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INTRODUCTION



1. INTRODUCTION

1.1. SANDAL

Santalum album L. occupies a prime position in Indian forestry and has been rated

as the most precious and valuable tree (Srinivasan et al., 1992; Kulkami, 1995;

Srimathi et al., 1995; Radomiljac et al., 1998). The scented heartwood of sandal,

‘the East Indian sandalwood‘, yields the fragrant sandalwood oil by steam

distillation (Rai and Kulkami, 1986; Srinivasan et al., 1992; Rao, 1995;

Shankaranarayana et al., 1995; Srimathi et al., 1995). Sandalwood has been

intimately associated with human civilization since time immemorial and is a part

of Indian culture and heritage (Srinivasan et al., 1992). The heartwood of sandal is

estimated to be fetching approximately Rs. 9 lakhs per tonne in the international

market (Ananthapadmanabha, 2000). Thirty- to sixty-year-old trees having a girth

of 40-60 cm, generally have the best heartwood suitable for carving as well as for

oil extraction (Shankaranarayana et al., 1998). The oil is present in the heartwood

of both the stem and root and hence the tree is invariably harvested by uprooting.

Sandalwood oil is in great demand for manufacturing cosmetics, soaps and

perfumes and for ayurvedic and allopathic systems of medicine (Srinivasan et al.,

1992; Tandon, 1995). A growing tree can put an increment of 1 kg of heartwood

per year and attain a girth of 1-5 cm per year (Venkatesan, 1980; Rai, 1990). India

exported around 2000 tonnes of wood and 100 tonnes of oil annually to various

countries and accounted for 99 per cent of sandal oil produced in the world

(Lakshmi Sita and Bhattacharya, 1998).



1.1.1. Distribution

The genus Santalum is tropical in distribution between 30° N and 40° S from India

in the West to Juan Femandez islands in the East and from Hawaiian Archipelago

in the North to New Zealand in the South (Brennan and Merlin, 1993). The widely

distributed and economically important genus Santalum consists of 29 species

(Hewson and George, 1984) which are xylem tapping root hemi-parasites

belonging to the family Santalaceae. The better known Indian sandal, S. album

grows in a wide range of temperature and soil types in tropical and subtropical

India, Srilanka and Indonesia (Nageswara Rao et al., 1999). Four Santalum spp.

namely S. spicatum (R.Br.) A.DC., S. accuminatum (R.Br.) A.DC., S. murrayanum

(Mitchell) C. Gardn. and S. Ianceolatum (R.Br.) are native to Western Australia

(Sawyer and Jones, 2000). Among the Santalum spp., S. album has got the highest

oil content (6-7%) while S. spicatum (2% oil content) and S. Ianceolatum (3-5% oil

content) yield poorly scented wood and low quality oil (McKinnell, 1990).

In India, S. album is found naturally distributed over 9600 lcmz (Srinivasan

et al., 1992; Radomiljac et al., 1998) in different eco-climatic and edaphic

conditions fi'om Kerala in the South to Uttar Pradesh in the North (Jain et al.,

1998). Nearly 90 per cent of total area is in Kamataka (5245 kmz) and Tamil

Nadu (3043 kmz) states. In Kerala, it is mainly distributed in the forest ranges of

Marayoor, Kasargod, Wayanad and Thenmalai (Srimathi et al., 1995). Sandal is

also found in Andhra Pradesh (175 kmz), Maharashtra (84 lcmz), Madhya Pradesh

(33 lcmz) and Orissa (25 km2) (Jeeva et al., 1998).



1.1.2. Regeneration

Sandal produces flowers and fruits twice a year (September/October and

March/April) and is capable of regenerating itself profusely in the sandal tracts of

open forests. Fresh seeds have a dormancy period of 2 months and retain their

viability upto 12 months. The seeds normally take 4 to 8 weeks to genninate and

the dispersal of seeds is usually by birds (Venkatesan, 1995). Sandal is managed in

natural forests under physical rotation; dead and fallen trees are periodically

extracted. Occurrence of fire, excessive grazing, hacking and encroachments often

hamper the efficiency of natural regeneration (Venkatesan, 1981). Therefore, given

the necessary protection, any area with a few scattered trees can be stocked with

adequate natural regeneration. Artificial regeneration is achieved by dibbling of

seeds in pits, sowing in mounds, trenching around mother trees for wounding the

roots for obtaining root suckers and planting nursery-raised, vegetatively multiplied

and tissue culture-raised seedlings (Rai and Kulkami, 1986). Vegetative

propagation is achieved through stem cutting, grafting, air layering or through

suckers; but rooting is achieved only in 15-20 per cent of cuttings (Rao and

Srimathi, 1976; Uniyal et al., 1985; Balasundaran, 1998; Sanjaya et al., 1998). As

heart wood formation is genetically controlled, it is desirable to obtain seeds from

genetically superior trees for developing a successful artificial regeneration

programme and better productivity (Srinivasan et al., 1992).



1.2. DEPLETION OF SANDAL FORESTS

In addition to regeneration problems, the depletion of sandal forests is mainly

attributed to factors such as illicit felling and diseases. In India, sandalwood

smuggling is very rampant and it is the major problem in all the states where sandal

grows (Nageswara Rao et al., 1999). Smuggling ultimately results in genetic

erosion, because smugglers remove genetically superior trees and such populations

tend to possess more and more genetically inferior trees (Venkatesan et al., 1995).

Uma Shaanker et al. (2000) reported a decline in the genetic diversity of natural

population due to indiscriminate extraction of sandalwood. The annual production

of sandalwood has dwindled from 4000 tonnes in 1965 1970 to merely 1000

tonnes during 1999 - 2000. The oil production has also reduced to 40 - 50 tonnes

during 1999 2000 from a constant rate of 60 tonnes during 1981 1994

(Ananthapadmanabha, 2000).

1.3. DISEASE AND PEST PROBLEMS

The major disease that causes mortality of sandal trees is the spike disease caused

by phytoplasma (Mukerji and Bhasin, 1986; Ghosh et al., 1992; Srinivasan et al.,

1992; Srimathi et al., 1995; Thomas, 2000). The disease is prevalent in three of the

major sandal growing states in India namely Kamataka, Tamil Nadu and Kerala

(Rangaswamy, 1995). The leaves and intemodes of the affected trees show extreme

reduction in size, and the shoots resemble spike inflorescence. The death of

infected trees in the entire affected area within 1-2 years is characteristic of the

disease (Ghosh et al., 1992). In addition to spike disease, other diseases associated



with sandal include leaf spot diseases caused by different fungal pathogens such as

Ascochyta santali, Ganoderma applanatum, Ganoderma lucidum, Macrophomina

phaseoli and Asterina congesta (Srinivasan et al., 1992). Many insect species are

also lcnown to attack sandal, but only very few are serious pests which adversely

affect the growth of the plants. They include defoliators, sap suckers, stem borers

and termites. Of these, the sap suckers belonging to the family Coccidae cause die

back, poor growth, reduction of flowering and fi'uiting, and sometimes even

mortality to plants in nurseries, plantations and reserve forests (Remadevi et al.,

1998).

1.4. GENETIC DIVERSITY OF SANDAL POPULATIONS

Genetic diversity forms the base of the biodiversity hierarchy (Namkoong et al.,

1996). The amount and distribution of population genetic diversity (population

genetic structure) is the most fundamental piece of information required for proper

genetic management of species (Brown, 1978). Genetic diversity in S. album is

assumed to be imperiled, owing to the dysgenic selection and wanton felling

perpetrated by smugglers and due to the destructive spike disease (Muthana, 1995).

Fragmentation of natural sandal population due to excessive human encroachment

and land use changes also contributed to the decline of species diversity

(Nageswara Rao et al., 2001).

Sandal is a highly polymorphic species (Kulkami, 1995). Morphological

studies showed that the trees vary significantly in leaf length and breadth, colour of

heartwood and in the oil content (Bagchi and Veerendra, 1987; Kushalappa, 1983;



Kulkami, 1995). A study of anatomical characteristics viz. xylem cell diameter,

epidermal thickness, cortex width and number of vascular bundles has shown that

there are genotypic differences in sandal populations (Veerendra and Bagchi,

1986). A priori information on genetic variation/diversity of sandal will assist in

valid sampling to capture most of the genetic variation present in natural

populations and can hasten progress of both conservation and tree improvement

programmes.

1.5. MICROPROPAGATION IN SANDAL GENETIC IMPROVEMENT

Tree improvement in sandal aims mainly at evolving trees that can yield more

heartwood and oil" in a short span of time, coupled with spike disease resistance

(Venkatesh and Kedamath, 1963; Srimathi et al., 1977, 1980; Kulkami et al.,

1998). Concerted efforts have to be initiated for the preservation of existing sandal

populations and the development of techniques for rapid multiplication of superior

disease evaded trees. Tissue culture or micropropagation technique is an important

method of mass multiplication of superior plants to obtain true-to-type plantlets.

Somatic embryogenesis in forest trees is reported to be one of the most

cfficient method of micropropagation and has got the advantage of producing

several plantlets within a limited period to meet the ever increasing demand in

reforestation activities (Thorpe, 1995). There is also the possibility of long term

storage of somatic embryos, which aids in genetic conservation of rare genotypes.

Despite these advantages, somatic embryogenesis in forest trees are often met with



developmental anomalies during somatic embryo induction, maturation, conversion

and final establishment in the field (Tang, 2001).

In S. album, though somatic embryogenesis is reported .to be the efficient

method of in vitro propagation, the high per cent of abnormal embryos and poor

rate of conversion of somatic embryos to plantlets hinder the efficient utilization of

the technique (Ilah et al., 2002). Though, culture conditions required for somatic

embryogenesis in sandal are well defined, the molecular and biochemical events

underlying the phenomenon of somatic embryogenesis are ill defined (Bapat and

Rao, 1984; 1998).

1.6. OBJECTIVES OF THE STUDY

Loss of natural sandal populations due to illicit felling, forest encroachment and

spike disease have an adverse effect on genetic diversity of the species. To initiate

any genetic improvement programme in sandal, a precise understanding of the

population genetic diversity structure is essential. The concern over the loss of

genetic variability in sandal is particularly critical, as there is hardly any

information regarding the diversity status of the natural populations.

Identifying fast growing, disease resistant, oil rich sandal trees through

breeding and their mass multiplication for afforestation are the best method for

ensuring sustainable supply of superior sandalwood. The healthy sandal trees

existing in heavily spike diseased area can be used as a promising starting point for

any such breeding programme (Venkatesh, 1978). So far, no genetic information is

available regarding the resistant nature of spike disease evaded trees left in heavily



infected patches. The high rate of depletion of the superior trees in South Indian

sandal reserves due to illegal felling and spike disease has necessitated an urgent

need for conservation of the surviving trees.

Widespread occurrence of spike disease in Marayoor forest reserve was

reported in 1981 (Ghosh and Balasundaran, 1995). Because of the high density of

trees and varying intensity of spike disease, Marayoor sandal population was found

to be ideal for experimental studies in sandal (Ghosh et al., 1985). Fifteen trees of

reserve 51 of Marayoor range had been selected as candidate plus trees for growth

and spike disease evasion (Fig.l.l.) (Balasundaran, 1998). These trees have been

selected for mass multiplication through tissue culture technique.

The major objectives of the present study are:

1. Assessment of genetic diversity within and between South Indian sandal

populations using isozyme and RAPD markers.

2. Protein, Isozyme and RAPD marker analysis in spike diseased and disease

evaded sandal trees in Marayoor.

3. Tissue culture of spike disease evaded sandal trees in Marayoor and_study of

protein, isozyme and RAPD profiles during the ontogeny of somatic embryos.



Figure 1.1. A spike disease evaded sandal tree in Marayoor reserve
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2. REVIEW OF LITERATURE

Forests are the green gold of a country and the harbingers of economic prosperity

and ecological stability. They are the biologically most diverse terrestrial

ecosystems within which, trees are central to the habitat and environment of other

plant and animal species. Tropical forests are characterized by a great diversity of

tree species. In India, there are only 75 million ha of forest area which works out to

19.27 per cent of the geographical area and is far below the requirement of 33 per

cent (ICFRE, 2000).

This natural forest genetic resource is being wantonly plundered, the

motivation invariably being greed rather than need (Douglas er al., 1982). The need

for augmenting country's forest wealth has got immense importance in this context.

Because of the intense human pressure on these resources, many of the

economically important forest tree species are highly fragmented with incredibly

low number of individuals and are rendered rare, endangered or threatened with

extinction (FAO, 1999; Annamalai, 1999). This situation has demanded an

imperative need for conservation of vital genetic resources. Critical information on

the population status and an accurate knowledge about the spatial distribution

pattern of genetic diversity are essential to arrive at informed decisions in planning

effective conservation strategies and genetic improvement programmes (Boshier

and Young, 2000).

10



2.1. GENETIC DIVERSITY IN FOREST RESOURCE CONSERVATION

Genetic diversity is characterized by differences in composition or frequency of

genes or alleles among individuals in a species or population. Understanding the

current diversity status of forest genetic resources is essential before efficient forest

gene conservation programme can be designed (Namkoong et al., 1996). A

population or species which has many individuals, but little genetic variation

among them, will be more susceptible to pressures towards extinction than with

genetically diverse species or population. A number of economically important

forest tree species are under threat due to human pressures and the extent of

reduction in population size provides an indication of the extent of loss of diversity

(Boyle, 2001). The advent of molecular marker techniques, bioinfonnatics and the

use of geographical information system (GIS) could help to develop better methods

to survey, sample and assess the genetic diversity (Rao and Koskela, 2001). An

array of population genetic studies had indicated that genetic diversity is structured

at various levels of ecosystem in a kind of genetic architecture, knowledge of which

is important in developing in situ conservation strategies (Libby and Critchfield,

1988).

2.2. POPULATION GENETIC PRINCIPLES

Population genetics is the quantitative study of the amount and distribution of

genetic variation/diversity in populations, and the dynamics of the underlying

processes. Description of population genetic structure and its dynamics are based

on the analysis of allele and genotype frequencies in sampled populations with
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simply inherited Mendelian traits (Frankel, 1983). The factors that affect allelic

frequencies in a random-mating population are random drift (chance fluctuations),

mutation, natural selection and migration. The estimate of allele frequencies at a

locus from knowledge of genotype frequencies is forthright under the assumptions

of Hardy-Weinberg principle (Hardy, 1908; Weinberg, 1908) which is the

foundation for all population genetic investigations.

The principle states that in a large random mating population, the allele and

genotype frequencies will remain constant from generation to generation when

there is no mutation, migration and natural selection. A population is said to be in

Hardy-Weinberg equilibrium (HWE) when frequencies of three genotypes viz.

homozygous dominant (AA), heterozygous (Aa) and homozygous recessive (aa) at

a diallelic locus (dominant and recessive) are p2, 2pq and q2 respectively such that

p2 + 2pq + q2 = 1, where the allele frequencies p (A) and q (a) can be calculated

from genotype frequencies (Yeh, 2000). Deviations from HWE can arise from

several factors, including population subdivision, Wahlund's principle (increase of

homozygotes at the expense of heterozygotes - an inbreeding like effect), migration

from outside, non-random mating, sampling of siblings, sex specific differences in

allele frequencies, presence of null alleles and selection. It is always important to

determine whether there is significant deviations from HWE in the survey of

genetic diversity in natural populations (Yeh, 2000).

The deviations of genotype frequencies from HWE can be analysed by three

parameters namely F15 (inbreeding coefficient within population), F57 (inbreeding
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coefficient over the total populations) and Fry (reduction in inbreeding coefficients

due to differences between populations). If all the populations are in HWE, F15 will

be zero and F11‘ will be equal to F57. Frs and Fry may also be positive or negative,

indicating heterozygote deficit or excess. FST is always positive and is a measure of

the extent of genetic differentiation among populations (Wright, 1951). Coefficient

of genetic differentiation, G57, as proposed by Nei (1973) is identical to P57.

Genetic distance (D) is a measure of the amount of genetic divergence between

populations and is usefiil for genetic grouping of the populations (N ei, 1978).

To characterize population genetic structure, the following parameters that

describe and quantify the genetic and geographic variation patterns are usually

investigated viz. polymorphisms (P) to describe what proportion of gene loci are

variable, average number of alleles per locus (A), average heterozygosity (h) to

describe what proportion of all gene loci are heterozygous and the level of among

population differentiation (G51) (Brown, 1989). Forest trees have been exposed to

various geographical distributions and extreme life history characteristics such as

long life cycle, greater opportunity for accumulation of mutations and exposure to

stresses. Thus, to develop and implement effective genetic improvement and

conservation strategies in forest trees, it is necessary to integrate the information

drawn from the above mentioned population genetic diversity parameters.

