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PREFACE
Somatic embryogenesis as the name implies is the development of embryos 

from somatic cells deploying the phenomenon of cellular totipotency. Somatic 

embryogenesis has potentially rich biotechnological applications in crops mainly in 

micropropagation, transgenic plant production and artificial seed synthesis.

Genetic improvement of Hevea through conventional methods is very elaborate 

and time consuming as in many other perennial species due to narrow genetic base, 

non-synchronous flowering, low fruit set, long gestation period and heterozygous 

nature. In vitro culture of Hevea was initiated earlier in different laboratories with a 

view to develop protocols for micropropagation and for genetic improvement through 

transgenic approaches. Protocols for plant regeneration through somatic embryogenesis 

from different explants such as inner integument, immature anthers and immature 

inflorescence have been reported in Hevea. All the protocols developed earlier for 

somatic embryogenesis in Hevea were from floral/fruit derived explants which were 

seasonal. Development of alternate systems for plant regeneration through somatic 

embryogenesis using easily available explants would be of much use in Hevea crop 

improvement through micropropagation and genetic transformation. The present study 

was undertaken with the objective of developing a protocol for the induction of somatic 

embryogenesis and plant regeneration from leaf explants of Hevea, identification of the 

embryogenic competence of explants collected from source plants of different 

physiological maturity, identification of genes related to juvenile-mature phase change 

in Hevea and to explore the feasibility of the developed system in Hevea crop 

improvement through Agrobacterium  mediated genetic transformation.

This thesis contains six chapters. In the first chapter the topic is being 

introduced along with the objectives of the study. A brief description of the crop along 

with micropropagation techniques and a review of work done in these areas are 

included in the second chapter. The third chapter deals with the materials and the 

methodologies followed in the study. Results of the experiments are detailed in the 

fourth chapter and discussions regarding these are included in the fifth chapter. In the 

sixth chapter the results are summarized and a conclusion has been drawn about the 

future prospects of the work.
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ABSTRACT

Plant cell possesses remarkable developmental plasticity, example o f which is 

somatic embryogenesis, during which differentiated plant cells regain totipotency and 

develop into embryos. Somatic embryogenesis, the development o f embryos from 

somatic tissue is a valuable tool for the micropropagation o f plant species as well as in 

genetic manipulation experiments. This regeneration system is generally more difficult 

with woody plant species. Success o f in vitro tree regeneration greatly depends on 

selection o f the appropriate explant, age o f the source plant, culture medium and 

environmental conditions employed. In vitro propagation o f mature trees is generally 

more difficult than that in juvenile plants. In vitro culture o f  H. brasiliensis was 

initiated in different laboratories with a view to develop protocols for micropropagation 

and genetic improvement through transgenic approaches.

All the protocols developed earlier for somatic embryogenesis and plant 

regeneration were from floral/fruit derived explants. Since flowering in Hevea is 

seasonal and adverse environmental conditions during the season may hinder normal 

flowering, availability o f  viable explant is unpredictable. Development o f alternate 

systems for plant regeneration th ro u ^  somatic embryogenesis using explants which 

are easily available throughout the year would be useful in H. brasiliensis crop 

improvement through micro propagation and genetic transformation. Leaf tissues have 

been r^ o r te d  to be an amenable explant for tissue culture. There are several reports in 

other crops, where leaf tissue has been mentioned as an ideal explant for micro 

propagation and a potential target tissue for Agrobacterium  infection in genetic 

transformation experiments.

In the present work, an attempt has been made to develop a protocol for callus 

induction, somatic embryogenesis and plant regeneration from leaf explants o f Hevea. 

The leaf source, ideal growth stage o f leaf, culture conditions and media requirements 

in each step o f the somatic embryogenesis and plant regeneration pathway were 

optimized. Leaf cultures initiated with the medium mature leaves collected from glass 

house grown bud grafted plants could produce about 73% contamination free, viable 

cultures when surface sterilized with 0.15% (w/v) HgCl2 for two minutes. Modified MS 

medium with addition o f 1200 mg/1 calcium nitrate, L-cysteine HCl (50 mg/1), casein 

hydrolysate (1.0 gm/1), B5 vitamins, sucrose (20g/l) and containing phytohormones 2,4-



D (5.4 |j,M), BA (4.4 |xM) and NAA (1.08 |xM) was identified as the most suitable 

medium for callus induction from leaf explants o f bud grafted plants o f Hevea. Embryo 

induction was obtained in modified MS medium Ca(N03 )2.4H20 (250 mg/1) containing 

Bs vitamins and phytohormones, BA (2.2 |iM), GA3 (2.9nM), Kin (1,25 |iM), ABA 

(0.75 |iM) and NAA (0.54|aM). Amino acids added to the medium were arginine (40 

mg/1), glutamine (300 mg/1), proline (200 mg/1) and L-cysteine (20 mg/1). The medium 

also contained organic supplements such as coconut water (5 %), casein hydrolysate 

(300 mg/1), PEG (5.0 g/1), sucrose (60 g/1) and 0.2% activated charcoal. The medium 

was solidified with 5.0 g/1 phytagel. Maturation and apex induction o f embryos was 

obtained when cultures were dark incubated in WPM containing sucrose (60 g/1), 

amino acids such as glutamic acid (150 mg/1), arginine (40 mg/1) and glycine (10 mg/1), 

organic supplements and phytohormones BA (2.2 |iiM), (Kin 1.38 ^M), IB A  (0.49 |xM) 

and GA3 (5.3 nM). Plant regeneration was obtained in hormone free MS medium. 

Sixty percent o f  the plantlets fransferred to sterile sand could withstand transplanting 

shock and were free o f  firngal attack after two weeks. During the second transplant, 

30% o f  the plants continued to survive in the glasshouse

Leaf explants from clonal materials are available throughout the year from 

source plants o f  different maturity. It is necessary to compare the embryogenic capacity 

o f the leaf explants collected from different sources to identify the one that is most 

amenable to in vitro culture and optimize the culture conditions suitable for in vitro 

plant regeneration. Embryogenic competence o f the explant in terms o f  embryogenic 

callus initiation and further embryo induction was h i ^ y  dependent on the source plant 

and was found to be reduced with maturity o f the source plant. Response o f callus in 

terms o f time and frequency o f embryogenic callus initiation was found to vary when 

proliferated callus obtained from leaves collected from different source plants were 

cultured. The callus developed from in vitro derived somatic plants initiated 

embryogenic callus with a minimum time o f three months with a higher frequency (68 

%). In callus developed from in vitro derived seedlings also the response was almost 

similar, and a frequency o f 72% was obtained. In callus obtained from leaves o f  bud 

grafted plants, both the rate (35 %) and time (5 months) taken for initiating 

embryogenic callus varied with the explant. Mature trees showed no embryogenic 

potential.



The somatic embryogenesis protocols developed earlier for plant regeneration 

in H. brasiliensis from floral/fruit derived explants have been used for crop 

improvement through transgenic approaches. The feasibility o f using the plant 

regeneration system from leaf explants for Agrobacterium  mediated genetic 

transformation was explored so that the system developed could be used in future for 

crop improvement through fransgenic approaches. Proliferated leaf callus was also 

proved to be an amenable explant for Agrobacterium  mediated genetic transformation. 

It was observed that addition o f 10.0 mg/1 silver nitrate in the infection, co-cultivation 

and selection medium significantly suppressed bacterial overgrowth and improved the 

texture o f  callus in newly emerged lines. Improvement in the transformation frequency 

by 5-10% was obtained by the inclusion o f either o f the antioxidant such as 50 mg/1 

lipoic acid or 100 mg /1 cysteine in the infection, co-cultivation and selection 

medium and addition o f the surfactant 300 mg/1 pluronic F68 in the infection medium. 

The protocol developed for somatic embryogenesis and plant regeneration from leaf 

explants in H. brasiliensis was also proved to be useful for crop improvement through 

transgenic approaches.

Juvenile- mature phase change is associated with changes in gene expression. In 

vitro regeneration is usually achieved by culturing tissues that are in a more juvenile, 

potentially regenerative state than most other tissues o f the free. H. brasiliensis tissues 

collected from mature frees are found to be highly recalcifrant to in vitro culture. In 

several other crops, comparison of cDNA o f  juvenile and mature frees indicated 

differences in gene expression. Differential gene expression in juvenile and mature 

tissues in turn influences the in vitro culture response. Chlorophyll a/b binding protein 

gene could be amplified from the isolated genomic and cDNA o f the Hevea clone RRII 

105. Amplified product was cloned and sequenced. The sequence showed 91% 

sequence homology to the Cab protein gene from Ricinus communis. No infrons were 

observed in the coding region. Differences were observed in gene expression pattern in 

juvenile and mature tissues through RT-PCR and northern analysis.

Key W ords

Callus induction, Genetic Transformation, Gene expression, Hevea brasiliensis. In vitro 

culture. Juvenility, Leaf explants, Plant regeneration. Somatic embryogenesis.



Introdhiction



C h a p te r I 

INTRODUCTION

The improvement of tree crops through conventional breeding techniques has 

been limited due to inherent problems such as long life cycle with extended juvenile 

period, floral morphology, existing hybridization barrier, sterility, apomixis and long 

term inbreeding depression. Totipotency of a living plant cell is well known that the 

nucleus of every living somatic cell contains genetic information necessary to direct 

the development o f the complete plant. The attempt by Haberlandt (1902) to establish 

plant tissue culture systems provided support for a better understanding o f the 

totipotency of plant cells. Somatic embryogenesis (SE) is a process in which a bipolar 

structure resembling a 2ygotic embryo, develops from a non zygotic cell without 

vascular connections with the original tissue. It is an ideal system for investigation of 

the whole process o f differentiation of plants, as well as the mechanisms of 

expression of totipotency in plant cells. Since the first observation of somatic embryo 

formation in Daitcus carota cell suspensions by Steward et al., (1958), the potential 

for somatic embryogenesis has been shown in a wide range o f plant species. Somatic 

embryogenesis is a promising method for the establishment of protocols for rapid 

multiplication o f new and elite genotypes, synthetic seed production, in vitro 

selection approaches for various biotic and abiotic stresses and for genetic 

manipulation.

l.J . The R ubber tree - Hevea brasiliensis

Hevea brasiliensis (Wild.ex Adr.de Juss.) Muell Arg. is the most important 

source of natural nibber - a product of vital importance. The natural rubber producing 

tree H. brasiliensis, is a species indigenous to the tropical rain forests of Central and 

South America and is one of the most recently domesticated crop species in the 

world. H. brasiliensis remains as the only cultivated species as a commercial source 

of natural rubber because of its abundance in the latex, high quality and convenience 

of harvesting. The rubber tree {H. brasiliensis) a member of the family



Euphorbiaceae, is a native of Brazil and was introduced to South Eastern countries 

during 1876 through Kew gardens from the seeds brought from the Raio Tapajo’s 

region o f the upper Amazon region of Brazil by Sir Henry Wickham 

(Dijkman,1951). At present more than 10 million hectares in about 40 countries are 

devoted to rubber cultivation.

1.2. Habitat and Biology

Rubber is predominantly grown in the tropics where an equatorial monsoon 

climate prevails such as a rainfall of 2000 mm or more evenly distributed with a 

maximum temperature of 29-34'^C, 80% atmospheric humidity and bright sunshine 

amoimting to 2000 hrs. per annum (Watson, 1989; Rao and Vijayakumar, 1992). H. 

brasiliensis is a sturdy perennial tree which attains a height o f about 30m (Fig.l). 

Yield potential o f the tree is high during the winter season. The tree is deciduous with 

armual leaf fall. Wintering of the tree occurs during December-January followed by 

refoliation and flowering. Natural rubber is produced in highly specialized laticifers, 

w'hich is a specifically differentiated organ localized in the vascular tissue and is 

present in all parts of the tree H. brasiliensis. Natural rubber is a biopolymer 

consisting of isoprene units (CsH8)n linked together in a 1,4 cis- configuration. 

Rubber is harvested from the tree as latex by controlled wounding of the bark in the 

main trunk o f the tree, a process termed tapping. By tapping, rubber particles can be 

collected, together with other cellular components in latex. The yield potential should 

be over 2500 kg/ha/year for high yielding clones.

1.3. Economic importance

Nature has not provided any other industrial raw material of plant origin as 

flexible as natural rubber. For reasons of high yield and low impurities, H. 

brasiliensis now accounts for over 99% of the worlds natural rubber (NR) produced 

and used as base material for manufacturing an incredible variety of products for 

numerous applications in diverse fields. Due to higher strength, elasticity, low heat 

build up and better resistance to wear, 70% of natural rubber is used for the 

manufacture of automobile tires (Nayanakantha and Seneviratnae 2007). Natural



Fig. 1: R u b b e r  plantation (Insert: Trunk o f  a sin g le  mature tree 
sh ow in g  latex co llection )



rubber is now used in over 40,000 products including medical devices, surgical 

gloves, tires and various engineering and consumer products. Rubber is an important 

plant not only for world economic strategies but also for proper living of human kind. 

The more the social developments, the requirement and utilization of products made 

o f rubber are increasing every day. The main producers o f natural rubber in the 

world are Thailand, Indonesia, Malaysia, India, Vietnam, China, Ivory Coast and 

Srilanka. Recently rubber wood has become a second product o f rubber cropping; it 

represents about 15% of the total income of the farmers and generated a profitable 

industry mainly in Malaysia, Thailand and India. The global demand for natural 

rubber is steadily increasing and hence the production o f rubber needs to be increased 

to meet the demand.

1.4. Breeding and propagation

Earlier rubber plantations were established with unselected seedlings, 

which resulted in considerable heterogeneity. Conventional methods of genetic 

improvement include introduction, selection and hybridization. Genetic improvement 

o f H. brasiliensis is very elaborate and time consuming as in many other perennial 

species. The major limitations are the very narrow genetic base, non-synchronous 

flowering, low fruit set, long gestation period, heterozygous nature and absence of 

fully reliable early selection parameters. Since H. brasiliensis is cross pollinated, the 

seedlings are highly heterozygous. The difficulty o f using cuttings as planting 

material was the low rhizogenic potential o f the selected material. The rhizogenic 

capacity o f H. brasiliensis is fugacious and soon gets exhausted during the 

development o f the plant. The current propagation method o f graftmg on to 

unselected seedlings maintains intraclonal heterogeneity for vigor and productivity 

and hence a great improvement may be expected using micro propagation in vitro. 

For the production o f true to type individuals of selected genotypes, there is a need 

for the development of protocols for in vitro propagation o f clonal materials. In H. 

brasiliensis increased growth and vigor have already been reported for plants 

regenerated through tissue culture (Carron et a l, 1995, 2000). Even a very small



increment per tapping will be a great attribute to a tree crop like H. brasiliensis with 

an economic life span of 30 years.

1.5. Micropropagation

Among the major perennial crops, H. brasiliensis species being 

commercially valuable has a great potential to benefit from biotechnological tools, 

such as micro propagation and genetic transformation. Research to develop somatic 

embryogenesis as an in vitro propagation method for H. brasiliensis began in the 

1970’s. Wang et a l, (1980) reported the successful production o f the first somatic 

embryogenesis derived plantlets from anther explants of H. brasiliensis. Since then, 

efficient protocols for plant regeneration through somatic embryogenesis from a 

range o f explants such as inner integument, immature anthers and immature 

inflorescence have been reported in H. brasiliensis. However, H. brasiliensis clones 

show considerable variability in in vitro response of the explants such as life of the 

calli and its embryogenic capacity (Blanc et al., 1999). Recently there is a growing 

interest in developing somatic embryogenesis systems for H. brasiliensis as a useful 

and efficient method for clonal propagation of selected material and genetic 

transformation.

Rubber is a deciduous tree in v/hich refoliation and flowering follow 

wintering. Since flowering in H. brasiliensis is seasonal and adverse environments 

during the season may hinder normal flowering, explant availability and quality is 

unpredictable. In all the protocols developed earlier for somatic embryogenesis in H. 

brasiliensis, floral/fruit derived explants were used. Moreover, culture initiation from 

floral explants is also laborious and time consuming. Leaf tissues have been reported 

to be amenable explants for tissue culture. In several other crops leaf tissue has been 

mentioned as a potential target tissue for micro propagation and for Agrobacterium 

infection in genetic transformation experiments. Development o f plant regeneration 

systems through somatic embryogenesis using explants other than floral/seed organs 

which are available throughout the year would significantly contribute in H. 

brasiliensis crop improvement through micro propagation and genetic transformation.



1.6. Phase change and in vitro culture

Most trees have marked phase changes that result in a decline in vitro 

response such as in their potential for somatic embryogenesis or micropropagation. 

Responses that show marked differences between juvenile and adult stages are 

induction of organogenesis and embryogenesis in tissue culture, with juvenile tissues 

such as embryonic stages and young seedlings being the most responsive 

(Greenwood 1995). In H. brasiliensis also, the frequency and time taken for 

enibryogenic callus initiation was found to be highly influenced by the explant source 

Lardet et at., (2009). Studies have shown that, in addition to the use of appropriate in 

vitro conditions, the choice of explant is important when attempting organogenesis or 

embryogensis in tissues from mature trees. In vitro regeneration is sometimes 

achieved by isolating and culturing tissues that are in a more juvenile, potentially 

regenerative state than most other tissues of the tree. Embryogenic capacity o f the 

cultured explant is dependent on the physiological age of the source plant and was 

found to reduce with maturity of the source plant. Interaction and balance of media 

constituents also detennines the efficiency o f a system along with the cultured tissue. 

The pattern o f developmental response of cultured tissue and the requirement of 

auxins and other plant growth regulators for the initiation of somatic embryogenesis 

is largely determined by the nature and the developmental stage of the explant (Litz 

and Gray, 1995). By altering conditions of the source material ex vitro, or by 

changing in vitro conditions, rejuvenation and increased propagation can sometimes 

be accomplished. Development of an amenable plant regeneration pathway is always 

dependent on the physiological maturity of the explant used for initiating the culture. 

The most juvenile tissues were found to show maximum embryogenic competence in 

a minimum time frame. The embryogenic capacity of the explant collected from 

different sources should be studied to identify the one most amenable to in vitro 

culture.

Age dependant differential gene expression in explants collected from tree 

species were also reported. In both larch and English ivy, a comparison of cDNA 

libraries made from RNA extracted from juvenile and mature foliage indicates that



there are some differences in gene expression between juvenile and mature shoots 

(Hutchison et al. 1990; Woo et a l, 1994). Age-dependent changes in gene expression 

profiles were studied in vegetative Pirns radiata buds by means of differential 

display.

1.7.Transgenic approaches

H. brasiliensis being a tree crop, conventional agriculture relying on selection 

and traditional breeding programmes will not be able to deploy new varieties with 

modified traits quickly. Application of genetic transformation as a biotechnological 

tool for crop improvement is an essential element of short and long term strategies to 

exploit plant genomics for overcoming yield impediments faced by conventional 

breeding (Martino-Catt and Sachs 2008). The major requirements for the 

development o f transgenic plants include the availability o f efficient transformation 

protocols for the introduction of genes into crop plants, selection of transgenic 

tissues, reliable and reproducible in vitro plant regeneration system through somatic 

embryogenesis, molecular and genetic characterization of transgenic plants for stable 

and efficient gene expression (Sharma et al., 2005). The main challenge with genetic 

transformation o f tree species is achievement of high transformation efficiency for 

desired clones or cultivars and efficient plant regeneration (Arokiaraj et a l, 2009). A 

protocol has been developed earlier for Agrobacterium  mediated genetic 

transformation and plant regeneration in H. brasiliensis. Transgenic plants 

incorporated with MnSOD gene were regenerated from anther callus of H. 

brasiliensis (Jayashree et al., 2003). Efficiency of the system with respect to 

transformation frequency and transgenic tissue recovery without bacterial overgrowth 

is found to vary with each new infection. A critical step in Agrobacterium  mediated 

transformation and transgenic tissue regeneration in H. brasiliensis. is the 

establishment of optimal conditions for T-DNA delivery into infected tissue and 

tissue recovery without bacterial overgrowth. The leaf is a favored explant for most 

transformation experiments in many plants since it is easy to handle and 

Agrobacterium  readily penetrates the cut ends aiding regeneration from the infected 

tissues. Genetic transformation using a plant regeneration system from leaf explants



would be very useful in future for the genetic improvement of H. brasiliensis through 

transformation technology. The feasibility of using proliferated fresh leaf callus as an 

ideal explant for Agrobacterium  mediated genetic transformation and improve rate of 

gene transfer by using compounds that enhance transformation efficiency could be 

explored.

Objectives
The present study was undertaken with the following objectives:

1. Development of a protocol for the induction o f somatic embryogenesis and 

plant regeneration from leaf explants o f H. brasiliensis for which extensive 

experiments will be done to identify the leaf source, ideal stage of leaf, 

optimize culture conditions and media requirements in each step of the 

somatic embryogenesis pathway such as callus induction, embryogenic callus 

induction, embryo induction, embryo maturation and plant regeneration.

2. Identification o f suitable source and stage of leaf explants for better in viti'o 

response and assess the embryogenic competence o f explants collected from 

plants o f different physiological maturity.

3. Identify genetic factors related to juvenile-mature phase change in H. 

brasiliensis and characterize genes differentially expressed in juvenile and 

mature tissues which in turn make the tissue recalcitrant to in vitro culture.

4. Study the feasibility of using the developed plant regeneration system for crop 

improvement through transgenic approaches.
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CHAPTER II

REVIEW OF LITERATURE

2.1. Conventional breeding for crop improvement in Hevea brasiliensis
Crop improvement programmes through conventional breeding in H. 

brasiliensis has Umitations due to narrow genetic base of the cultivated clones, long 

juvenile period, highly heterozygous nature of the seed propagated plants, poor seed set 

etc. Since considerable yield variability was observed in seedling population the 

technique o f bud grafting was perfected to facilitate fixation o f desired characters. 

Primary clones were developed through ortet selection, where ortet is the original tree 

from which members of clones have descended. Major objectives of rubber tree 

breeding is to develop potential clones with high rubber yield combined with secondary 

characters such as high initial vigor, smooth and thick bark with good latex vessel 

system, good bark renewal, good groNvth after initiation of latex harvest and tolerance 

to major diseases and wind (Amiamma et a l, 1990; Varghese et a/., 1992). Recently 

importance has also been given to develop clones resistant to abiotic stress such as 

drought, high temperature, cold etc. (Thulaseedharan et a l, 2000). Hand pollination 

between selected parents, evaluation of FI hybrids, selection o f promising 

recombinants and multiplication by bud grafting are still the most important methods of 

conventional breeding (Varghese and Mydin, 2000). In India, the clone RRII 105 

produced by the hybridization o f Tjir 1 and GLl which is having several desirable 

characters, has been released by Rubber Research Institute o f India in 1980. Recently 

few other clones of the RRII 400 series obtained by hybridization of RRII 105 and 

RRIC 100 (a Srilankan clone) have been released by Rubber Research Institute of India 

and are reported to have a yield increment o f 40% over RRII 105.

Since Hevea is open pollinated and highly heterozygous, commercial 

propagation is by bud grafting. Elite clones of H. brasiliensis are commercially 

propagated by bud grafting uniform scion buds from selected clones on to seedling root



stocks. But, root stocks which are derived from cross pollinated seeds are heterozygous 

and hence lead to undesirable stock-scion interactions causing intra-clonal variations in 

the field performance (Combe, 1975; Seneviratnae and Flegmann, 1996). Improvement 

of H. brasiliensis is being carried out for considerable increase in yields and stress 

tolerance through conventional breeding.

2.2. In  vitro approaches in Hevea brasiliensis

Plant biotechnology currently comprises a range of activities, such as 

micropropagation and other in vitro culture, genome analysis, molecular breeding 

through marker assisted selection (MAS) and gene cloning, DNA recombination and 

gene transfer etc. Plant tissue culture is the art of growing plant cells, tissue or organs 

on artificial media by isolating them from the mother plant (George, 1993). Plant 

tissue culture is based on the cell doctrine that states a cell is capable of autonomy and 

is potentially totipotent. Plant cell and tissue culture are used for clonal propagation, 

production of disease free plants, haploid production, triploid production, in vitro 

pollination and fertilization, embryo rescue, somatic hybridization and cybridisation, 

somaclonal and gametoclonal variant selection, germplasm conservation, secondary 

metabolite production and genetic transformation. Although application of 

biotechnology in trees and ornamental woody plants is just in its infancy, 

micropropagation is rapidly becoming a standard tool for tree improvement. In 

addition, emerging success and practical application have become visible in genetic 

transformation. These initial achievements have already proven that biotechnology will 

make inestimable impact on tree improvement. In 1902, the German botanist Gottlieb 

Haberlandt developed the concept of in vitro cell culture. He isolated single cells from 

palisade tissue o f leaves, pith parenchyma, epidermis o f various plants and cultured on 

Knop’s salt solution. Following this, many workers such as Gautheret (1939) cultured 

cambial tissue o f carrot root for prolonged periods o f time. Through tissue culture 

techniques, new plants can be obtained through direct or indirect morphogenesis and 

somatic embryogenesis. Direct morphogenesis is production of shoots from explants 

without passing through callus phase while in indirect morphogenesis shoot induction 

occurs through a callus phase. Plant cell possesses remarkable developmental plasticity



example of which is somatic embryogenesis, during which differentiated plant cells 

regain totipotency and develop into embryos (Feher, 2008). The present goals of 

biotechnological research in H. brasiliensis in different countries include development 

of efficient plant regeneration systems through somatic embryogenesis, 

characterization of genes controlling important agronomic traits understanding the 

molecular mechanism of latex biosynthesis, tolerance to diseases and abiotic stresses, 

characterization o f lacticiferous specific promoters, removal o f latex allergens and 

development of transgenic plants for better agronomic qualities and production of 

recombinant proteins (Thulaseedharan et a l, 2004).

2.3. Micropropagation through shoot tip culture

Micropropagation uses the principle of cellular totipotency and this involves 

the in vitro multiplication of plants on a precisely defined growth medium 

incorporating specific growth regulators (Giles and Morgan, 1987). Although, the 

basic nutritional requirements of in vitro cultured plant cells are similar, the nutritional 

composition varies depending on type of cells, tissues, organs and plant species. Even 

genotypes or cultivars o f the same species show difference in nutritional requirements. 

A nutrient medium is defined by it’s composition of mineral salts, carbon source, 

vitamins, plant growth regulators and other, organic supplements. Though several media 

have been developed the Murashige & Skoog, (1962) (MS) medium is very widely 

used in plant tissue culture systems. Organic additives and the type and concentration 

of growth regulators that are added to the basic media are generally the factors that 

determine the response of plant tissue in culture. However other additives such as 

activated charcoal, polyamines and exogenous physical factors such as temperature, 

light intensity and quality are also important in determining the response of tissues in 

culture (Mathias and Boyd, 1986). One of the main uses of plant tissue culture is for 

micro propagation of many commercially useful trees which take a long time to grow 

under the field condition. In vitro vegetative propagation will lead to the production of 

copies of mother trees which are faithful from roots to leaves; it will avoid having to 

interpose the variability of stock produced from seed and ageing o f scions. It will then 

be possible to select the root part of plants with regard both to the selectivity for



different types o f soil and resistance to diseases. Micro propagation can help to speed 

up the process considerably.

Since conventional method of propagation may lead to undesirable stock 

scion interactions, clonal propagation of H. brasiliensis by tissue culture which can 

produce uniform individual plants is a relevant technique to a greater extent. A 

reproducible regeneration system for each genotype o f H. brasiliensis through tissue 

culture is essential for crop improvement programmes. The first known work on in 

vitro culture o f H. brasiliensis was carried out by Bouychou (1953) of the Institute 

Francais Cautchouc, with the aim of using calli to obtain convenient material for the 

study o f the laticiferous system. The Rubber Research Institute o f Malaysia pioneered 

tissue culture research in the 1960s. Research was taken up again by Chua (1966) of 

the Rubber Research Institute of Malaysia and later by Wilson (Wilson and Street 

1974, 1975), with the backing of the Malaysian Rubber Producers’ Research 

Association. Over the past two decades, considerable work has been made on in vitro 

techniques for multiplication and improvement of H. brasiliensis. Most of the in vitro 

culture work in H. brasiliensis is directed towards micropropagation through shoot tip 

culture, nodal culture, somatic embryogenesis and genetic transformation 

(Nayanakantha & Senivirtnae, 2007).

Paranjothy & Gandhimathy (1976) had attempted shoot tip culture from 2-4 

weeks old aseptic seedlings. They could introduce rooting among some o f seedling 

derived cultures, but failed to do so with clonal materials. Micro propagation was 

investigated later by Carron and Enjalric (1982) and led to the production of several 

hundreds o f plantlets by micro cuttings from 1-3 year old green house grown seedlings. 

Carron and Enjalric (1983) also reported that the propagation of elite H. brasiliensis 

stock material fi-om stem cutting was a failure due to inadequate rooting system, 

necessary for tree stability. Thereafter plantlets with shoot and root development were 

successfully obtained from seedlings by different investigators (Gunatillege and 

Samaranayake, 1988; Carron et a l, 1989; Sompong and Muanghaewngam, 1992; 

Seneviratnae and Flegmann, 1996).



There are several problems associated with using explants derived from elite 

clones of mature H. brasiliensis trees. Work was done at the Rubber Research Institute 

of India with elite H. brasiliensis clones using shoot tip explants derived from mature 

trees (Sinha et a l, 1985; Sobhana et a l, 1986). Shoots have been regenerated from 

axillary bud explants of a few H. brasiliensis clones by Sinha et a l, (1985), but failed 

to obtain rooting. Asokan et a l, (1988) has successfiilly produced self rooted clonal 

plants of H. brasiliensis by shoot tip culture but there still existed problems of root 

formation since explants derived from elite clones of mature H. brasiliensis are highly 

recalcitrant. The major problem is the failure of producing adequate root system with 

tap root quality necessary for tree stability (Carron and Enjalric; 1983). Another 

problem is the presence of bacteria and fimgal contamination in the field grown mature 

plant derived explants. Effective sterilization techniques for obtaining contamination 

free initial explants were developed by Enjalric et al, (1987); Asokan et al, (1988).The 

effect o f different fungicides and antibiotics to control microbial contamination in H. 

brasiliensis cultures were also examined (Kala et a l, 2004). Physiological juvenility of 

the explants foimd to have significant role in micro propagation. Senevirtnae and 

Flegmann (1996) reported multiple shoot production, fiulher elongation and rooting 

from nodal explants of juvenile origin and elongated shoots produced roots. 

Senevirtnae and Wijesekara (1997); demonstrated that axillary bud development can be 

accelerated by application o f cytokinins. Mendanha et a l, (1998) described shoot 

development from the axillary buds in MS mediimi containing phytohormones. Carron 

et a l, (2000) have demonstrated the rooting capacity of in vitro propagated plantlets H. 

brasiliensis. The explants derived from elite clones o f mature H. brasiliensis trees are 

highly recalcitrant. Micropropagation with nodal and shoot tip explants derived from 

seedlings are possible but with mature clonal explants the response was poor. Only 

limited reports are available on successfiil micropropagation using clonal materials of 

H. brasiliensis. Moreover, explants o f mature origin posed problems both of 

establishment in culture and recalcitrance to proliferate in vitro (Seneviratnae, 1991). 

Apart from these H. brasiliensis being a crop predominantly grown imder tropical 

climate, presence o f bacterial and systemic fungal contamination in explant taken from



field grown mature plants is also a major limitation in viable culture initiation. Since 

rooting of clonal materials is fugacious and only a single plant could be produced from 

a single explant this is undesirable in clonal propagation. Rejuvenated explants by 

micro grafting (Perrin et a l, 1994) and buds of nodal explants taken from dormant 

branches were found to exhibit better in vitro response (Senevirtnae and Wijesekara 

1997; Lardet et al., 1998). Conditions for an efficient and reproducible system for in- 

vitro micro grafting for the induction of explant rejuvenation as well as for the rescue 

of important difficult to root plant materials were standardized by Kala et a l, (2002). 

Though there are several reports on H. brasiliensis micropropagation using different 

explants mostly derived from seedlings (Thulaseedharan et al., 2000) an efficient 

protocol for large scale propagation ofH. brasiliensis has yet to be developed.

Several workers have attempted in vitro organogenesis from various explants 

but the success rale was very low. Initial attempt was made to develop callus and 

suspension cultures in H. brasiliensis by Wilson and Street (1974). Paranjothy and 

Gandhimathi (1975) described a method for ftill plantlet regeneration from dehusked 

seeds or freshly fallen seeds. Cotyledon, epicotyl or hypocotyl explants produced 

compact callus with roots but failed to regenerate plants (Paranjothy and Gandhimathy 

1975). Carron and Enjalric (1932) demonstrated callus induction from the leaf explants 

but no organogenesis was noticed. Perrin e tal ,  (1997) compared the ability for in vitro 

axillary shoot organogenesis and rhizogenesis between mature and rejuvenated clones 

of H. brasiliensis. Mendenha et a l, (1998) reported abundant callus initiation from the 

leaf explants however, no regeneration was noticed when they were subcultured onto 

embryo induction medium.

2.4. Somatic embryogenesis

Embryogenesis is a complex process that is regulated by various factors 

including phytohormones, proteins and transcription factors. Many chemical substances 

act in gene expression as signals, and the correct expression is required for normal and 

rapid development of the embryos. Somatic embryogenesis is defined as a process in 

which a bipolar structure resembling a zygotic embryo develops from a non-zygotic



cell without vascular connection with the original tissue (Arnold et a l, 2002). Somatic 

embryogenesis is a multi step regeneration process starting with formation of 

dedifferentiated tissue called callus which is then redifferentiated to form pro 

embryogenic masses followed by formation of somatic embryos, maturation and plant 

regeneration. The number of tissue culture systems achieving somatic embryogenesis 

in plants which were considered as formerly recalcitrant species is increasing. The 

embryogenic capability of somatic plant cells is a general feature. The potential use of 

somatic embryogenesis in developmental studies, micro propagation and crop 

improvement has already been recognized in several angiosperms (Ammirato, 1987; 

Das et a l, 1995; Romano et a l, 2002). However, reports on somatic embryogenesis are 

relatively limited for woody species, since most of them are highly recalcitrant to in 

vitro culture. The appropriate condition for expression of this trait varies and is mainly 

determined by it’s given physiological state which in turn is determined by genetic and 

developmental conditions and environmental cues (Feher, 2006). Since the first 

observation of somatic embryo formation in Daucus carota cell suspension by Steward 

et a l, (1958) the potential for somatic embryogenesis has been shown in a wide range 

of plant species. Somatic embryogenesis can probably be achieved from all plant 

species provided that the appropriate explant, culture media and environmental 

conditions are employed. The use of somatic embryogenesis in developmental studies, 

crop improvement and genetic transformation has been widely recognized and the 

number o f species and explants displaying this potential is constantly increasing.

Experiments on somatic embryogenesis o f H. brasiliensis started as early as the 

1970s. Since then number of studies have been reported. Differentiation of embryoids 

from anther wall derived callus was achieved by Paranjothy (1974) and Carron and 

Enjalric (1982). Subsequently, shoot development was also achieved (Paranjothy and 

Ghandhimathi 1975; Paranjothy and Rohani 1978). The first successful somatic 

embryogenesis in H. brasiliensis was reported by Wang et a l, (1980) and Wan et a l, 

(1981) using anther walls, and then by Carron et a l, (1985) using the internal 

integument o f seeds, mother tissue that allow propagation o f a known genotype. Wang 

et a l, (1980) reported for the first time, the establishment in the field, of in vitro



cultured H. brasiliensis plants of anther-wall derived callus. However, according to 

Wan Abdul Rahaman et a l, (1981), clonal differences had been observed in the 

frequency o f embryogenesis o f anther-wall derived callus and therefore the reported 

technique had not been applicable to all clones of H. brasiliensis. Recently there has 

been an increasing interest into the induction of somatic embryogenesis especially for 

use in genetic transformation. In order to identify the suitable explant source, a variety 

o f explants such as leaf, tender shoots, integument tissues o f immature fruit, immature 

anther, immature inflorescence etc. were tried. A plant regeneration protocol via 

somatic embryogenesis was developed using immature anthers (Jayasree et a l, 1999) 

and immature inflorescence (Sushamakumari et al., 2000) in H. brasiliensis clone RRII 

105, the most popular Indian clone. Optimum callus induction was obtained in 

modified MS medium supplemented with 2.0 mg/1 2,4-D and 0.5 mg/1 kin. Somatic 

embryo induction was found to be better with 0.7 mg/1 kin and 0.2 mg/1 NAA. Further 

development o f the embryos into plantlets was achieved on a hormone free medium.

