350 and 125 mg f 1



respectively. The effective dose o f cefotaxime for the elimination o f bacterial strains 

LBA4404 and EHA105 was 75 mg I '1 and the lethal dose o f cefotaxime to Centella 

callus was 150 mg I '1.

Genetic transformation was achieved by co-cultivating callus and node with 

bacterial suspension. Conditions like infection and co-cultivation time, type o f the 

explant, selection agent and suitable Agrobacterium  strains were optimized. The 

Agrobacterium strain, EHA105 with pCAMBIA2301 was more efficient for 

transformation in Centella. The most effective infection time was 20 minutes, followed 

by a co-cultivation period of four days. The survival o f tissues transformed by the 

strains LBA4404 and EHA105 on the selection media were 80.65 per cent and 66.67 

per cent respectively. Maximum transformation efficiency o f 50 percent was obtained 

when callus was co-cultivated with EHA105 (pCAMBIA2301) for four days.

The transformation efficiency was increased when acetosyringone 100 pM 

was added to infection and co-cultivation media. Transformation was confirmed by 

histochemical GUS assay of putative transformants. This study provides a protocol for 

genetic transformation in Centella which can be used for transferring desirable genes.