2.3. TOOLS TO STUDY POPULATION GENETIC DIVERSITY

With the rediscovery of Mendel's work by Correns, De vries and Schennark, the

twentieth century has witnessed an indisputable revolution in the field of genetics

13



(Sturtevant, 1965). The use of genetic markers in plant breeding dates back to the

beginning of the century, when Bateson and Punnet (1905) discovered the genetic

linkage between gene controlling flower petal colour and shape of pollen grain. The

use of markers in the practice of plant breeding was set by Sax in 1923, who

explored the association between a qualitative character (seed coat colour), a

marker and a quantitative character (seed size) for indirect selection in Phaseolus

vulgaris (Sax, 1923). Prior to 1960's, markers used in plant genetics and breeding

experiments were those derived from genes controlling discrete phenotypes for

easy visual identification (morphological markers) such as dwarfism, chlorophyll

deficiencies, and flower, seed or leaf colour and morphology through provenance

and progeny trials. But these morphological markers are limited in number,

expressed only at the whole plant level, greatly influenced by environment and

have only a low per cent of polymorphism (Grattapaglia et al., 1992). This picture

began to change in the 1960's with the development of molecular markers based on

isozyme polymorphism (Lewontin and Hubby, 1966) and they continue to provide

simple and inexpensive method of obtaining genetic information. Since the

classical population genetic studies of natural populations of Drosophila

pseudoobscura using isozymes by Lewontin and Hubby (1966), techniques of

isozyme analysis have been applied to a large number of other organisms to answer

the most diverse genetic questions.

Besides isozymes, a range of DNA based molecular markers such as

Restriction Fragment Length Polymorphisms (RFLPS), Simple Sequence Repeats



(SSRs), Randomly Amplified Polymorphic DNAs (RAPDS), Amplified Fragment

Length Polymorphisms (AFLPS) and many deviations from these markers are

currently available for direct visualization of variation at the DNA level and are

being increasingly used in population and evolutionary genetic studies (Amaral,

2001; Wiclcneswary, 2001). DNA markers provide a more ample coverage of the

genome and the results are not influenced by spatial and temporal effects of genes

and environment (Wickneswary et al., 1996). These markers can be employed for

quantifying genetic diversity of commercially important and threatened forest tree

species and for the subsequent management of the genepool (Namkoong et al.,

1996; Grattapaglia et al., 1997). Following the discovery of PCR process by which

segments of DNA can be amplified using a therrnostable DNA polymerase (Mullis

and Faloona, 1987), RAPD was introduced by Williams et al. in 1990 (Williams et

al., 1990) using short decamer primers of arbitrary sequences to direct the PCR,

eliminating the need for prior sequence information. The use of the technique was

demonstrated to study DNA polymorphisms, which were inherited as genetic

markers. These DNA markers were used for genetic vaiiability studies, gene

mapping, linkage studies and clonal and varietal finger printing (Hedrick, 1992).

RAPD markers can be effectively used to determine the specificity in plant

pathogen interaction and to identify markers linked to a resistant gene of interest

within a short time (N aqvi et al., 1995; Kuginuki et al., 1997).



2.3.1. Isozymes

Isozymes constitute a group of multiple molecular forms of the same enzyme that

exists in a species as a result of more than one gene encoding the enzymes (Moss,

1982; Yeh, 1989). These enzymes can be separated by gel electrophoresis. Isozyme

techniques have been used to estimate the level and structure of genetic variability

in natural populations, to study gene flow, hybridization, species dispersion, QTL

mapping, varietal identification, gerrnplasm evaluation as well as to carry out

phylogenetic analyses (Tanksley and Orton, 1982; Soltis and Soltis, 1989; May,

1994; Mitton, 1998). The availability of 20-30 Mendelian loci per species enabled

estimates of genetic variation/diversity to be made based on isozymes (Conkle et

al., 1982).

2.3.1.1. Historical aspects

Coolidge (1939) made the first effort to characterize proteins by electrophoretic

mobility through the separation of serum albumin and globulin using a semi-porous

medium. Using paper electrophoresis, Durrum (1950) separated five individual

protein components of serum. The beginning of isozyme epoch was by the

introduction of starch gel as a supporting medium by Smithies (1955). Hunter and

Markert (1957) first reported the multiple molecular forms of enzymes in

mammals. Markert and Moller (1959) coined and defined the term isozymes as

‘structurally different forms of an enzyme with identical or nearly identical

function’. In higher plants, peroxidase was initially used to study variation among

individuals because of the simplicity of its detection method (Hosoya, 1960; Mc
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Cune, 1961). In subsequent investigations, many other enzyme systems were found

to consist of multiple molecular forms (Feret and Bergmann, 1976; Gottileb, 1977).

Schwartz (1960) provided the first genetic basis for alkaline phosphatase

variation in maize endospenn. Schwartz et al. (1965) first demonstrated the

existence of both multiple enzyme loci and multiple alleles at single locus in maize.

The usefulness of these biochemical traits in population genetic studies as gene

markers was first recognized by Lewontin and Hubby (1966) in Drosophila and by

Harris (1966) in his survey of human populations. In higher plants, isozymes were

first used as genetic marker in population surveys and breeding programs by Brown

and Allard (1969) and Marshall and Allard (1969).

Because of their existence in isoforms, isozymes show Mendelian

inheritance, codominant expression and complete penetrance (Wendel and Weeden,

1989). They are also direct products of genes and therefore closely represent

variation at the DNA level (Hubby and Lewontin, 1966). Isozymes can be easily

and inexpensively separated by electrophoresis and can be visualised as the

coloured product of a chemical reaction catalyzed by the specific enzyme (Conkle

et al., 1982).

The separation of complex mixture of enzymes and other proteins was not

satisfactorily perfonned before the introduction of zone electrophoresis in starch

gel as supporting medium (Smithies, 1955). Because of the ‘molecular’ sieving

effect of starch gel, the macromolecules could be separated both by charge as well

as by size and shape. With the introduction of PAGE (Omstein, 1964; Chrampach



and Rodbard, 1971) the resolution of enzyme and protein mixture was improved

considerably. Although, PAGE provides maximum resolving power and superior

zymograms for the analysis of large number of individuals for many enzymes,

because of the complexity of gel preparation and toxic nature of the material used,

starch gel electrophoresis is perfonned still in the field of evolutionary biology and

systematics (Bergmann and Hattemer, 1998).

2.3.1.2. Applications in tree species

The first reports of the use of isozyme technique in the field of forestry research

appeared in 1970 (Van Lear and Smith, 1970; Mc Mullan and Ebell, 1970).

Isozymes are utilized all over the world as genetic marker mainly for the

identification of clones, hybrids and varieties of forest species, early prediction of

quality characteristics of forest tree species, quantitative trait loci mapping, linkage

studies, mating patterns and for the population genetic analysis of forest trees in

breeding studies (Conkle et al., 1982; Tanksley and Orton, 1982; Soltis and Soltis,

1989; Adams et al., 1992; Mandal and Gibson, 1998).

2.3.1.2.]. Geneticfidelity

Adams (1983) used isozymes as an efficient marker to detect labeling errors in

Douglas fir seed orchard and to distinguish between trembling aspen and big tooth

aspen (Cheliak and Pitel, 1984). Bergrnann (1987) reported isozyme markers as an

efficient tool to discriminate multi clonal aspen cultivars. Isozyme analysis was

canied out to identify clones of T ilia (Maurer and Tabel, 1995). Cabrita et al.

(2001) used isozyme marker system to test the fidelity of Ficus carica clones.



Several authors have reported the utility of isozyme phenotypes for identifying

cultivars and determining genetic variation in apple (Boumival and Korban, 1987),

red raspberry (Cousineau et al., 1993), chestnut (Huang et al., 1994) and pawpaw

cultivars (Huang and Layne, 1997).

2. 3. 1.2.2. Linkage mapping

Isozymes have also been used as genetic markers to study linkage of economically

important quantitative characters in forest tree species. Reviewing the limitations of

molecular marker aided selection in forest tree breeding, Strauss et al. (1992)

suggested that the breeding cycle could be shortened appreciably if selections in

controlled mating could be based on one or more isozyme markers linked to

desirable quantitative trait. The genetic mapping of Eucalyptus has been carried out

using isozyme markers by Byme et al. (1995). Isozymes were used as markers in

linkage studies in Pinus taeda (Adams and Joly, 1980), Picea mariana (Boyle and

Morgenstein, 1985), Pinus strobus L. (Echt and Nelson, 1997), Pyrus communis

(Chevreau et al., 1997), Prunus avium (Boskovic et al., 1997) and Populus nigra

(Benettka et al., 1999).

2.3.1.2. 3. Mating system

Patterns of mating vary with the reproductive biology and spatial structure of a

species and combine to influence levels and dynamics of genetic diversity. Isozyme

markers have proven to be an effective method in determining the mating system

which in turn will help to understand the distribution of genetic variation between

individuals and gene flow between and within populations (Boshier and



Billingham, 2000). Study of mating system and genetic differentiation using

isozyme markers has been carried out in Pinus sylvestris (Longauer et al., 1992),

Hevea brasiliensis (Paiva et al., 1994), Acacia nilotica (Mandal et al., 1994),

Juglans nigra (Rink et al., 1994), Tectona grandis (Kertadikara and Prat, 1995),

Eucalyptus urophylla (House and Bell, 1994) and Pinus cembra (Lewandowski and

Burczyk, 2000).

The polycross-mating scheme is considered as one of the most efficient

methods for estimating the general combining ability in tree breeding programs.

The assumption of equal or differential male reproductive success in the polycross

mating has been studied with isozyme markers in Pinus radiata (Moran and

Griffin, 1985), Picea abies (Cheliak et al., 1987), Pinus taeda (Wiselogel and Van

Buijtenen, 1988) and Pinus sylvestris (Rogers and Boyle, 1991). In determining

supplemental mass pollination also, isozymes have been used as an ideal marker in

loblolly pines (Adams, 1992) and in Douglas fir (El-Kassaby et al., 1993).

2.3.1.2. 4. Genetic diversity/variation

Threats to diversity occur at many levels of biological organization from genes to

species to ecosystems (Millar and Marshal, 1991). Knowledge of genetic

variation/diversity of a species and its structure is important for adopting effective

genetic conservation strategy. Studies of isozymes could provide insightful

information on the genetic architecture of stands and populations throughout the

natural distribution of a species (Mandal and Gibson, 1998). Isozymes have been

used as a powerful tool in the analysis of genetic variation/diversity in Magnolia
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(Qiu and Parks, 1994), T ectona (Kjaer et al., 1996), Quercus suber (Elena-Rossello

and Cabrera, 1996; Toumi and Lumaret, 1998; Jimenez et al., 1999), wild cherry

(Marriette et al., 1997), Azadirachta indica (Kundu, 1999), loblolly pine

(Schmidtling et al., 1999), Shorea robusta (Suoheimo et al., 1999), Rhus

trichocarpa (Chung et al., 1999), Nothofagus nervosa (Marchelli and Gallo, 2000),

Pinus massoniana (Huang and Zhang, 2000), Pinus nigra (Tolun et al., 2000),

Camellia japonica (Chung and Chung, 2000) and Taxus cuspidata (Lee et al.,

2000).

2.3.1.3. Isozyme studies in sandal

In S. album, the isozyme technique was first employed in 1977 at erstwhile Sandal

Research Centre, Bangalore. A study of the isozyme pattern in respect of

peroxidase, malate dehydrogenase and esterase in leaves of different types of

sandal plants showing variation in their leaf shape (ovate, lanceolate, linear and

elliptic) had indicated the existence of characteristic differences in the pattern of

peroxidase and malate dehydrogenase at vegetative as well as flowering stages. The

plants with normal-ovate-wavy and normal-ovate-non-wavy leaves were found to

be very close genetically (Parthasarathi et al., 1985). The activity of a specific

peroxidase isozyme in the living bark tissue was found to bear a strong negative

correlation with the oil content in the heartwood of mature sandal plants

(Parthasarathi et al., 1986). This technique could be used to predict the oil-bearing

capacity of a sandal plant even at a young age. Kamala et al. (1986) reported

changes in -peroxidase isozyme patterns associated with deficiency of trace
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elements. Angadi and Ananthapadmanabha (1988) observed variations in isozyme

patterns in the sandal plants affected with spike disease.

The isozymes could be used as a powerful tool in analyzing the

population/provenance structure. Egerton-Warburton (1990) utilized the efficiency

of isozyme markers to describe the genetic structure of provenances in Western

Australia. It has also been employed to estimate genetic distance in sandal plants

between and within natural populations in Timor (Brand, 1994). Genetic distance

between Indian and Indonesian S. album populations were analysed using eight

major isozyme systems (Fox et al., 1994) and detected a large genetic distance

between West Timor and Indian S. album populations.

2.3.2. Randomly amplified polymorphic DNA

2.3.2.1. Historical aspects

In the 1970's, discovery and use of restriction enzymes and DNA hybridization

allowed the analysis of restriction fragment length polymorphism (RFLP). RFLP

technique involves the digestion of target DNA by restriction enzymes and the

resulting fragments can be size fractionated by electrophoresis and visualised by

hybridizing with labeled known base sequences called probes (Botstein et al.,

1980). The subsequent advent of modern techniques of molecular biology brought

out several methods for the detection of DNA polymorphisms viz. random

amplified polymorphic DNA (RAPD) (Williams et al., 1990), microsatellites

(SSRs) (Weber and May, 1989; Morgante and Olivieri, 1993), amplified fragment

length polymorphism (AFLP) (Vos et al., 1995), etc. Microsatellite or SSR consists
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of segments of DNA containing numerous tandem repeats of a short ‘motif’ usually

of one to six bases (Beckrnan and Weber, 1992). AFLP technique is intermediate

between RFLP and RAPD and combines the power of restriction enzyme digestion

and the efficiency of PCR amplification (Vos et al., 1995; Karp er al., 1997). All

these DNA markers allow investigation of both coding and non-coding regions of

whole genome, independent of growth and developmental stages and are

considered as the most powerful tool in the study of population genetics. Deciding

which DNA marker to use depends on the financial resources, availability of

equipment, skilled personnel and on the study objectives. Because of these unique

advantages, molecular markers are gaining enormous popularity day by day

(Ahuja, 2001).

The RAPD method, because of its technical simplicity, has attracted wide

spread interest in detecting DNA polymorphisms in many species of forests trees

(VVi1liams et al., 1990; Deragon and Landry, 1992; Hadrys et al., 1992). RAPDS are

generated by applying PCR to genomic DNA samples using randomly constructed

oligonucleotides as primers. Each RAPD reaction cycle involves three steps; DNA

denaturation (90°C-94°C), primer annealing (30°C-36°C) and primer extension

(72°C). The extension step involves the addition of nucleotides using target

sequences as template, resulting in the synthesis of a new copy of the target

sequence in each cycle. The cycle is repeated generally for 20-45 times and the

amplification process follows geometric progression (Welsh and Mc Clelland,

1990). The technique is relatively easy to apply to a wide array of plant and animal
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taxa and the number of loci that can be examined is essentially unlimited (Lynch

and Milligan, 1994). DNA variation down to the level of a single base substitution

can be detected through electrophoretic gels followed by ethidium bromide

staining. Because of the dominant nature, RAPD reveals low information content

per locus and easily prone to artifacts by contamination of the sample DNA.

However, the technique is widely accepted because it offers advantages in speed,

technical simplicity, requires only nanogram amounts of DNA and reveals high

levels of sequence polymorphisms. There are several applications for RAPD assay,

each of these techniques exploits the efficiency of detection of DNA sequence

based polymorphisms (Williams et al., 1993).

2.3.2.2. Applications in tree species

2.3. 2. 2. 1. Genetic diversity/variation

Determining nature and extent of genetic diversity in population of forest trees has

been the focus of many studies over the past three decades (Wiclcneswary et al.,

1996; Karp et al., 1997). RAPDs have been used as an efficient method to reveal

the genetic structure and diversity pattern of trees in natural populations, reserve

forests and plantations and the outcome could readily be used to select priority

areas for conservation, to design and monitor management strategies in protected

areas and to plan conservation strategies for genetic resources (Newbury and Ford

Lloyd, 1993; Young et al., 2000; Uma Shaanker et al., 2001). RAPDs have been

successfully used for estimation of genetic diversity/variation and relatedness in

Gliricidia (Chalmers et al., 1992), Coffea (Lashermes et al., 1993; Anthony et a1.,
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2001), Malus (Harada et al., 1993), Elaeis (Shah et al., 1994), mahoganies

(Chalmers et al., 1994), Populus (Yeh et al., 1995; Rajagopal et al., 2000),

Grevellia (Rossetto et al., 1995), Eucalyptus (Nesbitt et al., 1995), Prunus

(Warburton and Bliss, 1996), Brazil nut (Kanashiro et al., 1997), pistachio

(Hormaza et al., 1998), Quercus (Kremer and Zenetto, 1997), plums (Shimada et

al., 1999), tea (Kaundun et al., 2000; Wachira et al., 2001), Anacardium (Mneney

et al., 2001), mango (Hemanthkumar et al., 2001) and in Pinus (Fazekas and Yeh,

2001).

2.3.2.2.2. Linkage mapping

Genetic linkage maps of molecular markers offer a powerful tool to investigate the

genetic architecture of quantitatively inherited traits and assist in breeding through

identification and manipulation of the individual genetic factors controlling such

traits. One of the practical uses of RAPD is in the creation of high-density genetic

maps, since RAPD markers can be shown to segregate in Mendelian fashion.

Genetic maps allow extensive coverage of genomes for detailed genetic analysis,

the decomposition of complex traits into its discrete Mendelian components and the

canalization of linkage information between markers and traits of interest into

breeding strategies (Neale and Williams, 1991). Genetic maps also enable marker

assisted breeding; since forest trees have particularly long breeding cycles, a tool

that helps shorten the breeding cycle could be quite valuable. Many desirable

attributes require several years to develop; if individuals can be selected for

controlled crossing based on RAPD markers linked to the desired trait, then
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breeding cycle could be shortened appreciably (Neale and Harry, 1994). RAPDs

have been successfully used in the construction of linkage maps in Populus

(Bradshaw and Stettler, 1994), Eucalyptus (Byme et al., 1995; Grattapaglia et al.,

1995; Vaillancourt et al., 1995; Verhaegen and Plomion, 1996; Grattapaglia et al.,

1996; Byme et al., l997b), Pinus (Plomion et al., 1995; Yazdani et al., 1995) and

larch (Arcade et al., 2000).