Successful embryo formation and plant regeneration have been reported by few 

researchers in different countries using limited genotypes o f H. brasiliensis. However, 

the frequency of somatic embryo induction was found to be very low and non- 

synchronous its germination remained very difficult and thus H. brasiliensis 

embryogenic systems needed further investigation (Carron et al., 1995; Linossier et a l, 

1997). Extensive experiments were carried out by many researchers to enhance the 

frequency of embryo induction and plant regeneration in H. brasiliensis. Studies were 

conducted to optimize cultural conditions, nutritional and hormonal requirements 

during somatic embryogenesis. The culture medium has a determinant influence on 

both the initiation o f somatic embryogenesis and the quality o f embryo development. 

Embryogenic potential is affected by polyamines (Hadrami et or/., 1989) hormone 

balance (Michaux-Ferriere,1992), water status o f the medium and explant, mineral and 

carbohydrate nutrition, (Etienne et a l, 1991), interaction o f growlih regulators, sucrose 

and calcium on callus friability (Montoro et a l, 1993) role o f sucrose and ABA on 

embryo induction (Veisseiere et a l, 1994 a, b; Cailloux et a l, 1996; Linossier et a l, 

1997) and carbohydrate types (Blanc et a l, 2000). According to Montoro et a l, (1993)



the structure o f calli and their morphogenetic capacities are not strictly specific to the 

genotype but it depends on genotype and medium interaction. These studies revealed 

the necessity to optimize the culture conditions in order to achieve somatic 

embryogenesis in each genotype of H. brasiliensis. According to Veisseire et a i, 

(1994b) combinations of growth regulators such as ABA and cytokinins improve 

maturation and germination o f//, brasiliensis somatic embryos.

The water relation between the embryo and its environment in vitro play a 

determinant regulatory role in embryo development and in particular in its matixration 

(Adams and Rinne, 1980). According to Etienne et a i, (1993a) dessication, medium 

osmolarity and addition of ABA improve germinability of Hevea somatic embryos by 

setting up a maturation phase. The effect of different carbohydrates was tested on early 

embryogenesis o f H. brasiliensis by Blanc et a i, (1999) and found that somatic embryo 

production w'as significantly higher with maltose. Further development of the embryos 

into plantlets was achieved on a hormone fi-ee medium. A culture procedure using 

temporary immersion in a liquid medium was tested for somatic embryogenesis of H. 

brasiliensis (Etienne et a l, 1997). Temporary immersion resulted in substantially more 

consistent, synchronized somatic embryo development, reducing the number of 

abnormal embryos by half and stimulating*germination.

Sushamakumari et al., (2000) developed a technique for somatic embryogenesis 

and plant regeneration using immature inflorescence as explants. They also studied the 

role of sucrose and ABA on embryo induction. A higher sucrose level was found to be 

beneficial for plant regeneration. Culture conditions and other nutritional requirements 

for improving the efficiency of somatic embryo induction and germination were 

investigated by Kumari Jayasree et a i, (2001). A study on the gibberellic acid 

requirement on embryo induction and maturation revealed that incorporation of GA3 up 

to 2.0 mg/1 increased the embryo induction frequency. Germination percentage was 

also significantly enhanced by higher concentrations, however, further plant 

development was affected by increasing GA3 levels (Kumari Jayasree and 

Thulaseedharan, 2001). The hormone type, concentration and their ratio are also found



to have influence on callus induction, somatic embryogenesis and germination when 

explants from different sources were used (Montorro et a l, 1993).

Silver nitrate has been proved to be a very potent inhibitor of ethylene action 

and is widely used in tissue culture of many plant species. Few properties of silver 

nitrate such as easy availability, solubility in water, specificity and stability make it 

very useful for various applications in exploiting plant growth regulation and 

morphogenesis in vivo and in vitro (Kumar et a l, 2009). In Zea mays, embryogenic 

callus mitiation rate was improved when immature embryos were cultured on a 

modified Murashige & Skoog medium containing various concentrations of silver 

nitrate (5,10 and 20 mg/1). Regeneration ability of calli initiated and maintained in 

presence o f silver nitrate was enhanced (Vain et a l, 1989). Loblolly pine {Pinus taeda 

L.) culture initiation was improved by the addition o f abscisic acid (3.7 jiM), silver 

nitrate (20 jiM), and guanosine 30,50 cyclic monophosphate, 8-bromo-, sodium salt (10 

HM ) to the medium and by raising cytokinin levels in the presence o f 50 mg/1 activated 

charcoal (Pullman et a l, 2003). Alkhateeb (2006) reported enhancement in embryo 

induction in date palm at 5% PEG 8000 in presence o f 60 g/1 sucrose. In melon, 

somatic embryogenesis was enhanced by the addition o f 0.5 nM ABA along with 

200 mM sucrose (Nakagawa et a/.. 2,001). The abnormal development features 

observed in somatic embryos of most of the plants studied are probably caused by an 

altered endogenous hormonal balance in the cultured tissue. Prevost et a l, (1985) 

showed that both a decrease of 3,4-D and BA supply in the solid culture medium and 

the addition o f ABA stimulated embryo induction. Somatic embryogenesis was 

achieved in callus cultures derived from immature cotyledonary explants of

Hardwickia binata Roxb; on semisolid modified Murashige and Skoog’s medium

containing potassium nitrate supplemented with kinetin and NAA (Das et a l, 1995). 

Maturation o f somatic embryos achieved in half strength MS basal medium 

supplemented with IBA and sucrose.

A high frequency of secondary embryogenesis was induced from isolated early 

cotyledonary- stage somatic embryos of H. brasiliensis (Cailloux et a l, 1996)



Repetitive embryogenesis was also induced from primary somatic embryos derived 

from integument tissue. Secondary embryogenesis has also been developed in H. 

brasiliensis trees for improving the efficiency of former somatic embryogenesis 

technology, which was based on the use of budded-tree integuments as primary 

explants, mainly by reducing subculture number and duration (Lardet et a l, 2008). 

However, despite these improvements, the success rate of the secondaiy embryogenesis 

technology based on explants from budded-tree integuments remained unexpectedly 

low, unpredictable and highly dependent on the composition of the medium (Lardet et 

al., 2008). Repetitive embrogenesis was also induced from primary somatic embryos 

derived from integumental tissue. Somatic embryos cultured on B-5 medium 

supplemented with 0.5 mg/1 NAA, 2.0 mg/1 KIN, 0.5 mg/1 lAA and 4.0 mg/1 2,4-D 

enhanced repetitive embryogenesis and 5% sucrose was found to be optimum (Asokan 

et a l, 2002). Embryogenic cultures had been maintained for over three years for 

retaining the embryo induction and plant regeneration potential (Kumari Jayasree and 

Thulaseedharan, 2004). Somatic embryos cultured on B-5 medium supplemented with 

NAA, kin, lAA and 2,4-D enhanced repetitive embryogenesis (Asokan et a l, 2002). 

However, there is sufficient progi'ess at research level to suggest that tissue culture of 

H. brasiliensis can and should be fiirther developed.

Several in vitro plants have .been raised through somatic embryogenesis from 

immature anther as well as immature inflorescence o f the Hevea clone RRIl-105 

(Thulaseedharan, 2002) and they confirmed that those plants were morphologically as 

well as genetically uniform. During 1979-1989, Shiji et al., (1990) produced 1700 

plants out o f 52,896 embryoids by inoculating 31,584 anthers in tubes. They 

successfully transplanted and established 539 plants o f 13 clones. However, great 

variation among the clones for their induction frequency was reported. In spite of 

many reports on progress achieved in developing micro propagation systems through 

somatic embryogenesis from different explants of H. brasiliensis like anthers and inner 

integuments, only limited success have been achieved in large scale plant production 

due to recalcitrant nature of H. brasiliensis to in vitro culture (Thulaseedharan et a l, 

2004).



2.5. Protoplast culture

Rohani and Paranjyothi (1980) made an attempt to isolate protoplasts from 

different tissues o f Hevea and reported that pith from young shoots and suspension 

cultures of anther derived calli were the most promising soiu-ces for obtaining viable 

protoplasts. Wilson and Power (1989) obtained protoplasts from stem tissues of Hevea 

and they were successfiil in cell wall regeneration and divisions, but rapid degeneration 

of the protoplasts was recorded. Harris et a l, (1988) isolated protoplasts from cell 

suspensions derived from anther calli while Cazaux and d’Auzac (1994) used 

embryogenic calli for protoplast isolation and obtained microcalli from Hevea 

protoplasts. Sushamakumari et al., (1999) successfully isolated protoplasts from two 

month old embryogenic cell suspensions derived from immature inflorescence. Further, 

cell division and microcalli formation were also obtained. Subsequently, 

Sushamakumari ei al., (2000) regenerated plants from protoplast derived callus via 

somatic embryogenesis.

2.6. Somatic embryogenesis from leaves

In all the protocols developed earlier for somatic embryogenesis in H. 

brasiliensis, floral/fruit derived explants were. used. Since flowering in H. brasiliensis 

is seasonal and adverse enviroimients during the season may hinder normal flowering, 

explant availability and qua:lity is unpredictable. Moreover, culture initiation from 

floral explants is also time consuming. Therefore, development of alternate systems 

through somatic embryogenesis using explant sources other than floral/seed organs, 

which are available throughout the year would be useftil in utilizing more of the 

possibilities o f this system in genetic modification o f H. brasiliensis. In several plant 

species reports are available on using leaf as an explant for somatic embryogenesis. In 

most o f the reports, leaf tissue has been mentioned as a potential target tissue for 

Agrobacterium  infection (De Block, 1988) and plant regeneration. There are reports on 

several crops where leaf tissue has been mentioned as a potential target tissue for micro 

propagation and for Agrobacterium  infection in genetic transformation experiments 

(De Block, 1988). Both direct and indirect somatic embryogenesis from leaves have



been reported in several crops (Hulme et a l, 1992; Hammat, 1993; Pedroso and Pais, 

1993; San-Jose and Vietez, 1993; Ignacimuthu et a l, 1999; Jayasree et a l, 2001; 

Huang et a l, 2002). Work on plant regeneration from H. brasiliensis leaves was 

initiated earlier, but only callus formation has been obtained (Carron & Enjalric, 1982; 

Mendanha et a l, 1998). For the feasibility of genetic manipulation studies in efficient 

plant regeneration system is needed. Somatic embryogenesis is an important technique 

for clonal micro propagation of elite plants and also a powerful tool for the 

development o f transgenic plants. Stable transformation of plants becomes more likely 

if  more number of embryos can be originated from single transformed cells.

Direct embryo formation in leaves o f Camellia japonica L. were established 

(Pedroso and Pais, 1993). An auxin treatment followed by incubation in darkness on 

diluted modified basal medium induced direct morphogenesis. The number of 

subcultures, subculture interval and leaf age affected in vitro leaf response. The cells 

from a cultured leaf respond differentially to the same culture conditions by forming 

embryos and roots and non-morphogenic as well as organogenic callus. According to 

leaf regions there exist a difference in morphogenetic competence. Direct embryo 

formation occurred only in the marginal leaf regions and direct root formation only 

occurred in a well-defined region of the mid rib where as callus was formed on the leaf 

bases. Direct plant regeneration was achieved from leaf explants of Plumbago rosea 

and Plumbago zeylanica on MS medium supplemented with BA, lAA, adenine sulfate 

and sucrose (Das and Rout, 2002). From leaf explants o f Phalaenopsis amabitis var. 

Formosa somatic embryos were formed directly from epidermal cells when cultured on 

half strength modified MS medium supplemented with thidiazuron (TDZ) (Chen et al; 

2006). Direct somatic embryogenesis was successfully achieved from immature leaves 

of cassava (Manihot esculenta Crantz) cultured on medium containing 2,4-D or NAA 

(Giiohua and Qushang, 2000). Changing the duration o f the induction or changing plant 

growth regulators resulted in differences in regeneration of somatic embryos or 

adventitious shoots. Direct somatic embryogenesis from in vitro cultured leaf segments 

of Piper colubrinum  was reported by Yusuf et a l, (2001). Somatic embryo were 

initiated on MS basal medium containing benzyl adenine and kinetin and multiplied



profusely through secondary embryogenesis on the same medium. Somatic embryos 

were converted into plantlets on MS medium supplemented with benzyl adenine and 

kinetin and plantlets developed on half-strength MS medium containing IBA. 

Organogenesis was obtained from leaf discs of apple in a medium containing BAP and

2,4-D (James et a i, 1984). Direct somatic embryogenesis and plant regeneration from 

leaf explants o f golden pothos was reported by Zhang et a l, (2005).

Plants were regenerated through somatic embryogenesis from mature leaf 

explants of Eryngium foetidium  (Ignacimuthu et a i, 1999). Leaf explants were cultured 

on Linsmaier and Skoog medium with combination of 2,4-D and BAP. Somatic 

embryos were induced from embryo forming callus cultures on MS mediimi 

supplemented with 2,4-D, BAP and gibberrelic acid. Conversion of these somatic 

embryos into plantlets occurred on MS medium supplemented with GA3 and BAP. 

Somatic embryogenesis from leaf explants o f potato was reported by Jayasree et a l, 

(2001). A protocol was developed for the induction, maturation and germination of 

somatic embryo from leaf tissues of Jojoba (Hamama et a l, 2001). Explants cultured 

on half MS medium containing 2,4-D, BAP and cytokinins resulted in formation of 

embryogenic cultures and somatic embryos. Somatic embryo maturation, germination 

and plantlet formation were achieved using NAA or IBA in combination with BA. 

Plant regeneration from leaf derived callus in Citrus grandis was reported (Tao et a l, 

2002). Different embryogenic Imes were established and maintained by repetitive 

embryogenesis in multiplication medium containing BA and NAA. Experiments were 

performed to determine the influence of proliferation medium on the maintenance of 

embryogenic competence and on repetitive embryogenesis in Castenia sativa Mill. 

Somatic embryos were derived from leaf explants (Corredoira et a l, 2003). Somatic 

embryo proliferation was carried out by both direct secondary embryogenesis and by 

culture o f nodular callus tissues originated from cotyledons o f somatic embryos. 

Carbon source and concentration had a marked influence on maturation and subsequent 

germination ability of somatic embryos. The effects o f plant growth regulators on 

somatic embryogenesis were studied in leaf cultures o f Coffea canephora (Hatanaka et 

a l, 1991). The maximum number of somatic embryos was obtained on media that



contained only cytokinins as a plant growth regulator. All of the auxins tested inhibited 

the formation of embryos.

Regeneration from leaf segments was found to be highly dependent on 

genotype and leaf age. Of the various medium factors tested, the ammonium nitrate 

level had the most significant effect on callus and shoot formation from leaf tissue. A 

low level of ammonium nitrate proved beneficial to the induction of regeneration in all 

genotypes. Immature leaf explants of Sorghum bicolor were stimulated in vitro to form 

roots, shoots and embryos (Wernicke et a l, 1980, 1982) The effect of different 

vitamins and inorganic micronutrients on callus growth and induction and proliferation 

of somatic embryos from leaves of Capsicum annum L.(chilli pepper) was investigated 

by Kutzious et al., (2001). The somatic embryogenesis in pepper leaves is favored by 

the addition o f nicotinic acid to the mediimi and increase o f copper concentration. Leaf 

explants o f populus were induced to form embryogenic callus in darkness on MS 

medium with 5 mg/1 2,4-dichlorophenoxyacetic acid (2,4-D), 0.05 mg/1 benzyladenine 

(BA), and 30 g/1 sucrose. In addition to explant origin, the in vitro culture conditions 

have a major effect on the success of somatic embryogenesis from mature tree tissues. 

Growth regulators have a determining influence on the capacity for somatic 

embryogenesis o f tree species (Dunstan et al., 1995). The regulation of plant aging by 

phytohormones has been recognized for a long time (Haffiier et al., 1991), and 

endogenous cytokinins appear to play a major role in the aging process in H. 

brasiliensis (Perrin et al., 1997). Growth regulator pretreatment improves somatic 

embryogenesis from leaves of Cucurbita pepo (squash) and Cucumis melo (melon) 

(Kintzious et a l, 2001). Leaf explants were pretreated with different concentrations of

2,4-D and kinetin. Initial pretreatment of squash explants and melon explants with 

kinetin significantly promoted the formation of somatic embryos. Landi et al., (2006) 

studied different types of organogenic and callus formation responses of leaves of 

different Fragaria species. Genotypes in response to MS medium supplemented with 

TDZ alone and in combination with IBA and 2,4-D, BSA. TDZ along with IBA 

promote the highest shoot regeneration efficiencies from leaves of nearly all of the



genotypes, while TDZ / BA and TDZ / 2,4-D combination promoted high regeneration 

efficiency for only some of the genotypes.

2.7. Juvenile -mature phase changes and somatic embryogenesis

Both micro propagation and somatic embryogenesis are influenced by the 

physiological phase changes and the culture environment. Most trees have marked 

physiological phase changes from juvenile to mature, that result in a decline in their 

potential for somatic embryogenesis or micro propagation. Phase change is a poorly 

understood phenomenon, particularly the reversal of phase change, from mature to 

juvenile, as occurs in the sexual process. By altering conditions o f the source material 

ex vitro, or by changing in vitro conditions encountered by the explant, rejuvenation 

and increased propagation can sometimes be accomplished. All woody plants exhibit 

phase changes. These include morphological alterations, as exemplified by phyllotaxy 

or leaf form (Gupta et a l, 1991), and physiological phase changes, eg., differences in 

anthocyanin production (Murray et a l, 1994b). Other responses that show marked 

differences between juvenile and adult stages include inducibility of organogenesis and 

embryogenesis in tissue culture, with juvenile tissues such as embryonic stages and 

young seedlings being the most responsive (Greenwood, 1995). Loss of organogenesis 

and embryogenesis, whether progressive or sudden, reflects transition to the mature 

phase. A higher organogenic responsiveness on . a wider range o f culture media for 

physiologically juvenile tissues compared to mature ones was observed in other species 

(Monteuuis 1987, 2004), indicating that it may be a general phenomenon.

Juvenility prevails during the initial stages o f the development of a new 

organism mainly from sexual reproduction (Lavee et a i, 1996). The length of the 

juvenile phase in woody plants is variable, and can be quite lengthy. There are 

progressive changes occur during juvenile period that involve morphological, 

anatomical, physiological and developmental differences (Hackett and Murray, 1996). 

These include leaf shape, thickness and epidermal characteristics, phyllotaxis, 

thominess, shoot orientation, shoot growth vigor, anthocyanin pigmentation, 

photosynthetic characteristics, disease and insect resistance and competence to form



adventitious buds and roots and somatic embryos (Hackett and Murray, 1993). 

However, these characteristics may change at different rates from species to species 

(Greenwood et a l, 1989; Steele et a l, 1989). In vitro propagation of mature trees is 

generally more difficult than their juvenile counterparts. With mature trees of a few 

species, it has been possible to induce somatic embryogenesis in cultures derived from 

commonly used explants such as leaves and roots (Bonga et a l, 1992). Juvenility of 

plant materials is a key factor in micro propagation because the regeneration ability of 

woody plants decreases with maturity (Huang et a l, 2000). Bonga et a l, (1992) have 

reviewed the factors influencing rejuvenation in trees using methods o f enhancing 

micro propagation through manipulations that involve application o f osmotic, 

temperature or hormonal stress. Both micro propagation and somatic embryogenesis 

are influenced by phase change and the culture environment. The term maturation 

includes the transition from the juvenile to the mature phase, while the term aging 

includes loss o f vigor associated with increased complexity o f the plant. Maturation 

occurs in seedling development; whereas plants propagated vegetatively from sexually 

mature plants, imless rejuvenated, only undergo aging (Hackett, 1985). 

Micropropagation o f some species is enhanced by the use of m-v?Yro-derived material. 

Ruaud et a l, (1992) showed that seedlings and young plants derived from somatic 

embryos were more juvenile- than their similarly aged zygotic counterparts. 

Accordingly in Picea abies (L.) Karst., for instance, in-vitro cultured somatic embryos 

showed higher ability for somatic embryogenesis than their similarly aged or older 

zygotic counterparts. Furthermore, somatic embryogenesis was more readily induced 

from mature plants derived by somatic embryogenesis than from plants of seedling 

origin (Pacques et a l, 1997). Previous studies have shown that physiologic aging 

negatively affects the micro propagation capacity of H. brasiliensis from microcuttings 

(Lardet et a l, 1990, Perrin et a l, 1994). This phase change phenomenon has been 

observed in many studies and is associated with a noticeable decline in the potential for 

micro propagation or somatic embryogenesis of most arborescent species (Bonga 1982; 

Hackett, 1985; Monteuuis, 1989; von Aderkas and Bonga, 2000). Explants with a high 

ability for somatic embryogenesis generally originate from reproductive organs (e.g., 

anthers, inner integument of the seed and zygotic embryos), young seedlings (Dunstan



et al., 1995) and somatic embryogeiiesis derived plantlets. In Larix decidua Mill., 

somatic embryogenesis from cotyledons and needles has been successful only for 

tissues obtained from somatic embryogenesis derived plantlets or from immature and 

mature zygotic embryos (Lelu et a l, 1994). According to Wendt et al., (2002) in 

Parana pine the genotype of the mother tree and the developmental explant stage 

affected the embryogenic callus induction frequency.

2.8. Differential gene expression during juvenile -mature phase changes

Difference in the expression of phase dependent characteristics within an individual 

is referred to as epigenetic variation and is ultimately due to differential expression of 

genes (Goldberg et al., 1987). Till now, which factors are involved in the process of the 

phase changes from juvenility to maturity stages and the mechanisms responsible for the 

exchange of the phases are still unknown (Lavee et al, 1996). In fact, biotechnological 

research approaches hold a great promise and are beginning to give new insights into 

possible mechanisms. Control of the differential gene expression in a relatively small 

percentage of the cells in the plant body can result in rather large differences in phenotype. 

For example, red stems and leaf petioles in juvenile ivy plants as compared to green stems 

and petioles in mature plants is the result of differential expression of anthocyanin 

acciunulation. Maturation is clearly associated with changes in gene expression. Genes 

encoding elements of the photosynthetic apparatus such as the chlorophyll a/b binding 

protein have been found to be differentially expressed in juvenile and mature plants. 

Greenwood et al, (1989) reported greater expression of chlorophyll a/b binding protein 

gene in Larix laricina in developing juvenile foliage than mature foliage. In Hedera helix 

Woo et al, (1994) reported an auxin decreased expression of a proline rich protein gene in 

juvenile petioles but not in mature petioles. In both larch and English ivy, the expression of 

sequences for the chlorophyll a/b binding protein (cab) gene decreases with maturation 

(Hutchison et al, 1990, Woo et al. 1994). Genes encoding elements of the photosynthetic 

apparatus would be differentially expressed between juvenile and mature plants. In Hedera 

helix Murray et a l, (1994b) reported that the gene for dihydroflavanol reductase (DFR) 

is expressed in petioles of juvenile foliage but not in mature foliage.



Higher photosynthesis in juvenile trees appears to be associated with higher 

biochemical potential for photosynthesis rather than to stomatal conductance, which is 

in line with other studies on temperate species (Day et a l, 2001; Niinemets, 2002). In 

Hedera helix Murray et al, (1994b) reported that the gene for dihydroflavanol reductase is 

expressed in petioles of juvenile foliage but not in mature foliage. The lack of anthocyanin 

in mature petioles is due to the absence of DFR in the petioles, which in turn is due to lack 

of expression of the DFR gene (Murray and Hackett, 1991; Murray et al, 1994b). In 

addition, the proline-rich protein (PRP) gene is expressed more strongly in mature petioles 

than in juvenile petioles, as indicated by a five- to tenfold increase in the concentrations of 

PRP mRNA (Woo et al, 1994). Because the expression of the PRP gene occurs in cells 

associated with root regeneration in the petiole, Murray et al, (1994a) propose that 

elevated expression of this gene may inhibit root meristem regeneration.

2.9. Transgenic approaches

The natural capacity of the gram negative soil bacterium Agrobacterium 

tumefaciens to introduce a segment of oncogenic DNA present in the Ti plasmid makes 

it an efficient vector system in genetic transformation. T-DNA integrated into the plant 

genome encodes auxin and cytokinin synthesis enzymes essential for plant growth and 

development. Other genes in the T-DNA, determines enzymes aiding in opine synthesis 

which are tumour specific compounds. Since these can be easily detected in plant 

tissues, they have been used as markers for genetic transformation. Deletion of the 

oncogene fi:om the T- DNA region does not interfere its transfer to plant cells (Smith 

and Townsend, 1907). Since these regions are tumorous and caimot be regenerated into 

plants, disarmed strains of Agrobacterium are used for plant genetic transformation. 

Plant cells transformed with such Agrobacterium strains regenerate into normal fertile 

plantlets. By linking genes of interest to the disarmed T region by recombination or 

cloning them between the border repeats present in an independent replicon, they can 

be CO transferred to the plant cells. To select the transgenic plants, selective markers 

which confer resistance to antibiotics or herbicides have been developed. 

Transformation is an important topic in plant biology and transgenic plants have 

become a major focus in plant research and breeding programmes. A. tumefaciens has 

the exceptional ability to transfer a particular DNA segment (T-DNA) of the tumor-



inducing (Ti) plasmid into the nucleus of infected cells where it is then stably 

integrated into the host genome and transcribed, causing the crown gall disease (Nester 

et a l, 1984). Usually the efficiency of T-DNA transfer varies with plant species, 

cultivars and target tissues. Different protocols of plant regeneration are tried, from 

putatively transgenic lines emerged, when different target tissues such as leaves, roots, 

hypocotyls, anthers etc. are used, depending on plant species for transformation. 

Several factors such as difference in tissue culture regime, conditions of source tissue 

and strains of Agrobacterium used contribute to variations in efficiency of infection, 

copy number o f T- DNA in transgenic plant cells.

Application o f genetic transformation as a biotechnological tool for crop 

improvement is an essential element of short and long term strategies to exploit plant 

genomics for overcoming yield impediments faced by producers (Martino-Catt and 

Sachs, 2008). Agrobacterium mediated genetic transformation was reported in the 

1980’s (Block et al., 1984). Evidences of transgenic tobacco conferring insect tolerance 

by expressing genes encoding for insecticidal proteins from Bacillus thuringiensis (Bt) 

v/ere developed (Vaeck et a l, 1987). Since then great progress have been achieved in 

. imderstanding Agrobacterium mediated genetic transformation as a practical and 

common method for introducing specific DNA fragments into the plant genome and 

several transgenic plants harboring agronomically important genes were regenerated. 

Success in generation o f transgenic plants depends on two major factors: regeneration 

capacity of explants and transgene integration. Whereas the former one depends on 

totipotency, the ability of a cell to differentiate and give rise to a new plantlet, the latter 

depends on multiple factors, including transgene delivery into the host cell cytoplasm, 

transport through cytoplasm and nucleus, and integration into the host genome (van 

Attikum and Hooyakaas, 2003; Citovsky et al., 2007). Lack of success in regeneration 

of transgenic plants from certain plant species could be explained either by poor 

regeneration o f explants and poor acceptance of transgenes or, frequently, by both. It 

can be hypothesized that successful transgenesis occurs when regeneration capacity of 

a cell co-insides with its ability to accept a transgene.



Hevea hrasiliensis being a tree crop, conventional agriculture relying on 

selection and traditional breeding programmes will not be able to deploy new varieties 

with modified traits quickly. Due to the simplicity of the tansformation system and 

precise integration of transgenes, Agrobacterium Ti plasmid based vectors continue to 

offer the best system for plant transformation (Veluthambi et a i, 2003). The major 

requirements for the development of transgenic plants include the availability of 

reliable and reproducible in vitro regeneration systems, preparation of gene constructs 

and efficient transformation protocols for the introduction o f genes into the crop plants, 

isolation of the transgenic tissues and transgenic plant regeneration, molecular and 

genetic characterization of transgenic plants for stable and efficient gene expression 

and evaluation of the transgenic plants for their effectiveness in alleviating the biotic 

and abiotic stresses without being an enviroimiental biohazard (Sharma et a l, 2005). 

The main challenge with genetic transformation of tree species is achieving high 

transformation efficiency for desired clones or cultivars (Arokiaraj et a l, 2003). A 

critical step in Agrobacterium mediated transformation and transgenic tissue 

regeneration in Hevea is the establishment o f optimal conditions for T-DNA delivery 

into infected tissue and tissue recovery without bacterial overgrowth. The transfer of T- 

DNA and its integration into the plant genome is influenced by plant genotype, 

explants, vector-plasmids, bacterial strains,-tissue* damage and suppression and 

elimination o f Agrobacterium infection after co-cultivation.

Transgenic plants incorporated with MnSOD gene were regenerated from 

anther calli o f H. brasiliensis (Jayashree et al., 2003; Sobha et al., 2003) and leaf 

derived embryogenic callus has also given good response as a suitable target tissue for 

Agrobacterium infection (Kala et a l, 2006). Although a standardized transformation 

protocol is available, the efficiency of the system with respect to transformation 

jfrequency and transgenic tissue recovery without bacterial overgrowth is found to vary 

with each new infection. A critical step in Agrobacterium mediated transformation and 

transgenic tissue regeneration in H. brasiliensis is the establishment of optimal 

conditions for T-DNA delivery into infected tissue and tissue recovery without 

bacterial overgrowth. Various parameters that are found to influence the transfer of Tr



DNA and its integration into the plant genome such as texture o f target tissue used for 

infection, time of infection, inoculum density, acetosyringone concentration, 

components o f the infection, co-culture and selection medium were already studied 

(Subramaniam et a l, 2009). Apart from plant genotype, Agrobacterium strains, 

plasmid vectors, virulence gene inducing compounds and tissue specific factors are also 

important for improving transformation efficiency of plant species (Opabode, 2006). 

The optimization o f such factors had led to the improvement o f gene transfer procedure 

in many plant species (Chabaud et a l, 1988; De Bondt et a l, 1994). 6-14% increase in 

transformation efficiency was obtained in H.brasiliensis by preculture of target tissue 

in medium containing calcium nitrate and increased levels o f acetosyringone (Sobha et 

al, 2010). Silver nitrate has been found to suppress over growth of Agrobacterium 

facilitating plant cell recovery that resulted in increased transformation efficiency 

(Zhao et a l, 2001). Successful use of antioxidants such as ascorbate, cysteine, 

dithiothreitol (DTT) and glutathione has helped in solving the problems of tissue ■ 

browning and necrosis in tissue culture. Rate of T-DNA transfer and genomic 

integration was fotmd to be increased through the inclusion o f thiol compoxmds such as 

L-cysteine, DTT and sodium thiosulphate in the infection and cocultivation medium 

resulting in an increased production o f transgenic lines (Enrique-Obregon, 1998; Olhofl 

et a l, 2003). Olhoft et ar/.,(2001) and Liu and Pijut (2008) suggest that L-cysteine 

improves transformation efficiency by reducing plant defense response to pathogen 

attack as a result of plant wounding and environmental stresses throughout the co­

cultivation period. L-cysteine, therefore reduced plant cell death, enzymatic browning 

of wounded tissues and increased bacterial susceptibility which in turn improved 

transformation efficiency, a- Lipoic acid reduces browning of Agrobacterium 

transformed cells or tissues and subsequently the death o f the cells or tissues. a-Lipoic 

acid increases the survivability of Agrobacterium transformed cells or tissues, resulting 

in an increased transient expression level and plant transformation efficiency. It reduces 

escapes through promoting the differentiation, proliferation and regeneration of the 

transformed cells or tissues and overcoming the growth of non-transformed cells or 

tissues under selective pressure (Dan et a l, 2009). Addition of surfactants such as 

Silwet L77 (0.07%) and Pluronic F68 (0.03%) in the inoculation medium enhanced T -



DNA delivery in wheat (Cheng et a i, 1997) and dramatically increased transient GUS 

expression in sorghum (Henrique et a l, 2004).

Conventional agriculture relying on selection and traditional breeding 

programmes is incapable of deploying new plants with improved or modified traits 

quickly. New systems are essential for delivery o f next generation plants with novel 

traits to exploit the potential of crop based and bio products industry to meet social and 

environmental needs. Development of leaf based plant regeneration system would be 

useful for incorporation of desired genes for crop improvement in Hevea circumventing 

the difficulties of explant availability and culture initiation. Optimization of the 

protocol by identifying the ideal explant source and conditions would speed up genetic 

modification in Hevea.
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Chapter III

M A T E R I A L S  A N D  M E T H O D S _________________________
In the present study, experiments were carried out to optimize a plant 

regeneration system through somatic embryogenesis from leaf explants of Hevea 

brasiliensis. Attempts were made to standardize the ideal stage of explants and 

nutritional and hormonal requirements for callus induction, somatic embryogenesis 

and plant regeneration. The influence of source plant juvenility on the embryogenic 

competence o f explants was studied. The feasibility o f using the developed system for 

genetic transformation was also experimented. Attempts were made to identify the 

genes differentially expressed during juvenile - mature phase changes.

3.a. Somatic embryogenesis from leaf explants of bud grafted plants 
3.a.l. Explant

For the initial optimization experiments, leaf explants collected from newly 

sprouted shoots o f green budded Hevea plants o f clone RRII 105 were used. Green 

budded Hevea plants were produced by grafting green buds collected from newly 

sprouted flushes o f plants maintained in the bud wood nursery, on to six month old 

seedlings maintained in the seedling nursery of Rubber Research Institute of India 

(Fig.2). One month after budding, the shoot above the bud union was removed and the 

stumps were planted in poly bags filled with garden soil and maintained in the glass 

house. Leaves from primary shoots of the bud grafted plants were used for 

experiments on development o f the somatic embryogenesis system.

3.a.l. Culture initiation 

3 .a .l.l. Effect of sterilant

Leaves were collected along with the petioles from the glass house with the 

petioles dipped in water in a 500 ml beaker kept in an ice box and immediately 

brought to the laboratory. The leaves were washed in ruiming tap water. After 

removing the petioles they were rinsed in sterile distilled water. Further the leaves 

were sterilized in both mercuric chloride and sodium hypochlorite. Five different



Fig.2. Bud grafted plant of Hevea 
brasiliensis (one month after bud 
sprouting)

3 3 M ateria ls a n d  m ethods



concentrations of mercuric chloride (HgCb . 0 .1, 0.15, 0 .2 , 0.25 and 0.3 %) and 

sodium hypochlorite (NaOCl - 0.1, 0.2, 0.3, 0,4 and 0.5%) were tried for surface 

sterilization. Ten leaves of three different growth stages, such as immature leaves with 

reddish brown soft laminae, medium mature with light green shiny appearance and 

soft laminae and mature leaves with dark green thick laminae (Fig.3 A-F)) were used 

for surface sterilization. The leaves were soaked for two minutes in 150 ml of the 

sterilant along with two drops of Tween 20 in a one litre beaker in an agitated 

condition. After draining out the sterilant, they were rinsed 4-5 times in sterile distilled 

water and blotted on sterile filter paper. The leaflets were immersed in sterile ascorbic 

acid solution (100  mg/1) in glass petri dishes, removed the margins and cut into two 

halves through the midrib. Further they were cut into Ix lcm  pieces and cultured in 

semi solid medium. The leaves were cultured in Murashige & Skoog (1962) (MS) and 

Woody Plant (WPM) (Lloyd and Me Cown, 1980) basal medium. Culture 

contamination and tissue damage were scored from the fifth day onwards and the 

efficacies of the two sterilants were assessed one month after culture initiation.