2.3.2. 2. 3. Genetic fingerprinting

RAPDS, in view of high levels of polymorphism are particularly useful for

fingerprinting genotypes where there is a need to identify cultivars of a variety. The

technique has been used in olive (Bogani et al., 1994; Febbri et al., 1995; Mekuria

et al., 1999), Mangzfera (Schnel1 et al., 1995; Adato et al., 1995), plums (Ortiz et

al., 1997), almond (Bartolozzi et al., 1998), chestnut (Galderisi et al., 1998),

Prunus (Gerlach and Stosser, 1997) and in peach (Cheng et al., 2001). RAPDs have

been used in identifying parental lines and inter and intra specific hybrid genotypes

in apples (Nybom and Schaal, 1990), Populus (Heinz, 1998), olive (Claros et al.,

2000) and in Santalum (Mc Comb and Jones, 1998).

2.3.2.2.4. Clonalfidelity

The reproducibility of RAPD markers and their ability to differentiate between

individual genotypes have been utilized in verification, identification and

characterization of clones of forest trees. Such type of clonal identification was

performed in Eucalyptus (Lange et al., 1993; De Lala et al., 2000), Populus (Lin et
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al., 1994; Sigurdsson et al., 1995); Salix (Auriol et al., 1994), Hevea (Varghese et

al., 1997) and in Pinus (Scheepers et al., 1997).

2.3.2.2. 5. Resistance breeding

Breeding for resistance to both abiotic and biotic stresses requires the development

of suitable and reliable screening techniques and identification of heritable

resistance characters. Molecular markers are considered to be an important

screening tool in disease resistance breeding programmes. Identification and

cloning of resistance genes could find application in evolving transgenic plants

(Licy et al., 2000). An efficient and relatively simple way to generate molecular

markers for disease and pest resistance is to search for randomly amplified

polymorphic DNAs (RAPD) and this strategy has already proven valuable along

with restriction fragment length polymorphism (RFLPS) (Lefebvre et al., 1997). In

association with the appropriate planting material such as bulks of F2 , doubled

haploid individuals, near-isogenic lines etc., RAPD markers have been efficiently

used to unveil the genomic regions near specific loci (Paran and Michelmore,

1993). RAPDS have been used to identify markers linked to nematode resistance

gene in tomato (Klein-Lankhorst et al., 1991), downy mildew resistance gene

(Dm5/8) in lettuce (Michelmore et al., 1991; Paran and Michelmore, 1993), mildew

resistance gene in Hevea (Chen et al., 1994; Chen et al., 1999), tomato spotted wilt

virus in Capsicum (Black et al., 1996), club root-resistance gene in Brassica

(Kuginuki et al., 1997) and potato Y potyvirus (PVY) resistance gene (Ry adg) in

Solarium (Kasai et al., 2000). Marker assisted selection with RAPD is not always
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possible because RAPDs designed for one population are not always polymorphic

for another. To overcome this problem, it is possible to convert a RAPD fragment

to a RFLP probe or sequence characterized amplified region (SCAR) (Paran and

Michelmore, 1993). To retrieve the monomorphic amplifications of SCAR, CAPS

(cleaved amplified polymorphic sequence) has been developed from SCAR in

Arabidopsis (Konieczny and Ausubel, 1993).

2.3.2.2. 6. Genetic fidelity in tissue culture

RAPDs have been used to test the genetic fidelity of tissue culture raised plants.

Various species of plants regenerated by callus formation may show genetic

variability lcnown as somaclonal variation (Brown, 1989; Karp, 1991; Godwin et

al., 1997; Hashmi et al., 1997). Somaclonal variation, which occurs during the

period of cell differentiation in the regeneration process, can be caused by changes

in chromosome number or structure (deletions and rearrangements), DNA

amplification, DNA modifications and activation of transposable elements. Some

changes in the genome can not be observed at morphological or physiological

levels because different gene structures may not alter the biological activity enough

to modify the phenotype (Sabir et al., 1992). Molecular markers can be used in the

juvenile phase of the plant before mature characteristics appear, allowing for early

selection of true-to-type plants. RAPD has been used in the rapid screening of

somaclonal variants in rice (Muller et al., 1990), Triticum (Morere-Le Paven et

al., 1992; Brown et al., 1993), Picea (Isabel et al., 1993), Populus (Rani et al.,
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1995), Piper (Parani et al., 1997), Andrographis (Padmesh et al., 1999) and

sugarbeet (Jazdzewska et al., 2000).

Recently, much has been achieved in understanding the structure and

organization of plant genomes by uncovering and exploiting molecular forms of

polymorphism employing molecular markers (Grattapaglia et al., 1992). A key

future challenge is to devise appropriate technology for exploiting this variability in

a wider range of tree crops and the molecular information acquired can be

integrated into the different tree breeding programmes (Soller and Beclcmann,

1983; Thorrnann and Osborn, 1992). Finally, linkage maps of molecular markers

have been important tools to tackle many problems starting from conventional

breeding practices to transgenic breeding. RAPD, together with the other available

molecular markers can be used to answer a range of questions in the field of forest

genetics (Mohapatre and Singhal, 2000).

2.3.3. Tissue culture

2.3.3.1. Historical aspects

Plant tissue culture plays an important role in crop improvement by which a plant

breeder or grower is no longer constrained by the season for developing large

number of plants with desirable characters within a short span of time and space

(Gupta et al., 1993). Plant tissue culture is a collection of techniques by which

isolated cells or tissues from either root, stem, leaf or any other part of plant body,

if provided with a suitable condition, would develop into a plantlet in a test tube

(Bajaj, 1995).
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The science of plant tissue culture began in 1902 with the attempt to culture

plant cells by Haberlandt (1902). The possibility to cultivate plant tissue for

unlimited periods of time was announced independently and simultaneously by

White (1939), Nobecourt (1939) and Gautheret (1939). Skoog and Miller (1957)

discovered the interaction between auxin and cytokinin and regeneration of entire

plant was achieved by Steward (1958) from callus tissue of carrot. Vasil and

Hildebrandt ( 1966) have demonstrated for the first time, cellular totipotency in the

single isolated cell of a tobacco hybrid. In 1960, Cooking isolated protoplasts by

enzymatic digestion of cell wall. Later, in 1971, Takebe et al. (1971) achieved

division and regeneration of protoplasts. This was followed by first successful

fusion of protoplast and recovery of hybrid plant (Carlson et al., 1972).

Gautheret made the first reports of organogenesis in tree tissue cultures in

1940, who obtained formation of adventitious buds in cambial cultures of Ulmus

campestris. Later Jacquiot (1951) made further observations on similar phenomena.

These observations helped to lay the foundation for many of the experimental

systems used to obtain organogenesis in woody angiosperrns (Bonga and Durzan,

1982). Mathes (1964) was the first researcher to achieve growth of both shoots and

roots in callus cultures of Populus tremuloides. A few years later Wolter (1968)

showed that shoots could be initiated on callus of Populus tremuloides.

Regeneration of a complete plantlet in a tree species for the first time was reported

by Winton (1968) in Populus.
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2.3.3.2. Applications in tree species

Forest destruction and industrialization have resulted in drastic increase in world

demand for wood and consequently created an urgent need for superior planting

materials. Hence, rapid propagation by various in vitro techniques is one of the

possibilities that can be translated into reality to meet this challenge (Cheliak and

Rogers, 1990). In view of the continued interest and urgency for biofuel energy,

micropropagation has far reaching implications in mass production, propagation

and tree improvement programmes (Jain et al., 1995; Bajaj, 1995). The

micropropagation involves three stages, establishment of cultures, regeneration of

plants and transfer of plants from test tube to soil (Bajaj, 1986). The in vitro plant

regeneration may be either directly from explants such as segments, buds,

men'stems etc. or indirect via initiation and differentiation of callus (Thorpe, 1995).

2.3.3.2.]. Direct regeneration

Direct regeneration of plantlets or the formation of somatic embryos from the

explants such as buds, meristems, cuttings, etc. ensures the cloning of genetic

stocks. For producing true-to-type plantlets, success of direct regeneration is

reported in a number of tree species such as Alnus (Brown and Sommer, 1982),

T ectona (Gupta et al., 1980; Bonal and Monteuuis, 1997), Castanea (Vieitez et al.,

1983), Santalum (Rao and Bapat, 1978; Bapat and Rao, 1984; Lakshmi Sita, 1986;

Rao et al., 1984; Das et al., 1998; Sanjaya er al., 1998; Pradhan and Saiju, 1999),

apple (Karhu, 1997), Dendrocalamus (Ravikumar et al., 1998), Albizzia (Kumar et
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al., 1998; Sinha et al., 2000), chestnut (Gonialves et al., 1998), almond (Ainsley et

al., 2000), Aegle (Islam et al., 2000), Dalbergia (Pattnaik et al., 2000), etc.

The explants from young and juvenile trees grow easier than those from

mature and old trees. Nevertheless, examples of regeneration from 100-year-old

trees of Sequoia (Boulay et al., 1979) and T ectona (Gupta et al., 1980) are known.

Moreover, there are considerable differences in the regeneration and morphogenetic

potential of various parts of the plant. Embryo culture has been employed as a tool

for direct regeneration in trees where seeds are dormant, recalcitrant or if they abort

at early stages of development (Islam et al., 2000).

2. 3.3. 2.2. Indirect regeneration

Indirect regeneration is the regeneration of plants via callus. Callus cultures can be

started from any type of explant material possessing parenchymatous cells capable

of renewed cell division to form an unorganized mass of proliferating cells. From

such callus mass, shoot or root regeneration can be induced by manipulating the

culture environment (Bonga and Durzan, 1982).

In contrast to the direct method, which ensures clonal stability, the indirect

regeneration of plants from callus may result in genetic variability. The callus

cultures on periodic subculturing undergo genetic changes such as mutations,

changes in ploidy, etc. The advantage of callus cultures is the large number of

plants that can be produced from a single culture, as every cell is a potential plant

(Gupta, 1991). Callus regeneration is efficiently exploited in many tree species

such as Citrus (Chaturvedi and Mitra, 1974), Prunus (Druart, 1980), Sapium
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(Venkateswaran and Gandhi, 1982), pine (Tang et al., 1998), apple (Rugini and

Mugano, 1998) and pear (Zhu and Welander, 2000). In view of the enormous

number of propagules, this system of regeneration can be used in reforestation

programmes where the quantity and not necessarily the quality of the biomass is of

importance (Zhu and Welander, 2000).

2.3.3.2. 3. Somatic embryogenesis

Somatic embryogenesis is the most important and efficient mode of

micropropagation (Tulecke, 1987; Thorpe, 1995). Induction of somatic embryos is

either direct from explant as in coconut (Pannetier and Morel, 1982; Verdeil et al.,

1994), Populus (Michler and Bauer, 1991), Camellia (Pedroso and Pais, 1993),

Quercus (Cuenca et al., 1999) or through callus cultures as in Santalum (Lakshmi

Sita et al., 1979; 1980; 1982; Lakshmi Sita, 1992; Bapat and Rao, 1979; Bapat et

al., 1985), Douglas fir (Durzan, 1982), Mangifera (Litz et al., 1984), Eucalyptus

(Muralidharan et al., 1989), olive (Rugini and Caricato, 1995), oil palm (Karun and

Sajini, 1996), date palm (Veramendi and Navarro, 1996), Hevea (Cailloux et al.,

1996), Coffea (Berthouly and Ferriere, 1996), chestnut (Carraway and Merkle,

1997), Citrus (Carimi et al., 1998; Carimi et al., 1999), neem (Murthy and Saxena,

1998), Pinus (Haggmann et al., 1999), Prunus (Talleux et al., 1999), oak (Wilhelm,

2000) and Acacia (Sane et al., 2000; Xie and Hang, 2000).

Somatic embryogenesis, especially in cell suspensions in bioreactors would

enable the production of somatic embryos in millions. As several millions of

plantlets are needed for reforestation, bioreactor technology can be efficiently used
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to meet the increased demand (Gupta et al., 1991). This technique has been utilized

for large-scale multiplication of trees as in black spruce (Tautorus, 1992), Santalum

(Bapat et al., 1990; Rao and Bapat, 1992; Rao and Bapat, 1995; Mujib et al., 1998;

Dey, 2001), etc. It has been suggested that such embryos could be encapsulated to

form so-called artificial seeds, which can be stored until used (Bajaj, 1986). There

is also the possibility of long term storage of embryos through cryopreservation

techniques as suggested for Santalum (Bapat and Rao, 1988; Fernandez et al.,

1994), Scots Pine (Haggrnan et al., 1999), chestnut (Jekkel et al., 1998), Strawberry

(Hirai et al., 1998), Citrus (Olivares Fuster et al., 2000), Pinus (Ford et al., 2000),

etc. Freeze preservation of cells, tissues and organs is regarded as a meaningful

tool for the long-terrn conservation especially in the case of trees with recalcitrant

seeds, establishment of gene banks and international exchange of gennplasm

(Bajaj, 1995).

In spite of all this excitements in the area of somatic embryogenesis, some

basic problems needed further attention. Plants regenerated through somatic

embryogenesis exhibit phenotypic variation, which may have a genetic, or non

genetic basis. Genetic variation has been termed somaclonal variation (Scowcroft

and Larkin, 1982). For obtaining true—to-type propagules from a selected genotype,

somaclonal variation is undesirable. On the other hand, somaclonal variation offers

prospects for the recovery of beneficial variant and creates variability useful for

plant improvement (Larkin and Scowcroft, 1981; Svobodova et al., 1999).

Difficulties for induction of somatic embryos in some species/genotypes have been
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reported (Bonga and Durzan, 1982; Tang, 2001). Problems with maturation and

conversion of somatic embryos and poor development of viable somatic seedlings

are also reported in a number of forestry species (Faure et al., 1996; Tang, 2001;

Ilah et al., 2002). The anatomical, biochemical and molecular basis for such

abnormalities have to be elucidated for further normalization, improvement and

proper utilization of the technique.

Current research and development concentrate on genetic engineering of

plants for herbicide resistance, insect resistance, disease resistance, etc., and genetic

transformation of plant cell using co-cultivation with Agrobacterium or biolistic

projectile techniques. The DNA transformation technology can entirely replace the

long term recurrent selection procedure exercised in a conventional breeding

programme to introgress a gene. Useful transformation with Agrobacterium has

been achieved in many forest trees such as Populus (Han et al., 1997), Paulownia

(Bergmann et al., 1998), Eucalyptus (Moralejo et al., 1998), peach (Hayama et al.,

2000), etc. Tissue culture techniques thus have opened up new possibilities in

conservation and commercialization of large number of tree species and eventually

for an increased production of biomass energy.
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CHAPTER 3

ISOZYME BASED GENETIC VARIATION IN SANDAL
POPULATIONS



3. ISOZYME BASED GENETIC VARIATION IN SANDAL
POPULATIONS

3.1. INTRODUCTION

Any genetic improvement programme depends on the existence, nature and extent

of genetic variation available for manipulation within the species. S. album is a

facultatively selfing and preferentially outcrossing species (Shepherd, 1992).

Breeding system can influence the amount of genetic variation within a species.

But in S. album, the relative extent of outcrossing and selflng within population has

not yet been studied. It is of paramount importance to evaluate and maintain

genetic variability within and between populations because populations consisting

of genetically uniform individuals may be vulnerable to major climatic changes and

disease and pest outbreaks (Aradhya and Phillips, 1993).

Isozymes have proven to be the most efficient and inexpensive tool for the

study of genetic variation in tree species as compared to other molecular markers or

morphological characteristics (Soltis and Soltis, 1989). Being multiple molecular

forms of enzyme proteins, isozymes are primary gene products. Variation in their

structure gives reliable information about the variability in the genome (Hoelzel,

1991). Isozymes appear on electrophoretic gels as multiple bands and genetic

interpretations can be made from the banding profile.

Studies using morphological markers and progeny trials indicated

that significant amount of intra specific variation exists in South Indian S. album

populations (Kulkami and Srimathi, 1982; Bagchi and Veerendra, 1987).
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Variations occur in vegetative and reproductive parts such as leaf structure, leaf

shape, bark structure and seed polymorphism. Amount of heartwood present varies

from tree to tree in proportion to sapwood; oil content varies from 0.5 per cent to 5

per cent (Veerendra and Ananthapadmanabha, 1998). Preliminary studies on

isozyme analysis in sandal were carried out by Parthasarathi et al. (1985) in order

to correlate isozyme activity and leaf variations. Subsequently, peroxidase activity

in bark tissue was reported as a marker for the oil-bearing capacity (Parthasarathi et

al., 1986). Isozyme techniques have been used in S. album to estimate genetic

variation between sandal plants within the same and different populations in Timor

(Brand, 1994) and to identify provenances in Western Australia (Egerton

Warburton, 1990). But the pattem of genetic variation within and between sandal

population in South India is virtually unknown.

This chapter reports the level of genetic variation within and

between 11 Southern Indian S. album populations using five major metabolic

enzyme systems viz. peroxidase (PRX), esterase (EST), malate dehydrogenase

(MDH), shikimate dehydrogenase (SKDH) and gluco phosphate isomerase (GPI)

detected through Poly Acrylamide Gel Electrophoresis (PAGE).

3.2. MATERIALS AND METHODS

Eleven populations viz. Marayoor, Wayanad, Thenmalai, Wadakkanchery,

Ottappalam, Kannavam and Kasargod of Kerala state, Bangalore, Shimoga and

Chikkamagalur of Kamataka state, and Thirupattur of Tamil Nadu state in South

India were selected for the study (Fig. 3.1.). These populations vary from
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Figure 3.1. Map showing the location of different selected populations of Santalum
album L. in South India. (1-Thenmalai, 2-Marayoor, 3-Wadakkanchery, 4
Ottappalam, 5-Wayanad, 6-Kannavam, 7-Kasargod, 8-Thirupattur, 9-Bangalore,
10-Chikkamagalur, 1 1-Shimoga).
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fragmented discrete patches to large areas separated from each other. Authentic

data on the area of each sandal population was not available. The distance between

two nearest populations varied from approximately 25km (Wadakkanchery and

Ottappalam) to more than 200lcm (Themnalai and Marayoor). Seed samples were

collected from more than 20 parent trees randomly, covering approximately the

entire range of each population and the seeds were pooled together. From this

bulk, samples were drawn randomly for raising seedlings. Juvenile leaves of

seedlings at four-leaf-stage (3-week-old) were used for the present study. Twenty

samples (1 gram each) from each of the eleven populations were ground using

mortar and pestle with 1 ml of the modified extraction buffer containing 0.1M Tris

HCl, pH 7.5, 1 mM EDTA, 0.01 M MgCl2, 4 per cent (w/v) PVP-40 and 0.1 per

cent (v/v) [3-mercapto ethanol at ice cold temperature (Fox et al., 1994). The

resulting crude extract was centrifuged at 18,000 rpm for 10 minutes at 4°C and the

supernatant stored at -20°C until used for electrophoresis.

3.2.1. Electrophoresis

Samples were electrophoretically analyzed using polyacrylamide gel

electrophoresis procedure (Laemmli, 1970) on a minigel (Biorad, USA). 30 141

sample of supernatant was loaded into wells and electrophoresed at 4°C in a

refrigerator for 140 minutes at 200 V with an initial current of 15 mA in stacking

gel (4%) and 20 mA in separating gel (7.5%) using Tris HCl electrode buffer, pH

8.3.
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3.2.2. Enzyme visualization

The five enzyme systems chosen for the study were peroxidase (PRX), esterase

(EST), malate dehydrogenase (MDH), shikimate dehydrogenase (SKDH) and gluco

phosphate isomerase (GPI). Staining procedures were adapted from Wendel and

Weeden (1989) (Table 3.1.). The gels were immersed in the respective stain

solutions and were kept in an incubator at 37°C till the bands were visible. The

stained gels were visualised under bright light Trans-illuminator and photographed

using Kodak DC12O gel electrophoresis documentation and analysis system

(Kodak, USA). Deciphering the genetic basis of the observed banding patterns and

interpretation of the banding profiles were carried out according to the basic

principles and guidelines suggested by May (1994).

3.2.3. Statistical analysis

3.2.3.1. Genetic variation within populations

In order to determine the amount of genetic variation within a population, number

of alleles (na), proportion of polymorphic loci (p.loci), expected heterozygosity

(Exp. Het.) and observed heterozygosity (Obs. Het.) were estimated for the

populations (Nei, 1973). In addition, depending on the locus resolved, the observed

average heterozygosity of an individual in a population (H1), the expected

average heterozygosity of an individual in a population (H5) and the expected

heterozygosity of an individual, overall populations (HT) were estimated in

accordance with the Hardy-Weinberg expectations (Nei, 1987). The deviations

from Hardy-Weinberg equilibrium in populations and genetic differentiation of
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populations were calculated according to Nei (1987) using Popgene version 1.31

software (Yeh et al., 1999). The Wright's F- Statistics (Wright, 195]) parameters

viz. F15 = inbreeding coefficient within population [F[5=(Hs - H;)/ Hg], F11‘

inbreeding coefficient over the total population [Fn-=(HT - H1) / HT] and F51

Reduction in inbreeding coefficient due to differences among populations or

genetic differentiation of populations [F51=(HT - H5 )/ HT] were calculated for this

purpose.

3.2.3.2. Genetic diversity between populations

The estimates of Nei's standard genetic identity and genetic distance unbiased for

sample size (Nei, 1978) for all pair-wise population comparisons were calculated to

show the genetic relationships between the studied populations. All these estimates

were carried out using Popgene 1.31 (Yeh et al., 1999). The values were used to

construct a UPGMA dendrogram (Nei, 1978). The populations with the highest

similarity (least genetic distance) were merged, forming nested classes (clusters).

This process was repeated until all the populations belonged to a single cluster.

3.3. RESULTS

The five enzyme systems representing 11 loci (1 locus for PRX; 2 loci for SKDH; 2

loci for GPI; 3 loci for MDH and 3 loci for EST) were resolved with sufficient

consistency and clarity, which permitted to state whether one locus is mono or

polymorphic. For the estimates of genetic variability measures, the genotypes of all

the 11 loci in 20 individuals of each of the 11 populations were utilized. Isozyme
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profiles of ten individuals for each of all the eleven populations are given in Figs.

3.2; 3.3; 3.4; 3.5 and 3.6.

3.3.1. Genetic variation within populations

Population specific allele frequencies obtained are tabulated in table 3.2. The

overall allelic frequencies at the level of loci (Table 3.3.) range from 0.0023 (B

allele - EST-3) to 1.000 (A allele - MDH-3). The mean number of alleles per locus

(na) (Table 3.4.) range from 1.000 to 3.000 (viz. MDH-3 has only one allele, EST-3

has 3 alleles and all the other loci viz. PRX-1, SKDH-1, SKDH—2, GPI-1, GPI-2,

MDH-1, MDH-2, EST-1 and EST-2 have 2 alleles each). Of the 11 loci that were

consistently scorable in all the populations analysed, except MDH-3 locus, all the

ten loci (90.9%) were found to be polymorphic.

Depending on locus, the values for observed heterozygosity (I-I1), expected

average heterozygosity (H5), total heterozygosity (gene diversity) (HT) and F

statistics (F15, F11‘ and F57) are listed in table 3.4. The observed heterozygosity (H1)

ranged from zero in PRX-1, GPI-1, MDH-1 and MDH-3 to 0.5000 in EST-1. The

average expected heterozygosity (H5) values varied from zero (PRX-1, GPI-1 and

MDH-3) to 0.2670 (EST-1) and were lower than the observed heterozygosity

values in most of the loci. The total heterozygosity (gene diversity) (HT) values

ranged from zero (MDH-3) to 0.4959 (PRX-1).

F-statistics (Table 3.4.) provided the measure of deviations in gene

frequencies from Hardy-Weinberg expectations. If all the populations are in HWE,

F15 will be zero and F1-r will be equal to F51-. In the present study, except for MDH-1
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Figure 3.2. Peroxidase isozyme profiles of eleven sandal populations: lane 1-10
represents individual samples.
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Figure 3.3. Esterase isozyme profiles of eleven sandal populations: lane 1-10 represents
individual samples.
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Figure 3.4. Malate dehydrogenase isozyme profiles of eleven sandal populations:
lane 1-10 represents individual samples.
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Figure 3.5. Shikimate dehydrogenase isozyme profiles of eleven sandal
populations: lane 1-10 represents ten individual samples.
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Figure 3.6. Gluco phosphate isomerase isozyme profile of eleven sandal
populations: lane 1-10 represents individual samples.
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(F[5=1.0O00) which showed a positive value, all the loci got negative values for F15

(the inbreeding coefficient within population). These results indicated that all the

loci showed deviations from Hardy-Weinberg expectations. Similarly, F11‘, the

inbreeding coefficient over the total population varied between -0.2292 (EST-2)

and 1.000 (PRX-1) and was not equal to F57 (Fn¢FsT). The genetic differentiation

of populations (F51) was at par with Nei's G57 (coefficient of genetic

differentiation). The mean FST was 0.7522 meaning that 75.22 per cent of the total

variation was between populations and only 24.78 per cent was observed within

populations. The average rate of gene flow was found to be 0.0824.

For the populations, the estimated parameters that were used to describe the

genetic variation are given in table 3.5. The per cent of polymorphic loci varied

from 9.09 in Thenmalai, Ottappalam, Bangalore and Thirupattur to 27.27 in

Wayanad and Wadakkanchery populations. The mean number of alleles per locus

had the lowest value in Thenmalai, Ottappalam, Bangalore and Thirupattur

(l.0909) whereas, it was the highest in Wayanad and Wadakkanchery (1.2727)

populations. Among the populations, the heterozygosities calculated directly

from the genotypes (Obs. Het.) varied from 0.0364 in Thenmalai to 0.1818 in

Wadakkanchery, Kannavam, Kasargod, Shimoga and Chikkamagalur. Whereas,

expected heterozygosity estimated (Exp. Het.) varied from 0.0291 in Thenmalai to

0.1345 in Wadakkanchery populations of sandal.
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3.3.2. Genetic diversity between populations

Genetic identity/distance coefficients are provided in table 3.6. For all pair wise

populations, genetic similarity coefficients showed a higher value than distance

coefficients. Of all the populations analysed Kannavam (pop6) and Kasargod

(pop7) showed the highest value for genetic identity (1.0013) between them, while

Wadakkanchery (pop4) and Chikkamagalur (popl 1) showed the highest value for

genetic distance (0.7503).

Nei's (1978) unbiased measures of genetic identity/distance were used to

construct UPGMA dendrogram (Fig. 3.7.) showing the clustering of all the 11

populations. It was possible to distinguish 2 main clusters within the S. album

populations. The first main cluster consisted of 10 populations, formed by the

merging of two sub clusters, one contained four populations Marayoor,

Themnalai, Wadakkanchery and Thirupattur and the other contained six

populations Wayanad, Shimoga, Bangalore, Ottappalam, Kannavam and

Kasargod. This major cluster in turn linked with Chikkamagalur to form the final

cluster. The branches in the dendrogram reflect the genetic differentiation among

populations.

3.4. DISCUSSION

Trees from different geographic areas within the range of a species may vary in

growth rate, form, and adaptation to environmental conditions and resistance to

insects and disease incidence (Hamrick and Nason, 2000).
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Figure 3.7. Dendrogram based on Nei's (1978) genetic distance coefficients.

+TMarayoor (popl)+ 7! ! + Thenmalai (pop3)! +- 6
! ! +-—-—-Wadakkanchery (pop4)! +—-4+ 9 + Thirupattur (pop10)v v! ! + Wayanad (pop2)! ! + 3! ! +45 + Shimoga (pop9)v v v v

! + 8 +—— Bangalore (pop8)-10 '! ! +—Ottappalam (pop5)
! + ———————————— ———-2! ! +Kannavam (pop6)! +—1! +Kasargod (pop7)
I

+ Chikkamagalur (popl 1)

Between And Length

10 9 5.77555
9 7 6.85525
7 popl 11.765877 6 4.52666
6 pop3 7.239226 4 2.59800
4 pop4 4.64121
4 pop 1 0 4.641219 8 5.79136
8 5 5.804365 3 3.37004
3 pop2 3.65536
3 pop9 3.65536
5 pop8 7.025408 2 11.50942
2 pop5 1.320352 1 1.32035
1 pop6 0.00000
1 pop7 0.00000
1 popll 24.39667
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Conservation as well as utilization of this variation is extremely important for the

genetic improvement of any tree species. Sandal trees in Indian forests have been

depleted considerably due to illicit felling of trees, absence of regeneration caused

by repeated fires and excessive grazing, and also greatly due to mortality caused by

spike disease (Nageswara Rao et al., 2001). Information on genetic variation within

and between geographically isolated populations of S. album was unknown

previously.

The present study provided considerable amount of information on the

magnitude and pattern of genetic variation existing within eleven sandal

populations. The genetic "richness" as measured by the number of alleles indicated

that EST-3 is the most genetically rich locus amongst the eleven loci analysed and

MDH- 3, the least rich. Wayanad and Wadakkanchery were found to be the

genetically rich populations and Thenmalai, Ottappalam, Bangalore and

Thirupattur were the least genetically rich among the analysed populations.

Similarly, the per cent of polymorphism also varied significantly in the eleven

analysed populations and Wayanad got the highest amount of polymorphism.

Generally, in forest trees, the allelic richness and per cent of polymorphism were

reported to be influenced by local environmental conditions and by gene flow

(Prus-Glowacki and Stephan, 1994). Prober and Brown (1994) found a significant

positive relationship between population size and allelic richness in population of

Eucalyptus alben BENTH. Young et al. (1999) observed lower number of
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allozyme alleles with reduced population size in Rutidosis leptorrhynchoides. The

variation in the per cent of polymorphism and number of alleles in the different

populations in S. album can be attributed to the difference in population size,

environmental conditions and also to the difference in rate of gene flow.

Expected heterozygosity is the expected proportion of heterozygotes,

assuming Hardy-Weinberg equilibrium (Hamrick, 1987). Within each of the

analysed populations (averaged overall locus) and at the locus level (averaged

overall populations), the observed amount of heterozygosity was found to have a

higher value than what is expected under random mating (Table 3.4.). Genetic

heterozygosity is often influenced by founder effects, genetic drift, population size,

natural and man-made selection, and local environmental variations (Van Boren

and Harper, 1996)). Fragmented distribution and poor rate of gene flow favour

genetic drift (Brown and Moran, 1981). Consequently, populations evolve

independently as single discrete units, resulting in a high amount of observed

heterozygosity. Such increased levels of observed heterozygosity was also reported

in Arctomecon humilis (Alphin et al., 1998) The sandal populations under study are

separated by considerable distance and hence chance for gene flow are minimum. It

is reported that the possibilities of gene flow between natural populations of most

species diminish rapidly with distance (Mayr, 1963; Varela and Eriksson, 1995).

Gene flow seemed to be an important factor in preventing the differentiation of

populations (Hamrick and Nason, 2000). Thus the population might have evolved

separately as discrete independent units. Young and Brown (1999) found
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significant changes in mating patterns with reduced size and increased isolation of

remnant population of the daisy Rutidosis leptorrhynchoides. Prober and Brown

(1994) found that the changes due to fragmentation immediately affect mating

system parameters such as outcrossing rates in Eucalyptus albens.

Genetic differentiation among populations was high with F51 = 0.7522,

implying that 75.22 per cent of total variation was between populations and 24.78

per cent of total genetic variation was within populations. Therefore, S. album

exhibited a pattern of genetic diversity characterized by a moderate degree of

intrapopulation variation and a rather high inter-population genetic diversity. These

results also pointed out towards the more discrete nature of sandal population with

least amount of gene flow.

In order to estimate the deviations from Hardy-Weinberg expectations,

Wright's (1951) F-statistics (Yeh, 2000) were used. Depending on the locus, the

average inbreeding coefficient within population (F15) was -0.6869 (Table 3.4.),

meaning that within population heterozygotes were 68.69 per cent higher than

expected due to the lower levels of inbreeding within the population. While, the

inbreeding coefficient over the total populations (Fn) was 0.5820, indicating that

58 per cent of the heterozygotes were lower than expected under Hardy-Weinberg

equilibrium. This might be due to the mating or gene flow between similar

genotypes due to some natural evolutionary selection processes. The low rate of

gene flow might be the reason for the high level of genetic differentiation among

the populations. Generally, in forest tree species inter population gene flow are
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usually high. However, due to fragmentation, the remaining populations become

geographically isolated and the original rate of gene flow cannot be maintained

(Hamrick and Loveless, 1985). The small, localized and fragmented nature of S.

album populations and their geographic separation might have diminished the rate

of gene flow and intrapopulation variation is also reported to be small in those

cases (Tennakoon et al., 2000). Gene flow is mediated by seed and pollen

migration and this in turn depends on the geographical separation of the

populations (Gontcharenko et al., 1993).

The eleven populations covered a broad geographic range, differing in

rainfall (700-4000mm) and altitude (60-l0OOm) and thus enzymatic differentiation

is expected to exist among them. The genetic relatedness of the eleven populations

analysed, as given in the dendrogram, showed clustering of some of the

neighbouring populations but not fully in agreement with geographic separation.

Similar pattern of genetic relatedness has also been reported for populations of

Picea abies (Lundkvist and Rudin, 1977). According to Endler (1977), various

regimes of selection either directly via linkage, migration and genetic drift could

produce these patterns. Jourde (1980) reported that geographic distance, which

restricts the gene flow, is the major cause of population difference. In the case of S.

album populations, Wadakkanchery and Chikkamagalur are the most genetically

distant populations, and also geographically separated considerably, about 400 km.