3.a.2. Callus induction 

3.a.2.1. Effect of basal medium

In initial experiments, the response of four different basal media and two 

phytohormone combinations on callus induction in leaf explants of medium maturity, 

collected from new flushes o f glass house grown bud grafted plants were studied. Two 

different basal media such as MS and WPM as such and with modifications were tried 

for callus induction. The basal medium was modified by changing the concentration of 

major salts and addition of calcium nitrate. Concentration of major salts in the 

different basal media are given in table. 1.
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îg.3. (A - F). Different growth stages of Hevea shoot and leaves
Immature shoot.
Medium mature shoot.

1  Mature shoot.
). Immature leaf.
I. Medium mature leaf.
\  Mature leaf



Table.l. Composition of major 
induction
M ajor salts MS(mg/l)

(MI)

modified MS 

(mg/1) (M2)

WPM(mg/l)

(M3)

modified 

WPM (mg/1) 

(M4)

NH4NO3 1650 600 400 400

KNO3 1900 900

CaClz 333 333 132 132

M g S 0 4 181 360 370 370

KH2PO4 170 270 170 270

C a(N 03)2 .4H 20 850 560 850

K2SO4 990 450

The media were supplemented with MS minor salts, NaFeEDTA (36.7 mg/1), 

B5 vitamins (Gamborg et al., 1968), myoinositol (100 mg/1), L-Cysteine hydrochloride 

(50 mg/1), casein hydrolysate (1.0 g/1) and sucrose (20 g/1). Phytohormones were also 

added directly before autoclaving. The basal media were supplemented with two 

phytohormone combinations, found suitable for callus induction in preliminary 

experiments, are given below.

1. No hormones - T1

2. BA- 4.4 nM, 2,4-D- 4.5 ^M and NAA-1.08 ^M - T2

3. Kin- 4.6 nM, 2,4-D- 4.5 ^lM and NAA- 1.08 ^iM - T3.

Stock solutions of the ph>1:ohormones were prepared after dissolving in 

respective solvents (70% ethanol, IN KOH/IN HCL) and the required volume was 

added before adjusting the pH of the medium. Unless otherwise mentioned, pH of

media was adjusted to 5.7 with IN KOH. All media were solidified with 0.25%

ph>1:agel and prepared in culture tubes. The cultures were incubated at 27 + 2°C in the 

dark. For all standardization experiments on callus induction and proliferation, media 

were prepared in culture tubes. Optimized medium were prepared in Petri plates for 

initiating more number of cultures. Frequency of callus induction is the number of 

explants in which callus was induced from the total number of explants collected and



represented in percentage. Rate of callus induction represents the amount of callus 

produced from the responded explant.

3.a.2.2. Effect of phytohormones on callus Induction

After identifying the suitable basal medium and phytohormone combination 

mentioned in section 3.a.2.1. for callus induction, experiments were also done to 

identify the optimum concentration of the phytohormones. Different concentrations of 

BA (3.5, 4.4, 5.2 nM) and 2, 4-D (0-7.2 ^M) was tried in the optimized medium. Total 

10 replicate cultures were kept for each treatment and the experiment was repeated 

four times. The frequency of callus fonnation was determined 40 days after culture 

initiation.

3.a.2.3. Effect of calcium nitrate on callus induction

Calcium nifrate was found to be an essential constituent in the basal medium 

for callus induction from leaf explants. The initial medium containing 850 mg/1 

calcium nitrate which was identified as the suitable concentration, gave 55% callus 

induction. Different concentrations were tried so as to identify the concentration 

giving improved callus induction with good callus texture. Calcium nitrate at different 

concentrations (0.55, 0.85, 1.0, 1.2 and 1.5 g/1) were supplemented in the basal 

medium previously identified to be favoring callus induction.

3.a.2.4. Effect of explant stage on callus induction

Response o f cultures in terms of callus induction frequency and the time taken 

for callus induction, in cultures initiated with leaf explants o f different maturity were 

examined, so as to identify the ideal developmental stage o f the leaf giving good callus 

induction. Three different stages of the explants such as immature, medium mature 

and mature leaves were cultured in the optimized callus induction medium. Immature 

leaves were sterilized in 0.1%mercuric chloride for two minutes which gave 45% 

contamination free viable cultures during sterilization experiments (section 3.a.l.l). 

Leaves o f medium maturation and mature leaves were sterilized with 0.15% mercuric



chloride for two minutes. Contamination free viable cultures were used for studying 

the callus induction frequency on explants collected from source plants of different 

maturity.

3.a.3. Callus proliferation

Callus formed in culture was carefully excised from the explant surface after 40 

days and sub cultured for proliferation. Modification o f the callus induction medium 

was attempted to get enhanced frequency of callus proliferation and improve the 

proliferation rate and texture. Approximately 50 mg callus was transferred to each 

culture tube containing the proliferation medium. Frequency o f proliferation was 

visually scored based on the number of culture tubes in which the callus proliferated. 

Rate o f callus proliferation was visually scored taking into consideration the cultures 

showing 30% increase in callus formation compared with the callus cultured initially.

3.a.3.1. Effect of 2 ,4-D on callus proliferation

Initial experiments on callus induction showed that texture of the callus is 

influenced by the 2,4-D concentration in the medium. In order to optimize tlie 2,4-D 

requirements for improving callus proliferation and texture, three different 

concentrations o f 2,4-D (1.08, 2.7 and 3.6 nM) were experimented in the optimized 

callus induction medium. The phytohomiones were added directly to the callus 

induction mediimi before autoclaving.

3.a.3.2. Effect of calcium nitrate and sucrose on callus proliferation

Different concentrations of calcium nitrate, ranging from (250-1200 mg/1) 

along with different levels of sucrose (20, 30, 40 and 50 g/1) were tried in the callus 

induction medium containing optimum concentration o f 2,4-D (2.7 |nM) identified to 

be suitable for callus proliferation.

3.a.3.3. Effect of silver nitrate on callus friability

Three different concentrations of silver nitrate (10, 20 and 30 mg/1) was added 

to the optimized proliferation medium during the second subculture of callus



proliferation. Silver nitrate stock solution (1.0 mg/ml) was prepared in water and the 

required quantity was added after filter sterilization to the autoclaved medium. The 

effect of silver nitrate in improving callus friability and making the calli more 

embryogenic was examined. Medium containing silver nitrate was stored in dark.

3.a.4, Somatic embryogenesis 
3.a.4.1. Embryogenic callus initiation

Proliferated calli were transferred for embryogenic callus initiation to sterile 

medium prepared in disposable petri dishes (90 x l5  mm). For preparing petri plates 

containing sterile media, the media were autoclaved in conical flasks at 120 “C for 15 

minutes, cooled to 47-50°C and poured into sterile petri plates in the laminar flow 

hood after addition o f filter sterilized phytohormones. After medium solidification, the 

plates were sealed with parafilm. The callus clumps were kept in the initial medium for 

about 60 days till the callus changes colour from yellow to brown. These were again 

subcultured thrice in fresh media with 60 days interval for emergence of embryogenic 

callus. All cultures were maintained in the dark and observed once in a month for 

embryogenic callus initiation. The frequency of embryogenic callus formation was 

recorded at the end o f the third subculture and the proliferated embryogenic calli were 

sub-cultured for embryo induction.

For other explants in Hevea brasiliensis low salt basal medium is preferred for 

embryogenic callus formation and embryogenesis (Jayasree et al., 2003, Sobha et aL, 

2009). Hence M2 basal medium containing half strength major elements was used for 

embryogenic callus initiation. Constituents found beneficial for somatic 

embryogenesis in other explants of Hevea were also added to the medium. 

Accordingly, the medium was supplemented with MS minor salts, NaFeEDTA (36.7 

mg/1), myoinositol (100 mg/1), adenine sulphate (50 mg/1), B5 vitamins, amino acids, 

organic supplements and sucrose (50 g/1). Amino acids added to the medium were 

glutamine (500 mg/1), proline (200 mg/1), arginine (40 mg/1), and L-cysteine (20 mg/1). 

The organic supplements used were casein hydrolysate (400 mg/1) and coconut water 

(5 %). Concentration of phytohormones used in callus induction medium was changed



so as to increase the cytokinin/auxin ratio. BA (8.8 ^M), Kin (1.25 ^M) and NAA 

(1.08 p,M) were used. G A 3 was also proved to be useful in initiating embryogenesis 

with other explants o f Hevea. Accordingly G A 3 (4.4 |iM) was also supplemented to 

the medium. Medium was fortified with activated charcoal (0.2%) and solidified with

0.3% phytagel.

After identifying the response of cultures in initiating embryogenic callus in 

the initial medium tried, necessary modifications were made in original medium to 

improve the frequency of embryogenic callus formation. The effect o f basal medium, 

different phytohormones, phytagel and silver nitrate were evaluated. 20 callus clumps, 

each weighing approximately 100 mg, with 10 groups per plate, were tried for each 

treatment. The experiment was repeated thrice. Rate o f embryogenic callus initiation 

was scored based on the number of callus clumps producing embryogenic callus.

3.a.4.1.2. Effect of calcium nitrate on embryogenic callus initiation

The basal medium tried was evaluated in terms of the rate and time taken for 

embryogenic callus formation and subsequent embryogenesis. A factorial experiment 

was done to find the combined effect of calcium and sucrose on embryogenic callus 

initiation. Since calcium nitrate was found to have pronounced effect in callus 

induction and proliferation, different concentrations o f Ca(N03)2 4H2O ranging from 

(0-1200 mg/1) were tried in the basal medium optimized for embryogenic callus 

formation.

3a.4.1.3. Effect of phytohormones on embryogenic callus initiation

Since BA was found to be more effective for callus induction in leaf explants, a 

factorial experiment was carried out with different concentration of BA along with 

GA3 which is reported to stimulate embryogenesis with other explants of Hevea. The 

optimal concentration of these phytohormones favoring embryogenic callus induction 

was identified. BA ranging from (0 - 8.8 ^M) along with GA3 ranging from (0 -  4.4 

|j.M) were tried. Along with these, the medium was also supplemented with fixed



concentrations o f other phytohormones such as Kin (1.25 ^M) and NAA (1.08 ^M). 

The hormones were filter sterilized and added to the autoclaved medium.

3. a.4.1.4. Effect of phytagel on erabryogenic callus initiation

Physical restriction of water availability was given by varying the level of 

phytagel to induce embryogenic callus. Phytagel (M/S Sigma, Aldrich, USA) at 

different concentrations (3.0, 4.0, 5.0, 6.0 and 8.0g/l) were used in the optimized 

medium for solidification. After adjusting the pH of the medium to 5.7 phytagel was 

added to the medium and autoclaved.

3.a.4.1.5. Effect of silver nitrate on embryogenic callus initiation

In experiments on callus proliferation, silver nitrate has been found to have 

influence in changing the callus texture. Hence different concentrations of silver nitrate 

(10, 20, 30 mg/1) were added filter sterilized to the autoclaved medium, optimized for 

embryogenic callus formation. Modified MS basal medium containing 800 mg/1 

CaNOs 4H2O supplemented with the optimized level o f phytohormones was used for 

embryogenic callus formation (section 3.a.4.1.3). The medium was also supplemented 

with myo inositol (100 mg/I), adenine sulphate (50 mg/1), B5 vitamins, amino acids, 

organic supplements, and sucrose (60 g/1). The organic supplements used were casein 

hydrolysate and coconut water. The medium was also fortified with activated charcoal 

(0.2%) and solidified with phytagel (0.5%). Phytohormones were added after filter 

sterilization to the autoclaved medium.

3.a.4.2. Somatic embryo induction

Embryogenic callus were separated fi'om the primary callus clumps, 

proliferated and experimented for embryo induction. The embryogenic calli were 

subcultTired for proliferation and embryo induction in the same basal medium used for 

embryogenic callus formation avoiding silver nitrate. Phtyohormones tried initially 

were BA (8.8 ^iM), GA3 (4.6 ^M), 2,4-D (0.45 jxM) and NAA (0.54 ^iM), Amino acids 

supplemented in the medium were proline (100 mg/1), arginine (40 mg/1), L- cysteine 

(20 mg/1) and serine (20 mg/1). Medium containing activated charcoal (0.2%) and



medium devoid of it were tried for embryo induction. Approximately 100 mg of 

embryogenic calli were cultured as a single group and about ten such groups were kept 

in each Petri dish containing the embryo induction medium. The calli were incubated 

in the dark as in callus induction phase. After studying the response of this medium for 

embryo induction, experiments were carried out to optimize the medium for improving 

the frequency of embryo induction. The effect of different phytohormones, amino 

acids, poly ethylene glycol and phytagel were evaluated. Embryo induction frequency 

was visually scored based on the number of groups forming embryos. Rate of embrj'o 

induction, calculated from the number of embryos produced per group, was also 

scored visually.

3a.4.2.1. Effect of phytohormones on somatic embryo induction

Concentration of the phytohormones such as BA and G A 3 used in the initial 

medium were optimized for maximum embryo induction. A factorial experiment was 

carried out with different concentrations of BA (0-8.8|j,M) and G A 3 (0 -  5.8 p,M). 

Along with these, the medium was also supplemented with Kin (2.3 (xM), 2,4-D (0.45 

^M) and NAA 0.54 ^iM) at fixed concentration.

3.a.4.2.2. Effect of amino acids.on somatic embryo induction

Three different combinations o f the  amino acids such as glutamine, proline, 

arginine and L- cysteine which were found to influence somatic embryogenesis were 

tried in the medium with the optimized level of phytohormones.

The combinations tried were

A l. Glutamine (300 mg/1), proline (100 mg/1), arginine (40 mg/1), L- cysteine (50 

mg/1)

A2. Glutamine (300 mg/1), arginine (40 mg/1), L- cysteine (50 mg/1)

A3. Proline (100 mg/1), arginine (40 mg/1), L- cysteine (50 mg/1),

The amino acids were added directly to the medimn before autoclaving.



3.a.4.2.3. Effect of Polyethylene glycol and Abscisic acid on somatic embryo 

induction

Polyethylene glycol (PEG) (MW 8000) at different concentrations (0 - 10.0 g/1) 

was incorporated in the medium to improve rate of embryo induction by providing 

medium stress. PEG was added directly to the medium before autoclaving. Different 

concentrations o f ABA (0-1.9 ^M) were also tried along with PEG to find the 

optimum concentration. ABA was initially dissolved in IN KOH solution and a stock 

solution (O.I mg/ml) was prepared in water. ABA solution was added after filter 

sterilization to the autoclaved medium.

3.a.4.2.4. Effect of gelling agents on somatic embryo induction

Both white medium and medium fortified with activated charcoal (0.2%) were 

tried for embryo induction. The effect of gelling agents such as bacto agar (15.0-25.0 

g/1), phytagel (4.0-10.0 g/1) and agar-agar (10.0-20.0 g/1) (M/S Sigma Aldrich, USA) 

on the rate o f embryo induction were tried. The cultures were incubated in the dark for 

embryogenesis. Data was recorded after 50 days.

3.a.5. Embryo maturation

Callus in contact with the surface of the medium containing pro-embryos and 

somatic embryos at the globular stage wer^ aseptically removed firom culture after 50 

days and transferred onto fresh medium for further development. Experiments on 

maturation and apex induction of the somatic embryos were carried out in both MS 

and WP mediimi containing two phytohormone combinations.

(1.) BA (1.3 ^iM) GAj (72  ^M), IBA (0.49 nM), TDZ (2.1 ^M)

(2.) BA (1.3 nM), GAs (7.2 ^iM), IBA (0.49 ^M), Kin (1.38 ^M)

Basal medium was supplemented with NaFeEDTA 36.7 mg/1, myo inositol 

(100 mg/1), Bs vitamins, amino acids such as glutamic acid (150 mg/1), arginine (40 

mg/1) and (glycine 10 mg/1), organic supplements such as coconut water 10%, casein 

hydrolysate (300 mg/1) and malt extract (100 mg/1) and sucrose (30 g/1). Rate of 

embryo maturation was calculated based on the number o f embryos showing



germination. The effect of phytohormones, sucrose, organic supplement and coconut 

water on somatic embryo maturation was also studied.

3.a.5.1. Effect of phytohormones on embryo maturation

An optimum phytohormone combination is required for embryo maturation. 

After identifying the suitable basal medium, the concentration o f BA and GA3 favoring 

embryo maturation were optimized. A factorial experiment was carried oijt with 

different concentrations o f phytohormones BA (0 - 8.8 ^M) and GA3 (0 - 8.8 [xM) to 

find their combined effect on maturation of somatic embryos. The medium was also 

supplemented with TDZ (2.1 |j,M) at fixed concentration.

3.a.5.2. Effect of organic supplements on embryo maturation

The effect o f different concentrations of coconut water (0-20%) along with 

fixed concentrations o f other organic supplements such as casein hydrolysate (300 

mg/1) and malt extract (100 mg/1) on embryo maturation were studied. These were 

added directly to the medium before pH adjustment and medium sterilization. The 

optimimi concentration of coconut water was identified and then used in combination 

with malt extract and casein hydrolysate.

The pH of all media was adjusted to 5.7 prior to autoclaving at 121°C for 10 

minutes. Media were solidified with 0.2% phytagel. Medium were prepared in culture 

tubes containing 10 ml medium and were either dark incubated or kept in light at 25 ± 

2 °C imder cool white fluorescent lamps. Rate of embryo maturation was calculated 

based on the number o f embryos showing germination.

3.a.5.3. Effect of sucrose on embryo maturation

Embryo maturation which includes their enlargement and germination are 

usually influenced by the carbohydrate source of the medium. After optimizing the 

basal medium and phytohormone concentration, different concentrations of sucrose 

(30 - 80 g/1) were also experimented to identify the concentration suitable for embryo 

maturation



3.a.6. Plant regeneration

Apex induced mature embryos were cultured for plant regeneration. MS and 

WP basal medium containing MS minor, NaFeEDTA (36.7 mg/1), MS vitamins, 

myoinositol (100 mg/1), coconut water (5%) and sucrose (30 g/1) were used for plant 

regeneration. Basal mediiun containing phytohormones and devoid of phytohormones 

were also used. The medium was also supplemented with 0.3% activated charcoal and 

solidified with 0 .2% phytagel.

3.a.6.1. Effect of gelling agent on plant regeneration

After identifying the basal medium suitable for plant regeneration the effect of 

different gelling agents was studied. Different concentrations o f two gelling agents 

such as phytagel (0.2, 0.25, 0.3, 0.35 and 0.4%) and bacto agar (0.7, 0.75, 0.8, 0.85 and

0.9%) were used for medium solidification.

The pH of all media was adjusted to 5.7 prior to autoclaving at 121°C for 10 

minutes. All cultures were raised in culture tubes containing 20 ml medium and 

incubated at 25 ± 2° C under cool white fluorescent lamps. Experiments were repeated 

thrice with twenty replications. Data was recorded after one month.

3.a.7. Secondary embryogenesis

During plant regeneration from the apex induced mature somatic embryos, 

few plantlets after about 3 weeks growth developed abnormalities which prevented 

their further development. About 20% of these regenerating plantlets showed profuse 

secondary embryo formation from the hypocotyl region. Embryo formation was 

observed when the plants started showing hindrance in continued growth, either by 

multiple shoot formation, cessation of root growth or leaf senescence. Embryogenesis 

was initiated from the hypocotyl region o f the plantlet as a very small lump which 

expanded showing speedy growth, comprising several small embryos (Fig. 15 A& B). 

Each plantlet was found to produce nearly 30- 50 secondary embryos. Within tv̂ 'o 

weeks the lump enlarges showing the presence o f a large number o f healthy embryos
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(Fig. 15 C). These embryos were detached from the mother plant and sub cultured for 

maturation and apex induction. Plant regeneration from these secondary embryos was 

also attempted.

3.a.7.1. Secondary embryo maturation

For maturation and apex induction, the secondary embryos were sub 

cultured in the apex induction medium mentioned in section (3.a.5.3). Simultaneously, 

maturation and apex induction was also attempted in MS and modified MS basal 

media containing the respective major salts along with MS minor, organic supplements 

such as 10% coconut water, 100 mg/1 malt extract, 500 mg/1 casein hydrolysate and 

phytohormones. Concentration of major salts of the different basal media used for 

maturation o f secondary embryos is given in table.2. Concentration of the 

phytohormones GA3, BA, Kin and IBA optimized earlier were used for further 

experiments on embryo maturation (section 3.a.5.1). Accordingly phytohormones tried 

were GA3 (5.3 ^M) and BA (2.2 jiM) in presence o f Kin (1.38 nM) and IBA (0.49 

(J.M). The medium also contained MS minor salts, myoinositol (100 mg/1), B5 vitamins 

and sucrose (60 g/1). Charcoal (0.3%) was also added to the medium and was solidified 

with 0 .2% phytagel. 10 embryos were tried in each replication and experiment was 

repeated thrice.

Table 2. D ifferent basal media tried for m aturation and apex induction of 

secondary embryos

M ajor elements MS (mg/1) WTM (mg/1) Modified 

MS (mg/1)

N H 4 N O 3 1650 400 500

KNO3 1900 — 900

CaCl2 132 333

M g S 0 4 18® 370 260

K H 2P O 4 270 270

K 2 SO 4 — 990 —

Ca (N 0 3 ) 2  4H 20 — 560 —



3.a.7.2. Plant regeneration from secondary embryos

Apex induced mature embryos obtained after three weeks culture in maturation 

medium were transferred for plant regeneration in MS and WPM containing 

hormones or devoid o f them. The medium also contained NaFeEDTA (36.7mg/l), 

myoinositol (100 mg/1), coconut water (5%) and sucrose 30 g/1. Phytohormones tried 

were BA (1.3 |iiM), GA^(0.87 fiM) and IBA (0.49 ^M). Apex induced embryos were 

cultured individually for plant regeneration and kept under light. pH of all the media 

were adjusted to 5.6 with IN KOH. 20 ml media were added to each culture tube. 

The media were autoclaved at 120 °C for 10 minutes.

3.a.8o Plant Hardening

Plantlets after complete development and leaf maturation were carefiilly 

removed from the culture tubes and washed gently in running tap water to remove 

adhering medium. Dead tissues if  any, near the cotyledons were also removed. The 

plantlets were blotted to remove the adhering water particles by keeping for 2 minutes 

in tissue paper, and transferred to small cups (5 cm diameter x 8 cm height) containing 

sterile sand and kept in a growth chamber. The plants were covered with transparent 

polythene covers to maintain humidity during the initial one week of transfer. 

Humidity was gradually reduced by providing holes in the cover after two days of 

transfer. After one month, plantlets that survived, showing continued growth were 

transferred to small poly bags (30 x l5  cm) containing potting mixture (mixture of sand 

+ soil +soilrite) and kept in the glass house. After two months the plantlets with two 

three whorls o f leaves were transferred to big polybags (90 x 30 cm) containing garden 

soil and kept in the glass house. The plants were watered with V2 X Hoagland’s 

solution (Hoagland and Amold, 1950) once in a fortnight. After emergence of 2-3 

whorls o f leaves, the plants were transferred to the shade house and watered once in 

three days.

3.a.9. Media preparation

All stock solutions were prepared following the standard procedures. 

Accordingly stock solutions of major nutrients (10 x) and minor nutrients (100 x)



were prepared and stored refrigerated. Stock solutions o f vitamins and amino acids 

(100 x) were also prepared and stored in refrigerator. Phytohormones stocks 

(O.lmg/ml) were dissolved in respective solvents such as 70% ethanol / IN KOH / IN 

HCl, volume made up in a standard flask and stored in refrigerator. Coconut water was 

collected from tender coconuts, boiled to 80°C, cooled and filtered before use. After 

adjusting the pH, required quantity of the gelling agent was added. For preparing 

medium in culture tubes, gelling agent was melted by constant stirring in a stirring hot 

plate. Activated charcoal if present was then added and 10/20 ml aliquots were 

dispensed into culture tubes (25x15 cm). The tubes were covered tightly with cotton 

plugs and autoclaved for 10- 15 minutes. For preparing petri dishes (90 xl5 mm) 

containing sterile media, the media containing activated charcoal and gelling agent 

were autoclaved in conical flasks at 120 **€ for 15 minutes. Phytohormones or other 

media supplements to be added after filter sterilization were added after the medium 

was cooled to 47-50®C, stirred well and poured into sterile petri dishes in the laminar 

flow hood. After medium solidification, the plates were sealed with parafilm.

b.Effect of source plant juvenility on somatic embryogenesis 
3.b.l. Explant source and culture initiation

Leaf explants were collected from different sources namely newly sprouted 

shoots o f six month old glass house grown bud grafted Hevea plants, axenic plantlets 

derived through somatic embryogenesis fi'om leaf explants and 15 year old field 

grown mature trees o f clone RRII 105 and also seedlings derived from in vitro 

cultured zygotic embryos. Zygotic embryos were dissected out fi'om mature seeds and 

surface sterilized with 0.2% mercuric chloride for three minutes. These were cultured 

in MS medium for germination.

Leaves o f medium maturity were collected from in vitro derived plantlets such 

as those regenerated through somatic embryogenesis and in vitro germinated 

seedlings. The leaves were carefully taken out of the culture tube, the petioles were 

removed and the lamina was cut into pieces (1x 1 cm) by immersing them in ascorbic 

acid solution (100 mg/1). Explants of the optimal stage, collected fi-om ex vitro sources



such as glass house grown bud grafted plants and mature trees were surface sterilized 

with 0.15% (w/v) HgCh for two minutes as described earlier (sectionl.l). The leaves 

were then cultured with their adaxial side in contact with the surface of the semisolid 

callus induction medium.

3.b.2. Callus induction

Optimized callus induction medium was used for culture o f the explants 

(Section 3.a.2.3). Modified MS medium with addition of calcium nitrate (1200 mg/I), 

casein hydrolysate (1.0 gm/1), B5 vitamins, sucrose (20 g/1) and containing 

phytohormones 2,4-D (5.4 |aM), BA (4.4 |iM) and NAA (1.08 |aM ) was used for 

callus induction (section 3.a.2.2). Response of cultures in terms o f the rate and time of 

callus induction in cultures initiated with leaf explants collected from source plants of 

different maturity were studied.

3.b.3. Embryogenic callus initiation

Proliferated callus induced in leaves collected from different sources such as 

budded plants grown in poly bags in the glass house, field grown mature trees and in 

vitro sources seedlings germinated in vitro and in vitro somatic embryo derived plants 

were cultured for embryogenic callus induction. The optimal medium identified for 

embryogenic calli formation was used for culture (section 3.a.4.1.4.). Modified MS 

medium containing (CaNOs -  800 mg/1) and supplemented with B5 vitamins, silver 

nitrate (10 mg/1) and phytohormones, BA (2.2 ^iM), GA3 (2.9 fiM), Kin (1.25 nM) and 

NAA (1.08 ^iM) was used. Amino acids present in the medium were glutamine (500 

mg/1), proline (200 mg/1), L-cysteine (100 mg/1) and arginine (40 mg/1). The medium 

also contained organic supplements such as coconut water (5.0 %) and casein 

hydrolysate (300 mg/1), sucrose (60 mg/1), 0.2% activated charcoal and was solidified 

with 5.0 g/1 phytagel (Section 3.a.4.1.4). Calli were subcultured every 50 days into 

fresh medium. The medium used for embryogenic callus initiation were prepared in 

Petri dishes. The embryogenic competence of the callus derived from different leaf 

sources was measured by recording the rate and the time taken for embryogenic callus 

formation. The response of callus obtained from leaves of different source plants for



embryogenesis was observed in the medium. Necessary modifications were then made 

in the basal medium to improve the embryogenic competence of the callus.

3.b.3.1. Effect of basal medium

Basal medium was modified by optimizing the concentration of calcium nitrate 

and sucrose, aiding maximum embryogenic callus initiation. A factorial experiment 

was carried out with different concentrations of Ca (N03 )2'4H20 (200-1000 mg/1) and 

sucrose (50-100 g/1) using proliferated callus obtained from leaves o f source plant that 

gave maximum in vitro response during initial culture.

3.b.4. Somatic embryo induction and plant regeneration

Embryogenic callus formed was subcultured for proliferation and kept in 

embryo induction medium. Embryo induction medium used was the one standardized 

earlier. Modified MS medium witli B5 vitamins, amino acids, organic supplements and 

phytohormones as BA (2.2 p,M), GA3 (1.45 nM), in presence of Kin (1.25 p,M), ABA 

(0.75 ^iM) and NAA (1.08 ^M) produced embryos. The embryo induction medium 

also contained the amino acids, glutamine (300 mg/1), proline (200 mg/1), L-cysteine 

(50 mg/1), and arginine (40 mg/1) along with organic supplements, coconut water 5%, 

400 rng/l casein hydrolysate and 50 mg/1 malt extract. Maturation and apex induction 

o f embryos were tried in medium standardized earlier (section 3.A.4.2.4). WPM 

containing organic supplements and phj^ohormones GA3 (5.3 ^M) and BA (2.2 ^iM) 

in presence o f Kin (1.38 jxM) and IB A (0.49 |j,M) was used. Organic supplements such 

as coconut water (5 %), casein hydrolysate (400 mg /I) and malt extract (100 mg/1) that 

favored embryo maturation were also supplemented in the medium. The medixmi also 

contained activated charcoal (0.2%) and was solidified with 0.2% phytagel. Embryos 

were separated and plant regeneration attempted in medium standardized earlier 

(section 3.a.5.3).

c. Agrobacterium mediated genetic transformation
The suitability of using the plant regeneration system through somatic 

embryogenesis developed from leaf explants of Hevea, as target tissue for



Agrobacterium infection was experimented. Proliferated fresh callus were used as the 

target tissue for Agrobacterium infection. Genetic transformation was carried out using 

the protocol developed earlier with callus derived from anther explants (Jayashree et 

al., 2003). Various aspects of transformation were examined to improve the efficiency 

of the system. Experiments were carried out to control overgrowth of the bacteria and 

increase the efficiency of transformation by modifying the infection, cocultivation and 

selection medium.

Callus was induced in leaf explants collected from six month old glass house 

grown bud-grafted plants of Hevea brasiliensis. To get sufficient target tissue for 

transformation, the calli formed were separated from the explant and proUferated. 

Proliferated friable callus obtained from leaf explants, were used as target tissue for 

Agrobacterium infection. Agrobacterium tumefaciens strains EH A 101 harboring the 

construct PDU 97.0612 carrying a gene encoding isopentenyltransferase Qpt) from the 

Ti plasmid o f Agrobacterium tumefaciens was used for genetic fransformation. The 

binary vectors contains p-glucuronidase (GUS) gene as the reporter gene and nptll 

gene for plant antibiotic selection {Fig. 4).

3.0.1. Preparation of bacterial culture

50 1̂1 Agrobacterium suspension from glycerol stock was spread over 

semisolid AELB (Luria-Bertani) medium containing 50 mg/1 kanamycin and 20 mg/1 

gentamycin and incubated at 28®C for two days. Agrobacterium single colony was 

selected with sterile loop and suspended in 10 ml sterile liquid AELB medium 

containing the antibiotics 50 mg/1 kanamycin and 20 mg/1 gentamycin. The cultures 

were incubated at 28°C in a shaker with 200 rpm for 24 hrs. to reach an optical density 

o f 0.5 units at 420 nm. Volume of bacterial suspension required for 10 ml infection 

medium was calculated and pelleted by centrifugation at 5000 rpm for 10 minutes and 

resuspended in the infection medium so as to get a bacterial density of 5x10* cells/ml. 

MS medium containing 100 |j.m actosyringone and 1.0 mM each of proline and 

betaine hydrochloride was used as the infection medium. The pH of the medium was 

adjusted to 5.2 with IN KOH and filter sterilized.



Fig.4. Detailed map of binary plasmid vector (pDU97.0612) 
containing isopentenyl transferase gene
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3.C.2. Agrobacterium infection and co-cultivation

Infection of the bacterial culture with the target tissue was done after four 

hours incubation in an incubater shaker at 28°C. 100 mg of proliferated friable H. 

brasiliensis calli derived from leaf explants were transferred to a small sterile Petri 

dish and air dried for 15 min in the laminar flow hood. Bacterial solution (5ml) was 

poured over the callus, and infection was done for 15 minutes. The callus in the 

bacterial solution was injured with a sterile scalpel blade to facilitate entry of the 

bacteria. After infection the bacterial solution was drained out and the infected tissues 

were blotted dry by transferring them to sterile filter papers. The tissues were then 

transferred to co-cultivation medium. For co-cultivation, the infected tissues were 

spread over filter paper kept on the surface o f semisolid co-cultivation medium. The 

infected tissues were incubated for 72 hrs. in darkness at 28’’C (Sobha et a l, 2003; 

Jayasree et al., 2003). The tissues were then first transferred to selection medium 

which was the same proliferation medium containing only selection antibiotic 

carbenicillin (400 mg/1) to control bacterial overgrowth. After two weeks the tissues 

were subcultured to medium which contained both selection antibiotics carbenicillin 

(400 mg/1) and kanamycin (300 mg/1). Transformation efficiency was scored based on 

the number o f lines that emerged from the infected tissues. After the second 

subculture, carbenicillin was avoided from the selection medium, for subculture o f the 

infected tissues devoid of over growth. The newly emerged lines were further 

subcultured for proliferation after one month in selection medium containing 

kanamycin (200 mg/1). About 30 callus clumps were cultured in petriplates (90 x 15 

mm) containing the selection medium.

3.C.3. Influence of media components

Experiments were carried out to control overgrowth o f bacteria by modifying 

the infection, co cultivation and selection medium using freshly proliferated friable 

leaf callus as the target tissue for Agrobacterium infection. Effect of silver nitrate in 

controlling bacterial over growth and improving the texture o f callus in newly emerged 

lines was studied. Simuhaneously the effect of surfactant pluronic F68 and
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antioxidants such as L- cysteine and a  -  lipoic acid in improving the transformation 

efficiency were also studied. To determine the optimum concentrations of these, these 

were included at fixed concentration in the infection and co-cultivation medium and 

infected tissues were subcultured in selection medium containing different 

concentrations o f each compound. The effect of each compound on percentage of 

proliferating lines with transient GUS expression was evaluated. Each experiment was 

repeated thrice with four replications.

3.C.3.1 Effect of silver nitrate

The effect o f silver nitrate in controlling bacterial overgrowth and improving 

transformation efficiency by changing the callus texture o f regenerated tissue was 

studied. Silver nitrate (10 mg/1) at fixed concentrations was supplemented in the 

infection and co-cultivation medium. Selection medium was supplemented with 

different concentration of silver nitrate (0-30 mg/1) to find its effect on controlling 

bacterial grow1:h and improvement in callus texture. The pH of the infection medium 

was adjusted to 5.2 with IN KOH and the whole solution was filter sterilized before 

tissue infection. The pH of the co-cultivation and selection medium was adjusted to 5.7 

with IN KOH before autoclaving at 12T C for 10 min. Silver nitrate was added filter 

sterilized along with phytohormones and antibiotics to the autoclaved co-cuhivation 

and selection medium.

3.C.3.2. Effect of surfactant Pluronic F-68

Infection medium was modified by addition o f silver nitrate (10 mg/1) so as to 

improve the transformation efficiency by controlling overgrowth o f the bacteria. To 

the modified infection medium, different concentrations o f the surfactant Pluronic F- 

68 (0-500 mg/1) was added. After addition of surfactant the whole solution was filter 

sterilized and used for tissue infection.

3.C.3.3. Effect o f L-cysteine and a-Lipoic acid

The infection, co-cultivation and selection medium containing the optimized 

concentration o f silver nitrate and pluronic F68 was used to study the effect of



antioxidants. The effect of antioxidants L-cysteine (100 mg/1) in the infection and co­

cultivation medium and (0-300 mg/1) in the election medium was studied. Similarly 

the effect o f a-Lipoic acid (50 mg/1) in the infection, co-cultivation medium (0-100 

mg/I) and in the selection medium in improving transformation frequency and 

transgenic tissue regeneration was studied. After identifying optimal concentration of 

antioxidants, infection medium containing silver nitrate, Pluronic F68 and L-cysteine/ 

a-Lipoic acid was filter sterilized and used for tissue infection. L-cysteine/ a-Lipoic 

acid was added directly to the co-cultivation and selection medium before autoclaving 

while silver nitrate, phytohormones and antibiotics were added filter sterilized to the 

medium.

3.C.3.4. Somatic embryogenesis

The proliferated transgenic calli were subcultured in selection medium 

containing kanamycin (300 mg/1) and carbenicillin (400 mg/1). Tissues without 

overgrow1;h were further subcultured for embryogenic callus initiation and subsequent 

embryogenesis in selection medium containing kanamycin (200 mg/1) as the selection 

antibiotic. Embryogenic callus initiation and embryo induction was tried from 

proliferated callus in medium standardized earlier which was modified MS basal 

medium (Ca (N03 )2-4H20-300 mg/1) containing Gamborg B5 vitamins, amino acids, 

organic supplements such as coconut water (5%), casein hydrolysate (300 mg/), 

sucrose 80 g/1 and phytohormones BA (2.2 jiM), GA3 (2.9 nM), Kin (1.25 ^iM), and 

NAA (0.54 nM). Amino acids present in the medium were glutamine (500 mg/1), 

proline (100 mg/1), L- cysteine HCl (50 mg/1) and arginine (40 mg/1).

3.C.3.5 GUS Histochemical assay

GUS activity assays were performed following the method reported by 

Jefferson (1987). Newly emerged lines from the infected tissues were immersed in X= 

Glue solution (2 mM X-Gluc, 100 mM NaH2P04 , 0.5 mM potassium ferricyanide and 

50 mM ferro cyanide). The tissues were incubated at room temperature. Transient 

GUS expression (Tissue blue colouration) frequency was examined visually.



3.C.3.6. DNA isolation

DNA was isolated from transgenic as well as control callus o f the Hevea clone 

RRII 105. DNA extraction was done with a modified CTAB procedure of Doyle et a i, 

(1990). One gram callus was ground to a veiy fine powder in liquid nitrogen using a 

mortar and pestle. The ground tissue was homogenized with 10 ml 2x CTAB 

extraction buffer (2% CTAB, 1.4 M NaCl, 20 mM EDTA, 0.1 M Tris-HCl (pH-8.0), 

1% Polyvenylpolypyrrolidone and 0.1% P-mercapto ethanol) The sample was then 

kept at 60°C for 30 min in a 30 ml centrifuge tube with intermittent shaking by gentle 

inversion. Centrifuged at 8000 rpm for 10 min, pellet was discarded and the 

supernatant transferred to a new tube. Equal vol. o f Tris-saturated phenol-chloroform- 

isoamyl alcohol (25:24:1) was added and mixed by gentle inversion. The sample was 

then spun at 10,000 rpm for 10 min. and the aqueous phase was transferred to a new 

tube. The organic phase containing the denatured proteins was discarded. RNA in the 

sample was degraded by incubating at 37°C for 1 h after the addition of 5|al of DNase 

free RNase (lOmg/ml, Sigma).Equal vol of chloroform: isoamyl alcohol was added to 

the sample, mixed gently and centrifuged at 10,000 rpm for 10 min. The aqueous 

phase was transferred to a fresh tube and the organic phase containing lipids and 

carbohydrates were discarded. To the sample equal volume of chloroform : isoamyl 

alcohol was added, mixed gently and centrifuged at 10,000 rpm for 10 min. Aqueous 

phase was transferred to a fresh tube and the organic phase was discarded. To the 

sample 0.6 vol. ice-cold isopropyl alcohol was added and mixed by gentle inversion to 

precipitate the DNA. The tube was kept in ice for 20 min and the precipitated DNA 

was pelleted by centrifuging at 8000 rpm for 10 min at 4°C.The DNA was washed in 

70 % ethanol and once in absolute ethanol. The pellet was air-dried and suspended in 

TE buffer. The quality and quantity o f genomic DNA was checked in a UV 

specfrophotometer (Beckman, USA). The quality was checked by measuring the ratio 

of absorbance at 260 nm and 280 nm (260/280). A ratio between 1.7 -  1.8 indicates 

good quality DNA without protein contamination. DNA quantification was done 

according to the following formula.

1 O.D. at 260 nm = 50 ng of DNA



The O.D. o f each DNA sample at 260 nm was measured and quantified 

accordingly.

3.C.3.7. Agarose Gel Electrophoresis.

The quality o f isolated genomic DNA sample was checked by agarose gel 

electrophoresis. Agarose gel was prepared by suspending dry agarose powder at a 

concentration of 0.8 % in 0.5 X TBE (pH 8) buffer in a conical flask and mixed by 

swirling, boiled in a microwave oven until all the agarose was melted to form a clear 

solution. The melted agarose was cooled to 50°C and ethidium bromide was added to 

give a final concentration of 5 ^g/ml. This was poured into a suitable clean gel casting 

tray containing a comb o f appropriate size to form wells, and allowed to cool to form a 

rigid gel. After the gel has set, the comb was carefully removed and placed the gel into 

an electrophoresis tank filled with running buffer. 2 |̂ 1 o f loading buffer (0.25 % 

bromophenol blue and 30% glycerol in TE buffer) was added to 2 .̂1 o f DNA. After 

thorough mixing the samples were loaded into the resultant wells. Gel was subjected to 

a constant electric field o f 50 V and electrophoresis was done until the bromophenol 

blue dye fi’ont has migrated to the bottom of the gel. The molecular marker used was 

Lamda DNA double digested with EcoRI and Hindlll restriction enzymes. The gel was 

visualized in a UV transilluminator. DNA bands showed up in the gel as bands of 

fluorescence and photographed Under UV light using Kodak EDAS 290 gel 

documentation system.

3.C.3.8. PCR Amplification of ipt gene from transgenic lines

PCR amplification was carried out using 20 ng o f genomic DNA with 

isopentenyltransferase gene specific primers. Since ipt is a bacterial gene responsible 

for cytokinin biosynthesis, ipt primers were designed fi’om the coding region sequence 

o f isopentenyl transferase gene sequence o f Agrobacterium tumefaciens.

Forward primer: 5’ CTTGCACAGGAAAGACGTCG3’

Reverse primer: 5’ CGTAAGCGGCTGCG3’

Amplifications were carried out in 20 ^1 reactions, which containing 1.0 |il 

Template DNA ( 50 ng), 2.0 |al Reaction buffer (Tris-HCl, pH- 9-10, KCl- 50 mM,



MgCb- 15 mM), 2.0 |nl dNTP mix(100 ^M), 1.0 |̂ 1 o f each forward and reverse primer 

(250nM each) and 0.16 |il Tag DNA polymerase (0.5 U). Volume o f the reaction mix 

was made up to 20 |xl with sterile distilled water.The reaction mix was overlaid with a 

drop of mineral oil and amplification was carried out in MJ Research PTC 200 peltier 

thermal cycler. The PCR conditions were as follows:

Step I- Initial denaturation- 2 min- 94°C

Step II- Denaturation- 1 min 94°C
Annealing- 1 min.- (55°C)
Extension- 2 min.- 72 °C

Step III- Repeat step II- (36 cycles)

Step IV- Final elongation- 10min.-72°C

The PCR products were analysed in 1.5 % agarose gels. Gel images

were captured using ‘EDAS 290’ (Electrophoresis Documentation and Analysis

System- Kodak, USA).

3.d. Characterization of Phase change related genes and their 

expression in Hevea brasiliensis

3 .d .l .  Identification of phase change related genes from genomic DNA
S .d .l.l. DNA isolation

DNA was isolated from yoimg, uninfected leaves collected from bud grafted plants 

of Hevea clone RRII 105 growing in the glass house of Rubber Research Institute of 

India following the protocol mentioned in section 3.C.3.6. The quality and quantity of 

genomic DNA was checked as mentioned in the sections, 3.C.3.7 and 3.C.3.8.

3.d.l.2o Design of gene specific primers

Based on previously published nucleotide sequences o f phase change 

related genes, gene specific oligonucleotide primers were designed. The nucleotide 

sequences o f a particular gene reported from other related species were downloaded 

from the NCBI site and the conserved sequences were identified after alignment of the 

sequences using the online Bioinformatic tool Clustal W



(http://www.ebi.ac.uk/Tools/msa/cIustalw2/). Forward and reverse primers were 

designed from the conserved region. The genes, their primer sequences designed and 

Tm values are shown below

1. Chlorophyll a/b binding protein gene: Greater expression shown in developing 

juvenile foliage than in mature foliage.

Forward primer- 5’ CTA CTT GGG TCCATT CTC 3 ’ Tm- 54.0

Reverse primer- 5’ GCC TGA ACA AAG AAT CC 3 ’ Tm- 55.3

2.Glossy 15 gene: Developmental gene that plays a central role in regulating 

epidermal cell traits and leaf identity and has a primary role in maintaining juvenile 

phase.

Forward primer- 5 ’ CTG TCT CTC ATT GGC AGG 3 ’ Tm- 59.5

Reverse primer- 5 ’ CAT GAG CTG GCC GAT CCT G 3 ’ Tm- 69.3

3. Dihydro flavonol reductase: Catalyses reaction in anthocyanin biosynthetic 

pathway. Activity limited in mature phase.

Forward primer- 5’ GAT TTG CCA AAC GCG AAG ACG C 3’ Tm- 73.3 

Reverse primer- 5 ’ GCA CAT ACT GTC CTT GTC 3’ Tm- 53.4

4. AAA-ATPase: Expression increases with tree aging

Forward primer- 5 ’ CCT CAC TAA ATC GGT CAT AG 3 ’ Tm-56.2

Reverse primer- 5’ CAT TAT GCT GAG TGA TAT C 3 ’ Tm- 49.8

5. Q R CPE: Expression related with ontogenic age o f shoots

Forward primer- 5 ’ CTT TCC TTC TTC TTG GTC TC 3’ Tm-57.1

Reverse primer- 5 ’ CCG TGT CCG TGT CCG TG 3 ’ Tm- 68.0

6. SQUEVT: Regulates vegetative phase change.

Forward primer- 5’ GAT GGG TAG GTC AAA GTG 3’ Tm-55.1

Reverse primer- 5’ CCT ATA CGA ACA TTT TTG C 3 ’ Tm- 52.9.

3. d.1.3. PCR amplification of the genomic sequence coding for phase change 
related genes from  genomic DNA

Extensive experiments were carried out to amplify the genes mentioned above. 

Genomic DNA was amplified initially using the specific primers to detect their
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presence in Hevea clone RRII 105. PCR amplification could be obtained with primers 

designed for Cab protein gene fi-om the genomic DNA isolated from the Hevea callus. 

PCR conditions such as the annealing temperatures and number of cycles were 

optimized so as to get good amplification fi-om a 20 ng template. The concentration of 

the PCR components were the same as mentioned in section 3.C.3.8. For PCR 

amplification, an armealing temperature of 55°C and 36 number of cycles has been 

adopted.

The PCR products were analysed in 1.5 % agarose gels. Gel images were 

captured using ‘EDAS 290’ (Electrophoresis Documentation and Analysis System- 

Kodak, USA).

3.d.l.4. PCR amplification of the genomic sequence coding for Cab gene from 

genomic DNA

Since the initial PCR amplifications were found to give positive amplification 

with the Cab gene specific primer, the fiirther experiments ware focused on the 

characterization o f Cab gene fi-om Hevea. PCR amplification o f genomic DNA using 

the gene specific primers mentioned above were carried out in 20 ^1 reactions using 20 

ng of genomic DNA following the protocol mentioned in section 3.C.3.8. The PCR 

product was analysed in 1.5 % agarose gels. Gel image was captured using ‘EDAS 

290’ (Electrophoresis Documentation and Analysis System- Kodak, USA).

3.d.2= Cloning and Characterization of PCR amplified Sequences Coding for Cab 
gene from the genomic DNA.

3.d.2.1. Elution of amplified products from agarose gels

The samples were run in 1.5 % low melting point agarose gels and the DNA 

bands were cut out fi-om the lane after viewing the gel over long wavelength UV light 

quickly so as to avoid nicks. The gel slices were taken in a 1.5 ml micro-centrifiige 

tube and kept at 65 °C for 10 min or till the agarose melt completely. Elution of DNA



bands from agarose gels had been performed using GFX gel band purification system 

(M/S Amersham Biosciences, USA) according to the manufacturer’s instructions.

3.d.2.2. Ligation of the PCR products to the cloning vector

Strata clone^*^ PCR cloning kit (M/S Stratagene,USA) was used for the cloning 

of purified PCR products. Strataclone vector was ligated to the insert according to the 

manufacturer’s instruction.

The ligation mix was prepared as follows

StrataClone™ Cloning Buffer -3 Ml

PCR product- 2 |Jl

StrataClone™ Vector M ix -1 nl 

Mixed gently by repeated pipetting, and then incubated the ligation reaction at room 

temperature for 5 minutes. When the incubation was complete, the reaction was kept 

on ice. The ligation mix was frozen till the time of transformation.

3.d.2.3. Transformation of Competent Cells

The . strataclone -  solo pack competent cells provided along with the cloning kit was 

transformed using the ligated strataclone vector.

1. Thawed one tube of Strata Clone solo pack competent cells on ice for each ligation

reaction.

2. Added 1 |xl of the cloning reaction mixture to the tube of thawed competent cells.

Mixed gently.

3. Incubate the transformation mixture on ice for 20 minutes. During the incubation

period, pre-warm SOC medium.

4. Heat-shock was given to the transformation mixture at 42°C for 45 seconds.

5. Incubated the transformation mixture on ice for 2 minutes.

6. Added 250 1̂ o f pre-warmed SOC medium to the transformation reaction mixture.

Allowed the competent cells to recover for 1 hour at 37°C with agitation by 

keeping the tube of cells on the shaker horizontally for better aeration.



SOC medium (100ml)

2.0g Bacto®-tryptone

0.5g Bacto®-yeast extractlml IM NaCl

0.25ml IM K Cl

1ml 2M Mg2+ stock, filtersterilized (20.33g MgC12 • 6H20+ 24.65g MgS04 ® 

7H20. Add distilled water to 100ml. Filter sterilize)

1ml 2M glucose, filter-sterilized

Added Bacto®-tryptone, Bacto®-yeast extract, NaCl and KCl to 97ml distilled 

water. Stirred to dissolve. Autoclaved and cooled to room temperature. Added 2M 

Mg2+ stock and 2M glucose, each to a final concentration o f 20mM. Volume made 

upto 100ml with sterile, distilled water. The final pH should be 7.0.

L B -A m p ic illin  A g a r (per Liter)

10 g of NaCl

10 g of tryptone

5 g of yeast extract

Adjust pH to 7.0 with 5 N NaOH

Add deionized H2O to a final volume of 1 liter

20 g of agar liter of LB agar, autoclayed

Cool to 55°C and Pour into petri dishes

Add 10 ml of 10-mg/ml filter-sterilized ampicillin

2 %  X -G a l (per 10 ml)
0.2 g of 5-bromo-4-chloro-3-inodlyl-P-Dgalactopyranoside 
(X-Gal)
10 ml of dimethylformamide (DMF)
Store at -20°C
Spread 40 i-ll per LB-agar plate

7. Plated 5 p,l o f the transformation mixture on the LB - ampicillin-X-gal plates. 

Incubate the plates and incubated the plates overnight at 37°C.



3.d.2.4. Analyzing the positive transformants by Colony PCR.

Blue and white selection has been done for the identification o f the colonies 

containing the recombinant plasmids with the cloned insert. White colonies were 

selected for colony PCR. The concentration of the PCR components are as described 

earlier except with template for which a portion of separate single colonies have been 

used.

The PCR conditions:

Step I- Initial denaturation lOmin.- 94°C

Step II- Denaturation- train.- 92°C
Annealing- 1 min.- (50-60°C)
Extension- 1 min.- 72 °C

Step III- Repeat step II- (28 cycles)

Step IV- Final elongation- 10min.-72°C

After PCR the amplicons were analysed on 1.5% agarose gel.

3.d.2.5. Isolation of recombinant plasmids from positive colonies:

Recombinant plasmids were isolated from the selected colonies using the 

Perfect Prep Plasmid isolation kit (M/S eppendprff, USA). The presence of the insert 

in the plasmids was later confirmed through PCR reaction o f the recombinant 

plasmids.

3.d.2.6. Sequencing:

The nucleotide sequencing of the insert in the recombinant plasmids were done 

by the commercial firm M/S Macrogen, Korea using the M l3 forward and M l3 

reverse primer.
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3.d.2.7 Sequence analysis:

The sequence obtained was later compared with the cab gene sequences o f the 

other reports from different plants with the BLAST analysis programme of NCBI 

(National Center for Biological Information), USA (Altschul et a l, 1990).

3.d .3 . Isolation of the full length Cab gene from genomic DNA.

3.d.3.1. PCR Amplification of the full length Cab gene from genomic DNA.

The initial cloning and characterization of the partial sequence coding for the 

Cab gene was showing 91 % sequence homology with the Cab gene report from 

Ricinus communis. So attempts were carried out to get the full length Cab gene 

sequence from Hevea brasiliensis. For that Forward and reverse primers for frill length 

amplification o f the Cab gene was designed based on the mRNA sequence reported 

from Ricinus communis (Genbank accession no: XM_002524570). The forward and 

the reverse primers contained the start and the stop codons respectively.

Primer sequence for full length amplification of the Cab gene

Forward primer 5'- CAA ATC GCT ACC TCT ACA ATG G - 3'
Start codon

Reverse primer - 5' -  CTC ACT TTC CGG GGA CAA AG - 3'
Stop codon

The synthesised primers (Sigma Aldrich) were dissolved in sterile double 

distilled water to get a concenfration of 100 pmols/|^l. The primer stock solutions were 

stored in -20°C. PCR analysis o f genomic DNA was carried out with primers designed 

for frill length amplification of the Cab gene in the MJ Research PTC 200 Peltier 

Thermal Cycler .PCR conditions were the same used in section 3.d. 1.2.3. Analysis of 

the amplified product has been done by agarose gel electrophoresis (1.5 % agarose 

gel). The amplified band was later eluted from the gel using GFX gel band purification 

system (M/S Amersham Biosciences, USA). Cloning o f the amplified product has 

been done in the Strataclone vector (M/S Stratagene, USA). The ligated vector with



the insert has been transformed to the solo pack chemically competent E.coli cells 

(M/S Stratagene, USA). Colony PCR has been done and recombinant plasmid has 

been isolated from the positively transformed clones. Sequencing of the insert in the 

recombinant plasmid has beeii done with Ml 3 Forward and M13 reverse primers at M/ 

S Macrogen, Korea.

3.d.4. Differential expression of Cab gene.
3.d.4.1. Isolation of RNA from leaves from juvenile and mature plants

RNA was extracted from leaves of bud grafted plants (grown in glass house), 

seedlings, mature trees and somatic embryogenesis derived plants (invitro grown) of 

clone RRII 105 grown in glass house through a modified protocol of Kush et a l, 

(1990). RNA isolation protocol is as follows:

An RNase inhibitor di ethyl pyrocarbonate (DEPC) was used to remove the 

RNase contamination from all the glasswares and reagents. DEPC treated water was 

prepared by adding 1ml DEPC to one litre o f double distilled water and stirring 

overnight. All glass wares were thoroughly washed and rinsed in DEPC treated water, 

autoclaved and baked at 160°C overnight. All the reagents required were prepared in 

DEPC treated water. DEPC was inactivated by autoclaving at 12l‘’C for 20 minutes. 

The RNA isolation protocol involved the following steps.

i) The leaves collected from different sources mentioned above were washed 

with ruiming tap water and cleaned with DEPC treated sterile distilled 

water.

ii) After removing the veins and mid rib one gram of leaf tissue from each 

source was powdered finely in liquid nitrogen using a mortar and pestle.

iii) Added 200 mg polyvinyl pyrrolidone (PVP) and thaw the powder in 15 ml 

extraction buffer (100 mM Tris-HCl (pH-8.0), 200 mM NaCl, 10 mM 

EDTA and 1.5 % SDS. freshly added 1% P mercapto ethanol).

It was then treated with an equal volume of exfraction buffer saturated 

phenol, mixed gently and centriftiged at 10,000 rpm for 10 min.



iv) The aqueous layer was recovered and mixed with an equal volume of 

choloform

v) Centrifuged at 10,000 rpm for 10 minutes and the organic layer was 

discarded.

vi) RNA in the aqueous layer was precipitated by adding 1/3 vol of 8 M LiCl. 

The precipitation continued overnight in -20°C.

vii) RNA was pelleted by centrifugation at 10,000 rpm for 10 min. at 4°C.

viii) The pellet was washed with 2 ml of 2 M LiCl twice, then centrifuged at 8000 

rpm for 5 minutes.

ix) The pellet was air dried and suspended in 200 ^1 o f DEPC treated H2O.

x) RNA was further purified and concentrated by precipitation with 2.5 vol 

ethanol in presence o f 0.1 vol, 3 M sodium acetate (pH- 5.2).

xi) The RNA was pelleted by centrifugation at 10,000 rpm for 10 min at 4°C.

xii) The pellet was washed twice in 70% alcohol, air dried and re-suspended in 

sterile H2O.
xiii) The quantity of RNA was checked using UV spectrophotometer and its 

quality and DNA contamination, if any, was checked in 1% agarose gels.

xiv) The isolated RNA samples were stored in 3 vol o f 100% ethanol at -70°C.

3.d.4.2. First strand cDNA synthesis
First strand cDNA was synthesised from the isolated leaf RNA of the different

sources by reverse transcription reaction with oligo-(dT) primers using the ‘Improm-

II™ Reverse Transcription System’ (Promega, USA) as follows:

i) 1 |il o f total RNA (1 )ng) was combined with 1 jil oligo-(dT) primers (0.5 |ag).

The reaction was made up to 5 p,l by the addition o f nuclease free water.

ii) The tube was incubated for 10 min at 70°C in a pre-heated block and

immediately chilled in ice at 4°C for 5 min. and kept in ice

iii) The tube was then spin down for 10 sec in a micro-centrifuge to collect the

condensate and maintain the original volume. This RNA-primer combination 

was kept on ice until the reverse transcription reaction mix gets ready.



iv) The RT-reaction mix was combined in a 1.5 ml tube on ice. 4 |il of reaction 

buffer supplied by the manufacturer along with 2.4 |al MgCh (1.8 mM), 5 fil 

dNTP mix (0.5 mM of each dNTP), 0.5 1̂ o f RNase inhibitor and 1 (il 

reverse transcriptase. It was made up to 15 jil with nuclease free water.

v) The RNA-primer mix (5 ^1) was added to the reaction mix to form the final 

volume of 20 |il.

vi) Annealing was done by incubating the reaction at 25°C for 8 min.

vii) Primer extension was carried out at 42°C for 2 h in a heated block.

viii) The reaction was stopped by inactivating the reverse transcriptase by keeping 

the tube at 70°C for 15 min.

ix) The synthesised first strand cDNA was stored at -20°C for subsequent PCR 

amplification.

3.d.4.3. PCR amplification of Cab gene from cDNA

PCR amplification was performed with one f̂ l of cDNA (100 ng) as templates in 20 [a1 

reactions. The PCR was performed as described in section 3.C.3.7 wit 28 number of 

cycles.

The cloning, sequencing and sequence analysis o f the sequence were carried 

out as described in earlier sections .

3.d..5. RT-PCR assay for differential expression

RNA isolated from leaves of different source plants such as glass house grown 

bud grafted plants, mature trees, somatic embryogenesis derived plants of clone RRII 

105 and seedlings. RNA samples were tested for the presence of genomic DNA 

contamination by using extracted RNA directly as a PCR template, prior to cDNA 

synthesis, under the same PCR conditions. First strand cDNA waS'synthesised from 

total RNA by reverse transcription with oligo-(dT) primers using the ‘Improm II 

reverse transcription system’ (Promega, USA) according to manufactures protocols 

(Section 3.d.l,2.). PCR was carried out with primers for Cab gene amplification 

(section 3.d.l.4.). One ^1 of the first strand cDNA was used to co-amplify the P-actin



transcripts in a 20 |ul reaction. The PCR reaction products were separated on a 1.5% 

agarose gel, visualized with Ethidium Bromide staining under UV light and the image 

was captured using EDAS 290.

3.d.6. Gene Expression Studies through Northern Hybridization 

3.d.6.1. Plant materials used

RNA was isolated from leaf samples collected from seedlings, bud grafted 

plants,, in vitro developed somatic plants and mature trees o f Hevea clone (RRII 105).

3.d.6.2. Electrophoresis of RNA

Agarose (1%) was melted in 31 ml of H2O and cooled to 60°C. In a fume hood,

10 ml of 5X formaldehyde gel running buffer (FGRB) and 9 ml of formamide was 

added to give a final concentration of IX and 2.2 M respectively. The gel was allowed 

to set for at least 30 min at room temperat\ire.

5X Formaldehyde gel-running buffer (FRGB)
0.1 M MOPS (pH- 7.0), 40 mM sodiimi acetate, 5 mM EDTA (pH- 

8.0)

Around 20 |ag of RNA (9 |j.l) was incubated for 15 min at 65°C along with 4 p.1 

FGRB, 7 |o,l formaldehyde and 20 |j,l formamide. After a brief spin, 4 îl of 

fonnaldehyde gel loading buffer was added to the sample.

3.d.6.3. EINA blotting

Before transfer to the membrane, the gel was washed thrice in DEPC treated 

H2O to remove the formaldehyde. The nylon membrane (Hybond N"̂ , Amersham, UK) 

was cut in to the size of the gel and was presoaked in 10 X SSC. DNA was transferred 

from the treated gel to nylon membrane (Hybond N"̂ , Amersham, UK) through 

capillary blotting method (Sambrook and Russell, 2001).

A tray was filled to a height of 5 cm with lOX SSC. A suitable platform with 

dimensions slightly bigger than the gel was placed in the tray.



i) The surface o f the platform was covered with Whatman No. 3 filter paper 

presoaked in lOX SSC in such a way that the ends of the paper are immersed in 

the SSC. Three sheets of Whatman No.l filter paper trimmed to the same 

dimensions of the gel and presoaked in lOX SSC was placed on top of the 

platform. Air bubbles trapped any were removed by rolling the surface with a 

glass rod.

ii) The gel was placed carefully on top of this and then a Hybond N+ nylon 

membrane, presoaked in lOX SSC was placed on top of the gel. Any air 

bubbles were removed by gently rolling a glass rod on the surface.

iii) Two sheets of pre-soaked Whatman No.l filter papers were placed on top of 

this assembly. Three more sheets of clean dry filter paper were stacked on it 

over which ordinary filter papers cut to the gel dimensions were stacked to a 

height o f 10 cm.

iv) Over this, a suitable weight of around 200-300 g was placed in such a way 

that the weight should not crush the gel but should be sufficient to keep the 

papers tight.

v) The transfer was allowed to proceed overnight for a period of 12-16 h.

vi) After transfer, the assembly was disassembled and the nylon membrane was 

briefly washed in 5X SSC and air-dried.

vii)The membrane was fixed using a UV cross linker (Hoefer, USA) at 12000 

J/cm^.The membrane was wrapped in Saran and stored between ordinary filter 

papers in the refrigerator till use.

3.d.6.4. Hybridisation and wasliing

3.d.6.4.L Preparation of labeled probes
The cab gene probe was radiolabeled using ‘Multiprime DNA labeling system’

from Amersham, (UK) following manufacturers instructions. It utilizes random 

hexanucleotides to prime DNA synthesis on denatured template DNA at numerous 

sites along its length. The procedure was as follows:



i) About 50 ng of template cDNA was diluted to 5 )̂ 1 with dist. H2O and boiled 

for 5 rain to denature.

ii) Chilled immediately on ice for 5 min and centrifuged briefly.

iii) Added 2.5 )al of buffer, which contains all the dNTPs except dCTP.

iv) Then 2.5 |nl o f random primer solution was added.

v) To this 2.5 ]ul of a-^^P labeled dCTP (sp. activity ~ 3000 Ci/mMol or 10

li Ci/|il) was added.

vi) Then 11.5 [al of nuclease free autoclaved water was added.

vii) Finally 1 |al o f the enzyme (Klenow fragment o f DNA polymerase I) was 

added and mixed gently by pipetting up and down.

viii) Spun for few seconds and incubated at 37°C for 30 min.

ix) The reaction was stopped by adding 0.5 |il of 0.5 M EDTA and the probe was 

diluted to 100 |ul with distilled water.

The labeled probe was purified by passing through a Sephadex G-50 column 

as follows.

i) Sephadex G-50 was added to dist. water to form a slurry (10 g of dry powder 

yields around 160 ml of slurry).

ii) Glass wool was placed at the bottom of a 1 ml column and 1 ml of the slurry 

was added without trapping of air bubT51es.

iii) The column was spun at 3000 rpm for 3 min in a swinging bucket rotor.

iv) More slurry was added until the Sephadex tightly packed up to 1 ml level.

v) The column was equilibrated first with STE buffer and then with dist. water.

vi) The labeled probe was then passed through the column and purified.

vii) The column purified probe was denatured by boiling at 100°C for 3 min and 

immediately chilled in ice. It was stored in the freezer till use.

3.d.6.4.2. Hybridisation.

Hybridisation of the labeled probe to the nylon membrane was performed 

according to Sambrook et a l, (1989).



i) The blotted membrane was placed in a hybridisation tube and appropriate 

amount of pre-hybridisation solution (6 X SSC, 5 X Denhardt’s reagent, 0.5 

% SDS) (0.2 ml/cm^ of the blot -  25 ml for the 13x10 cm membrane) was 

added.

ii) The pre-hybridisation was carried out at 65 °C for 1 h in a hybridisation oven 

(Amersham, UK) with rotary movement at very low speed.

iii) The pre-hybridisation solution was poured out and hybridisation solution 

(pre-hybridisation solution containing denatured probe DNA labeled with a- 

^^P) was poured into the tube and then incubated with slow rotation for 12 ~ 

16hat65°C .

3.d.6.4.3. Washing of the blot and autoradiography

After hybridisation, the membrane was washed twice at room temperature for 5 

and 15 min respectively with solution I (2 X SSC, 0.1 % SDS). Then the blot was 

subjected to two high stringent washes at 65°C for 30 min each with solution II (0.1 X 

SSC, 0.5 % SDS).

The membrane was then floated briefly in 0.1 X SSC at room temperature, air- 

dried, wrapped in a cling film and placed and subjected to autoradiography with the 

phosphor image analyzer FLA 5000 (M/S Fujifilm, Japan). The blot was exposed to 

the image plate BAS IP (MS 2025) (M/S Fujifilm, Japan) and kept sealed in the BAS 

cassette overnight. Next day, the image plate was removed and read in the phosphor 

image analyzer with laser beam (625 nm). The relative abundance of Cab protein gene 

mRNAs was determined by visualising the net intensity o f band in northern blots.



^suCts



C H A P TER  IV

R E S U L T S

A plant regeneration system through somatic embryogenesis from leaf 

explants o f Hevea brasiliensis was developed as a result o f experiments done to 

optimize culture conditions and media requirements in each step o f the protocol. 

Since leaf explants are available from source plants o f different physiological 

maturity, the effect o f juvenility on in vitro response o f leaf explants was studied 

and the explant source that shows maximum embryogenic competence was also 

identified. Chlorophyll a/b binding protein gene was identified to be differentially 

expressed in juvenile and mature plants. The plant regeneration system developed 

from leaf explants was also proved to be suitable for Agrobacterium mediated 

genetic transformation.

3.a. Somatic embryogenesis from leaf explants of bud grafted 
plants.

3 .a .l.l . Effect of sterilants

Culture contamination and explant viability showed varied response when 

mercuric chloride and sodium hypochlorite were used for surface sterilization. Out 

o f the two sterilants used for surface sterilization, HgCh was found to be better. 

Higher concentrations o f NAOCl (0.5%) could give about 50% contamination free 

cultures, but the explants gradually changed to yellow and dried up. Among the 

different concentration o f HgCb tried 0.15% was found to be the most suitable, 

with leaves o f medium maturation. At this concentration 73% contamination free 

cultures could be obtained and the explants were found to be viable with greenish 

appearance after two weeks o f culture (Table.3.). Although, the rate of 

contamination fi-ee cultures could be increased with higher concentration o f the 

sterilant, explant damage was more (Fig.S.C.). At concentration below 0.2% 

contamination rate with mature explants was more and at increased concentrations 

explant damage was observed. With immature leaves at concentrations above 

0.) % contamination free cultures could be obtained at a higher rate but explant 

damage was also more. Leaf cultures initiated with the medium mature leaves



Fig. 5. (A-C). Intact leaf and culture 
initiation

A. Medium mature (Ideal stage for 
culture initiation) intact leaf

B. Freshly initiated culture after surface 
sterilization

C. Culture containing damaged explants 
due to sterilization (after two weeks in 
culture)



(Fig.5.A&B.) collected from glass house grown bud grafted plants could produce 

about 73 % contamination ft-ee, viable cultures when surface sterilized with 0.15% 

(w/v) HgCb for two minutes.

Table. 3 Effect of HgCb and NaOCl on recovery of axenic cultures and 
explant viability.

Sterilant Con. Contamination free culture

Immature Medium

mature

Mature

Tissue response

Immature Medium

mature

Mature

HgCl2 0.10 46.6 40 20 G G G

0.15 76.6 73.3 25 B G G

0.20 76.6 76.6 40 B G

0.25 83.3 76.6 60 B

0.30 83.3 70 66.6 B B

NaOCl 0.10 30 25 23.3 G G G

0.20 33.3 26.6 23.3 G Y

0.30 33.3 25 25 B

0.40 46.6 43.3 30 B B Y

0.50 46.6 46.6 30 B B Y

CD-5.3 Values given are mean of 10 cultures repeated thrice. Tissue response: B- Black and 
wrinkled, G-Green viable. Y-Yellow damaged

3.a.2 Callus induction

3.a.2.1. Effect of basal medium

When callus induction was attempted in the four basal medium (MI, 

M2, M3 and M4) (Table. 1) (section 3.a.2.1), callus initiation was observed in leaf 

sections cultured in all the basal media containing calcium nitrate. Callus 

formation was observed from the cut end o f the veins. Though callus induction 

could be obtained in both MS and WP medium, rate o f callus induction was more 

in modified MS medium (M2). Maximum callus induction (40%) was observed in 

modified MS basal medium containing phytohormones. Modified WPM medium 

also gave a callus induction frequency o f 30%. It was observed that along with the



presence o f 850 mg/1 calcium nitrate and lower concentration o f ammonium and 

potassium nitrates was suitable for inducing callus in leaf explants. Hence M2 

medium was identified as the suitable one for callus induction. In this medium, 

concentration o f ammonium nitrate (N H 4N O 3)  and potassium nitrate (K N O 3)  in 

the original MS medium was reduced. The concentration o f N H 4N O 3 was reduced 

to 600 mg/ and K N O 3 to 900 mg/1 and the concentration of K H 2P O 4 was increased 

to 270 mg/1. The medium was also supplemented with 850 mg/1 Ca(N0 3 )2,4H2O.