Similarly Kannavam and Kasargod are the most genetically identical populations,

which are also closely located geographically, only about 70 km.
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Forest tree populations are often considered large and continuous, but many

tree species as in Acacia mangium (Moran et al., 1989) and Eucalyptus (Moran,

1992), occur naturally as small isolated populations. Large populations maintain

ample genetic variability, which assures a readiness to respond to current selection

pressures. Many formerly large populations are experiencing reductions in

population size owing to human disturbances. Small populations may lose

variability and their ability to respond to stress conditions (Karkkainen et al.,

1996). As the population size increases, recurrent mutation can restore the genetic

variability, but it takes place very slowly. The low amount of genetic variation

within S. album populations and high amount of genetic variation between

populations as evidenced from F57 values, might be due to the fragmentation of a

previously large population and differentiation of populations due to random drifi

and low amount of gene flow.
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CHAPTER 4

RAPD BASED GENETIC VARIATION IN SANDAL
POPULATIONS



4. RAPD BASED GENETIC VARIATION IN SANDAL
POPULATIONS

4.1. INTRODUCTION

Genetic variation in natural populations is a resource for the survival and future

evolution of a species as well as for improving its productivity (Frankel et al.,

1995). In the past, forest genetic research involved classical approaches for the

assessment of genetic variation by using either morphological or physiological

traits (Michelmore et al., 1991). Forest tree species are generally characterized

by outbred mating systems and long generation cycles. Many of the traits of

commercial importance are expressed late in the breeding cycle and subjected to

varying degrees of environmental modifications and interactions. These

characteristics have limited the development of classical morphological

markers, which in tum hampered the progress in tree breeding progams as

compared to the other crop species (Byrne et al.., 1995).

The advent of isozyme techniques provided new genetic markers that

could be used to address questions concerning genetic resources, mating

systems and population structure (Adams, 1983; Harnrick et al., 1992; Conkle,

1992). However, the numbers of available loci have not been sufficient for

application in breeding strategies (Ayala, 1983). Recently, DNA based markers

such as RFLPs, RAPDS, AFLPS and microsatellites have been applied to the

detection of genetic polymorphism in plants (Botstein et al., 1980; Litt and

Luty, 1989; Hedrick, 1992; Lisitsyn et al., 1993).

RAPDS constitute a class of genetic markers which produce arbitrary

fragment length polymorphisms and utilize single, arbitrary decamer DNA
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oligonucleotide primers to amplify regions of the genome using the polymerase

chain reaction (Williams et al., 1990; Hedrys et al., 1992; Newbury and Ford

Lloyd, 1993). Priming sites are thought to be randomly distributed throughout

the genome and polymorphism in these regions results in differing amplification

products (Williams et al., 1993). RAPD analysis with agarose gel

electrophoresis has been used successfully to identify and discriminate species,

varieties, hybrids and cultivars (Dawson et al., 1996; Ortiz et al., 1997;

Bartolozzi et al., 1998; Mo Comb and Jones, 1998), for QTL mapping (Yazdani

et al., 1995; Byme et al., 1997a; Bundock et al., 2000) and to analyze

population genetic structure (Chalmers et al., 1994; Burner et al., 1997;

Hormaza et al., 1998). RAPD markers are dominant and hence heterozygotes

cannot be distinguished; but, compared to other markers, they provide a fast and

cheap means of generating large numbers of loci randomly spread throughout

the genome (Rafalski and Tingey, 1993).

Genetic conservation of S. album is a subject of great concern recently,

owing to the loss of significant amount of genetic diversity by spike disease and

illegal felling. Assessment of genetic diversity is therefore of crucial importance

for estimating more accurately the conservation status of particular populations,

quantifying the affects of illegal cutting on the gene pool and for developing

integrated, scientifically based genetic improvement and conservation strategies

(Jain et al., 1998). Hence, the main objective of this study was to determine

genetic diversity and pattern of variation in South Indian S. album populations

using RAPD markers.
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4.2. MATERIALS AND METHODS

4.2.1. Sample collection

RAPD analysis was carried out in eleven populations viz. Marayoor, Wayanad,

Thenmalai, Wadakkanchery, Ottappalam, Karmavam and Kasargod of Kerala

State, Bangalore, Shimoga and Chikkamagalur of Kamataka State and

Thirupattur of Tamil Nadu State in South India (Fig. 3.1.). Seed samples were

collected from more than 20 parent trees randomly, covering almost the entire

range of population and the seeds were pooled together. From this bulk, 12

samples were drawn randomly for raising seedlings. Seedlings at four-leaf-stage

(3-week-old) were used as the source material.

4.2.2. DNA extraction

Genomic DNA was extracted from seedling tissue following the modified

method of Doyle and Doyle (1990). Samples were homogenated in hot (65° C)

CTAB buffer containing 2 per cent CTAB, 100 mM Tris pH 8.0, 20 mM EDTA

pH 8.0, 1.4 M NaCl and the sample homogenates were incubated at 60° C on a

water bath for half an hour. The samples were extracted with

chloroforrn/isoarnyl alcohol (2411) followed by low speed centrifugation (1600

g) for 5 minutes and the aqueous phase eluted out. This step was repeated again

and to the aqueous layer, double the volume of cold (—20° C) absolute alcohol

was added. Afier incubation at -20° C for 12 hours, the DNA precipitate was

centrifuged for 10 minutes at low speed ( 1600 g). Ethanol (95%) was added to

the DNA pellet and recentrifuged at the same speed. The supernatant was

discarded and the air-dried pellet was dissolved in 100 pl double distilled water.
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Total DNA was estimated at A 260 (1 OD = 50 pg ml-1) (Gallagher, 1996) using

UV-spectrophotometer.

4.2.3. Polymerase Chain Reaction

Twenty decamer oligonucleotides from kit A (Operon Technologies, Almeda,

Calif.) were screened for genetic polymorphism by PCR amplification on

agarose gel. Comparison of resolved bands on agarose gel was performed with

three selected primers from kit A (OPA 07, OPA 09 and OPA 16). DNA was

amplified in 25 ul reaction mixtures containing 100-125 ng of template DNA,

100 uM each of dATP, dTTP, dCTP and dGTP, 0.5 units of Taq polymerase,

lul (250 ng) of each primer and 5 ul Taq buffer with 1.5 mM MgCl2 (Genei,

Bangalore). The incubation mixture was overlaid with one or two drops of

mineral oil (Genei, Bangalore) and subjected to 45 cycles of amplification in

PTC-150 Minicycler (MJ Research Inc., USA), each of 60 S denaturation (94°

C), 60 S annealing (36° C) and 120 S extension (72° C). The last cycle was

followed by incubation for 10 minutes at 72° C.

4.2.4. Separation and visualization of the amplification products

The PCR amplification products were electrophoresed on mini-sub gel GT

(Biorad, USA) in 1.5 per cent horizontal agarose gel (Biorad, USA) in TBE

buffer (40 mM Tris-borate, 1 mM EDTA, pH 8.0). The gel, afier the completion

of electrophoresis was stained with ethidium bromide and bands were compared

with a 100-bp DNA ladder (Genei, Bangalore). The gels were documented

using Koda.k Digital Science Electrophoresis Documentation and Analysis

System 120 (Kodak, USA).
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4.2.5. Data Analysis

The DNA fragment sizes were estimated compa.ring DNA size markers run on

the same gel and the data scored for RAPD analysis. The bands were scored '1'

for their presence and '0' for absence in each DNA sample to create binary data

matrices. The data matrices were entered into the Popgene version 1.31

computer package and pair-wise comparison of populations were made (Yeh et

al., 1999). The observed number of alleles (na), expected number of alleles (ne),

per cent of polymorphic loci (polymorphic bands per total bands) and Nei's G

statistics (HT, H5 and G57) were determined (Nei, 1987). Nei's genetic distance

(D) was calculated and used to construct UPGMA dendrogram.

4.3. RESULTS

Three primers fi'om OPA series (OPA 07, OPA 09 and OPA 16) were chosen,

out of the 20 OPA series primers tested, on the basis of number of resolved

bands and frequency of polymorphism among the samples. Twelve individuals

from each of the eleven populations were screened for variation using the three

selected primers and 36 RAPD products from each population were scored for

presence or absence. The molecular weight of the products generally ranged

from 100-1000 base pairs. Assuming that each RAPD product represented a

single locus, all the loci [viz. 11 loci for OPA 07 (Fig. 4.1.), 12 for OPA 09

(Fig. 4.2.) and 13 for OPA 16 (Fig. 4.3.)] were found to be polymorphic at least

in one of the individuals analysed.
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Figure 4.1. RAPD profiles of eleven sandal populations amplified by OPA 07
primer: lane M: DNA marker (100bp ladder), lane 1-6: profiles of 1-6 samples, lane
7-12: profiles of 7-12 samples.
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Figure 4.2. RAPD profiles of eleven sandal populations amplified by OPA 09
primer; lane M: DNA marker (100bp ladder), lane 1-6: 1-6 individual samples, lane
7-12: 7-12 individual samples.
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Figure 4.3. RAPD profiles of eleven sandal populations amplified by OPA 16; lane
M: DNA marker (100 bp ladder), lane 1-6: 1-6 individual samples, lane 7-12: 7-12
individual samples.
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At the population level, the per cent of polymorphic loci (ppl) varied

from a minimum of 8.33 per cent (Kasargod and Thenmalai) to a maximum of

38.89 per cent (Marayoor and Wayanad) (Table 4.1.). The average observed

number of alleles (na) range from 1.0833 (Kasargod and Thenmalai) to 1.3889

(Marayoor and Wayanad). The effective number of alleles (ne) range from

1.0433 (Wadakkanchery) to 1.2362 (Marayoor). Similarly Nei's (1973) gene

diversity index (h) varied from 0.0316 (Wadakkanchery) to 0.1384 (Marayoor).

Depending on locus, the observed number of alleles (na) and effective number

of alleles (ne) are given in table 4.2. The average observed number of alleles per

locus was 2. The average effective number of alleles per locus was 1.4531 and

the mean gene diversity (h) was 0.2610.

The mean expected heterozygosity (H5), the mean total genetic diversity

(HT) and genetic differentiation (G57) are given in table 4.3. The mean expected

heterozygosity (Hg) was 0.0715, the mean total genetic diversity (HT) was

0.2610 and the relative magnitude of genetic differentiation among population

(G51) was 0.7262 indicating that 72.62 per cent of the total diversity was among

populations while the rest (27.38%) of the total variations occurred within

populations. The gene flow estimated from G51 value, was found to be very low,

0.1855.

The standard genetic distance (D) unbiased for sample size (Nei, 1978)

for all pair wise population comparisons were estimated (Table 4.4.). The

genetic distance va.ried from 0.0776 (between Kasargod and Kannavam) to

0.5924 (between Wayanad and Ottappalam). An Unweighted Pair Group
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Table 4.1. Comparison of populations for various genetic diversity measures.

Populations Na ne h npl ppl
Marayoor 1.3889 1.2362 0.1384 14 38.89
Wayanad 1.3889 1.1748 0.1116 14 38.89
Thenmalai 1.0833 1.0643 0.0353 3 8.33
Wadakkanchery 1.1389 1.0433 0.0316 5 13.89
Ottappalam 1.1667 1.1253 0.0672 6 16.67
Kasargod 1.0833 1.0638 0.0352 3 8.33
Kannavam 1.1389 1.0582 0.0383 5 13.89
Bangalore 1.2778 1.1821 0.1023 10 27.78
Shimoga 1.1667 1.0473 0.0325 6 16.67
Chikkamagalur 1.3333 1.1915 0.1114 12 33.33
Thirupattur 1.1389 1.0620 0.0400 5 13.89

1121 = Observed number of alleles

ne = Effective number of alleles

h = Nei's (1973) gene diversity

npl = Number of polymorphic loci

ppl = Percentage of polymorphic loci
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Table 4.2. Summary of genie variation statistics for all loci.

Locus Sample Size na ne h
OPA07-1 132 2 1.6575 0.3967OPA07-2 132 2 1.9169 0.4783OPA07-3 132 2 1.9993 0.4998OPA07-4 132 2 1.4358 0.3035
OPAO7-5 132 2 1.9836 0.4959OPA07-6 132 2 1.7473 0.4277OPA07-7 132 2 1.9988 0.4997OPA07-8 132 2 1.5657 0.3613OPA07-9 132 2 1.2767 0.2167
OPA07-10 132 2 1.1816 0.1537OPA07-1 l 132 2 1.0491 0.0468OPA09-1 132 2 1.9995 0.4999OPA09-2 132 2 1.1980 0.1653OPAO9-3 132 2 1.0078 0.0077
OPA09—4 132 2 1.8592 0.4621OPA09-5 132 2 1.1271 0.1128OPA09-6 132 2 1.7582 0.4312OPA09-7 132 2 1.0715 0.0667OPA09-8 132 2 1.0970 0.0884OPA09-9 132 2 1.0339 0.0328
OPA09-10 132 2 1.0339 0.0328OPA09-11 132 2 1.0160 0.0157OPA09-12 132 2 1.0835 0.0771OPA 1 6-1 132 2 1.9997 0.4999OPA16-2 132 2 2.0000 0.5000OPA16-3 132 2 1.1508 0.1310OPAI6-4 132 2 1.8378 0.4559OPA16-5 132 2 1.4967 0.3319OPA16-6 132 2 1.1054 0.0954OPA16-7 132 2 1.9912 0.4978OPA16-8 132 2 1.8953 0.4724OPA16-9 132 2 1.5332 0.3478
OPA16-10 132 2 1.0326 0.0316OPAl6-11 132 2 1.0696 0.0650
OPA16-12 132 2 1.0665 0.0624OPA16-13 132 2 1.0339 0.0328Mean 132 2 1.4531 0.2610St. Dev 0.0000 0.3957 0.1937

sample size = Total number of populations x number of samples
na = Observed number of alleles
ne = Effective number of alleles
h = Nei's (1973) gene diversity
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Table 4.3. Expected heterozygosity (H5), total genetic diversity (HT), genetic
differentiation (G57) and rate of gene flow (Nrn) per locus.

Locus Sample Size HT I-ls G57 Nm
OPA07-1 132 0.3967 0.0000 1.0000 0.0000
OPA07-2 132 0.4783 0.0416 0.9130 0.0476
OPA07-3 132 0.4998 0.0490 0.9019 0.0544
OPAO7-4 132 0.3035 0.0701 0.7689 0.1503
OPAO7-5 132 0.4959 0.0000 1.0000 0.0000
OPA07-6 132 0.4277 0.0439 0.8973 0.0572
OPA07-7 132 0.4997 0.1272 0.7455 0.1707
OPA07-8 132 0.3613 0.1479 0.5907 0.3465
OPA07-9 132 0.2167 0.0557 0.7427 0.1732
OPA07-10 132 0.1537 0.0898 0.4155 0.7032
OPA07-11 132 0.0468 0.0430 0.0817 5.6180
OPA09-1 132 0.4999 0.0617 0.8765 0.0704
OPA09-2 132 0.1653 0.0000 1.0000 0.0000
OPA09-3 132 0.0077 0.0074 0.0389 12.3690
OPA09—4 132 0.4621 0.1339 0.7102 0.2040
OPA09-5 132 0.1128 0.0921 0.1830 2.2316
OPA09-6 132 0.4312 0.1587 0.6319 0.2913
OPA09-7 132 0.0667 0.0521 0.2187 1.7860
OPA09-8 132 0.0884 0.0588 0.3345 0.9949
OPA09-9 132 0.0328 0.0272 0.1697 2.4472
OPA09-10 132 0.0328 0.0272 0.1697 2.4472
OPA09-1 1 132 0.0157 0.0145 0.0798 5.7625
OPA09-12 132 0.0771 0.0561 0.2725 1.3345
OPA16-1 132 0.4999 0.1024 0.7953 0.1287
OPA16-2 132 0.5000 0.1085 0.7830 0.1386
OPA16-3 132 0.1310 0.0712 0.4568 0.5945
OPA16-4 132 0.4559 0.0817 0.8208 0.1092
OPA16-5 132 0.3319 0.0496 0.8505 0.0879
OPA16-6 132 0.0954 0.0662 0.3056 1.1363
OPA16-7 132 0.4978 0.2517 0.4943 0.51 14
OPA16-8 132 0.4724 0.2805 0.4062 0.7309
OPA16-9 132 0.3478 0.0518 0.8511 0.0875
OPA16-10 132 0.0316 0.0285 0.0974 4.6309
OPA16-11 132 0.0650 0.0539 0.1713 2.4182
OPAI6-12 132 0.0624 0.0416 0.3330 1.0015
OPA16-13 132 0.0328 0.0272 0.1697 2.4472

Mean 132 0.2610 0.0715 0.7262 0.1885St. Dev 0.0375 0.0039
Sample size = number of populations x number of individuals
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Table 4.4. Nei's unbiased measures of genetic identity (above diagonal) and
genetic distance (below diagonal).
(Popl-Marayoor, Pop2-Wayanad, Pop3-Thenmalai, Pop4-Wadakkanchery, Pop5-Ottappalam,
Pop6-Kannavam, Pop7-Kasargod, Pop8-Bangalore, Pop9-Shimoga, Popl0- Thirupattur, Popll
Chikkamagalur).