Out o f the three phytohormone treatments (T l, T2 and T3) tried, 

callus induction was observed only in media containing phytohormones (T2 

andT3). Among the two phytohormone combinations tried (T2 and T3), callus 

induction rate was more in medium containing T2 (4.4^M BA, 4.5 )xM 2,4-D and 

1.08 i^M NAA). It can be inferred from Table.4 that when the two cytokinins, BA 

and kin were used for callus induction, the callus induction frequency was more in 

the medium containing BA as the cytokinin. Medium containing 4.4 |j.M BA could 

induce callus with twice the frequency as that in medium containing 4.6 |iM Kin. 

Callus induced was compact and pale yellow. Callus induction could be obtained 

at with 40 % frequency within 4 weeks of incubation in modified MS medium 

with addition o f 850 mg/1 calcium nitrate, 1.0 gm/1 casein hydrolysate, B5 

vitamins, 20 g/1 sucrose and containing phytohormones 4.4 ^M  BA, 4.5 |iM 2,4-D 

and 1.08 |o,M NAA (M2 + T2 combination).

Table. 4. Effect of different basal medium and phytohormone combinations 

on callus induction

Medium Frequency o f Callus induction

Tl T2 T3

MI —
M2 + + -F + ++

M3 -t- -1-

M4 + + -F ++

T l-  without phytohormones, T2-(BA- 4.4 ^M, 2,4-D- 4.5 [xM and N A A - 1.08 nM), T3 - (Kin-4.6 

p,M, 2,4-D - 4.5 nM and N A A - 1.08 (xM).

Callus rating: N o callus =  -  ; 1-10 % = + ; 10-20 %= ++; 20-30 % = +++; 30-40 % = ++++;40- 

50 % = +++++



Table. 5 . Effect of 2,4-D and BA in presence o f 1.08 |iiM NAA on callus 
induction frequency and texture

3.52

0.0

1.8

3.6

5.4

7.2

W atery, soft, w h ite  cream y

Friable, little w atery, so ft

Friable, little  w atery

C om pact, p a le y e llo w , hard

20

35

50

40

4.4

1.8

3.6

5.4

7.2

W atery, so ft, w h ite  cream y

Friable, soft, p a le  y e llo w

Com pact, p a le y e llo w

P ale y e llo w , hard

30

50

55

40

5.28

1.8

3.6

5.4

7.2

Soft, turning green

Friable, soft, p a le y e l lo w

C om pact, pale y e llo w

Compact, hard, pale yellow

40

45

40

40

Values are taken from 10 replicated cultures repeated four times

In the factorial experiment done to find the optimum concentration of 

phytohormones, different concentrations o f BA (3.52, 4.4 and 5.28 |iM) in 

combination with different levels o f 2,4-D (1.8, 2.6. 5.4 and 7.2 nM) were used. It 

was observed that 5.4 |j,M 2,4-D and 4.4 |iM BA in presence of 1.08 |iM NAA 

was found to be optimum. In this combination, frequency o f callus induction was 

increased to 55% and texture o f the callus was also improved (Table.5). No callus 

induction was observed in medium without the auxin 2,4-D. Variation in 

frequency o f callus formation and differences in callus type were noticed when 

different concentration of 2,4-D were used. The callus induction frequency 

gradually increased with increasing 2,4-D concentration upto5.4 ^M. Increasing 

2,4-D concentration above (5.4 ^iM) made the calli very hard. Both green 

compact calli with nodules and yellowish white friable calli were formed in media 

with different 2,4-D concentrations. Frequency o f callus induction was around 

55%. Results also show that medium containing BA (4.4 |iM ) and 2,4-D (5.4 |j.M) 

in presence o f low concentration of NAA (1.08 nM ) and 20 mg/1 sucrose was



most effective for good callus induction in leaf explants. Presence o f NAA helped 

in improving the quality of the callus. Callus induced in darkness was friable and 

yellowish while in presence o f light the callus became green and hard. The green 

compact calli on subculture expanded and became spongy without further 

development.

3 .a .2 .3. Effect of calcium nitrate on callus induction

When different concentrations of calcium nitrate were supplemented in the 

optimized medium (section 3.a.2.3.) giving good callus induction, change in callus 

induction frequency as well as callus texture was observed (Table.6). There was 

significant difference in the frequency o f callus induction at different 

concentrations o f calcium nitrate. It was observed that increasing the level of 

calcium nitrate helped in increasing fi'equency o f callus induction. A callus 

induction frequency o f 60% was obtained when 1200 mg/1 calcium nitrate was 

supplemented in the medium. At this concentration the rate of callus induction was 

also maximum (40-60%) and this trend was continued with increasing 

concentration o f calcium nitrate. The frequency could be increased by 10% when 

the concentration o f calcium nitrate was increased fi-om 850 mg/1 to 1200 mg/1. At 

this concentration, the texture o f the callus was changed to more friable. Increasing 

the Ca(N0 3 )2.4H2O concentration above 1200 mg/1 made the callus soft and watery 

and hence was not found good.

Table. 6. Effect of different concentrations of calcium nitrate on callus 
induction in M2 medium with phtyohormones

Calcium nitrate 

(mg/1)

Callus induction 
firequency ( mean %)

Rate of callus induction

550 50.00 + +

850 55.00 -1- + +

1000 58.33 + + +

1200 60.00 + + + +

1500 58.33 + + +

CD 1.41

Values given are the mean % o f  20 cultures repeated thrice. Cal us rating: + = 0-20 %; + + =
20-40 %; + +  + =  40-60 %; 60-80 %



From the above mentioned optimization experiments for callus induction 

from medium mature leaf explants, modified MS medium with addition of 1200 

mg/1 calcium nitrate, L-cysteine HCl (50 mg/1), casein hydrolysate (1.0 gm/1), B5 

vitamins, sucrose (20g/l) and containing phytohormones 5.4 |aM 2,4-D,4.4 BA 

and 1.08 |xM NAA was identified as the most suitable medium for callus 

induction from medium mature leaf explants collected from bud grafted plants of 

Hevea. In the optimized callus induction medium, callus induction could be 

obtained (60%) within 4 weeks o f incubation (Fig.6.A&B). The callus obtained 

was compact, pale yellow and nodular (Fig.6.C). Composition o f the basal medium 

optimized for callus induction is given in table.7.

Table.7 . Composition of callus induction medium optimized with medium 
mature leaf explants

Media Constituents Modified MS(mg/l)
Major elements
NH4NO3 600
KNO3 900
CaCl2 333
MgS04 181
KH2PO4 270
Ca(N03)2.4H20 1200
Minor MS
NaFeEDTA 36.7
Myoinositol 100
Vitamin B5 Bs
L-Cysteine hydrochloride 50
Caseinhydrolysate 1.0 g/1
Sucrose 20 g/1
Agar (Phytagel) 0.25%

3.a.2.4 Effect of explant stage on callus induction

When leaves o f three different stages such as immature, medium mature 

and mature were cultured for callus induction in the optimized callus induction 

medium, it was observed that callusing frequency o f the explants depended on 

stage o f the leaf Immature leaves when cultured, became wrinkled and gradually 

turned black in the culture medium. Callus induction frequency in these was very 

low (10%). On using mature leaves, the sections remained intact for more than



three weeks and then turned brown without any callus formation. In leaves of 

medium maturation having a shiny appearance, the leaves swelled after two weeks 

of culture initiation and callus initiation occurred from the cut ends within four 

weeks. When mature leaves were cultured, no callus induction occurred. Hence 

leaf explants o f medium maturation were identified as the optimal stage for callus 

induction, when explants were collected from six month old bud grafted plants 

grown in the glass house (Fig.S.A).

3.a.3. Callus proliferation

When calli formed on the surface and cut ends o f the explants were 

cultured for proliferation in the optimized fresh callus induction medium, callus 

proliferation was very low. Most o f the callus clumps remained intact. Texture o f 

the callus was also not found to be improved. Since the callus induction medium 

did not give a positive response in callus proliferation, modification of the medium 

was attempted by changing the concentration o f phytohormones and calcium and 

addition o f silver nitrate to increase the frequency and rate o f callus proliferation 

so as to obtain friable proliferated callus.

3.a.3.1. Effect of 2,4-D on callus proliferation

Three different levels o f 2,4-D (1.8, 2.7 and 3.6 |^M) were supplemented 

in the optimized callus induction medium. When the leaf callus was sub cultured 

in this medium, it was observed that callus proliferation was obtained with 

maximum frequency in medium that contained reduced level o f 2,4-D (2.70 jj.M) 

than the callus induction medium. Callus proliferated at a faster rate (40-50%) in 

medium that contained 1.8 )iiM and 2.7 |xM 2,4-D. Reducing auxin concentration 

modified the callus texture (Table .8). Friable but loose callus was obtained in 

medium containing 1.8 )aM 2,4-D. When the concentration was increased to 3.6 

|j,M callus friability and proliferation rate was found to be reduced and callus 

became hard.



2,4-D }iM Frequency of callus 

proliferation %

Rate of callus 

proliferation
Callus texture

1.80 40.0 + + + Friable,loose

2.70 46.6 + + + + Friable,compact

3.60 40.0 + + Hard

Callus proliferation rate: 10-20 % = +, 20-30 % = + + ,  30-40 % =  +  +  + 40-50 % = + + + +

3.a.3.2. Effect of calcium nitrate and sucrose on callus friability

In the factorial experiment done to identify the suitable concentration of 

calcium and sucrose favoring callus proliferation and friability, it was observed 

that a 10% increase in callus proliferation rate was obtained when the callus 

induction medium containing 20g/l sucrose and 1200 mg/1 calcium nitrate was 

modified to 40 g/1 sucrose and 800 mg/1 calcium nitrate (Table.9). Callus 

proliferated in this medium showed an improvement in callus texture. Rate of 

callus proliferation was found to be increased with reduced concentration of 

calcium nitrate than in the callus induction medium (Table. 9). When the 

concentration o f 2,4-D was reduced to 2.70 pM keeping the concentration of 

calcium nitrate and sucrose the same as in callus induction medium, callus 

proliferation was obtained at a rate of 26%. By increasing the concentration of 

sucrose from 20 g/1 to 40 g/1, 18% increase in callus proliferation was obtained. At 

all the concentrations o f calcium nitrate tried, increasing the level of sucrose up to 

40 mg/1 showed an increasing trend in frequency o f callus proliferation. 

Significant difference in callus proliferation rate was observed in medium 

containing 30 g/1 and 40 g/1 sucrose. The combined effect o f calcium and sucrose 

showed pronounced effect on callus proliferation and firiability (Fig.6. D).



Sucrose

(g/I)

20

30

40

50

Calcium nitrate (mg/1)

200 400 600 800 1000 1200

20.00 25.00 25.00 26.66 24.33 43.30

26.33

35.00

41.66

38.33

51.11

46.00

36.11

53.33

48.33

45.00

55.00

48.33

38.33

46.66

45.11

38.11

45.00

38.66

CD 1.86 Values given are mean % of 20 cultures repeated thrice

3.a.3.3. Effect of silver nitrate on callus friability

Though three different levels o f silver nitrate (10, 20 and 30 mg/1) were 

tried in the proliferation medium during the second subculture, a concentration of 

20 mg/1 helped in improving the texture o f the callus. Presence o f silver nitrate 

made the calli yellow and friable. Addition o f silver nitrate (20 mg/1) to the 

proliferation medium during the second and third subculture also made the calli 

more embryogenic.

To summarize the results of the optimization experiments on callus 

proliferation, it was observed that callus induction medium with reduced calcium 

nitrate (800 mg/1) and 2,4-D (1.8 |iM) along with increased sucrose (40 g/1) than in 

the optimized callus induction medium (section 3.a.3.2.) was found good for 

proliferation. Proliferation o f the callus could be obtained after three weeks in this 

medium (Fig.6.E). Proliferated callus had a loose and friable texture. With 2-3 

subcultures in proliferation medium, the texture o f the callus was further 

improved. Addition o f 20 mg/1 silver nitrate in the proliferation medium during the 

second and third subcultures made the calli yellow and friable.



Fig.6. (A - E) Different stages o f callus induction from leaf 
expiant

A&B. Explant showing callus initiation
C. Microscopic view o f callus in the explant
D&E. Callus proliferation



3.a.4. Somatic Embryogenesis

3.a.4.1. Embryogenic callus initiation

W hen the proliferated callus was cultured for embryogenic callus 

formation, the original callus clumps gradually turned black in the medium 

(Fig.7.A). The callus clumps that had regeneration capacity produced yellow 

friable embryogenic callus from one or more than one region o f the cultured callus 

(Fig.7. B&C). Embryogenic callus formation was obtained from the proliferated 

leaf callus after five months in M2 medium where the concentration o f major salts 

were reduced to half the original concentration (*/2 X). The medium was also 

supplemented with B5 vitamins, sucrose (60 g/1) and phytohormones, BA (4.4 

^M), G A 3 (4.4 |xM), Kin (1.25 ^iM), and NAA (1.08 faM). Embryogenic callus 

emerged as a small lump which proliferated further (Fig.7. D). In some callus 

clumps, embryogenic callus initiation occurred from more than one region. In 

some cultures simultaneous embryo induction was also observed (Fig.7.E &F). 

The time and frequency of embryogenic callus formation varied with the callus. 

Frequency o f embryogenic callus initiation was found to be low (20%) in the 

initial medium used. Hence the effect o f different parameters that would help to 

initiate embryogenic callus formation was studied.

3.a.4.1.1. Effect o f calcium nitrate on cmbryogenic callus initiation

Increasing the concentration o f both sucrose and calcium nitrate, than thai 

in the initial medium used for embryogenic callus initiation, with V2 X major, 

favored embryogenic callus induction. In the experiment done to find the effect of 

calcium in initiating embryogenic callus, it was found that Ca(N0 3 )2, 4H2O at a 

concentration o f 800 mg/l was found to be optimum for embryogenic callus 

initiation at a sucrose concentration 60 g/1. The concentration of calcium nitrate 

that was identified to be suitable for callus proliferation was found to be optimal 

for embryogenic callus induction. The concentration o f Ca(N0 3 )2.4H20 (600 mg/l) 

used earlier has to be increased to 800 mg/l. Embryogenic callus formation could 

be obtained with improved frequency (30%) from the proliferated leaf callus in 

modified MS medium (Ca (N0 3 )2.4H20 - 800 mg/l) containing B5 vitamins, amino 

acids, sucrose (60 g/1) and phytohormones, BA (4.4 ^M), G A 3 (4.4 ^M), Kin (1.25 

|iM), and NAA (1.08 |iM) (Table. 10). The medium also contained organic



E d

Fig.7. (A - F) different stages of embryogenic callus initiation 
with simultaneous embryo induction

A. Callus clumps cultured for embryogeic callus initiation
B. Microscopic view o f embryogenic calli initiation;
C - D. Embryogenic callus initiation
E - F. Embryogenic callus initiation with simultaneous embryo

induction.



supplements, 0.2% activated charcoal and was solidified with 3.0 g /I phytagel. 

From Table. 10 it can be inferred that with increase in concentration of calcium 

nitrate alone, keeping sucrose concentration fixed, an increase in embryogenic 

callus formation was noticed. At the optimum concentration of (Ca(N03)2.4H2O - 

800 mg/1) about 9 % increase could be obtained in the frequency of embryogenic 

callus formation.

Table .10. Effect of different concentrations of Ca(N03)2.4 H2O 
on embryogenic callus initiation

Ca(N0 3 )2. 4 H20 mg/1 Embryogenic callus initiation 

( mean %)

0 5.67

200 24.40

400 25.00

600 26.66

800 28.90

1000 28.90

1200 25.00

CD 1.2

iach value is the mean% of 20replicate samples repeated thrice

3.a.4.1.2 Effect of phytohormones on embryogenic callus initiation

In the factorial experiment done to find the effect o f phytohormones BA 

and GA3 on embryogenic callus formation, it was observed that a concentration of

2.2 |liM BA and 2.9 |iM  GA3 was optimal in presence o f Kin (1.25 ^M), and NAA 

(1.08 |o,M) (T able.ll). Frequency o f embryogenic callus initiation could be 

increased by 5% when the optimum concentration o f the phytohormones was 

provided in the medium. It was observed that GA3 at lower concentration could 

give a higher rate o f embryogenic callus formation at 2.2 jxM BA. BA at 

concentrations of 2.2 and 4.4 |iM gave embryogenic callus induction 

frequency o f 35%. Since no difference was observed in the rate o f embryogenic



callus induction in the two BA concentrations 2.2 and 4.4 |iM, 2.2 was 

selected as the optimum.

T ab le .ll. Effect of different conentrations of BA and GA3 on 

embryogenic callus initiation

BA (jiM)

0.5

1.1

2.2

4.4

6.6

8.8

GA3(|aM)

11.11

15.00

18.33

21.11

18.33

20.00

26.66

1.4

15.00

15.00

24.40

23.33

30.83

28.75

28.11

2.9

18.33

20.00

21.11

35.00

35.00

25.00

28.55

3.5

18.33

26.66

25.00

28.55

31.11

21.11

25.00

4.4

21.11

23.33

30.83

25.11

30.83

33.30

25.00

CD 1.36

V a lu es g iven  are m ean % o f  2 0  replicate sam ples repeated thrice

3.a.4,1.3. Effect of phytagel on embryogenic callus initiation

When different concentrations of phytagel (3.0, 4.0, 5.0, 6.0, 8.0 g/1) were 

supplemented in the optimized medium for providing water stress it was observed 

that 0.5% phytagel is the optimum concentration for inducing embryogenic 

callus (Table. 12). Frequency of embryogenic callus formation could be increased 

by 3% at 0.5% phytagel. At this concentration the rate o f embryogenic callus 

formation was also found to be more. An embryogenic callus initiation frequency 

o f 38 % was obtained in the optimized phytagel concentration of 5.0 gm/1. At this 

concentration, the rate o f embryo induction obtained was 40%. At concentrations 

above this, the medium was found to be dry which inhibited tissue initiation. At 

lower concentrations the tissue remained intact and time taken for embryogenic 

callus formation was more. In the optimized medium for embryogenic callus 

formation somatic embryo induction was also noticed in few cultures. The 

frequency of cultures forming somatic embryos was found to be increased with 

increasing concentration of phytagel and was maximum at 0.5% phytagel. The 

medium which contained 800 mg/1 Ca(N03 )2. 4H2O along with 60 g/1 sucrose was



found to be ideal for embryogenic tissue initiation when solidified with 0.5% 

phytagel.

Table. 12. Effect of phytagel on embryogenic callus initiation 
_______and embryo induction________

Phytagel (g/1)

3.0

4.0

5.0

6.0

CD

Embryogenic callus 

( mean %)

34.44

35.00

38.33

34.44

2.41

Embryo induction 

(mean %)

20.00

'33.33

40.00

40.66

5.02

Each value is the mean % o f  30 repHcate cultures repeated thrice

3.a.4.1.4. Effect of silver nitrate on embryogenic callus initiation

In the experiment done to find the effect o f silver nitrate on embryogenic 

callus initiation, it was observed that in the medium containing 10 mg/1 silver 

nitrate, texture o f the proliferating callus became more friable. In the optimized 

medium without silver nitrate, the frequency of embryogenic callus formation was 

38%. When different concentration of silver nitrate was supplemented in the 

optimized medium,-frequency of embryogenic callus formation was increased. At

5.0 and 10.0 mg/1 concentrations o f silver nitrate, significant difference in 

frequency o f embryogenic callus formation was noted. At the optimum 

concentration o f silver nitrate identified (10 mg/1), 5% improvement could be 

obtained in the frequency of embryogenic callus formation compared to medium 

without silver nitrate. No significant difference was observed in the frequency of 

embryogenic callus formation at higher concentration. After optimizing the 

concentration o f media components aiding embryogenic callus initiation, 

embryogenic callus formation could be obtained with improved frequency (43%) 

from the proliferated leaf callus (Table 13).



10

20

CD

38.33

40.00

43.33

43.33

1.41

Each value is the mean % o f  20 replicate samples repeated thrice

To summarize, embryogenic calli originated from more than one region of 

each primary callus clump as a small yellow lump which then proliferated within a 

month to form a mass o f friable golden yellow callus. After optimizing the 

concentration o f media components aiding embryogenic callus initiation, 

embryogenic callus formation could be obtained with improved frequency (43%) 

from the proliferated leaf callus (Table 13). Modified MS medium (Ca(N03 )2. 

4H2O -800 mg/1) containing B5 vitamins, 10 mg/1 silver nitrate and 

phytohormones, BA (2.2 )nM), G A 3 (2.9 |j.M), Kin (lV25|iM) and NAA (1.08 |xM) 

was found to be the optimal medium for callus proliferation.. Amino acids added 

to the medium were arginine (40 mg/1), glutamine (500 mg/1), proline (200 mg/I) 

and L-cysteine (100 mg/1). The medium also contained organic supplements such 

as coconut water (5 %), casein hydrolysate (300 mg/1), sucrose (60 g/1), 0.2% 

activated charcoal and was solidified with 5.0 g/1 phytagel. Theprimary callus 

clump could be fiirther subcultured in fresh medium from which emergence of 

embryogenic calli was observed for about 6 months.

3.a.4.2. Somatic embryo induction

Simultaneous with the proliferation o f embryogenic calli (Fig.8. A) 40% 

embryo induction was also observed (Fig.8. B& C and D). The embryos became

8R Rp.sultf!
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Fig.8. (A  - C) Initial stages in E m bryo induction
A- P rolifera ted  em bryogenic  C allus
B- C E m bryogenic callus show ing  proem bryo form ation
D V isib le w hite  em bryos



visible after one month (Fig.S.D). The embryogenic calli that proliferated in the 

embryogenic callus induction medium was o f soft friable texture. Further embryo 

induction fi'om this proliferated calli was found to be low in the same medium and 

the callus had a tendency to proliferate more. Hence experiments were done to 

improve the rate o f embryo induction by optimizing the nutritional and hormonal 

content o f the medium optimized for embryogenic callis initiation (section 

3.a.4.1.4).Since callus proliferated in the embryogenic callus initiation medium 

was soft, in the medium used for further embryo induction, the concentration o f 

(Ca (N03 )2.4H20 was reduced to 250 mg/1 to make the calli more fi-iable for 

embrj'O induction. The medium was also supplemented with Bs vitamins, amino 

acids, organic supplements such as coconut water (5%), malt extract (50 mg/1), 

casein hydrolysate (300 mg/1) and sucrose (60 gm/1). Phytohormones added along 

with the medium were BA (4.4 |nM), GA3 (2.9 ^iM), Kin (1.25|iM), 2,4-D 

(0.45|iM ) and NAA (0. 54 |iM ). The medium also contained the amino acids 

proline (200 mg/1), L-cysteine HCl (20 mg/1), serine (20 mg/1) and arginine (40 

mg/l). In this medium the callus became more friable and embryo induction was 

achieved at a rate of 52% (Fig.9. A&B).

3.a.4.2.1. Effect of phytohorm ones on somatic em bryo induction

Table.l4. Effect of BA and GAi on .somatic embryogenesis

BA (^M) GA3 (|uM)

0 1.45 2.9 4.35 5.8

0 20.0 21.11 25.00 26.66 30.83

1.1 23.33 45.00 48.33 55.00 45.00

2.2 25.00 50.00 58.33 50.00 55.11

4.4 30.00 48.33 55.11 48.33 55.66

6.6 25.00 55.33 56.66 55.66 50.00

8.8 26.66 38.83 46.11 35.50 35.00

CD 5.3 Values given are mean% rate of embryo induction in 20 callus groups 

each comprised of 100 mg callus. Experiment was repeated thrice.



An increase of 6 % embryo induction frequency was obtained in this 

medium where the concentration o f BA and G A 3 was optimum. In the factorial 

experiment, it was observed that a concentration o f 2.2 |o,M BA and 2.9 |j,M G A 3 

along with other phytohormones gave an embryo induction frequency o f 58%. At 

lower concentrations o f both the hormones, callus friability could be increased 

which increased the rate o f embryo induction. At higher concentration o f BA in 

presence o f 2,4-D, callus proliferation was more, reducing the rate of embryo 

induction. It can be seen from the table. 14 that embryo induction could be obtained 

with a maximum frequency of 30% when the concentration G A 3 was gradually 

increased in medium containing 1.25 )xM Kin and without BA. The frequency 

could be increased to 58% when 2.2 |liM BA and 2.9 nM G A 3 was also provided 

in the medium. No significant difference in frequency o f embryo induction was 

observed with higher concentration o f BA.

3oa.4.2.2. Effect of Polyethylene Glycoi and Absiscic Acid on somatic embryo 
induction

When the optimized medium (section 3.a.4.2.1.) was supplemented with 

phyto hormones such as 4.4 BA, 2.9 |uM G A 3 , 1.25|aM Kin, 0.45 ^iM 2,4-D 

and 1.08 |xM NAA was used for fiirther embryogenesis, it was observed that 

proliferation o f the callus was also high. Addition o f polyethylene glycol provides 

osmotic stress to the medium. The eiffeet o f addition o f ABA and PEG was studied 

avoiding 2,4-D from the medium to reduce callus proliferation and improve the 

frequency and rate o f embryo induction. When polyethylene glycol (MW 8000) at 

different concentrations (0-10.0 g/1) was tried along with ABA (0-1.9 |iM), it was 

observed that these had a great influence in embryo induction. PEG at a 

concenfration o f 5.0 g/1 and ABA at a concentration o f 0.75|aM gave an embryo 

induction frequency of 62 % (Table 15). Callus proliferation was considerably 

reduced with all the calli on the medium surface getting converted into pro 

embryos. At an increased concentration o f 1.1 |iM ABA also no significant 

difference was observed on rate o f embr>^o induction. On increasing the 

concentration fiirther, the calli became white and embryo induction was found to 

be reduced. Similarly increasing the PEG concentration gradually with increasing



level o f ABA rate o f embryo induction also increased, but at higher concentrations 

above 5.0 g/1 no significant increase in rate o f embryo induction was observed.

Table. 15. Effect of ABA and PEG on embryo induction

ABA

(^M)

0

0.38

0.75

1.1

1.5

1.9

PEG (g/1)

55.00

52.50

52.50

57.50

50.00

55.00

3.0

55.50

55.00

60.00

60.00

57.50

55.00

5.0

55.00

57.50

62.50

62.50

57.50

55.00

8.0

55.00

57.50

57.50

60.00

55.00

57.50

10.0

52.50

52.50

57.50

45.00

47.50

52.50

CD 1.83 mean % of embryo induction in 20 replicate samples of 100 mg 
callus Experiments were repeated four times.

3.a.4.2.3. Effect of amino acids on somatic embryo induction

When three different combination of amino acids (A l, A2 and A3) (section 

3.A.4.2.2.) was supplemented in the embryo induction medium, it was observed 

that the combination A l which included glutamine (300 mg/1) and proline (100 

mg/1) arginine (40 mg/1), L- cysteine (50 mg/1) was .more favorable (Table. 16). 

Supplementing the optimized medium with the amino acid combination A l helped 

in increasing the rate of embryo induction, ie. The number o f embryos produced in 

a responding culture was increased. No difference was observed in the frequency 

of embryo induction in the three combinations ie. the number of cultures 

producing embryos remained the same. The amino acid combination supplemented 

with both the amino acids such as glutamine and proline was found good for 

embryo induction. In medium supplemented with this amino acid (A l) 

combination rate o f embryo induction (number o f embryos per 100 mg callus) was 

above 60%.



Amino acid mixture Rate o f embryo 

induction

A1 ++++

A2 ++

A3 ++

Rate o f  embryo induction was calculated by visual scoring o f  number o f  
globular embryos produced per lOOmg o f  callus.
Embryo rating: + = 10-20%; ++ = 20-40%;+++ = 40-60%;++++ = 60-80%.

3.a.4.2.4. Effect of charcoal and gelling agent on somatic embryo induction 

Table. 17. Effect of different gelling agents on embryo induction

Gelling agent Concentration (%) Embryo induction 

frequency (%)

0.30 56.50

0.40 61.66

Phytagel 0.50 62.30

0.60 61.66

0.70 59.00

0.80 56.50

1.5 53.00

A gar-agar J.75 56.66

2.00 55.00

2.25 55.00

2.50 56.33

CD 1.68

ues given are mean % of 20 replicate samples repeated thrice

From the preliminary experiments done with three geUing agents for 

solidifying the embryo induction medium, it was observed that bacto agar did not 

show any significant positive impact on embryo induction. Hence this was not 

used for further experiments. When the medium was solidified with different 

concentration of phytagel and agar- agar the following observations were made.



An embryo induction frequency o f about 62 % was obtained when the medium 

was solidified with 0.5% phytagel. Though agar- agar at a concentration o f above

1.75% also responded in a similar way phytagel was found more suitable and used 

for ftirther experiments (Table. 17). The embryos formed in medium solidified with 

agar- agar were small compared to embryos obtained in medium solidified with 

phytagel. Though 5.0 g/1 phytagel favored embryo induction, repeated subculture 

in medium containing increased phytagel made the embryogenic calli dry and 

opaque. On subculture of the callus to medium with reduced phytagel (3.0 g/1) the 

calli could be recovered to form vigorously growing embryogenic mass (Fig.9.A-

B). Embiyo induction was also observed in medium devoid o f activated charcoal 

(Fig.9.D). In medium devoid o f activated charcoal embryo induction took was 

observed only after three months but the embryos induced were larger in size. 

Though embryogenic callus formation and embryo induction was observed in this 

medium, presence o f charcoal was found to be more favorable.

After optimizing the different factors influencing embryo induction, ftirther 

embryo induction was carried out in modified MS basal medium (Ca(N03)2.4H2O 

-250 mg/1) containing B5 vitamins, and phytohormones, BA (2.2 |iM), G A 3 

(2.9|iM), Kin (1.25 jiM), ABA (0.75 |^M) and NAA (0.54 |j.M). Amino acids 

added to the medium were arginine (40 mg/1), glutamine (300 mg/1), proline (200 

mg/1) and L-cysteine (50 mg/1). The medium also contained organic supplements 

such as coconut water (5 %), and casein hydrolysate (300 mg/1), PEG (5.0 g/1), 

sucrose (60 g/1), 0.2% activated charcoal and was solidified with 5.0 g/1 phytagel

Intermittent subculture of the embryogenic calli in hormone free medium 

after prolonged exposure to phytohormones was also found good. The callus 

changed its texture and became more efficient in embryo induction, giving an 

increase o f 15 - 20% in rate o f embryogenesis, producing normal healthy embryos. 

Subculture o f the callus to fresh medium at 50 days interval helped in callus 

proliferation and subsequent embryo induction (Fig.9.C&D). Somatic embryos 

started developing from the calli after a month and gradually matured to the 

cotyledonary stage in the same media. From the initial translucent proembryos at 

the globular stage, the embryos gradually became white and cotyledonary. 

Between 30 - 45 days, globular and heart shaped embryos were clearly visible.
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Fig. 9. (A - D) Different stages of embryogenesis

A-B. Development of embryos
C. Cotyledonary embryos
D. Embryo induction in medium devoid of charcoal



3.a.5. Embryo maturation

Callus in contact with the surface o f the medium containing pro embryos 

and somatic embryos at the globular stage were aseptically removed from culture 

and transferred onto fresh medium for further development o f embryos. Among 

the two basal medium tried for embryo maturation such as MS and WP medium, 

enlargement in size and germination related changes occurred in a faster rate in 

WPM than in MS medium. The medium also contained other additives such as 

NaFeEDTA (36.7 mg/1), myo inositol (100 mg/1), B5 vitamins, amino acids such as 

glutamic acid (150 mg/1), arginine (40 mg/1), glycine (10 mg/1), coconut water 

(10%), casein hydrolysate (300 mg/1), malt extract (100 mg/1) and sucrose (30 

gm/1). Phytohormones supplemented in the medium were BA (1.3 ^M) G A 3 (4.4 

^iM) and TDZ (2.1 ^M). In WPM, the embryos enlarged in size within two weeks 

o f culture with simultaneous germination (Fig. 10. A). Rate o f embryo maturation 

was higher in WPM accounting for about 50-60 % whereas in MS medium it was 

40% (Fig. 10. B). Embryo maturation and germination could be obtained with a 

similar frequency (55 %) when two phytohormone combinations such as (1.) BA 

(1,3 ^M ) G A 3 (7.2 |iM), IBA (0.49 ^M), TDZ (2.1 ^iM) and (2.) BA (1.3 ^M), 

G A 3 (7.2 ^M), IBA (0.49 ^xM), Kin (1.38 |iM) were supplemented in the medium. 

On comparing the nature o f embryos produced in phytohormone combination (2) 

where TDZ was replaced with Kinetin, the embryos were larger in size. Embryos 

cultured for maturation enlarged and durmg start o f germination a gradual 

transition occurred from white to yellowish pink and then to green colour. 

(Fig.lO.C&D). Further experiments for improving embryo maturation were carried 

out in this medium. Accordingly the effect o f changing the concentration of 

phytohormones, organic supplements and sucrose were studied.

3.a.5.1. Effect of phytohormones on embryo maturation

WP basal medium containing phytohormone combination BA (1.3 ^M), 

G A 3 (7.2 |iM), IBA (0.49 ^M) and Kin (1.38 |iM) was identified suitable for 

embryo maturation. Different concentrations o f phytohormones BA (0 - 8.8 ^M), 

G A 3 (0 -  5.8 |aM) along with Kin (2.3 ^M) and IBA (0.49 ^M) were tried in the 

embryo maturation medium. From Table. 18. it can be inferred that G A 3 (5.3 

|iM) and BA ( 2.2 ^M) in presence of Kin ( 1.38 |iM) and IBA (0.49 ^iM) gave an



Fig.lO. (A - D) Embryo maturation & germination
A. Initiation o f maturation
B. Mature embryos showing initial stages of 

germination
C. Apex induced embryos
D. Different stages o f embryo maturation and 

germination



embryo maturation frequency of 62%. The optimum concentration of both BA was 

found to be increased for effective embryo germination. Significant difference was 

observed in rate o f embryo maturation in different concentration o f the 

phytohormones tried. The embryos enlarged in the medium and apical meristem 

induction was obtained after three weeks.

Table. 18. Effect of different concentrations of BA and GA3 on embryo 
maturation

GAj

(HM)

BA(^iM)

0 1 . 1 2 .2 4.4 8 .8

0 13.33 18.66 2 0 .6 6 31.00 26.66

1.45 23.66 48.00 53.00 56.00 58.00

2.9 29.33 49.00 58.33 58.33 58.00

4.4 38.00 53.33 56.33 58.00 56.33

5.3 43.00 60.33 62.66 62.00 58.00

5.8 43.00 48.33 60.33 58.66 48.33

8 .8 38.00 53.66 40.33 48.00 58.00

CD-5.41 Values are mean % of 20 replications repeated thrice

3.a.5.2. EfTect o f Organic supplements on embryo maturation

The medium found suitable for embryo maturation (section 3.a.5) was 

supplemented with the organic supplements such as 300 mg/1 casein hydrolysate, 

100 mg/1 malt extract and 5% coconut water. Since organic supplements in the 

medium stimulated maturation and germination o f embryos, the effect of different 

concentrations o f coconut water (0-20%) were studied. It was observed from 

table. 19, that addition of coconut water, improved the rate o f embryo maturation.



Coconut water %

0

10

15

20

CD

Maturation rate

60.00

65.00

65.00

62.00

60.50

1.68

Values given are mean % of 10 replications repeated thrice 

When 5% coconut water added in the medium, a 5% improvement in embryo 

maturation could be obtained. An embryo maturation frequency o f 65% was 

obtained in medium by addition o f both 5% and 10% coconut water. Increasing 

the level o f coconut water above 10% did not increase in maturation rate or any 

deleterious effect on embryo germination. No significant difference in the rate of 

embryo maturation was noticed when higher concentrations were given.