POPID 1 2 3 4 5 6 7 8 9 10 1 1
1 "”"“"' 0.8907 0.7411 0.7316 0.6487 0.7068 0.7703 0.7932 0.7045 0.8436 0.7465

2 0.1158 *"""* 0.6297 0.6266 0.5530 0.7221 0.6803 0.6779 0.6010 0.7549 0.6209

3 0.2996 0.4625 ““‘“""' 0.8589 0.8990 0.7757 0.8451 0.8873 0.8358 0.7774 0.7832

4 0.3126 0.4675 0.1521 0.9007 0.7725 0.8694 0.8073 0.8688 0.7328 0.7706
5 0.4328 0.5924 0.1064 0.1046 **‘“" 0.8009 0.8471 0.8502 0.8988 0.7055 0.8745

6 0.3471 0.3256 0.2540 0.2581 0.2220 *""""‘ 0.9253 0.7611 0.7677 0.7152 0.7585

7 0.2610 0.3852 0.1683 0.1399 0.1659 0.0776 ’”‘** 0.7982 0.8585 0.7196 0.8304

8 0.2317 0.3888 0.1195 0.2141 0.1623 0.2730 0.2254 *"“"" 0.7902 0.8867 0.8657

9 0.3503 0.5092 0.1793 0.1407 0.1067 0.2643 0.1526 0.2355 0.7052 0.8590
100.17010.2812 0.2518 0.3109 0.3488 0.3352 0.3291 0.1202 0.3493 '““*"' 0.7286

110.2924 0.4766 0.2444 0.2605 0.1341 0.2764 0.1859 0.1442 0.1520 0.3167 *""""'
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Method with Arithmetic means (UPGMA) dendrogram is constructed to

estimate the differentiation of the eleven populations using Nei's genetic

distance (1978). Two main clusters with clear separation were observable in the

dendrogram (Fig. 4.4.). The first main cluster consisted of 3 populations, of

which Marayoor and Wayanad formed one cluster, which in turn was linked to

Chikkamagalur. The second main cluster was a combination of three sub

clusters each of 2 populations viz. Kasargod and Karmavam, Wadakkanchery

and Ottappalam, Themnalai and Bangalore, together with two linked single

populations.

4.4. DISCUSSION

The rate of depletion of sandalwood resources in India is very rapid and the gap

between the supply and demand is widening over time (Ananthapadmanabha,

2000). The understanding of the level of genetic variation and distribution of

that variation in Santalum album populations is therefore crucial. The use of

RAPD assay to identify genetic variation is preferred over the conventional,

morphological and biochemical markers, since RAPD markers are unaffected

by environmental changes and the growth stage of the experimental material;

thus making them highly reliable (Newbury and Ford-Lloyd, 1993). The RAPD

results reported here provide new information regarding the organization of

genetic variation in natural populations of S.album in South India.

The various genetic diversity measures within populations viz. per cent

of genetic polymorphism, number of alleles per locus and amount of
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Figure 4.4. Dendrogram based on Nei's (1978) genetic distance.

(Popl -Marayoor, Pop2-Wayanad, Pop3-Thenmalai, Pop4-Wadakkanchery, Pop5-Ottappalam,
Pop6-Kannavam, Pop7-Kasargod, Pop8-Bangalore, Pop9-Shimoga, Pop10- Thirupattur,
Pop] 1-Chikkamagalur).
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heterozygosity were determined. The mean number of alleles was 2 which was

higher than the average of 1.84 in outcrossing wind pollinated woody plants

(Ibrahim, 1996). The effective number of allele (1.453 1) was lower than actual

number of alleles. This means that there were some genes in which the

fiequencies were low and not contributing much to the population genetic

variation as reported by Huang and Zhang (2000) in Masson pine. Similarly the

mean expected heterozygosity (0.07l5) was lower than that of the outcrossing

wind-pollinated woody plants (0.154) reported by Moran (1992), House and

Bell (1994) and Martins-Corder and Lopes (1997).

In the present study, the mean total genetic diversity of the analysed

populations was 0.2610 and the partitioning of genetic diversity among

populations, had a high value (G51=0.7262). High G51 values were also reported

in some pine species (Schiller, 1986; Hamrick and Godt, 1989). High G57 values

were reported to happen when large single population was fragmented into

small individual breeding units as a result of human disturbances, random

genetic drift and differential natural selection (Gibson and Hamrick, 1991). The

result of the present study is in contrast to earlier findings of other tree species

in which most of the genetic diversity resides within rather than between

populations such as in E. urophylla (House and Bell, 1994), Azadirachta indica

(Kundu, 1999) and Eucalyptus grandis (Grattapaglia et al., 1997).

The estimated amount of gene flow (O.1855) was found to be very low.

Hamrick and Nason (2000) suggested 4 migrants per generation (Nrn = 3.54) as

the minimum to prevent differentiation due to drifl. In the isolated populations

where such gene exchange cannot exist, the population must have a size
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size sufficient to avoid the risk of genetic erosion. Most of the analysed

populations of S. album occur as fragmented widely scattered populations with

varying densities. The restricted amount of gene flow between the isolated

populations might have resulted in increased inbreeding within the populations.

Consequently, the amount of genetic variation within population might be

reduced and ultimately resulted in the genetic differentiation of the isolated

populations. The comparatively higher genetic diversity measures in Marayoor

and Wayanad might be due to the high density population as compared to others

and thus evolutionary forces can operate on a large number of genotypes

resulting in an increased amount of gene diversity within the population.

It is generally known that genetic diversity within population is

influenced by the geographic distribution of the species, mating system and the

method of seed dispersal (Hamrick et al., 1992). The eleven populations under

study covered a broad geographic range differing in rainfall (700-4000mm) and

altitude (60-1000m) (Fig. 3.1.). Of the analysed eleven populations, the most

genetically similar populations, Kasargod and Kannava.m are geographically

separated only by a distance of about 70 km while the genetically distant

populations, Wayanad and Wadakkanchery are separated by about 225 km.

The UPGMA dendrogram revealed the genetic relatedness of the eleven

populations. The genetic separation of the populations was partly in agreement

with geographic isolation. The Kasargod and Kannavam, which are the closely

located populations geographically, were the most genetically similar

populations by RAPD analysis and fonned a single cluster. Even though

Shimoga and Thenmalai are separated far geographically, Wayanad and
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Wadakkanchery populations had the highest genetic distance coefficient. The

lack of correlation between geographic and genetic distance in some cases

might be due to the geographic isolation of the area and the evolutionary forces

like mutation, migration and natural selection operating in the area (Huang and

Zhang, 2000). This partial disagreement in correlation between geographic and

genetic distance has been observed in many tree species, such as Eucalyptus

globulus (Nesbitt et al, 1995), Brazil nut (Kanashiro et al, 1997) and Himalayan

poplar (Rajagopal et al., 2000).

Marayoor and Wayanad are the only populations with above 30 per cent

genetic polymorphism. However, given the fact that genetic variation in S.

album is distributed more or less randomly among populations, sampling or

preservation of any one population may not insure that all the variation in S.

album is captured. Some populations such as Marayoor included in the study

have been severely disturbed recently, by the spike disease and indiscriminate

felling of superior trees. In these cases, outplanting of seedlings raised from

seeds, back to the disturbed sites would help maintain an effective population

size and the evolutionary forces naturally operating can restore the genetic

diversity of the natural populations.
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5. PROTEIN, ISOZYME AND RAPD PROFILES OF SPIKE
DISEASE EVADED AND INFECTED SANDAL TREES

5.1. INTRODUCTION

Spike disease, the most serious disease of sandal is characterized by extreme

reduction in size of leaves accompanied by stiffening and reduction in length of

intemodes; in advanced stage the whole shoot looks like a spike inflorescence (Fig.

5.1).

Figure 5.1. Healthy and Spiked sandal trees

Diseased trees die within 1-3 years alter the appearance of the symptoms

(Rangaswamy and Grifiith, 1941; Ghosh et al., 1985; Ghosh et al., 1992). The

causative agent of the disease is a non-culturable phytoplasma found in the phloem

of the infected trees (Dijkstra and Le, 1969; Hull et al., 1969; Verma et al., 1969).

The disease was reported from Coorg in 1899 (Barber, 1903). Now the disease is
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prevalent in almost all the major sandal growing Southern states of India. The

spread of the disease is supposed to be through insect vectors. Ghosh et al. (1985)

reported Redarator bimaculatus as the insect vector in Marayoor forest range of

Kerala state. Within the heavily infected patches of Marayoor forest reserve, a few

trees devoid of any disease symptoms for the past 20 years were observed. These

had either chance-evaded the disease or were capable of resisting the disease

(Balasundaran, 1998).

For a long-term solution to the problem of spike disease and for sustainable

supply of superior sandalwood, development of spike disease resistant trees

through breeding could be the best method (Venkatesh and Kedamath, 1963;

Venkatesh, 1978; Srimathi et al., 1980). The disease evaded/resistant trees found in

the spike disease affected area of Marayoor could be used as an ideal starting

material for this purpose. But before using the disease evaded trees for fi.1rther tree

improvement programmes, it has to be confirmed whether the disease evasion is

only a chance occurrence or whether it has got any stable genetic basis.

Molecular markers provide a new alternative to conventional disease

resistance screening. These markers allow us to identify resistance alleles without

the use of pathogens and without the influence of environmental factors (Kuginuki

et al., 1997). As the quantitative nature of disease resistance markers are less

amenable to classical genetic analysis, more powerful methods of analysis, such as

marker-assisted analysis are required (Jorge et al., 2000).
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In the present investigation, protein, isozyme and RAPD analysis were

carried out in disease evaded and infected trees found in spike disease affected

forests of Marayoor to investigate whether the disease evasion has got any genetic

basis.

5.2. MATERIALS AND METHODS

5.2.1. Sample collection

Leaf samples were collected from 12 mature trees, >20-year-old, selected randomly

from each group of disease evaded and infected trees identified in the diseased tract

of sandal reserve 51 of Marayoor range in Kerala. Samples were brought to

laboratory either in liquid N2 or by dipping the excised branches vertically in water

and covered with wet polyethylene bags. The samples were subjected to protein,

isozyme and RAPD analysis.

5.2.2. Total protein extraction

Total proteins were extracted according to modified Lowry’s (Lowry et al., 1951)

procedure. The samples were homogenized by grinding in a pre-chilled mortar in

0.1M phosphate buffer, pH 7, centrifuged at 5000 rpm for 10 minutes and the total

proteins precipitated by adding 100 per cent trichloro acetic acid to the supernatant

and keeping overnight at ice cold temperature. The precipitated protein, after

acetone wash, resuspended in Laemmli’s (1970) sample extraction buffer

containing 0.5 M Tris HCl, 10 per cent SDS, 1 per cent glycerol and 2 per cent 2

mercaptoethanol and heated on a water bath at 95°C for complete denaturation.
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5.2.2.1. SDS-PAGE electrophoresis

Total proteins were subjected to one-dimensional SDS-PAGE, according to the

method of Laemmli (1970) on a minigel (Biorad, USA) system. After

electrophoresis, gels were stained for 45 minutes in coomassie brilliant blue R-250

and then destained with several changes of 40 per cent methanol to remove

background staining. The protein molecular weight marker (Genei, Bangalore) was

used as standard in the first lane of the gel to facilitate protein molecular weight

determination.

5.2.3. Isozyme analysis

Isozyme analysis was carried out in 12 samples of both infected and disease evaded

trees for the four isozyme systems viz. peroxidase, esterase, malate dehydrogenase

and shikimate dehydrogenase. The methods and protocols followed for sample

preparation, electrophoresis and gel staining were same as described in paragraph

3.2., 3.2.1. and 3.2.2.

5.2.4. RAPD analysis

RAPD analysis was canied out in 12 samples of both infected and disease evaded

trees using the following three primers viz. OPA 07 (GAAACGGGTG), OPA O9

(GGGTAACGCC) and OPA 16 (AGCCAGCGAA) from twenty primers of OPA

series and one primer, OPB 03 from OPB series (CATCCCCCTG) selected based

on the number and reproducibility of amplification products. The methods and

protocols for DNA extraction, PCR amplification, gel electrophoresis and staining

were described in paragraph 4.2.2., 4.2.3. and 4.2.4.
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5.3. RESULTS

5.3.]. Total protein analysis

SDS-PAGE of total proteins of 12 genotypes belonging to each group of the

disease evaded and infected trees showed a maximum number of 17 polypeptide

bands of homogenous molecular weights, protein profiles of 3 samples from each

group is provided in figure 5.2. The molecular weights ranged from 14.3 kD to 97.4

kD and Rf values ranged from 0.17 to 0.84 with uniform intensity, except for one

band corresponding to Rf = 0.53, which showed an increase in intensity in diseased

trees.

5.3.2. Isozyme analysis

All the four analysed isozymes viz. peroxidase, esterase, malate dehydrogenase and

shikimate dehydrogenase showed the same banding profiles in both infected and

disease evaded trees. Isozyme profiles of only 5 samples from each group is

provided in figure 5.3. Peroxidase and malate dehydrogenase isozymes showed a

single band of activity at Rf = 0.37 and 0.42 respectively, esterase and shikimate

dehydrogenase isozymes showed two bands at Rf = 0.54 and 0.56 and R;= 0.67 and

0.72 respectively. No significant difference was noticed in infected and disease

evaded samples.

5.3.3. RAPD analysis

A total of 17 discrete PCR amplified products ranging in size form 100bp to 600bp

were obtained i.e. six bands for OPA 07, three bands for OPA 09, three bands for

OPA 16 and five bands for OPB 03. For the purpose of comparison, six
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Figure 5.2. Protein profiles of spike diseased and disease evaded sandal trees; lane
M: protein molecular weight marker in kilo Daltons, lane 1-3: protein profiles of
infected trees, lane 4-6: protein profiles of disease evaded trees.

M l 2 3 4 5 6
97,400

66,000 Rr= 0-17
43,000

Rf:
29,000

14,300 Rr= 0.84

Figure 5.3. Isozyme profiles of spike diseased and disease evaded sandal trees; lane
1-5: isozyme profiles of diseased trees, lane 6-10: isozyme profiles of disease evaded
trees.

Peroxidase Esterase
2345678910 123456789102 R -0.54R;= 0.37 ‘

Rf=O.56

Malate dehydrogenase Shikimate dehydrogenase
l03456789 135678910f:

R; =O.72
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samples each of the diseased and disease evaded trees are provided in figure 5.4. Of

these OPA 09 and OPB 03 gave two types of banding patterns due to genotypic

polymorphism. The majority of these RAPD products were identical both in the

disease evaded and infected trees. The genotypic differences in banding patterns

amplified by OPA 09 and OPB 03 primers were present in both diseased and

evaded trees.

5.4. DISCUSSION

Breeding for disease resistance and restocking the forest with resistant varieties is

an effective approach to minimize the depletion of forest stock due to illicit felling

and disease problems. Utilizing spike disease evaded trees located in highly

diseased tract for resistance breeding has been suggested by Venkatesh and

Kedamath (1963) and Venkatesh (1978). Such an effort was made with the premise

that the disease free trees might have escaped the disease either due to genetic

resistance against the pathogen/vector or due to a chance evasion of infection.

Eventhough, the outcome will not be conclusive, the present study is an attempt to

investigate whether the disease evaded trees show any peculiarity with respect to

total proteins, isozymes and RAPD profiles when compared with those of infected

trees.

Invasion of host tissue by the pathogen results in drastic changes in cellular

metabolism and the cell to cell interaction, and cell wall metabolism are most
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Figure 5.4. RAPD profiles of spike diseased and disease evaded sandal trees; lane
M: DNA marker, lane 1-6: diseased samples, lane 7-12: disease evaded samples.

RAPD profile - primer OPA 07Diseased Disease evadedM123456 ’M789l01112

RAPD profile - primer OPA 09Diseased Disease evaded123456 789101112

RAPD profile - primer OPA 16Diseased Disease evadedM123456 789l0lll2M

RAPD profile - primer OPB O3Diseased Disease evadedM123456 891011127
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probably changed after pathogen infestation W an Loon, 1985). This results in the

presence of new polypeptides and enzymes (isozymes) which could be part of

many reactions in the intra cellular fluids of cells after pathogen infestation (Parent

and Asselin, 1983). The pathogen related protein might play a role in the

localization of the pathogen as well as in the acquired systemic resistance. It was

suggested that these pathogen related proteins could act as genetic markers and they

show polymorphism, differ in electrophoretic mobility in PAGE and in most cases

has got a monogenic inheritance (Redolfi et al., 1982). Four new molecular

proteins appeared in relatively higher amounts in total soluble protein profiles of

TMV infected Nicotiana (Ahl et al., 1982). Five polymorphic protein bands (24 

58 kD) were reported in green leaf hopper resistant rice genotypes (Padmavathi et

al., 1999). However, the absence of specific polypeptide bands in spike disease

evaded trees in the present investigation might be due to a probable non-genetic

basis of the spike disease evasion.

Isozymes may function in disease resistance indirectly by affecting

biochemical process which in turn influence disease resistance (Ye et al., 1990).

The isozymes play an integral part in the biosynthesis of plant cell wall components

including lignin, suberin and cross linked extensions as well as in a variety of

cellular processes. Peroxidase plays an important role in lignification and wall

thickening which are well lcnown defense responses to pathogens. Isozyme activity

linked to resistance has been reported in many plant species; a systemic increase in

peroxidase activity is associated with induced systemic resistance in Cucumber
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(Hammerschmidt et al., 1982); changes in polyphenol oxidase in F usarium infected

Cucumis is reported by Rueveni (1983). Other reports include changes in maize

peroxidase associated with variation in susceptibility to Bipolaris maydis (Akthar

and Garraway, 1987), peroxidase isozyme markers linked to TMV resistance

reported in Nicotiana (Ye et al., 1990), use of peroxidase activity as a biochemical

marker for resistance to Pseudoperonospora in Cucumis (Rueveni et al., 1992) and

peroxidase activity during susceptible and resistant interaction between cassava and

Xanthomonas cassavae reported by Periera et al., 2000. Like the protein profiles,

the four isozyme profiles (viz. peroxidase, malate dehydrogenase, esterase and

shikimate dehydrogenase) of major metabolic pathways were also found to be

identical in disease evaded and susceptible trees of sandal in the present study.

In order to use RAPD markers for resistant breeding, at least a single locus

linked to the resistance must be identified unequivocally. Several genes conferring

resistance to pathogen have been characterized at the molecular level and most of

these genes are probably involved in signal transduction mechanisms (Barker,

1997). RAPD markers linked to QTLs concerned with disease resistance have been

detected for Pseudomonas resistance in tomato (Martin et al., 1991), to downy

mildew resistant gene in lettuce (Paran and Michelmore, 1993), blast disease

resistance in rice (Naqvi et al., 1995), Plasmodzfora resistance in Brassica

(Grandclement and Thomas, 1996), tomato spotted virus resistance in Capsicum

(Moury et al., 1997), nematode resistance in Pinus (Susumu Goto, 1998) and

Xanthomonas infection in rice (Li et al., 1999).

99



In the present study, no specific locus linked to disease resistance could be

detected in the RAPD products of disease evaded/infected trees analysed with the

four primers. The minor differences observed in RAPD profiles were present in

both disease evaded and infected trees and hence cannot be attributed to resistance.

The polymorphism might be due to genotypic differences unrelated to spike

disease. It had been reported earlier that there was no natural resistance to spike

disease (Iyengar, 1955; Nayar, 1986). However, with the present study, it was not

possible to prove the absence of genetic resistance against spike disease

conclusively. Adequate number of mature trees were not available to have a

detailed study. Further conclusive evidence will be possible only through a wider

study of disease evaded parents and their progenies showing co-segregating

markers linked to disease resistance.
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6. PROTEIN, ISOZYME AND RAPD PROFILES DURING
ONTOGENY OF SOMATIC EMBRYOS

6.1. INTRODUCTION

Spike disease, the most serious phytoplasmal disease of sandal is prevalent in

Kamataka, Tamil Nadu and Kerala, the most important sandal growing states in

India (Ghosh et al., 1985). Among the heavily infected patches of Marayoor in

Kerala, there are a few disease evaded trees which are presumed to be either

disease resistant or escapes. These trees were considered as ideal starting material

for reforestation of the disease affected areas (Balasundaran, 1998) eventhough the

disease evaded trees are yet to be proved as genetically resistant to spike disease

through protein, isozyme and RAPD studies (Chapter 5). In order to produce large

number of true-to-type planting stock, the method of micropropagation of the

disease evaded trees were attempted.

In India, work on tissue culture of sandal was carried out mainly in two

laboratories, Indian Institute of Science, Bangalore (Lakshmi Sita, 1986, 1992;

Lakshmi Sita et al., 1994) and Bhabha Atomic Research Centre, Mumbai (Bapat

and Rao, 1979, 1984, 1998; Rao and Raghavaram, 1983). Although, shoot

morphogenesis and multiple shoot formation were reported (Rao et al., 1984;

Sanjaya et al., 1998; Pradhan and Saiju, 1999), regeneration of plantlets through

somatic embryogenesis was suggested to be the most efficient method of mass

propagation in Santalum album (Bapat and Rao, 1984). Sandal has got a very high

frequency of somatic embryogenesis but the successful utilization of the technique
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is hampered due to the high per cent of abnormal embryogenic plantlets and their

poor rate of survival (Rao and Bapat, 1995). Attempts to multiply sandal through

somatic embryogenesis, carried out in our laboratory also did not yield encouraging

results (Balasundaran and Muralidharan, 2001). The embryos were highly

abnormal and the plantlets formed did not establish. A better knowledge of the

biochemical and molecular events leading to the morphogenetic differentiation of

somatic cell to a whole plant is expected to enable us to understand whether the

abnonnal development has a genetic/molecular basis.

Karyological analysis at different developmental stages of plant tissue

culture can often reveal significant chromosomal abnormalities such as alterations

in ploidy levels and structural rearrangements of segments of chromosomes (Edallo

et al., 1981; Karp and Bright, 1985; Karp, 1991). However, study of chromosomal

aberrations cannot reveal alterations in individual genes and gene products (Brown

et al., 1993). Studies of total protein (Sung and Okimoto, 1981; Komamine et al.,

1992) and isozyme analysis (Chawla, 1988; Fransz et al., 1989; Feirer and Simon,

1991; Bapat et al., 1992; Martinelli et al., 1993; Samantaray et al., 1999) provide a

relatively convenient tool for examining biochemical changes. Since isozymes are

codominantly expressed and developmentally regulated, their study and analysis

are important steps towards establishing the biochemical events, which trigger the

induction and subsequent development of somatic embryos (Bapat et al., 1992).

A precise determination of changes in a particular gene sequence resulting

from tissue culture can be obtained by RFLP analysis (Muller et al., 1990; Brown
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et al., 1991; Morere-Le Paven et al., 1992; Jazdzewska et al., 2000). However, the

method is time consuming and laborious, particularly due to the difficulty in the

sequence identification and construction of probes (Brown et al., 1993). The

efficiency of PCR based RAPD can be easily and effectively applied to determine

the level of variability in plant material at all stages of culture and growth (Brown

et al., 1991; Jazdzewska et al., 2000) and to assess genetic integrity of tissue

culture raised plants (Isabel et al., 1993; Rani et al., 1995; Parani et al., 1997;

Padmesh et al., 1999).

In this chapter, we provide evidence for the stage-specific changes

associated with somatic embryogenesis in S. album, at both the DNA and protein

levels, through biochemical (protein/isozyme analysis) and molecular (RAPD)

techniques.

6.2. MATERIALS AND METHODS

6.2.1. Somatic embryogenesis

The intemodes collected from > 20-year-old, spike disease evaded trees (12 trees)

located at Marayoor were used as materials for the present study. The explants were

washed in tap water with extran (Merck), kept for 15 minutes in running tap water,

sterilized with 0.1 per cent HgCl2 for 8 minutes and washed in sterile water four

times before inoculation onto culture medium.

Murashige and Skoog’s (1962) basal medium was used at all stages of

culture. The pH of the medium was adjusted to 5.7 prior to autoclaving at 120°C at

15-lbs/inz pressure for 20 minutes. The auxins (2,4-D and IAA) and cytokinins
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(BAP and Kinetin) either singly or in combinations along with growth adjuvants,

abscisic acid (ABA), casein hydrolysate (CH) and activated charcoal were used at

different stages of embryogenesis. All cultures on semi-solid media were routinely

incubated at 25il°C under diffused fluorescent light with 15 hour photoperiod.

Maintenance transfers to fresh medium were on a monthly schedule.

6.2.2. Biochemical and molecular analysis

6.2.2.1. Total protein analysis

The tissues at four sequential stages viz. compact callus stage, embryo induction

stage, embryo maturation stage and fully developed embryos were analysed for

total proteins. The protocols followed for sample preparation and electrophoresis

were the same as described in paragraph 5.2.2. and 5.2.2.1.

6.2.2.2. Isozyme analysis

Samples at five different developmental stages of somatic embryogenesis (viz.

compact callus, friable callus, embryo induction stage, embryo maturation stage

and mature embryos) were used for analysis of four isozyrnes viz. peroxidase,

esterase, malate dehydrogenase and shikimate dehydrogenase. The protocols

followed for sample preparation, electrophoresis and gel staining were the same as

described in paragraph 3.2., 3.2.1. and 3.2.2.

6.2.2.3. RAPD analysis

RAPD analysis was carried out at the five different developmental stages of

somatic embryogenesis (viz. compact callus, friable callus, embryo induction stage,

embryo maturation stage and mature embryos) using three primers viz OPA 07
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(GAAACGGGTG), OPA O9 (GGGTAACGCC) and OPA 16 (AGCCAGCGAA)

from twenty primers of OPA series, selected based on the number and

reproducibility of amplification products. The methods and protocols for DNA

extraction, PCR amplification, gel electrophoresis and staining were same as

described in paragraph 4.2.2., 4.2.3. and 4.2.4.

6.3. RESULTS

6.3.1. Callus initiation

Compact proliferating callus developed from intemode explants on MS medium

fortified with 2,4-D (0.1mg/1) and Kinetin (lmg/1) in 90 per cent of the cultures

(Fig. 6.1.). The compact callus was routinely subcultured onto the same medium at

30 days interval. After 5-6 subcultures, white friable soft calli appeared from the

sides and surface of the brown compact callus (Fig. 6.2.). This friable callus could

be maintained for a long period without loosing its embryogenic capacity.

6.3.2. Embryo induction

The friable soft callus, when subcultured onto MS basal medium supplemented

with MA/BAP either singly or in combinations gave rise to white friable granular

embryogenic callus (Fig. 6.3.). Of the different combinations tried, IAA (0.5 mgl)

and BAP (0.5 mg/l) were found to be suitable for the induction of embryogenic

callus. After 2 weeks, the embryogenic callus showed somatic embryo induction in

the same medium (Fig. 6.4.)
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Figure 6.1. Compact callus Figure 6.2. Friable callus

Figure 6.3. Embryogenic callus Figure 6.4. Embryo induction stage

- ' 3 V  Xi... K

Somatic embryos followed the same stages of development as that of zygotic

embryos (globular, heart or torpedo). Somatic embryos of different stages of

development were found in the same culture vessel and adventitious embryo



formation in which embryos formed adventitiously on somatic embryos were also

observed.

6.3.3. Embryo maturation

Many of the somatic embryos thus produced, developed asynchronously and

germinated precociously, some with atypical morphology. This type of precocious

germination (without passing through characteristic stages of development) in

somatic embryos of sandal was found to be controlled to some extent by the

addition of abscisic acid (ABA) to the induction medium at concentrations ranging

fi-om 0.lp,1M - O.5pM. Addition of ABA at 3pM concentration gave rise to embryos

which were mostly normal in appearance (Fig. 6.5.).

Figure 6.5. Embryo maturation stage

6.3.4. Embryo conversion to plantlets

Eventhough, somatic embryos were produced in higher frequency, only 20 per cent

of the normal embryos were converted to plantlets in the final stage. The

development of plantlets from somatic embryos was attempted by transferring
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single embryos at the dicotyledonous stage to a medium with lower concentration

of sucrose and growth regulators. This separation of embryos was found to have a

stimulating effect on their germination. Among the combinations of hormones

uied, quarter strength MS medium containing IAA (0.5 mg/l), IBA (0.5 mg/l) and

GA3 (lmg/l) was found to be ideal for embryo conversion to plantlets. Along with

nomial plantlets with well-developed taproot and shoot (Figs. 6.6. and 6.7.),

abnormal plantlets either with prominent shoot and no root or with well developed

taproot and no shoot were also observed.

Figure 6.6. Mature somatic plantlet. Figure 6.7. Plantlet growing in vermiculite
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6.3.5. Total protein analysis

Analysis of protein patterns revealed approximately 26 polypeptides (Fig. 6.8.).

The protein profile at all the developmental stages showed an array of proteins with

molecular weight ranging from 14.3 kD to 97.4 kD. However, at the friable stage

where the induction of embryo development took place, there was a relative

abundance in the expression of low molecular weight proteins (<43 kD). As

development proceeded, the proteins were expressed in a much less intensity.

6.3.6. Isozyme analysis

The isozyme analysis at five sequential stages of embryogenesis revealed specific

differences in the banding profile. The zymograms of the four isozymes viz.

peroxidase, esterase, malate dehydrogenase and shikimate dehydrogenase are given

in Fig. 6.9.

6.3.6.1.Peroxidase

Peroxidase isozyme showed a single zone of activity (Rf = 0.37) at all stages of

somatic embryo development while friable and mature embryo stages were

characterised by 4 isoforms at a single locus (R;= 0.37, 0.41, 0.43 and 0.45).

6.3.6.2. Esterase

The esterase isozyme showed a single zone of activity uniformly (R;= 0.54) at all

stages while, from the embryo induction stage onwards showed an additional zone

of activity (Rr= 0.74) and the mature embryo showed a further additional band (Rf

= 0.30).
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6.3.6.3. Malate dehydrogenase

Malate dehydrogenase activity differed in different developmental stages: one zone

of activity with single band (R; = 0.42) in compact callus stage, one zone of activity

with two bands (Rf = 0.42 and 0.52) in soft friable callus stage, two zones of

activity with two bands (Rf = 0.37 and 0.42) in the first zone and one band (R; =

0.58) in the second zone in friable granular stage, and only one zone of activity

with two bands (Rf = 0.56 and 0.58) in the embryoid stage. The activity of the

enzyme was located to 3 zones, with 2 bands in upper zone (R;= 0.096 and 0.13), 4

bands in middle zone (Rf = 0.29, 0.37, 0.42 and 0.52) and with 2 bands in lower

zone (Rf: 0.56 and 0.58) in mature embryos.

6.3.6.4. Shikimate dehydrogenase

The enzyme showed only a single zone of activity with one band (Rf = 0.67) in

compact and friable callus stages. In the next stages of development in embryo

induction and maturation stages, the activity of the enzyme was meagre. The

mature embryos, like the initial stages of development showed a single zone of

activity with two bands (Rf: 0.65 and 0.67).

6.3.7. RAPD analysis

RAPD analysis demonstrated a remarkable degree of heterogeneity between the

five different culture stages (Fig. 6.10.). The RAPD profile with OPA 07 primer

showed three DNA fragments between 600bp to >lO00bp in the undifferentiated

stages (compact and soft friable callus stages) and embryo
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Figure 6.8. Protein profiles at sequential stages of somatic embryogenesis; lane M:
protein molecular weight marker (14.3 kD - 97.4 kD), lane 1-4 represents protein
profiles of compact callus stage, friable embryo induction stage, embryo maturation
stage and mature embryo stage respectively.M 1 3 .1

97.4

66

43

29

20.1

14.3

Figure 6.9. Isozyme profiles at sequential stages of somatic embryogenesis; lane 1-5 represents
isozyme profiles of compact callus, friable callus, embryo induction, embryo maturation and
mature embryo stages respectively.
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Figure 6.10. RAPD profiles at sequential stages of somatic embryogenesis; lane M:
DNA marker (100bp ladder), lane 1-5: RAPD profiles of compact callus, friable
callus, embryo induction, embryo maturation and mature embryo stages.

RAPD profile: primer - OPA O7

RAPD profile: primer - OPA O9

RAPD profile: primer - OPA 16
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induction stage while only two bands were present in the embryo maturation and

mature embryo stages. With OPA 09, DNA of the compact callus gave 8 bands

between 200bp to >1000bp while 6 bands were present in the soft friable stage and

in the embryo induction stage. Five bands characterized the immature and mature

embryo stages. OPA 16 primer showed six bands between (200bp - >1000bp) in

compact callus and embryo induction stage while only five bands were present in

the friable callus stage. Only a single band characterized embryo maturation and

mature embryo stages. Of the 20 resolved loci (4 for OPA 07, 10 for OPA O9 and 6

for OPA 16), 17 loci were found to be polymorphic at least in one of the stages

with 85 per cent ofpolymorphism.

6.4. DISCUSSION

The in vitro multiplication of forest trees either through direct organogenesis or

somatic embryogenesis has acquired great importance and substantial progress has

been made in many species. (Ahuja, 1993; Thorpe, 1995). The induction of somatic

embryogenesis in S. album is one of the earliest reports on somatic embryogenesis

in forest trees (Lakshmi Sita et al., 1979; Bapat and Rao 1979, 1984).

Disagreement has existed in the literature concerning the frequency of

aberrant/abnormal embryo phenotype and subsequent low conversion rate of

somatic embryos into normal plantlets (Bapat and Rao, 1984; Bapat et al., 1992;

Rao and Bapat, 1995). Rao and Bapat (1995) suggested that the metabolic process

leading to efficient germination of somatic embryos has to be elucidated to improve
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the conversion rate of somatic embryos and survival rate of the embryogenic

plantlets. They also observed that though culture conditions required for somatic

embryogenesis are well defined in S. album, the molecular and biochemical events

underlying the phenomenon are quite unknown. Thus, with the obj ective to provide

evidence for the occurrence of stage specific variation at DNA and protein levels,

biochemical and molecular analysis were carried out at the sequential stages of

embryogenesis.

The morphogenetic differentiation of a somatic cell to whole plant is a

complex developmental process that involve morphogenetic, biochemical,

physiological and molecular changes (Thorpe, 1995). In an effort to examine

changes in gene expression, proteins were monitored at different developmental

stages of somatic embryos. The relative abundance of low molecular weight

proteins i.e. < 43 kD (Fig. 6.8.) observed in friable callus stage may be

characteristic of embryogenic potential. This type of low molecular weight

embryogenic proteins were reported in somatic embryos of Hordeum (Ramgopal,

1989) and Daucas carota (Cordewiner et al., 1991).

Though, the above results pointed out the presence of embryogenic marker

proteins which showed quantitative increase in expression, there is no conclusive

evidence to suggest that whether they constitute only one protein type or more.

Further studies in 2-dimensional electrophoresis are needed to confirm quantitative

separation of proteins.
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The enzyme pattern of an organism changes during development and

differentiation. Changes of enzyme pattern in samples of a particular organ or

tissue during development are seen by the appearance and disappearance of

individual isozymes. Such changes in isozymes suggest that the genes involved in

the synthesis of these enzymes are differentially activated during development as

suggested by Chawla (1988).