3.a.5.3. Effect of sucrose on embryo maturation

The medium found suitable for embryo maturation (section 3.a.5) also 

contained 30 g/1 sucrose as the carbohydrate source. When experiments were 

carried out to optimize the concentration o f sucrose for embryo maturation, by 

supplementing the medium with different concentrations o f sucrose, (30 - 80 g/1) 

it was observed that 60 g/1 sucrose favored embryo maturation. When the 

concentration o f sucrose was increased from 30-60 g/1 embryo maturation rate also 

increased. An embryo maturation rate o f 77.5 % was obtained when 60 g/1 sucrose 

was supplemented in the medium (Table. 20). Embryo maturation could be 

considerably enhanced by increasing sucrose concentration. After two weeks 

culture in this medium the embryos enlarged, showed colour changes from 

yellowish pink to light green with apex induction. Significant difference was 

observed in rate o f embryo maturation by gradual increase in sucrose 

concentration from 30 g/1 to 60 g/1. At higher concentration of above 60 g/1 no 

significant difference was observed in the rate of embryo maturation.



Sucrose g/1

30

40

50

60

70

80

C D

Embryo maturation %

65.00

67. 50

70. 00

77. 50

75.00

75.00

2.31

Values given are mean % o f  replicate cultures ,experiment repeated thrice

Embryos cultured individually and maintained in the dark enlarged 

showing maturation and apex induction. Maturation and apex induction of 

embryos was obtained when cultures were dark incubated in WPM containing MS 

minor salts, 36.7 mg/1 NaFeEDTA, 100 mg/1 myoinositol, B5 vitamins, amino 

acids such as glutamic acid (150 mg/1), arginine (40 mg/1) and glycine (10 mg/1), 

organic supplements, sucrose (60 g/1), and phytohormones BA (2.2 i^M), (Kin 1.38 

\iM), IBA (0.49 ^M ) and GA3 (5.3 ^M). Organic supplements in the medium such 

as coconut water, casein hydrolysate and malt extract favored embryo maturation. 

Presence o f activated charcoal was essential for embryo maturation. The optimized 

medium was also supplemented with organic supplements such as CW (5 %), 

mah extract (100 mg/1) and casein hydrolysate (300 mg/I) The embryos enlarged 

and changed colour gradually becoming pink ant then green with the apical 

meristem showing continued growth Apex induced embryos were formed in this 

medium within one month culture.

3.a.6. Plant regeneration

Apex induced embryos at the cotyledonary stage were transferred to light 

for embryo germination. Among the different media tried for plant regeneration, 

MS major salts containing MS minor, MS vitamins, myo inositol (100 mg/I), 

organic supplements such as coconut water (5 %), casein hydrolysate (300 mg /I),



Fig. 11. (A - D) Early stages of plant regeneration

A - Apex induced embryos
B, C & D -  Regenerating plantlets



malt extract (100 mg/1) and sucrose (30 g/1) was found good for germination of 

embryos (Fig.l l.A&B). Plant regeneration (43%) could be obtained both in 

hormone free MS medium as well as in MS medium containing phytohormones 

such as 2.2 ^M BA and 2.9 ^M GA3 along with 0.49 ^M IBA and solidified with 

0.2% phytagel (Fig. 11. C&D). No significant difference was observed in the 

frequency o f plant regeneration in the two media. In medium fortified with 

phytohormones, plant regeneration was faster but in some, the leaves were narrow. 

Though germination took more time in hormone free medium, shoot development 

occurred with good leaves which helped in further survival of the plants 

(Fig. 11.C). Hence for fiirther experiments, hormone free MS medium was used. 

Normal embryos could develop into complete plantlets within four weeks in this 

medium .

3.a.6.1. Effect of gelling agent on plant regeneration

Experiments on plant regeneration were carried out initially in hormone 

free MS media (section 3.a.6) solidified with 0.2% phytagel. When the plant 

regeneration media were solidified with both phytagel and bacto agar, plant 

regeneration occurred at different rates. Between the two types of gelling agents 

used, plant regeneration was found to be favored by 7,5g/l bacto agar (Fig. 12.A-

C). When the media were solidified with phytagel, a concentration o f 0.35% gave 

a plant regeneration frequency o f 48% and by solidifying the medium with bacto 

agar, a concentration o f 0.75% gave a plant regeneration frequency of 55%. Bacto 

agar helped more root proliferation and in turn overall growth o f the plantlets (Fig. 

12.D&E). Fully developed plantlets were obtained within 3-4 weeks of culture in 

this medium (Fig. 13). Bacto agar needed a higher concentration for media 

solidification than phytagel. For both the gelling agents lower concentrations 

favored plant regeneration. Increasing the concentration above the optimum 

identified did not make significant difference in plant regeneration.



Fig. 12. (A -E) Different stages o f plant developm ent
A-C - Closer view of regenerating plantlets 
D & E - Fully developed plantlets



Fig.l3. Fully developed plantlets ready for hardening



Phytagel

Bacto agar

CD

0.20

0.25

0.30

0.35

0.40

0.70

0.75

0.80

0.85

0.90

Plant 

regeneration %) 

(MS medium)

43.0

46.0

46.0

48.5

45.5

53.0

55.0

55.0

53.0

53.0

2.48

Values given are mean % of 10 embryos repeated four times

Plantlets obtained had well developed shoots, fully expanded leaves and 

good root system. In the developed system for plant regeneration from leaf 

explants, it took 12-14 months from culture initiation to plant regeneration (Fig. 

14). Healthy plantlets survived in minimal salt medium, while feeble ones which 

developed in more complex media could not survive while hardening. Since plants 

regenerated in medium with minimal nutrients showed higher survival rates during 

further growth and hardening, hormone free MS medium containing organic 

supplements was used for further plant regeneration.

3.a.7. Secondary embryogenesis 

3.a.7.1 Secondary embryo maturation

Secondary embryos originated from hypocotyls region o f regenerating plants as 

a small lump comprised o f several embryos (Fig.l5.A-C). When different media 

such as the earlier optimized maturation medium (section 3.a.5), MS and modified 

MS medium were used, the rate o f embryo maturation was found to be lower



Fig.l4. The sequence of somatic embryogenesis and plant 
regeneration from leaf explants



Fig. 15. (A - E) Secondary embryogenesis

A- Initiation o f secondary embryos from the abnormal 
somatic plants 

B & C- Maturation o f  seedling embryos 
D & E- Plant Regeneration from secondary embryos



(40%). Embryo maturation rate was almost similar in all the three media used. 

The embryos showed abnormal enlargement of the cotyledons with callusing and 

apex induction was less. Apex induced secondary embryos were bigger and 

seemed to be more healthy. Germination of the secondary embryos was less and 

they showed more tendency towards callus induction.

3.a.7.2. Plant regeneration from secondary embryos

Plant regeneration from mature germinated secondary embryos was tried in 

MS and WPM with and devoid o f hormones. When apex induced secondary 

embryos when sub cultured for plant regeneration, it was found that only 10-15% 

could regenerate into complete plants. Plant regeneration could be obtained by 

four w'eeks culture (Fig.l5. C&D). The plants obtained were larger in size than 

compared with primary embryos. When different media were tried for plant 

regeneration such as MS and WP medium with and without hormones, the plant 

regeneration rate varied from 11-15% between treatments.

Table.22. Frequency of plant regeneration from secondary embryos.

Treatments (Mean %)

M l (MS) 15.00
M2 (MS-H) 13.33
M3 (WPM) 11.66
M4 (WPM-H) 13.33
CD 1.9

Values given are mean% o 20 embryos repeated three times

Maximum regeneration rate (15%) of the secondary embryos was observed 

in MS (M l) medium devoid of hormones. Since the regenerating plantlets were 

healthy, they showed good growth in MS media devoid o f hormones, comparable 

to normal regenerating embryos. The plantlets obtained were double in size than 

the ones obtained from normal embryos and showed normal development (Fig. 15 

b). Full plant development from these embryos could be obtained within 3 weeks 

and could be successfully transferred to polybags.



g.l6 (A - C) Different stages of plant hardening
A. Plantlets initially transferred to small cups
B. Plantlets transferred to poly bags
C. Hardened plants in polybags maintained in glass house



B

Fig. 17. A &B. Hardened plants in shade house



3.a.8. Plant hardening

Sixty percent o f the plantlets transferred to sterile sand could withstand 

transplanting shock and were free of fungal attack after two weeks. Fifty to sixty 

percent survival o f the plants was observed in the growth chamber (temp. 28 

and 80 % RH) during the initial transfer in smallcups (Fig. 16.A). The plants 

showed continued growth with formation of new leaves after two weeks with daily 

watering. These plants were transferred to small poy bags (30x15cm) containing 

potting mixture (sand + soil + soilrite in the ratio 1:1:1) after 10-15 days and 

watered once in three days (Fig 16.B&C). The plants were supplemented with ‘A 

X Hoagland’s solution (Hoagland and Amon,1950) once in a fortnight. These 

plants were maintained in the glass house for three months. During the second 

transplant 30% o f the plants continued to survive in the glasshouse. After the 

formation o f two - three whorls o f leaves the plants were transferred to big poly 

bags (30x 60 cm) (Fig.l6.D). Survival rate of 20% was observed when the plants 

were transferred to big polybags containing garden soil and transferred to shade 

house. These plants were kept in the shade house for five months (Fig.l7.A&B). 

Some o f the survived plants gradually developed problems of fungal attack and 

sudden wilting in the shade house. The plants that showed continued growth in the 

shade house could be established in soil.

3.b. Effect of source plant juvenility on somatic embryogenesis 

3.b.l. Sources of leaf explants

Leaf explants were collected from different source plants such as in vitro 

cultured seedlings, in vitro somatic embryogenesis derived plantlets, glass house 

grown bud-grafted plants and mature trees. Aseptic seedlings could be obtained by 

culture o f zygotic embryos (Fig.l8A-C) in MS medium. Contamination free viable 

cultures initiated with leaf explants (medium mature) collected from ex vitro 

sources such as glass house grown bud-grafted plants and mature trees were used 

for the experiments. From seedlings and somatic plants grown in vitro, the leaves 

(medium mature) were cultured directly (Fig. 18. D) for callus induction. These 

were used for experiments on comparison o f in vitro culture response o f leaves.



Fig. 18. (A - D) Different stages of In vitro raised 
seedlings

A- Cultured zygotic embryo 
B- Germinating zygotic embryo 
C- In vitro raised seedlings 
D- Optimal stage o f  leaf for in vitro culture



When callus induction was attempted from leaves of optimal stage 

(medium maturation) collected from different explant sources, in the standardized 

callus induction medium, the following observations could be made. Leaves 

collected from different sources could induce callus with varied time and 

frequency. In the case of leaves collected from ex vitro sources such as glass house 

grown budded plants and mature trees, callus induction could be obtained within 

40-50 days. In leaves collected from in vitro seedling cultures, and in vitro somatic 

embryogenesis derived plantlets, callus induction could be obtained within 20-30 

days. Table.21. shows the rate of callus induction in leaf explants collected from 

different sources after 50 days of culture. In leaves collected from in vitro somatic 

embryogenesis plantlets and in viti^o raised seedlings, rate o f callus induction was 

around 85%. In leaves collected from bud grafted plants the rate was 60 % and in 

mature trees rate o f callus induction was 41%. Texture o f the callus was similar in 

cultures initiated from leaves o f all sources when cultured in the same medium. 

Proliferated callus had a friable texture with brownish yellow appearance.

Table.23. Time taken and frequency of callus induction in leaves from 
different sources

Source of leaf 
explants

Time taken (Days) 
for callus induction

Callus induction 
frequency Mean (%)

In vitro seedlings 20-30 86.23 ±2.93

In vitro somatic plants 20-30 84.16 ±2.89

Bud grafted plants 40-50 60.66 ±3.82

Mature trees 40-50 41.45 ± 1.44

Values given are the mean % o f  20 replicated cultures repeated thrice

3.b.3. Embryogenic callus initiation

Variation was observed in the rate and time taken for embryogenic callus 

initiation when proliferated calli obtained from different explant sources were 

cultured in the embryogenic callus induction in medium standardized earlier 

(section 3.a.2.2) with bud grafted plants. Embryogenic callus initiation was earlier



obtained from proliferated embryogenic callus in modified MS basal medium 

containing (Ca(N03 )2-4H20-800 mg/1) and supplemented with B5 vitamins, amino 

acids, organic supplements such as coconut water (5%), casein hydrolysate (300 

mg/1), sucrose (60 gm/1) and phytohormones BA (4.4 |xM), G A 3 (2.9 nM), Kin 

(2.3 |j,M), 2,4-D (1.8 |iM) and NAA (1.08 |j.M). The medium was solidified with 

0.5% phytagel. Embryogenic callus formation with simultaneous embryo 

induction was obtained in few o f the cultures. Varied response in terms of time 

and frequency o f embryogenic callus initiation was observed when proliferated 

callus obtained from leaves collected from different source plants were cultured. 

In the callus developed from in vitro derived somatic plants, embryogenic callus 

initiation was observed within three months with a higher frequency (55 %) and in 

in vitro raised seedlings it was 58%. In callus obtained from leaves o f bud grafted 

plants, the rate was 43% and time taken was about five months. Embryogenic 

calli originated from more than one region o f each callus clump as a small yellow 

lump and proliferated to form a mass o f friable golden yellow callus. The callus 

derived from mature tree leaves showed no embryogenic potential.

3.b.3.1. Effect of basal medium

For embryogenic callus induction in proliferated callus obtained from leaf 

explants o f different source plants, a factorial experiment was carried out using 

different concentrations o f calcium nitrate (0-1200 mg/1) and sucrose (50-100 g/1). 

The proliferated callus developed from in vitro derived somatic plants that 

initiated embryogenic callus with a minimum time was used for the experiment. 

Modification o f the earlier optimized medium for faster embryogenic callus 

initiation showed that Ca(N03 )2-4H20 (500 mg/1) and sucrose (80 g/1) could 

efficiently induce embryogenic callus from the proliferated friable callus obtained 

from somatic embryogenesis derived in vitro plants (Table. 24). A phytagel 

concentration o f 0.5 % was used in the medium. In the standardized medium, the 

callus developed from in vitro derived somatic plants initiated embryogenic callus 

with a minimum time of two months with a higher frequency (68  %). Increasing 

the concentration of calcium nitrate from 200  to 800 mg/1 gradually increased the 

rate o f embryogenic callus induction. At concentrations above 800 mg/1 the rate



was not significantly increased and the calli became soft. Similarly at higher 

concentration of sucrose the tissues remained intact.

Table 24. Effect of Ca(N0 3 )2-4H 20 and sucrose on initiation of embryogenic cal

Sucrose

(mM)

Ca(N0 3 )2*4H 20 (mM)

Rate of Embryogenic callus initiation (Mean)

200 400 500 600 700 800 900 100

50 27.99 30.00 33.99 39.00 44.01 35.01 41.01 39.C

60 30.00 25.54 45.99 45.99 48.99 18.67 43.50 44.C

70 39.00 42.00 60.00 57.99 57.99 56.00 48.99 45.'

80 41.01 56.01 67.78 64.98 64.98 57.99 56.01 48.S

90 44.01 48.99 67.98 57.99 64.96 57.99 57.99 41.C

100 42.00 44.01 57.99 56.01 64.98 48.99 48.99 50.1

C D  (C a)=  1.2; C D  (S u e.) =  1.30 ;CD (C a X  S u e.) =  3 .4 4  
Each value is the mean % o f 30 replicates. Experiment was repeated thrice

In the optimized medium also, response o f callus in terms o f time an* 

frequency of in embryogenic callus initiation was found to vary, when proliferate 

callus obtained from leaves collected from different source plants were cultured. Th 

callus developed from in vitro derived somatic plants initiated embryogenic callus wit 

a minimum time o f two months with a higher frequency (68 %). In callus develope 

from in vitro derived seedlings also the response was almost similar, and a frequency c 

72% was obtained. In callus obtained from leaves o f bud grafted plants embryogeni 

callus induction was obtained at a rate o f 33 % (Table. 25). An increase of 10% wa 

noted in the rate o f embryogenic callus emergence with a considerable reduction in time 

Here the combined effect of calcium and sucrose by varying the osmolarity o f th 

medium along with medium desiccation provided by higher levels o f phytagel migh 

have aided faster embryogenic tissue initiation. The proliferated calli turned brown i:

this medium and embryogenic calli emerged as a small yellow clump which the:

proliferated and induced embryos. The callus derived from mature tree leaves did nc 

show any embryogenic potential.



Table.25. Embryogenic callus initiation rate in media containing 
0.5 % phytagel.

Source of leaf explants

In vitro seedlings

In vitro somatic plants

Budded plants

Mature trees

Time taken 

(months)

Embryogenic callus 

Initiation. Mean (%)

72.23±3.93

68.33 ± 4.64

33.33 ±5.77

0

Values given are the mean % of 20 replicated samples repeated thrice 

3.b.4. Somatic embryo induction

Further embryo induction was obtained from the proliferated embryogenic 

calli when the cultures were dark incubated in modified MS basal medium 

(Ca(N0 3 )2'4H20- 250 mg/1) and containing B5 vitamins, amino acids, organic 

supplements such as coconut water (5%), casein hydrolysate (300 mg/1), 60 g/1 

sucrose and phytohormones BA (2.2 pM), GA3 (2.9 pM), Kin (1.25 pM), and 

NAA (0.54 pM). The rate of embryo induction from the proliferated embryogenic 

callus was similar irrespective o f the source of the leaf, whether ex vitro or in vitro 

derived (60-70 %)- Rate of embryo induction from the embryogenic callus was 

similar irrespective of the explant source.

3.b.5. Embryo maturation and plant regeneration

Embryo maturation and plant regeneration occurred in medium 

standardized earlier. It was found that after three weeks culture in WPM, embryos 

enlarged and apex induction also occurred. Sucrose (60 gm/1) along with organic 

supplements and phytohormones, BA (2.2 pM), Kin (1.38 pM), IBA (0.49 pM) 

and G A 3 (5.3 pM) favored maturation o f embryos. Embryo germination was 

obtained when mature apex induced embryos were transferred to culture tubes 

containing hormone free MS medium with 0.3% charcoal and solidified with 0.2% 

phytagel. Full plantlet development occurred within one month in this medium. 

No difference was observed in embryo maturation and plant regeneration in



explants collected from different sources except the seedling derived plants where 

90% of the plants could withstand hardening.

3.C. Agrobacterium mediated Genetic Transformation 
3.0.1. Agrobacterium  infection and co-cultivation

Agrobacterium mediated genetic transformation was carried out using 

proliferated friable callus obtained from leaf explants as target tissue (Fig. 18). 

Agrobacterium tumefaciens strains EHA 101 harboring the construct PDU 97.0612 

carrying a gene encoding isopentenyltransferase (ipt) from the Ti plasmid of 

Agrobacterium tumefaciens was used for infection. When the earlier developed 

protocol with other explants (Jayashree et ah, 2003) was followed for genetic 

transformation o f proliferated leaf callus with ipt gene, a transformation frequency 

of 9% was obtained. Here the infected tissues were cultured in selection medium 

containing kanamycin (300 mg/1) and carbenicillin (400mg/l). Further experiments 

on optimization o f parameters for controlling bacterial overgrow1;h and improving 

the transformation efficiency were carried out using the strain EHA 101 with the 

binary vector PDU 97.0612 carrying the ipt gene.

3.C.2. Influence of media components 

3.C.2.I. Effect of silver nitrate

Bacteria;! overgrowth in the Agrobacterium infected tissue was common 

causing hindrance to transgenic tissue regeneration during most o f the earlier 

experiments. In the present study, when different levels o f silver nitrate was 

supplemented in the infection, co-cultivation and selection medium it was found 

that overgrowth o f bacteria could be controlled. Tissues were infected in infection 

medium containing silver nitrate (10 mg/1) and transferred for co-cultivation. The 

cocultivation medium was also supplemented with silver nitrate (10 mg/1). After 

72 hours o f cocultivation the tissue was subcultured in selection medium 

containing selection antibiotic carbenicillin (400 mg/1). When different 

concentration of silver nitrate (0-30 mg/1) was supplemented in the selection 

medium, it was observed that with increasing concentration of silver nitrate the 

bacterial over growth was reduced significantly. In the control, when no silver 

nitrate was provided, 50% of the cultures showed bacterial overgrowth. In



medium containing 20 mg/1 silver nitrate, only 20% bacterial overgrowth was 

observed while increasing the silver nitrate concentration to 30 mg/1 did not give 

significant difference. The tissue recovered free o f bacterial overgrowth were 

subcultured every three weeks in jfresh medium. In the present study, it was 

observed that in tissues where Agrobacterium infection was done in presence of 

silver nitrate (10 mg/1) in the infection and co-cultivation medium and subcultured 

in the selection medium containing 10 mg/1 silver nitrate, bacterial overgrowth 

could be controlled up to 80% (Table. 26). Maximum control was obtained at 

silver nitrate concentration was 20 mg/1. Control o f bacterial overgrowth was 

significant at silver nitrate concentrations starting from 5.0 mg/1 onwards. At 

concentrations above this significant difference was noted in control o f overgrowth 

(Fig. 19. A.). In the present study when silver nitrate was supplemented in the 

medium, the texture o f the putatively transgenic callus lines that emerged from the 

infected tissue was found to be improved, with most o f them friable, yellow and 

showing good proliferation. In the control experiments, the texture o f the callus in 

the putatively transgenic lines that emerged from the infected tissues also varied, 

with most o f the calli being hard and showed no proliferation.

Table.26. Effect of silver n itrate  in controlling bacterial over growth

Silver nitrate (mg/1) 
(selection medium)

Overgrowth 
(Mean %)

0 50.0 (3.87)

5 30.0 (2.59)

10 22.0(1.72)

15 22.5 (1.72)

20 20.2(1.57)

30 20.4(1.57)

CD 0.3

Data from 30replicate samples ,experiment repeated thrice 

Values in paranthesis indicate transformed values



Surfactants may enhance T-DNA delivery by aiding Agrobacterium 

attachment or by ehmination o f substances that inhibit it. In the present study it 

was observed that addition o f the surfactant, pluronic F68 (300 mg/1) to the 

modified infection medium helped in 2% increase in the transformation efficiency 

(Table. 27).A transformation frequency o f 11.1 % was obtained when 300 mg/ 1 

pluronic F-68 was added to the Agrobacterium infection medium. At higher 

concentrations o f the surfactant significant difference was not observed indicating 

that concentrations above the optimum identified did not have a pronounced effect 

on increasing transformation efficiency.

Table. 27. Effect of Pluronic F-68 on transformation efficiency

Pluronic F 6 8  (mg/1) 
(selection medium)

0

100

200

300

400

500

CD

% transformation efficiency

9.1 (1.64)

10.0(1.72)

10.2(1.97)

11.1 (2.28)

11.1 (2.28)

10.8(1.97)

0.39

Data from 30replicate samples ,experiment repeated thrice 

Values in paranthesis indicate transformed values

3.C.2.3. Effect of L-cysteine and a-Lipoic acid

Inclusion of the antioxidant L -  cysteine (100 mg/1) in the infection, 

cocultivation and selection medium containing silver nitrate helped in improving 

the transformation fi-equency by 5 %. Presence o f L-cysteine along with silver 

nitrate helped in reducing overgrowth and improving quality o f callus in newly 

formed transgenic lines, along with improvement in transformation frequency. It 

was observed that presence o f 100 mg/1 cysteine in the infection, cocultivation, 

and selection medium in presence o f Pluronic F68 and AgNOs increased the 

transformation frequency from 11 to 16%. From table. 28 it can be seen that L -  

cysteine concentrations o f above 250 mg/1 negatively influenced transformation 

efficiency. The transgenic calli obtained from the infected tissues was o f improved



Fig. 19. (A -  D) Different stages of transgenic cell line formation in 
the selection medium

A. Agrobacterium infected callus in selection medium
B. Development o f transgenic cell lines
C. Proliferation o f cell lines
D. Embryogenic callus formation



texture than the control. The callus was yellow and friable and showed good 

proliferation.

Table.28. Effect of different concentrations of L-cysteine on
transform ation efficiency

L-cysteine (mg/I) 

(selection medium)

Transform ation efficiency

0 11.1 (1.64)

50 13.3(1.99)

100 15.6 (2.23)

200 15.6 (2.23)

250 14.6 (2.12)

300 13.5 (2.06)

CD 0.29

Data from 30 replicate samples,experiment repeated thrice 
Values in paranthesis indicate transformed values.

Addition of another antioxidant a-Lipoic acid (50 mg/1) in the infection 

and cocultivation medium and subculture of the infected tissues in selection 

medium containing a-Lipoic acid (50 mg/1), the transformation frequency was 

improved by 5 %. From the table.29 it can be inferred that, addition of a-Lipoic 

acid to the selection medium containing silver nitrate resulted in an increase in 

transformation frequency from 1 lto l6% . Maximum transformation efficiency was 

obtained when 50 mg/1 a-Lipoic acid was supplemented in the selection medium. 

Here also increasing the concentration above the optimum did not resuh in a 

significant increase in transformation efficiency. Thus by addition o f either L- 

cysteine (100 mg/1) or a-Lipoic acid (50 mg/1) to the infection, cocultivation and 

selection medium improve transformation efficiency (Fig. 19 B).

Proliferated leaf callus was proved to be an amenable example for 

Agrobacterium  mediated genetic transformation (Fig.l9.A-D).



a-Iipoicacid (mg/1) 

(selection medium)

75

100

CD

T ransformation efficiency 

(%)

15.5 (3.64)

14.8 (3.74)

1.53

*Data from four replicate experiments using 30 callus clumps per petri plate.

Values in paranthesis indicate transformed values

3.C.3. Somatic embryogenesis

Proliferation o f the putatively transgenic callus, embryogenic callus 

initiation and further embryo induction were obtained in medium standardized 

earlier for leaf explants (section 3.a.3.2) (Fig.l9.C&D). Kanamycin (200 mg/1) 

was also added to all the medium used for subculture o f transgenic callus. Callus 

proliferation could be obtained in modified MS (Murashige and Skoog, 1962) 

medium with the addition o f calcium nitrate (800 mg/1) and containing Gamborg 

Bs vitamins, sucrose (40 gm/1) and grov^h regulators 2,4-D (1.8 ^M), BA (4.4 

|iM) and NAA (1.08 ^M). Embryogenic callus initiation and embryo induction 

was obtained from proliferated callus in modified MS basal medium 

(Ca(N0 3 )2‘4H20- 300 mg/1) containing B5 vitamins, amino acids, organic 

supplements such as coconut water (5%), casein hydrolysate (300 mg/1), sucrose 

(80 g/L) and phytohormones BA (4.4 (xM), GA3 (2.9 ^M), Kin (2,3 ^M), 2,4-D 

(1.8 ^M ) and NAA (1.08 ^M) (Fig.20. A&B). Amino acids present in the medium 

were glutamine (500 mg/1), proline (100 mg/1), L-cysteine (50 mg/i), and arginine 

(40 mg/1). The medium was solidified with 0.5% phytagel. Rate of embrj'o 

induction from the transformed callus was low (40%) compared to untransformed 

controls (60%). Embryos obtained were small compared to those induced in 

controls (Fig.20. A- D). Maturation of the embryos could also be obtained in the 

medium standardized earlier (Section 3.a.5.3.). Plant regeneration from these 

embryos are being attempted.



Fig.20. (A -D  ) D ifferent stages o f  em bryogenesis o f transgenic tissue

A. Embryogenic callus proliferation
B. & C. Embryo induction
D. Embryo maturation



3 . C . 4 .  M olecular confirm ation of ipt gene in transgenic tissues 

3 . C . 4 . I .  GUS Histoctiemical assay

Approximately 2 mg callus from each new line was used for GUS 

histochemical staining. P- glucuronidase catalyses the hydrolysis of the substrate 

liberating indoxyl and indolyl groups which gets dimerized to form insoluble 

indigo causing blue colouration. When putatively transgenic callus which are 

antibiotic resistant and showed proliferation in selection medium was tested for 

GUS activity it was observed that the newly emerged lines stained blue colour. 

(Fig.21.C). When the antibiotic resistant lines were randomly selected and 

subjected to GUS assay, all the samples were found to be GUS positive.

3 . C . 4 . 2 .  PCR Amplification of ipt gene

Good quality DNA could be isolated from leaves of Hevea brasiliensis 

clone RRII 105. The genomic DNA isolated from the normal and transgenic callus 

was used for PCR amplification using ipt gene specific primers. In an agarose gel 

the clear band was observed without shearing o f DNA and RNA contamination 

(Fig.21.A). The RNase treatment helped to get RNA free DNA. 2\i\ (20ng) was 

used as template for PCR analysis.

When PCR amplification was carried out with gene specific primers for 

isopentenyltransferase gene an amplified band o f approximately 700 bp was 

obtained. Amplification o f the gene was obtained only in the transgenic callus 

showing gene integration. No amplification could be obtained in the primer 

controls and in untransformed callus (Fig.21.B).

Efficient transformation systems using easily available explants are 

indispensable for genetic modification of agronomically important plants. 

Proliferated leaf callus was proved to be an amenable example for Agrobacterium 

mediated genetic transformation in Hevea. It was observed that addition o f silver 

nitrate in the infection (10.0 mg/1), cocultivation (10.0 mg/1) and selection (20.0 

mg/1) medium significantly suppressed bacterial overgrowth and improved the 

texture o f callus in newly emerged lines. Improvement in the transformation 

frequency by 7% was obtained by the inclusion o f either o f the thiol compounds



Fig. 21. (A -C ). M olecular confirmation o f ipt gene in transgenic tissue.

- D N A  from non transgenicA.

B.

C.

Isolation o f  D N A  from callus (L anes, M- Marker; 
control; 2 -3 - D N A  from transgenic callus)
PCR am plification  o f  700  bp ip t  gen e {(L anes, M - Marker; 1- no am plification  in non  
transgenic control; 2 -3 - am plification  from transgenic callus.
G U S  stain ing In control & transgenic ca llu s and em bryo

125 Results



lipoic acid (50 mg/1 or L - cysteine (100 mg/1) in the infection, cocultivation and 

selection medium and addition of the surfactant pluronic F68 (300 mg/1) in the 

infection medium. The putatively transgenic lines that showed continued growth in 

the selection medium were also proved to be GUS positive and gave PCR 

amplification with ipt gene specific primers. The infection, co-culture, selection 

medium components and Agrobacterium strains significantly influence T-DNA 

delivery, integration and stable transformation.

3.d. Characterization of phase change related genes and their 
expression

3.d.l. Identiflcation of phase change related genes from Hevea

3 .d .l.l . Isolation of genomic DNA

Good quality DNA could be isolated from leaves o f H. brasiliensis. Clone 

RRII 105 (Fig.22.A). Since, RNase treatment has been given while isolation, the 

DNA isolated was found to be free from RNA. The genomic DNA isolated from 

the leaves was used for PCR amplification using the primers designed for selected 

gene.

3.d.l.3. PCR amplification of phase change related genes

PCR amplification was carried out using the primers for Chlorophyll a/b 

binding protein gene (Cab gene), Glossy 15 gene, Dihydro fiavonol reductase, 

AAA-ATPase, QRCPE and SQUINT genes mentioned in section (3.d.l.3.). With 

the primer for Cab gene, a specific amplification o f a single band was obtained. 

The amplified product was about 0.5 kb (Fig.22, B & 23.A). Although, with 

Glossy 15 gene specific primers, a band o f 1.3 kb was amplified, while sequencing 

it was found as a non specific amplification and therefore results are not shown. 

With the primers for other genes no specific amplification was obtained. 

Therefore, the 0.5 kb band obtained with Cab gene alone was selected for further 

cloning and expression studies.



a * -

525 bp

Fig.22. (A- C) Amplification of phase change related genes from 
genomic DNA

A. Genomic DNA (Lane I-Marker, 2- DNA)
B. PCR amplification o f Genomic DNA (1- Cab, 2- Glossy 15, 3- DFR, 
4 -AAA-ATPase, 5-SQUINT, 6- QRCPE)



Fig.23.(A- C) PCR amplification and cloning o f the 525 bp Cab gene from  
genom ic DNA

A. PCR amplification of Cab gene. M-Marker,l-Cab gene

B. Colony PCR of the 0.5 kb cab gene insert from the transformed colonies
C. Isolation of recombinant plasmids; C-Control, l&2 recombinant plasmids. M-Marker



The 0 .5  kb am p lified  product obtained  w ith  Cab g en e  sp ec ific  prim ers w as  

c lo n ed  in S trataC lon e’'̂  vector (M /S  S trataclone, U S A ). C o lon y  PCR o f  the w hite  

c o lo n ie s  id en tified  w ere a lso  sh o w ed  the am p lifica tion  o f  the sam e 0 .5  kb 

fragm ent. P lasm ids w ere iso lated  from  the p o sitiv e  co lo n ie s . P ositive  

transform ants w ere id en tified  through co lo n y  PCR (F ig . 2 3 .B ).T h e  iso lated  

p /asm id s from  the PCR p o s it iv e  coJon ies w ere seq u en ced  a fter  th e  PC R  

co n fin n a tio n  o f  the p lasm ids. (F ig .2 3 .D ). T he seq u en cin g  has b een  done u sing  

M 13 forward prim er the gen e seq u en ce has been sh ow n  in F ig .:24.

Fig. 24. Nucleotide sequence of the 0.5 kb Cab gene amplified.

5'
( ; t a c t t ( ; c; ( ; t c c a t t c t c t g g t g a g c c c c c a t c c t a c t t g a c c g g t g a

G T T C C C T G G T G A C T A T G G C T G G G A C A C T G C T G G T C T C T C T G C T G A C C C A
G A A A C C T T T G C C A A G A A C C G T G A G C T C G A A G T G A T C C A C T G C A G A T G G
G C C A T G C T T G G A G C C C T T G G G T G C G T C T T C C C C G A G C T C T T G G C C C G C A
A C G G A G T C A A G T T C G G C G A G G C A G T G T G G T T C A A G G C A G G A G C C C A G
A T C T T C A G C G A G G G T G G T C T T G A C T A C T T G G G T A A C C C A A G C T T G A T C C
A C G C A C A A A G C A T C T T G G C C A T C T G G G C C G T C C A G G T A G T G T T G A T G G
G T G C C G T T G A A G G T T A C A G A A T T G C C G G T G G G C C G C T C G G T G A G G T C A
C A G A C C C A A T C T A C C C A G G T G G A A G C T T T G A C C C A T T G G G C T T G G C T G
A T G A C C C A G A A G C A T T T G C T G A G C T G A A G G T G A A G G A G A T C A A G A A C
G G C A G A T T G G C T A T G T T C T C C A T G T T C G G ATTCTTTGTTCAGGC 3 ’
Forward and reverse primers

The seq u en ce  an a lysis  sh o w ed  that the isoJated g e n e  fragm ent is  h av in g  

525 b ase pairs after d eletin g  the vector seq u en ces (F ig .2 4 ). T he seq u en ce  

com p arison  u sing  B L A S T  N an alysis  o f  the iso lated  seq u en ce w ith  the reported  

cD N A  seq u en ce o f  cab  gen e sh o w ed  91%  seq u en ce h o m o lo g y  in the 525 base 

pair region  w ith R icin us com m u n is  (N C B I a ccessio n  N o: M 6 0 274). B L A S T  N 

an a lysis  a lso  revealed  seq u en ce h o m o lo g y  w ith  cab  m R N A  seq u en ce from other 

sp ec ie s  like M cm ihot escu len ta  (88% ) and O ry za  sa liv a  (79% ) (F ig .25 . A & B ).



Accession

X M  ( )02524570 .

X M  0 0 2 3 0 7 6 8 9 .1

E F  146739.1

X M  0 0 2 5  J 9678-1

X M  0 0 2 3 0 6 8 9 1 .1

L F 1 4 7 7 8 5 .1

I-:FI48774.