Peroxidase activity was found to be modulated during developmental

phases. In friable callus state, just before the induction of embryos, there was an

increase in the activity of peroxidase. Peroxidase represents the enzymatic complex

involved in the metabolism of auxin and the synthesis of lignin (Thorpe and

Gaspar, 1978). In the developing embryos, peroxidase activity was found to be low.

This type of characterization, which is essential for the elucidation of differential

gene expression, was also reported in wheat (Gaspar et al., 1977) and in pumpkin

(Rasol et al., 1982). In most systems, the induction of somatic embryos is achieved

on a culture medium different to callus maintenance medium containing 2,4-D. It is

well known that 2,4-D influences the activity and pattern of peroxidase isozymes

(Paul and Ohrman, 1980; Blanco et al., 1997). So in the present study, the

difference in peroxidase banding profile could be attributed to presence and

absence 2,4-D in the medium as well as due to the different stages of organization

and development.

Esterase isozyme activity was also found to be stimulated in the later stages

of development as indicated by the appearance of two additional bands. Esterase,
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appeared to be less active during early phase, was reported to be triggered in the

later stages of development through genetic responses induced by growth

regulators (Everett et al., 1985). Similarly, because of the influence of

developmental regulators, the malate and shikimate dehydrogenase also might be

showing a differential activity in different developmental stages.

RAPD analysis was carried out to determine specifically the molecular

changes taking place in different stages of development. The results of this work

demonstrated that the DNA fingerprinting using RAPD is specific enough to

demonstrate that with a suitable primer/cycling regime, polymorphisms can be

detected at different stages of somatic embryo development. Polymorphism of the

17 loci out of 20 resolved loci (85%) could be considered as an indication for the

occurrence of genic variation in the different developmental stages of somatic

embryos. All the loci except three (OPA O7-3, OPA 09-5 and OPA 16-4) had

undergone some modifications in the genetic material during the onset of

embryogenesis as evidenced from the banding profiles. The RAPD profiles at

different sequential stages of embryogenesis may be indicative of the hypervatiable

gene sequences due to tissue culture induced stress. Accepted mechanism for the

molecular changes induced by tissue culture ranged from base pair changes like

insertion, deletion, duplication, translocation and inversion to activation of

transposons (Brown et al., 1991).

Hake and Walbot (1980) reported the presence of unique sequences in

cultured maize induced by genetic stress. Zheng et al. (1987) observed quantitative
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changes in gene expression in suspension cultured cells of Oryza sativa. The

variation in DNA fragments from the undifferentiated callus stage to mature

regenerants is also reported in maize. Generally the callus culture was reported to

be genetic mosaic of cells owing to rapid changes of DNA during cell divisions.

From this, selection for genetic fitness takes place and consequently, the

regenerants attain a normal genotype almost true to the parent (Edallo et al., 1981).

Morere-Le Paven et al. (1992) reported in vitro induced reorganization of genome

in the initial undifferentiated stages of wheat cultures. Many of such cryptic

structural changes of DNA were reported to be heterozygous and recessive and

consequently do not appear until the plants have been selfed and the progeny

examined (Gobel et al., 1985).

Although, in sandal, more work is needed to correlate the RAPD variation

to the developmental anomalies, the presence of unique DNA fragments provides

evidence for the occurrence of culture induced genetical changes during

development and differentiation of somatic embryos.
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7. CONCLUSIONS AND FUTURE IMPLICATIONS

The Indian sandalwood, Santalum album L. is acclaimed worldwide because of its

unique fragrant wood and oil. India is the chief exporter of the best heartwood oil,

accounting for more than 90 per cent of the world trade (Nageswara Rao et a1.,

2001). In India, sandal genetic resources are now under severe threat because of the

illegal logging by smugglers, inadequate regeneration due to over grazing, repeated

fires and encroachments, and the devastating spike disease. Because of the resource

decline, the annual production of sandalwood has plummeted from 4000 tonnes

during 1965-1970 to merely 1000 tonnes during 1999-2000. Correspondingly, the

oil production has also reduced from a constant rate of 60 tonnes during 1981-1994

to 40 tonnes during 1999-2000 (Ananthapadmanabha, 2000). This alarming

situation has necessitated an urgent need for mass conservation of existing genetic

resources and for this purpose a comprehensive conservation programme has to be

planned.

Forest trees have long generation intervals and hence a prior information on

genetic variation/diversity and improved characterization of genotype can hasten

the progress of both conservation and tree improvement programmes (Erikson et

al., 1993). One of the fundamental requirements for any genetic improvement

programme is to understand the biological dynamics of genetic variation and the

extent and pattern of genetic diversity within and between species (Changtragoon

and Szmidt, 1993). Isozymes being codominant genetic markers, provide

information about the allelic evenness of the locus and can be used to evaluate the
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genetic variation and diversity of forest trees in a relatively shorter time. DNA

based molecular markers such as RAPD, RFLP, AFLP and microsatellites are also

efficient markers as they provide an ample and precise information about the

genome (Glaubitz and Moran, 2000).

The isozyrne and RAPD analysis of eleven natural populations of S. album

in South India provided vital information regarding the population genetic structure

and pattern of genetic diversity. The results of the analysis can answer major

conservation issues, as to what to conserve and how to conserve, regarding

conservation of sandal genetic resources.

7.1. CONSERVATION STRATEGIES FOR SANDAL

The results of the present study reveal the affect of illegal felling and devastating

spike disease on the genetic diversity status of sandal populations studied.

Population genetic structure describes the partitioning of genetic variance into two

components namely variance among populations and within populations (Rajora et

al., 2000). In the sandal populations of South India, both the isozyme and RAPD

marker studies revealed that more than 70 per cent of the genetic variation is

distributed between the populations and only the rest of the variation is located

within populations. Genetic diversity measures based on allelic richness (no. of

alleles/locus), gene diversity index, per cent of polymorphism and the gene flow

revealed the levels of diversity in each of the 11 analysed populations. These

results can be utilized for planning more efficient and comprehensive conservation

strategies.
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7.1.1. In situ conservation

Forest genetic resources can be conserved either in situ or ex situ (Ledig, 1988;

Finkeldey and Gregarious, 1994). In situ conservation should be focussed on

populations, which are hotspots of genetic variability as measured in terms of per

cent of polymorphism, allelic richness, gene diversity index and gene flow. It is

found that Marayoor and Wayanad are the most genetically diverse populations

followed by Chikkamagalur, Bangalore, Shimoga and Thirupattur. Kasargod

population has got the least amount of diversity. In situ conservation represent a

more evolutionarily dynamic approach compared with more static ex situ

conservation method (Finkeldey and Gregarious, 1994).

7.1.2. Ex situ conservation

For ex situ conservation purpose, seed samples should be selected from populations

with high genetic diversity so that long-terrn fitness of the progenies can be

achieved. Therefore, care needs to be exercised in elimination of seed stocks of

highly inbred population for ex situ gene conservation purposes. An understanding

of the population genetic differentiation is important in developing sampling

strategies for gene conservation and for capturing a representative sample. Since

genetic variation in S. album is distributed more or less randomly across the

populations, sampling or preservation of any one population may not insure that all

the variation in S. album is captured. As far as forest tree populations are concerned

ex situ conservation in most cases is not sustainable because of small population

size and consequent intermating (Nason and Hamrick, 1997).
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One alternate strategy for both ex situ and in situ conservation is the

establishment of gene banks. Conceptually, the forest gene bank serves as an in situ

bank in which genes from as many diverse populations of the species are conserved

and dynamically maintained. Operationally, in these gene banks, an in situ site

serves as the ‘sink’ population into which genes from distinct ‘source’ populations

are infused. Apart from maintaining full allelic set of the species in situ, the forest

gene banks facilitate a continuous turnover of the genetic material within and

among populations (Uma Shaanker et al., 2001).

7.2. SPIKE DISEASE EVASION/RESISTANCE

Gap filling of the degraded forests with seedlings of elite sandal trees with

desirable characteristics including disease resistance is regarded a promising

method to improve the productivity of the species (Rajora and Mosseler, 2001).

Marayoor provenance is considered as the best sandal provenance in India. But, the

damage due to spike disease is severe in a few reserve forests (Ghosh and

Balasundaran, 1995; Srimathi et al., 1995). Among the heavily infected sandal

reserves of Marayoor, a few trees are devoid of disease symptoms for the past 25

years. These trees were presumed to be capable of evading/resisting spike disease

and were considered to be an ideal staiting material for the production of disease

resistant stock (Balasundaran, 1998).

Comparison of spike disease affected and evaded trees using protein,

isozyme and RAPD markers could not locate any specific marker exclusively in the

disease evaded plants of Marayoor. However, this finding cannot be considered as
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conclusive, since the studies were made only in 12 trees using four primers. Hence,

a more detailed study using a wider range of enzymes and random primers needs to

be cam'ed out in sufficiently large number of disease evaded parent trees and their

progenies to detect possible inheritance of markers linked to disease resistance.

Probably studies using SSR, RFLP or AFLP markers will be able to provide a more

precise information related to the genetic basis of spike disease resistance.

7.3. GENETIC BASIS OF ABNORMAL/IRREGULAR SOMATIC
EMBRYOGENESIS

To reverse the decline of forest resources, afforestation of degraded forests using

genetically superior and ecologically adapted planting stock is considered as an

effective method (Adams and Burczyk, 2000). In sandal, clonal propagation

through rooting of juvenile root suckers is an important technique for producing

true-to-type plants of superior characters. However, the limited number of juvenile

shoots available as root suckers and the low per cent of rooting hampers the

efficiency of the technique in sandal (Balasundaran, 1998). In vitro regeneration

has the advantage of surmounting the above problem and somatic embryogenesis

using juvenile and mature explants is identified as an important tool with several

potential advantages for mass production of superior genotypes (Bajaj, 1986).

However, the successful utilization of somatic embryogenesis in sandal is

hampered by the high frequency of abnormal embryos, poor conversion rate of

somatic embryos and low survival per cent of embryonic plantlets (Bapat et al.,

1990; Das et al., 1999; Ilah et al., 2002). Genetic characterization of sequential
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stages of somatic embryogenesis using protein, isozyme and RAPD markers

revealed differential activity of proteins and isozymes, and polymorphism in RAPD

banding patterns. The abnormalities associated with different stages of somatic

embryogenesis might be due to culture induced variations at the DNA level.

Even after three decades of research in somatic embryogenesis of sandal,

still the proper utilization of the technique is not fully exploited. Further exchange

of ideas and concerted efforts are needed for achieving rapid synchronized

production of normal plantlets. Also, there is relatively little information available

regarding the fidelity and performance of somatic embryo-derived plants. These

aspects are essential to further improve the efficacy of woody plant somatic

embryogenesis in general (Wann, 1988; Eastman et al., 1991; Gupta et al., 1991).
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CHAPTER 8

SUMMARY



8. SUMMARY

Santalum album L., the root hemi-parasitic tree belonging to the family

Santalaceae, has been rated as one of the most valuable tree in Indian forestry for

its highly scented heartwood and precious oil. Regeneration problems, spike

disease caused by phytoplasma and illegal harvesting by smugglers have resulted in

the depletion of sandal forests in India. The annual production of sandalwood has

dwindled from 4000 tonnes in 1965-1970 to merely 1000 tonnes in 2000-2001 and

the oil production has also reduced to 40-50 tonnes per year during 1999-2000 from

a constant rate of 60 tonnes per year during 1981-1994. Mass conservation of

remaining sandal genetic resources has got considerable significance in these

circumstances. An understanding of the genetic diversity pattern of the existing

population is of profound importance before initiating any genetic improvement

programme. The present study was undertaken with a view to investigate the

genetic diversity pattern in eleven sandal populations in South India through

isozyme and RAPD markers, to identify a possible genetic basis of spike disease

evasion/resistance and to ascertain whether the developmental anomalies (abnormal

plantlets and poor survival rate of embryogenic plantlets) associated with somatic

embryogenesis in S. album has got any genetic basis.

8.1. ISOZYME BASED GENETIC VARIATION IN SANDAL
POPULATIONS

Peroxidase, esterase, malate dehydrogenase, shikimate dehydrogenase and

phosphogluco isomerase were used as isozyme markers to study variation/diversity
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from random samples of eleven South Indian sandal populations viz. Marayoor,

Wayanad, Thenmalai, Wadakkanchery, Ottappalam, Kasargod and Kannavam from

Kerala, Bangalore, Shimoga and Chikkamagalur from Kamataka, and Thirupattur

from Tamil Nadu. Five isozymes were resolved into 11 loci, of which 10 (90.9%)

were found to be polymorphic. High genetic diversity existed within sandal

populations of Marayoor, Wadakkanchery and Wayanad as evidenced from the per

cent of polymorphism, number of alleles and amount of heterozygosity. Higher per

cent (75.22%) of the genetic variation was found to be distributed between

populations than within population (24.78%). Genetic relatedness revealed by the

cluster analysis grouped the 11 populations broadly into two groups. Of the 11

populations, Wadakkanchery and Chikkamagalur were the most genetically distant

and Kasargod and Kannavam were the most identical populations.

8.2. RAPD BASED GENETIC VARIATION IN SANDAL POPULATIONS

Randomly amplified polymorphic DNA (RAPD) analysis was carried out in the

same populations mentioned above. Out of the 20 primers of OPA series screened

initially for genetic polymorphism, analysis was carried out using three selected

primers of OPA series (viz. OPA O7, OPA 09 and OPA 16), based on the number

and reproducibility of the amplified products. Of the eleven analysed populations,

Marayoor and Wayanad had the highest genetic diversity as measured by per cent

of polymorphic loci and gene diversity index. High proportion of genetic diversity

was observed between the populations (72.62%) while variation within population

was low (27.38%). The dendrogram depicting the genetic relationship showed the
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clustering of 11 populations into two main clusters. Kasargod and Kannavam were

the most genetically similar and Ottappalam and Wayanad were the genetically

distant ones as revealed by genetic similarity/distance coefficients.

8.3. COMPARISON OF SPIKE DISEASE EVADED/SUSCEPTIBLE TREES
AT PROTEIN, ISOZYME AND RAPD LEVELS

Samples were collected from spike disease evaded and susceptible (diseased) trees

in an infected tract for total protein, isozyme and RAPD analysis. Except for an

increased intensity in one of the polypeptide, the rest of the total protein profiles

and isozyme profiles were identical in disease evaded and susceptible trees. The

RAPD analysis was carried out using three selected primers of OPA series (OPA

07, OPA 09 and OPA 16) and one selected primer of OPB series (OPB 03), based

on the number and reproducibility of bands. RAPD profiles of disease evaded and

susceptible trees showed no remarkable difference in banding patterns. The minor

differences observed with some of the analysed primers were present in both

disease evaded and diseased trees and might be an indication of the genotypic

differences unrelated to spike disease.

8.4. PROTEIN, ISOZYME, RAPD PROFILES DURING THE ONTOGENY
OF SOMATIC EMBRYOS IN S. ALBUM L.

The intemodes collected from disease evaded trees of Marayoor were used as

explants for induction of somatic embryos. Compact proliferating callus was

developed from intemode explants on MS medium fortified with 2,4-D (0.1mg/l)

and Kinetin (lmg/l). After 5-6 subcultures, white friable soft calli appeared from

sides and surface of brown compact callus and gave rise to granular embryonic
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callus on MS media supplemented with various concentrations of IAA/BAP.

Somatic embryos developed asynchronously and germinated precociously. Only

twenty per cent of the embryos were converted to plantlets.

Total protein, isozyme and RAPD analysis were carried out at sequential

stages of embryogenesis viz. compact callus, friable callus, embryo induction stage,

embryo maturation stage and fully developed embryos. Differential activity of

proteins and isozymes were observed in the different sequential stages of somatic

embryogenesis. Remarkable degree of heterogeneity observed in RAPD profiles at

the different stages of somatic embryogenesis provided evidence for the culture

induced variations at the DNA level.

8.5. CONCLUSIONS AND FUTURE IMPLICATIONS

The RAPD and isozyme analysis revealed the affect of indiscriminate felling, lack

of regeneration and devastating spike disease on the genetic diversity of existing

sandal populations. The pattern and distribution of genetic diversity provided a few

implications for practical considerations. In situ conservation efforts could be

focussed on populations with highest genetic diversity and for ex situ conservation

purposes, samples could be drawn according to the partitioning of genetic diversity.

Comparison of spike disease evaded and disease susceptible trees using

molecular markers could not provide any conclusive evidence for a possible genetic

basis for spike disease evasion. No unique isozyme or DNA profile was obtained

for disease evaded trees. Hence, these trees have to be subjected to isozyme and

RAPD analysis with a wider range of enzymes and random primers respectively, to
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bring out the uniqueness of the genome if there is any. Studies using SSR, RFLP or

AFLP markers also will be able to provide the required information.

The occurrence of culture induced genetical changes at different stages of

somatic embryogenesis in S. album, as unveiled by this study, have hampered the

successful utilization of the technique for mass production of plantlets. High per

cent of abnormal embryos, low conversion rate of somatic embryos and poor rate

of survival of embryonic plantlets might be due to these changes at the DNA level.

Further efforts are needed to achieve rapid, uniform maturation and conversion of

the somatic embryos into plantlets in order to use them in fiiture planting

programme.
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