F F  148396.1

E F  148 7 6 6 .1

Description

R ic in u s  c o m m u n i s  
c h lo ro p h y l l  A /B  
b in d in g  p ro te in ,  
p u ta t iv e ,  in R N A

P o p u lu s  i r ic h o c a rp a  
l ig h t -h a rv e s t in g  
c o m p l e x  II p ro te in  
L h c b l  ( L h c b l - 3 ) .  
m R N A

F o p u lu s  t r ic h o c a rp a  
c lo n e  W S 0 I 2 I 3  B I 5  
u n k n o w n  m R N A  

R ic in u s  c o m m u n i s  
c h lo ro p h y l l  A /B  
b in d in g  p ro te in ,  
p u ta t iv e ,  m R N A  

P o p u lu s  t r ic h o c a rp a  
l ig h t -h a rv e s t in g  
c o m p le x  II pro te in  
L h c b l  < L h c b l -2 ) ,  
m R N A

P o p u lu s  t r ic h o c a rp a  
c lo n e  W S 0 I 2 5 _  A 0 5  
u n k n o w n  m R N A  

P o p u lu s  t r i c h o c a rp a  x 
P o p u lu s  d e l to id e s  
c lo n e  W S 0 I 3 7  M 0 2  
u n k n o w n  m R N A  

P o p u lu s  t r i c h o c a rp a  x 
P o p u lu s  d e l to id e s  
c lo n e  W S 0 1 3 4  I20 
u n k n o w n  n iR N A

P o p u lu s  t r ic h o c a rp a  x 
P o p u lu s  d e l to id e s  
c lo n e  W S 0 I 3 7  J1 6  
u n k n o w n  m R N A

M ax Total Query 
score score coverage

E Max , . , —  ̂ Links 
value ident

732  732  1 0 0 %  0 .0  9 1 %  m

719 719 990/Ij

719  7 1 9  9 9 %

7 J 5  7 ) 5  9 9 %

713 713  9 9 %

713 713  9 9 %

708 7 0 8  9 8 %

708 7 0 8  9 8 %

702 7 0 2  9 8 %

0.0 91% r m

0.0 91% rrra

0 .0  9 J %  B

0.0 91% rrra

0.0 91% r r r a

0 .0  9 1 %

0.0  9 1 %

0 .0  9 1 %

M axim um  seq u en ce h o tn o logy  w as ob ta in ed  w ith  R icin u s  co m m u n is  b e lo n g in g  to 

the sam e fam ily , E uphorbiaceae. O n com p arison  w ith  cD N A  seq u en ce  o f  R icin us  

com m u n is, no introns w ere ob served  in the am p lified  region . T he gen om ic  

seq u en ce  has been  registered  in N C B l w ith  the a cc ess io n  n o :H M 8 0 3 119.1.



Fig. 25.B. Blastn sequence alignment score of 525 bp Cab

Ostnbution of 101 Blast Htts on the Query Sequence y

M ouse-over to  show  defline and s c o r e s  click  to  sh o w  a lignm en ts

3.d.3. PCR Am plification o f full length Cab gene from genom ic DNA

S in ce  the seq u en ce sh o w ed  91%  (m ax im u m ) h o m o lo g y  w ith  R icinus  

com m im is. an attem pt has been  m ade to am p lify  the full co d in g  region  o f  the 

seq u en ce  by d esig n in g  prim ers from  cD N A  seq u en ce  o f  Cab g en e  reported in that 

sp ec ie s  (A c c e ss io n  N o .X M _ 0 0 2 5 2 4 5 7 0 .1).

U sin g  g en o m ic  D N A  iso lated  earlier, sp ec ific  am p lifica tion  co u ld  be 

obtained  u sing  the prim er d esign ed  for full length C ab protein g en e  after 

op tim ization  o f  PCR con d ition s (F ig .2 6 .A ). PCR am p lified  product had a 

m olecu lar w eigh t o f  approxim ately  0 .8  kb.



g. 26. (A-C) Full length Cab gene amplification

A. Cab 802 bp cab gene am plification, 1&2 Cab am plification, M-Marker
B. C olony PCR o f  transformed colonies
C. Isolation o f  recom binant plasm ids; C- ControU 1&2- recombinant plasm ids



PCR am plified  fragm ent w as clon ed  (F ig .26 .C & D ) and sequenced. The 

n ucleotide sequenced revealed the presence o f  802 base pairs (F ig .27). The 

sequ en ce on com parison w ith the reported cD N A  sequ en ce o f  cab gen e from  

R icim is com m unis  (A ccession . N o: X M 0 0 2 5 2 4 5 7 0 .1 ) using C L U ST A L  W  

(T hom pson e t a/.. 1994) show ed  90  % sequence h om ology.

Fig. 27. The nucleotide sequence of the full length coding region of Cab gene 
from Hevea basiUensis

5'
C A A A  rC .G C T A C C T C T A C A A T G G C C C T C T C C T C C C C C T C C T T C G C C G G C
A A G G C G G T G A A A C T C A C C C C A T C T G C C C C T G G G C T C A T G G G C A A T G C C
C G T G T C T C A A T G A G G A A A T C T G T T G G C A A G C C T G T T T C A T C T G G A A G C C
C A T G G T A T G G T C C A G A C C G T G T T A A G T A C T T G G G T C C A T T C T C T G G T G A
G C C C C C A TC C T A C T T G A C C G G T G A G T T C C C T G G T G A C T A T G G C T G G G A C
A C T G C T G G T C T C T C T G C T G A C C C A G A A A C C T T T G C C A A G A A C C G T G A G C
T C G A A G T G A T C C A C T G C A G A T G G G C C A T G C T T G G A G C C C T T G G G T G C G
T C T T C C C C G A G C T C T T G G C C C G C A A C G G A G T C A A G T T C G G C G A G G C A G
T G T G G T T C A A G G C A G G A G C C C A G A T C T T C A G C G A G G G T G G T C T T G A C T
A C T T G G G T A A C C C A A G C T T G A T C C A C G C A C A A A G C A T C T T G G C C A T C T
G G G C C G T C C A G G T A G T G T T G A T G G G T G C C G T T G A A G G T T A C A G A A T T G
C C G G T G G G C C G C T C G G T G A G G T C A C A G A C C C A A T C T A C C C A G G T G G A A
G C T T T G A C C C A T T G G G C T T G G C T G A T G A C C C A G A A G C A T T T G C T G A G C T
G A A G G T G A A G G A G A T C A A G A A C G G C A G A T T G G C T A T G T T C T C C A T G T T
C G G A T T C T T T G T T C A G G C C A T T G T G A C A G G A A A G G G A C C A T T G G A G A A
C T T G G C T G A C C A C C T T G C T G A C C C T G T C A A C A A C A A T G C C T G G G C T T A C
G C C A C A A A C T T T G T C C C C G G A A A G T G A G  3 '.
Start codon 
Stop codon
Forward and reverse primers

The am plified  sequence contained 802 bps. The region am plified  in the

present study contains the full protein cod in g  sequence. The start codon ‘A T G ’

starts from the 4'*’ position and TG A the stop codon starts at the 799*^ position.

The num ber o f  cod in g  D N A  sequ en ce contains 798 nucleotides including the stop

codon. On com parison with the other reported m R N A  sequences from other

sp ecies, the the 802 bp full length cod in g  region isolated also  contains no introns.

The sequ en ce sh ow ed  higher h om ology (91.1 %) to the m R N A  sequence reported

from R icinus com m unis (Acc. N o: X M _ 0 0 2 5 2 4 5 7 0 .1) (Fig. 28). The phylogenetic

tree analysis sh ow ed  the c lo se  relationship o f  the Cab gen e o f  H evea  with R icinus

com m in is  (Euphorbiaccae) and P opulus tr ich o ca rp a  apart from the other

eukaryotic plants like So/anum . G ossypium , T obacco  etc (Fig. 29). The predicted

am inoacid  sequence using the Expasy prot- param tool show ed  that the gen e cod es



ig 28. CLUSTALW  multiple sequence alignment o f the isolated genomic DNA 
sequence o f Chlorophyll a/b gene with Ricinus comminis.

tJTi.'CCTATAAGACACCCTCCAAACTCACTTCTATCTTCTACCGCTCTTAAACACCACTCC 60

------------------------------------------------------------------------------------------CAAATGGCTACCTCTACAATGG 22
TACTCGTTCAAGTCTAAAACACTACTCCCTCATTTTTGACAATGGCTACCTCTACAATGG 12 0

••f;<;TCTD;TCCD;CTCCTTCGCCGGCAAGGCGGTGAAACTCACCCCATCTGCCCCTGGGC 82 
;:a-TCTa:TCCCCTTCATTCGCTGGCAAGGCTGTGAAGCTCTCCCCTTCTGCCCCTGAGC 180

TCATGGGCAATGCCCGTGTCTCAATGAGGAAATCTGTTGGCAAGCCTGTTTCATCTGGAA 14 2 
TCATGGGCAATGGCCGTGTCTCAATGAGGAAAACCGCCGCCAAGAATGTTTCCTCCGGAA 24 0

GCOCATGGTATGGTCCAGACCGTGTTAAGTACTTGGGTCCATTCTCTGGTGAGCCCCCAT 2 0 2  
GCCCATGGTACGGCCCAGACCGTGTTAAGTACTTGGGTCCATTCTCCGGTGAGCCCCCAT 300

UCTACTTGACCGGTGAGTTCCCTGGTGACTATGGCTGGGACACTGCTGGTCTCTCTGCTG 2 62 
t'CTACTTGACTGGTGAATTCCCCGGTGACTACGGATGGGACACTGCTGGGCTCTCTGCTG 3 6 0

ACCCAGAAACCTTTGCCAAGAACCGTGAGCTCGAAGTGATCCACTGCAGATGGGCCATGC 322 
ACCCAGAGACCTTTGCCAAGAACCGTGAGCTCGAAGTCATCCACTGCAGATGGGCCATGC 4 2 0

TTGGAGCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCCCGCAACGGAGTCAAGTTCGGCG 382  
TTGGAGCTCTTGGATGCGTCTTCCCTGAGCTCTTGGCACGCAACGGTGTTAAATTCGGTG 480

AGGCAGTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGCGAGGGTGGTCTTGACTACTTGG 4 42 
AGGCTGTATGGTTnAAGGCTGGATCCCAGATCTTCAGCGAGGGTGGTCTTGATTACTTGG 540

(STAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCCATCTGGGCCGTCCAGGTAGTGT 502 
GCAACCCCAGCTTGATCCACGCACAAAGCATCTTGGCCATCTGGGCTTCCCAGGTTGTGT 600  
* * * * * *  • ♦ « * * * ♦ * - * ♦ « * * * * * * * * * * * • * * . * * * * * * * • * * « * ♦ * ★  * * * • * * * • * ♦ * *  

TGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGGCCGCTCGGTGAGGTGACAGACC 562 
TGATGGGTGCCGTTGAGGGTTACAGAGTTGCCGGCGGGCCACTAGGAGAGGTGACCGACC 660

'TAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTGGCTGATGACCCAGAAGCATTTG 62 2 
CAATCTACCCAGGTGGAAGCTTTGACCCATTGGGTTTGGCTGATGACCCAGAGGGATTCG 7 2 0

CTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAGATTGGCTATGTTCTCCATGTTCGGAT 682 
CTGAGTTGAAGGTGAAGGAGATCAAGAACGGTAGATTGGCTATGTTCTCTATGTTTGGAT 7 8 0

TCTTTGTT'JAGGCCATTGTGACAGGAAAGGGACCATTGGAGAACTTGGCTGACCACCTTG 742  
T p t t t GTTCAGGCCATTGTTACAGGAAAGGGACCATTGGAGAACTTGGCTGACCACCTTG 84 0

•-:T(JAC';'':TGT :A A  :AAr.AATGCCTGGGCTTACGCCACAAACTTTGTCCCCGGAAAGTGAG 802  
CTC;ATGCCGTr:AA(:AACAATGCCTGGGCATATGCCACAAACTTTGTCCCCGGAAAGTGAG 900

G TTAAAAAAG G AGATTTTTTTTTC CTTTTTTTTCTG TATCAC TG TTG GG TTG TGATATAA 960

ATTTGTTCAAATGAGAAGTATGGTGTGAATTTTATGTGCTAAAAAGGGGCTTTCTATGTC 1 0 2 0



q . dna 
r i in u s ATTATC TTATG AATAACACTTG C ACTG G ACAAC CAACATTTG AG AG AAAAC G C CG CG ACA 1 0 8 0

g . dna 
ricinus •iTA AA A TG A C A A TTA G TG G C A G TG C A A C TA A TA TC A A A TTA A A A TTA G C A TG A A A C TTG T 114  0

g . dna 
ricinus GAGATCAGAAAGAGTAAAATGCGCGTTCTAAAGCACCGCTTG TG CCCTG CAA 1 1 9 2

Start codon 
Stop codon



Fig: 29 Phylogenetic tree analysis of the isolated full length genomic DNA sequence of 
H. hrasiliensis with the other reported sequences from the eukaryotes.

riclnus

9 -d n i

Genomic DNA sequence isolated from H. hrasiliensis 
______P o p u tu s

E u p .e s u lB

Fagus

S .o l«ra c «a «

Gardenia

Tobacco

iv /tong if« ra

G ossypium
0.1

R icinus : 0.05469,
Genomic DNA from Hevea : 0.03006,
Populus ;0.08465 : 0.00628,
Eup.esula : 0.09579,
Fagus : 0.09021,
S.oleraceae ; 0.11591:0.00494,
Gardenia
Tobacco : 0.12005, N.; 0.00888; 0.0213: 0.02021: 0.00876, 
Mangiferdi; 0.08004,
Gossypium :0.0786: 0.01517 :0.0047: 0.00891.



for a protein with 265 amino acids. The molecular weight of the predicted protein 

is 28.1 kDa. The native protein is with an isolelectric pH of 5.45. The details of the 

deduced amino acids and other details are given in Fig. 30.

Fig. 30. The deduced amino acid sequence and other details o f the predicted 
protein o f the 802 bp Cab gene isolated.
MATSTMALSSPSFAGKAVKLTPSAPGLMGNARVSMRKSVGKPVSSGSPWYGPDRVKYLGP
FSGEPPSYLTGEFPGDYGWDTAGLSADPETFAKNRELEVIHCRWAMLGALGCVFPELLAR
NGVKFGEAVWFKAGAQIFSEGGLDYLGNPSLIHAQSILAIWAVQVVLMGAVEGYRIAGGP
LGEVTDPIYPGGSFDPLGLADDPEAFAELKVKEIKNGRLAMFSMFGFFVQAIVTGKGPLE
NLADHLADPVNNNAWAYATNFVPGK-
265 amino acids.
Molecular weight; 28108.1 
Theoretical pi: 5.4 5
Total number of negatively charged residues (Asp + Glu): 2 5 
Total number of positively charged residues (Arg + Lys): 21

3.d.4. Expression analysis o f Cab gene from juvenile and mature plants

3.d.4.2. RNA Isolation and first strand cDNA synthesis

RNA was isolated from medium mature leaves of different sources such 

seedlings, in vitro somatic plants, six month old bud grafted plants and mature 

trees of clone RRII 105. The RNA was checked for DNA contamination and 

quality by agarose gel electrophoresis. Good quality RNA with minimal DNA 

contamination could be obtained (Fig.SI.A). Before any downstream applications, 

the RNA was subjected to DNase treatment to completely remove the DNA 

contamination any.

First strand cDNA synthesis was synthesised from the isolated RNA by 

reverse transcription reaction with oligo-(dT) primers using the ‘Improm-II^’̂  

Reverse Transcription System’ (Promega, USA).

3.d.4.3. PCR amplification, cloning and characterization o f cDNA encoding 

Cab gene

The Cab protein cDNA was amplified using the primer pairs used to 

amplify the 525 bp genomic sequence using cDNA developed from the medium 

mature leaves of bud grafted plants. In this experiment also a 0.5 kb single band 

was amplified (Fig.31.B). After cloning and sequencing, it was observed that, the 

cDNA also contains a 525 bps as observed in the genomic DNA. On alignment



with the 802 bp genomic sequence characaterized earlier, it showed 100 % 

homology (Fig:.32).

3.d.5. RT-PCR assay for differential Cab gene expression

Cab gene amplification could be obtained from cDNA synthesized from 

RNA isolated from leaves of seedlings, somatic plants, six month old bud grafted 

plants and mature trees using the following primer sequences. Differential 

expression o f the gene was also observed when RT-PCR was carried out with 

cDNA synthesized from seedlings, somatic plants, six month old bud grafted 

plants and mature trees (Fig.Sl.C). Expression of the gene was found to be more in 

seedlings and in vitro derived plants which are juvenile and showing better in vitro 

culture response. With maturity o f the plant expression o f the gene was found to 

be reduced with the leaves from the mature trees showing the minimum 

expression. The P-actin gene was found to be constitutively expressed in all the 

samples (Fig.31.D) which shows that equal amount o f RNA has been loaded in all 

the wells.

3.d.6. Gene Expression Studies through Northern Hybridization

When northern analysis was carried out using the RNA isolated from 

leaves o f different sources such as seedlings, somatic plants, six month old bud 

grafted plants and mature trees using the 525 bp (Fig.33.A&B). Cab cDNA as the 

probe, bands with different intensity was obtained although equal amount of RNA 

was loaded which indicates differential expression o f the gene in different 

samples. The in vitro plants raised through somatic embryogenesis showed the 

maximum expression and the mature tree leaves showed the minimum expression 

as evident from the blots. In all the lanes equal amoimt o f RNA was loaded. When 

northern analysis was conducted with leaves o f three different stages such as 

immature, medium mature and mature leaves from the six month old bud grafted 

plants, maximum expression was observed in the medium mature leaves with 

immature and mature leaves showing slightly less activity (Fig.33.C&D).



525 bp

M SI) l\' BP Ml

525 bp

Fig.31 (A-D).Differential expression Cab gene
A . R N A  o f  d ifferen l sam p les  ( Lane 1-M arker, 2 - S eed lin g , 3-B u d  

grafted plant, 4-M ature tree)
B. B. Cab g en e  am p lifica tion  from cD N A .
C. R T -PC R  sh o w in g  d ifferen tia l Cab g en e  ex p ressio n  { Lane I-M arker, 
2* S eed lin g , 3 -B u d  grafted plant, 4-M ature tree)
D. p-actin  am p lifica tion  in d ifferent sam p les ( Lane 1-M arker, 2- 
S eed lin g , 3 -B u d  grafted plant, 4-M ature tree)



F ig  32. C L U S T A L W  m u ltip le  se q u en ce  a lig n m en t o f  cd n a  an d  g en o m ic  d na se q u en ce s  o f  
C h lo ro p h y ll a /b  gen e.

cdna ---------------------- ------------------------------------------
g . CAAATGGCTACCTCTACAATGGCCCTCTCCTCCCCCTCCTTCGCCGGCAAGGCGGTGAAA 60

cdna ---------------------- ------------------------------------------
g. CTCACCCCATCTGCCCCTGGGCTCATGGGCAATGCCCGTGTCTCAATGAGGAAATCTGTT 120

cdna ---- GTACTTGGGT 10
g. GGCAAGCCTGTTTCATCTGGAAGCCCATGGTATGGTCCAGACCGTGTTAAGTACTTGGGT 180

* * * * * * * * * *

cdna CCATTCTCTGGTGAGCCCCCATCCTACTTGACCGGTGAGTTCCCTGGTGACTATGGCTGG 7 0
g . CCATTCTCTGGTGAGCCCCCATCCTACTTGACCGGTGAGTTCCCTGGTGACTATGGCTGG 240

cdna GACACTGCTGGTCTCTCTGCTGACCCAGAAACCTTTGCCAAGAACCGTGAGCTCGAAGTG 130
g . GACACTGCTGGTCTCTCTGCTGACCCAGAAACCTTTGCCAAGAACCGTGAGCTCGAAGTG 300

cdna ATCCACTGCAGATGGGCCATGCTTGGAGCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCC 190
g . ATCCACTGCAGATGGGCCATGCTTGGAGCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCC 360

cdna CGCAACGGAGTCAAGTTCGGCGAGGCAGTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGC 2S0
g. CGCAACGGAGTCAAGTTCGGCGAGGCAGTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGC 420

cdna GAGGGTGGTCTTGACTACTTGGGTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCC 310
g . GAGGGTGGTCTTGACTACTTGGGTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCC 4 8 0

cdna ATCTGGGCCGTCCAGGTAGTGTTGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGG 370
g. ATCTGGGCCGTCCAGGTAGTGTTGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGG 54 0

cdna CCGCTCGGTGAGGTCACAGACCCAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTG 4 30
g. CCGCTCGGTGAGGTCACAGACCCAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTG 600

cdna GCTGATGACCCAGAAGCATTTGCTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAGATTG 4 90
g . GCTGATGACCCAGAAGCATTTGCTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAGATTG 660

cdna GCTATGTTCTCCATGTTCGGATTCTTTGTTCAGGC--------------------------- 525
g. GCTATGTTCTCCATGTTCGGATTCTTTGTTCAGGCCATTGTGACAGGAAAGGGACCATTG 720

cdna ----------------------- ------------------------------------------
g . GAGAACTTGGCTGACCACCTTGCTGACCCTGTCAACAACAATGCCTGGGCTTACGCCACA 7 80

g. AACTTTGTCCCCGGAAAGTGAG 802
S tart codon  
S top  codon



p n H H

Fig.33. (A-D) Northern blotting for difTerential Cab gene expression
A.. RNA. ( M-Marker, SD-Seedling, BP- Bud grafted plant,

IV -in  vitro plant, MT- Mature tree)
B. Northern blot showing differential Cab gene expression in leaves of source 

plants of different maturity
r. RNA from leaves of different stages of budgrafted plants 

(M-Marker, IN- Immature, MM-Medium mature, M-Mature leat)
D. Northern blot ahowing differential Cab gene expression in leaves of different 

maturity.



(Discussion



CHAPTER V

D IS C U S S IO N

Biotechnology may be defined as the manipulation of biological systems via 

modem technologies to solve practical problems in agriculture, medicine and industry. 

Biotechnology offers unique potential benefit and opportunities to accelerate tree 

improvement through clonal propagation and genetic manipulation. Regeneration 

systems are generally more difficult with woody plant species. Recently there is a 

growing interest in developing somatic embryogenesis systems for Hevea as a useful 

and efficient method for clonal propagation of selected material and genetic 

transformation. Somatic embryogenesis of Hevea brasiliensis (Muell. Arg.) has 

potential as a method for mass clonal propagation of mature selected genotypes 

(Carron et a l, 1995), and for genetic engineering (Montorro et a l, 2000).

In the present study, the optimization of media requirements to improve 

somatic embryogenesis and plant regeneration from leaf explants collected from bud 

grafted plants of H. brasiliensis (clone'RRIl 105) was achieved. Compared to floral 

explants, the leaf explants are easily available and culture initiation is easy. The effect 

of media constituents especially the basal medium, phytohormones, and gelling agent 

on somatic embryogenesis and plant regeneration in H. brasiliensis has been studied. 

Juvenility of plant materials is a key factor in micropropagation because the 

regeneration ability of woody plants decreases as they approach maturity. It was 

observed that physiological age of the source plant from where explants were 

collected determines its embryogenic capacity. The embryogenic potential of callus 

was found to reduce with maturity of the source plant. Obvious difference was noted 

in embryogenic competence of leaf explants collected from source plants of different 

physiological maturity as shown by varied response in embryogenic tissue initiation in 

Hevea brasiliensis. Rate of embryogenesis from the proliferated embryogenic calli 

formed was similar irrespective of the explant source. The leaf is a favored explant for



most transformation experiments in other plants since it is easy to handle and 

Agrobacterium readily penetrates the cut ends aiding direct or indirect regeneration 

from the infected tissues. The callus derived from leaf explants could also be used as 

an ideal target tissue for Agrobacterium mediated genetic transformation. Genetic 

transformation using the leaf based regeneration system would be very useful in future 

for the genetic improvement of Hevea Differential Cab gene expression was also 

observed in leaves of juvenile and mature origin that may have an influence on tissue 

recalcitrance during in vitro culture.

6.a. Somatic embryogenesis from leaf explants of bud grafted plants.

6.a .l Culture initiation

The trifoliate leaves have immature laminae with reddish or bronze colour. As 

they grow older they become light green with a shining appearance. The mature 

laminae are dark green on their upper surfaces and a paler, glaucous green below. 

Leaf cultures initiated with the optimal stage of the explants collected from glass 

house could be recovered with minimum culture contamination when surface 

sterilized with 0.15% mercuric chloride for 2 minutes. In the present study, the ideal 

sterilant and optimum concentration necessary for getting contamination free cultures 

with minimum tissue damage was identified. Sterilization with sodium hypochlorite 

could also produce contamination free cultures when 0.4% NaOCl was used. These 

cultures gradually changed to yellow showing the prolonged deleterious effect of the 

sterilant on the explant. Hence in further experiments mercuric chloride was used as 

the surface sterilant. Mercuric chloride and sodium hypochlorite are extensively used 

for explant sterilization in plant tissue culture. Jayasree et a l, (1999) has reported the 

successful use of 0.5% NaOCl for sterilization of immature anther explants. 

Sushamakumari et a l, (2000) reported the use of 0.1 % mercuric chloride for surface 

sterilization of immature inflorescence explants of Hevea. Sterilization with mercuric 

chloride helped in initiating sterile and viable cultures. Seneviratnae et a l, (1998) and 

Kala et a l, (2004) reported the use of 0.2% and 0.25% mercuric chloride respectively 

for the sterilization of shoot tip explants of Hevea. This concentration is slightly



higher than the report in the present study due to the fragile nature of the explant used 

in this study. Leaf cultures initiated with the optimal stage of the explants collected 

from glass house could be recovered with minimum culture contamination when 

surface sterilized with 0.15% w/v for 2 minutes. During rainy months, depending on 

the environmental conditions, the concentration of the sterilant had to be varied from 

0.15- 0.2% and time of sterilization also was varied from 2-3 minutes so as to get 

contamination free cultures. Optimal stage of leaf responding to in vitro culture was 

identified from leaves of three different growth stages such as immature, medium 

mature and mature leaves. Leaf explants collected from glass house grown budgrafted 

Hevea plants of clone RRII 105 were used for experiments on development of the 

somatic embryogenesis system.

6.a.2 Callus induction

MS basal medium with modifications was found suitable for callus induction 

in leaf explants of Hevea. Leaves of medium maturation were identified to give 

maximum culture response. Mendanha et a l, 1998 used newly expanded leaves of 

rubber trees for initiating callus but no regeneration occurred. In the present study it 

was observed that newly expanded leaves, were so fragile that they could not 

withstand sterilization when leaves were collected from ex vitro sources. In leaves 

collected from in vitro cultures, both immature..and medium mature leaves responded. 

MS basal medium with or without modifications have been widely used for callus 

induction from different explants in tissue culture of Hevea (Jayasree et a/., 1999; 

Sushamakumari et a l, 2000). In Hevea, a low level o f inorganic nitrogen always 

favored somatic embryogenesis (Jayasree et a/., 1999; Sushamakumari et a l, 2000). 

Mendanha et a l, 1998 reported the induction of callus induction in leaf explants in 

MS basal medium. In the present study also, MS medium with a lower level of 

ammonium nitrate and potassium nitrate favored callus induction from leaf sections. 

Along with this addition of 1200 mg/1 calcium nitrate was also found suitable for 

callus induction in leaf explants. Here the presence of elevated levels of calcium 

favoring callus induction in presence of 2,4-D might be explained by the change in 

cell wall elasticity mediated by the calcium mediated signally pathway. The effect of



nutrient factors and growth regulators on somatic embryogenesis have been 

intensively studied on somatic embryogenesis in many important crops (Zimmerman, 

1993; Pedroso and Pais, 1995). Even then these factors need to be optimized with 

respect to the tissue and type of explant. Generally inorganic forms of nitrogen is 

being used in most plant tissue culture media (Dodds and Roberts, 1995). Work on the 

carrot system has shown that Ca^^ enhances embryogenic frequency (Jansen et a l,

1990), and its deprivation arrests somatic embryo formation (Overvoorde and Grimes

1994). These observations are suggestive of an intermediary role for Câ "̂  during plant 

embryogenesis. The role of calmodulin (CaM) as a Ca modulator during somatic 

embryogenesis has also been investigated (Overvoorde and Grimes, 1994). Most 

media in plant tissue culture contain sucrose as carbon and energy source. In this 

study, lower levels of sucrose (20 g/1) favored callus induction. Concentration of 

sucrose affects the different stages of somatic embryogenesis. In the case of Oncidium 

where higher embryogenic response was obtained in medium containing lower levels 

of sucrose (10-20 g/1) (Su et a l, 2002) in the present work also 20 g/1 sucrose favored 

callus induction.

In Hevea, medium requirements for plant regeneration with different explants 

was found to vary. Jayasree et a l, (1999) has reported that kinetin was more 

favorable for callus induction for somatic embryogenesis from immature anther 

explants of Hevea. In  the present study, BA was found more suitable for callus 

induction.This may be due to the physiological state of the two explants. Culture 

parameters were found to efficiently modify callus texture and induce callus friability. 

Reducing the auxin /cytokinin balance during callus induction, the concentration of 

sucrose and calcium in the proliferation medium also modifies callus texture. Presence 

of increased level of 2,4-D was found suitable for callus induction in leaf sections. 

Higher concentration of this phytohormone usually makes the callus hard and prevents 

proliferation. During subculture of fresh callus it is good to reduce the concentration 

of 2,4-D. Callus proliferation was also found to be influenced by the concentration of 

sucrose in the medium. Usually higher levels are found to help proliferation of callus. 

Nature of friability and compactness of anther derived callus of Hevea differed



depending upon 2,4-D concentration. Similar inference has also been made by 

Jayasree et al, 1999 where the texture of callus induced in immature anther explants of 

Hevea varied with 2.4-D concentration. Friable but loose or watery callus was 

obtained when media contained low concentrations of 2,4-D. However, friability was 

reduced with an increase in 2,4-D concentration. The percentage of callus 

proliferation increased when the concentration of 2,4-D increased to 3.6 |jM , but 

callus was non embryogenic in nature. Callus friability may be obtained by interaction 

between calcium and growth regulator contents. Higher concentrations led to friable 

calli whose ability to produce embryos then depended on low calcium concentrations 

in the embryogenesis medium.

Despite other media components, phytohormones have a crucial role in 

induction of callus in explants. The ideal phytohormones in the optimal concentration 

and combination need to be supplemented in the medium for good callus induction. 

Though callus induction was observed in all combinations of the hormones tried, 5.4 

|iM 2,4-D, 4.4 BA and 1.08 ^iM NAA was found to be the ideal concentration 

identified to produce good quality callus (Kala et al.,2005). Mendanha et al., (1998) 

could induce callus in leaf explants of Hevea was obtained in a phytohormones 

combination of kin, BA, lAA and NAA. Earlier Etienne et a l, (1993) has observed 

that callusing frequency and quality of callus was found to be dependent on 

concentration and combination of growth regulators tried. 3,4-D and 2,4-D has been 

mostly used by earlier workers in other explants of Hevea such as anther and inner 

integument for callus induction and in some instances NAA was also used (Carron et 

al, 1998; Etienne et al, 1993a, Jayasree et a l, 1999). With immature anthers, 2, 4-D 

(9.0 |iM) in callus induction medium along with different growth regulator 

combinations induced callus (Jayasree et a l, 1999). Variation in frequency of callus 

formation and differences in callus type were noticed in different media tried. 

Frequency of callus induction and quality of calli was found to be dependent on 

concentration and combination of growth regulators used (Montorro et a l, 1993). 

Sushamakumari et a l, (2000) has also reported callus induction in immature 

inflorescence explants of Hevea when cultures were dark incubated in medium



containing 2,4-D (4.5 ^M), NAA (2.7 ^iM) and Kin (2.3 |aM). Mendanha et al, (1998) 

has reported callus induction from leaf explants and axillary buds of rubber trees on 

MS basal medium containing 58 mM sucrose and phytohormones BA, 2,4-D, NAA 

and IBA. Our results also show that medium containing BA (4.4 fiM ) and 2,4-D (5.4 

I^M) in presence of low concentration of NAA (1.08 ^iM ) and 58 mM sucrose was 

most effective for inducing good quality callus in leaf explants irrespective of the 

source of the leaf. Presence of NAA helped in improving the quality of the callus and 

its embryogenic competence. 3,4-D has been mostly used in other explants of Hevea 

such as anther and inner integument for callus induction and in some instances NAA 

was also used (Carron et a l, 1998; Etienne et al, 1993).

Montorro et a l, (1993) has reported that culture parameters were found to 

efficiently modify callus texture and induce callus friability. According to him, 

reducing the auxin /cytokinin balance during callus induction, the concentration of 

sucrose and calcium in the proliferation medium also modifies callus texture. Similar 

observations were also made in this study where callus proliferation and texture could 

be improved by reducing auxin and calcium concentrations in the medium and 

increasing sucrose levels. Montorro et a l, (1993) has also observed that reducing 

auxin /cytokinin balance modifies callus texture. Jayasree et a l, (1999) reported that 

the nature of friability and compactness of anther derived callus of Hevea differed 

depending upon 2,4-D concentration resulting in 3 types of callus: friable; less friable; 

and compact. Friable but loose or watery callus was obtained when media contained 

low concentrations of 2,4-D. However, friability was reduced with an increase in 2,4- 

D concentration. The percentage of callus proliferation increased when the 

concentration of 2,4-D increased to 3.6 ^M, but callus was non embryogenic in 

nature. Similarly, friable callus and compact callus was observed on MH medium with 

3,4-D/Kn by Montorro et a l, (1993).

In the present work, it was observed that increased levels of sucrose (40 g/1) 

than in the callus induction medium (20 mg/1) favored for callus proliferation. 

According to Montorro et a l, (1995) callus friability is often associated with excess 

water content in the tissue and changes with the water status of the callus. Callus



friability may be obtained by interaction between calcium and growth regulator 

contents. Higher concentrations led to friable calli whose ability to produce embryos 

then depended on low calcium concentrations in the embryogenesis medium 

(Montorro et a l, 1995). Lardet et a i, (2007) has reported that decreasing the 

exogenous calcium concentration in preculture medium enhanced callus growth and 

proliferation. Blanc et a l, (2002) has observed a positive effect of increased levels of 

sucrose on callus proliferation. Sucrose level in the MH medium had a marked effect 

on the callus texture (Montorro et a l, 1993). In the present study also, the combined 

effect of calcium and sucrose had a pronounced effect on callus proliferation and 

friability. Blanc et a l, (1999) has reported use of silver nitrate for Hevea callus 

proliferation. It was also observed that, 2-3 subculture of the proliferated calli in 

medium containing reduced level of silver nitrate (10 mg/1) helped in increasing the 

embryogenic potential of the callus. Vain et a l, (1989) has also reported that 

embryogenic callus initiation rate was improved in Zea mays when immature embryos 

were cultured on a modified Murashige & Skoog medium containing various 

concentrations of silver nitrate.

6.a.3. Embryogenic callus initiation and Somatic embryogenesis

Changes in culture atmosphere (Auboiron et a l, 1990) and water status of the 

medium and nature of explant (Etienne 1991; Van Winkle et a l, 2003) are

influencing the embryogenic potential of the callus. In the present study also 

embryogenic callus could be initiated from the proliferated callus cultured for embryo 

induction with varied time and frequency depending on the type of callus. The 

influence of calcium in inducing callus friability in Hevea has been reported earlier 

also by Montoro et al, (1993). Modified MS medium has been reported earlier to 

favor somatic embryogenesis in Hevea from anther and inflorescence explants 

(Jayasree et a l, 1999; Sushamakumari et a l, 2000). Montorro et a l, (1993; 1995) 

have reported the promotive effect of calcium on somatic embryogenesis. Etienne et 

al, (1997) also reported that somatic embryogenesis was enhanced by using 

temporary immersion technique in medium containing higher concentration of 

calcium chloride. Similarly in the present study, the presence of calcium in the callus



induction and embryo induction medium had a promotive effect on embryogenesis 

from leaf derived callus. According to him calcium was found favorable for long term 

proliferation of friable embryogenic callus induced from internal integument of 

immature Hevea seed. Higher concentration of phytagel (5.0 g/1) was also found to 

favor formation of embryogenic callus. Similar observations had also been made by Li 

et a i, (1998) in loblolly pine where 4.0 g/1 phytagel induced embryogenic extrusions, 

whereas Becwar et a l, (\995) reported that reducing the gelling agent concentration 

significantly enhanced extrusion and proliferation. In red spruce, a phytagel 

concentration of 2.0-3.0 g/1 could initiate embryogenic callus (Harry and Thorpe,

1991).

Sucrose has major influence on somatic embryogenesis of various species 

(Ammirato, 1983). In the present work also 60 g/1 sucrose was found to favor 

embryogenesis. The findings of the present study is also in accordance with the 

findings of Sushamakumari et al., (2000) who reported a higher level of sucrose 

favoring enhancement of embryo induction in presence of G A 3 in callus derived from 

immature inflorescence of Hevea. Similarly mineral and carbohydrate nutrition also 

influenced embryogenic calli formation, somatic embryogenesis and embryo 

maturation in Hevea (Etienne et a /'/T 991; Cailloux et al., 1996). Differential 

carbohydrate metabolism helps morphogenesis in embryogenic callus of Hevea (Blanc 

et al., 1999 8c 2002). According to them, regulation of endogenous hexose contents at 

a low level, through slow maltose hydrolysis, was a key element of the biochemical 

signal leading this callus towards somatic embryogenesis. G A 3 also regulated embryo 

induction and germination in Hevea brasiliemis (Jayasree et a l, 2001). The manner in 

which embryogenic potential of the cultured Hevea callus is affected leading to 

embryogenic calli formation followed by embryogenesis could be stabilized by 

modifying the culture conditions such as hormone balance and time of subculture 

Michaux-Ferriere and Carron, (1989). Embryogenic callus emergence was highly 

dependent on the source and maturity of the plant from where the leaves were 

collected.



Silver nitrate has been reported to have influence in inducing emrbyogenic 

potential of fresh callus in several crops (Giridhar et a l,  2003). In the present work, it 

was observed that callus proliferation in medium containing 20 mg/1 silver nitrate and 

addition of 10 mg/1 of the same in embryogenic callus induction medium favored 

embryogenesis. Culture medium compounds such as silver nitrate (Vain et a l, 1989) 

have also been reported to modify callus texture in Zea mays. It is reported that 

concentrations between 30-60 |j,M, AgNOs improved mbryo yield for the Coffea 

canephora Pierre genotypes with regard to somatic embryogenesis (Fuentes et al, 

2000). Silver ions in the form of nitrate, such as AgN03, play a major role in 

influencing somatic embryogenesis, shoot formation and efficient root formation 

which are the prerequisites for successful genetic transformation (Bais et al., 2000). In 

recent years, AgN03 has been employed in tissue culture studies for inhibiting 

ethylene action because of its water solubility and lack of phytotoxicity at effective 

concentrations. Addition of AgN03 to the culture media greatly improved the 

regeneration of both dicot and monocot plant tissue cultures (Giridhar et a l, 2003). In 

carrot AgNOa, at concentrations of 10-20 |uM, caused a 2-fold increase in the number 

of somatic embryos without causing adverse effects on cell survival (Jean-Paul et al, 

1990).

There are several reports on GA3 enhancing the rate of somatic embryo 

induction (Jayasree et at., 2001; Lakshmi Sita et a l, 1979). Sushamakumari et al,

(2000) has also reported significant increase in embryo induction frequency in 

presence of G A 3 , Etienne et a l, (1991) reports that water status of the medium and 

explant also influences the embryogenic potential. Stabilizing the water potential of 

the culture medium and callus helped in initiating somatic embryogenesis from 

internal integument of Hevea seeds. Becwar et a l, (1995) reported that the commonly 

used phytagel concentration (2.0 g 1'')  showed a higher frequency of callus 

proliferation during somatic embryogenesis in loblolly pine. Michaux -Ferriere et al,

(1989) reported that embryogenic potential in Hevea callus was affected by the 

hormone balance and the time of subculture. According to Zimmerman (1993)



endogenous auxin in the explant stimulated cell proliferation and initiated somatic 

embryogenesis. It was reported by Etienne et al. (1991) and Montorro et al, (1992) 

that among the different media components, auxin /cytokinin content and the type of 

cytokinin had a dominant effect on both the frequency of embryogenesis and the 

quality of embryos. The effects of polyethylene glycol (PEG) and abscisic acid (ABA) 

were analysed earlier on Hevea brasiliensis somatic embryos development. The 

development o f embryos with a desirable morphological appearance was observed in 

the presence of PEG in the solid culture media. The presence of osmoticum greatly 

reduced the phenomenon of secondary embryogenesis and improved the conversion of 

proembryonic masses (PEMs) into torpedo-shaped embryos, while the addition of 

exogenous ABA favoured only the formation of globular-stage embryos (Etienne et 

al., 1993). This effect of ABA was PEG-dependent and the best development occurred 

in the presence of 140 g/1 PEG and 10“  ̂ M ABA. (Linossier et a l, 1997). In the 

present work also PEG at a concentration of 5.0 g/1 and ABA at a concentration of 

(1.1 |iM) gave an embryo induction frequency of 65%. According to Carron et al. 

(1993) dessication, medium osmolarity and addition of ABA improve germinability of 

Hevea somatic embryos by setting up a maturation phase. Callus proliferation was 

considerably reduced with all the calli on the medium surface getting converted into 

pro embryos. Time of subculture was also found to be an important factor affecting 

somatic embryogenesis. Towards the end of the subculture period, callus growth 

became arrested and started browning. The callus in contact with the surface of the 

medium became pro-embryos, callus just above this was friable and proliferating and 

the callus present at the uppermost surface became whitish, spongy and died.

6.a.4. Embryo maturation and plant regeneration

During embryo maturation, the carbohydrate source of the medium influences 

further development of the embryos such as their enlargement and apical meristem 

induction. In the present study, it was observed that a higher sucrose (60 g/1) was 

favorable for embryo maturation. Higher sucrose has been reported to be good for 

embryo maturation in embryos developed from other explants o f Hevea. Cailloux et 

al., (1996) and Sushamakumari et al., (2000) also reported that higher levels of



sucrose (234 mM) favored embryo maturation. The effect of different carbohydrates 

was tested on early embryogenesis of Hevea by Blanc et a l, (2000) and found that 

somatic embryo production was significantly higher with maltose. Earlier reports also 

show that reducing sucrose concentration and thereby reducing the osmotic potential 

encourages embryo germination (Carron et a l, 1995).

As in earlier reports with explants such as immature anther and immature 

infloresecence (Jayasree et a l, 2001; Suhamakumari, et a l, 2000), in the present 

study, with leaf explants also we have observed that cytokinins and GA3 had a major 

role in embryo maturation and germination. In the earlier reports, cytokinins and G A 3 

were found to have a major role in embryo maturation and germination (Jayasree et 

al, 2001; Sushamakumari, et. a l  2000). Earlier reports showed that addition of Kin in 

the maturation medium and reducing the level of BA was found favorable for 

development of embryos (Jayasree et a l, 2005, Seneviratnae et a l, 1996). Organic 

supplements were found to have a pronounced effect on embryo maturation and 

germination. The positive effect of organic supplements on embryo germination has 

been reported earlier in several crops (Seneviratnae et a l, 1996). In somatic 

embryogenesis of Santalum album combination of casein hydrolysate and coconut 

water was found good for conversion of embryo to plantlet (Rugkhla and Jones, 

1998). Embryo germination was obtained when mature apex induced embryos were 

transferred to culture tubes containing hormone free MS medium with 0.3% charcoal 

and solidified with 0.2% phytagel (Fig.2, C). Full plantlet development occurred 

within one month in this medium where the sucrose level was further reduced to 89 

mM (Fig.2, D).

6.a.5. Secondary embryogenesis
A high frequency of secondary embryogenesis was induced from isolated early 

cotyledonary-stage somatic embryos of Hevea brasiliensis (Cailloux et a l, 1996.) 

Repetitive embryogenesis was also induced from primary somatic embryos derived 

from integumental tissue. Secondary embryogenesis has been developed in H. 

brasiliensis trees for improving the efficiency of somatic embryogenesis, which was



based on the use of budded-tree integuments as primary explants, mainly by reducing 

subculture number and duration (Lardet et a l, 2008). Though they reported a new 

process for obtaining embryogenic callus lines quickly based on secondary somatic 

embryogenesis, success rates were low and unpredictable. Different embryogenic 

lines were established and maintained by repetitive embryogenesis in multiplication 

medium containing BA and NAA. In Hevea, somatic embryos cultured on B-5 

medium supplemented with NAA, KIN, lAA and 2,4-D enhanced repetitive 

embryogenesis (Asokan et a l, 2002). In the present work the case is different and 

secondary embryogenesis occurred from regenerating plantlet having both shoot and 

root.

6.b. Effect of source plant juvenility on somatic embryogenesis

Age of source plants, developmental stage of the leaf, size, preparation, and 

culture environment are important factors for the type of induced somatic 

embryogenesis indirect or direct and shortening of induction period (Dhavala et al, 

2009). According to them explant age and hormonal concentration play a pivotal role 

and constitute the primary step in the standardization of in vitro regeneration protocol. 

Similar observation was also made in the present study with the developmental stage 

of the leaf having a major influence in callus induction. In pistachio, regeneration of 

plantlets through somatic embryogenesis was obtained only from juvenile leaves 

cultured iri vitro. In Heyea also leaves collected from juverillfe sources showed more 

embryogenic capacity. In this case embryogenic callus formation was found to be 

dependent on both age of the explant and on the individual leaf cultured (Omay et al, 

2000). Cysteine HCl has been widely used by several groups mainly for developing 

regeneration systems from leaf explants in coffee and cocoa (Leroy et a l, 2000; 

Emilie e ta l,  2007).

Callus induction in leaves collected from in vitro cultures was faster since they 

could be cultured without sterilization in H. brasiliensis. Rate of callus induction was 

also higher (80%), in leaves collected from in vitro plantlets developed through 

somatic embryogenesis and seedlings, since they were physiologically juvenile 

whereas in leaves collected from budded plants and mature trees which are



physiologically mature sources it was 60%. Texture of the callus was similar in 

cultures initiated from leaves of all sources when cultured in the same medium (Kala 

et al., 2009).

The nature of the initial explant has been recognized for a long time as a 

determining factor for successful plant tissue culture (Bonga, 1982), particularly for 

somatic embryogenesis which is strongly influenced by the age of the donor plants 

(Bonga and von Aderkas, 1992). Somatic tissues of flowers of several species are 

reported to have a higher potential for vegetative reproduction than tissues from other 

plant parts, presumably because of their proximity to rejuvenating sexual cells 

(Bonga, 1982; Bonga and von Aderkas 1992). Hevea brasiliemis is one of a few 

arborescent species for which somatic embryos can be obtained from mature 

individuals via integument explants from seed (Carron et a l, 1995). According to 

them using primary explants obtained from the same seed integument tissues, 

collected at the same time and under the same conditions from donor plants of the 

same genotype, significant differences in capacity for somatic embryogenesis were 

observed in the same culture conditions based on the origins and age of these donor 

plants. The present study reports obvious difference in embryogenic competence of 

leaf explants collected from plants of different physiological maturity as shown by 

varied response in embryogenic tissue initiation and embryogenesis in Hevea 

brasiliensis. Simultaneous with the formation of embryogenic calli, embryo induction 

could also be observed in all regenerating clumps from which embryos became 

visible within 2 weeks. Once embryogenic callus was formed, rate of embryo 

induction from the proliferated embryogenic calli was similar irrespective of the 

explant source. The rate of embryo induction from the proliferated embryogenic 

callus was similar irrespective of the source of the leaf, whether ex vitro or in vitro 

derived (60-70 %).The physiological age of the source plant, from where the explants 

were collected, determines the embryogenic potential of the induced callus in leaf 

explants of H. brasiliemis. Interaction and balance of media constituents also 

determines the efficiency of a system along with the cultured tissue.



In the present study also initiation of embryogenic callus from leaf derived 

fresh callus was found to be strongly influenced by the physiological maturity of the 

source plant from where leaves were collected revealing its embryogenic capacity. 

Variation was observed in the rate and time taken for embryogenic callus initiation 

when proliferated calli obtained from different explant sources were cultured in the 

embryo induction medium standardized earlier (Kala et a l, 2006). The most juvenile 

tissue which were the leaves collected from in vitro plantlets derived through somatic 

embryogenesis gave the maximum response in a minimum time frame. Embryogenic 

callus initiation could be triggered by the combined effect of calcium, sucrose and 

phytagel concentration of the medium. It appears that a combination of water stress 

provided by phytagel and an osmotic stress caused by sucrose in conjunction with the 

presence o f calcium imparts callus friability. This provided a favorable environment 

that triggered the emergence of embryogenic calli and simultaneous embryogenesis. 

Rate o f embryogenesis was similar in all the explant sources. These observations 

confirm the fact that physiological age of the source plant from where explants were 

collected determines its embryogenic capacity. This was found to reduce with 

maturity of the source plant. Previous studies have shown that physiological aging 

negatively affects the micropropagation capacity of H. brasiliensis from microcuttings 

(Lardet et al. 1990; Perrin et a l, 1994). Interaction and balance of media constituents 

also determines the efficiency of a system along with the cultured tissue. Embryogenic 

callus emergence was highly dependent on the source and maturity of the plant from 

where the leaves were collected. Lardet et a l, (2009) also reported that the 

embryogenic capacity of integument explants was dependent on the physiological 

aging of the plants from where explants were taken, and initiation of embryogenic 

callus from primary somatic embryos derived from the different explant sources 

varied. The finding that these differences persisted during somatic embryogenesis 

further demonstrates the overriding influence of donor plant age, especially 

physiologic age and success rates of somatic embryogenesis (Bonga and von Aderkas, 

1992, Dunstan et a l, 1995).



Liu and Pijut (2008) have also reported higher regeneration efficiency from 

juvenile source leaf explants of mature black cherry. Explants with a high ability for 

somatic embryogenesis generally originate from reproductive organs (e.g., anthers, 

inner integument o f the seed and zygotic embryos), young seedlings (Dunstan et al,

1995) and somatic-embryogenesis-derived plantlets. In Picea abies (L.) Karst., in- 

v/fro-cultured somatic embryos showed higher ability for somatic embryogenesis than 

their similarly aged or older zygotic counterparts (Ruaud et a l, 1992). In Larix 

decidua Mill., somatic embryogenesis from cotyledons and needles has been 

successful only for tissues obtained from emblings or from immature and mature 

zygotic embryos (Lelu et al., 1994). A higher organogenic responsiveness on a wider 

range of culture media for physiologically juvenile tissues compared to mature ones 

was observed in other species (Monteuuis, 1987; 2004), indicating that it may be a 

general phenomenon. This phase change phenomenon has been observed in many 

studies and is associated with a noticeable decline in the potential for 

micropropagation or somatic embryogenesis of most arborescent species (Bonga 

1982; Hackett, 1985; Monteuuis, 1989; von Aderkas and Bonga, 2000).

6.C. Agrobacterium  mediated genetic transformation

Transformation experiments were carried out using proliferated fresh leaf 

callus as the target tissue iov Agrobacterium infection, following the earlier developed 

protocol (Jayashree et al., 2003). Optimization of parameters for controllmg bacterial 

overgrovrth and improving the transformation efficiency were carried out. In the 

present study, addition of silver nitrate in the selection medium (20 mg/1) prevented 

the overgrowth of bacteria for about 3 weeks. Inclusion of silver nitrate in co-culture 

medium has been proven for its anti ethylene activity which is common with in vitro 

plant cultures. Inclusion of silver nitrate in co-culture medium has been proven for its 

anti ethylene activity which is common with in vitro plant cultures. The suppressed 

Agrobacterium growth on target explants could facilitate plant cell recovery and result 

in increased efficiency of transformation. The suppressed Agrobacterium growth on 

target explants could facilitate plant cell recovery and result in increased efficiency of 

transformation. Tissue damage by A. tumefaciens infection has been reported earlier



also and seems to be one of the major obstacles for Agrobacterium mediated 

transformation. Similar observation was also made by Orlikowska (1997) where 

presence of silver nitrate (100 mg/1) in the rose regeneration medium completely 

retarded bacterial overgrowth for about one month. In apple it has been reported that 

during Agrobacterium mediated transformation, ethylene production was increased 

which resulted in reduced efficiency of gene transfer mechanism (Seong et a l, 2005). 

Ozden et a l, (2004) have reported that involvement of ethylene production leads to 

tissue browning which can be reduced in the presence of silver nitrate. Addition of 

silver nitrate in the co-culture medium has shown to enhance stable gene transfer in 

maize (Armstrong et a l, 2001; Zhao et a l, 2001) and fuji apple (Zhang et a l, 2001). 

Orlikowska (1997) reported that addition of silver nitrate stimulated direct shoot 

regeneration in leaves taken from in vitro cultures and infected with Agrobacterium. It 

also inhibited bacterial growth after co cultivation with the explants. Opabode (2006) 

reported that silver nitrate is an anti necrotic compound which can reduce oxidative 

burst during the interaction between plant tissue and Agrobacterium. The use of silver 

nitrate in plant tissue culture have shown to have other important effects in plant 

tissue culture o f cassava, such as improving somatic embryogenesis and 

micropropagation in many other species (Zhang et a l, 2001).

L-cysteine which is an amino acid with a thiol side chain is an important 

component of antioxidant glutathione. L-cysteine is an effective inhibitor for 

polyphenol oxidases, peroxidases and enzymatic browning. It is suggested that L- 

cysteine improves transformation efficiency by reducing plant defense response to 

pathogen attack, plant wounding and environmental stresses throughout the co­

cultivation period. L-cysteine therefore reduced plant cell death, enzymatic browning 

of wounded sites and increased bacteral susceptibility which in turn improved 

transformation efficiency. In the present experiments also, presence of L-cysteine 

along with silver nitrate helped in reducing overgrowth and improving quality of 

callus in newly formed transgenic lines, along with improvement in transformation 

frequency. According to Olhoft et a l, (2003), inclusion of thiol compounds in the 

solid cocultivation medium enhanced T-DNA transfer into cotyledonary node cells



and genomic integration resulting in increased production of transgenic plants. 

Antioxidant effect of L-cysteine on Agrobacterium mediated transformation has been 

studied intensively in soyabean varieties (Olhoft et a l, 2001; Paz et a l, 2004 and Liu 

et a l, 2008). It has been repoted that addition of L-cysteine in the co-cultivation 

medium along with other thiol compounds and surfactants would increase the 

transformation efficiency significantly (Olhoft et a l, 2001; Liu et a l, 2008). 

Enriquez-Obregon et a l, (1999) also investigated the effects of these three compounds 

on the necrosis of shoot meristem explants prior to infection in rice transformation. 

The explants, which were incubated in a liquid medium containing 20 mg /I ascorbic 

acid, 40 mg /I cysteine, and 5 mg /I silver nitrate for 6 h in the dark, had an average 

of 6% necrosis of explant area while it was 80% in explants without the antioxidant 

treatment. The antioxidant treatment increased rice transformation efficiency from 17 

to 30%. Similarly, Olhoft et a l, (2001) increased Agrobacterium infection from 37 to 

91% in the soybean cotyledonary node region by including 400 mg/1 cysteine in 

cocultivation medium, subsequently, resulting in a two fold increase in transformation 

efficiency and simultaneously reducing browning/necrosis on the explant. Addition of 

400 mg/1 cysteine in the co-culture medium increased both the frequency of transient 

P-glucuronidase (GUS) expression in target cells from 17 to 56% and the stable 

transformation frequency from 0.2.to ,6.2% (Frame et a l, 2002). It was also found 

that the coculture of sugarcane leaf spindle sections with A. tumefaciens induced a 

rapid necrosis of the tissue (Enriquez-Obregon et a l, 1997, 1998). To minimize the 

necrosis, the leaf spindle explants were incubated in a liquid medium containing 15 

mg/1 ascorbic acid, 40 mg/1 cysteine, and 2 mg/1 silver nitrate for 60 h in the dark 

prior to inoculation with Agrobacterium and then cocultured in a medium with the 

same antioxidants. By doing so, the percentage o f the explant viability was increased 

from 10 to 90%. In addition, the percentage of GUS positive explants was increased 

from 0 to 100%. Zeng et a l, (2004) also reported that the inclusion of 400 mg/1 

cysteine in the cocultivation medium increased stable transformation from 0.2 to 5.9% 

in Agrobacterium-mQ6\diiQd transformation of soybean.



Within a population of Agrobacterium transformed and non-transformed cells 

or tissues, lipoic acid promoted the differentiation, proliferation and regeneration of 

the transformed cells or tissues under appropriate selection pressure. It prevented the 

transformed cells or tissues, which were stressed by Agrobacterium and any 

unfavorable in vitro culture conditions, from browning and dying at an early stage of 

development and subsequently enhanced its transient GUS expression. In the present 

study, enhancement in transformation frequency by 5 - 10% was obtained with 

reduction in overgrowth when this was used along with silver nitrate and pluronic 

F68 . In animals, free lipoic acid and dihydrolipoic acid are metabolic antioxidants 

that are able to scavenge reactive oxygen species to recycle other antioxidants such as 

vitamin C, glutathione, and vitamin B to increase the expression of genes involved in 

the regulation of normal growth and metabolism as well as redox regulation of gene 

transcription (Packer et a l, 1995, Packer and Tritschler 1996). Different 

concentrations of lipoic acid was applied in the co-culture medium of an 

Agrobacterium-mQ6\dXQd soybean transformation protocol (Dan et al., 2004) and 

transgenic plants were generated. According to Dan et al., (2009) within a population 

of Agrobacterium transformed and non-transformed cells or tissues, lipoic acid 

promoted the differentiation, proliferation, and regeneration of the transformed cells 

or tissues under appropriate selection pressure.

In this experiment, addition of the surfactant pluronic F68 (300 mg/1) in the 

infection medium containing silver nitrate and thiol compounds increased the 

transformation frequency further by 1-2%. Henrique et a l, (2004) reported that the 

addition of pluronic F68 (0.03%) to the inoculation medium dramatically increased 

transient GUS expression up to 100 fold in sorghum. Similar observations were also 

made here with pluronic F68 giving improvement in transformation frequency. Cheng 

et al., (1997) has also reported that presence of pluronic F68 in the inoculation 

medium greatly enhanced T-DNA delivery in immature embryos of wheat. Surfactant 

added to the inoculation medium may play a role similar to vaccum infiltration, 

facilitating delivery of bacterial cells to closed ovules which are the primary target of 

Agrobacterium in plant transformation (Ye et a l, 1999, Bechold et a l, 2000). An



overall improvement in the transformation frequency by 10-15% was obtained by 

using the surfactant pluronic F68 along with silver nitrate and antioxidants in the 

modified infection, co-cultivation and selection medium.

6.d. Identification, Cloning and characterization of phase change related genes

The largest class of juvenile-induced genes was comprised of those involved in 

photosynthesis. It is also well established that photosynthetic rates and related 

physiological attributes differ between juvenile and reproductively mature individuals 

in nearly every woody species examined (Bond, 2000). Changes in chlorophyll 

content may be reflected in more general changes in the photosynthetic apparatus. 

This would suggest that genes encoding elements o f the photosynthetic apparatus 

would be differentially expressed between juvenile and mature plants. Two steady- 

state Cab mRNA levels are relatively higher (40%) in newly expanding short shoot 

foliage from juvenile plants compared to mature plants in Eastern larch {Larix 

laricind) (Hutchison et o/.,1990). In the present study also Chlorophyll a/b binding 

protein gene was found to be differentially expressed in juvenile and mature plants of 

Hevea. It was observed that chlorophyll a/b binding protein gene expression was more 

in juvenile source plants such as seedlings and in vitro somatic embryogenesis derived 

plants whereas in mature source plants such as bud grafted plants and mature trees it 

was comparatively less. In tree species, the general trend is towards lower 

instantaneous or integrated photosynthetic rates in reproductively mature individuals, 

but the inverse has also been reported in several species (Bond, 2000). In Eastern 

larch, juvenile and rejuvenated shoots also showed higher rates of photosynthesis and 

respiration, evidenced by faster O2 evolution and consumption. This would suggest 

that genes encoding elements of the photosynthetic apparatus would be differentially 

expressed between juvenile and mature plants in. The photosynthetic rates were 

associated with more chlorophyll, especially chlorophyll a, in the juvenile and the 

rejuvenated shoots (Hutchison e ta l,  1990)

Identification of genes differentially expressed in a phase-induced manner in 

maize leaf primordia by microarray analysis of juvenile, adult leaf and juvenile leaves



from culture-rejuvenated plants revealed that 221 and 28 genes that were up regulated 

in the juvenile and adult phases, respectively. Whereas photosynthetic genes have 

been long known to be induced by light, this observation suggests that in order to 

prime maize plants for energy production early in vegetative growth, the induction of 

photosynthetic genes relies on developmental cues (Strable et a l, 2008). The effect of 

maturation on the morphological and photosynthetic characteristics, as well as the 

expression of two genes involved in photosynthesis in the developing, current year 

foliage of Eastern larch. These data show that the maturation- related changes in 

morphological and physiological phenotypes are associated with changes in gene 

expression (Hutchison.e^a/., 1990). Basheer- Salimia et a l, (2007) have identified 

some morphological, anatomical, and eco physiological markers with juvenility- 

maturity in olive tree. Their results with olive leaves could be used to assess the phase 

changes or the transition period in many of woody plants. They concluded that when 

the juvenile phase was compared to mature phase in olive trees, was physiologically 

characterized by higher photosynthetic rate and stomatal conductance and 

morphologically by smaller leaf size, smaller number of hairs and stomata, thicker 

leaves, and thicker palisade and spongy parenchymas. In contrary, mature phase has 

lower photosynthetic rate and stomatal conductance and decreased cell size in all leaf 

histological components. In all species of mediteranean oak, leaves on seedlings 

displayed a lower mass per unit area ind  lower nitrogen content than on mature trees. 

However, owing to their larger stomatal conductance, leaves on seedlings usually 

showed larger photosynthetic nitrogen-use efficiency and lower water-use efficiency 

than on mature trees. Stomatal conductance and CO2 assimilation rate were lower in 

Q. ilex than in the two deciduous species at the mature stage (Sonia and Alfonso, 

2003). In vitro shoot tips of Sequoia sempervirens including a juvenile, two adult, and 

two rejuvenated adult clones were examined for differences in basic physiological 

characteristics. Juvenile and rejuvenated shoots also showed higher rates of 

photosynthesis and respiration, evidenced by faster O2 evolution and consumption. 

The photosynthetic rates were associated with more chlorophyll, especially 

chlorophyll a, in the juvenile and the rejuvenated shoots (Li et a l, 2003). The largest 

class of juvenile-induced genes was comprised of those involved in photosynthesis,



suggesting that maize plants are primed for energy production early in vegetative 

growth by the developmental induction of photosynthetic genes (Strable et a l, 2008).

A plant regeneration protocol from leaf explants of Hevea brasiliensis clone 

RRII 105 was developed. Optimization experiments of the medium involved in 

various steps of the pathway were done based on earlier reports of work carried out in 

related fields and results obtained were compared and discussed. It was observed that 

each plant species and even different tissues in a plant has its own unique set of 

nutritional requirement for in vitro culture. Regarding phase change related in vitro 

response and gene expression, in Hevea also, observations similar to those made by 

earlier workers in this area were found to be relevant and similarities found. 

Regarding genetic transformation, supplementing the medium with additives reported 

to be favourable for improving transformation in other crops, positive results were 

obtained and transformation frequency could be improved by 5-10%.



Summary €C ConcCusions



Chapter VI

S U M M A R Y  A N D  C O N C L U S IO N S

Hevea brasiliensis belonging to the family Euphorbiaceae remains as the 

only cultivated species as a commercial source o f natural rubber because of its 

abundance in the latex, high quality and convenience o f harvesting. Since the tree 

is cross pollinated the seedlings are highly heterozygous and commercial 

propagation is by bud grafting. Genetic improvement o f H. brasiliensis by 

conventional means is very elaborate and time consuming as in many other 

perennial species. In vitro culture of H. brasiliensis was initiated with a view to 

develop protocols for micropropagation and genetic improvement through 

transgenic approaches. Efficient protocols for plant regeneration through somatic 

embryogenesis from a range of explants such as inner integument, immature 

anthers and immature inflorescence have been reported in H. brasiliensis.

All the protocols developed earlier were for somatic embryogenesis in H. 

brasiliensis, floral/fruit derived explants. Since flowering in H. brasiliensis is 

seasonal and adverse envirormients during the season may hinder normal 

flowering, explant availability and quality is unpredictable. Development of a plant 

regeneration system from Hev.ea Jeaves which is an easily available explant would 

be useful for crop improvement experiments through genetic transformation. The 

work also done to understand the effect of media constituents especially major 

salts, phytohormones, organic supplements and gelling agent on leaf derived 

somatic embryogenesis and plant regeneration in Hevea. Leaf cultures initiated 

with the medium mature leaves collected from glass house grown bud grafted 

plants could produce about 73% contamination free, viable cultures when surface 

sterilized wdth 0.15% (w/v) HgCla for two minutes. Modified MS medium with 

addition o f 1200 mg/1 calcium nitrate, cysteine HCl (50 mg/1), casein hydrolysate 

(1.0 gm/1), B5 vitamins, sucrose (20g/l) and containing phyto hormones 2,4-D (5.4 

^M), BA (4.4 ^M) and NAA (1.08 |iM) was identified as the most suitable 

medium for callus induction from leaf explants of bud grafted plants of Hevea. 

Embryo induction was obtained in modified MS medium (Ca(N03 )2. 4H2O -250



mg/1) containing B5 vitamins, amino acids and phytohormones, BA (2.2 |iM), GA3 

(2.9 |aM), Kin (1.25 |iiM), ABA (0.75 ^M) and NAA (0.54 fj,M). The medium also 

contained organic supplements such as coconut water (5 %), casein hydrolysate 

(300 mg/1), PEG (5.0 g/1), sucrose (60 g/1) and 0.2% activated charcoal. The 

medium ŵ as solidified v^ith 5.0 g/1 phytagel. Maturation and apex induction of 

embryos w âs obtained when cultures were dark incubated in WPM containing 

sucrose (60 g/1), amino acids such as glutamic acid (150 mg/1), arginine (40 mg/1) 

and glycine (10 mg/1), organic supplements and phytohormones BA (2.2 |uM), (Kin

1.38 ^M), IBA (0.49 |iM) and GA3 (5.3 |iM). Plant regeneration was obtained in 

hormone free MS medium. Sixty percent o f the plantlets transferred to sterile sand 

could withstand transplanting shock and were free o f frmgal attack after two 

weeks.

The initiation o f embryogenic callus from fresh callus derived from leaf 

explants was found to be influenced by the physiological maturity o f the source 

plant from where the leaves were collected. The leaves collected from in vitro 

plantlets derived through somatic embryogenesis, the most juvenile tissue, gave the 

maximum positive response within the shortest time. Embryogenic callus initiation 

could be increased by the combined effect o f calcium, sucrose and phytagel 

concentration o f the culture medium. It was observed that a combination of water 

stress provided by phytagel .and the , osmotic stress caused by sucrose in 

conjunction with the presence of calcium imparts callus friability. This provided a 

favourable environment triggering the emergence o f embryogenic calli and 

simultaneous embryogenesis. These observations confirm the fact that 

physiological age o f the source plant from where explants were collected 

determines its embryogenic capacity. The embryogenic potential was found to 

reduce with maturity o f the source plant, with leaves from mature trees having no 

embryogenic capacity. Between the remaining two sources, rate o f embryogenesis 

from the proliferated embryogenic calli was similar irrespective o f the explant 

source. The present study also reports obvious differences in embryogenic 

competence o f leaf explants collected from source plants o f different physiological 

maturity as shown by varied response in embryogenic tissue initiation in Hevea 

brasiliensis.



Efficient transformation systems using easily available explants are 

indispensible for genetic modification o f important crop plants. The leaf is a 

favoured explant for most transformation experiments in other plants, since 

nutrients and Agrobacterium readily penetrate these tissues. Hence a leaf based 

regeneration would be very useful for the genetic improvement of Hevea tlirough 

recombinant technology. The present study also reports the feasibility o f using 

freshly proliferated leaf callus as target tissue for genetic transformation. The effect 

o f factors that help to increase the transformation efficiency such as silver nitrate, 

surfactant pluronic-F68 and antioxidants, L- cysteine and a- lipoic acid in 

improving callus texture in the newly emerging transgenic cell lines and control 

overgrowth o f bacteria were examined. It was observed that the infection, co­

culture and selection media components, Agrobacterium strains and binary vectors 

significantly influence T-DNA delivery, integration and stable transformation. It 

was observed that addition o f silver nitrate in the infection (10.0 mg/1), 

cocultivation ( 10.0 mg/1) and selection (10.0 mg/1) medium significantly 

suppressed bacterial overgrowth and improved the texture o f callus in newly 

emerged lines. An overall improvement in the transformation frequency by 5 -  10 

% was obtained by the inclusion of antioxidants L -  cysteine (100 mg/1) or lipoic 

acid (50 mg/1) in the infection, cocultivation and selection medium and addition of 

the surfactant pluronic F68 T300 mg/1) in the infection mediimi. The transgenic 

callus obtained could be proliferated and somatic embryo induction obtained. 

Overall, it has become evident that each species and even tissues has its own 

unique set o f requirements for effective transformation.

An attempt has been made for the isolation and characterization o f genes 

differentially expressed in juvenile and mature tissues o f H. brasiliensis. The 

chlorophyll a/b binding protein (Cab) gene was PCR amplified from the genomic 

DNA and cDNA of H. brasiliensis (clone RRII 105). The amplified sequence 

contains 525 bps. PCR amplified cDNA fragment was eluted, cloned in strataclone 

TA vector and sequenced. The sequence was compared with the earlier reported 

cDNA sequence of Cab gene from other plant species and BLAST analysis 

revealed sequence homology with Cab mRNA sequence (M60274) from Ricinus 

communis (91%) and the genomic sequence characterised was found to be 

intronless. This is the first report on isolation and characterization o f chlorophyll



a/b binding protein gene partial cds from H. brasiliensis. Steady state Cab mRNA 

levels have been reported to be relatively higher in newly expanding short shoot 

foliage from juvenile plants compared to mature plants. Differential expression of 

the chlorophyll a/b binding protein gene was observed during the juvenile -  mature 

phase change tissues derived from juvenile plants o f H. brasiliensis showing more 

expression o f the gene.

A plant regeneration system through somatic embryogenesis has been 

developed from leaf explants of Hevea Brasiliensis. The efficiency o f the system 

was found to vary with juvenility o f the source plant from where explants were 

collected with the leaves collected from in vitro developed plants being the most 

amenable. The system developed was also proved to be feasible for Agrobacterium 

mediated genetic transformation and subsequent plant regeneration. Isolation, 

cloning and sequence analysis of chlorophyll a/b binding protein gene which gave 

differential expression in tissues collected from juvenile and mature plants was 

done the expression o f which may influence tissue recalcitrance during in vitro 

culture.

Leaf explants of Hevea were proved to be amenable for tissue culture and 

plant regeneration. The newly developed system for plant regeneration could be 

utilized in fixture fo r,, .genetic transformation experiments in Hevea crop 

improvement. This opens up the scope of utilizing the leaf explant for developing a 

system for direct embryo induction in leaves without callus phase intervention by 

modifications in the already developed system through further optimization 

experiments. It would be a major breakthrough for genetic transfonnation and 

transgenic plant production.
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